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Glossary

a.i. active ingredient

ATKIS Authoritative Topographic Cartographic Information System

BUK1000 Digital soil map for Germany

DT50 Degradation rate in soil

DT50: Hydrolytic stability (in d)

ETR: Exposure toxicity ratios

HC50: The mean hazardous concentration affecting 50% of the species present in
the ecosystem

HDF: Human Damage Factor. Variable used to describe damage to human
health ion Impact 2002+

HTPx,i: The human toxicity potential for a substance x released to compartment |
(1,4-DCB equivalents);

KOC

LC50: Lethal concentration 50%. Concentration lethal to 50% of test organisms

IPEC: Predicted environmental concentration (long-term)

NOEC: No observed effect concentration. The highest concentration observed to
result in no effects in test organisms.

PEC: Predicted environmental concentration

PPP: Plant Protection Products

sPEC: Predicted environmental concentration (short-term)

TFI Treatment frequency index

GPP good plat protection practice
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Summary

The main objective of this report was focused on comparing model performances for
crop protection strategies in wheat and pomefruit using GIS based environmental
scenarios for two different regions. The tree available environmental risk models PRZM-
USES, SYNOPS and I-PHY were applied, each having their own methodology but also
sharing many characteristics and output parameters.

An essential prerequisite for the model comparison was the establishment of a common
and harmonised input data base for all three models. A geo-database for environmental
data was built for the two case study regions Saxony-Anhalt (wheat) and Lake
Constance (pomefruit) including all input parameters relevant to the RA-models on field
level. A second database related to the pesticide use in these regions was established
for the crops wheat and pomefruit on the basis of former survey conducted at the JKI.
For the wheat case study region 156 region specific applications strategies and for the
pomefruit 50 region specific applications strategies were analysed. It was further
necessary to define a standard database describing the chemical, physical and eco-
toxicological properties of the active ingredients.

In total 7488 wheat scenarios and 900 pomefruit scenario were evaluated with the RA-
models. The practical application of the three RA-models showed that the model PRZM-
USES is not suitable to handle such large numbers of parameter sets and that the
parameterisation of I-PHY needed some adoption of the input and output structure of the
model.

In a first step the risk potentials assessed with [-PHY and SYNOPS were compared with
the treatment frequency index (TFI). The overall comparison of the I-PHY assessments
showed only weak correlation for wheat and no correlation for pomefruit. The same is
true for the assessments with SYNOPS. No correlation between TFI and risk potential
could be found for pomefruit and only weak positive correlations could be found for the
wheat scenarios.

The risk assessments of the two models I|-PHY and SYNOPS were compared.
Considering all scenarios, high correlations between the two models could be found for
the wheat and pomefruit scenarios. In all cases the correlation coefficients were around
0.7. Overall, the chronic risk potential showed slightly higher correlation coefficients than
the acute risk potential.

Although a good correlation could be found between the model results, there is still a
large difference in the classification of the calculated risks between the two models. An
analysis of the classified results for the wheat case study region revealed a convergence
between the two models of 62 % for the acute risk potential and of 66% for the chronic
risk potential. This means that in 34 % (38 %) of all cases, the classification whether a
risk was tolerable or not was different between the two models.
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1 Introduction

In the last years various indicator models have been developed to assess the risk
potential of the usage of plant protection products (PPP) to the environment and human
health. Due to the large variety of these risk indicators and their different approaches it
is difficult to find a consensus on the methodologies. Some indicators cover a rather
large number of compartments, while others are more dedicated to one or a few
compartments. Some models consider a wide range of exposure pathways and
reference organisms others only a few.

In Europe there are many activities toward a harmonised method of environmental risk
assessment. For example, the EU research project HAIR (2007) aimed at developing
and integrating scientific expertise on the use, emissions, environmental fate, and the
impact of PPP’s on agro-ecosystems and human health, in order to develop a
harmonised European approach for indicators. Similar goals were achieved by the EU-
Project FOOTPRINT (2009). The overall objective of the FOOTPRINT project was to
develop a set of unified tools that will allow users to identify the dominant pathways and
sources of pesticide contamination in the agricultural landscape and to estimate levels of
pesticide concentrations in surface water and groundwater.

There are still well established models in use, which vary in their methodology, in the
compartments and exposure pathways they consider and in the form of the results they
calculate. Different methods have been developed to compare these agro-ecological
assessment models. Some authors use a descriptive (Girardin 2001; Reus et al. 2002;
van der Werf and Petit 2002) others a more systematic approach (Gebauer and Bauerle
2000; Hertwich et al. 1997). Bockstaller et al. (2006 and 2009) developed a new
evaluation tool with clearly defined decision rules. Following a similar approach, within
sub-activity RA3.4 of the ENDURE-Network three risk assessment models and four LCA
toxicity models have been evaluated by means of a multicriteria analysis (see DR3.4).

One objective of the sub-activity RA3.3 is the assessment of the environmental and
agronomic risk of current and innovative strategies. Three different risk assessment
models, which were developed by the partners of RA3.3, were identified to accomplish
this task. These are SYNOPS (Gutsche and Strassemeyer, 2007), I-PHY (Bockstaller et
al., 2004 and 2008) and PRZM-USES (Mamy et al. 2007 and 2008). In addition to the
risk assessments with these models, the treatment frequency index (TFI) is calculated
for the analysed strategies. In section two of this report the applied models are
described and characterised.

On the basis of a multicriteria analysis these models have already been evaluated in the
deliverable DR3.4. In this report the models will be compared and evaluated on the
basis of their modelling results. In order to compare the results it was mandatory to use
common databases for the input parameters. Therefore an important task in this sub-
activity was to establish a common environmental database including input parameters
for climate conditions and field conditions and to link this database to the considered
RA-models. Additionally it was essential to agree on a common database for the
pesticide properties.
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For the comparison of the models, it was planned to apply the risk assessment models
to the selected case study regions for wheat and pomefruit. Within the research activity
RA 3 main producing areas of winter wheat and pomefruit in Europe were chosen as
case-study regions. In section 3 of this report the input data, which are necessary to run
the risk assessment models are described for the selected wheat and pomefruit case
study regions in detail.

10
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2 Characterisation of the risk assessment models

2.1 General overview of the applied models

2.2 Description of the applied models and indicators

2.2.1 Treatment frequency index

The treatment frequency index (TFI) is a measure of the intensity of Plant protection and
is based on the number of applied plant protection products (PPP). For the calculation of
the TFI each product is counted separately even if it was applied in a tank mixture.

The TFl is calculated as the number of applied PPP’s related to the fraction of the area
the product was applied on (faea = Aappied/Asield) and related to the percentage of the
used application rate to the maximum allowed application rate (fiae = AR/ARm,). For
each application of a PPP a sub-index (TFly) is calculated as:

1* farea * frae=TFlx.

The sum of all sub-indices of a pesticide use strategy with n applications is then equal to
the TFI of the whole application strategy:

TR =Y TFI,
=1

2.2.2 |-PHY

The pesticide risk indicator |I-PHY was developed in parallel to other environmental
indicators for the assessment method INDIGO (Bockstaller et al., 1997; Bockstaller et
al., 2009). The core of the indicator was published by van der Werf and Zimmer (1998)
and enhanced, adapted and tested by Bockstaller (2004 and 2008), for arable farming.
Since then, |-PHY was adapted to other farming systems like wine growing, fruit
production, field vegetable production, palm tree, etc.

For a single application of a pesticide, the calculation of the indicator is based on four
modules assessing respectively the risk linked to the amount of active ingredient applied
and the risk for groundwater, surface water and air. For some production like wine
growing, fruit production, a module addressing the effect on beneficials (natural enemies
of pests and pollinators) was added. In a second step, an overall indicator is calculated.
Three types of input variables are used:

1. pesticides properties linked to exposure or to eco-toxicological effect,
2. site-specific conditions (e.g. runoff risk)
3. characteristics of the pesticide application (e.g. rate of application).

A fuzzy expert system is used to aggregate all these heterogeneous variables into
indicator modules and to subsequently aggregate these modules into a synthetic
indicator. Fig. 1 shows an example for ground water risk for which main weight is given
to a pesticide property (GUS variable) and less weight to position (crop interception

11
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here) and soil sensitivity to leaching. It should be noticed that for surface water,
sensitivity of field to runoff and drift plays a major role in comparison with pesticide
property (DT50 variable). In all component of I-PHY, toxicity or eco-toxicity variable can
increase but not decrease the risk. The use of fuzzy subset enables to avoid effect of
knife-edge limit of a given class. Output values for each module as well for the overall
indicator are expressed on a qualitative scale used in the INDIGO method: between 0
(maximum risk) and 10 (no risk) with a reference value of 7 (maximum acceptable risk).
The first prototype was based on the inverse scale between 0 (no risk) and 1 (maximum
risk), which is also used in some recent application (Sadok et al., 2009).

For a programme of pesticides applications, an aggregated indicator is obtained by
subtracting to the lowest single indicator value among the pesticides application in the
strategy, scores of the other applications. Those depend on the indicator value of each
other pesticide in the strategy. By this mean, the aggregated value cannot be better than
a single application. Scores are weighted so that most of strategies have a value above
0. Spatial aggregation from field to farm or higher is carried out by calculating a
weighted mean by field size.

o= favourable
Xl unfavourable
Position
I s
Leaching Leac_?_w}tg
sensitivity sensitivity
ADI

A 8 4 0

Figure 1: Decision tree of the groundwater component of I-PHY.

In the last five years, the I-PHY indicator was implemented in more than 100 cases in
France by advisers mainly working on assessment of risks on field/farms level or
working on the development of innovative cropping systems. Some applications were
carried out at water catchment level. Adaptation of the indicator to this level is still
undergoing.

2.2.3 PRZM-USES

The method of pesticide risk and impact assessment developed by Mamy et al. (2007)
combines a pesticide fate model and an exposure and effects model.

12
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The fate of pesticide is assessed by first running the Pesticide Root Zone Model (PRZM
3.21) (Carsel et al., 1998) to estimate the amounts of pesticides in soil, water and air
over several years. The performance of PRZM was previously tested by comparing its
predictions to experimental data. As a result, PRZM allowed correct predictions of the
fate of pesticides (Mamy et al., 2008).

The concentrations of pesticides which were calculated with PRZM are subsequently
aggregated with the multi-media fate, exposure and effects model Uniform System for
the Evaluation of Substances (USES 2.0) (RIVM, 1998; Huijbregts et al., 2000) to
estimate the final impacts of various cropping systems on environment (water, sediment,
terrestrial ecosystems) and human health.

