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ABSTRACT 

 

An exposure assessment was conducted to estimate the daily dietary intakes of volatile 

organic compounds for the Belgian adult population. This exposure assessment was 

performed using deterministic and probabilistic analysis methods. The studied VOCs 

included benzene, chloroform, ethyl benzene, toluene and o-xylene. The concentration data 

of all these VOCs were obtained from a study that quantified benzene content and semi 

quantified other VOCs in different food products available on Belgium market. The 

consumption data were acquired from the Belgian Scientific Institute of Public Health (WIV, 

2004). The calculated dietary intakes of every VOC were compared with respect minimal risk 

level (MRL) for oral exposure. 

 

According to the results of the deterministic analysis, the dietary benzene intakes of the 

Belgian adult population were above the MRL values, when the 99.5
th

 percentile and the 

maximum intakes were considered. The greatest contributors to the benzene intakes were fish 

and fish products which accounted for 44% of the total deterministic mean intake. Still 

regarding the deterministic analysis, intakes calculated for the other studied VOCs revealed 

to be below their respective MRL values for oral exposure. Therefore, further assessment was 

performed on dietary benzene by using probabilistic analysis. From the probabilistic 

calculations, the total dietary mean and 99.5
th

 percentile intakes of dietary benzene were 

0.0196 µg/kg bw/day and 0.1217 µg/kg bw/day respectively for the worst case scenario. It 

was noticed that all these intakes were below the MRL value of 0.5 µg/kg bw/day for oral 

chronic exposure to benzene (ATSDR, 2010). Thus, contrary to deterministic analysis, the 

Belgian adult population was not probabilistically exceeding the mentioned MRL value. Even 

though, the exposure to VOCs were judged improbable to constitute a health risk to the 

population, it is important to consider that there is no safe limit for the genotoxic 

carcinogenic compound like benzene. 
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INTRODUCTION 
 

The ingestion of contaminated foods with volatile organic compounds (VOCs) is a human 

health concern. VOCs such benzene, chloroform, ethyl benzene, toluene and o-xylene can 

induce short time and/or long term adverse health effects to humans including neurological 

impairments, damage to liver and kidney among other health problems. However, the great 

concern is associated with benzene due to its carcinogenic properties. IARC classified 

benzene as carcinogen in group 1 (IARC, 1987). In addition, benzene is evaluated as a 

genotoxic compound to humans and animals (Whysner et al., 2004). Chloroform and ethyl 

benzene are classified as possible carcinogens (group 2B) (IARC, 1999, 2000). On the other 

hand, toluene and o-xylene are not classified as to their carcinogenicity to humans (group 3). 

Nevertheless they are related to neurological impairment (IARC, 1992, 1999b). 

 

Benzene, ethyl benzene, toluene and o-xylene are naturally found in crude petroleum (Gist & 

Burg, 1997). They can be released into the environment through either natural phenomena 

like volcano eruptions and forest fires or from human activities resulting from burning of 

fossil fuel, cigarettes smoking and gasoline vapour (Wallace, 1996). Chloroform can be 

released from chlorinated water (Blatchley et al., 2003). In addition, all these VOCs are used 

as solvents during the industrial production of consumer products like dyes, varnish, lacquer, 

paints, leather, synthetic rubber and some plastics (ATSDR, 2004). 

The presence of VOCs in foods is attributed to various sources. These include environmental 

and/or process contamination. Benzene, toluene, ethyl benzene and o-xylene were detected in 

foods exposed to ambient air (Gorna-Blinkul et al., 1996). The use of water contaminated 

with these VOCs during food preparation lead to the contamination of the foods as well 

(Dauneau & Perez, 1997; Wallace, 1996). Moreover, they may migrate from packaging 

materials (McNeal & Hollifield, 1993). Benzene and toluene can be formed from their 

precursors at high temperatures (Lachenmeier et al., 2010). Furthermore, Long et al. found 

that the contaminated carbon dioxide used in beer making lead to the occurrence of benzene 

(Long, 1999). Besides these sources, benzene can particularly result from decarboxylation of 

benzoates. This decarboxylation reaction takes place in presence of ascorbic acid and 

transition metal ions (Gardner & Lawrence, 1993). Benzoates and ascorbic acid may 

naturally be present in some foods or they are intentionally added in foods as a preservative 

and an antioxidant respectively. 
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This master dissertation was within the framework of a research project “Benzene in foods” 

that analysed different food products available on Belgium market for the presence of 

benzene and other VOCs. The aim of this dissertation is to quantify the dietary intakes of 

benzene and other VOCs by the Belgian adult population and to examine wheither these 

intakes are of public health concern. Exposure assessments of the VOCs were analysed using 

deterministic and probabilistic methods. The intakes from each food groups and all food 

combined are reported and further discussed. These intakes are also compared to reference 

limit values in order to draw conclusions regarding the risks associated with the ingestion of 

these VOCs. Since no legal limits for VOCs in foods have been established, the minimal risk 

levels (MRLs) are used as reference limits in this study. Figure 0.1 represents schematically 

the outlines of work in this master dissertation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 0.1: Schematic representation of research performed in this dissertation regarding 

dietary exposure assessment to benzene and other VOCs

 

Intakes by food categories and total 

intakes of VOCs expressed in         

µg/kg bw/day 

 

                                                        

Deterministic 

analysis: mean, 

percentiles and 

maximum intakes 

Probabilistic 

analysis: Mean and 

percentiles 

1. Food categories (14 food categories) 

2. All foods combined 

Food consumption data 

of Belgian adult 

population 

Concentration data of 

benzene and other VOCs in 

foods 

Body 

weight 



 

Chapter 1    Literature review 

 

3 
 

Chapter 1 :  LITERATURE REVIEW 
 

 1.1. HAZARDS IN FOODS 
 

 A hazard is defined as “inherent ability of any chemical, physical or biological agent present 

in foods that may cause under exposure, harmful effects to humans” (CAC, 2003). Unsafe 

foods may lead to acute and chronic diseases. These diseases vary from diarrhoeal to various 

forms of cancer (Borchers et al., 2009, Keener, 2001). Biological hazards for example, 

pathogenic bacteria, fungi, parasites and viruses are susceptible to cause food infections and 

food intoxications (Reynolds et al., 2003). Chemical hazards in foods regard improperly used 

food additives, agro chemicals residues, environment/process contaminants and endogenous 

toxic substances (De Meulenaer, 2006). Physical hazards are generally foreign matters that 

are unintentionally present in foods. These include for example pieces of metal, stones, 

plastics among others or matters that naturally occur in foods (e.g bones in fish) (Uyttendaele 

et al., 2009). This master dissertation will focus on chemical hazards, more especially 

benzene and other VOCs present in environment. 

1.1.1. Chemical hazards in foods 

 

Several compounds may be present in foods either intentionally or/and unintentionally 

(Lambe, 2002). On one hand, the intentionally added chemical substances include food 

additives, nutrients, novel foods ingredients, flavouring substances, processing aids and 

agrochemical and veterinary residues. In foods, these chemical substances become hazards 

when they are present in the amounts exceeding the level likely to harm human health. On the 

other hand, chemical contaminants are unintentionally present in foods via different routes. 

These include environmental contamination which results from polluted water, air and soil. 

Water and air may be contaminated by various chemical compounds including for example 

dioxins, VOCs and heavy metals (Llobett et al., 2003). Food processing and preparations at 

high temperatures contribute to the occurrence of process contaminants like acrylamide 

(Tareke et al., 2002) and benzene (Gardner & Lawrence, 1993). Migrants from packaging 

materials may also unintentionally enter foods. Examples of these migrants include phthalates 

and VOCs among others (Borchers et al., 2009). Foods may naturally contain toxic chemical 

compounds for example, solanine in potatoes cyanides in cassava roots (De Meulenaer, 

2006). Toxin producing microbial pathogens may release toxins in foods thereby causing 

food contamination with endogenous toxic substances. These toxins include for instance 
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mycotoxins and aflatoxins (Creppy, 2002; Lambe, 2002). Figure 1.1 illustrates an overview 

of the some  sources of chemical hazards foods.  

 

 
 

Figure 1.1: Simplified overview of sources of chemical hazards in foods  

Source: http://www.icd-online.org/an/courspdf/WHO-ICD. 

 

1.1.2. Volatile organic compounds in foods 

 

VOCs such as benzene, toluene, ethyl benzene, o-xylenes and chloroform are released into 

the environment through various routes. Incomplete combustion, vehicle exhausts, smoking 

cigarettes and industrial emission among others release these VOCs into the environment 

(ATSDR, 2004). These food contaminants often occur together in hazardous sites (Health 

Canada, 2007). Chloroform can additionally be released from chlorinated water (Dauneau & 

Perez, 1997). All these compounds can be absorbed by the human body and due to their 

lipophilic properties, they are mostly partitioned in the brain, bone marrow and body fat. The 

human body is capable of metabolising these compounds by cytochrome P-450-dependent 

mixed function oxidases present in the liver (ATSDR, 2004; Gemma et al., 2003; Snyder, 

2000). However their metabolism is dose-dependent (ATSDR, 2004). 

 

The harmful effects of these chemical hazards result from their toxicity character (Nielsen et 

al., 2008). The risk of human health problems is not only related to hazard character but also 

to its concentration present in foods that is likely to cause harm to humans. In order to 

estimate the risk posed by chemical hazard in foods, a risk assessment is therefore necessary 

(Kroes et al., 2002).  



 

Chapter 1    Literature review 

 

5 
 

1.2. RISK ASSESSMENT 

 

Risk assessment is one of the 3 steps of risk analysis together with risk management and risk 

communication. All these three components are interrelated and aim at managing the hazards 

in foods. The schematic representation of the risk analysis framework is illustrated in Figure 

1.2 (CAC, 2011). WHO defines risk assessment as “the systematic, scientific characterization 

of potential adverse effects of human or ecological exposures to hazardous agents or 

activities” (WHO, 1997). It mainly consists of four steps: (1) hazard identification, (2) hazard 

characterisation, (3) exposure assessment and (4) risk characterisation (CAC, 2011). 

 

Figure 1.2: Risk analysis framework (CAC, 2011). 

 

A brief description of each of these steps and their applications towards the risk assessment 

of chemical hazards such as benzene and other VOCs are presented under sections 1.2.1 to 

1.2.4. 

 

1.2.1. Hazard identification 

1.2.1.1. Definition 

 

Hazard identification is a step where chemical compounds capable of causing adverse health 

effects are identified (CAC, 1999). The chemical properties, sources of the chemical hazards 

in foods and development of suitable analytical methods are evaluated. Furthermore, under 

the hazard identification, the types of toxicity or adverse health effects and the affected 

organs are also identified (WHO, 2010). 
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1.2.1.2. Benzene identification 

i. Chemical properties of benzene 

 

Benzene is chemical organic compound with a molecular formula of C6H6. It is a stable 

compound due to its alternating single and double bonds. Benzene is colourless and liquid at 

ambient temperature and pressure. It is soluble in organic solvents and to less extent in water 

(Environment Agency, 2009). 

 

ii. Sources of benzene in the environment 

 

Benzene can be released into the environment either by human activities or by natural 

phenomena. Human activities susceptible to release benzene into the environment include 

petrochemical and petroleum refineries (Gist & Burg, 1997), the incomplete burning of fossil 

fuels, cigarettes’ smoking and gasoline vapour (Environment Agency, 2009). Vehicle 

exhausts constitute a main contributor to environmental benzene (Wallace, 1996). Through 

natural phenomena like volcano eruption and forest fires, benzene may also be released. 

Benzene can be used in the manufacturing of other chemicals such as dyes, varnish, lacquer, 

leather, some plastics, detergents and as an intermediary in production of some other 

chemicals for industries, medical or scientific purposes (Environment Agency, 2009; CAC, 

2009). A major part of released benzene is transferred to air with some amount retained into 

soil and water (IEH, 1999).  

 

iii. Occurrence of benzene in foods 

 

The presence of benzene in foods is due to various sources. These sources include 

environment or/and process contamination and formation from the decarboxylation of 

benzoates. The ubiquitous character of benzene increases its risk of contaminating foods 

(Wallace, 1996). The contamination of water supplies due to industrial discharges, landfills 

and accidental spills may lead to benzene presence in foods (Environment Agency, 2009). 

Carbon dioxide used in carbonated drinks such as beer may lead to benzene occurrence 

(Long, 1999). Benzene may migrate from packaging materials and contaminate foods 

(McNeal & Hollifield, 1993). Van Poucke et al. found that soft drinks packed in plastic 

bottles contained higher concentrations of benzene compared to products bottled in glasses or 

cans (Van Poucke et al., 2008).  
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Benzoates in presence of ascorbic acid and transition metal ions may decarboxylate and form 

benzene (Gardner & Lawrence, 1993; McNeal et al., 1993). Benzoate and ascorbic acid are 

present in foods either naturally or added as a preservatives and an antioxidant respectively. 

Temperature, low pH, and light may increase the decarboxylation reaction (McNeal et al., 

1993; Lachenmeier et al., 2008). Processes that involve use of high temperature and 

irradiation may influence benzene formation as well (Gardner & Lawrence, 1993; McNeal et 

al., 1993). For example, Lachenmeir et al., reported that at 150°C for 2 hours, benzene was 

formed from precursors such as beta carotene, phenylalanine and some terpenes 

(Lachenmeier et al., 2010). Studies have shown the presence of benzene in foods. McNeal et 

al. found benzene contents in foods ranging from <1 to 38 µg/kg (McNeal et al., 1993). In a 

five year study conducted by FDA, it was found that all tested foods contained benzene 

ranging from 1 to 190 µg/kg (Fleming-Jones & Smith, 2003). A study conducted in Belgium 

showed that benzene concentration in soft drinks varied from 0 to 3.1 µg/L (Van Poucke et 

al., 2008).  

 

Benzene absorption and metabolism 

 

Benzene enters the human body through inhalation, dermal contact and ingestion (EC, 2003). 

From animal studies, 90% of administered dose of benzene via oral route was found to be 

absorbed (IPCS, 1993) (Parke and Williams, 1953; Sabourin et al., 1987 cited and detailed in 

(EPA, 1999). Benzene taken through oral route mostly crosses the intestinal lining and 

reaches the bloodstream. Once absorbed, benzene is distributed into the bone marrow and 

adipose tissues (ATSDR, 2007). After the absorption, oral benzene can either be metabolised 

or eliminated via expiration. The dose determines the ratio of metabolisable to 

unmetabolisable benzene (Sabourin et al., 1987). Benzene is broken down in the liver by 

cytochrome P450-dependent mixed-function oxidase enzymes (Snyder, 2000). In the first 

stages, benzene is converted to epoxides and benzene oxides. In the subsequent metabolic 

stages, there is formation of putative toxic metabolites causing benzene blood-induced 

toxicity (Rothman et al., 1996). The metabolites from hydroxylation lead to formation of 

phenols, hydroquinones, and catechols. There is also formation of muconic acid. Benzene 

metabolism is necessary for the resulting toxicity and carcinogenicity but the mechanism and 

the metabolites involved has not been fully elaborated (Environment. Agency, 2009).  

The formation of glucuronide and sulphate conjugated via hydroxylation leads to the 

detoxification of benzene. The other detoxification paths include the formation of conjugated 
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oxide of benzene to mercapturic and its derivatives which are excreted via biliary excretion 

(Snyder, 2000).  

iv. Toxicological effects of benzene 

 

Benzene was found to exert acute and chronic adverse effects on human health and is 

generally associated with neurotoxic effects (dizziness, headache, and vertigo, drowsiness, 

delirium, tremor, and loss of consciousness) and cancer (leukaemia) (ATSDR, 2007). At 

single oral dose of 10 mL (125 mg/kg bw), humans start to manifest acute toxicological 

effects which include nausea, vomiting and abdominal pain (EBS, 1996). The lethal effect of 

acute exposure to benzene is probably due to the respiratory arrest, central nervous system 

depression or the cardiac collapse (EC, 2003). When exposure is continuous, chronic toxicity 

develops. This mostly affects blood and the immune system (Rothman et al., 1996; Smith, 

1996). Benzene was reported to be associated with reproduction and developmental toxicity. 

