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Abstract
For  the  first  time,  population  based  approaches  estimating  the  dietary  exposure  for  German
consumers to pesticide residues were applied to assess health risks from single compounds as
well  as for  their  cumulative effects.  Using probabilistic  Monte-Carlo based modelling tools,  the
complete data on daily consumption patterns for children and adults could be correlated with food
monitoring results from the years 2009-2014 for over 700 pesticidal active substances. Based on
the results,  the  food market-basket  used in  monitoring  programmes was revisited  and refined
towards future estimations of the consumer exposure.

In the first part, both chronic and acute dietary consumer risks arising from single substances were
characterised.  For  693 compounds,  the  estimated  dietary  exposure  was unlikely  to  present  a
chronic or acute public health concern for the German population. Potential consumer risks were
identified  for  chlorpyrifos  and  the  combination  of  dimethoate  and  omethoate.  Since  maximum
residue levels in plant and animal commodities have been lowered significantly in the meantime for
these compounds on European level, it is very likely that potential consumer risks have also been
removed. Due to missing crucial  information on the toxicological properties of dimethylvinphos,
halfenprox and tricyclazole, no conclusions on the dietary risk for consumers could be drawn.

In  the  second  part,  the  acute  and  chronic  cumulative  dietary  risk  for  German  consumers  to
pesticide residues was assessed based on cumulative assessment groups (CAGs) as defined by
the European Food Safety Authority (EFSA) in 2013. It  was shown, that the exposures for the
CAGs on  chronic neurochemical effects (erythrocyte acetylcholinesterase inhibition) and chronic
hyperthyroidism were below or near a margin of exposure (MoE) of 100 to the no-effect level at the
99.9th percentile, which should be above this limit to exclude a public health concern. A similar
result was reported in the most recent studies by EFSA, also assessing the cumulative dietary
risks for European consumers with comparable probabilistic methodologies and food consumption
data. In addition, EFSA analysed involved uncertainties and estimated that the certainty to not
reach the threshold for regulatory consideration was between 80% to >99% for the nervous system
and between 85% and >99% for thyroid effects. In all studies, single compounds were identified as
the driving contributor to the total exposure for neurochemical effects on individual level instead of
a complex mixture of components, suggesting a low probability for true dose addition. For the
German population, this result was also confirmed for the chronic CAGs.

The third part  utilised the previous findings on the cumulative dietary exposure assessment to
propose  a  refined  food  market-basket  for  monitoring  programmes  specifically  focussed  on
estimating consumer risks. In contrast to previous approaches, in which food commodities were
selected primarily based on their contribution to the total daily diet, the newly proposed market-
basket was identified by estimating the sensitivity of each food to the chronic and acute total daily
exposure.  Depending  on  the  desired  degree  of  conservatism,  a  set  of  16  or  41  raw  food
commodities were identified covering the total dietary exposure by at least 85%.

In  summary,  the  methodologies  applied  to  assess the dietary  risk  for  the  German population
provided realistic results when compared with approaches from other European countries or EFSA.
While  dietary  risks  arising  from single  pesticidal  compounds  have  mostly  been revised  in  the
meantime,  the  cumulative  risk  assessments  may  still  result  in  exposure  levels  not  allowing
exclusion  of  public  health  concerns.  With  the  proposed  improvements  on  the  design  of  food
monitoring programmes, involved uncertainties can be lowered in the future to allow more robust
estimations of consumer risks.
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Zusammenfassung
Im Rahmen dieser Arbeit wurde erstmalig die Verbraucherexposition der deutschen Bevölkerung
gegenüber  Pflanzenschutzmittelrückständen in  der  Nahrung sowohl  für  Einzelverbindungen als
auch  für  kumulative  Bewertungsgruppen  geschätzt.  Für  diese  Aufgabe  wurden  Monte-Carlo
basierte Wahrscheinlichkeitsmodelle verwendet, welche es erlauben, alle zur Verfügung stehenden
Daten zum Verzehrverhalten von Kinder und Erwachsene mit Befunden für über 700 Stoffe aus
dem  Lebensmittelmonitoring  der  Jahre  2009  bis  2014  zu  korrelieren.  Basierend  auf  den
Ergebnissen  wurde  der  bestehende  Warenkorb  für  das  Lebensmittelmonitoring  hinsichtlich
zukünftiger Schätzungen des Verbraucherrisikos verfeinert.

Im  ersten Teil  der  Arbeit  wurde  sowohl  das  chronische  als  auch  das  akute  Verbraucherrisiko
gegenüber Einzelstoffen charakterisiert. Für 693 Verbindungen konnte durch die Schätzung der
täglichen Aufnahme über alle Lebensmittel ein gesundheitliches Risiko praktisch ausgeschlossen
werden.  Mögliche  gesundheitliche  Risiken  wurden  für  die  Wirkstoffe  Chlorpyrifos  und  die
Kombination aus Dimethoat und Omethoat identifiziert. Da seit Abschluss der Arbeit all diese Stoffe
auf europäischer Ebene neu geregelt und Rückstandshöchstgehalte in Lebensmitteln signifikant
gesenkt  wurden,  ist  davon  auszugehen,  dass  nun  ebenfalls  keine  Gesundheitsrisiken  mehr
bestehen.  Aufgrund  fehlender  Informationen  zur  Toxikologie  konnte  weiterführend  keine
abschließende Bewertung des Verbraucherrisikos für die Wirkstoffe Dimethylvinphos, Halfenprox
und Tricyclazole erfolgen.

Im  zweiten  Teil  der  Arbeit  wurde  auf  Grundlage  derselben  Datenlage  wie  im  ersten  Teil  das
kumulative  chronische  und  akute  Risiko  deutscher  Verbraucher  ermittelt.  Hierfür  wurde  auf
kumulativen Bewertungsgruppen (CAGs) zurückgegriffen,  wie  sie die  Europäische Behörde für
Lebensmittelsicherheit (EFSA) 2013 formuliert hat.  Es konnte gezeigt werden, dass die 99.9ten
Perzentile  der  Gesamtexpositionen  für  die  CAGs  zu  chronischen  neurochemischen  Effekten
(erythrozytische Acetylcholinesterasehemmung) und chronischem Hyperthyroidismus in der Nähe
oder Unterhalb eines Faktors von 100 zum toxikologischen Endpunkt lagen. Dieser Faktor sollte
nicht  unterschritten  werden,  um  mögliche  Verbraucherrisiken  mit  ausreichender  Sicherheit
ausschließen  zu  können.  In  der  Zwischenzeit  wurde  von  EFSA ebenfalls  eine  vergleichbare
Modellierung der kumulativen Exposition veröffentlicht, welche zu ähnlichen Ergebnissen kommt
und eine ergänzende Charakterisierung der Unsicherheiten beinhaltet. Hierbei wurde durch EFSA
geschlussfolgert, dass eine Überschreitung des regulatorischen Schwellenwerts zu 80% bis >99%
für Effekte auf das Nervensystem sowie zu 85% bis >99% für Schilddrüseneffekte ausgeschlossen
werden kann. In beiden Studien konnte weiterhin festgestellt werden, dass die akute kumulative
Gesamtexposition auf individueller Ebene überwiegend durch Einzelstoffe hervorgerufen wird und
nicht durch komplexe Kombinationen mehrere Substanzen. Für die deutsche Bevölkerung wurde
diese Beobachtung auch für die chronische Gesamtexposition auf individueller Ebene bestätigt.

Der  dritte  Teil  nimmt  die  vorangehenden  Ergebnisse  zur  Grundlage,  um  den  bestehenden
Warenkorb  für  das  Lebensmittelmonitoring  hinsichtlich  zukünftiger  Schätzungen  der
Verbraucherexposition  zu  verfeinern.  Im  Gegensatz  zu  bisherigen  Konzepten,  in  welchen
Lebensmittel auf Basis ihres prozentualen Anteils am täglichen Verzehr ausgewählt wurden, ist für
den  überarbeiten  Warenkorb  die  jeweilige  Sensitivität  auf  die  chronische  und  akute  tägliche
Gesamtexposition  entscheidend.  Je  nach  erwünschter  Konservativität  wurden  16  bzw.  41
Roherzeugnisse identifiziert,  welche mindestens 85% der täglichen Gesamtaufnahmemenge an
Pflanzenschutzmittelrückständen ausmachen.
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Zusammenfassend  erlaubten  die  angewendeten  Methoden  eine  realistische  Schätzung  des
Verbraucherrisikos der deutschen Bevölkerung gegenüber Pflanzenschutzmittelrückständen und
erzielen vergleichbare Ergebnisse zu Studien aus anderen europäischen Mitgliedsstaaten oder
durch EFSA.  Auch  wenn mögliche  Gesundheitsrisiken  durch  Einzelstoffe  inzwischen  praktisch
ausgeschlossen  sind,  kann  dieses  nicht  für  alle  kumulativen  Bewertungsgruppen  mit
ausreichender  Sicherheit  bestätigt  werden.  Auf  Basis  des  verfeinerten  Warenkorbs  für  das
Lebensmittelmonitoring können in Zukunft robustere Schätzungen der Verbraucherrisiken erfolgen.
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1 Introduction

For the agricultural production of foods, plant protection products (PPP) are globally used on crops
to  ensure  sufficient  and  reliable  harvest  yields.  The  pesticidal  active  substances  (pesticides)
included in these products are capable of controlling a broad range of pests. Their field of use is
large, ranging from the frequently used fungicides, herbicides and insecticides to more specific
agents like acaricides, growth regulators or nematicides. Currently, over 1400 individual pesticide
entries are included in the pesticide database of the European commission  [1] and thereof over
450 are approved according to Regulation (EU) 1107/2009 [2]. 

The use of PPPs is strictly regulated and requires an authorisation procedure in most regulatory
frameworks in the world. In the EU, one part of these procedures is the assessment of residues
remaining in foods or feeds and the related dietary risk of consumers. The principles, how such
assessments shall be conducted, are harmonised on international level under the Organisation for
Economic Co-operation and Development (OECD). Applicants have to provide studies conducted
according to these OECD Guidelines1 investigating key aspects relevant for the assessment. In
terms of residues, data on the metabolic fate of pesticides in plants, animals and rotational crops,
the behaviour  during industrial  processing,  the  concentrations remaining on treated foods and
feeds after application and the carry-over into foods of animal origin are required. Mandatory data
requirements  are  normally  set  legislatively,  e.g.  via  Regulation  (EU)  283/2013  [3] for  active
substances used in PPPs. In addition, OECD also provides guidance documents on the scientific
interpretation and assessment of respective studies.

Currently, general regulatory procedures to assess pesticides are based on each active substance
per  se.  In  the EU,  this  is  related to  a  mandatory  approval  of  active  substances according to
Regulation (EU) 1107/2009, before PPPs including these pesticides can be authorised. For this
approval, pesticide are evaluated according to their physical/chemical properties, their toxicological
properties, their environmental fate, the availability of appropriate analytical methodologies and the
risk to operators, by-standers, consumers and the environment. Also, maximum residue levels are
derived all foods put on the European market have to comply with. However, all of these aspects
are currently considered active substance wise.

