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ABSTRACT

Average TMDI and the distribution of calculated theoretical pesticide intake in the Netherlands
Gemiddelde TMDI en de verdeling van de berekende theoretische inname van bestrijdingsmiddelen
in Nederland

Report 59.003 January 1999

M.M.H. van Dooren-Flipsen, J.D. van Klaveren
DLO-State Institute for Quality Control of Agricultural Products (RIKILT-DLO)
P.0. Box 230, 6700 AE Wageningen, The Netherlands

5 tables, 17 references, 25 pages, 5 appendices, 2 figures
Keywords: TMDI, dietary intake, pesticide residues, food safety

An important component in evaluating the risk from pesticides in our foods is estimating the dietary
exposure from the pesticide. Generally the WHO methodology of calculating the Theoretical
Maximum Daily Intake (TMDI) is used as a screening tool for assessing dietary intake of pesticide
residues for long-term hazards. This method provides an average TMDI, but no information about
the distribution of intake of the general population. For evaluating the relationship between the
average (national) theoretical dietary intake and the distribution of intakes of the Dutch population
calculations were carried out for totally thirteen pesticides {abamectin, aldicarb, captan,
chlorpyrifos-methyl, dinocap, ethoxyquin, fenamiphos, glyphosate, heptachlor, iprodione, lindane,
methidathion and methiocarb).

High positive correlation coefficients were found between the average National Theoretical
Maximum Daily Intake (NTMDI) and the proportion of persons exceeding the ADI. An average
NTMDI of 100% of the ADI, will result in approximately 35% of the Dutch population exceeding the
ADL. The selected pesticides show that the number of individuals exceeding the ADI is very small
when the calculated average NTMDI of a pesticide is smaller than 10% of the ADI. The theoretical
maximum daily intake for high-intake consumers was about three times higher than intake of the
‘average’ Dutch consumer. It is emphasised that high intakes in this study are an overestimation of
chronic exposure to a large extent, due to the utilisation of high residue levels (MRLs) and the short
period of food recording. A more realistic estimate of the levels of pesticide residues in food is the
Supervised Trial Median Residue Level (STMR). Under the assumption that the STMR is equal or
lower than 30% of the MRL and taken into account the short period of food recording, it is
suggested that an average NTMDI smaller than 150% of the ADI will relieve intake concern for the
general Dutch population.

The average NTMDIs and the prevalence of ADl-exceeding varied greatly over different subgroups of
the Dutch population. The highest intakes were observed among children in the youngest age
groups. It is recommended to incorporate this vulnerable subgroup of the population in national
model diets for chronic intake estimations.
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1 INTRODUCTION

Exposure assessment of pesticide residues

Risk assessment is a process consisting of the following steps: (i) hazard identification, (ii) hazard
characterisation, (iii) exposure assessment, and {iv) risk characterisation (appendix I}.

At the international level, dietary exposure assessments have an important function to screen food
chemical(s) intakes and identify those chemicals with a potential public health and safety concern.
Toxicological harmonised standard setting is a process carried out by international organisations as
the Codex Alimentarius, World Health Organisation (WHO), Food and Agricultural Organisation
{FAQ) and the European Community.

Prediction of pesticide residue intake in human diets is vital for approving the use of pesticides and
for gaining official acceptance of pesticide residue levels which occur in food commodities in
international trade.

Dietary exposure assessment procedures for pesticide residues

The WHO methodology for dietary exposure assessment of pesticide residues is described in
"Guidelines for predicting dietary intake of pesticide residues” [WHO, 1989; WHO, 1997]. At the
international level, the Theoretical Maximum Daily Intake (TMDI) is used as a screening tool for
assessing dietary intake of pesticide residues for long-term hazards. The TMDI is calculated by
multiplying the established or proposed Maximum Residue Levels {(MRL) by various average daily
per capita food consumption estimates for each food commodity based on the GEMS/Food Middle
Eastern, Far Eastern, African, Latin American, and European-type diets and then summing the
products, as given by:

T™MDI = T F, X MRL;

where

Fi = average regional/cultural food consumption for a given commodity
MRy = Maximum Residue Limit corresponding to that food commodity

Dimension TMDI and ADI:
TMDI mg pesticide residue/person/day
ADI mg pesticide residue/kg bw/day

The five regional diets are based on national FAO food balance sheets (FBS), which provide gross
annual estimates of the national availability of food commodities.

In 1996 RIKILT-DLO developed a Dutch TMDI model [Docren-Flipsen et al, 1996a]. For that purpose
the average dietary intake of primary agricultural products was derived from an extensive database
of actual consumption by individuals, the Dutch National Food Consumption Survey 1992
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[Anonymous, 1994]. With this model a national TMDI (NTMDI) can be calculated on the basis of the
Dutch food commodity diet. The Dutch Board for Authorisation of Pesticides (CTB) and the RIVM
National Institute of Public Health and the Environment use this Dutch TMDI model for the Dutch
registration of pesticides and the establishment of maximum residue limits of pesticide residues.
The TMDI is compared to the corresponding pesticide residue Acceptable Daily Intake (ADI),
calculated for a 60 kg person and expressed as a percent of the ADI.