Once the benzene concentration in mother’s blood is high, it crosses the umbilical cord and 

reaches placenta. This affects the foetal growth, skeletal defects and delayed ossification. 

These effects were observed in rats exposed to benzene during 7 hours per day (Kuna and 

Kapp, 1981 cited in EC, 2003). Benzene is also reported to be genotoxic (Whysner et al., 

2004). WHO reported that at the exposure values of 4-7 mg/m
3
, chromosomal effects can 

take place (WHO, 2000). Benzene is also a germ mutagen according to the scientific 

committee on Toxicity, Eco toxicity and Environment (CSTEE, 2003). Leukaemia was linked 

to workers who were exposed to benzene (Smith, 1996; Travis et al., 1994). Benzene was 

also proven to affect blood cells which results in neoplastic changes (Infante, 2006). Oral 

benzene exposures in laboratory animals (rats and mice) induced cancer at various sites at 

dose of 25 mg/kg bw/day (NTP, 1986) in (Environment Agency, 2009). Therefore, the IARC 

classifies benzene in group 1 of carcinogenic compounds (IARC, 1987). 

 

1.2.1.3.  Identification of other volatile organic compounds 

 

i. Chemical properties, sources and occurrence in foods 

 

Chloroform is considered to be a hazardous substance in foods. This organic compound with 

CHCl3 as molecular formula is volatile, colourless and clear at ambient temperature (WHO, 

2004). 
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Chloroform has got natural origins including biogenic and abiotic. It is naturally produced 

from marines by macroalgae (Nightingale et al., 1995; Scarratt & Moore, 1999). It can also 

be released from organic rich matter under aerobic conditions (Haselmann et al., 2000). 

Industrial plants may release chloroform into the atmosphere (Environment Canada, 1999). 

Chloroform is used in manufacturing of pesticides, dyes, fire extinguishers, spot removers for 

dry cleaning and some solvents (ATSDR, 1997; WHO, 2004). 

Chloroform is present in foods through various sources such as the glues and inks used in 

packages (WHO, 2004) and the use of chlorinated water. Chloroform is mainly found in 

drinking water (Environment Canada, 2001) and the examples of foods that may contain 

detectable amount of chloroform include seafood, dairy products, meat, vegetables, bread, 

and beverages (Fleming-Jones & Smith, 2003; WHO, 2004). 

 

Ethyl benzene with formula C6H5CH2CH3 is also an organic compound that is colourless with 

a gasoline like smell. It is naturally present in petroleum and coal tar and is used as 

intermediary product in the production of plastic materials. Ethyl benzene was detected in 

foods that were exposed to ambient air (Gorna-Blinkul et al., 1996). and has also been 

detected in ground water (Knox and Canter, 1996), therefore, foods prepared with 

contaminated water may contain ethyl benzene. Migration from plastic packages, may also 

results in presence of ethyl benzene in foods (Gramshaw and Vandenburg, 1995). 

 

Toluene is another aromatic organic compound which is volatile and a colourless liquid. It is 

naturally found in crude oils. Toluene is used in production of paint and paint thinners, 

lacquers, fingernail polishers, glues, rubber and in some leather tanning and printing 

processes (ATSDR, 2000). Human exposure to toluene can be from contaminated water and 

foods (Gorna-Blinkul et al., 1996) and consumer products. Toluene content in foods may 

decrease during cooking due to its readily volatility properties (ATSDR, 2000). However at 

high temperatures, toluene may be formed from some precursors like pinene, limonene, etc 

(Lachenmeier et al., 2008). 

 

O-xylene is composed by a benzene ring with two methyl groups attached to it. It is one of 

the chemical compounds constituting the xylene group. It can be released into the 

environment by human activities such as forest fires for instance. It is water soluble and 

readily vaporises. The aquatic foods may contain a certain amount of o-xylene. It is easily 

metabolised which reduces its bioaccumulation in human body (CEPA, 1997; IARC, 1992). 
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ii. Absorption and metabolism other VOCs 

 

Once chloroform is ingested, it crosses the intestines and gets into the bloodstream and then 

is distributed throughout the entire body especially in adipose tissues. Chloroform is broken 

down in the liver (Gemma et al., 2003). The resulting metabolites may get attached to other 

chemicals of the cells and once these accumulate in significant quantity, they lead to harmful 

effects. Some of the metabolites leave the body in exhaled air, urine and faeces. Moreover, 

chloroform can intactly leave the body through expiration (ATSDR, 1997).  

 

Ethyl benzene can completely be absorbed by human body gastrointestinal tract. Once 

entered the body, ethyl benzene is degraded into metabolic products which leave the body  

through urine, lungs and faeces (ATSDR, 1999).  

 

Seventy five per cent of absorbed toluene may be eliminated within 12 hours. Toluene can be 

broken down into metabolites which are in turn excreted in urine. Human body transforms 

toluene into less harmful metabolites through hydroxylation process (Shou et al., 2000; 

ATSDR, 2000). 

 

The oral o-xylene is almost completely absorbed. Due to its relative high solubility in blood, 

o-xylene is distributed throughout the body with high concentration in adipose tissues. Ninety 

per cent of o-xylene in blood is attached to plasma. Large amount of o-xylene is eliminated 

from the body, while the retained part is metabolised. O-xylene metabolism takes place in the 

liver with small amount being metabolised in lungs and kidney. The resulting metabolites are 

eliminated via urine (CEPA, 1997). 

iii. Toxicological effects of other VOCs 

 

There is limited information on lethal effect of chloroform ingestion, nonetheless, the gastro 

intestinal distress and vomiting were reported (Piresol et al., 1933; Chroeder, 1968) cited in 

(ATSDR, 1997). The ingestion of chloroform affects the central nervous system, kidneys and 

liver. Some studies have demonstrated the correlation between exposure to chloroform and 

development of colon and urinary bladder cancer and it was proven to cause cancer in 

animals (ATSDR, 1997), but due to insufficient information and evidence in human and 

animal studies, chloroform is still classified by the IARC among group 2B of possible 

carcinogenic chemicals to humans (IARC, 1999).  
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No reliable studies on the health effects of ethyl benzene after oral exposure are available. 

There were no reported lethal effects due to acute exposure to ethyl benzene. Reliable studies 

are still lacking in humans for effects on sub-chronic/chronic reproductive, development, 

immune and nervous systems. However ethyl benzene was found to induce cancer in animals 

exposed to 750 µg/kg through inhalation (ACC, 2006a). The increase of the kidney and liver 

weight and the changes in histopathology in these organs together with changes in 

haematological parameters were reported (ATSDR, 1999). There are studies in animals that 

indicated that the exposure to 500 or 1000 mg/kg ethyl benzene resulted in decreased levels 

of peripheral hormones which would block and delay diestrus stage in female rats (Ungvary, 

1986, cited by ATSDR, 1999). Based on poor evidence in humans and insufficient results in 

animals, ethyl benzene was classified as possible carcinogen to humans (group 2B) (IARC, 

2000). 

 

Exposure to toluene can result in headaches and sleepiness. The lethal effect of toluene can 

result from interfering with breathing and heart activities. Toluene may also affect the 

kidneys, liver, lungs and the central nervous system. Adverse effects in animals from the oral 

toluene include cardiovascular, haematological, hepatic, and renal effects. (ATSDR, 2000). 

Toluene has potential to cause developmental toxicity, however it does not adversely affect 

the immune system (ACC, 2006b). Toluene is classified as non carcinogenic to humans 

(group 3) (IARC,  1999b).  

 

O-xylene exhibits neurological effects. Headaches, loss of muscles coordination, dizziness 

and confusion may also result from exposure to o-xylene. As like toluene, o-xylenes are not 

considered to be carcinogenic to humans (group 3) (IARC, 1999). 

1.2.2. Hazard characterisation 

1.2.2.1. Definition 

 

Hazard characterisation is defined as “the qualitative and/or quantitative evaluation of the 

nature of the adverse health effects associated with the chemical agents which may be present 

in food” (CAC, 1999; WHO, 1997). During the hazard characterisation step, the estimation of 

qualitative or quantitative information about the hazard is collected. This information 

concerns the severity of adverse health effects and occurrence probability of hazardous 

compounds (CAC, 1999). The hazard characterization information is generally obtained from 

data from studies in animal exposures and then extrapolated to humans (Borchers et al., 2009; 
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Dybing et al., 2002). It is equally important to take into account the dose response 

relationship and dose-response curve to well characterise a chemical hazard. This will enable 

the prediction of the potential risk that may arise from exposure to a given chemical 

compound (Dybing et al., 2002). The different parts of the dose-response curve and their 

importance must be carefully examined so that these may provide a complete characterisation 

of the chemical hazard. These parts include Non Observed Adverse Effect Level (NOAEL) 

and the Lowest Observed Adverse Effect Level (LOAEL) (IPCS, 1994; WHO, 2010). The 

dose response curve slope is also examined (Dybing et al., 2002). In order to establish a safe 

limit for humans, these levels are divided by risk factors that take into account the uncertainty 

arising from extrapolation from animal to humans and inter individual variability. For non 

carcinogenic compounds, adverse health effects are observed at threshold levels (Lu, 1988). 

Therefore from this value, safety values are derived. This derived safe guidance value is 

called Tolerable Daily Intake (TDI) or Acceptable Daily Intake (ADI) (Borchers et al., 2009). 

Concerning carcinogenic chemicals, there is no safe dose without adverse effects (EFSA, 

2005). There are consequently no absolute safe levels established unless the mechanism of 

cancer development passes through intermediary stages that may have a threshold level. 

However, for these chemical compounds, there are health based guidance values for practical 

purposes (Dybing et al., 2002). These values include minimal risk level (MRL) and 

permissible risk level (PRL) among others (ATSDR, 2010). 

 

1.2.2.2. Benzene and other VOCs characterisation 

 

Benzene, chloroform, ethyl benzene, toluene and o-xylene have got reference limits such as 

MRL, reference dose (RfD), PRL and TDI. These reference limits are established in order to 

characterise the hazard that may result from exposure to benzene and other VOCs. The health 

effects of all the VOCs are depending on dose, duration and route of exposure. These 

reference limits vary from organisation to another. They also vary depending on the 

considered end points where the adverse health effects are observed. The available oral 

reference limit values are summarised in Table 1.1. 

Minimal risk levels are established based on the most chemical non cancer induced end point 

important to humans. It takes into consideration the NOAEL and uncertainty factors. These 

are values below the level that may cause adverse health effect to humans (ATSDR, 2000). 
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1.2.3. Exposure assessment 

1.2.3.1.  Definition 

 

Exposure assessment is defined as “the qualitative and/or quantitative evaluation of the likely 

intake of the hazard via food as well as exposure from other sources, if relevant” (CAC, 

1999). The qualitative exposure assessment of food contaminants is generally performed by 

the use of point estimate or deterministic, simple distribution and probabilistic methods 

(Kroes et al., 2002). In all these methods, a risk is assigned with numerical value in order to 

estimate its magnitude. This numerical value is obtained by combining the level of 

contamination of hazard in foods and consumption data of those particular foods (Baert et al., 

2006).  

 

1.2.3.2.  Exposure assessment methods 

 

i. Deterministic analysis 

 

The deterministic analysis or point estimate is a method that consists in multiplying fixed 

values (means, median, high percentiles and maximum) of both contamination level in foods 

and consumption data of these same foods (Jensen et al., 2008; WHO, 2005). The total intake 

from different foods products is obtained by the sum of the intakes of particular foods (Baert 

et al., 2006; Lambe, 2002). As deterministic method is easily accessible, simple, fast and 

inexpensive, it is generally used as a first step (Baert et al., 2006; Lambe, 2002) or as 

screening method in exposure assessment (Parmar et al., 1997; IPCS, 2009). When the 

exposure is much lower than the toxicological reference limits especially after the extreme 

values (maximum) for consumption and contamination levels are considered, no further 

exposure assessment is required (Kroes et al., 2002; WHO, 2005). However, the deterministic 

analysis assumes that the population consumes the same amount of foods at the same time 

and all consumed foods are chemically contaminated at the same level. Therefore this method 

does not exhibit the factors that influence the intake as the sensitivity analysis cannot be 

conducted (Parmar et al., 1997) and does not provide the information about the degree of 

variability of the intakes within the population (Lambe, 2002). Consequently, it gives less 

information for the risk managers and public in general (Baert et al., 2006). Due to the use of 

conservative values, the deterministic analysis may result in overestimation or 

underestimation of the intakes (Parmar et al., 1997). 
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ii. Simple distribution analysis 

 

 A simple distribution analysis multiplies a fixed value of the contamination data by the 

distribution of the consumption data or vice versa (WHO, 2005). In this case, the variability 

of one of the parameters is dealt with. Therefore it provides more information than the 

deterministic analysis which is constrained by the use of conservative values of 

contamination level and consumption data. However, simple distribution makes assumptions 

that the contamination is at the same level in all foods or all people consume the same 

amount of foods (Lambe, 2002). 

iii. Probabilistic analysis 

 

The probabilistic analysis provides more complete information of about the intakes of 

contaminants and demonstrates the exposure variability within the population (IPCS, 2009). 

Instead of fixed values of concentration data of the food contaminant and food consumption 

data, probabilistic method uses the respective distributions of both data sets (EPA, 1997). It 

samples the random numbers from both distributions and by simulation the sets of randomly 

selected numbers are input into a probabilistic model which carries out the calculations as the 

deterministic analysis (EPA, 1997; Frey & Burmaster, 1999; WHO, 2005). It therefore takes 

into account different values that each variable can have and it shows possible scenarios and 

their probability of occurrence (Lambe, 2002). This method deals with possible variability 

and/or uncertainty of the consumption and contamination data (Lambe, 2002). The 

probabilistic analysis method gives generally more realistic results. In addition, this method 

provides a set of outputs samples at the end of first order Monte Carlo simulation which 

facilitate interpretation. By probabilistic analysis, it becomes possible to carry out sensitivity 

analysis to indicate which factors influence the intakes (EPA, 1997; Rousseau et al., 2001). 

Figure 1.3 illustrates the principle of first order Monte Carlo simulation. 
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Figure 1.3: The principle of a first-order Monte Carlo simulation (Uyttendaele et al., 2009). 

 

1.2.3.3. Some of the dietary estimated exposures to benzene and other VOCs 

 

Examples of the estimated dietary exposures to benzene and other VOCs base on a person of 

70 kg average weight are presented in Table 1.2. As it can be noticed they were conducted in 

different countries. Because neither the exposure assessment methods were provided by the 

reporting organisations nor approaches used for some estimated intakes, it is hard to compare 

them and therefore they can only provide the insight of dietary exposures.  
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Table 1.1: Oral reference limit values of VOCS.  