In reality, consumers are exposure not only to residues of one active substance, but to a broad
mixture of multiple components. Starting on the field, different pesticides are applied at the same
site to control various pests during nearly all seasons of a year. After harvest and before sowing,
herbicides may be used to control weeds and to prepare the seedbed for the crop. During crop
cultivation, a mix of pesticides can be applied against fungal diseases or insects and even after
harvest, storage treatments may become necessary to protect the commodity. In Germany, the
Julius Kühn-Institute monitors the average annual number of pesticide treatments per crop  [4],
showing a range of 1.9 treatments/year for maize up to 26.9 treatments/year for pome fruit in 2018.
One treatment represents the application of one PPP, which may already contain more than one
pesticide to increase its efficacy and to avoid the formation of resistances. Due to this common
agricultural practice, the occurrence of residues from more than one pesticide in foods represents
no exception but the usual case. In the most recent German food monitoring programme from
2018 [5], about half of the investigated commodities contained residues of more than one pesticide
per sample. The highest numbers were found samples of aubergines, kale and parsley leaves,

1https://www.oecd.org/env/ehs/pesticides-biocides/pesticides-testing-assessment.htm  
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each containing residues of 12 different pesticides. Also on European level, the 2016 European
Union report on pesticide residues in food by EFSA [6] found that a total of 30.1% of all samples
contained  residues  of  more  than  one  pesticide.  Besides  the  high  number  of  treatments  in
agriculture,  also  marketing  procedures  in  trade may lead to multiple  residues.  Agricultural  co-
operations  often collect  commodities  from several  farmers  and sort  them according to  market
criteria  like  their  size.  Since  monitoring  programmes  involve  analysis  of  composite  samples
consisting of multiple individual units, mixing of commodities before marketing may represent an
additional source for the presence of different pesticides.

For consumers, another aspects is of high relevance. In the daily diet, the range of foods eaten is
enormous and many foods are composed of multiple ingredients. During the day, consumers may
be exposure to pesticides via many sources of agricultural commodities, each of them potentially
containing residues of more than one active substance.

The necessity to address the cumulative dietary risk of consumers versus pesticide residues was
recognised  early.  Already  in  2005,  the  European  Regulation  (EC)  396/2005  [7] included  the
demand to take into account “...known cumulative and synergistic effects, when the methods to
assess such effects are available” when setting maximum residue levels (MRLs) for pesticides.
However, until  today, no harmonised methodologies have been implemented to consider these
aspects.

Such complex cumulative scenarios are beyond the approach currently used for the assessment of
single  pesticides  in  regulatory  context.  To  address  such  situations,  consideration  of  the
toxicological interaction between different components is required first. Mixture toxicity is still an
ongoing  field  of  research.  In  parallel,  suitable  methodologies  for  estimating  the  cumulative
exposure  of  consumers  need to be developed.  For  example,  the EU Commission funded the
EuroMix Project  [8],  setting the framework for multinational research projects addressing many
aspects of mixture toxicity and cumulative exposure estimation.

In  principle,  all  puzzle  pieces  to  address  the  cumulative  dietary  risk  have  been  developed.
However, putting them together into a comprehensive assessment is difficult and has not yet been
conducted for Germany or for most other European countries. In the current work, a strategy was
developed to utilise the available data on pesticide residues found in the representative German
food  monitoring  programme  and  to  combine  them  with  consumption  data  for  the  German
population. Since individuals are exposed via multiple food sources,  the established regulatory
models based on deterministic methodologies are not suitable for such a task. Instead, a Monte-
Carlo  based  probabilistic  approach  was  chosen,  allowing  simultaneous  consideration  of  the
complete daily consumption on individual level in combination with all analytical results from the
food monitoring.

Part 1: Single substance assessment
The first part of the work focussed on a population based assessment of the dietary risk for single
pesticidal compounds. Although the final aim is to address the cumulative dietary risk, this part
becomes crucial for the interpretation of results. When compounds already pose a potential dietary
risk per se, also cumulative considerations including these compounds will show potential risks and
relevant  additive  effects  might  be  overshadowed.  The  assessment  of  compound  specific
exposures was conducted using the same residue and consumption data and by applying the
same  probabilistic  methodology  as  for  the  cumulative  assessments  later.  However,  only  the
residue data for one compound was used instead of the residue data for all components sharing
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cumulative effects. A conservative two-tier screening approach was implemented to quickly identify
compounds with a low potential  for  chronic  or  acute dietary risks.  In total,  over 800 individual
pesticides were screened. For the remaining substances, a refined assessment was conducted
considering compound specific aspects like processing information or data on the variability of
residues between individual units.

Part 2: Cumulative assessment
In  the  second  step,  the  approach  described  for  individual  compounds  was  expanded  by
considering complete cumulative assessment groups (CAGs), as defined by EFSA in 2013  [9].
Initially,  the combined exposures were estimated and assessed for the related dietary risks. In
addition, compounds and food commodities with a high sensitivity towards the cumulative risk of
the CAG were  identified.  Under  consideration  of  the  findings  for  the  dietary  risk  of  individual
compounds  under  step  1,  conclusions  were  drawn  whether  the  CAG is  dominated  by  single
substances or if multiple components add equally to the exposure. The latter is of high importance,
since potential  dietary risks could remain unnoticed when pesticide exposures themselves are
slightly below HBGVs but in combination may lead to harmful effects.

Part  3:  Development  of  an  exposure  based  food  market  basket  to  suitable  to  estimate  the
cumulative dietary exposure
Finally, the knowledge from the population based dietary risk assessments for single and multiple
compounds was used to develop a refined programme for the generation of food monitoring data.
Especially  for  cumulative  dietary  risk  assessments,  the  efforts  to  estimate  the  exposure  is
enormous and usually requires information on a broad range of food commodities. However; many
of these foods are of low sensitivity for the upper range of exposures and their inclusion into the
assessment does not significantly affect the overall outcome. Consequently, a market-basket was
designed providing high coverage of the estimated daily exposure both for single compounds and
for  CAGs.  In  parallel,  food commodities  without  relevance for  the  exposure  assessment  were
identified. By law, food monitoring programmes by EU Memberstates shall be primarily designed to
allow exposure estimations [7]. Currently, the design of national food monitoring concepts [10], [11]
and of the European Coordinated Control Programme rely on the proportion of food commodities in
the daily diet, not on considerations of potential residue concentrations present in these foods. The
newly developed concept represents the first systematic approach to consider consumption data,
occurrence data  and the resulting  exposure  to identify  food commodities  truly  relevant  for  an
exposure based market-basket.
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2 Materials and methods

For all three parts of the current work, the following materials and methods were applied. Further
details on their individual usage can be obtained from the respective publications.

2.1 Consumption data

Consumption data for the German population was selected from three food consumption surveys
covering different age groups. The dietary exposure estimates in different parts of the current work
were  not  based  on  completely  identical  approaches.  In  principle,  the  following  consumption
surveys were considered, but not all data were used in each of the three steps. However, for all
surveys, only consumption data describing the food intake per day on individual level were taken
into account to allow their implementation into the probabilistic exposure models used.

For infants and young children aged 6 months up to 4 years, the VELS-study (“Verzehrsstudie zur
Ermittlung der Lebensmittelaufnahme von Säuglingen und Kleinkindern für die Abschätzung eines
akuten Toxizitätsrisikos durch Rückstände von Pflanzenschutzmitteln”  [12]) was used. The study
measured  the  daily  consumption  of  816  individuals  (divided  into  five  subgroups)  for  three
consecutive days via weighed/estimated food records. The measurements were repeated after 3–6
months (4–8 weeks for children < 1 year), resulting in total record of 2×3 days per individual. The
VELS-study was specifically designed to allow estimations of the dietary exposure for pesticide
residues. The target population of infants and young children was selected due to their general
high sensitivity for dietary exposures. Since their consumption to bodyweight ratio is higher than for
adolescents and adults, the resulting exposure per kg bodyweight is increased compared to other
sub-populations [13, Ch. 3.2.1].

The food consumption by older children and adolescents from 6-11 years was reported within the
EsKiMo study by the Robert  Koch-Institute and the University of  Paderborn in 2006  [14]–[16].
Although the survey collected consumption data for individuals aged 6–17 years, only the data for
6–11 years old children were used. The daily consumption was recorded with different tools, either
by using a consecutive 3-day food protocol on 1234 individuals (sub-group of 6–11 years) or by a
4-week  food  frequency  questionnaire  (sub-group  of  12–17  years).  The  food  frequency
questionnaire was not suitable to estimate the daily consumption on a daily basis.

The third resource for consumption data for the German population was provided by the German
Nutrition Survey II (NVS II) conducted by the Max Rubner-Institute between November 2005 and
December 2006 [17], [18]. Again, different sampling techniques to measure the daily consumption
were used in the NVS II. For the current work, daily consumption data on individual level were
obtained from EPIC-SOFT [19] assisted recall interviews. In these interviews (2 × 24 h interviews
for 13926 individuals with one to 6 weeks interval), the consumption pattern was recorded for the
German population aged 14-80 years.

In addition to the three German food consumption surveys cited above, data from other European
countries was made available by EFSA. In the EFSA RPC-model (“raw primary commodity model”)
[20] food  consumption  surveys  on  51  sub-populations  from 23  European  Memberstates  were
collected and expressed in  terms of  the “raw agricultural  commodity”  (RAC).  The RPC-model
provides statistical  parameters for  each RAC on the daily consumption for the total  population
(eaters and non-eaters) and for consumers only, both in absolute amounts of g/day and in relative
amounts of g/kg bodyweight and day. 
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2.2 Food conversion into raw agricultural commodity equivalents (RAC)

For all consumption data used, an approach was selected to express each food eaten in terms of
its RAC equivalents. The RAC represents the unprocessed item directly obtained from agricultural
crops (e.g. wheat grain) or livestock animals (e.g. chicken meat or cow milk). The classification of
RACs in context to pesticide residues is given in Appendix I of Regulation (EC) 396/2005 [7]. This
regulation provides the basis for setting maximum residue levels (MRLs) for pesticide residues in
foods on the European market. Corresponding to these RAC definitions, the German and other
European food monitoring programmes for pesticide residues are designed to allow compliance
checks with legal limits as well as generating data suitable for dietary exposure assessments.

The use of RAC equivalents instead of ready-to-eat foods, as typically recorded in consumption
surveys,  has  advantages  for  pesticide  exposure  assessments.  The  RAC  equivalent  forms  a
common  basis  to  consider  the  total  amount  of  one  raw  food  consumed  within  one  day.  For
example, within 24 hours, multiple foods with identical ingredients might be consumed (e.g. café
latte for breakfast, yogurt for lunch and cheese for dinner). All these example foods are based on
cow milk, but each of them was subject to a different kind of food processing. With knowledge on
the composition of complex foods via recipes and information about the transformation of each
ingredient  from RAC to the ready-to-eat  food,  the total  amount  of  RAC-equivalents consumed
within one day can be estimated for each individual. 

However,  it  should be noted that  this  approach tends to overestimate the exposure.  Since all
sources of one RAC are added into a single RAC equivalent, variation of residue concentrations
between different foods consumed within one day are omitted. The correlation of the resulting total
daily  consumption as RAC equivalents with residues also measured for  the RAC leads to an
overestimate, since many foods had been subject to food processing potentially decreasing the
concentrations. But on the other hand, the RAC approach has the advantage that the contribution
from all foods to the daily consumption can be taken into account easily. For pesticide residues,
very  limited  quantitative  information  on  their  transfer  into  processed  foods  is  know.  Mostly,
regulatory  studies  are  available  conducted  according  to  harmonised  OECD guidelines  [21] to
support the authorisation of plant protection products. These studies provide compound specific
data on some primary processed products like flour, oil or juice, but cannot cover the complexity of
aggregated foods on the market. When studies on the compound specific transfer are available, so
called  “processing  factors”  are  used,  describing  the  ratio  of  residues  between  the  raw  and
processed  commodity  [22].  For  example,  a  database  for  processing  factors  originating  from
regulatory studies was published by EFSA [23]. This situation makes the inclusion of the full variety
of foods in the diet into exposure assessments very complicated, since processing factors are only
available for the minority of commodities. Alternatively,  the approach of expressing all  foods in
terms of their RAC equivalents and adding all sources on a daily basis ensures coverage of the
maximum  amount  consumed,  but  with  the  drawback  of  potentially  overestimating  the  true
exposure.