The USES model allows calculation of toxicity potentials (TP) of pesticides. These TP
are then used to determine the impact scores | of the emission into compartment c (soil,
water, ...) of m kg of pesticide p on a particular target t (human, water, ...):

I = m X TPc’t’p

where | is expressed in kg eq. 1,4-DCB, TP is the toxicity potential for target t associated
with the emission of pesticide p in environmental compartment ¢, and m is the amounts
of pesticide leached or present in soil, water and air calculated with PRZM. Thus, the
higher the score, the higher the impact (however, as this method allows only a relative
assessment of the impact there are no threshold values for TP and I).

The final impact scores of a technical programme were calculated by summing the
impact scores of the various pesticides used in the programme.

2.2.4 SYNOPS

Since published in 1997 (Gutsche and Rossberg, 1997) the model SYNOPS for synoptic
assessment of risk potential of chemical plant protection products has been used and
further developed within national (Gutsche and Rossberg 1999) and European projects
(Gutsche 2004). The model evaluates the risk potential for terrestrial (soil and field
margin biotopes) and aquatic (surface water) organisms. It combines use data of
pesticides with the environmental conditions linked to the application and the chemical,
physical and eco-toxicological properties of the pesticides. Especially the exposure of
organisms is calculated by sophisticated sub-models. The recent version of the model
was extended to assess the environmental risk potential of plant protection strategies on
landscape level using GIS functionalities by linking it to geo-referenced databases for
land use, soil conditions and climate data and to a dataset of regionalised surveys of
pesticide application. SYNOPS is also used on national level to track the trend of
pesticide risks in Germany since 1987 on the basis of sales data (Gutsche and
Strassemeyer; 2007). The model is integrated in the national action plan for pesticide
risk reduction.

Besides the national and landscape functionality, SYNOPS can be run on field level to
assess the environmental risk of pesticide use strategies under different environmental
conditions. Within the sub-activity of RA3.4 mainly the field based functionality of the
model will be considered.

13



ENDURE - Deliverable DR3.3

In general, the risk potentials are calculated as exposure toxicity ratios (ETR) for
reference organisms in the three compartments soil, surface water and field margin
biotopes. These organisms are earthworms for soil, bees for field margin biotopes and
Daphnia, algae and fish for surface water.

SYNOPS estimates for each application the loads of an active ingredient (a.i.) into the
soil, edge- biotopes and surface water. Based on the estimated loads of a.i.'s a time
dependent curve of the predicted environmental concentration (PEC) is derived

application of the active ingredient

non target

surface plants

; drainage Load,
Load Load sPEC, IPEC
C(t), sPEC, IPEC C(t), sPEC, IPEC b
==
algea, earth worm
Daphnia,
fish

Figure 2: Exposition pathways considered in SYNOPS

considering temperature dependent degradation according to a first order kinetics.

Loads and PEC’s of an a.i. in the soil are caused directly by pesticide application
considering the interception of the crop. The drift into field margin biotopes is estimated
by taking into account the distance from the field to the biotope as well as size and
structure of the particular biotope. The loads and PEC’s in the surface water depend on
the minimal distance from the field edge to the edge of the surface water, on the surface
water type and dimension, on the slope and on the soil parameters like texture and
organic carbon contend. The considered exposure pathways into the surface water are
drift, run-off, and drainage. (Fig. 2)

From the time dependent concentration curves the short-term (SPEC) and long-term
environmental concentration (IPEC) are derived. The maximum concentration over a
vegetation period (sPEC) is used to calculate the acute risk potential. To estimate the
chronic risk potential an integral over a time interval, equal to the time period of the
NOEC standard test (tNOEC) is calculated on daily basis. The maximum of these
integrals over the vegetation period (IPEC) is then considered for the chronic risk
potential.
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t
e
365 365 it
SPEC = maXCT(t) IPEC sw = MaXx —
t=1 t=1 tNOEC

As a measure for the toxicity the lethal concentration (LC50) and the no effect
concentration (NOEC) are considered to estimate the acute and chronic risk potential.

SPEC IPEC
acuts (species) = W ETRchronic(species) = W

species
All necessary physico-chemical and eco-toxicological parameters of the applied active

ingredients (n=350) are summarised in a database, which is continuously updated at
JKI.

ETR

species

2.3 Comparison of the applied models

In order to compare the indicators evaluated in RA3.3 an overview of the different
aspects of the indicators is given in Table 1. It summarises the methodologies, the
compartments, the assessed effects and the form of the calculated results which are
considered by the three. A detailed multicriteria analysis of these models and additional
methods used in LCA was conducted within RA3.4.

Looking at Table 1 it becomes clear, that the comparison of the models can only be
conducted for risk to surface water and terrestrial organisms, since only these tow
compartments are considered by all three models. It was decided to compare the model
results on the level of the complete application calendars and not on product or active
ingredient level.

Table 1: Overview on the methodology and results of the involved models

SYNOPS I-PHY USES-PRZM
Methodology
Scoring system
Fuzzy expert system X
Exposure / Toxicity ratios X X
Compartments
groundwater X X
surface water X X X
Soil X X X
Air X X
Effects
Human health X X
Surface water X X X
Soil organisms X X X
bioaccumulation X
Terrestrial organisms X X X
Exposure pathways
Run off in SW X X X
Drainage in SW X X X
Drift in SW X X
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Leaching to GW X X
Drift into field margins X
Volatilisation to air X X
Form of calculated result
predicted environmental concentration in each X X
compartments
risk potentials for each compartment X X X
risk potentials for strategies X X X
risk potentials for products X X
risk potentials for active ingredients X X X
overall Environmental risk X X X
Human risk potential X X
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3 Description of the case study regions and available
datasets for wheat and pomefruit

For the multicriteria analysis within RA3 the main producing areas of winter wheat and
pomefruit in Europe were chosen as case-study regions. During a RA3 workshop in
Tanikon, Switzerland in 2007 the following regions were defined for wheat: Saxony-
Anhalt (Germany, SA), Denmark (DK), Emilia Romagna (ltaly, ER), Wielkopolskie
(Poland, WP) and NW of Paris (France, NW-Paris) and for pomefruit: Lake Constance
(Germany, LC-D), Lake Constance (Switzerland, LC-CH), Emilia Romagna (ltaly ER),
Rhone valley (France, RV), Lleida (Spain, LI).

Within the sub-activity RA3.1 an excellent overview of current plant protection strategies
was surveyed for different production systems of the case study crops winter wheat and
pomefruit (deliverable TR3.1). In all case study regions data on plant protection methods
was surveyed (Table 2 and Table 3). This surveyed data tough was raised on an
aggregated level, which was not detailed enough for a region specific risk analysis and a
model comparison, as it was planned within RA3.3. Furthermore environmental and field
data were only available as constructed worst case scenarios and climate data were in
most cases available as monthly averages on 50 km? grid level. Exceptions were the
two German case study regions Saxony-Anhalt for wheat and Lake Constance for
pomefruit, where the pesticide use data was raised on field level and the environmental
and climate data could be derived on field level using GIS data bases.

Table 2: Data availability for the case-study regions of winter wheat

Region crop protection strategies field climate data
(active ingredient, date, dose parameters temperature, precipitation,
rate) soil parameters, global radiation
slope, distance
to surface water
: 156  strategies, with used 8 climate stations, daily
Saxony-Anhalt SA products (a..’s), date and 5028 geo values
(Germany) N referenced
application rate
List of products used products in Available from MARS-
Denmark DK wheat production with dates and 1 worst case climate database as
(Denmark) average application rates , (constructed) monthly averages on 50 km?
derived from sales data grids
. Available from MARS-
Emilia .
Romagna ER  two strategies (pear, apple) 1 worst case climate database as )
’ (constructed) monthly averages on 50 km
(Italy) )
grids
Available from MARS-
Wielkopolskie wp o©ne general strategy, dates on 1 worst case climate database as
(Poland) monthly basis (constructed) monthly averages on 50 km?

grids
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Available from MARS-
climate database as
monthly averages on 50 km
grids

NW-
Pari  not yet available not yet available
]

NW of Paris

(France) 2

In order to compare the models I-PHY, SYNOPS and PRZM-USES a variety of pesticide
use strategies and a variety of environmental scenarios will be run and analysed with
the three RA models. To accomplish this, detailed pesticide use data including the
application rate and application date and realistic environmental data including
parameters like global radiation are necessary. Since at this stage of the ENDURE-
Network detailed enough data to run all there RA-model was only available for two
German case study regions it was decided to focus on these two regions.

Table 3: Data availability for the case-study regions of pomefruit

Region crop protection strategies field climate data
(active ingredient, date, dose parameters temperature, precipitation,
rate) soil global radiation
parameters,
slope, distance
to surface
water)
Lake 50 apple (IP 3836 : .
Constance 4 pegf(lP() ) geo referenced S climate stations
. daily values
(Germany) 1 apple organic
I(_:?)i:\estance 3 apple (IP) 1 worst case 1 climate station
(Switzerland) 3 apple organic (constructed) daily values
Emilia 1 pear 1 worst case Available from MARS-
Romagna 1 apple (constructed) climate database as monthly
(Italy) (as date only month) averages on 50 km? grids
. Available from MARS-
Lleida 3 apple (IP) not yet ;
(Spain) 3 apple organic available climate database ag mpnthly
averages on 50 km* grids
Available from MARS-
Rhone Valley 3 apple (IP) 1 worst case ;
(France) 3 apple organic (constructed climate database as monthly

averages on 50 km? grids

In the next sections the available data sets and their sources are summarised. In the two
German case study regions the environmental input data was derived on field level via
GIS procedures from an extended geographical dataset and the GIS-based risk
assessment tool SYNOPS was applied.

To apply the models PRZM-USES and [-PHY and to compare the results of all three
models, it was necessary to reduce the geo-referenced and field based environmental
dataset to a data subset, which could be handled by all models. This derived subset of
input data was used to compare and evaluate the three models without considering the
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spatial references in the analysis of the results. The goal of this comparison was to point
out the differences, advantages and weaknesses of each model and to identify suitable
tools for further analysis in RA3.3. In later phases of RA3.3 it is planned to accomplished
GIS-based risk analysis for each region.

3.1 GIS-based data sets

The regional risk assessment with the RA-model SYNOPS relies on a GIS database,
which includes all necessary environmental parameters on field level to estimate the
environmental exposure by drift, run-off and drainage. The database was established by
merging information via GIS procedures from an extended geographical dataset (ATKIS,
AdV 2001), a digital soil map (BUK1000, BGR 1995), a digital elevation model (BKG,
2005) and a set of 430 climate stations of the German weather service (DWD).

