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Abstract
The Dutch working group for the “Revision of the Decision Tree Leaching” commissioned
by the Ministry of Housing, Spatial Planning and the Environment, has worked on the
improvement of the decision tree leaching, including triggers, safety factors, scenarios,
models, field and lysimeter studies and monitoring. The guidelines developed by the working
group enable a more consistent and comprehensive registration process for pesticide
admission. This report deals with the place of monitoring in the decision tree. In the
registration process in The Netherlands the precautionary principle will always be followed
which implies that a pesticide is not registered until it has been demonstrated that it complies
with legal criteria. Monitoring results will be introduced in the final phase of registration. A
prerequisite is that the monitoring data comply with generally accepted quality standards and,
if applicable, international Good Laboratory Practice protocols. Furthermore the monitoring
programmes should be dedicated to the question whether the substance of interest will leach
when it is applied according to Good Agricultural Practice. This report gives guidelines for
the set-up of monitoring studies and interpretation and evaluation of monitoring data to be
used in the registration process. Furthermore guidance for summarising and evaluation of
monitoring results is provided.
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Preface
In the European Union Plant Protection products (PPP) can only be registered if they fulfil
the requirements as stated in Directive 91/414/EEC (EU, 1991) and later updates and
implementation notes. The estimation of the risk of groundwater contamination is part of the
registration procedure. In The Netherlands, as in most European countries, a tiered approach
is followed. The approach has been laid down in an explicit scheme (decision tree) with
clear-cut criteria. In the Dutch authorisation process a revision of the decision tree dated from
1993 is elaborated. The reasons for reconsidering the Dutch decision tree on leaching were:
• the harmonisation process on registration of PPP’s;
• the deviations between the Dutch approach and the FOCUS (EU) approach;
• availability of data (among others soil and climate data) in electronic form (GIS);
• availability of a spatially distributed model.
Results from groundwater concentration measurements will find their place in the overall
assessment. In this report the benefit of measurement results, criteria to be put on the data and
their use in decision taking will be discussed.
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Samenvatting
Bij de evaluatie van de toelaatbaarheid van gewasbeschermingsmiddelen spelen gegevens uit
laboratorium- en veldexperimenten een belangrijke rol. Ook gegevens uit
monitoringprogramma’s kunnen bij de registratie van gewasbeschermingsmiddelen worden
gebruikt. Bij de beoordeling van uitspoeling worden gegevens van monitoringprogramma’s
in de laatste stadia van de beoordeling gebruikt. Het CTB gaat bij de toelatingsbeoordeling
uit van het voorzorgsprincipe. Dat wil zeggen dat een toelating pas wordt verstrekt als uit de
evaluatie blijkt dat een stof voldoet aan wettelijke  gestelde normen. Om bruikbaar te zijn in
het evaluatieproces dienen monitoringgegevens dan ook een antwoord te geven op de vraag
of een stof aan de wettelijke normen voldoet. Gezien de plaats in het evaluatieproces dienen
aan opzet, uitvoering, interpretatie en evaluatie hoge eisen te worden gesteld. Dit rapport
geeft richtlijnen voor elk van deze aspecten van monitoringstudies. Tevens wordt een richtlijn
gegeven voor het samenvatten van dergelijke studies.
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1. Introduction
The estimation of the risk of groundwater contamination by plant protection products is a
major task of the registration authorities. For the registration of agrochemicals to be marketed
in the European Union the chemicals have to comply with legal criteria. The estimation of the
risk of groundwater contamination is part of the registration. Annex VI to the Directive
91/414/EEC; the Uniform Principles (EU, 1997) says:
”Registration shall be granted if the chemical and each of its relevant metabolites after
leaching:
a) have a calculated concentration in groundwater of less than 0.1 µg/l or less than 0.1 times
the ADI in µg/kg bodyweight (smallest of both values),
b) have a measured concentration in groundwater of less than 0.1 µg/l or less than 0.1 times
the ADI in µg/kg bodyweight (smallest of both values).”
In The Netherlands (BUB, Rumb 2000) these criteria are set for the upper groundwater. To
protect the groundwater as a source of drinking water there must be reasonable certainty that
the concentration of the chemical or its relevant metabolites in the groundwater at 10 m depth
does not exceed 0.1 µg/l. It should be noted that the criterion of 10 m depth is the Dutch
elaboration of the European standard described for water intended to be used for drinking
water. The underlying assumption is that the pesticides are used according to Good
Agricultural Practice.
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2. Position of monitoring in the registration process

2.1 The Netherlands
In order to streamline decision making, a decision tree is used to check whether a chemical
can be considered safe with respect to leaching to groundwater (CTB, 2002). In The
Netherlands a decision tree has been used since the early nineties (Brouwer et al., 1993),
based on one standard scenario selected on expert judgement. This decision tree is being re-
elaborated, because of recent developments at the European level and scientific
developments. A proposal for the structure and hierarchy of the new decision tree is given in
Figure 1 (derived from Van der Linden and Boesten, 2002). Decision making follows a tiered
approach. Whether a plant protection product can be registered is ultimately decided at the
highest tier (tier 3). In this tier the legal registration criteria are applied as such. In earlier tiers
decisions are taken on the basis of less information, and therefore more strict rules or higher
confidence limits are applied in order to avoid unwarranted approvals.