To  calculate  RAC  equivalents,  food  conversion  factors  are  required  addressing  both  the
composition of complex foods and the influence of food processing itself. The VELS-study design
already included conversion of the daily consumption into RAC equivalents. For the NVS II- and
EsKiMo-study,  the  BfR  in  cooperation  with  the  University  of  Paderborn  funded  two  research
projects  [24], [25] to generate appropriate data. In the end, representative recipes for all  foods
reported within both surveys were identified, providing quantitative data on the RAC amounts of
each ingredient. In parallel, for all relevant processing steps from the RACs as defined in Annex I
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of Regulation (EU) 396/2005 [7] to the consumed commodities, food conversion factors addressing
both industrial or home-made preparation techniques were derived. By combination of the recipe
data  with  the  food  conversion  factors,  it  became  possible  to  express  the  complete  daily
consumption collected in the NVS II- EsKiMo-study in terms of RAC equivalents for each individual
on  a  24h  basis.  However,  to  allow  the  implementation  of  processing  factors  from  regulatory
studies,  differentiation  of  basic  processed  products  (e.g.  raw,  juice,  dry  product,  oil  or  other
processed products) was maintained.

2.3 Food monitoring data

For the probabilistic modelling of the dietary exposure against single compounds and cumulative
assessment groups, German food monitoring data from the years 2009-2014 were used [26]–[31].
Within  these  six  years,  a  programme specifically  designed  to address  exposure  aspects  was
followed and completed [10], [11]. The underlying food market-basket contained 120 commodities,
which were identified to add a significant contribution to the average daily consumption reported in
the  VELS-study  for  children  up  to  4  years.  In  total,  more  than  80%  of  the  average  daily
consumption was covered by the food market-basket. The majority of foods were raw agricultural
commodities, accompanied by simple processed foods like fruit juices, plant oils or butter. During
the monitoring programme, 115 of the 120 proposed food commodities were sampled as intended.
Sample sizes and sampling frequencies of each commodity differed. For foods mostly eaten raw
like fruits or vegetables, annual differences in the pest occurrence on the field may lead to a higher
variability of residues. These foods were scheduled to be sampled once every three years (two
cycles within six years), to capture the expected change in residue patterns and to generate a
sample  size  sufficiently  large  to  address  the  variability.  Additionally,  the  national  monitoring
programme has  to  align  with  the  EU Coordinated  Control  Program,  which  uses  a  three  year
sampling cycle for approximately 30 raw food commodities. For food commodities with a lower
expected variability  of  residues due to large scale  marketing,  bulking or  blending (e.g.  cereal
grains, oilseed or juices), one sampling within six years was implemented. The number of samples
per commodity and year were based on the relevance of the commodity for  the acute dietary
exposure  according  to  the  IESTI-methodology.  Single  food  items normally  consumed raw are
considered based on the highest observed residues, demanding a sample size sufficiently large for
a robust estimate of the upper range of residues on the market. In contrast, for bulked and blended
commodities,  the  median  or  mean  residue  becomes  relevant  to  address  mixing  effects  and
consequently  a smaller  sample  is  sufficient.  In  the end,  sample  sizes of  188 or  94 items per
commodity, respectively, were implemented to address the two different scenarios. 

2.4 Toxicological data

H  ealth based guidance values  
For pesticidal active substances, the European regulatory framework [2] includes an assessment
of toxicological properties of the parent compound and of relevant metabolites. For this purpose,
applicant´s  studies  following  specific  data  requirements  [3] and  conducted  according  to
harmonised OECD test guidelines are reviewed before approval/authorisation. Taking into account
multiple toxicological endpoints, health based guidance values (HBGVs) are derived suitable for
dietary or worker/by-stander risk assessments.

For the dietary risk assessments performed within this work, HBGVs in form of the acceptable daily
intake  (“ADI”)  and  the  acute  reference  dose  (“ARfD”)  were  used  to  evaluate  the  estimated
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exposure. The ADI is defined as “...the amount of a chemical in food or drinking-water, expressed
on a body weight basis, that can be ingested daily over a lifetime without appreciable health risk to
the consumer:” [32, Ch. Glossary]. It is used in comparison with the long-term (or chronic) dietary
exposure, which describes the average exposure of one agent over a lifetime. Since it  is very
difficult to measure the exposure of individuals over their complete lifetime, the average exposure
for sensitive sub-populations (e.g. children) is normally used. It is expressed on a daily basis as an
upper-limit for the lifetime exposure. 

However,  since  the  range  and  amount  of  consumed  foods  varies  over  days  and  between
individuals, the health risk arising from a single, high dose of one agent need to be considered
additionally. When pesticidal active substances show the potential to cause harmful effects even
after single doses, an ARfD is derived. It was defined as “...the amount of a substance in food or
drinking-water, expressed on a body weight basis, that can be ingested in a period of 24 h or less
without appreciable health risk to the consumer.” [32, Ch. Glossary]. For compounds with negligible
acute toxicity, an ARfD may also become unnecessary.

The European Commission hosts a database  [1] on all ADI and ARfD values derived during the
assessment  of  pesticidal  active  substances  for  their  approval  according  to  Regulation  (EU)
1107/2009. For the current work, it was the primary source of information to obtain HBGVs. When
pesticides have not been notified or evaluated within EU, data were considered either from the
WHO database of the JMPR [33] or the Australian Department of Health Office of Chemical Safety
[34], [35].

T  hreshold of toxicologi  c  al concern  
For  several  pesticides,  no  information  on  their  HBGVs  are  available.  Most  of  them  are  old
compounds, which are no longer used as pesticides. Often, they show environmental persistence
and  can  still  be  detected  in  foods  (especially  in  fatty  compartments)  although  banned  since
decades under the Stockholm Convention on Persistent Organic Pollutants  [36]. Another reason
may be that specific pesticides are only used in few countries and have not been assessed in one
of the large global regulatory frameworks. However, foods produced in these countries, might have
been exported to the EU and residues were found in the monitoring programs.

To compensate  missing toxicological  information,  the  concept  of  the  threshold  of  toxicological
concern (TTC) [37], [38] was used. The TTC concept is based on structural similarity of chemicals.
Different exposure threshold levels have been defined after review of a high number of chemicals
with know oral toxicological properties to define an exposure level, which does not lead to harmful
effects with high probability. The lowest threshold is for genotoxicity, followed by three categories
based on the classification scheme by Cramer (Cramer Class I-III) [39].

The use of  the  TTC concept  for  the assessment  of  unknown substances found in  foods was
already suggested by Koster et al [40]. His approach deals with findings in single samples in food
control  situations.  For  the current  work,  the TTC was used for  the first  time much broader to
systematically assess the dietary risk of single compounds without established HBGVs based on a
full probabilistic exposure modelling for the German population. 

Cumulative assessment groups
The key  part  of  the  current  work  is  related  to  the  dietary  risk  arising  from the  simultaneous
exposure of residues from multiple different pesticidal active substances present in various food
items  (cumulative  risk).  The  toxicological  hazard  assessment  within  regulatory  frameworks
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focusses on individual pesticidal compounds. Although the demand to consider the effect from
multiple  residues  was  included  into  the  legislation  (e.g.  in  Reg.  (EU)  396/2005)  early,  the
implementation was postponed until proper methodologies for such a task have been developed.
The first approaches cumulative dietary risk assessments were made by the US EPA [41]–[45] in
the  2000´s.  The  principle  of  the  approach  was  linked  to  chemical  similarity  of  the  pesticides
belonging to the same group of agents (e.g. organo-phosphates, pyrethroids or triazoles). From the
range of members within each group, a lead compound was identified supported with a well known
toxicological database. The similar mode of action for toxicity formed the common basis to group
pesticides and the potency of all compounds in relation to this mode of action characterised their
contribution to the overall effect. Their potency was expressed as a “relative potency factor” (RPF),
describing the strength of the effect in relation to the lead compound (attributed with a relative
factor of 1). The exposure from all members of the chemical group were added and – in terms of
relative  toxicity  compared to  the lead  compound –  assessed for  their  cumulative  dietary  risk.
However, this approach has the drawback, that very detailed data on the mode of action for each
compound is required, which is rarely the case. Also, similar toxicological effects observed, like
liver  toxicity,  may  be  induced  by  compounds  with  different  chemical  structures  and  deviating
modes of action.

Alternatively, EFSA proposed another approach to group chemicals into “cumulative assessment
groups” (CAGs)  [9], which was recently refined  [46],  [47]. This concept  introduced a shift  from
chemical structures towards organ based toxicological effects for the grouping, considering dose
addition both for similar and dissimilar modes of action [48]. This means that all kind of pesticides,
which show potential to induce a common toxicological effect, may add their potency. In contrast to
the former approach taken the US EPA, a CAG may contain a range of compounds belonging to
different  chemical  classes,  as  long  as  they  induce  the  same  toxicological  effect.  Until  today,
pesticide compounds were categorised by EFSA into CAGs related to their potential to harm the
nervous or the thyroid system. For the nervous system, several specific effects were identified and
grouped  into  individual  CAGs,  namely  autonomic  division,  motor  division,  sensory  division,
neurochemical and neuropathological effects. For the thyroid group, effects on parafollicular C-
cells or the calcitonin system and effects on follicular cells and/or the thyroid hormone (T3/T4)
system were covered by individual CAGs.

For  all  compounds  in  a  CAG,  “no  observed  adverse  effect  levels”  (NOAELs)  were  derived
describing their potency for the respective effect. NOAELs may differ between CAGs for the same
compounds, since their potency to induce a specific effect varies and depends on the properties of
the substance.  Also,  in  absence of  a respective  toxicological  effect,  their  inclusion into CAGs
becomes unnecessary. For calculating the contribution of individual compounds to the cumulative
exposure,  prior  normalisation  related  to  an  index  compound  is  required.  While  the  approach
selected by the US EPA involved detailed consideration of the mode of action and quantification of
the potency for each substance, the information on EFSA CAGs is not sufficiently detailed to follow
the same approach. Instead, the normalisation merely represents a mathematical operation without
qualitative  consideration  of  the  underlying  toxicological  properties.  Based  on  the  following
equation, the ratios of all NOAELs related to the selected index compound were calculated. 
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These factors are used to adjust the exposure for each substance into potency equivalents of the
index compound to provide a common basis for adding them. The resulting cumulated exposure is
compared to the HBGVs for the index compound to draw conclusions on the cumulative dietary
risk for the whole CAG. In principle, each of the CAG members is suitable as index compound,
because the total amount of relative substance equivalents remains the same for each individual
and day. 

2.5 Probabilistic model

For  all  three  parts  of  the  current  work,  the  MCRA (“Monte-Carlo  Risk  Assessment”)  software
developed by the Dutch RIVM (“Rijksinstituut voor Volksgezondheid en Milieu”) was used [49]–[51].
MCRA was  specifically  designed  to  allow  population  based  exposure  assessments  for  single
compounds and for CAGs following the approach suggested by EFSA´s Guidance on the Use of
Probabilistic Methodology [52].