The TMDI is an overestimate of the true pesticide residue intake. If the TMDI does not exceed the
ADI (<100% of ADI), it is highly unlikely that the ADI would be exceeded in practice. When the TMDI
is higher than 100% of the ADI, more refined dietary intake predictions of pesticide residues are
necessary to resolve exposure concern. The International Estimated Daily Intake {IEDI) and Nationat
Estimated Daily Intake {NEDI) is a more realistic prediction of the pesticide residue intake. For these
calculations it is recommended to make use of all available relevant {(inter)national information data
to refine dietary intake estimates [WHO, 1997] (table 1). For calculating the IEDI, the following
formula is used:

[EDI = Y F,x STMR; X E; X P,
where
. R = average regional/cultural food consumption for a given food commodity

STMR; = Supervised Trials Median Residue level for that food commaodity
E, edible portion factor for that commeodity
P; processing factor for that commodity

The IUPAC Commission on Agrochemicals and the Environment also recommended that the best
available data should be used for dietary intake estimations of pesticide residues [Hamilton, 1997].
The median residue in the edible portion of the commodity in supervised trials (STMR) was chosen
as the starting point for chronic dietary intake estimations.

Procedures for estimating acute dietary exposure to pesticide residues are still being developed.
Both WHO/FAQ and IUPAC give recommendations [Hamilton, 1997; WHO, 1997].



Table 1: Factors for refining estimates of residue levels for predicting long-term dietary
intake of pesticide residues at the international and national level [WHO, 1997].

National and international National

* Supervised Trial Median Residue * Proportion of crop or commodity treated
levels {STMR]), according to the * Proportion of crop or commodity
residue definition produced domestically and imported

* Residues in edible portions * Monitoring and surveillance data
Effects of processing and cookingon | * Total diet {market basket) studies
residue levels * Food consumption data, including for

* Other known uses of the pesticide subgroups of the population

Average TMD! and the distribution of dietary intake of the Dutch population

Generally the international long-term dietary exposure assessment do not provide information
about the distribution of intake within the general population, because they use a single-point
estimate of food consumption, the average. This method is not useful for evaluating the individual
exposure to pesticide residues or for identifying subgroups of the population at risk.

There is a lack of understanding the association between average TMDI] and the distribution of
dietary intakes, especially with high levels of intakes. The WHO recommended to include relevant
subgroups who may be more sensitive to certain toxic effects, such as children, pregnant women
and the elderly. In addition possible risks to subgroups of the population which habitually consume
greater quantities of individual foods should be considered [WHO, 1997]. Further the impact of
more refined intake estimates, using generally factors that reduce the concentration levels {STMR,
edible parts, processing/cooking) on the distribution of pesticide residue intake is not clear. For this,
a large number of theoretical dietary intake calculations of a selected number of pesticides were
carried out. The distribution of consumption levels from a large scale Dutch food consumption
survey were combined with theoretical concentration levels in food commodities. For the
determination of theoretical dietary residue intakes with reduced concentration levels in food
commodities, various simulations were carried out.

Chapter 2 describes the method for selection of the pesticides, and applied data for estimating the
theoretical dietary residue intake of the Dutch population. The resuits are given in chapter 3.
Chapter 4 the results are discussed and conclusions are drawn.



2 METHOD

2.1 Selection of pesticides

To study the average theoretical dietary intake in relation to the distribution of dietary residue
intake in the Netherlands first a number of pesticides are selected. For the selection of the pesticides
criteria were set up.

Selection criteria in hierarchical order:

1} An Acceptable Daily Intake {ADI) is established by WHO {IMPR}. The TMDI can be compared to
the corresponding pesticide ADI and expressed as a percent of the ADL.

2) The total of selected pesticides have MRLs which cover a wide range of consumed agricultural
products. Specific attention for those groups of agricultural products with specific pesticide use
patterns like: fruit and fruiting vegetables, leafy vegetables, and cereals.

3) Include both fat and water soluble pesticides.

4) The total of selected pesticides give a reasonable range in reported average TMD| {in % of ADI).

5] Recent evaluation of toxicology and/or residue and analyticat aspects of pesticide residue by
IMPR.

2.2 Theoretical dietary intake of pesticides

Food consumption data of the Dutch National Food Consumption Survey and national MRLs in
conjunction with the Conversion Model for Primary Agricultural Products are used in estimating the
theoretical dietary intake of the selected pesticides to which the Dutch population is exposed
through their diets.

2.2.1 Dutch naticnal food consumption survey

The food consumption data used in this study are derived from the second Dutch National Food
Consumption Survey 1992 (DNFCS). Respondents in this large-scale survey came from a
representative sample of households with the main housekeeper younger than 75 years. A total of
6,218 people (2,203 households), aged 1-92 years, participated in the DNFCS-92. Information on food
consumption was obtained using 2-day dietary records. Individual data represented two consecutive
days. The recording days were distributed equally over the 7 days of the week, and over a whole
year, holidays excluded. For each individual age, sex, body weight and a series of other

characteristics were recorded. The methods and procedures used in dietary data collection are
8



described in detail elsewhere [Hulshof et al, 1991; Anonymous, 1994]. For the present study the
individual food consumption is derived from the average daily consumption over the 2 day dietary

record period.