 Figure 1 Simplified scheme of the decision tree leaching
In tier 1 decisions are taken using a minimum set of data. Up till now, authorisation in The
Netherlands can be granted if, with respect to groundwater contamination, the active
substance and each of its relevant metabolites (major and minor) show a calculated leaching
of less than 0.001 µg/l.  Average values for DT50 and Kom from laboratory studies are used as
input values for the PEARL model and calculations are performed for a standard scenario. A
safety factor of 100 is applied to the simulation results. This factor should cover uncertainties
in substance properties, uncertainties in the scenario and its parameterisation and,
uncertainties in the model. The re-elaboration of the decision tree might change this
procedure and / or lead to alteration of the safety clause (Van der Linden et al., 2003 in
prep.).

Overview decision tree

1
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simple calculation procedure
(e.g. a few scenarios)

- calculations with GeoPEARL
- field/lysimeter experiments
- additional transformation rate studies
- monitoring upper groundwater
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In tier 2 additional information is taken into account. The additional information may include
calculations for more realistic scenarios, extra laboratory studies, lysimeter and / or field
studies. Common to each of these information sources is that they focus on issues unresolved
in the first tier. The additional information should ascertain that the final concentration in
groundwater to be used for drinking water does not exceed 0.1 µg/l. Refined scenario
calculations are not performed on a standard basis at this moment. The simulation model
GeoPEARL (Tiktak et al., 2002) is developed for this purpose at this moment for registration
procedure in The Netherlands. It is possible that lysimeter or field studies on leaching in
combination with calculations provide enough evidence to evaluate the risk of leaching
(Verschoor et al., 2002).

In the third tier information from the saturated zone is taken into account. It should be
demonstrated that transformation of the substance occurs under all relevant environmental
conditions that prevail in the subsurface up to a depth of 10 m. This transformation should be
fast enough to ensure that concentrations at greater depths comply with the criteria. Results
from these transformation studies are used in simple calculations, assuming a travel time of
the groundwater of 4 years. This part of the third tier has been rarely applied up till now.

Though the impact of plant protection products on groundwater quality can be assessed
through a variety of studies and the likely concentrations estimated by modeling, it is only
through monitoring studies that these predictions can be confirmed (Mills and Simmons,
1998). The results of monitoring studies can be used in the evaluation process if, in the
second tier or in the third tier, safe use with regard to leaching cannot be concluded and/or
leaching risk cannot be excluded with reasonable certainty from the additional information
provided by experiments or refined modeling. In the second tier monitoring data from
shallow groundwater can be used. Shallow groundwater is defined as the upper meter of the
groundwater. At shallow groundwater tables (as in most of The Netherlands) this is
approximately the groundwater at 1-2 m depth. It follows from the legal criterion that, by
definition, shallow groundwater is groundwater not deeper than 5 m (bijlage IV, Rumb 2000)
below soil surface. Monitoring data from greater depths (around 10 m below soil surface) can
be used in the third tier.

2.2 European union and other countries
At the European level, but also in several member states, realistic worst case conditions are
considered in the evaluation process (among others FOCUS, 2000). For the European level
the realistic worst case is defined as the overall 90% vulnerable situation. More specifically,
the vulnerability is split evenly over soil and climatic conditions, and average or median
pesticide properties are taken in the evaluation process. The Netherlands has chosen to use a
different distribution of weights over the different factors (Van der Linden et al., 2002; Van
der Linden et al., 2003 in prep). Because of the emphasis of protecting groundwater as a
source for drinking water, more weight is given to the vulnerability of soils and less to
climatic conditions. For the moment, the overall 90% vulnerable situation is evaluated using
average substance properties and climatic conditions.

The evaluation should demonstrate that there is no risk of leaching for a certain product. In
the Netherlands this has been specified as: the legal standard of 0.1 µg/l must on average not
be exceeded on at least 90% of the surface area. Given the place of monitoring in the decision
tree, this means that monitoring results should answer the question whether on average the
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concentration of the substance under consideration is < 0.1 µg/l on at least 90% of the
(potential) use area.

From the literature it becomes clear that a lot of measurements on plant protection products in
groundwater are performed. Measurements are mostly done in public or private (Wade et al.,
1998; Rudolph et al., 1998; Jones and Estes, 1994) or are designed as field studies (Jones et
al., 1987; Loewy et al., 1999; Johnson et al., 2001; Gooddy et al., 2001). Within the
registration process, abstraction wells are not suitable for groundwater monitoring as is
discussed later in the report.
Information on the implementation of monitoring data in registration procedures is scarce. In
Germany there is a framework of groundwater monitoring performed by authorities or water
suppliers (Aden et al., 2002). If concentrations > 0.1 µg/l are found, the authorisation holders
have to explain the findings. In some cases (for example because of special substance
properties or the results of a lysimeter study) a post-registration monitoring study is imposed.
The evaluation of results is done on a case by case basis.