The input parameters were derived on the basis of a high resolution data set on land
use and land cover, the Authoritative Topographic Cartographic Information System
(ATKIS). ATKIS is a project of the German Surveying Authorities which is performed
uniformly at the Federal level. It provides digital topographic base data suitable for
computer-assisted digital processing. ATKIS describes the topographic features of a
landscape in vector format and suits the scale range 1:10.000 to 30.000. Using GIS
procedures the exact location of all orchards (Lake Constance) and arable fields
(Saxony-Anhalt) and their connectivity to surface waters and other landscape object was
extracted. The outputs of these procedures are the minimal distance from the edge of
the field to the edge of the surface water and the mean width of the field margins.

The slope for each field was calculated by linking the ATKIS dataset to a digital
elevation model (DGM-d). For each field the average slope was calculated. According to
a digital soil map (BUK1000) the main soil types for the region were identified and linked
to the fields. The relevant input parameters like the organic carbon content, the
hydrological soil class or the texture of the soil are linked to the main soil types. Data on
precipitation and temperature were available from stations of the German Weather
Service. To each field the closest climate station was linked.
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GlS-based risk analysis

Lake Constance
NEFTUN 2001
P
’

ingredient
database

2,1 The application strategies are distributed randomly according
=] to afield based survey (NEPTUN)

. Fruit crops are distributed randomly accoding to agricultural
‘E}“ statistics on community level

 Long-term precipitation and temperature (1971-2000) is derived from digital climate maps of
the German Weather Service on monthly basis

1 Minimal distance from the figld to the edge of the surface water is derived with
17| GIs procedures from ATKIS

Geographical Database, ATKIS
high resolution data set on land use and land cover

Figure 3: Overview on GIS- related input data and risk analysis with SYNOPS

The information on the cultivated crops is not included in the ATKIS dataset. ATKIS
differentiates only between spatial crops like vineyards, orchards and hop and arable
crops. Therefore the information on the crop cultivated on field level was achieved by
random distribution of the crop types. Within each community the wheat fields were
distributed randomly to the derived arable fields according to the agricultural crop
statistic on community level.

The pesticide use data is available from field based surveys, which were conducted in
the case study regions (NEPTUN, Rossberg 2005). The application strategies of the
pesticide use dataset were also distributed randomly to the fields according to the crop
related to the field and according to the soil climate region of the field is located in.

This high level of data availability enables us to accomplish a detailed risk analysis on
field level for the wheat and orchard case study region.

3.2 Description of wheat case study region: Saxony-Anhalt (Germany)

The state of Saxony-Anhalt was chosen as the ENDURE case study region for wheat in
Germany. This corresponds to the three NUTS3 regions DEE1, DEE2 and DEE3 (Figure
4). Agricultural surveys were conducted in this region by the statistical agency of
Saxony-Anhalt. The survey on pesticide use (NEPTUN) was conducted by the JKI in the
soil climate region (BKR17), which covers about 50% the area of Saxony-Anhalt.
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3.2.1 Statistical data and yields

In the region Saxony-Anhalt the last extended statistical survey for crops was conducted
in 2005 and is repeated all 5 years. The statistics for the yield are reported every year.

For Saxony-Anhalt the concept of good plant protection practice (GPP) was indicated as
the most commonly used production system. In Saxony-Anhalt 90% of the winter wheat
is produced according to GPP practices and 3.5% with organic strategies. In this region
3850 farmers (organic 215) produced field crops on an area of 1001860 ha (organic
34318 ha). From these farmers 2950 produced wheat on an area of 349797 ha (35%).
The yield for wheat in the years 2005 to 2006 are summarised in Table 4.

Table 4: Yield for wheat in Saxony-Anhalt

Year farmers Area

N [ha] Dt [t/farmer] [t/ha]
00-05 330416 2372044 804* 7.18
2005 2950 349797 2521152 854 7.22
2006 337413 2314930 785 6.86

* assuming that the number of farmer did not change in 2006

Wheat Saxony-Anhalt
Statistical surveys:DEE1, DEE2, DEE3
NEPTUN surveys: BKR17
NUTS3-regions: DEE1, DEE2, DEE3

|:| soil climate region BKR=17
D Sachsen Anhalt
o

[ soil climate region BKR=1
— surface waters
wheat

Figure 4. ENDURE case study region for wheat in Germany. Wheat areas are marked yellow.
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3.2.2 Pesticide use data

The NEPTUN survey for field crops was conducted in the year 2000. A repetition of the
survey for the field cops is planned for 2009. In Saxony-Anhalt 29 farmers (1%), which
were producing wheat, were surveyed in 2000. They were growing wheat on an area of
9007 ha, which was 3% of the total wheat area. All surveyed farmers were producing
according to conventional strategies concept following the concept of good plant
protection practice. In total they applied the pesticides according to 112 different
application patterns. The frequency treatment indices for all pesticides (herbicides,
insecticides and fungicides) range from 0.72 to 8.5. The mean treatment frequency
index was 3.77 £1.61 (Figure 5).

In total 71 different products have been used by the surveyed farmers in Saxony-Anhalt
for wheat production. This list of products can be resolved to a list of 55 active
ingredients (Table 33). All active ingredients are included in the active ingredient
databases, so that the necessary physico-chemical and eco-toxicological parameters
are available for the RA models.

10 120.00%
o1 I frequency
0,
—=— cumulated % = + 100.00%
8 -
//.;7/
7+ -
+ 80.00%
> 61
o
c
¢ 51 + 60.00%
o
=
E 4+
, + 40.00%
2 €
+ 20.00%
1 !
0 + 0.00%

1 2 3 4 5 6 7 8 9

application index

Figure 5: Frequency distribution of the frequency
treatment index surveyed in the wheat region
Saxony-Anhalt (BKR17)

3.2.3 Environmental and climate data

From the ATKIS database field environmental parameters for all arable fields in the
Saxony-Anhalt were derived (n=12000). According to the agricultural statistic on
community level wheat fields were distributed randomly to the derived arable fields. In
total 5018 wheat fields were selected. The field based input parameters, which are
necessary to run the RA-models, as the minimal distance from edge of a field to the
edge of the surface water (Figure 6) and the width of surface water (Table 5) were
directly derived from ATKIS dataset. Information on the average slope for each field was
derived by linking the ATKIS dataset to a digital elevation model (BKG, 2005). In Figure

22



ENDURE - Deliverable DR3.3

7 the frequency distribution of all slopes in the case study region is shown. According to
a digital soil map (BGR, 1995) the main soil types for the region were identified and
linked to the fields (n=6, Table 6). The relevant input parameters like the organic carbon
content, the hydrological soil class or the texture of the soil are linked to the main soil
types. Data on precipitation and temperature are available from eight stations of the
German Weather Service within the considered soil climate region (BKR 17).

2000 - 100% 2000 - 100%
1800 - + 90% B + 90%
1600 - + 80% 1600 + 80%
>1400 -| + 70% - — + 70%
21200 - 1 60% Q4200 | 1 60%
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distance class [m]

Figure 6: Frequency distribution of the minimal Figure 7. Frequency distribution of the average
distance from edge of field to surface slope of all fields within the wheat
water for all fields in the wheat case case study region (n=5028)
study region (n=5028)

Table 5: Surface water classes and the probability of occurrence close to a wheat field (p)
width Depth

SW type Definition [m] (m] n p

No surface water, mindist > 150 m - - - 1076 0.214
flowing surface water 0.5m -3m 1 0 2224 0.443
flowing surface water 3m —6m 3 0.3 128 0.026
flowing surface water 6m- 12m 6 0.5 54 0.011
flowing surface water 15 m 9 0.5 157 0.031
ditch 3 1 0.3 678 0.135
ditch 6 3 0.5 8 0.002
lake 15 9 0.5 683 0.136

Table 6: Main soil types occurring in wheat fields in the case study region SA. The main soil type
are linked to database tables which include the information on the OC-content,
hydrological soil type and texture of the soil.

soil type probability of occurrence Definition
number on a wheat field

36 0.35 Tschernosem der Mitteldeutschen Trockengebiete aus L6R

37 0.15 Tschernosem / Braunerde aus L6R im Wechsel mit Rendzina aus
Mergel und Kalkstein

9 0.10 Gley-tschernosem aus kalkhaltigen, tonig-schluffigen
Ablagerungen in Flu3télern der Schwarzerdegebiete

41 0.09 Tschernosem-Braunerde / Griserde / Parabraunerde aus
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sandigen Loldecken Uber Sedimenten oder Geschiebelehm

42 0.01 Parabraunerde / Fahlerde / Pseudogley aus L6 oder LoBlehm
Uber verschiedenen Gesteinen

24 0.04 Tschernosem-Parabraunerde / Parabraunerde-Tschernosem aus
L6R oder LoBlehm

8 0.04 Auenboden / Gley aus lehmigen bis tonigen Auensedimenten

3.3 Description of pomefruit case study region: Lake Constance (Germany)

The fruit growing region Lake Constance is the leading fruit growing region in Germany.
It holds almost half of the orchards in Baden-Wuirttemberg (47%) and 15 % of the
German orchards. The region Lake Constance consists of the three counties ‘Landkreis
Konstanz’, ‘Bodenseekreis’ and ‘Landkreis Ravensburg’, where the ‘Bodenseekreis’
contributes with the largest portion of production area (Figure. 6).

oY . . -
:I fruit region LaKe Constance
surface_waters_bodensee

area of pome fruit

Figure 8: ENDURE sample region for pomefruit in Germany. Pomefruit orchards are marked
orange.

The structure of the farms in this region is focused to produce marked fruits with a high
percentage of apples (90%). Other agricultural structures only play a secondary role in
this region. Due to this specialised structure of the region, the area per farm is with 4.6
ha compared to other regions relatively large and densely planted.

In the region Lake Constance 90% of the fruits are produced with labelled strategies
(IP), 6-7% with organic strategies and 3% with conventional strategies.
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3.3.1 Statistical data and yields

Extended statistical surveys describing the structure of the farms and fruits and varieties
produced by the farmers are repeated all 5 years. The last survey for fruits in the region
Lake Constance was conducted in 2007. The surveys show a specialisation and
concentration toward fewer farms with larger production areas which reflects the trend of
other production branches.

In spring 2007, 1554 producers were surveyed, which means compared to 2002 (1672
producers) a reduction of 7%. The total area used in fruit production slightly increased
by 1.1% from 7091 ha in 2002 to 7170 ha in 2007. This means that the area per farm
increased in average form 4.2 ha to 4.6 ha. Likewise the percentage of producers with
large (>5 ha) production areas significantly increased by 6.5%. The described survey
aims at the producers of marked fruits and does not include the extensive ‘Streuobst’
production.

Statistics on the yield of the fruit production are reported every year. Since 2001 they
are only evaluated on the regional level of ‘Baden-Wurttemberg'. Table 8 includes the
yield data.

