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Part 1 Summary and recommendations

Summary 

The Consumentenbond (the Dutch Consumers Association) and Stichting Natuur en Milieu (SNM, The Netherlands Society for Nature and Environment) have conducted research into the exposure to pesticides with neurotoxic properties (poisoning of the nervous system) among consumers of Dutch food. These pesticides (organophosphates and carbamates) all attack the nervous system in the same way, which means that the action of various substances has a cumulative effect. Children are particularly sensitive to the action of these substances because their nervous system is still developing and because they are exposed to relatively high doses in their diet. In this study the total intake of neurotoxic pesticides in food is calculated using data on consumption patterns and the results compared with health protection standards. This is the first time such a study has been carried out in Europe. It was conducted out of the concern both organizations feel about the possible health risks, particularly among children, indicated by comparable American studies carried out in the 1990s.

The research results show that consumers in the Netherlands, especially children, run the risk of harmful health effects caused by expose to neurotoxic pesticides in their daily diet. Safety standards for pesticides are established for two types of exposure: for chronic exposure (the daily dose that may be ingested during a persons whole life without any harmful effect) and for acute exposure (single doses at which there is a risk of direct harmful health effects).

Over a long period adults take in on average six times the amount of neurotoxic pesticides than the American standard for safe chronic exposure, and children from 1 to 6 years ingest as much as 17 times. Every day at least 50,000 children in the Netherlands (more than 5% of the child population) receive a dose of these pesticides that exceeds the American standard. The effects of these levels of exposure are difficult to estimate because exposure is irregular and does not affect the same children every day. Chronic exposure to neurotoxic pesticides in food in young children can lead to brain damage, expressed later in life as learning and behavioural problems. And this damage cannot be rectified later. Learning and behavioural problems, loss of concentration and hyperactivity are quite common among children under 18 years of age (17% in the USA) and there are many indications that chemical compounds play an important role in this. The calculations show that, according to American standards, an additional 20,000 children each day receive such a high dose of pesticides in their food that  there is a chance of immediate symptoms of poisoning (acute) by these nerve poisons. The acute effects are generally not recognizable as pesticide poisoning and may, for example, look like flu symptoms.

The calculations were made using measurements obtained during 1997–1999 by the Dutch Health Inspectorate (Keuringsdienst van Waren). According to these measurements, the products that form the greatest risk to public health are grapes (from Italy), spinach (Netherlands) and apples (France). The pesticides most responsible for the high exposure levels are parathion and dimethoate, which together account for more than 50% of the exposure. Parathion is even on the list of so-called ‘indispensable’ compounds!

The distribution of exposure to neurotoxic substances in the Dutch population indicates that a considerable number of children and adults are exposed to levels above the American standard. But we may even have underestimated the level of exposure because our calculations were based on conservative assumptions. Unlike European quality standards, American standards have a built in safety factor for children. This extra factor is based on the extra sensitivity of children because their brains are still developing and because of their consumption pattern, and/or because of a lack of information on the toxicity of pesticides required to establish precise and safe limits. In Europe the precautionary principle has been followed and a decision has been made to adopt stringent standards (the ‘absence criterion’) for pesticides in baby food, which comes into force in 2002. However, the European Union is of the opinion that the precautionary principle does not apply to fresh fruit and vegetables and accepts higher levels of pesticide residues than in the USA. The additional sensitivity of developing children to these types of pesticides is not accounted for in the European standards, despite the fact that the Scientific Commission of the European Union has declared that the current standards do not guarantee the safety of young children. According to the European standards for chronic exposure, our results indicate that each day about 20,000 children (2%) ingest more than the permitted levels. Our results indicate that the European standards for acute exposure are not exceeded.

The Consumentenbond/SNM study reveals that the available pesticide records, on which the current (European) standards for organophosphates and carbamates are based, are full of omissions. In almost all cases there is no mention of research into the neurotoxic effects on development. Not only that, the tests used, when used, are different and the method of determining the standards is not always clear. The Consumentenbond and SNM denounce these standards as giving a false sense of security and believe the Dutch Government should follow the precautionary principle and act to protect children.

Recommendations

The Consumentenbond and SNM call upon the Dutch Government to take immediate measures to eradicate these risks. Given the dangers of the cumulative intake of neurotoxic pesticides via food and given the inadequate coverage of information in the files it is impossible to set safe limits – particularly for children. These pesticides do not belong in our food! Both organizations demand that the government ensure that the fruit and vegetables in Dutch shops is guaranteed free from these chemicals (organophosphates and carbamates); and that must apply to both Dutch and imported produce. Strict enforcement must ensure that no contaminated shipments end up on the shelves, but are destroyed. Organophosphates are outdated compounds and official information on them is incomplete. They should have disappeared from the market by now. We call on the Dutch Government to reassess the authorization of these outdated and risky pesticides now and never to readmit any previously banned organophosphates (parathion, chlorpyrifos, pirimiphos, carbaryl, dichlorvos) onto the list of ‘indispensable’ substances.
Both organizations also believe that supermarkets and food companies should accept their own responsibilities and only offer for sale fruit and vegetables that contain no measurable residues of these pesticides. As long as this is not the case we advise consumers to buy organic fruit and vegetables.

Part 2 Results of the study by the Consumentenbond and Stichting Natuur en Milieu

Introduction
This study was born out of our common concern about pesticides from an environmental and a health perspective. The Consumentenbond (the Dutch Consumers Association) and Stichting Natuur en Milieu (SNM, The Netherlands Society for Nature and Environment) have conducted joint studies on previous occasions, for example into pesticide residues on strawberries (Remmers, 2000) and into hormone disrupting compounds in food (Beekman and others, 1998).
This study is about pesticides with neurotoxic properties. They belong to two groups of chemical compounds: organophosphates and carbamates. Well-known examples include parathion and malathion. These compounds were developed to disrupt the transmission of nerve impulses, to which insects are particularly sensitive, and are frequently used in agriculture and horticulture as insecticides. Residues are frequently present in our food.