In this report an outline of the use of data from monitoring programs for shallow and deeper
groundwater in the decision making process is given. Firstly (Chapter 2) we highlight some
points of concern in the design and performance of monitoring programs. The interpretation
and extrapolation of results, including statistical analyses, are discussed in Chapter 3. Not all
monitoring data originate from specifically designed monitoring programs. Whether or not
data can be used in the evaluation process is discussed in Chapter 4, which also highlights the
procedure for quality checking and summarising.
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3. Set-up of monitoring studies

3.1 Introduction
In view of the registration procedure, groundwater monitoring programs can be divided into
two types of monitoring based on the sampling depth: monitoring of the upper groundwater
and monitoring of deeper groundwater. Upper or shallow groundwater may be monitored to
demonstrate that under common agricultural practice, according to GAP and following label
instructions, there is no risk of leaching of a chemical to groundwater. If the risk of leaching
to upper groundwater cannot be excluded, information on the behaviour in deeper layers is
necessary to prove that a substance does not leach to the deeper groundwater (legal criterion
at 10 m depth). Monitoring data from deeper groundwater may serve this need. Normally an
elaborated protocol should be discussed with the registration authority.

3.2 Upper groundwater
Upper groundwater monitoring provides information on pesticide leaching on the field scale.
There is a direct relationship between the plant protection product used on the sampled
location and the measurements in the groundwater. A variety of program set-ups is possible.
In the following a set-up using a relatively small number of fields, relatively homogeneously
treated, is discussed. An alternative, which uses a larger number of fields is discussed in
Appendix A. Although a larger number of fields would be preferred, we realise that selection
of more fields often goes along with a decline in information per field. This hampers
interpretation and therefore a relatively small number – with adequate information per field –
is preferred.

Occasionally the influence of discriminating factors (for instance soil type, crop type or
application period) is one of the goals of the monitoring study. The number of fields included
in the monitoring program then has to be increased accordingly. For each set of conditions a
sufficient number of replicates should be selected. Monitoring studies may not be very
efficient in discovering influences of discriminating factors.

The statistical hypothesis (H0) to be tested is:

the 90th percentile in space of the long-term average concentration in the
uppermost groundwater exceeds 0.1 µµµµg/L.

The procedure is:
-monitoring of the top meter of groundwater at 8 – 10 fields;
-fields have to be more vulnerable than 90th percentile;
-if possible, be sure that the weather is wet enough (or supplemented by irrigation).

Field selection
Eight to ten fields are selected on which the chemical was recently used or on which the
chemical will be used in course of the project. The monitoring is mainly targeted to
vulnerable areas and with shallow groundwater (Mills and Simmons, 1998).
Fields are selected to represent an overall 90% vulnerability, taking into account or based on:
• soil type and soil profile characteristics (soil texture, soil organic matter and soil pH of

the different horizons);
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• groundwater depth, artificial drainage and other hydrological aspects;
• chemical properties of the substance (in view of interaction with the soil, etcetera);
• (if relevant) crop and application time (within the growing season).
The selection of the fields should be underpinned with measurements or statements taking
into account the variations in characteristics and properties of the chemical (among others in
DT50 and Kom). Calculations on potential leaching may be included in the selection procedure.
For a proper comparison and interpretation of the data, fields should be submitted to
approximately the same agricultural practice. In the statistical analyses measurement data are
considered to descend from one entity (population of data).
If the study is started from scratch, like in post registration monitoring, one should make sure
that the weather is wet enough. The possibility of irrigation, to be sure that average leaching
conditions occur, should be included in the study design. The precipitation amount could be
filled up to long term averages on a monthly basis.

Outline of sampling
For upper groundwater monitoring samples are taken approximately in the top meter below
the groundwater table. A layer of 1 m thick approximates the yearly groundwater recharge.
Filter lengths of more than 1 m should be avoided; a filter of 50 cm length, positioned in the
centre of the target layer, is preferred. Semi-permanent or occasional wells are installed for
sampling. Samples can be taken by means of a (submersible) pump or vacuum abstraction
through a capillary. Care should be taken not to loose (semi-)volatile substances.

To avoid the risk of missing the leaching peak, samples should be taken on more than one
occasion in time. At least three sampling times are preferred, a) before the peak concentration
is expected to reach the groundwater, b) approximately at the time of the maximum expected
concentration in the groundwater and c) at a time after the peak concentration has passed. The
position of the leaching peak can be estimated using a simulation model, preferably using site
specific soil profile and pesticide behaviour information. To gain insight in in-field variability
in leaching behaviour a series of samples (12 – 20) should be taken randomly over the field.
Individual samples can be mixed in the laboratory before analysis. Cornelese and Van der
Linden (1998) analysed four pooled samples for each field and found this to be an acceptable
minimum.

The presence of residues in the groundwater, resulting from earlier applications than the one
to be studied, may have implications for the set-up of the experiments. The sampling method
should then exclude the mixing of water infiltrated during the consecutive years. Improper
sample taking makes the interpretation of the results more difficult or might even render the
data useless.

Analysis
Immediately after sample taking, the individual samples are cooled or put on ice. After
transfer to the lab, individual or pooled samples are analysed using appropriate quantification
and confirmation techniques. Analysis should also include sufficient first and second line
control samples and positive references.

Reporting of the analysis results
The report of the monitoring study should include the results of all measurements, including
analytical recovery results, first and second line control samples and positive references. The
report should also state the Limit of Detection (LOD) and the Limit of Quantification (LOQ).
Samples having a concentration <LOD may be reported as such. For samples having a
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concentration between LOD and LOQ the value should reported; these values should be
marked.