VOC’s Reference limits  

(mg/kg bw/day) 

Definition End point Conditions References 

Benzene  0.0033 MPR Leukaemia Chronic exposure RIVM, 2001 

0.004 RfD Decreased lymphocytes Chronic exposure EPA, 2005a 

0.36 TDI Cancer Sub chronic exposure Health Canada, 2006 

0.0005 MRL Immunological effects Chronic exposure ATSDR, 2010 

Chloroform 0.01 MRL Hepatic effects Chronic effects ATSDR, 2010 

Ethyl benzene 0.1 TDI Liver and kidney toxicity Acute exposure RIVM (2001) 

0.097 TDI liver and kidney toxicity Acute exposure WHO, 2003 

0.4 MRL Hepatic effects Intermediary exposure ATSDR, 2010 

Toluene 0.223 TDI Hepatotoxic effects Sub chronic exposure WHO, 2003 

0.223 TDI Hepatotoxic effects Sub chronic exposure RIVM, 2001 

0.02 MRL Neurological effects Intermediary exposure ATSDR, 2010 

0.08 RfD Increased kidney weight  Chronic exposure EPA, 2005b 

O-xylene 0.15 TDI Chronic nephropathy Sub chronic exposure RIVM, 2001 

0.179 TDI Decreased body weight Sub chronic exposure WHO, 2003 

0.2 MRL Haematological effects chronic oral exposure ATSDR, 2010 
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Table 1.2: Some of the results of dietary exposure assessment of VOCs 

VOCs Country Estimated intakes 

 (µg/kg bw/day) 

Parameter Methodology references 

Benzene Canada 0.007 – 0.275 (food) mean - Environment Canada and Health Canada, 1993) 

 UK 0.025 (food) mean - DEFRA, 2003 

  0.04 (oral) mean - Environment Agency, 2009 

 USA 0.007-0.013 (beverages) mean Probabilistic Haws et al., 2008 

  0.007 (food) mean DEPM* Moschandreas et al., 2002 

  0.05 (food) Mean - a 

Chloroform Canada 0.6 - 10.3 (food) mean - Environment Canada, Health Canada, 2001 

Ethyl benzene USA 0.069 (age: 40-45) Mean - ACC, 2006a 

Toluene  0.237 (diet) 95
th

 

Pencentile 

- ACC, 2006b 

* Dietary Exposure Potential Model 
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1.2.3. Risk characterisation 

 

A last step of exposure assessment process is the risk characterisation. Risk characterization is 

defined as “the quantitative estimation, including attendant uncertainties, of the probability of 

occurrence and severity of known or potential adverse health effects in a given population based 

on hazard identification, hazard characterization and exposure assessment” (CAC, 1999). In this 

step, all the information collected in the hazard identification, hazard characterisation and 

exposure assessment are interpreted to evaluate the adverse health effects of a chemical to a 

given group of people or population (CAC, 1999; Kroes et al., 2002). The estimated intake 

levels are compared to the set reference values. This then constitutes the inputs for decision 

making in the risk management stage (WHO, 2010). 

 

When there is a need to lower the risk associated with chemical hazard in foods, the risk 

management actions will be considered. Some of the management decisions may include for 

example withdrawing the contaminated foods from the market, advising the population to 

consume lower amount of the affected food types and communicating about the risk 

associated with eating identified contaminated foods (Health Canada, 2009). If the risk arises 

from the intentionally added chemicals, the management measures would limit the use of 

those chemicals or set the limits on the amount allowed to be used in particular foods types 

(Health Canada, 2011; COT Secretariat, 2009). 
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Chapter 2 :  MATERIALS AND METHODS 

2.1.  LEVELS OF VOLATILE ORGANIC COMPOUND IN FOODS 

2.1.1.  Benzene content in foods 

 

The data of benzene concentration in foods of the Belgian market were reported in (Vinci et 

al., submitted for publication) and are presented in Annex 1. These data were obtained from 

the study in framework of a project “Benzene in foods” that analysed different food products 

for the presence of benzene. This was a collaboration project between Gent University and 

the Belgian Institute of Public Health. The risk based sampling plan included: 

1. Foodstuffs with added benzoate (according to label description) 

2. Foodstuffs that may naturally contain benzoic acid. 

3. Foodstuffs that may contain benzene as result of process and/or environment 

contamination. 

4. Other foods  

Benzene quantification was performed according to (Vinci et al., 2010) by distillation and 

isotope dilution HS-GS/MS.  

2.1.2.  Chloroform, ethyl benzene, toluene and o-xylene contents in foods 

 

Parallel to benzene analysis, other 20 volatile organic compounds were semi quantitatively 

screened in the analysed food consumed in Belgium (Vinci et al., submitted for publication). 

Among these VOCs, chloroform, ethyl benzene, toluene and o-xylene were comparatively 

detected in high amounts (Annex 2). Therefore, these VOCs and their concentration data 

were considered for exposure assessment.  

2.2.  FOOD CONSUMPTION DATA 

 

Food consumption data for the Belgian adult population were obtained from by the Belgian 

Food Consumption Database (BFCD) provided by the Scientific Institute of Public Health 

(WIV, 2004). These food consumption data were collected in a survey conducted in 2004. A 

sample size of 3245 people resident in Belgium, who were 15 years and older was randomly 

selected from a National Registry by a Multistage Stratified Procedure (De Vriese et al., 

2005). The survey was carried out in accordance with the guidelines of European food 

Consumption Survey Method project (Brussaard et al., 2002). The food intake data collection 

was achieved by the use of a repeated non consecutive 24 hour recall and self-administered 
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food frequency questionnaires (De Vriese et al., 2005). The BFCD covered most of food 

types consumed by the Belgian resident population. All these foods were classified into 17 

groups. Each group was then subdivided into different subgroups.  

2.2.1. Food consumption data extraction  

 

SPSS (PASW Statistics 18) software was used to extract the consumption data from the 

BFCD. The food groups, subgroups and food numbers of all analysed foods were identified 

from the BFCD. Food groups were primarily extracted and the food numbers were considered 

in order to sort out the analysed food products. Finally, the facets and their descriptions were 

taken into account to refine the extracted data when necessary. Details about the food 

consumption data extraction are provided in Annex 3. 

For the exposure assessment purpose, the extracted foodstuffs were regrouped into 14 food 

categories according to the groups available in the BFCD. These categories were as follows: 

1. Non alcoholic drinks 

2. Alcoholic drinks 

3. Sauces 

4. Dairy products 

5. Fruits, and vegetables and their 

products 

6. Meat and meat products 

7. Fish and fish products 

8. Cereal products 

9. Cakes and cookies 

10. Fats and oils 

11. Ready to eat meals 

12. Sugar and confectioneries 

13. Miscellaneous 

14. Eggs 

Among these food categories, the foods extracted which were extracted based only on their 

food groups, names and food numbers included:  

 Non alcoholic and alcoholic drinks from groups 13 and 14 respectively of the BFCD.  

 The BFCD grouped all dairy products in its food group 05, therefore dairy products 

were extracted from this food group. 

 Fats and oils were extracted from group 10 and eggs from group 09 of the BFCD.  

 The miscellaneous food products were extracted from different food groups of the 

database. These food groups were 01, 07, 08 and 17. The detailed miscellaneous 

products are provided in Annex 3. 

 Cakes and cookies were extracted from food group 12 of the BFCD  

 Sugar and confectioneries were extracted in food group 10 and 11 of the BFCD. 
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Besides considering food name, food groups and food number, some other foods required 

further refinement based on their facet string available in the BFCD: 

 Group 15 of the BFCD encompassed all types of sauce either homemade or 

commercial. The homemade ones were excluded from the extracted data as the 

analysed sauce products were only commercial. This exclusion was based on the 

facet string that contained the descriptors “homemade”. Commercial sauces were 

extracted according to facet string 10 “production method” and its descriptors such as 

04, 05, 06 and 11 “commercial” and 09 “catering”. 

 Fruits and vegetables were obtained from groups 04 and 02 of the BFCD 

respectively. In order to distinguish fresh from conserved fruit and vegetable 

products, the facet string 04 “preservation method” was taken into account. The facet 

descriptors 02 “frozen” for particularly vegetables; 09 “fresh” and 01 “canned” were 

considered. 

 Meat and meat products were found in group 07 and fish and fish products in group 

08. For meat and fish products, the facet string 04 “preservation method” was 

considered. This preservation method was described by the facet descriptors such as 

05 “smoked products” and 01 “canned products”. Additionally, some of the fish 

products were extracted based on facet string 05 of the packaging medium by 

considering its descriptors 01 “canned in oil”, 03 “canned in brine”, 07 and 12 

“canned in sauces”. The fresh meat and fish were described by the preservation 

method 04 and its descriptor 99 of “fresh”. 

 The BFCD reported cereal products in group 06. Amongst cereal products, the 

analysed pastas were dry; therefore the facet string 04 “preservation method” in its 

descriptor 03 “dry” was taken into account. Commercial cereal products were 

differentiated from homemade products based on the facet string 10 of production 

method. In this string facet, the descriptors 04, 05, 06 and 11 for commercial 

products and 09 for catering products were considered. This allowed to obtain only 

commercial cereal products.  

Ready to eat meals included spreadable salads, dips and tapenades, chilled meals and 

conserved ready to eat foods.  

 Dips and tapenades were extracted from groups 08, 15 and 17 of the BFCD. 

 The BFCD did not provide specific groups for spreadable salads. Instead, these 

spreadable salads were scattered in different food groups of the database. 
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Consequently, a search of spreadable salads was performed in “Name” variable using 

the word “salade” and then they were extracted one by one. To refine the spreadable 

salad extracted data, the commercial description in the brand name variable of the 

BFCD was taken into account.  

 Conserved ready to eat meals were also searched one by one throughout the database 

by using their names. The facet string 04 of preservation method and its descriptor 01 

“canned” were considered to extract some of the conserved ready to eat meals like 

Ravioli. The homemade ready to eat meals were excluded based on the facet 10 (food 

production) and its descriptors. 

The BFCD does not cover the analysed chilled meals. To obtain their consumption data, the 

ingredient lists and their respective relative percentages were used. The ingredients that made 

up a particular meal were individually extracted from the database, multiplied by their 

respective percentages and then summed up to make up the consumption data of that 

particular meal. Finally all the extracted data were compiled in excel files that constituted the 

initial raw data for exposure assessment purpose. Units were uniformised and the food 

consumed quantities were expressed in “kg/kg bw”.  

2.2.2. Estimation of usual food intakes 

 

The extracted data corresponded to food responses from a two 24 hour recall survey. These 

responses matched with detailed separate types of reported consumed foods. It was therefore 

necessary to determine the daily usual intake at individual level in kg/kg bw/day. This 

allowed eliminating the intra and inter-individual and day to day variability of the 

consumption data. For this purpose, a Multiple Source Method (MSM) program was applied. 

This program estimates usual dietary intake from short term measurement data 

(https://nugo.dife.de/msm/tps/en). Primarily, the total consumed quantity per person was 

calculated by summing up all the consumed quantities reported by the same individual. This 

was done for all food subcategories, all food categories and for all food combined. Then, the 

so obtained consumption quantities were analysed by MSM program. This program allowed 

the consumption data to be reduced to consumption data per individual per day. 

2.3.  EXPOSURE ASSESSMENT 

 

The dietary exposure assessment of benzene, chloroform, ethyl benzene, o-xylene and 

toluene intakes was estimated by deterministic and probabilistic analysis methods. Three 

scenarios were considered for benzene according to its concentration data. During benzene 
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determination, benzene contents in some analysed food samples were below the LOD. 

Therefore, the undetected data were treated in the following scenarios for the purpose of 

exposure assessment: 

 Lower bound scenario: non detected data were replaced by 0 

 Medium bound scenario: non detected data were replaced by 1/2 LOD  

 Higher bound scenario: LOD values replaced the non detected benzene data. 

All these treated benzene concentration data were used into deterministic and probabilistic 

analysis. In the exposure assessment of chloroform, ethyl benzene, toluene and o-xylene, the 

only lower bound scenario was considered since their concentration data were semi 

quantitative.  

2.3.1. Deterministic analysis 

 

In the deterministic risk assessment analysis, the mean concentration data of VOCs was 

multiplied by the mean consumption data. The maximum and percentiles were likewise 

calculated. The percentages were calculated based on the total mean intake. All the 

deterministic calculations were performed in Microsoft excel. Intake calculations were 

determined for food subcategories within food category. The intake of food category was 

determined by the sum of the intakes of subcategories. Finally the sum of all food category 

intakes was calculated to obtain the total dietary intake from all foods (Baert et al., 2006; 

Lambe, 2002). 

2.3.2. Probabilistic analysis 

 

Distributions were fitted to contamination and consumption data. For benzene concentration 

data the distribution best fitted by @Risk for the lower bound scenario was applied to the 

other scenarios (medium and higher bound scenarios) in order to remove statistical 

inconsistency among scenarios (e.g. the intakes from lower bound scenario being higher than 

the intakes from higher bound scenario). Through a first order Monte Carlo simulation, 50 

0000 iterations were carried out. The probabilistic calculations were performed for each food 

category and the total intake was calculated by considering all foods combined. The 

estimated intakes were expressed as mean and percentiles. The target reference limit value 

(MRLs) for each VOC was inserted into the software in order calculate the percentages of the 

consumers exceeding or not these reference limit values. The software @Risk (for excel 

Palisade corporation, version 5.5) was used to calculate the dietary intakes from probabilistic 

exposure assessment analysis. 
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Chapter 3 :  RESULTS AND DISCUSSION 

 

3.1. USUAL FOOD INTAKES 

 

The Belgian Food Consumption database was used to generate the consumption data applied 

in this study. After the consumption data were analysed by the MSM program, the individual 

usual dietary intakes were obtained (see details in section 2.2.2). These usual daily intakes 

data were further analysed by the @RISK software to create their distributions. The statistical 

parameters including mean and percentiles were got. The mean intake was 0.0103 kg/kg 

bw/day (Table 3.1). This would correspond to 720 g of foods consumed per day for a person 

of 70 kg average weight.  The usual intake would become 1800 g per day for the same person 

at the P99.5. The highly consumed foods were in food category of non alcoholic drinks with 

up to 0.0161 kg/kg bw/day at P99.5 usual intakes. The least consumed food categories were 

sauces, cakes and cookies and fats and oils with the mean usual consumption of 0.0003 kg/kg 

bw/day from each. 

 

During the sampling of foods for chemical analysis, some foods were not included. Therefore 

these same foods were not considered in the estimation of the usual food intakes. These foods 

counted for 9% of all food available in the BFCD. These foods included (1) vegetables: 6% 

(e.g. onions, sweet potatoes, garlic, cabbages and mushrooms). (2) Meat: 0.5% (e.g. duck, 

rabbit, goat, horse, mutton, offals, turkey). (3) Sauces: 0.5% (e.g. ketchup, ice-cream 

toppings, and desert sauces) (4) alcoholic drinks: 1.4% (e.g. aniseed drinks, cocktails, 

fortified wines, liquors). (5) other foods: 0.6% (e.g. artificial sweeteners, animal fats, 

dietetics, non dairy cream, nuts and seeds, spices and yeast).  
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Table 3.1: Estimated usual food intakes for Belgian adult population  

Food categories 
FOOD INTAKES (kg/kg bw/day)   

Mean SD P50 P95 P97.5 P99 P99.5 N
 a 

Non alcoholic drinks 0.0070 0.0035 0.0070 0.0128 0.0139 0.0152 0.0161 2886 

Alcoholic drinks 0.0048 0.0016 0.0046 0.0076 0.0086 0.0102 0.0117 570 

Sauces 0.0003 0.0002 0.0002 0.0007 0.0008 0.0010 0.0012 659 

Dairy products 0.0016 0.0015 0.0011 0.0045 0.0059 0.0080 0.0096 2491 

Fruits, vegetables and their products 0.0026 0.0010 0.0025 0.0045 0.0051 0.0060 0.0066 2671 

Meat and meat products 0.0008 0.0004 0.0007 0.0016 0.0018 0.0022 0.0025 1343 

Fish and fish products 0.0012 0.0005 0.0011 0.0021 0.0024 0.0028 0.0030 593 

Cereal products 0.0009 0.0006 0.0007 0.0018 0.0023 0.0031 0.0038 1055 

Cakes and cookies 0.0003 0.0003 0.0002 0.0008 0.0010 0.0014 0.0017 158 

Fats and oils 0.0003 0.0002 0.0003 0.0008 0.0009 0.0012 0.0014 1873 

Ready to eat meals 0.0010 0.0005 0.0009 0.0020 0.0023 0.0027 0.0030 394 

Sugar and confectioneries 0.0007 0.0005 0.0006 0.0015 0.0018 0.0024 0.0030 1217 

Miscellaneous 0.0016 0.0007 0.0015 0.0028 0.0033 0.0042 0.0049 549 

Eggs 0.0008 0.0002 0.0008 0.0011 0.0012 0.0013 0.0014 54 

Total (all food combined) 0.0103 0.0044 0.0097 0.0184 0.0206 0.0236 0.0256 3080 
a
Numbers of consumers 
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3.2.  DIETARY BENZENE EXPOSURE ASSESSMENT 

3.2.1.  Deterministic analysis 

 

The deterministic analysis was used as the first method in this study to calculate the dietary 

benzene intakes. This exposure assessment method is fast and provides a quick overview of 

the exposure magnitude. When the results from deterministic analysis show that the intakes 

exceed the reference limits, a further deep analysis is required. While when these intakes are 

below the reference limits, it might be not necessary to conduct a further investigation (Kroes 

et al., 2002). The deterministic analysis was performed for all scenarios as mentioned in 

section 2.3. The estimated dietary benzene intakes from all considered scenarios are 

presented in Table 3.2-Table 3.4. The dietary benzene intakes were calculated for the food 

subcategories, food categories and for all foods combined. The intakes in terms of mean, 

percentiles and maximum were expressed in µg/kg bw/day. 