In principle, Monte-Carlo based probabilistic methodology is characterised by randomly selecting
data points out of the total database and combine these into a distribution of single model results.
In the current case, random individuals are selected from consumption surveys. Foods eaten by
these individuals within one day are combined with random residue concentrations found in the
food monitoring.  The  total  daily  exposure  will  be  calculated for  each individual  by  adding  the
exposure contributions from all sources. The whole process is repeated a high number of times
(iterations).  MCRA  typically  operates  with  100.000  to  1.000.000  iterations  per  exposure
assessment.  The  generated  distribution  of  total  daily  exposures  defines  the  probability  and
magnitude of the exposure and consequently of the risk, when compared to HBGVs. Especially the
upper percentiles of the generated exposure distribution describe vulnerable sub-populations and
individuals with preference to foods containing high residue concentrations.

EFSA´s Guidance on the Use of Probabilistic Methodology suggests the use of multiple scenarios
to characterise  the range of  results.  In  a conservative scenario,  parameters shall  be selected
according to the potentially worst outcome (“pessimistic scenario). In parallel, a second simulation
with a positive selection of parameters is foreseen (“optimistic scenario”), providing a realistic or
even  slightly  underestimating  result.  Based  on  the  total  information  from these  scenarios,  an
overall conclusion on the risk can be draw. 

For probabilistic dietary risk assessments, the limit of quantification (LOQ) for each analyte in food
monitoring  programmes poses  a  high  source  of  uncertainty.  In  most  samples,  the  number  of
pesticides found is very limited and approximately half of all samples did not contain quantifiable
residues at all. However, it remains unknown whether all of these compounds are truly absent or if
some pesticides  were still  present  at  minor  levels  below the quantification limit.  In  reality,  the
assumption to consider all values below the LOQ as “zero” is probably correct for most cases, but
tends to underestimate the true situation slightly. Thus, in the pessimistic scenario LOQ values
were  directly  considered  as  the  concentration  present  in  foods  (LOQ×1),  while  a  “zero”
concentration  was  assumed  in  the  optimistic  scenario  (LOQ×0).  In  addition,  cumulative
assessments were calculated with an intermediate scenario using half of the LOQ (0.5×LOQ) to
describe the sensitivity of the LOQ to the result. When the total exposure was close to a linear
relation from LOQ×1 over LOQ×0.5 to LOQ×0, very few quantifiable analytical results were found
and the true exposure is close to the optimistic scenario. If compounds were found more frequently

15



Cumulative exposure and risk assessment for the German population with respect to pesticide residues in food  s  

above the LOQ, results for the LOQ×0.5 and LOQ×0 scenarios become very similar since the
exposure at upper percentiles is driven by the positive findings in both cases.

Adjustment of consumption data for the long-term exposure
For the probabilistic modelling, data was considered describing the consumption on a daily basis
using survey tools like weighting protocols or 24h recall interviews. However, for the long-term or
chronic exposure estimation, both the frequency and the portion sizes are important to characterise
the “usual”  consumption over a long period of time. In a scientific  research project initiated by
EFSA,  available  methodologies  were  investigated  to  align  consumption  data  collected  over  a
limited number of days to the “usual” exposure over a long time [53].

To  address  this  effect,  two  of  the  approaches  described  were  used  for  chronic  exposure
assessment in the probabilistic exposure modelling. Preferably, transformation of the data using
the LogisticNormal-Normal (LNN) model  [54] was applied. This model was also identified as first
choice in the EFSA research project. In some cases, the consumption data did not allow fitting of
the LNN approach. Alternatively, the observed individual mean (OIM) approach was used, which is
more robust in terms of computation. Both approaches are included in the MCRA Software and
were used accordingly.

U  se of variability factors for the short-term exposure  
For the estimation of the acute exposure, the deterministic IESTI methodology introduced the use
of  variability  factors.  These  factors  describe  the  variation  of  residue  concentrations  between
individual  units  of  a food commodity  and were defined as the ratio  of  the 97.5th percentile  of
residues in individual units compared to the overall mean  [55]. It was recognised, that analytical
results measured in a composite sample consisting of multiple individual units represent a good
estimate  for  the  average  residue  concentration  for  the  whole  lot  but  may  significantly
underestimate potential residues in single food items. While for small sized commodities like berry
fruits or grains, where the differences between single units are levelled out, this effect cannot be
ignored for medium and large sized commodities.

For example, food monitoring sampling procedures [56] request collection of a composite sample
of  at  least  12 pieces or  1  kg  for  medium sized fruits  or  vegetables  like  apples  or  tomatoes.
Residues are measured from the representative composite homogenate of the whole sample. In
reality, not all of these fruits contain the same residue concentration – in the worst-case only one of
the items contains the complete residue at a concentration 12-times higher than measured.

The distribution of variability factors was investigated in several reviews [57], [58], which showed
that average factors approximate a value of 3 while upper factors may reach a value of 7 or higher.
Since all  occurrence data used in this work was generated in food monitoring programmes by
analysis of composite samples, the variability of residues also needs to be considered for the acute
probabilist exposure estimates.

Considerations on cumulative co-exposure by using maximum cumulative ratios (MCR)

For the cumulative risk assessment,  analysis of potential correlations between substances and
their relative contribution to the total exposure was conducted. For such a purpose, the approach
of maximum cumulative ratios (MCR) as described by Price et al  [59] was used. In the MCRA
software, the MCR is calculated based on the ratio between the total cumulative exposure for the
CAG in relation to the specific exposure to a single compound (i): 
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This means, a compound with a MCR close to 1 represents a main driver to the total exposure
whereas higher values indicate potential co-exposure with other compounds. For example, a MCR
of 2 shows 50% contribution to the total exposure whereas a MCR of 4 would only represent 25%
contribution of the respective compound to the total exposure.

For each individual, MCRs are calculated for every compound present in the total daily exposure
randomly generated. These MCRs are graphically displayed in a log-normal bivariate plot provided
by the MCRA software [60]. The x-axis describes the complete range of total cumulative exposures
while the y-axis displays the MCRs calculated for each compound. Differently coloured 95 percent
confidence  regions  describe  the  range,  where  compounds  contribute  to  the  total  cumulative
exposure based on their  calculated MCRs. The MRCA in-build methodology to calculate these
confidence regions requires at least 3 observations, which may lead to very simplified plots for
some CAGs. Since individuals may either be exposed to only one dominating substance (flat line
at  a MCR of  1)  or  the detection frequencies were generally  low and the minimum number of
observations was not reached, only few compounds might be displayed in plots.

In general, MCR plots are a helpful tool to identify potential co-exposure for compounds within a
CAG. Compounds at the upper percentile of the total exposure (right plot side) and with high MCRs
(upper plot part) indicate a strong co-exposure with other compounds around the P99.9, which may
demand further investigation.  On the other hand,  low MCRs (lower plot  part)  or  occurrence of
compounds in the middle or left plot part of the total exposure suggest that the risk is mainly driven
by  single  substances  and/or  co-exposure  does  not  result  at  high  concentrations  relevant  for
regulatory decisions. 
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4.1 Additional considerations on sensitivity parameters for the cumulative exposure

In addition to the results presented in this publication, an analysis of the sensitivity of individual
compounds  and  foods  within  a  CAG  was  conducted.  For  all  diets  used,  the  contribution  of
substances towards the upper exposure distribution was characterised as percentage of the total
exposure. In addition, it was investigated if the total cumulative exposure was primarily based on a
single compound or resulted from a combination of multiple compounds. To answer this question,
the  “maximum  cumulative  ratio”  (MCR)  [59] was  used,  which  describes  the  total  cumulative
exposure  divided by  the compound specific  exposure (expressed in  toxicological  equivalents).
Consequently, MCR values close to 1 result from an exposure of a single compound while higher
numbers represent a mixture of multiple components contributing additively. The MCRA software
[60] provides in-built log-normal bivariate plots for MCRs and pie-charts to display the sensitivity of
each substance to the total exposure. For all chronic assessments, the contribution of foods to the
upper percentiles of the total exposure distribution was quantified. In acute scenarios, the randomly
selected variability  factors  introduced to much variation  for  the  contribution  to estimate  robust
contribution percentages.

In the following, more detailed analysis for all CAG with potential public health concerns (nervous
system: chronic neurochemical effects; thyroid system: chronic effects on follicular cells and/or the
thyroid  hormone  (T3/T4)  system)  or  with  high  uncertainties  not  allowing  conclusions  on  the
absence of public health concerns (acute motor division; acute neurochemical effects and acute
effects on the sensory system) are presented:

4.1.1 Nervous system: acute motor division

C  ontribution of compounds to the upper exposure distribution  
For  this  CAG,  the  main  contribution  of  compounds  (≥10%) was  driven  by  five  substances
(deltamethrin,  lambda-cyhalothrin,  oxamyl,  triadimenol  and  CS2 calculated  as  Ziram).  The
exposure resulting from the sum of these compounds represented over 75% of the total exposure
at the P99.9.
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Table 1: Contribution of compounds to the P99.9 of the total cumulative exposure distribution for
acute effects on the motor system

Survey Contribution of compounds
VELS

EsKiMo
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Survey Contribution of compounds
NVS II

Maximum cumulative ratios
In view of multiple components contributing to the upper end of the total exposure distribution, the
MCR becomes of high interest to identify possible additive correlations. The analysis of the MCRs
revealed, that in most cases only up to two compounds are responsible for the total exposure. The
P95 MCR was slightly above 2 and was reached in the middle of the total exposure distribution
(around the P50). At the upper end, the total exposure was dominated by oxamyl. Although several
compound could potentially add to a cumulative effect, the main driver was still a single compound.
The results  confirm the publications  conclusion,  since oxamyl  was found in  the  German food
monitoring at concentrations in some sample posing an acute health risk per se.
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Table 2: Maximum cumulative ratios of compounds for acute effects on the motor system

Survey Maximum cumulative ratios (bivariate)
VELS
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Survey Maximum cumulative ratios (bivariate)
EsKiMo
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Survey Maximum cumulative ratios (bivariate)
NVS II

4.1.2 Nervous system: acute neurochemical effects

C  ontribution of compounds to the upper exposure distribution  
In this group, the total exposure at the P99.9 was mostly caused by the sum of dimethoate and its
metabolite omethoate. The only other main contributor was pirimicarb, adding up to 11.3% to the
total exposure.
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Table 3: Contribution of compounds to the P99.9 of the total cumulative exposure distribution for
acute neurochemical effects

Survey Contribution of compounds
VELS

EsKiMo
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Survey Contribution of compounds
NVS II

Maximum cumulative ratios
The  MCR  analysis  also  showed  the  sum  of  dimethoate  and  omethoate  as  one  of  the  main
contributors to the upper end of the total exposure distribution, however peak exposures were
caused  by  methomyl.  This  discrepancy  to  the  percent  contribution  may  occur  due  to  strong
differences in the detection frequencies. While dimethoate is found very often in a broad range of
foods, methomyl is detected rarely. Consequently, dimethoate residues are selected more often by
the probabilistic model and show much higher contribution to the P99.9. However, when methomyl
get  randomly  selected,  its  exposure  equivalent  is  higher  than  for  sum  of  dimethoate  and
omethoate. 