2.2.2 Conversion model Primary Agricultural Products

In the Netherlands, the government and agribusiness intensively monitor primary agricultural
products for residues and contaminants. While (inter)national legislation provides standards for
primary agricultural products, food consumption data relate to consumable products. '
In 1994 the State Institute for Quality Control of Agricultural Products (RIKILT-DLO) developed a
conversion model to unequivocally couple primary agricultural products and consumable foodstuffs
[Dooren et al, 1996b, 1995). With this ‘recipe database' the food consumption data of the DNFCS-92
are transformed to hypothetical consumption data of raw agricultural products. Furthermore
consumption figures for the individual components of primary agricultural products, milk fat, fish
fat, beef fat and egg fat were derived.

In order to derive the individual Dutch consumption of primary agricultural products for theoretical
intake calculations, specific definitions are set in the conversion model primary agricultural products
(table 2). The constructed raw agricuttural commodity food consumption database contains
consumption figures of 6,218 individuals.

Table 2: Product definitions primary agricultural products for theoretical intake calculations.

vegetables including shrink and waste amount
fruit = including peel, seed, stone, core and green waste amount

cereal = derived from the most important components of a grain which may be
separately present in a food stuff (starch/flour, germ, bran)
milk = sum of casein, whey, milk fat, lactose and water amount present in

foodstuffs




2.2.3 Concentration levels in food commodities

MRLs

For the risk evaluation of pesticides the prediction of dietary intake starts with a worst case scenario,
the calculation of the Theoretical Maximum Daily Intake {TMDI). A TMD! is calculated with the
maximum residue level (MRL). A MRL for pesticide residues is the maximum concentration of a
pesticide residue {expressed as mg/kg) legally permitted in or on food commodities and animal
feed. In this study the maximum limits for pesticide residues as stated in the Dutch Pesticide Law in
the regulation of pesticide residues (Méy 1997) were applied. The Dutch MRLs of the different
pesticide residues, which are used for the dietary intake estimations, are listed in appendix . A MRL
marked with an asterix (*} means that the pesticide may be or may not be used, leaving residues in
food commodity above the limit of determination {LOD). In this study the MRLs established at or
about the LOD for the group ‘other’ is set equal to zero. In case of specified agricultural products the
MRL was set at the LOD. 7

Simulation of residue content levels

More refined predictions of dietary intake use all available and relevant data like edible parts,
processing/cooking factors, and residue values of supervised trials. A rule of a thump is that MRLs
are commonly about three times higher than Supervised Trail Median Residue (STMR) values {Eck
van, 1995]. The IUPAC reported from a set of supervised residue field trials covering 22 crops and 10
pesticides the majority of ‘median:maximum’ values spread broadly from 0.1 to 0.7. The average
‘median:maximum’ value was 0.3 [Hamilton, 1997]. For the present study the concentration levels in
food commedities are simulated according to these values. The established Dutch MRLs for a
pesticide residue are reduced in terms of percentage, namely to 70%, 60%, 50%, 40%, 30%, 20% and
10% of the MRL. This type of analysis can indicate the influence of more refined calculations on the
distribution of dietary intakes.

2.2.4 Theoretical dietary intake calculations at the individual level

For each pesticide residue, for each individual of the DNFCS the theoretical daily intake based on the
2 days was calculated by multiplying the amount of a consumed food commodity with the Dutch
MRL (or reduced MRL} for that given commodity. In the case of several foods, food consumption
estimates for each of the foods in the assessment are multiplied by the corresponding MRL and
summed for each individual. In formula:

10



individual
NTMDI = T Fix MRL

F.

; individual food consumption of a food commodity
MRL,

national {(reduced) Maximum Residue Limit for that given commodity

noan

For calculating the individual intake per kg bw per day, the individual body weight, as reported in
DNFCS-92, was used. The results of the theoretical dietary intake were compared with the
Acceptable Daily Intake {of WHO), to estimate the percentage of population exceeding this safety
limit. The variability among the individuals in the study population is computed with different
measures of spread: standard deviation (SD), coefficient of variation (CV) and ratio 95" percentile
intake:mean intake. The g5™ percentile theoretical intake was defined as the upper level of dietary
intake i.e. 95% of the population will have an intake equivalent to or lower than this level. This value
is arbitrary, because the individual food consumption data represent a short period of dietary intake
(2-day diet records). The underlying assumption is that intakes higher than the 95" percentile intake
level are more likely to represent incidental than habitual intake.

To qualify possible risk groups NTMDI calculations were carried out for different age groups, men
and women, pregnant women, vegetarians and immigrants of the Netherlands.
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3 RESULTS

3.1 Selected pesticides

The selected pesticides for predicting dietary intake of the Dutch population are abamectin,
aldicarb, captan, chlorpyrifos-methyl, dinocap, ethoxyquin, fenamiphos, glyphosate, heptachlor,
iprodione, lindane, methidathion and methiocarb. For each of these pesticides an ADI was
established by the WHO. MRLs are set for a wide range of agricultural products, including fruit
{methidathion), fruiting vegetables (dinocap), cereals {chlorpyrifos-methyl) and leafy vegetablés
(iprodione). Lindane and heptachlor were selected because these organochlorine insecticides are
stored in fatty tissues. The international calculated TMDIs of the 13 selected pesticides are in the
range of 1 to 1237 percent of the ADI (see table 3).