 

The dietary benzene intakes of the lower bound (Table 3.2) may reflect underestimation of 

the intakes due to the fact that the data below LOD were considered to be 0. Table 3.3 shows 

results of the medium bound scenario. These intake results may reasonably designate a more 

realistic situation of dietary benzene intakes on the account of the data below the LOD were 

substituted bye 1/2 LOD values. The higher bound scenario result of dietary benzene intakes 

were considered the worst case scenario as the contamination data below the LOD were 

replaced by LOD values. Thus this scenario may tend to overestimate the dietary benzene 

intakes. However, the estimated dietary benzene intakes were not significantly different 

among all scenarios (Anova test, p<0.05). Therefore, the discussion will focus on the higher 

bound scenario which is considered the worst case scenario. 

 

The dietary benzene intakes ranged from 0.0673 µg/kg bw/day (mean) to the maximum of 

1.1682 µg/ kg bw/day. The food category of fish and fish products contributed the most to the 

dietary benzene intakes. The mean intake from consuming fish and fish products was 0.0298 

µg/kg bw/day which represented 44% of the benzene total mean intake (Figure 3.1). Worth 

noting is the fact that more than the half of this intake was from smoked fish products with 

intake of 0.0151 µg/kg bw/day. 



 
Chapter 3       Results and Discussion 

27 
 

Table 3.2: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): Lower bound scenario  

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Non alcoholic drinks 

Non alcoholic drinks  0.0071 0.0003 0.0685 0.1637 0.2579 

Juices and smoothies 0.0003 0.0000 0.0025 0.0056 0.0063 

Coffee, tea and infusions 0.0010 0.0000 0.0096 0.0213 0.0410 

Water (carbonated ) 0.0000 0.0000 0.0000 0.0000 0.0000 

Subtotal  0.0084 0.0003 0.0806 0.1907 0.3053 

Alcoholic drinks 
Spirits with <15% alcohol 0.0002 0.0000 0.0014 0.0018 0.0019 

Beer 0.0000 0.0000 0.0000 0.0000 0.0000 

Subtotal  0.0002 0.0000 0.0014 0.0018 0.0019 

Sauces  Sauces  0.0003 0.0001 0.0029 0.0132 0.0250 

Subtotal  0.0003 0.0001 0.0029 0.0132 0.0250 

Dairy product 

Dairy drinks and desserts enriched with 

fruits 0.0001 0.0000 0.0014 0.0078 0.0088 

Fermented dairy products (cheese) 0.0002 0.0003 0.0008 0.0014 0.0021 

Milk and dairy products 0.0003 0.0000 0.0039 0.0099 0.0158 

Subtotal  0.0007 0.0003 0.0061 0.0192 0.0267 

Fruits and vegetables 

and their products 

Olives 0.0008 0.0007 0.0016 0.0028 0.0030 

Fresh fruits 0.0000 0.0000 0.0000 0.0000 0.0000 

Fresh vegetables 0.0000 0.0000 0.0000 0.0000 0.0000 

Conserved fruits and vegetables 0.0000 0.0000 0.0000 0.0000 0.0000 

Subtotal  0.0008 0.0007 0.0016 0.0028 0.0030 
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Table 3.2: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): Lower bound scenario (cont.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Meat and meat 

products 

Processed meat 0.0010 0.0003 0.0055 0.0091 0.0110 

Raw meat 0.0006 0.0000 0.0033 0.0056 0.0062 

Smoked meat 0.0016 0.0013 0.0063 0.0137 0.0156 

Patés 0.0007 0.0006 0.0025 0.0044 0.0057 

Conserved meat 0.0005 0.0000 0.0044 0.0059 0.0062 

Subtotal  0.0043 0.0022 0.0220 0.0387 0.0447 

Fish and fish 

products 

Semi-preserved fish and fish products 0.0011 0.0000 0.0124 0.0325 0.0341 

Fatty fish 0.0045 0.0017 0.0214 0.0368 0.0403 

Non fatty fish 0.0009 0.0000 0.0057 0.0102 0.0105 

Smoked fish 0.0151 0.0047 0.1208 0.2002 0.2320 

Conserved fish 0.0074 0.0050 0.0414 0.0809 0.0941 

Subtotal  0.0290 0.0113 0.2018 0.3607 0.4110 

Cereal products 
Cereal products 0.0004 0.0000 0.0029 0.0107 0.0208 

Breakfast cereals 0.0027 0.0017 0.0098 0.0164 0.0167 

Subtotal  0.0032 0.0017 0.0127 0.0271 0.0375 

Cakes and cookies Cakes and cookies 0.0002 0.0002 0.0010 0.0029 0.0036 

Subtotal  0.0002 0.0002 0.0010 0.0029 0.0036 

Fats & Oils  

Butter 0.0002 0.0002 0.0004 0.0007 0.0009 

Non Refined oils 0.0005 0.0003 0.0020 0.0152 0.0191 

Refined oils 0.0002 0.0001 0.0009 0.0022 0.0070 

Subtotal  0.0009 0.0006 0.0033 0.0181 0.0270 
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Table 3.2: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): Lower bound scenario (cont.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Ready to eat meals 

Spreadable salads 0.0030 0.0008 0.0404 0.0656 0.1569 

Dips and tapenades 0.0016 0.0006 0.0141 0.0279 0.0295 

Chilled meals 0.0009 0.0008 0.0040 0.0058 0.0060 

Conserved ready to eat meals 0.0005 0.0000 0.0074 0.0230 0.0342 

Subtotal  0.0060 0.0021 0.0659 0.1223 0.2266 

Sugar and 

confectioneries 

Honey 0.0000 0.0000 0.0000 0.0000 0.0000 

Chocolate 0.0008 0.0006 0.0027 0.0058 0.0208 

 Ice creams 0.0003 0.0000 0.0015 0.0020 0.0025 

Gummies and chewing gums 0.0000 0.0000 0.0011 0.0025 0.0026 

Jams 0.0000 0.0000 0.0000 0.0000 0.0000 

Subtotal  0.0011 0.0006 0.0053 0.0103 0.0259 

Miscellaneous Fried frozen products 0.0014 0.0009 0.0064 0.0096 0.0105 

Subtotal  0.0014 0.0009 0.0064 0.0096 0.0105 

Eggs Eggs 0.0000 0.0000 0.0000 0.0000 0.0000 

Subtotal  0.0000 0.0000 0.0000 0.0000 0.0000 

TOTAL 0.0565 0.0211 0.4111 0.8173 1.1487 
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Table 3.3: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): medium bound scenario 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Non alcoholic drinks 

Non alcoholic drinks  0.0074 0.0008 0.0685 0.1637 0.2579 

Juices and smoothies 0.0006 0.0003 0.0028 0.0057 0.0063 

Coffee, tea and infusions 0.0013 0.0003 0.0096 0.0213 0.0410 

Water (carbonated ) 0.0004 0.0003 0.0008 0.0013 0.0016 

Subtotal  0.0097 0.0018 0.0816 0.1920 0.3069 

Alcoholic drinks 
Spirits with <15% alcohol 0.0002 0.0001 0.0014 0.0018 0.0019 

Beer 0.0004 0.0003 0.0006 0.0012 0.0014 

Subtotal  0.0006 0.0004 0.0020 0.0030 0.0032 

Sauces  Sauces  0.0003 0.0001 0.0029 0.0132 0.0250 

Subtotal  0.0003 0.0001 0.0029 0.0132 0.0250 

Dairy products 

Dairy drinks and desserts enriched with 

fruits 0.0007 0.0005 0.0022 0.0080 0.0088 

Fermented dairy products (Cheese) 0.0003 0.0003 0.0008 0.0014 0.0021 

Milk and dairy products 0.0007 0.0004 0.0040 0.0099 0.0158 

Subtotal  0.0017 0.0011 0.0069 0.0193 0.0267 

Fruits and vegetables 

and their products 

Olives 0.0008 0.0007 0.0016 0.0028 0.0030 

Fresh fruits 0.0002 0.0001 0.0004 0.0005 0.0005 

Fresh vegetables 0.0002 0.0002 0.0003 0.0005 0.0006 

Conserved fruits and vegetables 0.0003 0.0003 0.0009 0.0018 0.0041 

Subtotal  0.0014 0.0012 0.0032 0.0055 0.0083 
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Table 3.3: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): medium bound scenario (cont.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Meat and meat 

products 

Processed meat 0.0010 0.0003 0.0055 0.0091 0.0110 

Raw meat 0.0009 0.0004 0.0034 0.0056 0.0062 

Smoked meat 0.0016 0.0013 0.0063 0.0137 0.0156 

Patés 0.0007 0.0006 0.0025 0.0044 0.0057 

Conserved meat 0.0006 0.0000 0.0044 0.0059 0.0062 

Subtotal  0.0048 0.0027 0.0221 0.0387 0.0447 

Fish and fish 

products 

Semi-preserved fish and fish products 0.0012 0.0001 0.0124 0.0325 0.0341 

Fatty fish 0.0045 0.0017 0.0214 0.0368 0.0403 

Non fatty fish 0.0012 0.0004 0.0057 0.0102 0.0105 

Smoked fish 0.0151 0.0047 0.1208 0.2002 0.2320 

Conserved fish 0.0074 0.0050 0.0414 0.0809 0.0941 

Subtotal  0.0294 0.0119 0.2018 0.3607 0.4110 

Cereal products 
Cereal products 0.0006 0.0002 0.0029 0.0107 0.0208 

Breakfast cereals 0.0027 0.0017 0.0098 0.0164 0.0167 

Subtotal  0.0033 0.0019 0.0127 0.0271 0.0375 

Cakes and cookies Cakes and cookies 0.0003 0.0002 0.0010 0.0029 0.0036 

Subtotal  0.0003 0.0002 0.0010 0.0029 0.0036 

Fats & Oils  

Butter 0.0002 0.0002 0.0004 0.0007 0.0009 

Non Refined oils 0.0005 0.0003 0.0020 0.0152 0.0191 

Refined oils 0.0002 0.0001 0.0009 0.0022 0.0070 

Subtotal  0.0009 0.0006 0.0033 0.0181 0.0270 
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Table 3.3: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): medium bound scenario (cont.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Ready to eat meals 

Spreadable salads 0.0030 0.0008 0.0404 0.0656 0.1569 

Dips and tapenades 0.0016 0.0006 0.0141 0.0279 0.0295 

Chilled meals 0.0010 0.0008 0.0040 0.0058 0.0060 

Conserved ready to eat meals 0.0008 0.0003 0.0074 0.0230 0.0342 

Subtotal  0.0064 0.0024 0.0659 0.1223 0.2266 

Sugar and 

confectioneries 

Honey 0.0001 0.0000 0.0001 0.0002 0.0003 

Chocolate 0.0008 0.0006 0.0027 0.0058 0.0208 

Ice creams 0.0005 0.0003 0.0015 0.0020 0.0025 

Gummie and chewing gums 0.0001 0.0000 0.0014 0.0025 0.0026 

Jams 0.0001 0.0001 0.0003 0.0005 0.0008 

Subtotal  0.0016 0.0011 0.0060 0.0110 0.0270 

Miscellaneous Fried frozen products 0.0015 0.0009 0.0064 0.0096 0.0105 

Subtotal  0.0015 0.0009 0.0064 0.0096 0.0105 

Eggs Eggs 0.0002 0.0002 0.0003 0.0003 0.0003 

Subtotal  0.0002 0.0002 0.0003 0.0003 0.0003 

TOTAL 0.0620 0.0264 0.4161 0.8239 1.1584 
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Table 3.4: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): higher bound scenario 

 

Food categories Food subcategories Mean P50 P95 P99.5 Maximum 

Non alcoholic drinks 

Non alcoholic drinks  0.0075 0.0007 0.0685 0.1637 0.2579 

Juices and smoothies 0.0009 0.0006 0.0030 0.0057 0.0063 

Coffee, tea and infusions 0.0016 0.0006 0.0096 0.0213 0.0410 

Water (carbonated ) 0.0008 0.0007 0.0015 0.0026 0.0032 

Subtotal  0.0107 0.0026 0.0827 0.1934 0.3085 

Alcoholic drinks 
Spirits with <15% alcohol 0.0003 0.0001 0.0014 0.0018 0.0019 

Beer 0.0007 0.0006 0.0012 0.0025 0.0028 

Subtotal  0.0010 0.0007 0.0026 0.0043 0.0046 

Sauces  Sauces  0.0003 0.0001 0.0029 0.0132 0.0250 

Subtotal  0.0003 0.0001 0.0029 0.0132 0.0250 

Dairy product 

Dairy drinks and desserts enriched with 

fruits 0.0012 0.0009 0.0030 0.0082 0.0088 

Fermented dairy products (Cheese) 0.0003 0.0003 0.0008 0.0014 0.0021 

Milk and dairy products 0.0011 0.0007 0.0045 0.0100 0.0158 

Subtotal  0.0026 0.0019 0.0083 0.0196 0.0267 

Fruits, vegetables 

and their products 

Olives 0.0008 0.0007 0.0016 0.0028 0.0030 

Fresh fruits 0.0003 0.0003 0.0007 0.0010 0.0011 

Fresh vegetables 0.0003 0.0003 0.0006 0.0009 0.0013 

Conserved fruits and vegetables 0.0007 0.0005 0.0017 0.0037 0.0082 

Subtotal  0.0021 0.0017 0.0047 0.0083 0.0136 
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Table 3.4: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): higher bound scenario (contin.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Meat and meat 

products 

Processed meat 0.0010 0.0003 0.0055 0.0091 0.0110 

Raw meat 0.0013 0.0009 0.0035 0.0056 0.0062 

Smoked meat 0.0017 0.0013 0.0063 0.0137 0.0156 

Patés 0.0007 0.0006 0.0025 0.0044 0.0057 

Conserved meat 0.0007 0.0001 0.0044 0.0059 0.0062 

Subtotal  0.0053 0.0032 0.0223 0.0387 0.0447 

Fish and fish 

products 

Semi-preserved fish and fish products 0.0013 0.0002 0.0124 0.0325 0.0341 

Fatty fish 0.0045 0.0017 0.0214 0.0368 0.0403 

Non fatty fish 0.0014 0.0008 0.0057 0.0102 0.0105 

Smoked fish 0.0151 0.0047 0.1208 0.2002 0.2320 

Conserved fish 0.0075 0.0050 0.0414 0.0809 0.0941 

Subtotal  0.0298 0.0124 0.2018 0.3607 0.4110 

Cereals and cereal 

products 

Cereal products 0.0007 0.0003 0.0029 0.0107 0.0208 

Breakfast cereals 0.0027 0.0017 0.0098 0.0164 0.0167 

Subtotal  0.0034 0.0020 0.0127 0.0271 0.0375 

Cakes and cookies Cakes and cookies 0.0003 0.0002 0.0010 0.0029 0.0036 

Subtotal  0.0003 0.0002 0.0010 0.0029 0.0036 

Fats & Oils  

Butter 0.0002 0.0002 0.0004 0.0007 0.0009 

Non Refined oils 0.0005 0.0003 0.0020 0.0152 0.0191 

Refined oils 0.0002 0.0001 0.0009 0.0022 0.0070 

Subtotal  0.0009 0.0006 0.0033 0.0181 0.0270 
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Table 3.4: Deterministic analysis results of dietary benzene intake (µg/kg bw/day): higher bound scenario (cont.) 