Recent scientific studies show that young children are especially sensitive to these chemicals. The effects are mainly harmful and have an irreversible influence on brain development which is expressed in learning and concentration disorders. An additional reason for caution is the fact that there are multiple sources of exposure via food, air and domestic uses such as pest control. Moreover, the effects add up. In the terminology: there is cumulative intake through different exposure pathways.

The risk assessment currently used takes no account of the possible extra sensitivity of vulnerable groups. Neither is any account taken of the combined effects of exposure to more than one pesticide at the same time. The Consumentenbond and SNM have conducted research into this combined effect. The probabilistic Monte Carlo simulation method was used to calculate the distribution of the (cumulative) intake of organophosphates and carbamates via food for the whole population of the Netherlands and for children (1–6 years old).

Pesticides may be found in a number of different commodities consumed in one day. Combinations of pesticide residues are regularly found on fruit and vegetables. In a recent study on strawberries (July 2000) up to 7 substances were found on individual samples.

This report takes a close look at the Dutch diet. It gives an overview of the distribution of exposure to neurotoxic pesticides in the whole population and especially in children aged 1 to 6 years. Following the studies by the National Research Council (NRC, 1983) and the Environmental Working Group (EWG, 1999) in the USA, this is, as far as we know, the first study of cumulative exposure to neurotoxic substances in the European diet.

Prevailing policies on pesticide residues in food

In conventional agricultural practice pesticides are used to control pests and diseases. But pesticides remain behind on the crop and eventually in the food we eat. National governments have set up a system to establish a set of acceptable levels of agricultural pesticides in food, partly in cooperation with international commissions such as the Codex Alimentarius. These exposure standards are based on good agricultural practice (not using more pesticide than is necessary to control the pest or disease) and the protection of consumers’ health.

Health protection standards are based on the Acceptable Daily Intake (ADI). The ADI is considered to be a safe limit at which lifelong daily exposure to a substance has no negative health effects. ADI standards are derived from studies on laboratory animals and translated to the human situation using inter- and intraspecies variability factors. In a recent development, the risk assessment now takes account of acute harmful effects that may be caused by a single high dose of pesticide. The Acute Reference Dose (ArfD) marks the safe limit for acute exposure for each pesticide. Maximum levels for pesticide residues on crops are based on good agricultural practice and health protection standards. These Maximum Residue Levels (MRLs) are set so that people that consume unusually large amounts (for example, people with a particular fancy for a certain food) will not ingest more than the ArfD.

The particular vulnerability of babies and young children to neurotoxic compounds has attracted much attention recently (the focus on children in Environmental Health Perspectives, June 2000). The American government has already taken extra health protection measures for infants and children on account of this extra vulnerability during the development of their vital organs. A special MRL for processed baby food will probably be introduced in Europe, in line with the precautionary principle. The quality standard adopted is the absence of these compounds in the food (in practice the detection limit). European MRLs for primary agricultural products have not so far not taken account of the special sensitivity of children. In the United States not only has the law been amended in line with the extra sensitivity of children but also reflects the latest information on the cumulative effects of compounds that work in the same way (and with the same toxicological action); too little attention is paid to this in Europe. Ignoring the cumulative effects of organophosphates – an important group of neurotoxic pesticides used in dozens of agricultural pesticides – may lead to serious underestimates in the calculated risks.

Children in the picture

USA

In 1993 a committee of experts of the National Research Council (NRC) published the report ‘Pesticides in the diets of infants and children’ after a study lasting about four and a half years. The American Congress commissioned this study in 1998 out of concern that the regulations offered inadequate protection to infants and children whose essential bodily functions were still developing. The NRC concluded in the first place that little research had been done into the effects on postnatal development, despite the fact that human nervous, immune and reproductive systems continue to develop for many years after birth. Little is said about this in the files on pesticides held by the industry, and the NRC stated that there is great uncertainty whether the animal tests – as far as these have been performed – contain sufficient reliable information, given the fact that the postnatal development of laboratory animals often follows a different course than in humans. It is known, though, that exposure levels that result in no effects on the central nervous system of adults can have effects during development (anatomical, behavioural, cognitive) that are expressed later in life. The organophosphate pesticides are cited as an example of a group of chemicals that require special attention in this respect. Further differences between children and adults arise from their different dietary patterns. The NRC recommends when establishing the ADI for pesticides suspected of influencing the development phase in children that an extra safety factor of 10 be applied, for as long as no reliable research has established that these effects do not occur.

The NRC also recommends developing a testing system better able to simulate toxicity to development in children (including neurotoxicity, toxicity to the immune and reproductive systems and hormonal changes) because the standard tests often miss subtle effects that are nevertheless crucial for the further development of the child. In 1996 this extra factor of 10 for pre- and postnatal effects was included in the American legislation (FQPA, Food Quality Protection Act), reflecting both the sensitivity of the developing organism and the incomplete database. At the same time it has been established that when calculating the actual exposure, account must be taken of pesticides that work in the same way (combination effects), of which the organophosphates are an example. And finally, exposure via other intake pathways also has to be allowed for.