Table 3: Selected pesticides for prediction of theoretical dietary intake.

Pesticide ADl  (group of) agricultural products fat soluble average IMPR
: (ma/kg TMDI evaluation
bw/day) ’ in%of ADI" year
criterial  criteria 2 criteria 3 criteria 4 criteria 5
abamectin 0002 aubergines, peppers, tomato 1-7 1997
aldicarb 0.003 citrus fruit, bananas, potatoes 10-80 1996
captan 0.1 different fruits and vegetables 2-43 1597
chlorpyrifos-methyl 001 particularly cereals 4491 1994
dinocap 0001 fruiting vegetables and apples - 1992
ethoxyquin 006 pome fruit: apple, pear . 1998
fenamiphos 0.0008 orange, grapes, potatoes, coffee 30-190 1997
glyphosate 03 wheat and soy bean ‘ 24 1997
heptachlor 0.0001 vegetable and animal fats X 357 1994
iprodione 006 particularly leafy vegetables 3080 1995
lindane 0.001 vegetable and animal fats X 382-1237 1997
temporary
methidathion 0.001 particularly citrus fruit 200 1994
methiocarb 0.001 particularly lettuce - 1988

= range of TMDI values from calculations based on the five GEMS/Food diets: Middle Eastern, Far Eastern,
African, Latin American, European diet.
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3.2 Average NTMDI and exceeding of ADI

The average National Maximum Theoretical Daily Intake (NTMDI), expressed as a percentage of the
corresponding ADI for the overall study population were estimated 0% for abamectin, 77% for
aldicarb, 12% for captan, 153% for chlorpyrifos-methyl, 101% for dinocap, 10% for ethoxyquin, 96%
for fenamiphos, 6% for glyphosate, 117% for heptachlor, 82% for iprodione, 910% for lindane, 455%
for methidathion and 41% for methiocarb. In table 4 the calculated average NTMDI for the overall
population (n=6,218) is given together with different measures of spread (standard deviation,
coefficient of variation, ratio 95™:mean) and the proportion of persons exceeding the ADI.

Table 4: National Theoretical Maximum Daily Intake (NTMDI) of pesticide residues for the
overall Dutch population, using Dutch National Food Consumption Survey-1992 and
national MRLs.

Pesticide residue international NTMDI o ratio NTMDI  Individuals
TMDI (ug/day) exceeding
AD}
(% of ADI} (% of ADI} (%=>ADI}

JMPR evaluations mean + SD (96) 95M:mean mean
abamectin 17 0.55%0.98 178 43 o o
aldicarb 1080 122 + 80 66 2.2 77 23
captan 2-43 619 £ 510 82 2.4 12 1
chlorpyrifos-methyt 441 851 + 487 57 21 153 68
dinocap - 45+ 64 142 33 101 29
ethoxyquin - 276 + 403 148 35 10 1
fenamiphos 30-1950 42135 83 25 96 34
glyphosate 2-4 1150 + 1406 122 3.4 6 o
heptachlor 357 62+30 48 19 117 45
iprodione 30-80 2572 £ 2009 78 24 82 26
lindane 380-1200 492 £ 276 56 20 910 99
methidathion 200 244 + 328 134 36 455 65
methiocarb - 2451436 178 45 4 13

Figure | shows the relation between average NTMDI and the proportion of population exceeding
the ADI.
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The highest theoretical intakes were found for lindane and methidathion, 910 and 455% of AD}
respectively. These two pesticides have the highest number of individuals exceeding the ADI, 99%
and 65% respectively. Methidathion and lindane are excluded in figure IA. In figure IB all thirteen
selected pesticide residues are included. The NTMDI showed significantly high positive correlation
with the number of individuals exceeding the ADI. For pesticides with a NTMDI smaller than 200% of
the ADI, this correlation was highest (r=0.98, P<0.0005) (Figure IA). For all selected 13 pesticides the
correlation coefficient was likewise high (r=0.87, P<0.0005) (Figure IB). Figure | shows the regression
equations for both figures. The explained variation, R square, was 96% (Figure 1A} and 75% (Figure
IB). From the regression equation (IA) it can be predicted that a NTMD! of 100% of the ADI, will
result in a exceeding of the ADI for about 37% of the population. For pesticide residues with a
NTMDI smaller than 10% of the ADI, it can be observed that almost no persons exceed the ADI (< 1%
of the population).

The distributions of theoretical maximum daily intake per kg body weight for the Dutch study
population for all thirteen pesticide residues is shown in frequency histograms in appendix Ill. The
variability {spread) among the individuals in the study population is highest for methiocarb and
abamectin (CV=178%). Heptachlor, lindane and chlorpyrifos-methyl showed the towest variability
within the population {CV of 48, 56, 57% respectively). All pesticide residues show an intake
distribution skewed to the right (appendix lll). The ratio 95™ percentile intake:mean intake shows
that high-intake consumers have a 3-fold higher intake {range 1.9-4.5) than the average consumer of
the national food consumption survey.