In view of  possible additive effects from multiple compounds,  MCRs were below 2 for  all  age
groups investigated. An increased dietary risk from the CAG compared to single compounds was
not identified.
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Table 4: Maximum cumulative ratios of compounds for acute neurochemical effects

Survey Maximum cumulative ratios (bivariate)
VELS
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Survey Maximum cumulative ratios (bivariate)
EsKiMo
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Survey Maximum cumulative ratios (bivariate)
NVS II

4.1.3 Nervous system: chronic neurochemical effects

Contribution of compounds and foods to the upper exposure distribution
The contribution of individual substances was dominated by chlorpyrifos, which represented more
than 81.8% of the total  exposure at  the P99.9 for  all  age groups investigated. The only other
compound with a significant contribution (≥10%) was the sum of dimethoate and omethoate.

Also for the foods, the contribution to the total exposure mainly originated from citrus fruits, namely
oranges and grapefruit. Especially chlorpyrifos was frequently found in citrus fruits. It should be
noted, that the penetration of chlorpyrifos through the inedible citrus peel is very limited. A refined
assessment of this aspect is discussed in the corresponding publication.
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Table  5:  Contribution  of  compounds and foods to  the P99.9  of  the  total  cumulative  exposure
distribution for chronic neurochemical effects

Studie Contribution of foods Contribution of compounds
VELS

EsKiMo

NVS II

Maximum cumulative ratios
In  correspondence  to  the  results  for  the  percent  contribution,  the  upper  end  of  MCRs  are
dominated by chlorpyrifos. With increasing exposure, the MCRs becomes closer to 1, indicating
that this compound represents the major residue for the upper percentiles. At lower percentiles of
the total  exposure  distribution,  also  dimethoate  and  pirimiphos-methyl  add significantly  and at
levels comparable to chlorpyrifos, since MCRs between 2 and 3 were identified.
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Table 6: Maximum cumulative ratios of compounds for chronic neurochemical effects

Survey Maximum cumulative ratios (bivariate)
VELS
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Survey Maximum cumulative ratios (bivariate)
EsKiMo
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Survey Maximum cumulative ratios (bivariate)
NVS II

4.1.4 Nervous system: acute effects on the sensory system

C  ontribution of compounds to the upper exposure distribution  
In this CAG, three compounds nearly complete gave the total exposure at the P99.9. Thereof,
deltamethrin and the sum of  dimethoate and omethoate represented the major part  with 35.9-
53.8% contribution each. The third compound was oxamyl, adding 2.6-7.7%.

51



Cumulative exposure and risk assessment for the German population with respect to pesticide residues in food  s  

Table 7: Contribution of compounds to the P99.9 of the total cumulative exposure distribution for
acute effects on the sensory system

Survey Contribution of compounds
VELS

EsKiMo

52



Cumulative exposure and risk assessment for the German population with respect to pesticide residues in food  s  

Survey Contribution of compounds
NVS II

Maximum cumulative ratios
For the CAG, all three sub-populations showed very little additive effects with MCRs all below 2. At
the upper percentiles, oxamyl gave the highest sensitivity to the total exposure for the EsKiMo and
NVS II survey, while in VELS deltamethrin was the driving compound.
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Table 8: Maximum cumulative ratios of compounds for acute effects on the sensory system

Survey Maximum cumulative ratios (bivariate)
VELS
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Survey Maximum cumulative ratios (bivariate)
EsKiMo
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Survey Maximum cumulative ratios (bivariate)
NVS II

4.1.5 Thyroid  system:  chronic  effects  on  follicular  cells  and/or  the  thyroid  hormone  (T3/T4)
system

Contribution of compounds and foods to the upper exposure distribution
In  this  CAG,  residues  of  CS2 calculated  as  propineb  nearly  completely  represented  the  total
exposure with over 94% for all consumer groups. The most sensitive foods were apples, pears,
grapes and lettuce.

Table  9:  Contribution  of  compounds and foods to  the P99.9  of  the  total  cumulative  exposure
distribution for chronic effects on follicular cells and/or the thyroid hormone (T3/T4) system

Studie Contribution of foods Contribution of compounds
VELS
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Studie Contribution of foods Contribution of compounds
EsKiMo

NVS II

Maximum cumulative ratios
In view of the  CS2 calculated as propineb dominating the total exposure at the upper percentiles,
also the MCRs were nearly completely based on this substance with values close to 1. At the lower
end  of  the  distribution,  also  chlorpropham was  identified  to  contribute  to  the  total  cumulative
exposure. 
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Table 10: Maximum cumulative ratios of compounds for chronic effects on follicular cells and/or the
thyroid hormone (T3/T4) system

Survey Maximum cumulative ratios (bivariate)
VELS
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Survey Maximum cumulative ratios (bivariate)
EsKiMo
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Survey Maximum cumulative ratios (bivariate)
NVS II

4.1.6 Summary

It became evident, that the upper percentiles of the total exposure distribution are mainly driven by
single compounds instead of a mixture of components. For all CAGs, multiple substances with
significant  average contributions (≥10%) were identified at the P99.9, however the MCR analysis
showed that their simultaneous occurrence in the diet is very unlikely and does not affect the risk.
Rarely, more than two substances add to the total risk and in such cases these additive effects
relate to more central parts of the exposure distribution between the P25 and the P75.  
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5 Part 3:  Identification  of  a  pesticide  exposure  based  market  basket  suitable  for
cumulative dietary risk assessments and food monitoring programmes
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6 Results and discussion

In  view  of  the  complete  work,  the  results  for  each  of  the  three  aspects  add  consistently  to
characterise the dietary risk towards pesticide residues for  the German population.  Within this
context, it is important to compare the model results with other studies conducted previously or
after  publication  of  the  papers  to  conclude  on  the realism and  quality  of  the  findings.  In  the
following parts, the outcome of the single substance evaluation, the cumulative dietary exposure
assessment and the proposed market-basket  will  be discussed in view of  comparable studies.
Direct conclusions concerning the consumer risk for single substances and cumulative effects can
be obtained from the respective papers presented above.

6.1 Evaluation of individual substances

The population based estimate the dietary exposure of the German population towards pesticide
residues was the first national approach considering the full range of available food consumption
and occurrence data from representative monitoring programmes. Previously, only acute dietary
risks were characterised commodity-wise based on findings in individual samples as outlined in the
Annual Reports on the German food Monitoring Programme by the BVL. Also EFSA, who provides
the Annual  Report  on the European Coordinated Control  Programme,  limits  its  consumer risk
assessment to acute risk based on individual samples, but additionally contains a deterministic
chronic dietary exposure assessment using the PRIMo model [64].

Studies investigating the total  daily exposure for  individual substances using population based
approaches are scarce for Europe, proving a very limited database to compare the results in the
current work with. 

In 2009, Boon et al  [65] estimated the acute dietary exposure to captan and tolylfluanid, using a
previous version of MCRA (6.1) in combination with five consumption surveys from Europe (CZ,
DK, IT, NL and SE). The occurrence data were obtained from national food programmes in the
respective countries conducted in the years 2002-2003. Model parameters included processing
information for  both compounds and variability factors of  7 and 5 for  medium and large sized
commodities.  Also,  results  from  food  monitoring  programmes  below  the  reporting  limit  were
considered as “zero”.  The selected approach was comparable to the 2nd Tier screening used in the
first publication for the German population from 2018 presented above, however the underlying
consumption and concentration data differed. At the P99.9 estimated captan exposure levels were
1.5-11 g/kg bw for the five surveys investigated by Boon et al. In the 2018 German assessment,
the  exposure  was  estimated  at  27.9  µg/kg  bw  (9.3%  of  the  ARfD  of  300  µg/kg  bw),  being
approximately 2.5 times higher. For tolylfluanid, exposure levels estimated by Boon et al were 1.1-
2.22 µg/kg bw at the P99.9. The calculation for the German population stopped at Tier 1 (LOQ×1),
with  4.9  µg/kg  bw  (1.6%  of  the  ARfD  of  250  µg/kg  bw),  which  was  already  considered  as
insignificant in terms of a potential dietary consumer risk. In summary, the 2009 analysis for five
European  consumption  survey  and  the  2018  calculation  for  the  German  population  were  not
identical but at least comparable, taking into account the potentially strong impact of the deviating
consumption and residue database.

A second study investigating the exposure of the Belgian population was published in 2011 by
Claeys et al [66]. Based on 2008 surveillance data from Belgium, the chronic exposure for adults
was estimated arising from the consumption of fruits and vegetables. Also, a Monte-Carlo based
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probabilistic assessment was conducted, aiming at the P97.5 as decision criterion for potential
dietary  consumer  risks.  However,  the  scope  of  compounds  was  limited  to  10  pesticides  with
detection frequencies between 2.4-12.7% in the samples analysed. The LOQ values were handled
in a lower (LOQ×0), middle (LOQ×0.5) and upper bound (LOQ×1) scenario. Results were reported
for  the  middle  scenario  with  highest  identified  exposure  levels  for  chlorpropham and  imazalil,
representing 21.9% and 22.9% of the ADI at the P97.5, respectively. For comparison, the Tier 2
assessment (LOQ×0) for the German population, which was estimated for the P95 and P99, gave
values of 9.8 and19% of the ADI for chlorpropham and of 21% and 46% for imazalil, respectively.
Again, the methodology and data used to assess the dietary exposure for the Belgian population
was  different  to  the  newer  approach  from  2018  for  German  consumers.  Nevertheless,  the
percentages of the ADI values for the two main compounds were in the same order of magnitude.

In view of  the limited information on the consumer exposure from modelling results,  a second
source of information to conclude on the validity of the approach can be found in total diet studies
(TDS). For Germany, the BfR MEAL-study [67] will be the first total diet study to directly compare
the  modelled  results  within  this  work  with  measured  values  for  the  total  dietary  exposure.
Unfortunately,  the  pesticide  module  of  the  MEAL-study  is  still  on-going.  However;  pesticide
exposure via foods was also investigated in the French TDS2 and the results summarised in the
corresponding study report  [68].  The French TDS2 included analysis  of  283 pesticides in  194
individual food items. The selected foods covered over 90% of the diet for adults and children in
France. In total,  1235 composite samples were collected from 2007 to 2009 and 37% showed
detectable pesticide residues.  Total  diet  studies  measure the average presence of  analytes  in
foods as consumed and provide the most realistic estimate of the true dietary exposure. Ideally, the
estimated exposure from exposure models should be above the results from total diet studies to be
sufficiently conservative but as close as possible to be realistic.

To draw conclusions on the quality of results for the dietary risk assessment of single compounds
presented  in  the  first  part  of  this  work,  comparison  between  the  modelled  exposure  and  the
measured exposure in the French TDS2 can be used. Since the total diet study already represents
a best estimate approach for the chronic exposure, the results for the 12 compounds with a refined
long-term risk assessment from Part 1 are taken into account.

Table  11: Comparison of results from the modelled dietary exposure for the German population
with the measured exposure of children and adults in the French Total Diet Study 2

Compound Modelled long-term exposure at the
P95 and the decision relevant P99.9
(% HBGV)

Measured  exposure  in  the  French
TDS2 (% HBGV, upper bound mean/
P95)

Chlorpropham P95: 4.7
P99.9: 40

Children: 0.7 / 1.7
Adults: 0.5 / 1.0

Chlorpyrifos P95: 6.2
P99.9: 21
(Note: ADI considered for the German
population was 0.001 mg/kg bw)

Children: 1.5 / 3.0
Adults: 1.3 / 2.3
(Note: ADI considered in French TDS
was 0.01 mg/kg bw)

Copper Not compared due to high background exposure

Diazinon P95: 1.8
P99.9: 23

Children: 82.1 / 157.4
Adults: 66.7 / 112.3

Dimethoate & Omethoate P95: 5.9
P99.9: 15

Children: 0.7 / 1.7
Adults: 0.5 / 1.0
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Compound Modelled long-term exposure at the
P95 and the decision relevant P99.9
(% HBGV)

Measured  exposure  in  the  French
TDS2 (% HBGV, upper bound mean/
P95)

Dimethylvinphos Not analysed in TDS2

Dithiocarbamates
(expressed as Ziram eq.)