Europe

In 1990 the European Commission (EC) approved a directive on baby and infant food products (instant processed foods) with the intention of establishing maximum residue limits at which the health of babies and infants (0–3) is not in danger per 1-1-1999. In the mid 1990s the EC proposed introducing a maximum level of 0.01 mg/kg from 1-1-2000, independent of the pesticide. This is more or less the detection limit. It is important to note that such a limit has also been adopted in the legislation of four EU countries: Belgium, Germany, Austria and Luxembourg. The Scientific Commission for Food (SCF) has been asked for its advice. The SCF, like the NRC, came to the conclusion that the pesticide files offer little solid evidence for a determination of the risks to children. Concerning the standard tests used in the files, it comments that a series of health risks that have attracted much attention in recent years are not mentioned. These include endocrine and reproductive effects (subtle effects are not revealed in the two-generation test), neurotoxic effects (for example extra sensitivity during brain development) and delayed neurotoxicity (neurotoxic effects that are expressed only in adult life) at exposure levels that are harmless to adults. The usual chronic two-year study on laboratory animals has an additional major handicap: exposure first occurs 6 to 8 weeks after birth (rat). Moreover, children have a different dietary pattern and much higher energy needs per kilogram of body weight.

The SCF can agree to the 0.01 mg/kg limit as a sort of precautionary level, given the many uncertainties and the possible high health risks. But the 0.01 mg/kg limit may still be too high for some pesticides and in these cases use of the pesticide should not be permitted. The EU, therefore, maintains the limit value of 0.01 mg/kg as an ‘absence criterion’ until additional information makes a full assessment possible. For other (self prepared) food for babies and children there are as yet no plans for tighter standards.

Neurotoxic pesticides: nerve poisons

The developmental phase

The nervous system, with the endocrine and immune systems, is one of the three major communication systems of the body. Acetylcholine is a neurotransmitter. It relays nerve impulses from one nerve ending to another. Many pesticides have been developed to inhibit the enzyme cholinesterase, thus inhibiting the breakdown of the neurotransmitter and so disrupting the regulation of the nerve impulse transmission. In insects and pests this leads to paralysis and eventually to death. People are also exposed to these substances. For example people working in the agricultural sector and residents in areas where pesticides are used are directly exposed to these compounds. In fact, we are all potentially exposed because organophosphates and carbamates are frequently found on fruit and vegetables. They are also frequently used in and around the house, for example to control moths (e.g. chlorpyrifos), aphids (malathion) and insects (dichlorvos). Much is known about the risk of direct exposure to neurotoxic substances in the working environment. The harmful effects are nausea, blurred vision and irregular heartbeat; exposure to high quantities can eventually cause death. Despite research conducted for dozens of years little is known about how organophosphates and carbamates disrupt the neurotransmitter acetylcholine, particularly in the foetal and neonatal phases when sensitivity to the neurotoxic effects is greatest. This is also true for delayed toxicity, which can lead to behavioural or functional disturbances later in life when there is no measurable toxicity from exposure, and for toxic effects on the brain in the absence of visible affects such as inhibition of cholinesterase. These additional risks can occur during the rapid development of the brain during the initial years after birth; as much as a quarter of the brain continues to develop until adulthood.

Not one of the manufacturers files on the organophosphate pesticides – which have been in use for decades and that are frequently found in our food – contains results of tests for this developmental neurotoxicity (Environmental Working Group, 1998). These harmful effects will certainly not be picked up by the standard tests. This situation is similar to lead poisoning in urban areas caused by the exhaust from engines running on leaded fuel. For many years it was not conceded that levels that cause no harmful effects in adults could still affect children, the effects occurring later in the form of behavioural and learning disorders. The harmful effects on development of a number of organophosphate pesticides, including chlorpyrifos and methyl-parathion, have been demonstrated in the open literature. In addition, various epidemiological studies have established a relation between a variety of health problems and exposure of the sufferer’s parents to pesticides (and not exclusively organophosphate compounds): brain cancer and exposure to insecticides on pets; birth abnormalities and agricultural use of pesticides; boy/girl ratios in the children of fruit growers; miscarriages and carbaryl.

The problem of nerve poisoning, though, is not restricted to pesticides. Many other chemical compounds can have neurotoxic properties (EHP, June 2000). Here again, exposure to low doses for lengthy periods during the development of a child can cause learning and behavioural problems. In the USA nerve poisoning is already recognized as a serious problem because 17% of children under 18 have some sort of learning, developmental and/or behavioural disorder. Some of these probably have a genetic cause, but there are very strong indications that chemical compounds play a big role. Research (animal tests and population screening) has shown that effects such as hyperactivity, autism, concentration problems and retarded mental development are linked to poisoning by neurotoxic agents (“In harms way”, 2000). 

Examples of experimentally established neurotoxic effects are listed below.

· Lead: Concentration problems, greater impulsiveness, poorer performance at school, aggression, delinquency

· Mercury: language deficiency, concentration problems, loss of memory

· PCBs: reduced IQ, hyperactivity, reduced ability to concentrate, learning problems

· Organophosphate pesticides: hyperactivity, permanent brain damage (cells, nerve functioning), coordination and memory problems

· Organic solvents: hyperactivity, concentration problems, reduced IQ, learning and memory problems

Combined toxicity

Many pesticides have been developed to inhibit the action of cholinesterase. In the Netherlands alone there are already about 40 such pesticides in use. Clearly, the fact that they essentially work in the same way means that the combined effects of the various pesticides is much higher than the effect of one pesticide alone. Policy in the Netherlands and internationally at the WHO/FAO (Codex Alimentarius) does not take this into account. When the ADIs were set they were based on the effects of individual pesticides working alone. Residues of a number of different pesticides are found in food, and consumers are exposed to these on a daily basis. Studies into how the cumulative effect of different pesticide residues in food can be calculated must be carried out.