3.3 Simulated residue content levels

From the thirteen selected pesticides, nine pesticides showed a relevant proportion of individuais
exceeding the ADI {>1% of the study population). To study the influence of lowered residue content
levels on the distribution of dietary intake calculations with simulated residue content levels were
carried out for aldicarb, chlorpyrifos-methyl, dinocap, fenamiphos, heptachlor, iprodione, lindane,
methidathion and methiocarb.

The results showed a decrease of the proportion individuals exceeding the ADI, when proportionally
lowering the national MRL (table 5). The results of all nine pesticide residues are graphically
presented in appendix IV. The relationship between theoretical intake and proportion of persons
exceeding the ADI (extreme intake), when proportionally lowering the residue content level, can be
described in a sigmoid shaped curve. This non-linear relation starts with a exponential growth curve
with a point of inflection followed with a limited growth curve. Figure Il shows the results of
extended calculations for chlorpyrifos-methyl using 20 simulations of the residue level (10%-200% of
MRL).

For lindane and methidathion, with high average theoretical intakes, the lowest MRLs {10-30% of

MRL) showed the highest effect on the proportion of ADl-exceeding (appendix IV}. For the other
N 15



seven pesticide residues, aldicarb, chlorpyrifos-methyl, dinocap, fenamiphos, heptachlor, iprodione
and methiocarb, the highest decrease in ADl-exceeding could be observed when the average
theoretical daily intake is roughly between 50 and 150% of ADI. For these seven pesticides, with an
average NTMDI ranging from 41-153% of the ADI, a simulated lowering of the residue level of 70%
{(=30% of MRL), demonstrated a proportion of ADI-exceeding ranging from 1-6%. When the residue
content level was lowered to 10% of the MRL, the maximum ADl-exceeding was 1% of the
population (table 5).

Chlorpyrifos-methyl
100
s ™ " "r00%MRL
g0 —y-t 2
80 —
70 _ -
80 o 100%MRL
2 .
A 50
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30 2
20 =
10 trovemre
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0 100 200 300 400
average theoretical daily intake (% of ADI)
Figure II: Average theoretical daily Intake (in % of ADI) and theoretical proportion of

individuals exceeding the AD! (%>ADi), calculated with 20 simulated residue content
levels 10%-200% of MRL) for chlorpyrifos-methyl.
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34 Subgroups of the population

Appendix V shows the statistical values of the calculated NTMDIs for different subgroups of the
Dutch population.

The average NTMDI, for the different subgroups of the Dutch population, expressed as a percentage
of the corresponding ADI, ranged for abamectin between 0-1%, for aldicarb 57-187%, captan 8-37%,
chlorpyrifos-methyl 106-320%, dinocap 44-370%, ethoxyquin 4-39%, for fenamiphos 68-201%,
glyphosate 4-9%, heptachlor 53-299%, for iprodione 52-211%, lindane 691-2160%, methidathion 356-
1061% and for methiocarb 16-57%. The average NTMDI and the prevalence of theoretical intakes
exceeding the ADI was highest among children in the youngest age groups. The average NTMDI of
the subgroup of children aged 1-4 years was about 3 times (range 1.4-3.9} as high as the average
NTMD! of the overall population. For older children the average NTMDI gradually approaches the
adult levels. For people with a vegetarian, vegan, macrobiotic or anthroposophic lifestyle also
higher theoretical dietary intakes were found, except for heptachlor and aldicarb, which have
established MRLs for animal products. Vegetarians had a theoretical dietary intake about 1.2 times
(range 0.8-1.4) as high. In general the average NTMDI for élderly and pregnant women did not show
higher average intake levels, except for methidathion (pregnant women) and methiocarb (elderly).
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4 DISCUSSION AND CONCLUSIONS

Generally most (inter)national methods for estimating long-term dietary exposure to pesticide
residues are limited to fixed-point estimates [WHO, 1997; Pentill3 et al, 1996; MAFF, 1997]. These
methods take one value for the residue level in/on a crop and combine this with one value for food
consumption. This approach is useful when limited data are available for conducting international
comparisons and for screening purposes, to identify situations where more refined assessments of
intake are required. This method is not useful for evaluating the individual exposure to pesticide
residues or for identifying subgroups of the population at risk. In the present study the association
between average National Theoretical Maximum Daily Intake (NTMDI) and the distribution of
dietary intakes, especially with high levels of intakes, is studied. In this study we carried out the
deterministic method, where a single residue figure (MRL or simulated residue level) is combined
with the distribution of food consumption data of the Dutch population. The average and individual
theoretical daily intake levels of thirteen pesticide residues are assessed and compared with the

corresponding ADls.