Table 7: statistics on fruits grown in the region Lake Constance

farmers trees Area area per fruit
n nin Total | apple pear sweet  sour plums Others
1000 cherry cherry
Konstanz L. 174 2180 739 676 32 14 5 11 1
Bodenseekreis 1255 14020 5289 |4713 212 127 79 153 5
2002 Ravensburg 243 2346 1063 |947 37 40 19 14 5
Sum 1672 18546 7091 |6336 281 181 104 178 11
Percentage 100 89 4 3 1 3 0
Konstanz L. 171 2397 770 692 41 17 6 15 1
Bodenseekreis 1157 14882 5383 (4758 183 163 67 208 4
2007 Ravensburg 226 2370 1017 |947 37 40 19 14 5
Sum 1554 19649 7170 |6344 254 244 74 244 10
Percentage 100 88 4 3 1 3 0
Change
2007/2002 -7.1 5.9 1.1 0.1 -95 345 -28.6 36.9 -11.9
Table 8: vyield for apple in the fruit growing region Lake Constance
Year farmers area Trees Yield
N [ha] N 1000 [dt]  [t/farmer] [t/ha] [kg/tree]
97-02 2132
2002 1672 6336 176205444 2159 131.57 34.06 12.3
2003 1838* 112.00* 29.00* 10.4*
2004 2145* 130.71* 33.84* 12.2*

* assuming that the number of farmers, the area and the number of trees did not change in 2003 and 2004

3.3.2 Pesticide use data

In Germany repetitive surveys on the pesticide use (NEPTUN) are conducted for fruits,
wheat and hop. The NEPTUN survey for fruit crops was conducted in the years 2001,
2004 and 2007 in 9-13 fruit growing regions. All pesticide use data in this report are
related to the NEPTUN survey 2004.
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In the region Lake Constance 50 farmers (3 %) were surveyed in 2004. They were
growing apples on an area of 268 ha (4.3%). All surveyed farmers were producing
according to labelled strategies. In total fifty different application patterns are available
for labelled pomefruit production. The application indices of these strategies for all
pesticides (herbicides, insecticides and fungicides) range from 14.4 to 59. The mean
application index for the region Lake Constance was 30.5t8.8. The frequency
distribution of the application indices is shown in Figure 9. In total 60 different products
have been used by the surveyed farmers. This list of products can be resolved to a list
of 55 active ingredients, which is given in appendix (Table 34.)

Table 9: Extent of NEPTUN surveys for apple in the region Lake Constance

number of strategies areas farmers treatment index
apple pear % % Mean min Max
2001 137 10 9.6 8.3 27,28 9,13 44,90
2004 50 4 4.4 3.0 30,12 14,41 58,97
2007 44 40 54. 3.3 314 4.3 49.1
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Figure 9: Frequency distribution of the frequency
treatment index for pomefruit surveyed in the
fruit growing region of Lake Constance

3.3.3 Environmental and climate data

The environmental input parameters were derived as described in section 3.1. The
information, if on the fields spatial or arable crops are cultivated is included in the ATKIS
dataset. Therefore the position of all orchards is derived from ATKIS. According to the
statistical surveys for fruit crops on community level the fruits apple and pear (pomefruit)
are distributed randomly to the derived orchards.

From the ATKIS database environmental parameters for 3836 pomefruit orchards in the
region of Lake Constance could be derived. As for the wheat case study region the
minimal distance from the field to the surface water (Figure 10) and width of the surface
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water (Table 11) were directly derived from ATKIS. The frequency distribution of the
calculated average slopes for the orchards are shown in Figure 11. According to the
digital soil map BUK1000 the three main soil types (Table 10) were identified for
orchards in the region Lake Constance. Data on precipitation and temperature was
available from three stations of the German Weather Service (n=3).
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5 ' oy
T + 609 > 800 + T 70%
% 600 60% 3 ~ul/ 1 60%
=) Q 600 + + 50%
g 400 + + 40% > 1 40%
= £ 400 ¢ 1 30%
200 + + 20% 0
lann I 1 1 11
O T D T T T O% 0 - . . ! — 0%
NORLLXOOADOLD 0 1 3 5 10 15 35 >35
NNTT oA '\<°‘b°,,’b° slope class [%]
distance class [m]

Figure 10: Frequency distribution of the Figure 11: Frequency distribution of the
minimal distance from edge of field to average slope of all pomefruit
surface water for all pomefruit orchards orchards in the case study region
in the case study region Lake Lake Constance (n=3836)

Constance (n=3836)

Table 10: Main soil types occurring in pomefruit orchards in the case study region Lake
Constance. The main soil types are linked to database tables, which include the information on the
OC-content, hydrological soil type and texture of the soil.

soil type probability of occurrence Definition
number on a wheat field

11 0.1 Auenboden / Gley aus sandigen bis tonigen Fluf3sedimenten
in kleinflachigem Wechsel

14 0.147 Parabraunerde aus schluffig-lehmigen Deckschichten auf
eiszeitlichen Schotterplatten

21 0.847 Braunerde / Parabraunerde / Pararendzina aus lehmig-

sandigen, kalkhaltigen Moranenablagerungen

Table 11: Surface water classes and the probability of occurrence close to a pomefruit orchard (p)

N width depth

SW type Definition [m] [m] n p

No surface water, mindist>150m - - - 1183 0.318
Flowing surface water 0.5m - 3m 1 0 2037 0.547
Flowing surface water 3m - 6m 3 0.3 152 0.041
Flowing surface water 6m- 12m 6 0.5 9 0.002
Flowing surface water 15m 9 0.5 102 0.027
Ditch 3 1 0.3 115 0.031
Ditch 6 3 0.5 4 0.001
Lake 15 9 0.5 122 0.033
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3.4 Input data sets used for the model comparison

Using the environmental datasets described above, it would be possible to assess the
maximum range of risk potentials for each region by combining all derived
environmental field/orchard data sets with all surveyed pesticide use strategies. For the
wheat case study region this would result in 5028 wheat fields * 156 strategies =784368
possible risk evaluations. In the pomefruit region 3836 orchards * 50 strategies=191800
possible risk potentials could be calculated.

This high number of risk calculations could only be handled by the RA-model SYNOPS,
which was constructed to analyse large GIS-based datasets. The two other model I-Phy
and USES-PRZM, had to be parameterised manually, which was not possible for the
complete dataset described above.

It was therefore decided to reduce the number of possible parameter combinations by
building representative classes of the parameters slope and minimal distance for each
case study region. It was further decided to use only one climate dataset for each
region. The station, which was linked to the most fields in each region, was selected.

Since I-PHY and PRZM-USES do not differentiate between Surface water types the
worst case situation of a standard ditch with 1m width and 0.3 m depth was chosen as
input parameter.

It was also decided to reduce the number of soil types for the wheat case study region to
four main soil types. The most common soil types were selected. If two soil types were
similar their OC-content and texture only one of the two was selected. In the orchard
case study region two main soil types were selected.

Following these assumptions and decisions the complete environmental dataset was
reduced to a set of 48 different environmental conditions for the wheat case study
region. Applying all 156 different application strategies to each set of environmental
parameters would result in 7488 risk evaluations for Saxony Anhalt. In the pomefruit
region the data was reduced to a set of 18 environmental conditions, which were
combined wit 50 pomefruit strategies. This resulted in 900 different risk evaluations for
pomefruit.

The chosen environmental parameter combinations and the probability of its occurrence
in each case study region are summarised in Table 12 and in Table 13. In the wheat
case study region Saxony-Anhalt they cover about 15% of all possible parameter
combinations and in the pomefruit case study region Lake Constance about 30 %. The
complete datasets including the tables for climate data soil parameters and pesticide
use data were collected in an Access database for each case study region and are
published on the ENDURE workspace.

28



ENDURE - Deliverable DR3.3

Table 12: Selected environmental scenarios for the wheat case study region Saxony Anhalt and
the probability of occurrence (p)

SW  SW- climate field margin soil type mindist slope
type width station width Nr class mindist class slope P
[m] [m] [m] [m] [%] [%]
0-3 1 0-2 1 0.0075
0-3 1 24 3 0.0042
0-3 1 4-10 5 0.0032
3-10 3 0-2 1 0.0009
3-10 3 24 3 0.0005
ditch 1 104 2 9 3-10 3 4-10 5 0.0004
10- 20 10 0-2 1 0.0016
10- 20 10 24 3 0.0009
10- 20 10 4-10 5 0.0007
20-30 20 0-2 1 0.0037
20-30 20 24 3 0.0021
20-30 20 4-10 5 0.0016
0-3 1 0-2 1 0.0013
0-3 1 24 3 0.0007
0-3 1 4-10 5 0.0006
3-10 3 0-2 1 0.0001
3-10 3 24 3 0.0001
ditch 1 104 9 on 3-10 3 4-10 5 0.0001
10- 20 10 0-2 1 0.0003
10- 20 10 24 3 0.0002
10- 20 10 4-10 5 0.0001
20-30 20 0-2 1 0.0006
20-30 20 24 3 0.0004
20-30 20 4-10 5 0.0003
0-3 1 0-2 1 0.0266
0-3 1 2-4 3 0.0150
0-3 1 4-10 5 0.0115
3-10 3 0-2 1 0.0031
3-10 3 24 3 0.0017
ditch 1 104 2 36 3-10 3 4-10 5 0.0013
10- 20 10 0-2 1 0.0056
10- 20 10 2-4 3 0.0031
10- 20 10 4-10 5 0.0024
20-30 20 0-2 1 0.0134
20-30 20 24 3 0.0075
20-30 20 4-10 5 0.0058
0-3 1 0-2 1 0.0050
0-3 1 24 3 0.0028
0-3 1 4-10 5 0.0021
3-10 3 0-2 1 0.0006
3-10 3 2-4 3 0.0003
ditch 1 104 9 41 3-10 3 4-10 5 0.0002
10- 20 10 0-2 1 0.0010
10- 20 10 2-4 3 0.0006
10- 20 10 4-10 5 0.0004
20-30 20 0-2 1 0.0025
20-30 20 24 3 0.0014
20-30 20 4-10 5 0.0011
Sum 0.1470
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Table 13: Selected environmental scenarios for the pomefruit case study region Lake Constance
and the probability of occurrence (p)

SW  SW- climate field margin soil mindist
type width station width type Nr class mindist slopeclass slope P
[m] [m] [m] [m] [%] [%]
0-3 1 0-4 3 0.012
0-3 1 4-75 5 0.008
0-3 1 7.5-20 10 0.011
3-10 5 0-4 3 0.004
ditch 1 308 45 14 3-10 5 475 5 0.012
3-10 5 7.5-20 10 0.004
10- 20 10 0-4 3 0.004
10- 20 10 4-75 5 0.014
10- 20 10 7.5-20 10 0.003
0-3 1 0-4 3 0.069
0-3 1 4-75 5 0.045
0-3 1 7.5-20 10 0.004
3-10 5 0-4 3 0.022
ditch 1 308 4.5 21 3-10 5 4-75 5 0.014
3-10 5 7.5-20 10 0.021
10- 20 10 0-4 3 0.020
10- 20 10 475 5 0.013
10- 20 10 7.5-20 10 0.019
sum 0.299

3.5 Databases for properties of active ingredients

One objective of this analysis was to compare and contrast the indicator methodologies.
Consequently a standard database describing the chemical, physical and eco-
toxicological properties of the a.i.’s had to be defined to avoid influences of variations in
the a.i. parameters. Three different databases were available. The two models I-Phy and
SYNOPS have integrated databases on a.i. properties. The model PRZM-USES asks
for manual input of the a.i. properties. In addition an online database of the EU-project
footprint (FOOTPRINT, 2007) was made available to RA3.3.