 

Food categories Food subcategories Mean P50 P95 P 99.5 Maximum 

Ready to eat meals 

Spreadable salads 0.0030 0.0008 0.0404 0.0656 0.1569 

Dips and tapenades 0.0017 0.0006 0.0141 0.0279 0.0295 

Chilled meals 0.0010 0.0008 0.0040 0.0058 0.0060 

Conserved ready to eat meals 0.0010 0.0005 0.0074 0.0230 0.0342 

Subtotal  0.0067 0.0027 0.0659 0.1223 0.2266 

Sugar and 

confectioneries 

Honey 0.0001 0.0001 0.0003 0.0005 0.0006 

Chocolate 0.0008 0.0006 0.0027 0.0058 0.0208 

 Ice creams 0.0007 0.0005 0.0015 0.0020 0.0025 

Gummies and chewing gums  0.0002 0.0001 0.0016 0.0026 0.0026 

Jams 0.0003 0.0002 0.0005 0.0009 0.0016 

Subtotal  0.0021 0.0016 0.0066 0.0117 0.0282 

Miscellaneous Fried frozen products 0.0016 0.0009 0.0064 0.0096 0.0105 

Subtotal  0.0016 0.0009 0.0064 0.0096 0.0105 

Eggs Eggs 0.0004 0.0004 0.0006 0.0007 0.0007 

Subtotal  0.0004 0.0004 0.0006 0.0007 0.0007 

TOTAL 0.0673 0.0310 0.4217 0.8306 1.1682 
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This fish and fish products contributed 0.4110 µg/kg bw/day to the total maximum intake and 

0.3607 µg/kg bw/day to the total P99.5 intake (Table 3.4).  This great contribution to dietary 

benzene intakes from this food category was due to its high levels of benzene contamination 

(Annex 1). The contribution of non alcoholic drinks to the intakes was the second most 

important. The intakes from this food category were 0.0107 µg/kg bw/day by the mean; 

0.1934 µg/kg bw/day at the P99.5 and 0.3085 µg/kg bw/day by the maximum (Table 3.4). 

Their contribution relatively accounted 16% of the total mean dietary benzene intake 

(Figure.3.1). This was due to the fact that it was more consumed than other food categories 

(Table 3.1) in addition to their benzene contamination levels (Annex 1). 

 

Commonly, food categories of fish and fish products; non alcoholic drinks; ready to eat meals 

and meat and meat products relatively contributed 78% of the total mean intake. This 

contribution was as result of the comparatively high levels of benzene contents. The other 

food categories like cereal products, dairy products, sugar and confectioneries and fruits and 

vegetables and their products contributed 15%. The contribution of remaining food categories 

(alcoholic drinks; miscellaneous; eggs; fats and oils and cakes and cookies) was 7% of the 

total mean dietary benzene intake (Figure 3.1). 

 

 

Figure 3.1: Relative contribution of food categories to the total mean intakes of dietary 

benzene higher bound scenarios 

 

Generally, although the higher bound scenario was considered, the mean dietary benzene 

intake was almost nine times lower than the MRL value of 0.5 µg/kg bw/day for chronic oral 
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exposure to benzene (ATSDR, 2010). However, from Table 3.4, it can be noticed that the 

total intakes of dietary benzene at P99.5 and at maximum were above this MRL value. This is 

shown by the intakes of 0.8306 µg/kg bw/day at P99.5 and 1.1682 µg/kg bw/day against 0.5 

µg/kg bw/day of the MRL. It can be observed that the maximum dietary benzene intake was 

twice higher than this MRL. The deterministic analysis results show that benzene dietary 

exposures may pose a risk to Belgian adult population.  

3.2.2. Probabilistic analysis  

 

Since the deterministic analysis of dietary benzene showed that a certain part of the 

population was exceeding the MRL, it was necessary to further investigate the dietary 

benzene intakes. This was performed by using probabilistic analysis method. This method 

provided more accurate information than the deterministic analysis as it considered different 

possible combinations of the contamination and consumption data.  For this, the probabilistic 

method used the distributions of both data. In this regard, both food consumption and 

benzene content data were fitted to the distributions. The types of the distributions that could 

generate the best fit were inspected visually by checking each probability-probability (P-P) 

plot. During the distribution fitting, the observed cumulative distributions were plotted 

against the theoretical cumulative distributions. P-P plots provided roughly a straight line 

joining the diagonals if the observed cumulative distribution could well be defined by the 

theoretical cumulative distributions. The more the data were available, the more theoretical 

cumulative distribution approximated the observed cumulative distribution (Figures 3.2 and 

3.3). The distribution fitting was possible when there were five data values, among which 

three data values had to be positive. During fitting of the distributions to benzene data, 

deviations from normal distribution line were observed. This is illustrated by P-P plot of 

benzene content in all foods combined (Figure 3.2-B). This deviation may be explained by 

presence of the data below the LOD which counted for 42%. In case where fitting distribution 

was not possible, due to insufficient numbers of observed data for benzene, the simple 

distribution analysis method was used. Simple distribution was applied for example in the 

category of fruits and vegetables and their products where there were only two positive 

contamination data (Annex 1). 

The probabilistic analysis was conducted for all the three scenarios as described in section 

2.3. The calculations were performed for all food categories and for all foods combined. 

Figures 3.2 illustrate the probability distribution (A) and probability-probability plot (B) of 

consumption data of all foods assembled. Lognormal distribution was the best fit distribution 
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found for the consumption data. It can be noticed that the data were normally distributed 

(Figure 3.2-B). The best distribution at lower bound scenario was applied to other scenarios 

in the case of benzene content data.  

 

Figures 3.2: Probabilistic distribution graph (A) and probability-probability plot (B) of all 

daily foods consumed by Belgian adult population  

  

Figures 3.3: Probabilistic distribution graph (A) and probability-probability plot (B) of 

benzene distribution in all analysed foods 
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The exponential distribution was found to fit the best the benzene content data. Figures 3.3 A 

&B show both distributions of benzene content in all analysed foods combined. 

 

The results from all these probabilistic calculations in terms of mean and percentiles are 

presented in Tables 3.5-3.7. High percentile intakes (e.g 90
th

, 95
th

, 97.5
th

 and 99.5
th

) were 

preferably included in the results in order to cover the intakes of highly exposed individuals 

(EFSA, 2005). As in deterministic analysis, all these results were not significantly different 

among the three scenarios considered (p<0.05, Anova test). Therefore, the discussion will be 

centred on the higher bound scenario results which are summarised in Table 3.7. 

 

As it can be realised from results, the total mean dietary benzene intake was 0.0196 µg/kg 

bw/day. This intake increased with the percentiles to be 0.1217 µg/kg bw/day at P99.5 (Table 

3.7). Mean benzene intakes of food categories were found to vary from 0.0003 µg/kg bw/day 

(sauces, cakes and cookies) to 0.0081 µg/kg bw/day (fish and fish products). The dietary 

benzene intakes at 99.5
th

 percentile reached 0.0007 µg/kg bw/day (eggs) and 0.0515 µg/kg 

bw/day (fish and fish products). As it was observed from the deterministic analysis results, 

food category of fish and fish products was associated with higher intakes compared to other 

food categories. This was as result of high levels of contamination of this food category 

(Annex 1). The non alcoholic drinks resulted in the mean intake of 0.0062 µg/kg bw/day. 

This comparatively high intake observed from non alcoholic drinks might resulted from the 

fact that this food category was greatly consumed compared to others food categories (Table 

3.1). The food category of ready to eat meals was also associated with comparatively high 

benzene intakes. The intakes from these ready to eat meals varied from 0.0023 µg/kg bw/day 

(mean intake) to 0.0114 µg/kg bw/day at P95.5. This intake was as well due to comparatively 

high benzene contamination levels (Annex 1). 

 

In the alcoholic drinks, the only spirit drinks with less than 15% alcohol volume contained 

benzene whereas beers did not. Consequently this mean intake of 0.0011µg/kg bw/day was 

influenced by the contaminated analysed spirits. Likewise the mean dietary benzene intake of 

0.003 µg/kg bw/day from the food category of fruits and vegetables and their products was 

mainly influenced by highly contaminated analysed olives. While fresh and conserved fruits 

and vegetables were not contaminated with benzene (Annex 1).  
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Table 3.5: Probabilistic analysis results of dietary benzene intake (µg/kg bw/day): lower bound scenario 

Food categories Mean SD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (0.5 

µg/kg bw/day) 

Non alcoholic drinks 0.0056 0.0070 0.0032 0.0139 0.0191 0.0250 0.0332 0.0398 0.00 

Alcoholic drinks 0.0005 0.0002 0.0005 0.0007 0.0008 0.0009 0.0010 0.0012 0.00 

Sauces 0.0003 0.0006 0.0001 0.0008 0.0013 0.0019 0.0031 0.0040 0.00 

Dairy products 0.0010 0.0013 0.0007 0.0023 0.0034 0.0046 0.0065 0.0082 0.00 

Fruits and vegetables and their products 0.0028 0.0021 0.0025 0.0056 0.0067 0.0078 0.0093 0.0105 0.00 

Meat and meat products 0.0012 0.0014 0.0007 0.0028 0.0038 0.0050 0.0067 0.0082 0.00 

Fish and fish products 0.0080 0.0094 0.0050 0.0189 0.0258 0.0332 0.0439 0.0541 0.00 

Cereal products 0.0019 0.0023 0.0013 0.0043 0.0059 0.0077 0.0110 0.0134 0.00 

Cakes and cookies 0.0002 0.0003 0.0002 0.0005 0.0008 0.0011 0.0016 0.0020 0.00 

Fats and oils 0.0006 0.0014 0.0003 0.0012 0.0018 0.0027 0.0044 0.0061 0.00 

Ready to eat meals 0.0022 0.0026 0.0013 0.0051 0.0071 0.0093 0.0124 0.0153 0.00 

Sugar and confectioneries 0.0007 0.0007 0.0005 0.0015 0.0020 0.0025 0.0033 0.0041 0.00 

Miscellaneous 0.0015 0.0019 0.0007 0.0040 0.0049 0.0058 0.0075 0.0088 0.00 

Eggs 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 

Total intake (all foods)
b
 0.0179 0.0210 0.0111 0.0422 0.0582 0.0756 0.1004 0.1176 0.00 

b
The total intakes from all foods was calculated by considering all food data combined.  
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Table 3.6: Probabilistic analysis results of dietary benzene intake (µg/kg bw/day): medium bound scenario 

Food Categories Mean SD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (0.5 

µg/kg bw/day) 

Non alcoholic drinks 0.0059 0.0069 0.0036 0.0143 0.0195 0.0249 0.0325 0.0384 0.00 

Alcoholic drinks 0.0008 0.0003 0.0007 0.0011 0.0012 0.0014 0.0017 0.0019 0.00 

Sauces 0.0003 0.0006 0.0002 0.0008 0.0012 0.0018 0.0027 0.0035 0.00 

Dairy products 0.0012 0.0014 0.0008 0.0026 0.0037 0.0050 0.0069 0.0084 0.00 

Fruits and vegetables and their products 0.0029 0.0021 0.0026 0.0056 0.0068 0.0079 0.0094 0.0106 0.00 

Meat and meat products 0.0013 0.0013 0.0008 0.0028 0.0037 0.0048 0.0065 0.0079 0.00 

Fish and fish products 0.0081 0.0091 0.0052 0.0187 0.0254 0.0329 0.0428 0.0517 0.00 

Cereal products 0.0019 0.0022 0.0014 0.0042 0.0056 0.0074 0.0103 0.0127 0.00 

Cakes and cookies 0.0003 0.0003 0.0002 0.0006 0.0008 0.0011 0.0016 0.0020 0.00 

Fats and oils 0.0008 0.0081 0.0003 0.0013 0.0023 0.0038 0.0079 0.0135 0.00 

Ready to eat meals 0.0022 0.0024 0.0015 0.0050 0.0067 0.0088 0.0117 0.0141 0.00 

Sugar and confectioneries 0.0008 0.0007 0.0006 0.0016 0.0021 0.0026 0.0035 0.0044 0.00 

Miscellaneous 0.0017 0.0018 0.0010 0.0040 0.0049 0.0059 0.0073 0.0086 0.00 

Eggs 0.0002 0.0000 0.0002 0.0003 0.0003 0.0003 0.0003 0.0004 0.00 

Total intake (all foods)
 b

  0.0189 0.0214 0.0120 0.0445 0.0609 0.0763 0.1000 0.1189 0.00 
 b

The total intakes from all foods was calculated by considering all food data combined.  
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Table 3.7: Probabilistic analysis results of dietary benzene intake (µg/kg bw/day): higher bound scenario 

Food categories Mean SD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (0.5 µg/kg 

bw/day) 

Non alcoholic drinks 0.0062 0.0068 0.0040 0.0145 0.0193 0.0250 0.0327 0.0387 0.00 

Alcoholic drinks 0.0011 0.0004 0.0010 0.0015 0.0017 0.0020 0.0023 0.0026 0.00 

Sauces 0.0003 0.0006 0.0002 0.0008 0.0012 0.0018 0.0027 0.0035 0.00 

Dairy products 0.0012 0.0013 0.0008 0.0026 0.0037 0.0050 0.0068 0.0082 0.00 

Fruits and vegetables and their products 0.0030 0.0021 0.0027 0.0057 0.0068 0.0078 0.0094 0.0105 0.00 

Meat and meat products 0.0013 0.0014 0.0009 0.0029 0.0039 0.0051 0.0071 0.0088 0.00 

Fish and fish products 0.0081 0.0089 0.0053 0.0184 0.0250 0.0319 0.0428 0.0515 0.00 

Cereal products 0.0020 0.0022 0.0014 0.0041 0.0056 0.0073 0.0103 0.0130 0.00 

Cakes and cookies 0.0003 0.0003 0.0002 0.0006 0.0008 0.0011 0.0016 0.0019 0.00 

Fats and oils 0.0010 0.0213 0.0003 0.0014 0.0024 0.0044 0.0092 0.0161 0.00 

Ready to eat meals 0.0023 0.0024 0.0015 0.0050 0.0068 0.0089 0.0118 0.0144 0.00 

Sugar and confectioneries 0.0009 0.0007 0.0007 0.0016 0.0021 0.0027 0.0037 0.0045 0.00 

Miscellaneous 0.0020 0.0017 0.0015 0.0042 0.0050 0.0060 0.0075 0.0088 0.00 

Eggs 0.0004 0.0001 0.0004 0.0005 0.0005 0.0006 0.0007 0.0007 0.00 

Total intake (all foods)
b
 0.0196 0.0215 0.0125 0.0446 0.0605 0.0775 0.0999 0.1217 0.00 

 
b
The total intakes for all foods was calculated by considering all food data combined.  
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Foods categories such as sauces; cakes and cookies; sugar and confectioneries and eggs were 

associated with low dietary benzene intakes. The mean intake from all these food categories 

varied from 0.0003 µg/kg bw/day to 0.0009 µg/kg bw/day at P99.5 (Table 3.7). 