3.3 Deeper groundwater
Monitoring programs for deeper groundwater are usually performed using permanent wells.
Usually the wells are installed to serve broad monitoring programs, not specific for plant
protection products. As groundwater flow usually is quite complex, only very seldom direct
relationships between the field of infiltration and the sampling point in the groundwater can
be established. Careful well selection is therefore of eminent importance (Leistra et al, 2001).

Here the statistical hypothesis (H0) to be tested is:

the 90th percentile in space of the long-term average concentration in
groundwater at 10 m depth exceeds 0.1 µµµµg/L.

The hypotheses for the uppermost groundwater and the groundwater at 10 m depth essentially
are the same; only the reference to the depth is different. Only sampling wells are considered
in the program, no wells pumped for drinking water, so the 90th percentile is considered
sufficient to protect drinking water.

Important in the monitoring procedure is:
-careful well selection;
-adequate sampling and analytical procedures;
-large number of wells needed (in the order of 100);
-filter depth at or below 10 m depth.

Well selection
The usefulness of every well for the study purpose should be demonstrated. The evaluation of
the usefulness includes at least two stages: a “desk-top-stage”, in which general (for instance
soil maps, geological and hydrological maps of the area) and specific information is used to
make a gross selection of wells, and an “in-field-stage”, in which the selection of the desk-top
stage is confirmed and additional information on the wells and their surroundings is gathered.

In the desk-top-stage the wells are evaluated for:
• the construction and installation; the materials used should be inert to the chemical, seals

should prevent preferential flow, the well head should be positioned well above soil
surface (or infiltration through the well head should otherwise be excluded; wells that are
situated at or below surface level have the risk of introduction of contaminated run-off
water (or introduction of large amounts of “clean” water), accessibility by non-authorised
persons should be prevented.

• the depth of the filter (bottom end) should be at least around 10 m depth. Other filters
may be present, but then seals must exclude mutual influence.

• the age of the groundwater at the filter depth should not exceed the time the plant
protection product was marketed; i.e. non-relevant zeros are to be excluded.

• the use of the plant protection product in the infiltration area around the well must be
demonstrated, for instance by historical information on agricultural use of the pesticide in
the infiltration area of the filter. One should be confident that the product was used on at
least 10% and preferably 25% or more of the intake area of the well (to be justified). This
again is to assure the exclusion of non-relevant zeros. Based on information on travelling
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time or the age of the sampled well water and the possible retardation of the substance,
the time over which data on the use of the plant protection products in the intake area
should be known can be determined.

• the area around the well should be relatively vulnerable to leaching of the compound or
the occurrence of the compound in shallow groundwater should have been demonstrated
in the area.

• other contamination sources (for instance not-controlled dump sites and pesticide storage
locations) should be absent in the infiltration area.

• infiltration of surface water from water courses (ditches, canals and rivers) should be
absent. Larger water courses have been identified as a source of contamination; any
influence should therefore be excluded.

The in-field stage should confirm the desk-top stage and furthermore be used to check:
• the integrity of the well. Damage of wells may be visible or concluded from the

appearance of the water that is abstracted.
• the presence of abstraction wells (for irrigation, drinking water supply for cattle, etcetera)

in the direct surroundings of the well (within approximately 100 m distance). Be aware
that such wells are often located inside buildings. It should be checked whether these
wells may function as a short-cut to deeper groundwater; this may be the case when the
well-head is below soil surface. It should also be checked whether these wells are also
used for filling or cleaning of the spraying equipment. If there is any suspicion, the
neighbor wells should be excluded from the study.

• the probability of over-spraying the well head. This is only relevant when a short cut to
the groundwater as a result of improper well construction or well position is possible. A
correct sample taking procedure, which excludes contamination of the sample and
contamination of the groundwater, will be sufficient to include such wells in the selection.

• re-allotment, which might go along with deep tillage, fill-up of cavities, etcetera.
• reconstruction of waterways.
• deep drainage of construction sites. This may lead to greater flow rates, additional

infiltrating water, etcetera. The well then is not representative of the normal situation.
Wells that do not comply with the criteria above should be excluded from the sample
population.

 The selected wells should represent the area of use of the chemical. The total number of
samples should be large (≥ 100). If discriminating factors are introduced in the study set-up,
the number should be increased correspondingly. Discriminating factors may be:
• sampling depth;
• soil type;
• hydrological conditions;
• geographical region;
• human activities in the intake area.

Sampling
Selected wells should be pre-pumped to refresh at least three times the contents of the filter
tube. During this stage additional parameters (like EC, pH, oxygen content) can be measured.
Samples can be taken by means of a (submersible) pump or by vacuum abstraction through a
capillary (up to approximately 7 m depth). Care should be taken not to loose (semi-) volatile
substances. In general wells are sampled once; trend analysis is usually not the goal of the
study. However, a short sequence of samples would be desired.
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Analysis
Immediately after sample taking, the individual samples are cooled or put on ice. After
transfer to the lab, individual samples are analysed using appropriate quantification and
confirmation techniques. Analysis should include sufficient first and second line control
samples and positive references. If a sample shows the presence of the chemical, it is best to
take a second sample from the same location (within several weeks) to check whether
contamination during sample taking or sample handling occurred.