The SYNOPS database is holding all necessary a.i. properties for the model calculations
in SYNOPS. It includes about 360 active ingredients. The data sources are the
monographs relevant to EU review process and to the national legislation process. If
both data sources were not available sources like pesticide manual, IVA-Datasheets,
Publications per active in the ingredient were used. The database is continuously
updated

The FOOTPRINT Pesticide Properties Database (FOOTPRINT PPDB) is a
comprehensive relational database of pesticide physicochemical and ecotoxicological
data with more than 800 a.i.'s. The database holds data for all EU Annex-1 listed
pesticides and selected metabolites. The sources of information for a.i. are the
monographs produced as part of the EU review process. These documents have been
used in priority for putting together the FOOTPRINT PPDB. Where EU documents were
not available, alternative sources were used. FOOTPRINT PPDB is online available and
continuously updated.

Similar to FOOTPRINT the I-PHY database is also related to the EU-endpoints.
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A rough overview of the differences between these databases was evaluated before a
decision was taken, which database will be used in the model comparison. The three a.i.
property databases were compared on the basis of selected ecotoxicological
parameters and physicochemical parameters. The differences between the databases
were evaluated considering two different threshold values. The first threshold value (t1)
describes the parameter level, where value differences do not significantly affect the risk
potential. If the parameter value is above the threshold t1 (below for DT50), then
changes in the parameters are considered to have only little influence on the calculated
risk potential.

The second threshold value (t2) describes the range of differences of the parameter
values, which are assumed to show little effect on the risk potential. A significant
difference between the parameters is considered if i) the value of database 1 and the
value of database 2 are lower than threshold 1 (for DT50 larger) and if ii) the difference
between value of database 1 and database 2 are larger than threshold 2.

As an example the LC50 values for aquatic organisms of the footprint property database
and the SYNOPS database are compared in Figure 12. For the three LC50 values (fish,
algae and daphnia) significant differences exist between the SYNOPS and footprint
PPDB database in 15-20 % of the values if t2= 10 mg I is assumed. This percentage
increase if the threshold 2 (t2) is deceased. If t2 is 3 mg I, 23-30% of the values differ
and if t2 is reduced to 1 mg "' 29-41% of the values divert in the two databases (Table
14). Similar results are obtained for the non effect concentrations (NoEC).

Table 14: Comparison of the aquatic LC50 concentrations in the footprint and SYNOPS active
ingredient database. The analysis was based on three different threshold values(t2), see

text.
Thres- Number Significant Significant Significant differences in
hold2 of differences in LC50 differences in LC50 LC50 Daphnia
compared Fish Algae
values

[mg 1] n % n % n %

10 354 65 18 71 20 55 16

3 354 92 26 108 30 80 23

1 354 146 41 135 38 103 29

Table 15: Comparison of the aggregated value for aquatic toxicity (Aquatox=min(LC50gaphnia;
LC504gae, LC505isn) in the footprint ,I-PHY and SYNOPS active ingredient database. The
analysis was based on three different threshold values(t2), see text.

SYNOPS-footprint

(n=354) I-PHY-Footprint (n=330) I-PHY-SYNOPS (n=237)
Significant differences in Significant differences in Significant differences in
Threshold2 Aquatox Aquatox Aquatox
[mg ™M N % n % n %
t10 41 12 22 7 14 9
t3 62 18 40 12 18 11
t1 88 25 55 17 30 21
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Comparison of the LC50 values: SYNOPS vs. FOOTPRINT PPDB
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The I-PHY database was available only with aggregated values for the aquatic toxicity
were the minimum value of the available toxicity data was calculated as
AquaTox=min(LC50,NOEC). Therefore the comparison of all three databases was
conducted on the basis of the aggregated values for aquatic toxicity (Figure 13, Table
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15). When using these values the percentages of significant differences are reduced,
compared to the organism specific values.
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The three databases were also analysed for differences in the soil degradation rate
(DT50) and partitioning constant (Koc). The results of this analysis are summarised
Figure 14. The difference of a pair-wise comparison of the Koc values range from 13-
17% if the threshold value is assumed to be t2=150 mg g’ and from 21-34% if the
threshold value is t2=50 mg g™'. (Table 16)

The differences in the degradation rate in soil were clearly larger. They ranged from 35-
45% if threshold2 was assumed to be 10 days and from 43-51% if threshold2 was
assumed to be 2 days (Table 17).

Table 16: Comparison of KOC values in the footprint, I-PHY and SYNOPS active ingredient
database. The analysis was based on three different threshold values (t2), see text.

SYNOPS-footprint I-PHY-Footprint I-PHY-SYNOPS
parameter tl t2 (n=182) (n=321) (n=143)
Imgg" [mgg’] n % different n % different n % different
Koc <1000 150 23 13 67 21 24 17
Koc <1000 100 27 15 86 27 45 31
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SYNOPS-footprint I-PHY-Footprint I-PHY-SYNOPS
parameter tl t2 (n=182) (n=321) (n=143)
[mg g'1] [mg g'1] n % different n % different n % different
Koc <1000 50 39 21 110 34 42 29

Table 17: Comparison of DT50 values in the footprint, I-PHY and SYNOPS active ingredient
database. The analysis was based on three different threshold values (t2), see text.

SYNOPS-footprint I-PHY-Footprint I-PHY-SYNOPS
parameter tl t2 (n=348) (n=329) (n=237)
[days] [days] n % different n % different n % different
DT50 >30 10 156 45 115 35 102 43
DT50 >30 5 165 47 129 40 110 46
DT50 >30 2 170 49 141 43 121 51

Overall it can be concluded, that all three databases had a certain percentage of
diverting values, and that all of these percentages were more or less in the same range
for the pair-wise comparison of the databases. On the basis of this result and
considering technical feasibility it was decided to use the SYNOPS database as input
database for the risk assessment and the comparison of the three models.

a) b)
i O Iphy_Footprint
Koo 100+ @ Synops_Footprint o780 100 phy_Footp
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Figure 14: Comparison of Koc and DT50 values in the footprint, I-PHY and SYNOPS active
ingredient database. The analysis was based on three different threshold values (t2).
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4 Result of the RA-models calculated for the wheat and
pomefruit case study regions

The three available RA-models SYNOPS, |-PHY and PRZM-USES were run with the
datasets described in section 3.4. When applying and parameterising the models it
became evident that not all models could be applied to the complete input dataset. Due
to the time consuming manual parameterisation of PRZM only 16 scenarios for wheat
and none for pomefruit could be evaluated with the method PRZM-USES. From the 900
scenarios for pomefruit only 66 could be evaluated using I-PHY. The following sections
summarise the results of each model separately for the two case study regions. In
section 5 the results of the models will be compared.

4.1 Wheat case study region: Saxony Anhalt

4.1.1 Results of I-PHY

The risk values calculated with I-PHY are expressed as scores in the range from 0 to 1,
where 0 is low risk and 1 is high risk. A risk score of 0.3 is considered as the maximal
still tolerable risk potential. Scores above 0.7 are considered as high risk. The basic
statistics of the I-PHY results over all 7488 scenarios and the corresponding frequency
distribution of the calculated risk scores are summarised in Table 18 and Figure 15.

Overall I-PHY estimates relative high risk scores for the wheat case study region in
Saxony Anhalt. The lowest risk scores are estimated for groundwater with a median of
0.24 and a 90" percentile of 0.37. In total 24 % of the scenarios are above the maximum
tolerable groundwater risk of 0.3. For the risk in air much higher values were estimated.
A median of 0.43 and a 90" percentile of 0.58 was calculated. More than 93 % of the
values lie above the tolerable risk of 0.3. The aquatic risk potentials (surface waters)
reach the highest values with a median of 0.53 and a 90" percentile of 0.91. Compared
to the other two risk potentials the aquatic risk scores are spread over a wider range and
82 % of the scenarios have a larger value than the maximal tolerable risk level of 0.3.

Table 18: Risk scores for wheat case study region Saxony Anhalt calculated with I-PHY. Statistical
evaluation for the global environmental risk, and the risk scores of the three
compartments groundwater, surface water and air.

% above max.

N mean std median p90 max min tolerable risk
globalenvionmental 7488 063 013 061 079 100 0.28
risk in air 7488 0.44 0.11 0.43 0.58 0.76 0.09 93
groundwater risk 7488  0.25 0.09 0.24 0.37 0.48 0.06 24
aquatic risk 7488  0.53 0.26 0.53 0.90 1.00 0.03 82
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Figure 15: Risk scores for wheat case study region Saxony Anhalt calculated with [-PHY.

Frequency distributions for the global environmental risk, and the risk scores of the
three compartments groundwater, surface water and air. Blow risk, © intermediate risk, H
high risk

In Table 19 the calculated risk scores are evaluated for three environmental parameters
(slope, mindist and soil type) separately. The statistical analysis was conducted for all
possible values of each environmental parameter. For example, the means and
percentiles were calculated for the parameter mindist at 1m, 3m, 10m and 20m distance.

The environmental parameter ‘minimal distance’ has a strong impact on the median and
90™ percentile of the aquatic risk, whereas the impact of the slope and soil type is much
smaller. If the minimal distance increases from 1 m to 20 m the median of the aquatic
risk score decreases by 0.66 and the 90™ percentile by 0.486. A trend in the opposite
direction can be observed for the slope but the effects are much smaller. An increase of
the slope from 1 to 5 % causes an increase of the median of the aquatic risk score by
0.13 and of the 90" percentile only by 0.02. The different four soil types cause a
variation of the median by 0.1 and of the 90" percentile by 0.04.

The risk of groundwater is only influenced by the slope of the fields. The influence of all
three environmental parameter on the risk in air can be neglected.