 

It can be remarked from the results that the dietary benzene intakes estimated by probabilistic 

analysis were smaller than intakes estimated by deterministic analysis. This was observed for 

example at P99.5 intake which was 0.8306 µg/kg bw/day from deterministic analysis (Table 

3.4) and became 0.1217 µg/kg bw/day by probabilistic analysis (Table 3.7) 

 

In probabilistic analysis results, the dietary benzene intakes were all below the MRL for oral 

chronic exposure to benzene. The high mean intake of the food category of fish and fish 

products which was 0.0081 µg/kg bw/day was around sixty times less than the MRL (0.5 

µg/kg bw/day). In regard to the high percentile of P99.5 with the intake of 0.0515 µg/kg 

bw/day, the intake was ten times less than the mentioned MRL. The total mean intake of 

0.0196 µg/kg bw/day from all foods (Table 3.7) was likewise much lower (tweenty five times 

lower) than the MRL. A P99.5 total dietary benzene intake with 0.1217 µg/kg bw/day was 

similarly almost five times lesser than the MRL. 

 

In exposure assessment studies, there are always uncertainties resulting from data used. 

Similarly the uncertainties that were associated with this study are here discussed in the 

section 3.2.3. 

3.2.3. Uncertainties related to the exposure assessment of dietary benzene 

 

The uncertainty is the term used in exposure assessment to indicate the lack of/or limited 

knowledge about data, lack of observations and indeterminacy (Verdonck et al., 2006). It 

concerns measurements errors and sampling and structure model uncertainties. There are 

different sources of uncertainties inherent to exposure assessments. These arise from 

concentration and consumption data. Concentration data uncertainty would result from lack 

of representativeness of the samples. The uncertainty in consumption data results from under 

or overestimation of the food intakes; misreporting of some food items and the 

representativeness of the analysed samples of food to the all food considered in exposure 

assessment (Kroes et al., 2002). 

 

In this study, the uncertainties were characterised by the use of the format proposed by EFSA 

(EFSA, 2006) and are illustrated in Table 3.8. 
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Table 3.8: The sources, directions and magnitude of uncertainty related to exposure 

assessment of dietary benzene 

Sources of uncertainties Direction and 

magnitude 

1. Under/over reporting of consumption data ++/-- 

2. Estimation of consumed quantities ++/- - 

3. Missing food consumption data ++ 

4. Consumption frequencies of foods not considered in estimation 

of usual intakes 

++/- - 

5. Change in consumption trends of some foods since 2004 

(especially ready to eat meals)  

+/- - - 

 

6. Misreporting of consumed foods  in wrong food groups  +/- 

     7.  Non analysed foods excluded from exposure assessment +/- 

8. Representativeness of analysed foods compared to all 

          consumed foods 

9. Insufficient observed contamination data  

10. Limitation of the analytical method 

 

- 

+ 

-/+ 

 

Under reporting and over reporting would result from the applied method in food 

consumption data collection. During data collection, it is probable that some specific foods 

are under or over reported. This takes place because participants sometimes record 

themselves the consumed food quantities. This could result in over or underestimation of the 

exposure. Estimation of consumed quantities is also a source of uncertainty. Some foods were 

reported in different units such as standard units, household measures and photos. The 

participants and as well as interviewers may find difficult to estimate with exactitude the 

amounts of reported consumed foods. This would equally lead to under or over estimate the 

exposure. Missing consumption data may be frequently be related to foods that are consumed 

in small amounts which might easily be forgotten while reporting. This will surely lead to 

underestimation of dietary intakes, which in turn would result in under estimating the 

exposure as well.  

 

During the calculation of the usual intakes of different foods by the MSM program, the food 

consumption frequencies were not used due to their unavailability. This might have probably 

caused the underestimation or overestimation of the usual intakes. If this has happened, it has 
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led to under or over estimation of the exposure. The consumption data information of 

different foods was obtained from a survey conducted in 2004. Since then, the food 

consumption patterns might have changed. The consumption of some foods on one hand may 

have increased or on the other hand reduced. The exposure might have been therefore under 

estimated for some foods and over estimated for the others. The consumption data of foods 

that were not represented in samples for chemical determination of benzene in foods were 

omitted from the food consumption data for exposure assessment. These excluded food 

consumption data counted 9% of all food that were consumed in 2004. The exclusion of these 

data might have caused underestimation of the dietary exposure to benzene intake. 

 

The analysed foods were representative of consumed food in Belgium. However, some few 

samples from a certain food categories were analysed and the resulting contamination data 

were imputed to all foods in this food category for the purpose of exposure assessment. This 

may have equally caused under estimation of the exposure. In some foods categories, there 

were insufficient contamination data to fit the distribution to the data. The consideration of 

simple distribution in probabilistic analysis might have lead to overestimation. The analytical 

method limitation to LOD and hence the replacement of undetected concentration data might 

have caused overestimation of the exposure. 

3.3. OTHER VOCs DIETARY EXPOSURE ASSESSMENT 

 

Other VOCs analysed in exposure assessment included chloroform, ethyl benzene, toluene 

and o-xylene. Due to their semi-quantitative concentration data, the exposure assessment was 

only performed on one scenario basis. This was the lower bound scenario in which the 

undetected data were replaced by 0. The same food consumption data as used in benzene 

exposure assessment were applied. The details on the treatment of these consumption data are 

given in section 3.1. These consumption data were combined with the respective VOCs semi 

quantitative concentration data to calculate the intakes. The calculations of the intakes were 

performed by deterministic and probabilistic analysis methods.  

3.3.1. Deterministic analysis  

 

The deterministic analysis was individually performed for each volatile organic compound. 

The analysis was done on the same food categories as for benzene and the deterministic 

analysis results are presented in Tables 3.9; 3.10; 3.11 and 3.12.  
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From Table 3.9, it can be noted that the highest intake of dietary chloroform among food 

category was 0.0092 µg/kg bw/day. This intake was found to come from the non alcoholic 

drinks category which was more consumed. The lowest intake was 0.0002 µg/kg bw/day 

from food category of sauces. The relative contributions of non alcoholic drinks and sauces to 

total mean intakes in term of percentages were 23% and almost 0% respectively (Figure 3.4). 

Fish and fish products with 0.0069 µg/kg bw/day and ready to eat meals with 0.0064 µg/kg 

bw/day also represented more intakes next to non alcoholic drinks compared to other food 

categories.  

 

Table 3.10 illustrates that the consumption of fish and products and ready to eat contributed 

the most to the intakes of ethyl benzene. The intakes from the food category of fish and fish 

products were 0.0056 µg/kg bw/day (mean intake), 0.0715 µg/kg bw/day (intake at P99.5) 

and 0.0828 µg/kg bw/day (maximum intake). This food category relatively was associated 

with high levels of ethyl benzene contamination compared to other food categories (Annex 

3). This food category covered 21% of the total mean ethyl benzene intake (Figure 3.5). To 

the mean intake, ready to eat meals represented 0.0053 µg/kg bw/day which corresponded to 

20% (Figure 3.5). There was no contribution from the category of alcoholic drinks. The 

intake of ethyl benzene through consumption of eggs was comparatively low (Figure 3.5). 

The total mean intake of ethyl benzene was 0.0269 µg/kg bw/day. The intake increased with 

the percentiles to reach 0.3277 µg/kg bw/day at P99.5. The maximum dietary ethyl benzene 

intake was 0.5024 µg/kg bw/day (Table 3.10).  

 

Total mean dietary toluene intake was 0.1188 µg/kg bw/day. This intake increased with the 

increase in food consumptions up to a maximum intake of 3.2879 µg/kg bw/day (Table 3.11). 

The most contributing food category to the total intakes were non alcoholic drinks and cereal 

products with the respective intakes of 0.9239 µg/kg bw/day and 0.2610 µg/kg bw/day at 

P99.5 (Table 3.11). These food categories, which were comparatively more toluene 

contaminated, contributed relatively 23% and 20% to the total mean of dietary toluene 

intakes respectively (Figure 3.6).  

 

The higher intakes of o-xylene were more associated with ready to eat meals, cereal products 

and fish and fish products compared to other foods categories. They contributed 0.0065 µg/kg 

bw/day, 0.0061 µg/kg bw/day and 0.0057 µg/kg bw/day correspondingly to the total mean of 

dietary o-xylene intake. These food categories contained high levels of contamination from o-

xylene (Annex 2). 
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Table 3.9: Deterministic analysis results of dietary chloroform intake (µg/kg bw/day) 

Food Categories Mean P50 P95 P99.5 Maximum 

Non alcoholic drinks 0.0092 0.0078 0.0263 0.0464 0.0624 

Alcoholic drinks 0.0019 0.0017 0.0058 0.0103 0.0113 

Sauces 0.0002 0.0001 0.0012 0.0044 0.0081 

Dairy products 0.0031 0.0017 0.0189 0.0432 0.0641 

Fruits and vegetables and their products 0.0015 0.0009 0.0083 0.0180 0.0320 

Meat and meat products 0.0018 0.0014 0.0064 0.0108 0.0125 

Fish and fish products 0.0069 0.0051 0.0276 0.0531 0.0573 

Cereal products 0.0012 0.0010 0.0039 0.0088 0.0137 

Cakes and cookies 0.0004 0.0002 0.0021 0.0069 0.0086 

Fats and oils 0.0031 0.0027 0.0080 0.0181 0.0256 

Ready to eat meals 0.0064 0.0035 0.0415 0.0616 0.0812 

Sugar and confectioneries 0.0019 0.0011 0.0086 0.0152 0.0305 

Miscellaneous 0.0010 0.0010 0.0031 0.0046 0.0050 

Eggs 0.0003 0.0003 0.0007 0.0008 0.0008 

Total intake
c
 0.0389 0.0284 0.1625 0.3022 0.4130 

c
Total intake equals to the sum of the food categories intakes 
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Table 3.10: Deterministic analysis results of dietary ethyl benzene intake (µg/kg bw/day) 

Food Categories Mean P50 P95 P99.5 Maximum 

Non alcoholic drinks 0.0022 0.0004 0.0145 0.0276 0.0353 

Alcoholic drinks 0.0000 0.0000 0.0000 0.0000 0.0000 

Sauces 0.0001 0.0000 0.0009 0.0038 0.0072 

Dairy products 0.0017 0.0011 0.0087 0.0188 0.0245 

Fruits and vegetables and their products 0.0024 0.0004 0.0178 0.0379 0.0755 

Meat and meat products 0.0028 0.0014 0.0142 0.0236 0.0274 

Fish and fish products 0.0056 0.0030 0.0353 0.0715 0.0828 

Cereal products 0.0020 0.0010 0.0118 0.0278 0.0413 

Cakes and cookies 0.0004 0.0002 0.0021 0.0059 0.0071 

Fats and oils 0.0005 0.0002 0.0029 0.0192 0.0263 

Ready to eat meals 0.0053 0.0035 0.0314 0.0571 0.0989 

Sugar and confectioneries 0.0017 0.0006 0.0125 0.0240 0.0645 

Miscellaneous 0.0020 0.0013 0.0066 0.0103 0.0114 

Eggs 0.0000 0.0000 0.0001 0.0001 0.0001 

Total intake
c
 0.0269 0.0130 0.1587 0.3277 0.5024 

c
Total intake equals to the sum of the food categories intakes 
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Table 3.11: Deterministic analysis results of dietary toluene intake (µg/kg bw/day) 

Food Categories Mean P50 P95 P99.5 Maximum 

Non alcoholic drinks 0.0270 0.0029 0.1533 0.9239 1.51 

Alcoholic drinks 0.0016 0.0009 0.0069 0.0098 0.01 

Sauces 0.0002 0.0001 0.0013 0.0050 0.01 

Dairy products 0.0040 0.0024 0.0234 0.0534 0.08 

Fruits and vegetables and their products 0.0024 0.0011 0.0200 0.0581 0.13 

Meat and meat products 0.0057 0.0035 0.0245 0.0416 0.05 

Fish and fish products 0.0156 0.0067 0.1065 0.1721 0.20 

Cereal products 0.0234 0.0057 0.1285 0.2610 0.35 

Cakes and cookies 0.0015 0.0010 0.0062 0.0185 0.02 

Fats and oils 0.0050 0.0028 0.0192 0.0708 0.09 

Ready to eat meals 0.0085 0.0042 0.0573 0.1683 0.35 

Sugar and confectioneries 0.0143 0.0040 0.0966 0.1830 0.41 

Miscellaneous 0.0087 0.0047 0.0391 0.0641 0.07 

Eggs 0.0007 0.0004 0.0025 0.0032 0.00 

Total intake
c
 0.1188 0.0404 0.6855 2.0327 3.2879 

c
Total intake equals to the sum of the food categories’ intakes 
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Table 3.12: Deterministic analysis results of dietary o-xylene intake (µg/kg bw/day) 

Food Categories Mean P50 P95 P99.5 Maximum 

Non alcoholic drinks 0.0022 0.0004 0.0127 0.0469 0.0716 

Alcoholic drinks 0.0000 0.0000 0.0000 0.0000 0.0000 

Sauces 0.0006 0.0000 0.0060 0.0628 0.1242 

Dairy products 0.0010 0.0007 0.0053 0.0114 0.0154 

Fruits and vegetables and their products 0.0013 0.0002 0.0112 0.0258 0.0498 

Meat and meat products 0.0035 0.0011 0.0208 0.0375 0.0454 

Fish and fish products 0.0057 0.0029 0.0384 0.0617 0.0699 

Cereal products 0.0061 0.0007 0.0417 0.1567 0.3001 

Cakes and cookies 0.0003 0.0002 0.0009 0.0026 0.0032 

Fats and oils 0.0007 0.0003 0.0048 0.0395 0.0516 

Ready to eat meals 0.0065 0.0050 0.0387 0.0809 0.1373 

Sugar and confectioneries 0.0014 0.0005 0.0100 0.0225 0.0548 

Miscellaneous 0.0027 0.0012 0.0133 0.0215 0.0238 

Eggs 0.0001 0.0000 0.0010 0.0015 0.0016 

Total intake
c
 0.0322 0.0132 0.2048 0.5713 0.9486 

c
Total intake equals to the sum of the food categories’ intakes. 
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Figure 3.4: Relative contributions of food 

categories to the total dietary mean 

chloroform intake  

Figure 3.5: Relative contributions of food 

categories to the total dietary mean ethyl 

benzene intake

 

 

Figure 3.6: Relative contribution of food 

categories to the total dietary mean intake 

of toluene 

Figure 3.7: Relative contribution of food 

categories to the total dietary mean intake 

of o-xylene 
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Figure 3.7 demonstrates that the ready to eat meals represented 20%, and cereals and cereal 

products accounted for 19% while fish and fish products represented 18% of the total dietary 

o-xylene mean intake of 0.0322 µg/kg bw/day. As in the cases of other VOCs the highest 

intakes from dietary o-xylene were observed at high percentiles. The intakes were up to 

0.5713 µg/kg bw/day at P99.5 and 0.9486 µg/kg bw/day at maximum (Table 3.11).  

Generally, there are no specific common trends of the dietary intake from all the other VOCs. 

The higher intakes from the VOCs differed from one group to other and from one VOC to 

another. The dietary intake of chloroform was more associated with non alcoholic drinks; fish 

and fish products and ready to eat meal whereas dietary ethyl benzene intake was mostly 

observed in food categories of fish and fish products and ready to eat meals. Toluene dietary 

intake was more noticed from non alcoholic drinks and cereal and cereal products while o-

xylene was much more associated with ready to eat meals; cereal products, fats fish and fish 

products and meat and meat products. Fish and fish products group was found to be among 

the three most contributors to the exposure from dietary other VOCs. This was because this 

food category had comparatively high levels of contaminations compared to other food 

categories (Annex 2). Toluene showed higher intakes other VOCs. 

3.3.1. Probabilistic analysis 

 

The probabilistic analysis of other VOCs was performed for all foods and food categories. 

The distributions were fitted to concentration data of VOCs and food consumption data. The 

details about distribution fitting may be referred to in section 3.2.2 (probabilistic analysis of 

benzene). All results are presented in Tables 3.13; 3.14; 3.15 and 3.16. 