Methodological considerations

tn this study the distribution of consumption levels from a large scale Dutch food consumption
survey were combined with theoretical concentration levels in food commodities. It should be
emphasised that the calculated theoretical intakes in this study should be interpreted to a great
extent as a 'worst case’ event. The calculation of a TMDI, using maximum residue levels (MRLs)
represents a crude overestimate of actual dietary intake because, among other things: only a
portion of specific crop is treated with a pesticide; most treated crops contain residues well below
the MRL at harvest; residues are usually reduced during storage, preparation, commerdal
processing, and cooking; and, it is unlikely that every food for which an MRL is proposed wilt have
been treated with the pesticide over the lifetime of the consumer [WHO, 1997]. Further dietary
exposure assessment in this study uses food consumption data, which are based on 2-day diet
records [Anonymous, 1992; Hulshof, 1991]. Since the starting point of an ADI is lifetime exposure,
this recording period is relatively short. The average group values obtained with this food record
method may be comparable to chronic dietary exposure. However, individual intake figures, which
are used in this study for estimation of the proportion of persons exceeding the ADI, are more
representative of recent intake and not chronic intake. Therefore high intakes presented in this
study are an over-estimation of chronic exposure to a large extent, due to the utilisation of high
content levels (MRLs) and the short period of food recording.

19



Selected pesticide residues

Totally thirteen pesticides have been selected for predicting theoretical dietary intake of the Dutch
population; abamectin, aldicarb, captan, chlorpyrifos-methyl, dinocap, ethoxyquin, fenamiphos,
glyphosate, heptachlor, iprodione, lindane, methidathion and methiocarb. Most of the selected
pesticides are belonging to the group of insecticides (abamectin, aldicarb, fenamiphos, heptachlor,
lindane, methidathion, methiocarb) and fungicides (captan, chlorpyrifos-methyl, dinocap,
iprodione). Glyphosate was the only herbicide selected and calculations with simulated
concentration levels were not carried out because no ADi-exceeding was found. From this study no
differences in outcome related to groups of pesticides could be found.

From the thirteen selected pesticides two pesticides had an extreme high NTMDI (lindane,
methidathion). Pesticide residues with an average NTMD! (in % of ADI) in the range of 150-500%
were not included in this study. Roughly international TMDI figures of GEMS/Foods show that the
majority of pesticides are below their ADIs (<100% of the ADI} [CAC, 1998, 1997]. Only a few
pesticides exceed this limit and are further evaluated for intake concern. Therefore the selected
pesticides in our study can be seen as a good representation of international results. Further, the
selected pesticides cover a wide range of agricultural products, which could be present in the
human diet.

The selected pesticide residues aldicarb and fenamiphos are highly toxic compounds. The JMPR has
developed procedures which led to the establishment of an acute reference dose {RfD). For these
pesticides acute dietary risk assessment should be carried out, but detailed acute dietary assessment
methods and data bases have not been developed. With the available Dutch consumption data
large portion weights for the purpose of acute dietary exposure assessment could be determined.
Further a probabitistic approach [NRC, 1993; Petersen, 1994)] for dietary intake assessment can be
very useful. With the probabilistic methodology a more sophisticated dietary exposure model, that
incorporate the probability of selecting foods with different residue levels, could be developed.
Despite possible discrepancies we think that the selected pesticide residues in our study give a good
reflection of the average theoretical intakes and the distribution over the Dutch population.

Average NTMDI and exceeding of AD!

This study showed high positive correlation coefficients between average NTMDI and the proportion
of persons exceeding the ADI. The coefficients were 0.87 for all 13 selected pesticides and 0.98 for 11
pesticides with a NTMDI < 200. The regression equation of the pesticides, with a NTMDI < 200% of
ADI, explained much variation (R*=0.96) and the standard error (SE=4.9) was relatively low. With this
regression equation it can be calculated that an average NTMDI of 100% of the ADI, will result in
approximately 35% of the population exceeding the ADI. The selected pesticide residues show that
when the average NTMD! is smaller than 10% of the ADI, the number of persons exceeding the ADI
will be very small (< 1% of population).
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Simulated residue content levels

When proportionally lowering the residue content levels, the relation between average theoretical
dietary intake and the proportion of ADl-exceeding can be described in a sigmoid shaped curve, For
pesticide residues with an average NTMD! smaller than 100% of the ADI this relation displays an
exponential growth curve, as for pesticide residues with a high average NTMDI (>100% of ADI) this
relation shows a limited growth curve. Around the point of inflection (about 100-150% of ADI) the
simulated lowered MRLs have the highest reducing effect on the proportion of ADI-exceeding.

The IUPAC reported from a set of supervised residue trials that the median residue was commonly
20-40% of the maximum [Hamilton, 1997]. This median {STMR) represent the likely residue to occur
if the pesticide residue is used according to the maximum label conditions. For this, the simulated
70% reduction of the residue levels (= 30% of MRL) would be reasonable. In our study a reduction of
the maximum residue level of 70%, for pesticide residues with an average NTMDI smaller than 153%
of ADI, demonstrate a proportion of ADl-exceeding smaller than 6%. it can be expected that this
proportion of theoretical intakes above the AD! will even be smaller, because individual intakes
used in this study are more representative of recent intake (mean food intake of 2 days). it might be
suggested that an average NTMD! smaller than 150% of the ADI will relieve intake concerns for the
total Dutch population. This under the assumption that the STMR is equal of lower than 30% of the
MRL and taken into account the short period of food recording.