It can be summarised, that the risk assessment with |-PHY calculates overall
environmental risk scores for the used wheat strategies in the case study region Saxony
Anhalt, which can not be considered acceptable. The same can be clearly concluded for
the risk scores in surface water and in air. The groundwater risk potential shows the
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lowest values with 24% above the tolerable risk level, but this still would not be an
acceptable value for the wheat case study region.

Table 19: Statistical evaluation of the risk scores grouped for each environmental parameter
separately. Risk scores for wheat case study region Saxony Anhalt were calculated with

I-PHY
soil- number risk scores max max
Risk Mindist Slope type of differences differences
score [m] [%] number scenarios mean std median p90 in median in p90
1 1872 0.47 0.11 0.45 0.63
C 3 1872 0.45 0.11 0.43 0.60
fisk in air 10 1872 044 010 042 o058 OO0°8 0.089
20 1872 0.42 0.10 040 054
1 1872 0.25 0.09 0.24 0.37
groundwater 3 1872 0.25 0.09 0.24 0.37
risk 10 1872 0.25 0.09 0.24 0.37 0.000 0.000
20 1872 0.25 0.09 0.24 037
1 1872 0.84 0.13 0.86 1.00
I 3 1872 0.59 0.13 0.58 0.77
aquaticrisk 1872 045 013 041 063 666 0.486
20 1872 0.25 0.16 0.19 0.51
1 2496 0.44 0.11 043 0.58
risk in air 3 2496 0.44 0.11 043 0.58 0.007 0.004
5 2496 0.45 0.11 043 0.59
roundwater 1 2496 0.25 0.09 0.24 0.37
s 3 2496 025 009 024 037 0000  0.000
5 2496 0.25 0.09 024 037
1 2496 0.48 0.28 045 0.89
aquatic risk 3 2496 0.53 0.25 0.51 0.90 0.133 0.019
5 2496 0.59 0.23 0.58 0.91
9 1872 0.44 0.11 043 0.58
C 24 1872 0.44 0.11 043 0.58
fisk in air 36 1872 045 011 043 o059 008 0.004
41 1872 0.44 0.11 043 0.58
9 1872 0.21 0.06 0.22 0.29
groundwater 24 1872 0.32 0.10 0.36 043
risk 36 1872 0.21 0.06 0.22 0.29 0.137 0.133
41 1872 0.25 0.08 026 0.34
9 1872 0.53 0.25 0.52 0.89
I 24 1872 0.49 0.27 047 0.88
aquatic risk 36 1872 058 024 057 o092 OO 0.041
41 1872 0.53 0.25 0.52 0.89

4.1.2 Results of SYNOPS

The risk potentials calculated with SYNOPS are given as Exposure — Toxicity — Ratios
(ETR). The aquatic risk is evaluated as the maximum risk potential of the three
reference organisms Daphnia, fish and algae and the terrestrial risk as the maximum of
the risk potentials for bees and earthworms.
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Compared to the results calculated with I-PHY the model SYNOPS only considers
terrestrial and aquatic risk potentials. On the other hand SYNOPS differentiates between
acute and chronic risk potential (see 2.2.3). For the acute risk potential the maximal
tolerable ETR value is ETRaue=0.1. In this case the predicted environmental
concentration is one 1/10 of the LC50 concentration. For the chronic risk the maximal
tolerable ETR value is ETRchronic=1, Where the PEC is equal to the NOEC.

Furthermore it is possible to consider the labelled buffer zone requirements for each
product, when estimating risk potentials with SYNOPS. Since this strongly affects the
outcome of the model, the two scenarios: all farmers A) don’t meet / B) meet the buffer
zone requirements are evaluated in this section. Since I-PHY does not consider buffer
zone requirements only the scenario A) is evaluated in the model comparison.

The statistical evaluation for the risk scores of the reference organisms is aggregated in
Table 20. In scenario B) were all buffer zone requirements were met, none oft the
calculated acute terrestrial risk potentials and only 1.3 % of the chronic terrestrial risk
potentials were above the maximal tolerable ETR. The corresponding 90™ percentiles
were 0.76 for the chronic terrestrial risk potential and 0.006 for the acute terrestrial risk
potential. Almost identical results were calculated for the terrestrial risk potentials in
scenario A). The frequency distributions of the terrestrial risk potentials are shown in
Figure 16.
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Figure 16: Frequency distributions of the acute (A) and chronic (B) terrestrial risk potentials

for the wheat case study region Saxony Anhalt calculated with SYNOPS. Hlow risk,
acceptable risk,  intermediate risk, M high risk

The aquatic risk potentials were significantly higher than the terrestrial risk potentials. If
the buffer zone requirements were met, 6 % of all calculated acute aquatic risk
potentials were above the maximal tolerable risk level (ETR>0.1). But both the median
and the 90™ percentile were below this level with values of 0.030 for the median and
0.091 for the 90™ percentile. In scenario A these values were significantly higher: 46 %
oft the acute aquatic risk potential were above the maximal tolerable risk level. In Figure
17 the frequency distributions of the calculated acute risk potentials for surface water
are shown for both scenarios.
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Table 20: Statistical evaluation of the risk potentials for the wheat case study region Saxony

Anhalt calculated with SYNOPS.

ETR (n=7488) % above
scenario risk potential . 90" . I maximal
mean Std median . maximum minimum tolerable
percentile ETR
daphnia 0.02 0.08 0.00 0.02 1.43 0.00 4.8
fish 0.01 0.02 0.00 0.02 0.23 0.00 14
algae 0.18 0.36 0.09 0.35 4.07 0.00 454
. acute aquatic 0.18 0.36 0.09 0.36 4.07 0.00 46.0
scenario A earthworm 0.00 0.00 0.00 0.00 0.03 0.00 0.0
bee 0.00 0.02 0.00 0.00 0.20 0.00 0.0
ggggr terrestrial 001 002 000 001 0.20 0.00 0.0
requirements qaphnla 0.36 1.79 0.01 0.65 37.43 0.00 8.9
are not met fish 0.24 1.08 0.03 0.37 21.03 0.00 5.6
algae 1.87 2.36 1.05 4.65 18.77 0.00 51.4
chronic aquatic 1.98 2.82 1.08 4.73 37.43 0.00 52.0
earthworm 0.24 0.32 0.03 0.80 1.05 0.00 1.3
Bee 0.00 0.01 0.00 0.00 0.1 0.00 0.0
terrestrial 0.24 0.32 0.03 0.80 1.05 0.00 1.3
Daphnia 0.00 0.01 0.00 0.01 0.1 0.00 0.8
Fish 0.00 0.00 0.00 0.00 0.02 0.00 0.7
_ Algae 0.10 0.35 0.03 0.09 2.65 0.00 6.6
scenario B acute  aquatic 0.10 0.35 0.03 0.09 2.65 0.00 6.6
earthworm 0.00 0.00 0.00 0.01 0.03 0.00 0.0
tz’(‘)f:r Bee 0.00 0.02 0.00 0.00 0.20 0.00 0.0
requirements terrestrial 0.01 0.02 0.00 0.01 0.20 0.00 0.0
met Daphnia 0.10 0.28 0.00 0.33 2.84 0.00 0.6
Fish 0.04 0.14 0.01 0.05 1.60 0.00 0.0
chronic  Algae 0.62 0.73 0.39 1.24 5.01 0.00 7.8
aquatic 0.65 0.74 0.41 1.26 5.01 0.00 8.5
earthworm 0.23 0.31 0.03 0.77 1.01 0.00 1.3
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ETR (n=7488) % above
. . . th maximal
scenario risk potential mean Std median 90 . maximum minimum tolerable
percentile ETR
bee 0.00 0.01 0.00 0.00 0.11 0.00 0.0
terrestrial 0.23 0.31 0.03 0.77 1.01 0.00 1.3

Similar results as for the acute aquatic risk potential were calculated for the chronic risk
in surface water. If the buffer zone requirements were met (scenario B), 8.5 % of the
chronic risk potentials were above the maximal tolerable risk level (ETR>1). The median
was 0.421 and 90" percentile 0.956. Again with scenario A) these values were
significantly higher. 52 % oft the chronic aquatic risk potential were above the maximal
tolerable risk level. In Figure 18 the frequency distributions of the calculated chronic risk
potentials for surface water are shown for both scenarios.
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Figure 18: Frequency distributions of the chronic aquatic risk potentials for the wheat case

study region Saxony Anhalt calculated with SYNOPS. (A) buffer zone requirements were
not met, (B) buffer zone requirements were met. BMlow risk, I acceptable risk, I intermediate
risk, M high risk

The chronic and acute aquatic risk potentials of the analysed strategies for wheat are
clearly driven by the risk potential for algae. Figure 19 shows the frequency distributions
of the acute risk potentials for all three aquatic reference organisms. Following the
assumption, that the buffer zone requirements are met (scenario A), the chronic and
acute risk potentials for daphnia and fish exceed only in 1% the maximal tolerable ETR.
On the other hand the risk potentials of algae exceed this level in more than 6.5%. For
scenario A) the conclusion can be driven. The chronic and acute risk potentials for
daphnia and fish exceed the maximal tolerable ETR by less than 9% but the risk
potentials for algae exceed this level by more than 45%.

It can be summarised, that the risk assessment with SYNOPS evaluates acceptable
aquatic and terrestrial risk potentials for the wheat case study region Saxony Anhalt, if it
is assumed that the farmers follow the concept of good plant protection practice and
meet the labelled buffer zone requirements (scenario B). In no case the 90" percentile
of the calculated chronic or acute risk potentials was larger than the maximal tolerable
risk potential. The worst values were calculated for the chronic aquatic risk, where 8.5%
of the calculated ETR where above the maximal tolerable risk potential.
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The situation looks different, if it is assumed that the all farmers don’t meet the labelled
buffer zone requirements (scenario A). In this case the chronic and acute aquatic risk
potentials reach unacceptable values with more than 44% above the maximal tolerable
risk potential. The terrestrial risk is not influenced in scenario A since the applied
products don’t require buffer zones to field margins.

Since the risk assessment model I-PHY is not considering buffer zone requirements the
results calculated with I-PHY are comparable with scenario A. The aquatic risk scores of
calculated with I-PHY lie in 81.8 % above the tolerable risk level. Compared to the
aquatic risk potentials assessed with SYNOPS, where more than 44% are lager than the
tolerable ETR, the results of I-PHY seem to be more conservative. A detailed
comparison of the results will be conducted in section 4.3.