Risk assessment of neurotoxic pesticides

USA

The NRC study was the main reason the American legislation was amended in 1996. From this date, to take account of the extra sensitivity of children a factor of 10 should be applied when setting the Reference Dose (comparable with the European ADI) and Acute Reference Dose for organophosphates. Strict requirements have also been set on the information to be held on file, in particular additional tests for neurotoxic effects on development. Provision has also been made to take the completeness of the files into account when the safety standards for public health are set. The sensitivity of the developing organism is an important consideration during the establishment of American standards.

Europe

In Europe use is generally made of the annual pesticide evaluations by the Joint Meeting on Pesticides Research (JMPR), a joint WHO/FAO body. The JMPR is of the opinion that the sensitivity of children has been included in the standard factors for intra- and interitalic species variability applied in the risk assessment models. The JMPR has no procedure adjusted for child sensitivity to and cumulative toxicity of organophosphates (and carbamates). What it does do is pay special attention to neurotoxicity tests, but many pesticide files do not in fact include the extra sensitivity test for neurotoxic effects on development. The pace of change in the international world of risk assessment, standards and risk management in the JMPR and the Codex Alimentarius Committee on Pesticide Residues (CCPR) is very slow. The international consumer association is dissatisfied about the way standards are set and disappointed that child sensitivity is not seriously addressed and acted on. 

Criticism by Consumers International of the current way MRLs are established in Codex

General points of criticism of the current way MRLs are established:

· CI demands adequate protection for infants and children with respect to their greater exposure and vulnerability to many pesticides than in adults.

· CI demands protection for all consumers by taking account of the cumulative effects of pesticides that work in the same way and by taking account of the multiple exposure pathways for pesticides and other compounds with similar effects.

· CI demands that account is taken of people that consume more than the average amount of a certain product, with respect to both chronic and acute effects.

· Adjusting MRLs for organophosphates as a group because (1) they have the same active mechanism, (2) children eat relatively more products containing organophosphate residues than adults, (3) organophosphates present a greater threat to children, and (4) we are exposed to a number of organophosphates in our food every day. CI is opposed to the continuation of the MRL procedure as long as children are not adequately protected.

Results of the Consumentenbond/SNM study 

Main points of the study method and assumptions

· The distribution of the intake of 40 different pesticide residues with neurotoxic properties was calculated for the whole population and for the group of children aged 1 to 6 years.

· The Toxic Equivalence Factor system was used to calculate cumulative exposure. The model compound is chlorpyrifos. The TEF values for 40 cholinesterase inhibiting organophosphates and carbamates is based on data from studies of chronic and acute effects in laboratory animals, the ‘No Observed Adverse Effect Level’ (NOAEL). When determining a TEF value this method is preferred to a comparison of standards. Use of risk assessment factors) for intra- and interspecies variability to calculate the Acute Reference Dose (ArfD) or the Acceptable Daily Intake (ADI is then avoided.

· The available literature (EPA, JMPR, open literature) was searched for NOAEL values for 40 identified pesticides which were used as a basis for the TEF calculations (Appendix 1). For chronic studies only studies lasting longer than 90 days were included and humane studies conducted for ethical reasons were rejected.

· To make the studies more comparable for deriving TEFs, the animal species (dog or rat) and measured effect (brain or RBC inhibition) were used as the basis for the TEFs. The following ‘base’ values for chlorpyrifos were used: rat/brain (10 mg/kg bw/day); rat/RBC (0.1 mg/kg bw/day); dog/brain (1.0 mg/kg bw/day) and dog/RBC (0.03 mg/kg bw/day).

· The distribution of the intake of pesticide residues is expressed as chlorpyrifos equivalents.

· A distinction is made between chronic intake and acute intake.

· Because the toxicological relevance of plasma inhibition is unknown, use was made in this study of cholinesterase inhibition in red blood cells and in brain tissue. In doing this we depart from the American approach taken by the Environmental Protection Agency (EPA). The reason is that there are indications of butyrylcholine esterase inhibition in plasma and that the toxicological relevance of butyrylcholine esterase inhibition for neurotoxicity is insufficiently known.

· The study is restricted to fresh fruit, vegetables and a few processed foods such as juices and apple sauce. Use was made of food intake data from the Voedselconsumptiepeilingen 1997–1998 and the pesticide monitoring data from the Dutch Health Inspectorate (Keuringdienst van Waren) 1997–1999. Data from JMPR and EPA evaluations were used for processing steps such as washing, peeling, cooking and making sauce and juice (Appendix 2).

Results of the Monte Carlo simulation

The results for chronic and acute exposure to organophosphates in the whole population and in children are shown in the table below. Because there were no significant differences between organophosphates and organophosphates+carbamates only the results for organophosphates are given here.

	Percentile 
	Average (n=5) in µg/kg bw/day
	Std
	Average (n=5) in µg/kg bw/day
	Std

	Chronic
	Whole population
	
	Children
	

	50
	0.0
	0.0
	0.0
	0.0

	95
	1.9
	0.0
	5.4
	0.2

	98
	4.7
	0.2
	10.4
	1.1

	99
	8.7
	0.3
	18.8
	3.1

	99.5
	15.8
	1.3
	31.1
	5.5

	99.9
	61.8
	15.6
	155.9
	55.2

	Average
	0.66
	0.08
	1.77
	0.25

	
	
	
	
	

	Acute
	
	
	
	

	50
	0.0
	0.0
	0.0
	0.0

	95
	0.4
	0.0
	1.1
	0.0

	98
	0.84
	0.05
	1.96
	0.28

	99
	1.28
	0.10
	3.14
	0.37

	99.5
	2.17
	0.18
	4.52
	0.44

	99.9
	9.83
	4.06
	18.91
	6.09

	Average
	0.17
	0.04
	0.38
	0.04


The results indicate that children are indeed exposed to a higher intake of organophosphates. Children take in more than twice the amount of organophosphates than adults, expressed as micrograms (µg) of neurotoxic chlorpyrifos equivalents per kilogram body weight per day. This is explained by their less varied diet, with a higher consumption of products such as fruit that have been found to contain organophosphates, and their higher food consumption per kilogram body weight.