Since the median residue levels from supervised trails spread broadly from 10 to 70% of the
maximum level, depending on the type of commodity, pesticide, application and the country
[Hamilton, 1997], it is recommended to use available data from national supervised trials, in stead of
simulated residue content levels. More realistic dietary intake assessments are recommended, using
all available national data for the estimation of the National Estimated Daily Intake (NEDI) [WHO,
1997]. These data include among others national monitoring data. In the Netherlands the extensive
database of the Quality programme of Agricultural Products contains Dutch monitoring data
[Klaveren, 1998], could be used for a more realistic dietary exposure assessment.

Recently in the Netherlands, two food frequency questionnaires (FFQs) were compiled in which the
first questionnaire specifically investigated chronic loads of animal and vegetable fats (dioxins), and
the second investigated residues and health promoting substances that especially appear in fruit
and vegetables [Dooren-Flipsen, 1998a; 1998b]. These FFQs can be helpful in estimating usual
dietary intake at the individual level and in ranking individuals according to food or chemical intake.

Distribution of intake and subgroups of the population

The theoretical maximum daily intake for extreme consumers (95™ percentile intake) is about 3
times higher (range 1.9-4.5) than the average intake of the national food consumption survey.

The variability (spread) among the individuals in the study population is highest for pesticide
residues where {high) standards are set for a small number of fruit or vegetables (abamectin,

b
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methiocarb). When the number of food commodities is limited, the number of non-consumers,
especially for more infrequent consumed products, will increase. This will cause an increase in
variability of theoretical dietary intake and result in a limited proportion of ADl-exceeding
{consumers only) in the total study population, The percentage of individuals exposed to abamectin,
methiocarb and ethoxyquin was limited to 68%, 70% and 82% respectively. Pesticides with a low
variability (heptachlor, lindane, chlorpyrifos-methyl) have set standards for (a wide range of} food
commodities which are frequently eaten e.g. vegetable/animal fats and cereals.

High consuming individuals exist for both frequent and infrequent consumed products. As stated
before, the variability in this study will be overestimated, because the methodology of recording
food consumption is a 2-day diary record. High consuming individuals for infrequent consumed
products can better be identified with the technique of a food frequency questionnaire.

In carrying out consumer intake estimates at a national level, population subgroups, could be
considered where appropriate food consumption data are available [WHO, 1997]. In the UK
calculations are carried out for infants, schoolchildren and adults on a routine basis. In the future
calculations in the UK will be extended with toddlers and vegetarians. Germany uses an ‘extreme’
consumer {4 year old girls}. In the Netherlands the average Dutch diet of primary agricultural
products is derived from the Dutch National Food Conshmption Survey 1992. These dietary intake
data resemble the average food intake from a representative sample of the Dutch population, but
not for subgroups of the Dutch population [Dooren-Flipsen et al, 1996a].

The present study shows that average NTMDIs and the prevalence of ADl-exceeding can vary greatly
over different subgroups of the Dutch population. The highest intakes can be observed among
children in the youngest age groups and people with a vegetarian lifestyle. The average NTMDI of
the subgroup of young children aged 1-4 years was about 3 times as high as the average NTMDI of
the overall population. Vegetarians have a theoretical dietary intake about 1.2 times as high. . It is
recommended to develop a separate national diet for the risk group of children for the risk
evaluation of pesticide residues.

The ADI is intended to cover all vulnerable groups (including different age groups) within the
human population. Therefore it is recommended to further characterise the high intake group of
the Dutch population for different pesticide residues. In addition the risk group of infants (<1 year),
which are not included in the Dutch National Food Consumption Surveys should be taken into
consideration.
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APPENDIX:  Terminology risk analysis.

Risk analysis

A process consisting of three components: risk assessment, risk management and risk

communication.

Risk assessment

Risk management

Risk communication

A scientifically based process consisting of the following steps:

(i} hazard identification = the identification of biological, chemical and
physical agents capable of causing adverse health effects and which may be
present in a particular food or groups of food

(ii) hazard characterization = the qualitive and/or quantitive evaluation of the
nature of the adverse heaith effects associated with biological, chemical and
physical agents which may be present in food. For chemical agents, a dose-
response assessment should be performed. For biological and physical
agents, a dose-reponse assessment should be performed if the data is
obtainable.

(iii) exposure assessment = the qualitative and/or quantitative evaluation of
the likely intake of biological, chemical or physical agents via food as well as
exposure from other sources if relevant.

(iv) risk characterization = the qualitative and/or 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.

The process of weighing policy alternatives in the light of the results of risk
assessment and, if required, selecting and imptementing appropriate control
options, including regulatory measures.

The interactive exchange of information and opinions concerning risk
among risk assessors, risk managers, consumers and other interested parties.