Reporting of the analysis results
The report of the monitoring study should include the results of all measurements, including
analytical recovery results, first and second line control samples and positive references. The
report should also state the Limit of Detection (LOD) and the Limit of Quantification (LOQ).
Samples having a concentration <LOD may be reported as such. For samples having a
concentration between LOD and LOQ the value should reported; these values should be
marked.
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4. Interpretation of monitoring studies

4.1 The purpose of monitoring studies
In the framework of the tiered risk evaluation (the decision tree), monitoring data should
provide additional information on the risk of leaching. Monitoring is invoked when the risk
of leaching cannot be excluded. This means that monitoring results should demonstrate that
there is no leaching of an active substance and/or its metabolite(s) above the legal criterion,
under the suspicion that there is leaching. For The Netherlands this means that monitoring
should ultimately demonstrate that the concentration in the groundwater at 10 m depth does
not exceed the criterion under common agricultural practice according to GAP and label
instructions. The interpretation of the monitoring studies should focus on this.

4.2 Interpretation of upper groundwater monitoring data
The interpretation of the results of the preferred monitoring strategy is discussed here; the
interpretation of the results of the alternative is discussed in Appendix A. Usually, the
number of samples will be too small to rely on statistical examination alone. The
interpretation of the data therefore includes a number of steps in order to evaluate whether or
not there is a risk for leaching to upper groundwater:
1. selection of data. For each field the data from the successive sampling rounds are

compared. The data from the sampling round showing the highest concentration are
considered representative of the leaching concentration (if contamination can be
excluded).

2. statistical analysis of the data from individual fields. Common statistical tools are used to
compare field (average) values to the threshold value of 0.1µg/l. Confidence intervals are
calculated to examine the likelihood of data to be below the threshold level.

3. comparison of the results with values predicted by the model for the selected individual
soils. This comparison gives insight in the performance of the model to predict leaching
under practical circumstances. Site specific data are used as much as possible for the
simulations.

4. statistical comparison of measured values for the dataset as a whole. The selected fields
collectively should be representative of the critical soil situation (90th percentile). This
step evaluates whether the threshold value is exceeded under the environmental
conditions that occurred following the applications. Confidence intervals are calculated
to examine the likelihood of data to be below the threshold level.

5. in case of examining the influence of discriminating factors, an ANOVA analysis may be
performed to investigate whether the factors are significant.

6. evaluation of the study period in view of the long-term climatic conditions of the area of
interest. The weather conditions at the sampled locations in between application and
sampling may be not representative of average conditions at the sampling sites (too dry
or too wet). This step should evaluate whether concentrations under average long-term
climatic conditions comply with the legal criterion. Modeling for the individual sites,
considering long-term weather series may be part of this evaluation. The results of step 3
are used in this evaluation in a similar manner as in the interpretation of field and
lysimeter studies (Verschoor et al., 2002).

This series of evaluation steps should also be performed when all analytical analyses resulted
in quantities below LOQ or LOD. Monitoring performed under dry conditions may lead to
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the conclusion that the risk for leaching is still not addressed clearly. Continuation of the
study will probably be requested.

The steps together should provide sufficient confidence whether the legal requirement in the
uppermost groundwater is met. The null hypothesis to be tested is that the 90th percentile in
space of long term average concentration is above 0.1 µg/L. Proper field selection is crucial
in this procedure.

4.3 Interpretation of deeper groundwater monitoring data
Monitoring of deeper groundwater is positioned at the end of the decision tree. This means
that in earlier steps information was insufficient to conclude that leaching to groundwater is
expected to comply with the requirement. As an ultimate decision will be based on the
results, it is crucial that samples are representative for the leaching of the substance to the
depth of around 10 m.

Groundwater flow is usually complex and therefore it is hardly possible to establish
relationships between the area of infiltration and the filter where the sample is taken. Deeper
groundwater is mostly monitored via permanent wells that are not specifically installed for
the program under consideration. A proper selection of the wells (see chapter 3.3) is essential
for the correct interpretation.  The samples collectively should represent the situation at
around 10 m depth in infiltrating areas.

From the criteria used for monitoring well selection irrelevant sample results should have
been prevented. In the evaluation phase a closer look at the origin of the data again might be
necessary to remove irrelevant results. The following results should be excluded from the
final evaluation:

False negatives -possible inflow of clean water into the well, either from
flow along the well pipe or from infiltration from surface
water.
-well water in contact with sorbing materials.

False positives -preferential flow along the well pipe.
-inflow of contaminated runoff water.

Non-relevant negatives -sampled groundwater older than pesticide is on the market.
-not enough use of pesticide in the intake area of the well

Non-relevant positives -possible spill locations in the neighbourhood (tank fill,
depot)
-other non-label uses in the surroundings of the well.

If the wells were selected properly, only a statistical analysis is necessary to determine
whether the legal criterion is met. The null-hypothesis to be tested is that the 90th percentile
of all relevant wells is above 0.1 µg/L. The analysis should demonstrate that the null
hypothesis has to be rejected.