P95: 10
P99.9: 32
(Note: ADI considered for the German
population was 0.006 mg/kg bw)

Children: 32.6 / 67.6
Adults: 23.3 /  42.1
(Note: ADI considered in French TDS
was 0.007 mg/kg bw) 

Hexachlorobenzene P95: 1.1
P99.9: 2.2
(Note: TDI considered for the German
population was 0.00016 mg/kg bw)

Children: 13.9 / 27.5
Adults: 12.9 / 23.1
(Note: ADI considered in French TDS
was 0.0008 mg/kg bw) 

Imazalil P95: 15
P99.9: 46

Children: 4.8 / 10.3
Adults: 3.4 / 6.1
(Note: ADI considered in French TDS
was 0.025 mg/kg bw) 

Maleic hydrazide Not analysed in TDS2

Prochloraz P95: 0.4
P99.9: 2.2

Children: 2.6 / 5.9
Adults: 3.0 / 6.1

Tricyclazole Not analysed in TDS2

In comparison, the refined modelling of the long-term exposure for the German population was
above the exposure levels  measured in  the French TDS2 study for  three compounds,  namely
chlorpropham, dimethoate & omethoate and imazalil. For copper no comparison was made, since
the other significant exposure sources like drinking water were not considered in the modelling and
the results were considered as indicative only. Three other components (dimethylvinphos, maleic
hydrazide and tricyclazole) have not been investigated in the French TDS2.

Chlorpyrifos exposure was considered in both studies and the estimated percentage of the ADI-
value  modelled  for  the  German population  was  approximately  ten  times  higher  at  the  P99.9;
however under consideration of a 10-fold lower ADI-value which was lowered in the meantime.
Absolute exposure concentrations per kg bodyweight  were nearly identical.  It  needs to kept in
mind, that the monitoring data used in the probabilistic modelling and the samples for the French
TDS2 were collected in  different  years and that  consumption patterns  between Germany and
France  differ.  In  view of  the  involved  variabilities,  the  excellent  correlation  of  the  results  was
observed.

Diazinon exposure in the French TDS2 was identified above the respective HBGV for the upper
bound, while the modelling for Germany resulted in a much lower exposure representing only 23%
of the ADI value at the P99.9. It  needs to be taken into account that the approval of diazinon
expired and the last date of usage in France was stated to be the 1 st of December 2008. The
German  monitoring  data  used  for  the  probabilistic  modelling  covered  the  years  2009-2014,
explaining much lower occurrence values for this analyte.

Dithiocarbamates represents a whole group of chemical compounds which are analysed via the
common moiety CS2. This parameter is not exclusively linked to the presence of pesticide residues
but also occurs naturally for example in brassica species. It becomes very difficult to distinguish
between plant protection use and background levels without more specific methods of analysis
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aiming for the specific active substances themselves. This issue was addressed both in the French
TDS2 report and in the first paper on the probabilistic modelling for single compounds presented
here. Also, the French TDS2 struggled with relatively high LOQ values due to which no residues
were detected in 95 food items analysed. The consumer exposure was primarily based on LOQ
levels  and the knowledge of  broad use of  dithiocarbamates in  specific  crops.  In  contrast,  the
refined  modelling  for  the  German  population  solely  relied  on  measured  concentrations  and
substituted all below LOQ values with zero. Although the exposure in the French TDS2 was slightly
higher  in  the upper  bound estimate,  it  represents a very conservative approach since a large
percentage of foods potentially contained residues at concentrations much lower than the LOQ.
Although results for the modelling approach were slightly below measured exposure levels in the
French TDS2, it can still be concluded that the model provides a conservative overestimation of the
true expose for this group of chemicals without being unrealistic.

Hexachlorobenzene in a persistent  organic  pollutant  and enriches especially in fatty tissues of
marine animals. This food group was poorly represented in the German monitoring data and it
seems very likely that the exposure is underestimated by the modelling approach, since potentially
sensitive foods were not analysed.  

Prochloraz  is  also  one  compound  where  the  European  approval  expired  End  of  2011.
Consequently, residues in the French TDS2 are expected to be higher than in the German food
monitoring  programme.  Surprisingly,  no  detectable  residues  were  found  in  the  TDS2  and  the
consumer exposure was estimated on basis of the LOQ values. In the German food monitoring
programme, a total of 17119 food samples were analysed for prochloraz, with 192 findings at or
above  the  LOQ.  The  refined  modelling  results  are  therefore  based  on  truly  measured
concentrations  instead  of  assumed  values  at  the  quantification  limit.  This  case  is  similar  to
dithiocarbamates, where high exposure levels were estimated in the French TDS2 based on the
LOQ, but  a much lower  exposure is  probably  present  in  reality.  The modelling results  for  the
German population are slightly lower for prochloraz than in the TDS2, but in view of the usage of
truly measured results in the modelling sufficiently conservative.

In  summary,  the  probabilistic  modelling  for  the  German  population  correlated  well  with  the
estimated  exposure  levels  based  on  the  French  TDS2.  Especially  for  active  substances  still
approved  in  the  European  Union  or  recently  expired,  the  probabilistic  modelling  provided
sufficiently conservative results above the TDS2 finding but still close enough to be considered as
realistic.  To  eliminate  the  additional  bias  by  comparing  different  consumption  patterns  of  the
German and the French population, future results of the BfR MEAL study should also be compared
to the modelling results to conclude on the quality of the assessment.

6.2 Evaluation of cumulative risks

For the assessment of cumulative dietary risks according to EFSA CAGs, no previous works have
been published for the European Union. After publication of the results for the German population,
a  comparable  assessment  was  conducted  2019  by  EFSA in  combination  with  revisiting  and
updating the CAGs from 2013. Although minor modifications to the composition of the CAGs and
the NOAELs for several substances were made, the new EFSA assessments provide a good basis
to compare the results for the German population with.

M  ethodology  
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After publication of the cumulative dietary risk assessment for the German population presented
above, EFSA revisited their CAGs for neurotoxicity and effects on the thyroid system  [46], [47].
While  the  principles  for  grouping  remained  mainly  unchanged,  the  range  on  compounds
characterised for  their  toxicological  potency towards the specific  effects  was enlarged and the
uncertainty for their inclusion into corresponding CAGs was assessed. In parallel, the cumulative
dietary exposure based on monitoring data was estimated for the nervous system and the thyroid
system using two different computing tools.  The Dutch RIVM provided scientific  reports on the
cumulative exposure for the nervous system  [69] and the thyroid system  [70] using the MCRA
software  (Version  8.3),  which  was  also  used  for  the  work  presented  here.  EFSA conducted
comparable studies assessing the cumulative dietary exposure via a Monte-Carlo based model
using SAS software [71], [72].

Both approaches were intentionally conducted using identical data to compare the methodologies
and the performance of the software involved. The studies relied on occurrence data from the
official  European  pesticide  monitoring  programmes  in  2014,  2015  and  2016,  which  covered
drinking water and 30 raw primary food commodities of plant and animal origin. Consumption data
were obtained from the EFSA RPC model also used and described in publication number three
cited above. Thereof, 10 consumption surveys were selected (adults: Belgium, Czech Republic,
Germany and Italy; toddlers: Denmark, Netherlands and United Kingdom; other children: Bulgaria,
France and Netherlands)  to provide a representative overview on the European population.  In
addition to the approach taken here for the German population in 2018, full use of information on
compound specific processing factors published was made [23]. Also, the handling of left-censored
data differed by using a Tier I conservative calculation with ½ of the LOQ for all samples and a less
conservative calculation with ½ of the LOQ adjusted by estimated agricultural use frequencies.

In the following, the results for the German NVS II survey used in the current work from 2018 and
by EFSA from 2019 are directly compared based on the P99.9, which was selected as decision
criteria by all authors. Due to differences in the methodology and data used, the closest scenarios
to each other are the LOQ×0.5 scenario used in this work and the Tier 1 scenario by EFSA (½
LOQ).  In addition,  the scenarios with the lowest  level  of  conservatism (LOQ×0 vs.  Tier  II)  are
compared.  The  results  for  all  calculation  were  expressed  as  the  MoE to  a  lead  compounds
NOAEL. For several compounds refined NOAELs were derived by EFSA during the CAG updates
in 2019. Although the selection of the lead compound does not have an influence on the MoE, the
potency of single compounds is weighted differently for the total exposure.

In addition to the dietary modelling,  comprehensive assessments on the involved uncertainties
using expert elucidation techniques were provided by EFSA for both cumulative effects analysed
[73], [74].

R  esults for the nervous system  

For the nervous system, two of the CAG were investigated by EFSA concerning their cumulative
dietary  exposure,  namely  effects  associated  with  brain  and/or  erythrocyte  acetylcholinesterase
inhibition (CAG-NAN) and effects associated with functional alterations of the motor division (CAG-
NAM). In terms of the 2013 CAG, these effects translate into CAGs for neurochemical and motor
division effects. For both CAGs, only the acute cumulative dietary exposure was estimated by
EFSA. Additional considerations on the variability factor were made in tier I  and II,  introducing
different degrees of conservatism. In tier I, variability factors were taken into account by applying a
beta-distribution  around the default  values  used  in  the  EFSA Pesticide  Residue  Intake  Model
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(PRIMo) [64]. These values are variability factors of 7 for medium sized units between 25 g/piece
and 250 g/piece and factors of  5  for  large sized commodities above 250 g/piece.  In  the less
conservative tier II,  the beta-distribution was shaped around a mean variability factor of 3.6 as
identified by EFSA in 2005 [57].