When deriving the TEF values the Consumentenbond and SNM encountered major problems owing to the lack of available (good) studies. The studies examined for NOAELs are scarce. They are sometimes poorly written and are hard to compare: the periods of exposure used in the studies are different (60 days, 90 days, 1 year, 2 years), various animals are used (rat, dog, monkey, humans), exposure series differ, and sometimes the JMPR documents do not contain NOAELs (heptonophos, omethoate, quinalphos, primiphos-ethyl). The situation is even worse for the derivation of acute exposure values: 24 of the 40 acute NOAEL values cannot be established simply because there are no or insufficient research results.

The approach taken by the JMPR contains many debatable assumptions, such as ignoring the inhibition of RBC (e.g. chlorpyrifos) and the inclusion of the inhibition of brain activity only when this reaches 20% (e.g. acephate). Information on child sensitivity and combined toxicity available in the open literature is not taken seriously, or is looked into many years later. Whatever the case, there are no clear guidelines on the information to be included in pesticide files and no guidelines for deriving reference values. Documentation in the EPA files is compiled with greater care and is more complete and up to date, partly due to pressure from the FQPA legislation.

Comparing the results with the standards for chronic and acute exposure

If the results of the Monte Carlo calculations for chronic intake are assessed against the EPA standard of 0.1 µg/kg bw/day for chlorpyrifos, much more than 5% of the total population and children are exposed to levels exceeding the standards. Because we cannot identify from the data which percentiles in the distribution exceed the limit value of 0.1 µg/kg bw/day, we do not know which groups of children are subjected to levels exceeding these standards every day; but it is clear that large numbers of children are involved. A further cause for concern is the fact that the average exposure in adults is 0.66 and in children 1.77 µg/kg bw/day. Adults, therefore, take in on average 6 times and children as much as 17 times the permitted amount of pesticides. We should note here that, strictly speaking, exposure in adults does not have to be measured against the standards for children. But because we do not believe in having two sorts of fruit and vegetables – those fit for children to eat and those that are not – in this study we used the standard for the most vulnerable group in the population.

The precise effects of doses that greatly exceed the safe limits are difficult to pin down. Exposure in the real world is for a lifetime and on average far too high, but it is also irregular and unpredictable. In any case, we conclude that it is absolutely clear that the health and safety of both adults and certainly children as a result of consuming fruit and vegetable products now on sale cannot be guaranteed. The 99.5 percentile of the total population and the 98 percentile of children exceed the JMPR standard of 10 µg/kg bw/day for chlorpyrifos. This means that each day 2% of children receive a dose higher than the ADI.

A comparison of the results of this study with that of the EWG in ‘Overexposed’ indicates that about 5% of American children exceed the Reference Dose (RfD, comparable with the ADI). All we can say is that more than 5% and less than 50% of Dutch children exceed this standard. Assuming there are about 1 million children from 1 to 6 years old in the Netherlands (www.cbs.nl) at least 50,000 children each day are exposed a dose of neurotoxic pesticides higher than the EPA standard. The number of children exposed to levels on average greater than the European (JMPR) standard is still high at 20,000 each day.

The EPA ARfD acute intake standard of 1.7 µg/kg bw/day is exceeded by 0.5% of the whole population and by 2% of children. In effect this means that in the Netherlands each day about 20,000 children aged 1–6 may suffer direct symptoms of poisoning from eating fruit and vegetables. At these levels the European (JMPR) standard of 100 µg/kg bw/day is not exceeded.

The results of this study are comparable with those of the EWG in ‘How ’bout them apples’, which indicates that every day about 3% of American children are exposed to levels above the EPA ArfD limits.

Risk drivers

The following crop/pesticide combinations are responsible for the greatest intake of neurotoxic compounds. 

	Product
	Pesticide
	Max. detected amount in mg/kg
	Country of origin

	Apples
	Dimethoate
	0.41
	France

	
	Phosalone
	5
	France

	
	Mevinphos
	0.04
	Netherlands, New Zealand

	Spinach
	Dimethoate
	1.52
	Netherlands

	
	Mevinphos
	0.47
	Netherlands

	
	Parathion
	4.4
	Netherlands

	Grapes
	Dimethoate
	1.19
	Italy

	
	Monocrotophos
	0.23
	Cyprus

	
	Parathion
	0.36
	Italy


Parathion and dimethoate together account for more than 50% of exposure to cholinesterase inhibitors (parathion belongs to the group of so-called ‘indispensable’ pesticides). In the EWG studies the following products were named as risk drivers for chronic effects: apples, peaches, apple sauce, popcorn, grapes, apple juice and pears. The relevant products for acute effects include apples, spinach, peaches, pears, strawberries and grapes. It appears, therefore that fruit and fruit products account for most of the pesticides in our diet. These results also agree with the study by the Consumers Union, ‘Worst First’, in which 40 combinations of crops and pesticides were named as responsible for by far the biggest share of toxin intake via food.

Factors that lead to underestimating intake

The following factors lead to underestimates in the calculated intake of neurotoxic pesticides via food:

· No account is taken of multiple exposure pathways.

· No account is taken of variability in the mixed samples from the Dutch Health Inspectorate, which is particularly relevant for acute toxicity. In principle, one apple could contain all the toxins present in the 5–10 kg portion mixed for the analysis.

· The assumption that in the absence of adequate data acute toxicity levels are 10 times lower than chronic toxicity levels, is conservative and leads to underestimates.