Al) 3500 100% B1) 6000 100%
3000 + = fequency
+ 80% 5000 —e— cumulated % |- 80%
2500 4000
S 2000 + T 60% 5 1 60%
g mmm fequency g 3000
g 1500 —e—cumulated % 1 409, =
2 ° 9] + 40%
1000 -+ += 2000
L 0,
500 -+ 20% 1000 + |_| + 20%
0 + 0% m
0 : : : — 0%
S Qéo QQN Qéo &9 Q"'? NQ'Q v?Q S & &
TIETESS SIS
© & S o o o o S & 4
S o A
NS o
acute risk potential- Daphnia acute risk potential- Daphnia
A2) 3500 - 100% B2) 6000 100%
3000 - = fequency
2500 | T 80% jzzz —e—cumulated % [ 80%
>
2 2000 - T 60% o) 1 60%
[0 mmm fequency %
g’ 1500 —e— cumulated % 0, 3 3000
g T 40% g + 40%
1000 -+ = 2000
- 20%
500 + 1000 + 20%
0 + 0%
R S SR S S S ’ 0 ‘ 0%
S &S &F & & E9° S & &
TS E TS RIS
© & S o o o o S & 4
S O ~ S
N ©
acute risk potential- Fish acute risk potential- Fish
A3) 3500 100% B3) 6000 100%
1 = fequency r.—’v mmm fequency
3000 cumulated % 4+ 80% 5000 + —e—cumulated % + 80%
g - 60% ) 4000 1 - 60%
2 0 $ 3000
g r 40% g L 40%
= 2000 ~
r 20% |
° 1000 20%
L 0,
0% 0 + 0%
FE S SESS
F &F HF ¢ L9
T E LS §§ A
O o o o N 9
acute risk potential - Algae acute risk potential - Algae

41



ENDURE - Deliverable DR3.3

Figure 19: Frequency distributions of the acute aquatic risk potentials for the wheat case
study region Saxony Anhalt calculated with SYNOPS. (A) buffer zone requirements were
not met, (B) buffer zone requirements were met. llow risk, I acceptable risk, | intermediate
risk, M high risk

If the calculated aquatic risk potentials are evaluated for three environmental parameters
(slope, mindist and soil type) separately. The statistical analysis was conducted for all
possible values of each environmental parameter. For this evaluation only scenario A
was considered, since the results will be compared with the results from I-PHY.

Like I-PHY the aquatic indicator of SYNOPS reacts most sensitive to the parameter
mindist, whereas the impacts of the slope and soil type are clearly smaller. If the minimal
distance increases from 1 to 20 m the median of the acute aquatic risk decreases by
0.26 and the 90™ percentile by 0.56. Much larger reductions are observed for the chronic
aquatic risk, where the median decreases by 3.17 and the 90" percentile by 9.51.

A opposite trend can be observed for the slope. This is also comparable to the results
achieved with I-PHY. If the slope increases from 1 to 5 %, the median of the acute
aquatic risk increases by 0.026 and the 90" percentile by 0.040. The median of the
chronic risk is decreased by 0.365 and the 90" percentile by 0.315.

The four different soil types cause a variation of the median bx 0.032 and of the 90™
percentile by 0.047 for the acute risk and by 0.499 and of the 90" percentile by 0.365 for
the chronic risk.

Table 21: Statistical evaluation of the risk scores grouped for each environmental parameter
separately. Risk scores for wheat case study region Saxony Anhalt were calculated with
SYNOPS. Buffer zone requirements were not considered (scenario A).

soil- number risk potential ETR max max
Risk Mindist Slope type of differences differences

sore [m] [%] number scenarios mean std median p90 in median in p90
acute 1 1872 0.41 060 029 0.65
. 3 1872 0.19 026 013 0.29

aguatic 10 1872 008 010 005 o012 2 0%
20 1872 0.05 0.06 0.03 0.09
chronic 1 1872 4.46 425 356 10.74
: 3 1872 2.03 1.86 157 463

aguatic 10 1872 085 076 o064 178 o172 99
20 1872 0.56 053 039 1.23
acute 1 2496 0.17 0.36 0.08 0.33

aquatic 3 2496 0.18 036 0.09 0.36 0.026 0.040
risk 5 2496 0.19 0.37 0.10 0.37
chronic 1 2496 1.84 278 090 462

aquatic 3 2496 1.97 2.81 1.06 4.72 0.365 0.315
risk 5 2496 2.12 2.85 127 4.94
acute 9 1872 0.17 0.36 0.07 0.33
. 24 1872 0.20 037 011 0.38

ﬂg;’at'c 36 1872 0417 036 008 034 003 0.047
41 1872 0.18 037 0.09 0.35

chronic 9 1872 1.84 278 0.87 462 0.499 0.365
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soil- number risk potential ETR max max
Risk Mindist Slope type of differences differences
sore [m] [%] number scenarios mean std median p90 in median in p90
aquatic 24 1872 2.21 2.88 1.37 498
risk 36 1872 189 279 094 463
41 1872 1.96 2.81 1.04 4.75
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4.1.3 Results of PRZM

Among the JKI database, four pesticide use strategies were selected for PRZM-USES.
Two strategies with maximum amount and number of applied pesticide and two
strategies with the minimum amount and number of applied pesticides were selected
(Table 22). In total 16 scenarios (combinations of strategies and field conditions) were
analysed. This resulted in 176 simulations with PRZM and USES. The climate of year
2000 was used for the model calculations (JKI database).

Among the defined environmental scenarios (section 3.4) two soil types (Nr. 9 and 36)
and two slopes (1% and 5%) could be parameterised. PRZM and USES do not consider
the exposition pathway drift. Therefore the parameter distance to surface water was not
taken into account.

Table 22: Selected strategies analysed with PRZM-USES

Name JKI strategy ID Definition TFI
Qmax 1701339105 maximum amount of substances > 6000 kg/ha 6.95
Qmin 1701353321 minimum amount of substances 800 kg/ha 2.76
ASmax 1701342130 maximum number of substances 16 6.50
ASmin 1701349266 minimum number of substances 6 3.66

Table 23: Soil characteristics of soils 9 and 36 (Data from JKI database, except when indicated)

Depth ocC Clay Silt Sand Bulk Field Wiltin%
(cm) content (%) (%) (%) density capacity point
(%) (%) (%)
Soil 9
0-15 3.0 14.33 64.73 20.94 1.35 40.00 18.01
15-70 2.0 14.33 64.73 20.94 1.35 37.00 15.69
70-100 0.1 14.33 64.73 20.94 1.35 37.00 11.67
100-130 0.1 14.33 64.73 20.94 1.35 37.00 11.67
Soil 36
0-30 1.8 14.33 64.73 20.94 1.35 40.00 15.82
30-60 1.1 14.33 64.73 20.94 1.35 39.00 13.99
60-100 1.0 23.53 49.66 20.81 1.55 36.00 16.82
100-140 0.1 14.33 64.73 20.94 1.35 36.00 11.67

" From Rawls et al. (1982)

The complete input data of PRZM and USES are summarized in the appendix (Table 35
and Table 36). Toxicity potentials (TP) were available for bentazone, carbendazim,
deltamethrine, dichlorprop P, isoproturon and MCPA in Huijbregts et al. (2000), but they
were calculated with USES for the other 20 pesticides (Annex 2). For six pesticides
(chlormequat, fenvalerat, fluquinconazole, metconazole, tribenuron and trinexapac), no
aquatic PNEC (Predicted No Effect Concentration) were available in the database nor in
literature, therefore the TP and the impact scores were only calculated for Human.

Figure 20 shows the impact scores of the different strategies on Human, terrestrial
ecosystems, fresh and seawater and fresh and sea sediment. The higher the score is,
the highest the impact is. Results are presented only for a soil slope of 5% as the results
for a slope of 1% were similar (losses of pesticides with erosion, runoff and lateral
outflow were negligible in both cases).
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Differences among the two soils were observed. Soil 36 seems to lead to highest
impacts, except for ASmax and Qmax scenarios. This can be due to lower organic
carbon content therefore, lower sorption of pesticides.

In general, the highest impacts were observed with the scenarios of Qmax, except for
sediment where the highest impact was observed for the ASmax scenario. This is due to
high impact of carbendazim on sediment. The highest impact scores were found for
human, the lowest for seawater and sea sediment.

The method allows discrimination of soil context and of different crop protection
strategies. Highest impacts were found for strategies using the highest amounts of
pesticides, lowest impacts for the lowest amounts.

Human Terrestrial ecosystems

18 0.16 -
gi “ 0.14

0.12

0.10 -

0.08 -

0.06 -

0.04 -

0.02 - ﬂ
0.00

Impact score
N
o o
N N N
o < =] S
5 3 &
. A

I
Qmin ASmin ASmax Qmax Qmin ASmin ASmax Qmax
Freshwater Seawater
4.00 0.06 -
2.ool —
0.1579
o 0.04 -
g
5 010
8
E 0.02
0.05 A
0.00 T 0.00 ¥ T T T )
Qmin ASmin ASmax Qmax Qmin ASmin ASmax Qmax
Freshwater sediment Sea sediment
2.00 0.06 -
1.60
160} m
0.10 A
o 0.04 A
3 0.08
172}
8 0.06
£
£ 0.04 1 0.02 A
0.02 A
0.00 - T T 0.00 T T T T )
Qmin ASmin ASmax Qmax Qmin ASmin ASmax Qmax
Figure 20: Impact scores of crop protection strategies with minimum amounts of pesticides

(Qmin), minimum number of active substances (ASmin), maximum amounts of pesticides
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(Qmax), maximum number of active substances (ASmax) on Human, terrestrial
ecosystems, fresh and seawater, fresh and sea sediment, in soils 9 (ll) and 36 ().

4.2 Pomefruit case study region: Lake Constance

Due to technical reasons only 66 of the 900 defined scenarios for the pomefruit region
could be evaluated with |-Phy and none were evaluated with PRZM-USES. The
following sections summarise the results for the region Lake Constance.

4.2.1 Results of I-PHY

For the pomefruit region Lake Constance only results for the aquatic risk potential were
available from risk assessments with I-PHY. For the analysis with [-PHY the number of
strategies was reduced to eleven pomefruit strategies, three with high frequency index,
four with medium frequency index and 3 with low frequency index. These were analysed
with 6 different environmental scenarios considering only one soil type (Iba=21), two
slopes (1% and 5%) and three distance classes (1m, 5m, 10m).