Table  12:  Comparison of  results  from the cumulative  dietary  risk assessment  on the nervous
system based on the German population

Scenario and software MoE  Best
estimate

MoE  uncertainty
range

Top contributors (≥10%)

Acute brain and/or erythrocyte acetylcholinesterase inhibition - LOQ×0.5 vs. Tier I scenario

CAG acute  neurochemical  effects,  Sieke
(2018), MCRA

61 Not calculated Not calculated

CAG-NAN, EFSA (2019), SAS 22 26.4-36.6 Carbofuran (tomatoes): 28%

CAG-NAN,  van  Klaveren  et  al  (2019),
MCRA

22 18-27 Not calculated

Acute brain and/or erythrocyte acetylcholinesterase inhibition - LOQ×0 vs. Tier II scenario

CAG acute  neurochemical  effects,  Sieke
(2018), MCRA

586 120-772 Dimethoate  total  (spinach):
29%
Dimethoate  total  (spinach):
13%

CAG-NAN, EFSA (2019), SAS 92.4 72.9-116 Chlorpyrifos (apples): 27%
Chlorpyrifos  (wine  grapes):
11%

CAG-NAN,  van  Klaveren  et  al  (2019),
MCRA

95 73-120 Chlorpyrifos (apples): 30%
Chlorpyrifos  (wine  grapes):
12%

Acute motor division - LOQ×0.5 vs. Tier I scenario

CAG acute motor  division,  Sieke (2018),
MCRA

63 Not calculated Not calculated

CAG-NAM, EFSA (2019), SAS 48.7 44.5-53.8 No drivers ≥10%

CAG-NAM,  van  Klaveren  et  al  (2019),
MCRA

49 46-53 Not calculated

Acute motor division - LOQ×0 vs. Tier II scenario

CAG acute motor  division,  Sieke (2018),
MCRA

517 301-814 Oxamyl (peppers): 27%
Deltamethrin (rice): 20%)

CAG-NAM, EFSA (2019), SAS 170 128-216 No drivers ≥10%

CAG-NAM,  van  Klaveren  et  al  (2019),
MCRA

171 127-211 No drivers ≥10%

Although based on food monitoring data from different years, it becomes clear that tendencies of
the  two  approach  are  identical.  In  view  of  the  variabilities  involved,  the  LOQ×0.5  and  tier  I
scenarios provided the same results, with MoE below 100. While for neurochemical effects EFSA
results were approximately three times higher (MoE 22 vs. 61), motor division effects gave nearly
the same result (MoE 49 vs. 63). A general  observation was also, that for the high percentiles
single compounds drove the total exposure instead of a mix of multiple components. For the EFSA
CAG-NAN and -NAM, single substances contributed by 78-80 % to the total dietary exposure at
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the P99 [73].  These findings correspond to the results for the German population, where MCRs
were below 1.5 for the upper percentiles of the exposure distribution.

For  the  less  conservative  LOQ×0  and  tier  II  scenarios,  the  2018  cumulative  dietary  risk
assessment provided 3-5 times lower results than estimated by EFSA in 2019. Apart from different
concentrations  in  the  monitoring  programmes used  as  occurrence  data,  systematic  deviations
could occur from the handling of <LOQ values and processing factors. 

The direct utilisation of a certain percentage of LOQ values as residue concentrations based on the
agricultural use frequency as used by EFSA should result in a higher exposure than estimated in
the 2018 approach, which substituted all <LOQ values with zero. EFSA conducted a sensitivity
analysis of  their  LOQ approach and identified that  “the imputation of  left-censored data has a
limited impact on the outcome of the assessment. This finding is consistent with the expectation
that  MOETs at  the  99.9th percentile  of  the  acute  exposure  distribution  are  primarily  driven  by
samples with quantifiable findings.”  [66]  (Remark: “MOETs” refers to Margin of Exposure total”).
Consequently,  the  differences  in  the  approach  to  address  left-censored  data  seems  to  have
minimal  impact  on  the  scenario  with  the  lowest  conservatism.  For  the  LOQ×0.5  and  tier  I
scenarios,  the  effect  might  be  stronger  and depends on  the  frequency  of  measured  residues
versus LOQs. If residues were found more often and at substantially higher concentrations than
the  LOQ,  these  quantified  results  will  dominate  the  upper  percentiles  of  the  total  exposure
distribution.  The  small  additional  contribution  of  LOQs  would  not  affect  the  overall  outcome
significantly. However, detailed analysis of the sensitivity for the more conservative scenario was
not conducted.

Another  difference  is  the  implementation  of  processing  information  in  the  newer  EFSA
assessments.  When  compound  specific  information  on  food  processing  was  available,  these
processing  factors  were  incorporated  into  the  modelling,  which  normally  introduces  further
refinement and a reduction of the calculated exposure. EFSA investigated, how strong the MoE will
be affected under the assumption that all processed foods without compound specific processing
factors  would  not  contain  residues.  This  approach  was  chosen  to  estimate  the  upper  limit
contribution of processed foods eaten. It was shown that the MoE would increase by a factor of
1.6-2.5 in such a scenario. However, also the conclusion was drawn “that processing factors were
not available for important risk drivers, such as chlorpyrifos in apple juice and wine, and omethoate
in olive oil”  [72]. The biggest difference of the European to the German monitoring programme
design is the sampling of such sensitive foods with a large consumption but significantly lower
residues compared to the raw commodities. Consequently, in the German monitoring, pesticide
residues in juices (apple, orange, pear), wine and olive oil – all of them issued as highly sensitive in
the EFSA assessment - were directly measured and not extrapolated from their raw commodities
with processing factors. In parallel, the consumption data used in the 2018 assessments for juice,
wine and olives per individual were not aggregated with other foods like raw fruits or processed
commodities. This strategy allows direct correlation of analytical data for these commodities with
the consumed amounts reported in German consumption surveys. In EFSA´s RPC model used for
the 2019 cumulative assessments, all sources were translated into a single RAC equivalent per
commodity, including e.g. juices and wine. It seems that the complete conversion of all foods into
their RACs added a very high level of conservatism to the cumulative dietary risk assessment
compared to the 2018 approach, which preserved the information on juices, wine and olive oil.
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This high level of conservatism was also identified in the corresponding overall characterisation of
the cumulative risk [73]. Taking into account all sources of uncertainty and conservatism, the true
median MoE for the EFSA assessment was expected to be 4-5 times higher than expressed by the
models. In view of this uncertainty analysis, the 2018 assessments for the German population are
still  conservative  (3.0-6.2  higher  MoEs),  but  closer  to  the  actual  exposure.  In  addition,  it  was
identified  that  residues  of  chlorpyrifos  in  apples  above  the  established  MRLs  contributed
significantly to the total exposure of the group. Since these findings occurred in sampling years not
considered in the 2018 assessment for the German population, the more critical median MoE in
the EFSA assessment can be explained.

Results for the thyroid system

For  the  thyroid  system,  two  chronic  CAG  comparable  to  the  2013  definition  of  cumulative
assessment groups were also used in the 2019 EFSA cumulative dietary exposure studies  [70],
[71]. The groups relate to hyperthyroidism and on effect on C-cells hypertrophy, hyperplasia and
neoplasia. Included compounds and the corresponding NOAELs mostly correspond to the former
CAGs of effects on follicular cells and/or the thyroid hormone (T3/T4) system and effects on C-
cells, respectively. Since both CAG related to chronic effects, no consideration of the short-term
dietary exposure becomes necessary and consequently no variability factors are required. The
approaches to address the impact of left-censored data was similar to the acute cumulative dietary
risk  assessment  presented  above,  using  a  tier  I  and  II  scenario  with  different  degrees  of
conservatism.  In  the  following  table,  the  outcomes  for  the  German  population  of  the  2018
cumulative dietary risk assessment described within this work and 2019 EFSA calculations are
summarised.

Table  13:  Comparison  of  results  from the  cumulative  dietary  risk  assessment  on  the  thyroid
system based on the German population

Scenario and software MoE
Best
estimate

MoE uncertainty
range

Top contributors (≥10%)

C-Cells - LOQ×0.5 vs. Tier I scenario

Sieke (2018), MCRA 765 Not calculated Not calculated

EFSA (2019), SAS 259 205-313 Thiram (apples): 33 %
Thiram (lettuce): 18 %
Thiram (wine grapes): 17 %

van Klaveren et al (2019), MCRA 303 270-325 Not reported

C-Cells - LOQ×0 vs. Tier II scenario

Sieke (2018), MCRA 4189 3048-5345 No drivers ≥10%

EFSA (2019), SAS 2290 1210-3250 Thiram (wine grapes): 29 %
Thiram (apples): 22 %
Thiram (lettuce): 18 %

van Klaveren et al (2019), MCRA 2241 1496-2868 Thiram (wine grapes): 32 %
Thiram (apples): 20 %
Thiram (lettuce): 17 %

Hyperthyroidism - LOQ×0.5 vs. Tier I scenario
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Scenario and software MoE
Best
estimate

MoE uncertainty
range

Top contributors (≥10%)

Sieke (2018), MCRA 37 Not calculated Not calculated

EFSA (2019), SAS 57.4 52.9-61.1 Ziram (apples): 18 %
Ziram (oranges): 15 %

van Klaveren et al (2019), MCRA 58 55-61 Not reported

Hyperthyroidism - LOQ×0 vs. Tier II scenario

Sieke (2018), MCRA 121 88-157 No drivers ≥10%

EFSA (2019), SAS 301 255-324 Bromide ion (wheat): 18 %
Ziram (wine grapes): 12 %

van Klaveren et al (2019), MCRA 266 228-302 Bromide ion (wheat): 19 %

Especially for effects on C-cells, differences in the MoE between the 2018 and 2019 cumulative
dietary estimations can be observed. The MoE in 2018 for the German population was 2-3 times
higher than in the EFSA projects. The main reason may be found in the new CAG composition and
the risk driving active substance thiram in the 2019 assessment. The NOAEL for this compound
was lowered in the 2019 revision of the CAG from 7.31 mg/kg bw per day to 1.5 mg/kg bw per day.
Since thiram is one member of the very frequently found dithiocarbamate group quantified via the
common parameter CS2, its impact on the upper percentiles of the exposure distribution is strong.
Consequently, the much higher total exposure equivalent for this CAG ( lower MoEs) identified by≙
EFSA compared to the 2018 assessment for  the German population can be explained by this
change of the toxicological database. Again, as for effects on the nervous system, wine grapes and
apples were identified as sensitive commodities but the transfer into wine and juice could not be
fully quantified by EFSA. Since dithiocarbamates are very susceptible to hydrolysis, normally no
quantifiable residues of these compounds are found in processed commodities. In summary, both
assessments showed MoEs well above 100 for C-cell effects, which was considered as decision
criterion to exclude potential cumulative dietary risk.

For hyperthyroidism, exposures calculated in the 2018 assessment for  the German population
were generally higher than in the EFSA assessments from 2019. Again, this is primarily related to
the revisited CAGs. Dithiocarbamates expressed as propineb were the major contributor to the
upper percentile in the 2018 assessment, representing more than 90% of the total exposure. The
effect specific NOAEL for this compound was raised from 0.18 mg/kg bw in 2013 to 0.74 mg/kg bw
in 2019. This increase of the NOAEL by a factor of 4 is expected to pose a strong decreasing
impact on the total exposure – a difference nearly reached in comparison to the EFSA results (MoE
2.2-2.5 higher). Another change in the CAG composition was made by the inclusion of the bromide
ion, which is a naturally occurring element in all foods and may be present in very high natural
background concentrations. Consequently, it was also identified as one of the risk drivers in the
2019 EFSA assessments but was not taken into account in the 2018 assessment for the German
population. These two major changes of the CAG have opposing effects on the total exposure.
Since the NOAEL for the bromide ion is relatively high with 12 mg/kg bw, its inclusion into the CAG
affects the total exposure less than the increase of the NOAEL for propineb, probably explaining
the overall higher outcome for the 2018 assessment by a factor or 2-3.
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6.3 Exposure based food monitoring market-basket

The development of an exposure based market-basket was proposed for the first time in context
with food monitoring programmes on pesticide residues. Previous approaches like for the German
food monitoring  [10],  [11] or  the European Coordinated Control  Progamme  [75] identified food
items based on their percentage of the total daily consumption. The aspect, that highly consumed
foods  may  contain  negligible  residue  concentrations  whereas  potentially  high  contaminated
commodities could contribute significantly to the total exposure already with small portion sizes
was not addressed systematically in any of these previous designs.