APPENDIXIl:  MRLs of the selected pesticide residues as stated in the Dutch Pesticide Law in the

reguiation of pesticide residues (Stcrt 91, 12 May, 1997)

ABAMECTIN
Product Maximum residue limit {MRL)
{mg/kg}
aubergines 0,02
peppers 0,02
tomatoes 0,02
other 0*{0,01)
ALDICARB
Product Maximum residue limit (MRL}
(mg/kg)
citrus fruit 0,2
pecan nuts 0,2
bananas 0,5
caul%ﬂower 0,2
Brussels sprouts 0,2
cotton seed 0,1
potatoes 05
meat 0,01*
milk 0,01*
eggs 0,01*
other 0,05*
CAPTAN
Product Maximum residue limit {MRL)
{mg/kg)
porme fruits 3
stone fruit 2
berries 3
sroall fruit 3
other fruit 0,1*
tomatoes 3
leafy vegetables | 2
witloof 2
leeks 2
legume vegetables 2
other vegetables 0,1*
grains 0,1*
raisin 5
other 0%(0,1)




CHLORPYRIFOS-METHYL

Product Maximum residue limit (MRL)
(markg)
porne fruits 0,5
peaches (including nectarines and similar hybrids) 05
table and wine grapes 0,2
strawberries (other than wild) a5
Solanaceae 0,5
Globe artichokes 0,1
tea 0,1*
hops 0,1*
rice 0,05*
other grains 5
mitk 0,01*
eqgs 0,01*
other 0,05*
DINOCAP
Product Maximum residue limit (MRL)
{markg)
apples 0.5
fruiting vegetables 0,1
other 0*{0,05)
ETHOXYQUIN
Product Maximum residue limit {MRL)
(mg/kg)
apples 3
pears 3
other 0,05*
FENAMIPHOS
Product Maximum residue limit (MRL)
(mg/kg)
oranges 0,2
table and wine grapes 0,1
bananas 0,1
sweet potatoes 0,1
potatoes 0,1
coffee beans 0,1
coffee 0,1
other 0,05*




GLYPHOSATE

Product Maximum residue limit (MRL)
{mg/kg)
mushrooms {wild} 50
linsead 10
rape seed 10
soya beans 20
wheat, rye and triticale 5
barley and oats 20
kidneys of pig 0,5
kidney of cow, goat and sheep 2
other 0,1*
HEPTACHLOR
Product Maximum residue limit (MRL)
{mg/kg)
vegetable cils and fats 0,02
tea 0,02*
meat 0,2 2)
milk 0,004 3)
eggs 0,02 4)
wild and poultry 0,2 2)
eel 0,05
liver of fish 0,1
other fishery products 0,02
other 0,01*




IPRODIONE

other

Product Maximurmn residue limit {MRL)
{ma/kg)

pome fruits 10
stone fruit 5
table and wine grapes 10
strawberries (other than wild} 10
cane fruit (other than wild) 5
bilberries 10
currants {red, black and white) 10
gooseberries 10
kiwd fruit 5
carrots 10
radishes 5
bulb vegetables 5
Solanaceae 5
Cucurbitaceae {(with edible peel) 2
melons 5
flowering brassicas 5
Brussels sprouts 5
head brassicas 5
leafy brassicas 5
kohlrabi 01
lettuce and similar 1o
witloof 1
herbs 10
fegume vegetables (fresh) 5
horseradish 5
rhubarb 0,2
pulses 0,2
rape seed 05
caraway 2
tea 0,1*
hops 0,1*
wheat a5
rice 3
meat 0,05*
milk 0,05*
eggs 0,05*
0,02*




LINDANE

Product Maxirnum residue Lirit (MRL)
(mg/kg)

stone fruit 05

table and wine grapes 0,5

other fruit 1

carrots 0,1

tomatoes 2

leafy brassicas 2

lettuce and similar 2

cress 2

witloof 2

other vegetables 1

pulses 1

tea 0,2

grains 6,1

whole meal 4,05

cacoa beans 1

cacoa products 1 1)

coffee (roasted) 1

meat sheep 2 2

other meat 1 2)

milk 0,008  3)

eggs 0,1 4)

wild and poulitry 1 2)

eel 0,2

liver of fish 05

other fishery products o1

other 0,01*




METHIDATHION

Product Maximum residue limit (MRL)

(mg/kg)
citrus fruit 2
nuts 0,05*
pome fruits 0,3
stone fruit 0,2
table and wine grapes 0.5
olives 1
rape seed 0,05
cotton seed 0,2
tea 01*
hops 3
other 0,02*

METHIOCARB

Praduct Maximum residue limit (MRL)

{mg/kg)
cucumbers a5
melons 05
flowering brassicas 01
head brassicas 01
lettuce and similar 1
other c,05%

. = Pestidde may be used, without leaving residues in the product above the limit of determination,

o* = Pesticide may not be used. Value between parentheses is the limit of determination,

1) = In mg/kg of fat. ] . . .

2) = In the case of foodstuffs with a fat content of 10% or less by weight, the residue is related to the total
weight of the boned foodstuff. [n such cases, the maximum level is one-tenth of the value related to fat
content, but must be no less than 0.01 mg/kg. '

3) In determining the residues in raw cow’s milk and whole cream cow's milk, a fat content of 4% by weight
should be taken as a basis. For raw milk and whole cream milk of another animal origin the residues are
expressed on the basis of the fat: ) . .

- with a fat content of less than 2% by weight, the maximum level is taken as half that set for raw milk and
whole cream milk . . . .

- with a fat content of 2% or more by weight, the maximum level is expressed in mg/kg of fat. [n such
cases, the maximum level is 25 times that set for raw milk and whole cream milk

) = For eggs and egg products with a fat content higher than 10% the maximum level is expressed in mg/kg

fat. In this case the maximum level is 10 times higher than the maximum level for fresh eggs.
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