 

As it can be noticed from all probabilistic results of other dietary VOCs, the highest intakes 

were from toluene. These high dietary toluene intakes were due to the fact that the 

contamination levels of analysed in toluene were high compared to the other VOCs (Annex 

2). It can be noticed that non alcoholic drinks were associated with high dietary intakes of 

chloroform (Table 3.13), ethyl benzene (Table 3.14) and toluene (Table 3.15). Besides its 

level of contamination, this food category was more consumed than others (Table 3.1). Cereal 

products were found to be related with high dietary o-xylene intakes (Table 3.16) 

 

In comparison with the proposed reference values, none of the other volatile organic 

compounds was found to present the intake above the minimal risk level values (MRL). The 

MRL of chloroform was set 10 µg/kg bw/day. This value is much higher than the highest 
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dietary chloroform intakes from this study. The probabilistic intake of 0.1509 µg/kg bw/day 

at P99.5 would be sixty six times lower than this MRL value. From deterministic analysis 

results, the maximum intake of 0.4130 µg/kg bw/day (Table 3.8) would be twenty four times 

lower than the MRL. The P99.5 toluene intake of 0.6455 µg/kg bw/day (Table 3.13) was also 

thirty times lower than the MRL of 20 µg/kg bw/day (Table 1.1). The toluene maximum 

intake with 3.2879 µg/kg bw/day would be six times lower than its MRL value. The intakes 

of ethyl benzene and o-xylene were many times lower than their MRLs values of 400 µg/kg 

bw/day and 200 µg/kg bw/day respectively. 

 

3.3.3. Uncertainties related to dietary VOCs exposure assessment 

 

The same uncertainties that were identified and discussed in the case of dietary benzene 

exposure assessment (section 3.3) are applicable to this VOCs exposure assessment. 

However, the important uncertainty that was only associated with chloroform, ethyl benzene, 

toluene and o-xylene resulted from their semi quantitative contamination data. This 

uncertainty might have caused an under or over estimation of the intakes from all these 

VOCs. 

 



 
Chapter 3       Results and Discussion 

54 
 

Table 3.13: Probabilistic analysis results of chloroform intake (µg/kg bw/day) 

Food categories Mean STD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (10 µg/kg 

bw/day) 

Non alcoholic beverages 0.0093 0.1766 0.0018 0.0112 0.0218 0.0406 0.0903 0.1697 0.00 

Alcoholic drinks 0.0023 0.0023 0.0016 0.0051 0.0068 0.0085 0.0110 0.0129 0.00 

Sauces 0.0002 0.0002 0.0002 0.0005 0.0006 0.0007 0.0010 0.0012 0.00 

Dairy products 0.0021 0.0055 0.0006 0.0048 0.0086 0.0137 0.0237 0.0337 0.00 

Fruits and vegetables and their products 0.0011 0.0010 0.0008 0.0022 0.0029 0.0037 0.0048 0.0057 0.00 

Meat and meat products 0.0005 0.0005 0.0004 0.0010 0.0014 0.0018 0.0023 0.0028 0.00 

Fish and fish products 0.0013 0.0015 0.0008 0.0030 0.0041 0.0053 0.0072 0.0086 0.00 

Cereal products 0.0007 0.0007 0.0005 0.0015 0.0019 0.0024 0.0033 0.0041 0.00 

Cakes and cookies 0.0004 0.0007 0.0003 0.0008 0.0012 0.0017 0.0027 0.0037 0.00 

Fats and oils 0.0209 2.7912 0.0001 0.0011 0.0030 0.0076 0.0282 0.0696 0.00 

Ready to eat meals 0.0015 0.0020 0.0010 0.0032 0.0045 0.0061 0.0088 0.0116 0.00 

Sugar and confectioneries 0.0005 0.0005 0.0003 0.0010 0.0014 0.0018 0.0026 0.0033 0.00 

Miscellaneous 0.0011 0.0009 0.0009 0.0021 0.0025 0.0030 0.0037 0.0044 0.00 

Eggs 0.0003 0.0002 0.0002 0.0005 0.0006 0.0006 0.0007 0.0008 0.00 

Total intake (all foods)
b
 0.0117 0.0589 0.0053 0.0228 0.0361 0.0554 0.0957 0.1509 0.00 

b
The total dietary intakes from all foods was calculated by considering all food data combined.  
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Table 3.14: Probabilistic analysis results of ethyl benzene intake (µg/kg bw/day) 

Food categories Mean STD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (400 

µg/kg bw/day) 

Non alcoholic beverages 0.0035 0.0031 0.0029 0.0073 0.0092 0.0111 0.0138 0.0162 0.00 

Alcoholic drinks 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 

Sauces 0.0001 0.0002 0.0001 0.0003 0.0004 0.0005 0.0008 0.0010 0.00 

Dairy products 0.0009 0.0014 0.0005 0.0021 0.0031 0.0044 0.0065 0.0085 0.00 

Fruits and vegetables and their products 0.0024 0.0038 0.0003 0.0081 0.0104 0.0126 0.0154 0.0177 0.00 

Meat and meat products 0.0008 0.0012 0.0004 0.0019 0.0028 0.0040 0.0058 0.0075 0.00 

Fish and fish products 0.0014 0.0046 0.0002 0.0031 0.0063 0.0114 0.0211 0.0297 0.00 

Cereal products 0.0011 0.0037 0.0002 0.0025 0.0049 0.0085 0.0150 0.0216 0.00 

Cakes and cookies 0.0004 0.0005 0.0002 0.0008 0.0013 0.0018 0.0026 0.0034 0.00 

Fats and oils 0.0003 0.0006 0.0001 0.0007 0.0012 0.0018 0.0029 0.0039 0.00 

Ready to eat meals 0.0011 0.0020 0.0005 0.0027 0.0043 0.0062 0.0095 0.0124 0.00 

Sugar and confectioneries 0.0025 0.2405 0.0002 0.0013 0.0028 0.0058 0.0141 0.0292 0.00 

Miscellaneous 0.0023 0.0020 0.0019 0.0047 0.0056 0.0066 0.0083 0.0098 0.00 

Eggs 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 

Total intake (all foods)
b  

  0.0091 0.0211 0.0026 0.0224 0.0400 0.0610 0.1013 0.1384 0.00 

b
The total dietary intakes from all foods was calculated by considering all food data combined.  
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Table 3.15: Probabilistic analysis results of toluene intake (µg/kg bw/day) 

Food categories MEAN STD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (20 

µg/kg bw/day) 

Non alcoholic beverages 0.0217 0.1062 0.0018 0.0335 0.0849 0.1794 0.3855 0.6267 0.00 

Alcoholic drinks 0.0032 0.0121 0.0006 0.0057 0.0129 0.0253 0.0511 0.0764 0.00 

Sauces 0.0002 0.0003 0.0001 0.0004 0.0006 0.0009 0.0014 0.0018 0.00 

Dairy products 0.0037 0.0177 0.0004 0.0066 0.0148 0.0292 0.0591 0.0957 0.00 

Fruits and vegetables and their products 0.0011 0.0044 0.0005 0.0022 0.0037 0.0058 0.0105 0.0159 0.00 

Meat and meat products 0.0089 1.3720 0.0007 0.0044 0.0078 0.0139 0.0295 0.0483 0.00 

Fish and fish products 0.0113 0.5298 0.0009 0.0067 0.0142 0.0298 0.0777 0.1585 0.00 

Cereal products 0.0131 0.0405 0.0029 0.0289 0.0557 0.0942 0.1677 0.2439 0.00 

Cakes and cookies 0.0015 0.0019 0.0010 0.0033 0.0047 0.0065 0.0093 0.0118 0.00 

Fats and oils 0.0012 0.0043 0.0002 0.0025 0.0052 0.0098 0.0185 0.0278 0.00 

Ready to eat meals 0.0043 0.0576 0.0011 0.0062 0.0113 0.0207 0.0417 0.0759 0.00 

Sugar and confectioneries 0.0040 0.0201 0.0033 0.0062 0.0156 0.0331 0.0706 0.1136 0.00 

Miscellaneous 0.0079 0.0091 0.0051 0.0182 0.0247 0.0318 0.0429 0.0514 0.00 

Eggs 0.0009 0.0008 0.0007 0.0020 0.0022 0.0024 0.0027 0.0030 0.00 

Total intake (all foods)
 b

 0.0338 0.1004 0.0068 0.0754 0.1486 0.2589 0.4457 0.6455 0.00 
b
The total dietary intakes from all foods was calculated by considering all food data combined.  
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Table 3.16: Probabilistic analysis results of o-xylene intake (µg/kg bw/day) 

Food categories Mean STD P50 P90 P95 P97.5 P99 P99.5 

% exceeding 

MRL (200 

µg/kg bw/day) 

Non alcoholic beverages 0.0013 0.0016 0.0008 0.0031 0.0044 0.0057 0.0077 0.0094 0.00 

Alcoholic drinks 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00 

Sauces 0.0007 0.0044 0.0000 0.0008 0.0021 0.0049 0.0128 0.0217 0.00 

Dairy products 0.0006 0.0011 0.0003 0.0015 0.0023 0.0034 0.0051 0.0067 0.00 

Fruits and vegetables and their products 0.0008 0.0010 0.0005 0.0020 0.0026 0.0034 0.0045 0.0054 0.00 

Meat and meat products 0.0021 0.0369 0.0004 0.0027 0.0052 0.0097 0.0233 0.0412 0.00 

Fish and fish products 0.0016 0.0045 0.0003 0.0036 0.0070 0.0117 0.0203 0.0293 0.00 

Cereal products 0.0030 0.0156 0.0003 0.0051 0.0121 0.0249 0.0515 0.0830 0.00 

Cakes and cookies 0.0003 0.0003 0.0002 0.0005 0.0008 0.0010 0.0015 0.0018 0.00 

Fats and oils 0.0024 0.1526 0.0001 0.0008 0.0020 0.0045 0.0133 0.0287 0.00 

Ready to eat meals 0.0012 0.0015 0.0007 0.0029 0.0040 0.0052 0.0071 0.0086 0.00 

Sugar and confectioneries 0.0004 0.0009 0.0001 0.0009 0.0016 0.0025 0.0041 0.0056 0.00 

Miscellaneous 0.0040 0.0041 0.0027 0.0093 0.0112 0.0133 0.0166 0.0196 0.00 

Eggs 0.0001 0.0000 0.0001 0.0002 0.0002 0.0002 0.0002 0.0002 0.00 

Toatal intake (all foods)
 b

 0.0098 0.0115 0.0060 0.0231 0.0317 0.0413 0.0545 0.0658 0.00 

b
The total dietary intakes from all foods was calculated by considering all food data combined. 
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Chapter 4 :  CONCLUSIONS 

 

The major source of public exposure to dietary intake of benzene was found to be from the 

food category of fish and fish products. According to the deterministic analysis, this food 

category represented 44% of the total mean dietary benzene intake. This high dietary benzene 

intake from fish and fish products was also confirmed by probabilistic analysis. The 

contribution of eggs and sauces to the dietary intakes of VOCs seemed negligible. The four 

main food categories that were probabilistically more associated with each VOC are shown in 

Table 4.1 and it was noticed that there was no common trend in the intakes from food 

categories among all VOCs. 

 

Table 4.1: Four main food categories contributing to probabilistic mean intakes of each VOC. 

Order Benzene  Chloroform Ethyl benzene Toluene O-xylene 

1. - Fish and fish  

   products 

- Non alcoholic 

  drinks 

- Non alcoholic 

  drinks 

-Non alcoholic 

  Drinks 

 

- Miscellaneous 

2. - Non alcoholic 

   drinks 

- Fats and oils - Sugar and  

  confectioneries 

 

- Cereal 

  products 

- Cereal 

  Products 

 

3. - Ready to eat 

   meals 

- Alcoholic 

   drinks 

- Fruits and 

   vegetables 

- Fish and fish 

  products 

- Fats and oils 

 

 

4. - Meat and meat 

   products 

- Dairy products - Miscellaneous 

 

- Meat and meat 

   products 

- Meat and meat 

   products 

 

Generally, toluene and benzene were associated with high intakes compared to the other 

VOCs. Among all VOCs, the o-xylene presented lower dietary intakes. For all VOCs, the 

intakes dramatically increased with percentiles. This indicated how high consumers were 

more exposed than the average consumers. 

 

The probabilistically calculated dietary intakes from all VOCs were below the intakes 

required to cause adverse health effects. The dietary benzene intake was four times lower 

than the MLR in the worst case scenario even when the intakes of high consumers are 

considered. For example, if the dietary mean intake from probabilistic analysis was 0.1217 

µg/kg bw/day, in order to ingest 0.5µg/kg bw/day, a person of 70 kg average body weight  

would had to consume daily 7.4 kg of foods for a period over 1 year to develop cancer. This 

consumption quantity seems unrealistic. The dietary toluene which showed relative high 

intakes did not constitute a great danger to the population as its reference limit was also high. 
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In despite of this margin between intakes and the MRL values, it is important to recognise 

that there are no safe dosages for any genotoxic carcinogens as even one molecule can initiate 

multistep process of carcinogenesis (EFSA, 2005; Environment Agency, 2009).  

Owing to their volatility nature, the studied VOCs in foods that are further cooked will be 

volatilised which in turn would reduce their ingested amounts. It can be concluded from this 

study that the foods consumed in Belgium pose a comparatively low risk. As it can be noticed 

from this study and from other studies done in other countries (Table 1.2), the dietary intakes 

of VOCs are minor. The dietary daily intake of benzene contribution to the total daily intakes 

are comparatively low (less than 1.5% to 2%) (Health Protection Agency, 2007), whereas, 

humans are more mostly exposed to VOCs through inhalation. According to an EU report on 

risk assessment on benzene, 96% and more than 99% benzene contribution comes from 

inhalation (EU, 2008). By comparing the mean dietary benzene intake (Table 3.7) from this 

study and inhalation intake from the UK study (Table 1.2), it can be noticed that inhalation 

exposure would be fifteen times higher relatively to dietary exposure. However, taking into 

account that the ingested benzene is almost completely absorbed by the organism while 50% 

of benzene from inhalation is absorbed, the ALARA (as low as reasonable acceptable) 

principle should be applied by the risk managers for the presence of benzene in foods. 

 

Further researches are necessary to complement this study of volatile organic compounds in 

food consumed in Belgium. The following points may be tackled in the future exposure 

assessment: 

 Investigate the sources of contamination for fish and fish products since these were 

linked to higher dietary exposures. 
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ANNEX 1: Benzene contents in analyzed food categories and subcategories. 
 