Meinardi (1994), Uffink and Van der Linden (1998), Van der Linden and Uffink (1998) and
Van der Linden et al, (1999) showed that groundwater at 10 m depth in infiltration areas can
vary significantly in age and still has preserved much of the variability in concentrations that
occurred in the top layer of the groundwater. The infiltration pattern in space and time can
still be recognised at the depth of 10 m. Diffusion and dispersion in the groundwater occurs,
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but the effect is still limited at the depth of 10 m. As a result differences from variability in
long term climatic conditions will be accounted for in the sample population. Complete
mixing of water of different age and infiltrated at different locations occurs in abstraction
wells. Raw water from abstraction wells will usually be a mixture of water leached from a
number of fields and over a period of several  decades. Samples of abstracted water are
therefore not suitable for evaluating groundwater contamination. The age of the samples will
cover a wide range (Meinardi, 1994, Uffink and Van der Linden, 1998).
If, for some reason, the total area in which the substance possibly infiltrates is not covered, an
extrapolation might be necessary. Differences in vulnerability between the different areas
should then be accounted for. This analysis might render the dataset insufficient to reach a
conclusion. In case of examining the influence of discriminating factors, an ANOVA analysis
might be performed to investigate whether the factors are significant.

In the course of time the total dataset to be used for the evaluation might grow as data from
more monitoring studies become available. Datasets can be joined as long as data meet the
selection criteria mentioned in Chapter 3. Data from the same filter should be examined
whether these can be considered to be independent. This will be the case when the time
elapsed between the samplings is more than one year.
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5. Summarising monitoring studies

5.1 Evaluating non-specific monitoring data
Monitoring data may become available from studies that are not specifically designed for
registration purposes or regular control activities, for instance control series of drinking water
companies. These data can be taken into account, provided they fulfil criteria that are also
posed on specifically designed studies. Data for the upper groundwater should then be taken
into account when evaluating the leaching to upper groundwater; data for groundwater
around 10 m depth can be added to the database, thus becoming members of the total
population.

Data not fulfilling the criteria should be disregarded when there is evidence that they
originate from contamination or non-GAP use of the plant protection product. If there is no
evidence of contamination such data have a signal-function. The registration authority will
evaluate the data in view of the total dossier and decide whether additional information is
necessary.

5.2 Quality of studies
Whether individual data, a study or a program can be used for registration evaluation depends
on the quality of the study; only studies fulfilling minimal quality criteria are taken into
account. Determination of the quality of a study is therefore one of the first steps in the
evaluation procedure. The quality of a study is the result of the reliability and the
completeness of the study. Assigning a quality index to study reports when they are
summarised is part of the quality system at RIVM-SEC. The general methodology is
described in Mensink et al. (1995). Three quality classes are distinguished:
Q1 study is complete, verifiable and reliable and contains all the information needed for

interpretation of the results.
Q2 study does not meet all the requirements, but the most essential data are present.
Q3 essential information is missing or improper methods have been used. The results can

not be interpreted.
Here, the quality criteria with regard to monitoring studies are given. Many of them are taken
from NEN-ISO 5744, 5745, 5667-3 and 5667-13. Most of the criteria are applicable to both
monitoring of upper groundwater and monitoring of deeper groundwater.

The quality of monitoring data depends on the following criteria for the individual
measurements:
- all materials used are inert to the measured compound;
- the well is constructed and installed in such a way that samples are taken from the desired

depth; no preferential flow along the tube is possible;
- no water from another location is used for the installation of wells;
- at the installation of the well the soil profile is disturbed to a minimum and soil layers are

not mixed up;
- contamination of the well with top-soil material is excluded;
- sample taking is completely traceable and cross contamination is avoided;
- all sampling materials are pre-rinsed with the groundwater before the actual sample is

taken;
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- before use, sample bottles are washed to ensure that they are absolutely clean with respect
to the chemical under investigation;

- possibility of contamination through filter paper is excluded;
- the removal rate of groundwater should not be too high to avoid withdrawal of water from

other than the desired depths;
- transport and storage (if applicable) of samples does not affect the concentration of the

analyte;
- the water content of a ((semi-)permanent) filter is refreshed at least 3 times before the

sample is taken;
- sampling and analysis are performed according to the principles of Good Laboratory

Practice (OECD, 1998 and OECD 1999);
- methods of analysis are adequate and include a confirmatory method and a number of

control samples (analysis blanks, field blanks, equipment blanks, trip blanks, recovery
samples at the limit of quantification and at the 0.1 µg/L level, (field) duplicates);

- the limit of quantification is at or below the 0.1 µg/L criterion, the coefficient of variation
at this level should be better than 25%

Besides checking the information on sample taking and handling individual samples, the
study is checked for quality and completeness of other information:
- a literature review of other monitoring data on the same compound, including data from

other countries with comparable environmental conditions;
- a description of the field at which the samples were taken (soil type, soil profile, crops,

drains, ditches);
- history of the field (crops, other pesticides used, cultivation, water management

measures) for at least a period of 5 years; this information may be summarised;
- the number of individual samples taken if analyses were performed for combined

samples;
- the agricultural use of the pesticide on the field (application rates, application period,

method of application);
- climatic conditions for the period between application and sampling. Long term averages

for precipitation and temperature and detailed information (daily, weekly) for
precipitation and temperature;

- the selected simulation model, together with a full listing of input parameters;
- the statistical methods used for the analyses.
A report on deeper groundwater monitoring should contain:
- a description of the area where filters are located (soil type, main crops, slopes, water

discharge from the area);
- the agricultural use of the pesticide in the intake area;
- global history of the intake area (main crops, history of agricultural use);
- groundwater flow patterns in the surroundings of the filter;
- climatic conditions for the region. Long term averages for precipitation and temperature
- other possible sources of groundwater contamination;
- changes in hydrology in the area.