The concept of considering exposure aspects in addition to portion sizes is already common for
designing food lists in total diet studies. In the Guidance document towards a harmonised Total
Diet  Study approach by  EFSA,  FAO and WHO  [76] it  was stated that  “...foods that  could  be
significant sources of specific contaminants...will assure that the main contributors to exposure for
the  chemical  substances  under  investigation  (contaminants  and/or  nutrients)  are  included;
otherwise the TDS might underestimate the exposure”. For example, in the French TDS2  [77],
additional foods were included into the food list by applying one criterion established by the WHO
Codex Alimentarius Commission in its Procedural Manual  for  maximum limits in foods or food
groups contributing significantly to the tolerable daily or weekly intake [78]. The selected criterion
defines foods or  food groups as relevant,  if  they contribute  approximately  5% or  more to the
tolerable intake in two or more consumption diets. This criterion is not linked to the amount of food
consumed itself, but to the contribution of a chemical to the total exposure. Alternatively, another
criterion  was  established  by  WHO  considering  foods  as  significant  contributor,  when  they
contribute at least 10% of the tolerable intake based on a single diet.

The development of an exposure based food market-basket for pesticide residues was not solely
focussed on a realistic measurement of the true consumer exposure like a TDS but also aimed at
conducting a monitoring of residues to control MRL compliances of raw agricultural commodities.
Consequently, the MRLs also formed the basis for estimating the contribution to the exposure for
the monitoring market-basket, representing an upper-bound approach compared to the suggest
contribution criterion by WHO. In view of these more conservative input parameters, the lower 5%
contribution  criterion  established by  WHO,  as  used  for  the  French  TDS,  becomes  too low to
identify potential contributors. Therefore, the higher 10% contribution criterion to a single diet was
selected to reflect to to the generally more conservative parameter selection.

Although the identified commodities were primarily assessed in view of the potential contribution to
a cumulative dietary risk assessment, the same considerations are also valid for population based
exposure assessments of single substances. In practice, further refinement of the market-basket
will become necessary before implementation.

The methodology for the identification of potential contributors to the exposure was always based
on the RAC, not the edible form of the commodities. Especially for highly processed commodities
like sugar beets or sugar cane, which are not consumed in an unprocessed form, the residue
transfer into edible portion becomes negligible and consequently their inclusion into monitoring
programmes could be omitted. Also, some foods are consumed at significant amounts as juice. As
recognised  in  the  EFSA assessments  on  the  cumulative  dietary  risk,  the  influence  of  juice
consumption on the total exposure will be overestimated, when no appropriate processing factors
are available for refinement. In contrast, the German monitoring data already analysed the major
juices, allowing significantly more realistic estimations of the consumer exposure. In view of the
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sensitivity of these commodities in population based exposure assessments, individual analysis of
raw commodities and juice is generally recommended. Even the availability of compound specific
processing factors for all juices would not solve this overestimation, since blending effects with
untreated lots cannot be taken into account by such factors. Finally, it became obvious in all three
papers presented in this work, that single samples with residues potentially posing a public health
concern per se may have a strong impact on population based consumer risk assessments. In the
planning of food monitoring programmes for pesticide residues, inclusion of critical combinations
know from surveillance  systems like  the  European  Rapid  Alert  System needs  to  be  carefully
considered  when  not  covered  by  the  commodities  already  included  in  the  proposed  market-
baskets.

6.4 Limitations

The approach selected in the current work involves several limitations, especially regarding the
representativeness  of  the  data  and  the  capability  to  allow  prognosis  of  the  results  to  future
scenarios.

The selected data are linked to specific consumption habits and residue patterns found in foods.
While  the overall  consumption behaviour  between 2008 and 2015 was shown to be relatively
stable for the German population based on the NVS II  study in combination with the National
Nutrition  Monitoring  (NEMONIT)  [79],  the  regulatory  situation  of  plant  protection  products  and
consequently the residues remaining on foods may change very quickly. Even in the short period
between completion of the first and second part of this work and its publication, significant changes
to  the  risk  driving  compounds  chlorpyrifos  and  dimethoate/omethoate  were  initiated  by  the
European Commission to ensure consumer safety. While the typical period for approval of active
substances is between 10 to 15 years  [2], extensions of their use pattern and the necessity to
establish new MRLs for additional commodities is an on-going process in the EU. In parallel, active
substances are frequently  re-assessed and may potentially  not  be approved under  Reg.  (EU)
1107/2009  anymore. Thus,  authorisations in all  European Memberstates have to be withdrawn
after a period of grace and also MRLs will be lowered respectively. In principle, a frequent update
of the calculations  presented here  needs to be implemented to ensure  best consideration of the
current residue situation on the market and to allow the utilisation of the results for prospective risk
assessment scenarios. Typically, the completion of the food monitoring market basket every three
years in the EU and every six years in Germany represents a new set of occurrence data and also
suits as a possible interval for performing such a task.

But also consumption data involve limitations regarding their representativeness. First, several age
groups of the German population have not been covered by the VELS-, EsKiMo- or NVS II-surveys
used.  Especially  infants below 6 months and elderly  people above 80 years are currently not
addressed  by  this consumption  data.  Also,  ethnic  minorities  or  sub-populations  with  special
consumption  behaviours like  vegetarians  or  vegans  are  not specifically  considered.  New
consumption data may probably address these sub-populations in the future and allow estimations
on the exposure for  single compounds or for cumulative effects. Second, in order to align the
occurrence  data  with  the  consumption  data,  all  foods  eaten  were  converted  into  their  raw
agricultural commodity equivalents. This approach represents a strong simplification of the  daily
consumption pattern and affects the estimate of the true exposure. Comprehensive information on
substance specific processing factors would allow the inclusion of effects to residue concentrations
on the level of each food consumed. However; these kind of data  are available only for a small
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number of compounds covering the minority of processed foods consumed. On this topic, research
and data collection is still ongoing and future assessments will include more and more aspects of
food processing. Finally, for the German population, no  study  data have yet been generated to
measure the true dietary exposure towards pesticide residues. A good tool for benchmarking the
performance of the selected models would be the BfR MEAL-study. This study represents the first
German total diet study and includes a specific module for pesticide residues and measurement of
the related consumer exposure. Results for the BfR MEAL-study have not been finalised, but after
their publication comparison of modelled results with the measured dietary exposure would allow
an estimate of the quality and realism of the probabilistic methodology used.

Another aspect  is the limitations of computing power itself to perform such complex calculations.
Especially  very  large  consumption  surveys  like  the  NVS  II-study  in  combination  with  food
monitoring results from six years  touch the computation limit of the probabilistic model for large
CAGs. The coverage of  the theoretical  number of  combinations by the number of  computable
iteration was low and did not always allow robust reproduction of results for the upper percentiles.
Here, a higher number of iterations would generate more reliable results especially for the acute
cumulative assessments and could reduce the variation. In the future, it depends on improvements
of the software and the computing power, if more complex calculations become possible or if only
food commodities with high sensitivity towards the dietary exposure will be considered. 

Finally, the proposed exposure based market-baskets for pesticide residues consider the current
regulatory situation and the consumption data available for the assessment. Any modification to
MRLs or the completion of new consumption data renders previous calculations on the sensitivity
of raw food commodities as obsolete. Therefore; a recalculation of the sensitivity assessment will
also be required frequently and should be conducted before the start of a new monitoring cycle.
Also, the proposed approach is vulnerable against food commodities illegally put on the market,
which may exceed established MRLs. Here, risk management decisions are required to define the
desired protection goal (e.g. by considered twice or triple the MRL in the analysis). This aspect
does not affect the developed tool itself,  but is necessary to make it work with the established
regulatory framework for pesticide residues in the EU.

7 Conclusions

For the first time a representative dietary risk assessment of pesticide residues for the German
consumers was conducted using population based approaches to address single compounds as
well as cumulative effects on the nervous and thyroid system. For all scenarios, the complete daily
consumption via all food items was considered on individual level for children and adults, which
represents  a  higher  tier  compared  to  the  deterministic  exposure  models  currently  used  in
regulatory practice.

Comparison  of  the  models  results  for  single  compounds  with  findings  from  previous  studies
conducted in other European Memberstates and with the French Total Diet Study 2 showed good
correlation of the results, suggesting a realistic estimation of the consumer exposure. In summary,
for 693 compounds included in the probabilistic modelling, the estimated dietary exposure was
unlikely to present a chronic or acute public health concern for the German population. Potential
consumer risks were identified for chlorpyrifos and the combination of dimethoate and omethoate.
Both compounds were re-assessed on European level in the meantime and MRLs in plant and
animal commodities have been lowered significantly.  The dietary exposure of copper was also
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high, however due to the plethora of exposure sources, the modelling results are only indicative
and  more  complex  tools  are  required  to  conclude  on  the  dietary  consumer  risk.  For  three
compounds (dimethylvinphos, halfenprox and tricyclazole), crucial information on their toxicological
properties are missing and consequently the dietary risk assessment remained inconclusive.

The probabilistic modelling of the cumulative dietary exposure was the first work considering CAGs
as proposed by EFSA in a population based approach by using the full range of food monitoring
and  consumption  data  available  for  Germany.  In  a  comparable  modelling  approach  recently
published by EFSA itself, good correlation of the findings was observed although occurrence data
were collected in different years and the CAGs had been revisited in the meantime. It became
obvious,  that  the  exposure  for  the  CAGs  on  chronic  (German population)  and  acute  (EFSA)
neurochemical  effects  (erythrocyte  acetylcholinesterase  inhibition)  and  chronic  hyperthyroidism
were below or near a MoE of 100 at the P99.9, which was selected as decision criterion in both
studies. All approaches for assessing the cumulative acute dietary risk for neurochemical effects
identified single compounds as the driving contributor to the total exposure at upper percentiles
instead of a complex mixture of components. This effect was also confirmed with respect to chronic
CAGs  for  the  German  population,  which  showed  MCRs  well  below  2.  However;  no  detailed
analysis of the exposure drivers has been reported in the EFSA studies for comparison. In the end,
the study for the German population as well as the EFSA approach represent the first systematic
estimation of the cumulative dietary risk for the EU. In view of the complexity of the models, many
sources of uncertainties need to be taken into account. This aspect was not yet addressed in the
modelling for the German population, but EFSA provided a first estimate on the conservatism of
the  results.  It  was  concluded  that  the  certainty  to  not  reach  the  threshold  for  regulatory
consideration was between 80% to >99% for effects on the nervous system and between 85% and
>99% for thyroid effects.

In general, all the results for single compounds and cumulative assessment groups rely on residue
patterns found in the monitoring data and may change over the years in parallel to the authorised
plant  protection  products.  Therefore,  frequent  re-assessment  of  the  dietary  exposure  for  the
German population becomes necessary. Also, in the future, results from the BfR MEAL-study will
provide additional information on the true exposure of consumers to pesticide residues.

The improve these future re-assessments, the knowledge from the modelling was considered to
propose an exposure based market-basket for the monitoring of pesticide residues in foods. In
contrast to previous food monitoring designs, which primarily identified relevant commodities based
on their contribution to the daily consumption, the potential concentrations of analytes in foods
were  taken  into  account  and  their  sensitivity  towards  the consumer  exposure  was  estimated.
Depending on the desired degree of conservatism, a set of 16 or 41 raw food commodities were
identified  covering  the  total  dietary  exposure  by  >85%.  Based  on  this  new  market-basket,
occurrence data generated for  this  limited set  of  foods will  allow estimations of  the consumer
exposure covering the majority of the total daily intake. In the next step, implementation into the
regulatory  process  becomes  necessary  to  refine  the  current  concept  for  the  German  food
monitoring for pesticide residues.
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