Food category Food subcategory 

N Benzene (µg/kg) 

Analyzed ≥LOD Mean Std  Maximum 
Non alcoholic 

drinks 
Beverages 

a 28 14 1.30 2.72 11.52 

Smoothies and juices 9 1 0.05 0.16 0.48 

Coffee, tea and infusions 
b 12 2 0.21 0.47 1.33 

Water (carbonated ) 3 0 0.00 0.00 0.00 
Alcoholic 

drinks 
Spirits with <15% alcohol 4 1 0.25 0.50 1.00 

Beer 6 0 0.00 0.00 0.00 
Sauces  Sauces  14 11 1.18 1.71 6.35 
Dairy product Yogurts and desserts  14 1 0.06 0.21 0.80 

Cheese 13 10 0.47 0.31 0.86 

Milk and cream 10 2 0.15 0.40 1.27 
Fruits and 

vegetables  
Olives 2 2 1.85 0.40 2.13 

Fresh fruit 10 0 0.00 0.00 0.00 

Fresh vegetables 10 0 0.00 0.00 0.00 

Canned fruits and vegetables 11 0 0.00 0.00 0.00 
Meat and meat 

products 
Processed (dried/cured/fermented) 7 6 1.77 2.44 6.95 

Raw  4 1 0.31 0.62 1.25 

Smoked  5 3 3.52 2.63 6.06 

Patés 6 6 1.06 0.80 1.92 

Canned  7 3 0.97 1.22 2.57 
Fish and fish 

products 
Semi-preserved  10 4 1.68 3.74 11.97 

Raw (fatty) 4 4 3.15 4.21 9.44 

Raw (non fatty) 6 2 0.52 0.85 2.00 

Smoked  10 10 18.90 26.14 76.21 

Canned  16 15 7.40 6.02 20.81 
Cereals 

products 
Pasta, rice, bread 7 3 0.59 0.89 2.25 

Breakfast cereals 18 18 3.15 1.82 7.15 
Cakes and 

cookies 
Cookies and cakes 6 5 0.81 0.51 1.51 

Fats and oils Butter 5 5 0.59 0.14 0.68 

Non Refined oils 12 11 2.19 1.45 5.04 

Refined oils 11 11 0.74 0.65 2.55 
Ready to eat 

meals 
Spreadable salads 68 62 2.79 5.60 25.46 

Dips and tapenades 17 15 1.44 1.46 6.48 

Chilled meals 14 11 1.11 1.02 3.68 

Canned ready to eat foods 12 3 0.42 0.94 3.13 
Sugar and 

confectioneries 
Honey 9 0 0.00 0.00 0.00 

Chocolate 14 13 1.54 0.84 2.82 

Ice creams 8 2 0.25 0.47 1.17 

Candy 9 1 0.25 0.24 0.73 

Jams 5 0 0.00 0.00 0.00 
Miscellaneous Fried frozen products 10 7 0.85 0.89 2.52 
Eggs Fresh eggs (commercial and private) 9 0 0.00 0.00 0.00 
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 (a)  Benzene analysis performed in products ready for consumption (e.g. concentrated j

 uices diluted according to label instructions)  

(b) Analysis performed after brewering preparation, according to packaging instructions. 
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ANNEX 2: Percentage of occurrence and maximum concentrations (µg/kg) of VOCs in food categories 

Compound 

Food category*   

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

All 

 foods 

% max % max % max % max % max % max % max % max % max % max % max % max % max % max % max 

benzenea 33 11.5 10 1.0 79 6.4 35 1.3 6 2.2 66 6.9 76 76.2 84 7.2 83 1.5 96 5.0 82 25.5 36 2.8 70 2.5 0  58 76.2 

1,1-dicholoroethane 0  0  7 0.1 0  0  0  2 3.0 0  0  0  0  0  0  14 4.1 1 4.1 

chloroform 97 1.5 100 1.7 100 2.1 95 14.2 79 1.5 96 2.3 98 5.7 100 1.5 100 3.6 100 11.1 99 10.9 97 2.7 100 1.2 86 0.6 97 14.2 

1,1,1-trichloroethane 6 0.1 0  79 0.2 25 0.2 32 0.3 27 0.3 14 0.2 18 0.4 33 0.2 26 0.2 47 0.7 17 0.2 20 0.3 0  28 0.7 

trichloroethylene 0  0  0  3 0.3 0  0  0  0  0  4 0.1 2 0.1 9 0.1 0  0  2 0.3 

bromodichloromethane 19 2.0 56 0.8 64 0.4 23 0.3 7 0.1 4 0.3 9 0.3 0  17 0.1 39 0.7 38 2.0 6 0.1 0  14 10.3 22 10.3 

toluene 84 65.3 100 3.9 100 2.4 88 25.1 89 1.3 100 15.5 100 46.7 100 71.8 100 9.5 91 22.1 100 43.3 94 39.8 100 20.1 100 2.5 95 71.8 

tetrachloroethylene 13 0.2 0  7 3.4 13 0.5 29 1.8 27 0.2 34 1.7 18 0.1 33 2.3 17 1.5 24 1.7 31 6.0 53 4.0 43 0.7 24 6.0 

chlorobenzene 0  0  14 1.3 0  0  0  0  9 0.2 17 0.1 9 1.2 1 1.4 3 0.1 27 0.1 0  3 1.4 

ethyl benzene 42 1.5 0  71 1.3 83 2.5 57 4.0 92 3.3 80 10.0 91 6.1 100 3.0 87 5.9 97 8.4 89 7.2 100 3.4 14 0.1 80 10.0 

o-xylene 39 2.7 0  79 3.8 80 2.8 54 1.5 88 8.2 82 9.6 73 3.5 100 1.4 87 12.9 98 9.6 86 5.6 100 31.5 14 1.2 79 31.5 

styrene 23 7.1 22 6.8 21 0.4 30 5.9 14 1.7 19 3.7 30 68.4 45 52.1 67 26.4 35 12.4 35 111.2 37 10.8 53 36.5 0  31 111.2 

cumene 45 71.4 11 2.8 21 0.5 10 0.1 29 52.5 62 4.1 34 0.5 9 0.1 50 0.1 26 0.3 48 3.4 40 66.0 60 21.9 14 0.2 36 71.4 

bromobenzene 3 0.2 11 15.6 7 6.5 0  11 30.6 12 4.0 0  0  0  0  13 16.3 0  7 0.3 0  6 30.6 

proplylbenzene 0  0  0  8 0.1 0  12 0.2 20 1.4 27 0.7 0  22 0.3 16 1.3 17 1.0 40 1.7 0  13 1.7 

2-chlorotoluene 6 0.8 0  7 0.1 0  0  0  0  0  0  0  2 5.8 0  0  14 0.7 2 5.8 

4-chlorotoluene 23 65.4 22 94.3 0  0  0  0  0  0  0  4 9.8 2 3.7 0  13 239.3 0  4 239.3 

1,2-dichlorobenzene 0  0  0  8 0.2 0  46 0.3 32 0.3 64 0.2 67 0.2 17 0.1 32 2.1 34 0.3 60 0.8 0  25 2.1 

butylbenzene 0  0  0  0  0  4 0.1 2 1.1 27 0.5 0  17 5.8 8 6.9 3 23.8 27 1.3 0  6 23.8 

1,3-dichlorobenzene 0  0  0  5 0.1 0  4 0.1 2 0.3 18 0.3 17 0.2 9 0.2 10 2.0 14 0.2 13 0.7 0  7 2.0 

1,2-dibromo-3-chloropropane 0   0   0   0   0   0   0   0   17 1.8 0   1 6.5 9 5.8 0   14 2.5 2 6.5 
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(*) 

1- Non alcoholic drinks 

2- Alcoholic drinks  

3- Sauces 

4- Dairy products; 

5- Fruits and vegetables 

6- Meat and meat products 

7- Fish and fish products 

8- Cereal products 

9- Cookies and cakes 

10- Fats and oils 

11- Ready to eat meals 

12- Sugar and confectioneries 

13- Miscellaneous 

14- Eggs.  

 

(a) Benzene determined in 455 food samples.  

Source (Medeiros Vinci et al. submitted for publication). Other VOCs determined in 

377 samples of the original 455 foodstuffs 
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ANNEX 3: Details on consumption data extraction from BFCS database 
 

FOODS ANALYSED BFCD CODES 

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP 

CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

Non alcoholic drinks Energy drinks 13 02 1795  

Lemonades 13 02 1793  

Isotonic drinks 13 02 1795  

Liquid concentrate 13 04 1794, 1796-1799  

Coca cola 13 02 1786  

Energy drinks 13 02 1795  

Ice tea: forest fruit tea 13 03-02 1791  

Flavoured water 13 04 1854  

Juices 13 01 1735  

Smoothies   1734, 1750, 1735, 1750, 

1735, 1735 

 

Coffee, tea and infusion     

Coffee 13 03-01 1801,1802, 1807, 

1817 

 

Tea  13 03-02 1826,1827, 1828, 1833  

Water (carbonated) 04 1851   

Alcoholic drinks 

 

Spirits with <15% alcohol volume     

 rum  14 04 1923  

 vodka 14 04 1930  

 Beer  14 03 1781,1896, 2231, 1893  
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FOODS ANALYSED BFCD CODES 

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP 

CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

SAUCES (Emulsified 

sauces, <60%fat) 
 loempia sauce 15 01-03 2059 1000, 1005, 1006, 

1004, 1009, 1011 

 mayonnaise  15 01-03 2083  

 sambal oelek 15 01 2023  

 sauce endalouse 15 01-03 2092  

 sauce béarnaise 15 01-03 2093  

 sauce cocktail 15 01-03 2086  

 terryaki 15 01 2012  

 vinaigrette moutarde 15 01-02 2078  

DAIRY PRODUCTS Dairy drinks and dessert enriched with 

Fruits products 

05 02 &03 273, 274, 277, 278, 279, 283, 

284 &2286 

0605 

Hard cheese     

 gruyere 05 05 361  

 emmenthaler 05 05 351  

 gouda 05 05 360  

Soft cheese     

 brie 05 05 330,  

 fresh goat cheese  05 05 357,  

 spreadable  05 05 304, 305 & 308  

Processed cheese 05 05 305  

 raclette/ for oven 05 05 398  

 for foundue 05 05 354  

Concentrated milk 05 01 266 02024 

Cream 05 07-01 465  

Milk(1/2 skimmed) 05 01 266 0802 

Milk( chocolate milk) 05 02 275  

Milk for coffee 05 08 469  

Sauce (bechamel sauce) 15 01 2034 1004; 1005; 1006;  
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SBU 

GROUP CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

FRUITS AND 

VEGETABLES AND 

THEIR PRODUCTS  

Olives 04 04 258, 259, 260, 261, 263, 

264 

0500; 0504 

Fruits  04 01 186, 185, 192, 170, 179  

Fruit salads 04 03 259, 250, 251  

Vegetables 02 01, 03 15,3584, 0402; 0499 

Compote(apple compote) 04 03 255  

fruits products 04 01 ,193203 0405 

Fruit cocktail 04 03 249, 250, 251  

Vegetables     

Vegetable products  

 green peas 02 06 110 0401 

 mushrooms 02 05 98  

 pickles 02 09 141  

Conserved vegetables 02 02 70  

Meat and meat 

products 

Processed meat     

 chorizo 07 04 1020  

 dry sausage 07 04 1021  

 ham (cooked) 07 04 1038  

 ham raw 07 04 1028  

 ring worst 07 04 1018  

 salami 07 04 1018  

 countryside sausage 07 00 762  

Raw     

 chicken meat 07 02-01 897  0499 

 lamb 07 01-04 844 

 pork meat 07 01-03 814 

 steak 07 01-01 778 

Paté  07 04 1022,1024,1023  
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SU 

BGROUP 

CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

Meat and meat 

products 

Smoked meat    0405 

 bacon 07 04 1064 

 duck 07 02-03 939 

 ham 07 04 1027 

 smoked sausage 07 04 999 

Conserved meat    

 cocktail sausage 07 04 997 0401 

 corned beef 07 04 994 

 sausages viennoise 07 04 998 

Fish and Fish 

products 

Semi preserved fish and fish products 08 01 1083  

 fish eggs 08 03 1161  

 shrimps 08 02 1138,1139  

Fatty fish     

 hareng fish 08 01 1087 0499 and 0402 

 heilbut fillet 08 01 1105  

 salmon  08 01 1130  

 sardines 08 01 1088  

Non Fatty fish 08 01 1091,1099, 1083 0499 and 0402 

Smoked fish    0405 

 eel 08 01 1115  

 hareng 08 01 1087  

 makarel fillet 08 01 1090  

 salmon 08 01 1130  

 sport fish 08 01 1089  

 trout 08 00 1131  
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

Fish and Fish 

products 

Conserved fish     

 anchovies in oil 08 01 2275 0401 & 0501; 

0503;0507; 05012  calamares canned 08 02 1144 

 hareng in vinegar 08 01 1130 

 salmon pink 08 01 1130 

 sardines with peppers 08 01 1088 

 sardines  08 01 1088 

 tuna 08 01 1091 

Cereal products Bread 06 03-01 523  

Pasta  06 02 1359 0403 

Rice 06 02 509  

Breakfast cereals     

 chocolate cornflakes 06 04 665  

 cornflakes 06 04 669  

 honey puffies 06 04 668  

cakes and cookies Biscuit maria 12 02 1625 1004, 1005, 1006, 

1009 Muesli bar sirius 12 02 1641 

Red fruit bar 12 02 1631 

Stoop waffles 12 02 1670 

Waffles 12 01 1665 

Fats and oils Butter 10 02 1201-1204  

Olive oil 10 01 1185  

Rapeseed oil 10 01 1195  

Peanut oil  10 01 1186  

Sesame 10 01 1181  

Sunflower 10 01 1192  

Margarines 10 03 1221, 1225, 1239, 1235, 

1244 
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

READY TO 

EATMEALS 

 

Chicken salads     

 hawai 01  0053  

 curry 01  0051  

 endalouse 01  0051  

Fish salads     

 tuna cocktail salad  02  0060  

 crab salad crab 02  0061  

 fish salad  02  0063  

 hareng salad 02  0133  

 smoked salmon salad 02  0132  

 

 

 

 

 

 

 

 

 

 

Spreadable salads   

Chicken salads  

 hawai 01  0053  

 curry and endalouse 01  0051  

Fish salads     

 crab salad crab 02  0061  

 fish salad  02  0061  

 hareng salad 02  0063  

 smoked salmon salad 02  0133  

 tuna salad 02  0132  

 surimi salad 02  0059  

 lobster salad 01  3057  

Egg salads 15 01 3057  

Vegetarian salads 03  0058  

 salad cucumber   0057  

Ham salads 10 03 1244  

Meat salads 01  0055  
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

READY TO 

EATMEALS 

 

Dips and tapenades     

 chutney  15 01-00 2050  

 guacamole 15 01-00 2230  

 houmous 17 01 2174  

 tapenade  15 01 2055  

 tarama olympus 08 03 1160  

 taziki 15 02 2079  

Conserved ready to eat     

 beef goulache 07 04 992  

 cassolet/cassoulet 15 01-01 2065+2237  

 choucroute garnie 02 04 92  

 fricandelle in tomato/ meat ball 17 03 2206  

 ravioli in tomato 06 02 508 0401 

 raviolli 06 02 508  

 tartiflette - - -  

 vol au vent  01 - -  

Chilled meals and salads Not found in the BFCD   

 Honey  11 01 1278  

SUGAR AND 

CONFECTIONARIES 

Chocolates     

 M&Ms with peanut 11 02 1390  

 sensation orange 11 02 1321  

 with blueberries 11 02 1302  

 with fruits& nuts 11 02 1423  

 with nuts 11 02 1374  

 with raspberries 11 02 1423  

 mars chocolate 11 02 1364  

 milk chocolate  and nuts 11 02 1425  
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FOODS ANALYSED BFCD CODES  

FOOD CATEGORY  FOOD TYPES FOOD GROUP CODE FOOD SUB 

GROUP CODE 

FOOD PRODUCT 

NUMBER 

CONSIDERED 

FACET STRING 

SUGAR AND 

CONFECTIONERIE

S 

 milk desert chocolate. 11 02 1296  

 nuttela spread 11 02 1402  

 white chocolate 11 02 1299  

Dairy desserts    1006 

 magnum 11 05-01 1500 

 yogurt ice cream 11 05-01 1506 

Puddings 11 05-01 1502  

 danette chocolate     

 flan 05 06 448  

 rice puddings 05 06 456  

 tiramisu 05 06 445  

Gummies 05 06 454  

Chewing gum 11 03 1430  

Jams 11 03 1440  

 blackberry 11 01 1279  

 forest fruit jam  11 01 1284  

 black fruit jam 11 01 1279  

 tutti fruits 11 01 1279  

 Vegetarian     

Miscellaneous (Fried 

frozen products) 
 french fries 01 01 4  

 fried crepe 17 03 2199  

With fish 08 03 1157  

With meat 08 03 1157  

 beef balls  17 03 2205  

 chicken fingers  07 02-01 909  

 fried sausage 17 03 2206  

 loempia 17 03 2200  

With meat/fish(party mix fried 17 03 2210  

Eggs Eggs  09 01 1165  
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