In general only data or studies having the highest quality are taken into account.
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5.3 Summary of a monitoring study
Full reports of studies are to be supplied to the registration authority. During the evaluation
usually an extended summary of the study is prepared, stating the results of the study and all
information relevant for quickly getting an overview by decision takers. Results of the
monitoring program must not be reported as results of the analyses only. The evaluation of
the full study has to be done by an expert, who also writes the extended summary.

Table 5.1 gives a checklist of items that should be described in the extended summary. The
table does not provide guidance for the strategy and performance of a monitoring study; for
this one is referred to Chapter 3. The last column provides a checklist for judging the quality
of the study.
If one essential item receives a Q3 the whole study will be assigned Q3. However, there are
many items which can have a lower quality but do not affect interpretation. These items are
indicated with Y. If one item receives a Y, the whole study will be assigned Q2. If several
items receive a Y, Q3 should be assigned to the study as a whole, because there are too many
uncertainties to make the study reliable enough for interpretation.
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Table 1 Checklist for the summary of an upper groundwater monitoring study
Items Notes Reliability

lower?1

GLP Y/N, relevant for sampling and analysis, most important for analytical part Y

Filter installation Avoidance of mixing and contamination of deeper layers, installation without

additional  water

Y

Soil type/texture According to USDA; soil relatively sensitive to leaching is preferred E

History Pesticides used and crops grown on the field during the last several years. E

Field description Layout of surrounding area & crops, slope, depth of groundwater table, E

Treatment Agricultural use of the pesticide on the field, treatment date Y

Application method E.g. spray, soil injection, seed treatment, growth stage crop E

Agricultural practice Crops grown on the field, other pesticides used, soil cultivation Y

Laboratory data Laboratory Kom and DT50 at 20 °C; for deeper layers if available E

Sampling and analysis Method of groundwater sampling, the use of inert material, pre-rinsing of filter

and equipment, measures to avoid cross contamination

Q3

Sample conservation Stability of the sample during transport and storage must be addressed Q3

Analytical method Methods of extraction and analysis, recovery, limit of detection, coefficient of

variation at the 0.1 µg/L level. Reference compounds.

Q3

Groundwater Specify sampling dates, or intervals, depth of groundwater table Q3

Statistics Statistical methods used for interpretation E

D
E
S
C
R
I
P
T
I
O
N

Models Specify models used; are all input data specified E

Temperature Average annual air temperature measured at a nearby weather station (<25 km)

Precipitation Annual and total precipitation on-site, extreme events near by E

Groundwater number of measurements, range, average concentration for all substances of

interest

E

Model Model results E

Statistics Confidence intervals E

R
E
S
U
L
T
S Extrapolation Extrapolated results E

R
E
M
A
R
K
S

Remarks

Translation

Give reasons for assigning a quality index 2 or 3

Compare the measured results with the results of the standard scenario.

Average concentration per sampling time (µg/L) of the pesticide and its

metabolites

Interpretation with respect to the total use area at risk.

1 E=expert judgement, Y=reliability is lower and Q≠1 if item is not reported or is not according to guidance, Q3 is given
when this item is not reported.
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Table 2 Checklist for the summary of a deeper groundwater monitoring study

Items Notes Reliability

lower?1

GLP Y/N, relevant for sampling and analysis, most important for analytical part Y

Filter installation Avoidance of contamination of deeper layers, installation with water from the

site

Y

Location of filter Description of filter construction and position. Description of direct

surroundings

Y

Soil type/texture Area with soil relatively sensitive to leaching is preferred E

History Main crops grown in the total area. Age of well and maintenance Y

Area description Layout of surrounding area & crops, slope, depth of groundwater table,

direction of groundwater flow

E

Treatment Historical agricultural use of the pesticide in the intake area of the filter Y

Agricultural practice Main crops grown in the area and the direct surroundings of the filter E

Laboratory data Laboratory Kom and DT50 at 20 °C, for deeper layers if available E

Sampling and analysis Method of groundwater sampling, the use of inert material, pre-rinsing of filter

and equipment, measures to avoid cross contamination

Q3

Sample conservation Stability of the sample during transport and storage must be addressed Q3

D
E
S
C
R
I
P
T
I
O
N

Analytical method Methods of extraction and analysis, recovery, limit of detection. Reference

compounds.

Q3

Groundwater Specify sampling dates, or intervals, depth of groundwater table Q3

Statistics Statistics used for interpretation E

R
E
S
U
L
T
S

Results Per sampling time: number of measurements, range, average concentration for

the a.i. and the metabolites.

Y

R
E
M
A
R
K
S

Remarks

Translation

Give reasons for assigning a quality index 2 or 3

Compare the measured results with the results of the standard scenario.

Average concentration per sampling time (µg/L) of the pesticide and its

metabolites

Interpretation with respect to the total use area at risk.