· All values under the detection limit for tests on product samples have been set at ‘0’.

· The inhibition of plasma cholinesterase has not been taken into account when establishing NOAELs.

· Restricting the study to fresh fruit, vegetables and a few processed foods such as juices and apple sauce.

· The standards for chlorpyrifos are in fact too lax and in the USA will soon be tightened.

The only factor that could possibly lead to overestimation is the fact that the monitoring system used by the Health Inspectorate is designed to meet its enforcement requirements. 

Comparison between EPA and JMPR

The table below indicates how this study compares with EPA and JMPR practice regarding the inclusion of child sensitivity and the degree to which effects in plasma, red blood cells and the brain are used when setting standards.

	
	EPA
	JMPR

	Child sensitivity
	+
	-

	Data gaps
	+
	-

	Most sensitive effects
	++ (*) 
	-


(*) plasma inhibition calculated as an effect

To illustrate this, the difference in approach is shown for a few compounds in the table below. 

Conclusions

People, especially children, are exposed during all stages of life to doses of neurotoxic pesticides that on average far exceed the safe limits according to American standards. Children can be exposed to amounts 17 times the safe limits. Every day tens of thousands of children consume food containing residues of pesticides with neurotoxic properties. This daily intake by children exceeds the safe limits under American public health standards. Moreover, each day tens of thousands of children run the risk of acute harm to their health. And we should not forget that the calculations by the Consumentenbond and SNM are on the cautious side. The real figures could be worse.

The European approach to risk assessment leads to fewer cases of exposure to levels much higher than the limits considered to be safe, but even taking this approach still leaves more than 20,000 Dutch children each day exposed to levels above the European limits.

There is a big gulf between current standards and attitudes to food safety in the American EPA and in Europe (JMPR). The JMPR takes no account of the special vulnerability of children to organophosphates and cumulative exposure, and, in contrast to the EPA, makes fewer demands on the completeness of the files. The Consumentenbond and SNM, therefore, consider that the JMPR standards give a false sense of security. The risk assessment model for organophosphates currently used in the Netherlands, which is based on the JMPR approach, fails to adequately estimate realistic exposure levels and the possible effects of neurotoxin residues in our daily diet. 

We conclude, in the light of current insights into the combined effects of pesticides and the sensitivity of vulnerable groups, that the contents of pesticide files accessible to the public are very patchy and unsuitable for scientific evaluation. Not only are the data highly inadequate, the nature of the data is varied and unsuitable for comparison. Different laboratory animals have been used and the effects and exposure intervals or periods are not the same, and even human exposure studies have been accepted. Our impression is that these files contain a hotchpotch of information. Examination of the files for acute exposure research reveals an even worse situation: no studies at all have been conducted for 24 of the 40 compounds investigated by us. Public access and independent examination of the pesticide files are sorely lacking.

The Consumentenbond and SNM conclude that we cannot be sure that we only eat food containing safe levels of neurotoxic pesticides. Not for adults and certainly not for children. This is cause for great concern now that the possible effects on brain development in children and learning and behavioural problems in later life cannot be dismissed. Without adequate research results safe, consumption limits cannot be set for these compounds. Pesticide residues in our food can be tolerated no longer and their total absence must be guaranteed.

Afterword

Given the desperate lack of research data, even after 40 years of research and debate, the safety of food that contains residues of agricultural pesticides cannot be guaranteed; the frequent call of ‘No cause for concern’ from the authorities cannot responsibly continue. New insights into the risks to children and new techniques for calculating cumulative intake via food are being ignored.

Harmful effects arising from exposure to low doses of chemical compounds (hormone disruption, neurotoxicity, immunotoxicity) continue to crop up. In view of this, government can be accused of negligence, especially with regard to the vulnerable stages of development in children. Clear signals that something is wrong are ignored or addressed far too late. The bans on the use of DES, DDT, asbestos, lead in petrol and solvents in paint came decades late and at a huge cost to human health. Unfortunately, no lessons appear to have been learned from the past, forcing the Consumentenbond and SNM to draw the sad conclusion that the government strategy in the Netherlands is still to ‘lock the stable door after the horse has bolted’.
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Appendix 1 NOAELs for organophosphates and carbamates

List of no-observed-adverse-effect levels (NOAEL; mg.kg bw-1) including the animal studies and the effect on which the NOAEL is based, and the Toxicity Equivalence Factors (TEF) for chronic and acute toxicity. The model compound is chlorpyrifos.

	
	