E=expert judgement, Y=reliability is lower and Q≠1 if item is not reported or is not according to guidance, Q3 is given when
this item is not reported.
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6. Conclusions
In the evaluation of registration of plant protection products, results of monitoring studies on
leaching can be included. In the decision tree leaching, which forms the framework for the
evaluation process, the position of monitoring studies is at the end of the second tier (shallow
groundwater monitoring) and at the end of the third tier (deep groundwater monitoring). The
results of monitoring studies are therefore decisive (the final decision); the results of
monitoring studies may overrule decisions of all earlier steps in the evaluation.

Usually monitoring is invoked when earlier steps in the evaluation indicate a possibility of
leaching above the critical / legal level. Plant protection products can then only be admitted if
there is convincing evidence that, under practical circumstances the substance and / or its
relevant metabolites do not leach above this level. This position of monitoring studies
requires utmost quality of study design, site selection, sample taking, analysis and
interpretation. Data or studies not having such high quality can not be used in the evaluation
process.
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Appendix A Monitoring study with a large number of
fields.
The total number of fields to be selected is large; 100 or more.

Field selection.
Fields are selected on which the chemical was recently used or on which the chemical will be
used in course of the project. Fields are selected in such a way that they represent the use area
of the pesticide. Selection is based on:
• soil type and soil profile characteristics (a.o. soil texture, soil organic matter and soil pH

of the different horizons), may be derived from soil maps;
• groundwater depth, may be derived from maps.
The selected fields should be evenly distributed over the total soil population. One should be
sure that vulnerable soils are properly represented in the selection. The selection of the fields
should be described. Calculations on potential leaching might be included in the selection
procedure.

If the applicant wishes to include discriminating factors (for example soil type or crop) then
the number of fields should be enlarged accordingly and a sufficient and representative
population of data for each of the conditions should be established.

Sampling
Groundwater samples are taken approximately in the top meter below the groundwater table.
A layer of 1 m thick approximates the yearly groundwater recharge. Semi-permanent or
occasional wells are installed for sampling. To avoid the risk of missing the leaching peak,
sampling should be performed on more than one occasion in time. Three sampling times are
preferred, a) before the peak concentration is expected to reach the groundwater, b)
approximately at the time of the maximum expected concentration in the groundwater and c)
at a time after the peak concentration has passed. The position of the leaching peak can be
estimated using a simulation model, for a relative vulnerable soil profile and average values
for DT50 and sorption of the pesticide as input values. Preferably several groundwater
samples are taken on each field in order to arrive at more representative field averages,
however one random sample per field could be accepted.
Variability within a field is not included in such a monitoring program . For this kind of
monitoring the number of data (fields) has to be large to be able to perform analysis of
variance and to obtain a confidence interval for the results. The presence of residues in the
groundwater at the start of the study makes the interpretation of the results more difficult.

Analysis
Analysis is not different from the analysis in the design given in chapter 2.

Interpretation
 The interpretation will usually be different because less information is available. All fields,
however, should have received an application of the chemical of interest. Furthermore, it
should be demonstrated that the moment of sampling was correct; i.e. the sample should give
a representative value of the average concentration in the recharge water. Interpretation then
includes:
1. statistical analysis in order to find out whether the critical value is met (including

calculation of confidence intervals);
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2. evaluation of the study period in view of the long-term climatic conditions of the area of
interest.

Including discriminating factors is possible, but again the number of required samples will
increase. Also here the selection of fields is important; the selected fields should together
represent the use of the plant protection product.

Analysis of variance is the statistical method to address differences in concentrations among
wells. When more than two sets of data are compared the appropriate statistical method is an
ANOVA.

Statistical analysis gives insight in the confidence level of the concentration on a field scale.
Variation within a field is included in the analysis. Statistical analysis of field means gives
insight in exceeding the threshold value of all fields or use categories. The variability
between field means gives information about variation between fields.
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Appendix B Glossary
ANOVA: ANalysis Of VAriance.
Agrochemical: chemical used in agriculture to optimise harvest.
Confidence interval: range of values that are valid according to the statistical test performed.
BUB: Besluit Uniforme Beginselen gewasbeschermingsmiddelen. Incorporation of the

Uniform Principles in the Dutch law on pesticides.
Deeper groundwater: groundwater at a depth of around 10 m.
DT50: Transformation half-life of a substance. Throughout the text DT50 refers to the

transformation half-life in top soil under reference conditions (20 °C, pF = 2).
GAP: Good Agricultural Practice In the context of this report GAP means that pesticides are

applied according to the label instructions and therefore includes the non-agricultural
use when this is in agreement with the registration.

GLP: Good Laboratory Practice (OECD, 1998).
Kom: sorption constant of a pesticide to organic matter.
LOD: Limit Of Detection.
LOQ: Limit Of Quantification.
PF: negative logarithm of the soil moisture pressure; pF = 2 equals a moisture pressure of

–100 cm water (-104 Pa).
PPP: plant protection product also pesticide.
RIVM-SEC: formerly known as RIVM-CSR Centre for Substances and Risk Assessment.
Rumb: Regeling uitvoering milieutoelatingseisen bestrijdingsmiddelen. Dutch guidance on

the environmental criteria for the authorisation of pesticides.
Uppermost groundwater: The top meter of the groundwater, not deeper than 5 m below soil

surface.