	(semi-)chronic
	
	acute

	Compound
	type1
	NOAEL
	effect
	source
	TEF3
	
	NOAEL
	source
	TEF5

	Acephate
	ofos
	0.5
	dog/brain
	-
	2
	
	0.5
	EPA/OP
	2

	Aldicarb
	carb
	0.054
	dog/RBC
	JMPR92
	0.56
	
	0.25
	JMPR95
	4

	Azinphos-methyl
	ofos
	0.15
	dog/RBC
	EPA/OP
	0.2
	
	0.5
	EPA/OP
	2

	Bromophos-ethyl
	ofos
	0.26
	dog/RBC
	LU94/JMPR
	0.12
	
	2.64
	-
	0.38

	Carbaryl
	carb
	1.43
	dog/brain
	EPA/OP
	0.7
	
	14.34
	-
	0.07

	Carbofuran
	carb
	0.22
	dog/RBC
	JMPR96
	0.14
	
	2.24
	-
	0.45

	Chlorfenvinphos
	ofos
	0.05
	rat/brain
	JMPR89
	20
	
	0.54
	-
	2

	Chlorpyrifos-methyl
	ofos
	1
	rat/brain
	JMPR91
	1
	
	1
	EPA/OP
	1

	Diazinon
	ofos
	0.02
	dog/brain
	JMPR93
	50
	
	0.24
	-
	5

	Dichlorvos
	ofos
	0.05
	dog/brain
	EPA/OP
	20
	
	0.54
	-
	2

	Dimethoate
	ofos
	0.04
	rat/brain
	JMPR96
	25
	
	2
	EPA/OP
	0.5

	Ethiofencarb
	carb
	10
	rat/RBC
	LU94/JMPR
	0.01
	
	1004
	-
	0.01

	Ethion
	ofos
	0.05
	dog/RBC
	EPA/OP
	0.6
	
	0.54
	-
	2

	Fenitrothion
	ofos
	5
	rat/RBC
	-
	0.2
	
	504
	-
	0.02

	Fenthion
	ofos
	0.14
	rat/RBC
	JMPR95
	0.71
	
	0.7
	EPA/OP
	1.43

	Heptenophos
	ofos
	12
	dog/RBC
	Tomlin97
	0.0025
	
	1204
	-
	0.008

	Malathion
	ofos
	0.5
	rat/brain
	EPA/OP
	2
	
	50
	EPA/OP
	0.02

	Mecarbam
	ofos
	0.21
	rat/RBC
	LU94/JMPR
	0.5
	
	2.14
	-
	0.48

	Methamidophos
	ofos
	0.015
	rat/brain
	EPA/OP
	66.7
	
	0.3
	EPA/OP
	3.33

	Methidathion
	ofos
	0.15
	dog/RBC
	EPA/OP
	0.2
	
	0.2
	EPA/OP
	5

	Methiocarb
	carb
	0.5
	rat/RBC
	JMPR93
	0.2
	
	54
	-
	0.2

	Methomyl
	carb
	2.5
	rat/RBC
	JMPR89
	0.04
	
	254
	-
	0.04

	Mevinphos
	ofos
	0.025
	rat/brain
	JMPR96
	40
	
	0.25
	JMPR96
	4

	Monocrotophos
	ofos
	0.005
	rat/brain
	JMPR91
	200
	
	0.2
	JMPR95
	5

	Omethoate
	ofos
	0.025
	dog/RBC
	Tomlin97
	1.2
	
	0.254
	-
	4

	Oxamyl
	carb
	1.46
	dog/RBC
	JMPR85
	0.02
	
	14.64
	-
	0.07

	Parathion-ethyl
	ofos
	0.008
	dog/brain
	JMPR95
	125
	
	0.025
	EPA/OP
	40

	Parathion-methyl
	ofos
	0.125
	rat/brain
	RIVM
	8
	
	0.11
	EPA/OP
	9.09

	Phosalone
	ofos
	0.2
	rat/RBC
	JMPR93
	0.5
	
	24
	-
	0.5

	Phosmet
	ofos
	1
	rat/brain
	JMPR94
	1
	
	4.5
	EPA/OP
	0.22

	Pirimicarb
	carb
	1.8
	dog/RBC
	Tomlin97
	0.02
	
	184
	-
	0.06

	pirimiphos-ethyl
	ofos
	0.08
	rat/RBC
	Tomlin97
	1.25
	
	0.84
	-
	1.25

	pirimiphos-methyl
	ofos
	0.2
	rat/brain
	EPA/OP
	5
	
	24
	-
	0.5

	Profenophos
	ofos
	0.005
	dog/RBC
	EPA/OP
	6
	
	0.5
	EPA/OP
	2

	Propoxur
	carb
	10
	rat/brain
	JMPR89
	0.1
	
	1004
	-
	0.01

	Pyrazophos
	ofos
	0.09
	dog/brain
	JMPR92
	11
	
	0.94
	-
	1.11

	Quinalphos
	ofos
	3
	rat/RBC
	Tomlin97
	0.03
	
	304
	-
	0.03

	toclophos-methyl
	ofos
	6.5
	rat/brain
	JMPR93
	0.15
	
	654
	-
	0.02

	Triazophos
	ofos
	0.12
	dog/RBC
	JMPR94
	0.25
	
	1.24
	-
	0.83


1 ofos = organophosphorus pesticide, carb = carbamate pesticide 

2 RBC = red blood cells

3 To calculate TEFs the following NOAEL’s for chlorpyrifos were used: rat/brain = 1 mg.kg- bw1; rat/RBC = 0.1 mg.kg bw-1; dog/brain = 1.0 mg.kg bw-1; dog/RBC = 0.03 mg.kg bw-1

4 NOAEL’s were assumed to be 10 ( NOAEL for (semi-)chronic effects, due to lack of data.

5 TEFs for acute exposure were calculated using the ‘acute’ NOAEL for chlorpyrifos of 1 mg.kg bw-1.

Appendix 2 Processing factors

1. Introduction

In the Monte Carlo Simulation of cholinesterase inhibitors processing factors are applied to evaluate the data in the monitoring programme of the Dutch Health Inspectorate. The processing factors are used to convert the monitoring data on raw agricultural commodities into quantities as eaten by the consumer.

In contrast to the US EPA dietary exposure assessment, which is based upon the probabilistic Monte Carlo simulation technique and uses data from their intensive pesticide monitoring system, we can only use raw data that need to be refined. 

2. Methodology

The processing factors were collated in a literature study. We used the following sources of information:

· JMPR Residue evaluations available at http://www.fao.org/ag/agp/agpp/pesticid/jmpr/pm_jmpr.htm
· EPA Evaluations available Status Summary of the Organophosphate Review Process at http://www.epa.gov/pesticides/op/status.htm
· EWG study ‘How ’about them apples’ available at http://www.ewg.org/pesticides/
The literature search was limited to these internet sources. Older JMPR evaluations from before 1991 are not taken into account.

Dr Gery Moy from the WGO (GEMS/Food system – Food balance Sheets) was consulted. WHO do not have access to processing data. At the moment processing factors are not used in the international intake calculations.

The available processing factors were collected in an Excel spreadsheet. 

Due to the lack of data points default factors have to be applied in the Monte Carlo calculations.

3. Results

We have listed the processing factors for each pesticide/commodity combination for the 40 pesticides involved in this project. Additionally two extra OP compounds were taken into account because extra processing factors were available by chance. For 19 of the 40 pesticides no processing data were available in the literature (sources, see above).

Due to the incompleteness of the database default values will be applied in the probabilistic intake calculations.

3.1 Washing

We found 13 processing factors for washing. 

Methamidophos, washing generic 1; broccoli 0.77/0.89; cucumber 0.75

Parathion-methyl, washing generic 1

Fenthion, apples 0.55; olives 1

Acephate, beans 0.82; tomatoes 1

Dichlorvos, lettuce 0.76; endive 0.94; potatoes 0.03

Chlorpyrifos-methyl, rice 0.18

The mean value is 0.745. The median value is 0.82. If we only take into account the processing factors of systemic compounds (n=5) the mean value is 0.87. The median value is 0.89.

The mean value of 0.745 is comparable to the 25% reduction applied in the EWG studies for commodities such as cucumber, eggplant and peppers.

3.2 Cooking

We have found 13 processing factors for cooking.

Chlorpyrifos, generic 0.026; wheat flour 0.145

Dimethoate, generic 0.8

Parathion-methyl, generic 0.05

Acephate, beans 0.5; tomatoes 1

Methamidophos, beans 0.638; peppers 0.595; cauliflower 0.535; potatoes 0.195

Dichlorvos, endive 0.16

Chlorpyrifos-methyl, rice 0.013/0.038

The mean value is 0.361 (n=13). The median value is 0.5. If we only take into account the processing factors of systemic compounds (n=7) the mean value is 0.609. The median value is 0.595.

3.3 Peeling

No data on processing factors for peeling are available in Table 1.

3.4 Juices

3.4.1. Citrus fruits

We have found processing factors for citrus fruit juices.

Malathion, generic citrus fruits 0.06; orange juice 0.025 (1/2 d.l.)

Carbofuran, orange juice 0.01

Dimethoate, orange juice 0.2

Fenthion < d.l. (not taken into account)

The mean value is 0.07. This value is comparable to the suggested 95% reduction in the EWG studies for products such as avocado, kiwifruit, lemons, limes, mango, melons, papaya, pineapple and tangelos.

3.4.2 Other fruit juices

Phosmet, apple juice 0.11

Malathion apple juice 0.13

Fenthion, apple juice 0.55 (value juice is 1 after washing)

Fenamiphos, apple juice 0.78

Phosmet, peach juice 1; pear juice 0.11

Fenamiphos, pineapple juice 1.2

Ethefon, pineapple juice 0.39

Chlorpyrifos, grape juice 0.3

Phosmet, grape juice 0.68

Phosmet, cherry juice 0.68

Malathion, grape juice 0.08/0.1

Fenamiphos, grape juice 0.45

Acephate, tomato juice 0.93

Chlorpyrifos tomato juice, 0.03

Diazinon, tomato juice 0.05

Dimethoate, tomato juice 0.11/0.17

Malathion, tomato juice 0.03

Methamidophos, tomato juice 0.9

Parathion-methyl, tomato juice 0.06

Fenamiphos, tomato juice 0.88

Ethefon, tomato juice 0.34

The mean value is 0.42 (n=24). The median value is 0.3–0.34. If we only take into account the processing factors of systemic compounds (n=4) the mean value is 0.53. 

The EWG suggest applying a reduction factor of 75% for grape juice. We find an average value of 0.4 (60% reduction).

3.5 Baking

We have found only three data points for baking/frying e.g. chlorpyrifos-methyl 0.36 (generic) methamidofos 10 (potatoes) and dimethoate 0.12 (chips). Therefore, we suggest using a default value of 0.25.

3.6 Apple sauce, compote

We have found only two data points for apple sauce and apple compote. Therefore, we suggest applying the default value for cooking

3.7 Wheat products

Due to the lack of adequate data we suggest using a default processing factor of 0.05.

3.8 Default values

We suggest applying mean values of the processing factors. This results in the following default values:

· Fruit washing, such as apples, cherries, strawberries, berries, apricots, pears; default value 0.75.

· Citrus fruits juice; default value 0.07.

· Other fruit juices; default value 0.4.

· Fruit peeling of citrus and exotic fruits such as pineapple, kiwi, mango, avocado, lemons, limes, melons, papaya; no data available, but in line with the EWG study we suggest applying a default value of 0.05. 

· Vegetable washing, such as lettuce, tomatoes, carrots, tomatoes, cucumber, peppers etc.; default value 0.75.

· Vegetable washing and cooking, such as potatoes, beans, spinach, cauliflower, cabbage, endive; default value of 0.27 (washing x cooking = 0.75x0.361). No extra correction for removing non-edible parts is made owing to the lack of data.

· Apple sauce; default value of 0.27 (washing x cooking)

· Wheat products; default value of 0.05

Discussion

In comparison with the US studies we need to apply conversion factors for all monitoring data. Due to the lack of data we have applied default values. The processing factors are comparable to those used in the EWG studies.

In order to achieve a more realistic dietary intake assessment, the monitoring programme of the Dutch Health Inspectorate needs to be expanded with food consumption monitoring as eaten by the consumer.

At the 32nd session of CCPR (1-8 May 2000) it was decided to collect the processing data by a circular letter. Hopefully, more data on processing will become available in the near future.
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