The frequency distribution of the calculated aquatic risk scores is shown in Figure 21.
For the pomefruit region the evaluated risk scores were significantly higher, than for the
wheat region Saxony Anhalt. 100% of the calculated risk scores were lager than the
maximal tolerable sore of 0.3. The median was in the high risk range with 0.710 and the
90" percentile reached a value of 0.95 (Table 24).
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Figure 21: Aquatic risk scores for pomefruit case study region Lake Constance calculated with

I-PHY.
Mlow risk, " intermediate risk, M high risk

A decrease of the 90" percentile from 0.99 to 0.68 could be observed, when the
distance form the field to the surface water was increased form 1 to 10 m. The range of
variation was slightly larger for the median from 0.94 to 0.52. An increase of slope
resulted in a slight increase of the aquatic risk scores for the median by 0.35. The 90"
percentile was not affected.
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Table 24: Statistical evaluation of the aquatic risk scores for the pomefruit case study region Lake
Constance calculated with I-PHY

soil- number risk scores (n=66) max max
Risk Mindist Slope type of differences differences
sore [m] [%] number scenarios Mean std median p90 in median in p90
aquatic
risk 21 66 0.71 0.19 0.71 0.95
. 1 21 22  0.93 0.05 0.94 0.99
aquatic
risk 5 21 22 0.69 0.09 0.70 0.78 0.416 0.308
10 21 22 0.52 0.12 0.52 0.68
aquatic 3 21 33 0.69 0.218 0.70 0.95
risk 5 21 33 0.73 0.18 0.73 0.95 0.035 0.000

4.2.2 Results of SYNOPS

For the pomefruit region of Lake Constance all 900 suggested scenarios could be
evaluated with SYNOPS. Again, like for wheat, the labelled buffer zone requirements for
each product were not considered in scenarios A) assuming all farmers don’t meet the
buffer zone requirements and were considered in scenario B) assuming that all
farmers meet the buffer zone requirements. Since I-PHY does not consider buffer
zone requirements only scenario A) can be compared with the results of I-PHY.

Compared to the risk potentials in wheat, SYNOPS calculates higher risk potentials for
the pomefruit region Lake Constance. For scenario A) 100 % of the calculated acute
aquatic risk potentials and 80.7 % of the chronic aquatic risk are above the tolerable risk
and level. As expected, the risk potentials are significantly reduced for scenario B. Here
the percentages of risk potentials above the tolerable risk level are reduced to 31.9 %
for the acute risk and to 4.9% for the chronic risk. The two frequency distributions of the
acute aquatic risk for scenario A and B are shown in Figure 22. The frequency
distributions of chronic risk are demonstrated in Figure 23.
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Figure 22: Frequency distributions of the acute aquatic risk potentials for the pomefruit case

study region Lake Constance calculated with SYNOPS. (A) buffer zone requirements were
not met, (B) buffer zone requirements were met. llow risk, I acceptable risk, " intermediate
risk, M high risk

47



ENDURE - Deliverable DR3.3

A) B)
700 o— 100% 600 100%
600 | = fequency —
—e— cumulated % + 80% 500 + mmm fequency  + 80%
500 + %
. , o 400 + —e— cumulated % .
2 400 + T 60% ° r 60%
g S 300 +
g 300 - + 40% 8 L 40%
200 200 ~
=€ 0, L 0,
100 | 20% 100 A 20%
04o—o—ee L1 11 . W g 0 - 0%
SR RIS S E &S SSE
F F HF &F D & o9 F F HF &S » 9
TSI ES S &g 4 T ESF S & g A
Q [} [N) QO ~ ‘«’? N S N N ~ 1,?
chronic risk potential - aquatic chronic risk potential - aquatic
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study region Lake Constance calculated with SYNOPS. (A) buffer zone requirements were
not met, (B) buffer zone requirements were met. Blow risk, M acceptable risk, 7 intermediate
risk, M high risk

Similar high values are achieved for the terrestrial risks with 70 % of the acute risk
potential and 80.7 % of the chronic risk potentials above the tolerable risk potential. The
terrestrial indicator is clearly driven by the risk for bees (see Figure 24). One reason for
the high risk potentials is the in crop exposition of the bees. Some active ingredients,
which are dangerous for bees, have spraying restrictions, like spraying only during night
or not during the pomefruit blossom. These restrictions could not be considered with the
current version of SYNOPS, which explains the high scores for bees and therefore for
the terrestrial risk.

The statistical analysis of the aquatic and terrestrial risk potentials and of the risk
potentials for the different reference organisms are summarised Table 25.
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Figure 24: Frequency distributions of the acute (A) and chronic (B) terrestrial risk potentials

for the pomefruit case study region Lake Constance calculated with SYNOPS. Hlow risk,
acceptable risk, I intermediate risk, M high risk
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Table 25: Statistical evaluation of the risk potentials for the pomefruit case study region
Constance calculated with SYNOPS.
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Lake

ETR (n=900) % ab_ov?
. . . maximal
scenario risk potential mean std median goth. maximum minimum tolerable
percetile ETR
daphnia 1.82 2.79 1.16 2.90 28.93 0.37 100
fish 1.57 1.99 1.02 1.91 16.65 0.33 100
algae 1.26 0.77 1.06 2.44 5.43 0.05 97.3
acute aquatic 2.09 3.00 1.26 2.90 28.93 0.43 100
scenario A earthworm 0.01 0.00 0.01 0.01 0.02 0.00 0
bee 9.03 13.14 0.35 26.98 44.70 0.02 70
ggrf]fgr terrestrial 9.03 1314 035  26.98 44.70 0.02  70.0
requirements Qaphnla 3.25 11.63 0.64 1.72 132.67 0.17 25.9
are not met fish 6.06 19.05 1.60 3.32 140.39 0.31 79.4
algae 1.50 4.53 0.44 0.93 36.90 0.04 8.56
chronic aquatic 6.30 19.77 1.65 3.39 140.39 0.44 80.67
earthworm 0.30 0.29 0.13 0.81 0.92 0.02 0
bee 8.81 12.98 0.33 26.54 44.02 0.02 66
terrestrial 8.86 12.94 0.39 26.54 44.02 0.04 66.0
Daphnia 0.08 0.39 0.02 0.09 5.15 0.01 9.67
Fish 0.06 0.20 0.02 0.10 2.71 0.01 8.56
Algae 0.09 0.09 0.07 0.24 0.59 0.00 25.89
acute aquatic 0.14 0.39 0.07 0.24 5.15 0.01 31.89
scenario B earthworm 0.01 0.00 0.01 0.01 0.02 0.00 -
Bee 9.03 13.14 0.35 26.98 44.70 0.02 -
gggeer terrestrial _ 9.08 1314 035 2698 4470 0.02 -
requirements D_aphnla 0.12 0.49 0.02 0.08 9.02 0.00 3.0
met Fish 0.15 0.63 0.04 0.12 13.77 0.01 3.89
Algae 0.14 0.49 0.05 0.15 5.21 0.00 3.33
chronic aquatic 0.22 0.75 0.06 0.18 13.77 0.01 4.89
earthworm 0.30 0.29 0.13 0.81 0.92 0.02 -
Bee 8.81 12.98 0.33 26.54 44.02 0.02 -
terrestrial 8.86 1294 0.39 26.54 44.02 0.04 -

Looking at three different aquatic reference organisms, SYNOPS calculates the highest
acute risk potentials for algae (Figure 25). Following the assumption, that the buffer
zone requirements are met (scenario B), acute risk potentials for daphnia and fish
exceed in 9.6% or 8.6% the maximal tolerable ETR=0.1 but for algae this level is exceed
by more than 25.9%. In scenario A for all three reference organisms 100% exceed the
tolerable ETR for acute risk.

The assessed chronic aquatic risk potentials are for all three reference organisms lower
than the acute risks. Only 3 to 4% exceed the maximum tolerable risk level and no
significant difference between the organisms could be found.
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Figure 25: Frequency distributions of the acute aquatic risk potentials for the pomefruit case

study region Lake Constance calculated with SYNOPS. (A) buffer zone requirements were
not met, (B) buffer zone requirements were met. Blow risk, I acceptable risk, | intermediate
risk, M high risk

Considering the separate evaluation of the environmental parameters, comparable
relations are found as for the wheat case study region (Table 26). The three
environmental parameters had no influence on the terrestrial risk potentials, since the
exposition pathway is drift into the field margins at a fixed distance of 0.5m. The aquatic
indicator reacts most sensitive to the parameter mindist, whereas the impacts of the
slope and soil type are clearly smaller. If the minimal distance increases from 1 to 10 m
the median of the acute aquatic risk decreases by 1 and the 90" percentile by 5. Much
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larger reductions are observed for the chronic aquatic risk, where the median decreases
by 1.6 and the 90™ percentile by 76.

The effects of the slope were lager than in the wheat case study region, since the range
of the slopes was larger in the pomefruit region. The two different soil types also cause a
larger variation of the aquatic risk potential than in the variation of the four soil types in
the wheat region.

Table 26: Statistical evaluation of the risk scores grouped for each environmental parameter
separately. Risk scores for pomefruit case study region Lake Constance were calculated
with SYNOPS. Buffer zone requirements were not considered (scenario A).

Soil- number risk potential ETR max max
Risk Mindist Slope type of differences differences
sore [m] [%] number scenarios mean std median p90 in median in p90
acute 1 300 3.36 4.03 1.78 6.64
aquatic 5 300 1.81 2.42 1.22 2.06 1.03 5.38
risk 10 300 1.11 1.49 0.75 1.26
chronic 1 300 1596 32.14 2.76 77.06
aquatic 3 300 1.81 0.75 1.90 2.55 1.60 75.47
risk 10 300 1.12 0.47 1.17 1.59
acute 3 300 1.82 2.63 1.26 2.90
aquatic 5 300 1.82 2.63 1.26 2.90 0.00 3.75
risk 10 300 2.64 3.57 1.26 6.64
chronic 3 300 1.81 0.96 1.62 3.00
aquatic 5 300 1.81 0.97 1.62 3.00 0.22 74.06
risk 10 300 15.26  32.43 1.83 77.06
acute 14 450 1.82 2.63 1.26 2.90
aquatic 0.00 2.06
risk 21 450 2.36 3.31 1.26 4.95
chronic 14 450 1.82 0.98 1.62 3.01
aquatic 0.16 44 .49
risk 21 450 10.77 27.22 1.78 47.50
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5 Comparison of the assessment results

In this section the results of the models I-PHY and SYNOPS will be compared: Due to
the small number of analysed scenarios PRZM-USES was not included in the model
comparison. Only four pesticide use strategies were analysed with four different
environmental scenarios for wheat and none were analysed for pomefruit.

The intensity of plant protection, which is expressed with the treatment frequency index,
is often related to the risk potential of the applied strategies. With the accomplished
assessment of 156 wheat strategies and 50 pomefruit strategies it is possible to set the
TFI in relation to the risk potentials calculated SYNOPS and I-PHY. In the first two
sections the result of the two models will be compared to the calculated frequency
treatment indices (TFI) of the analysed pesticide use strategies. In the last section the
results of the two models will be compared to each other.

5.1 Comparison of the TFI with the risk scores calculated with I-PHY

For the wheat case study region Saxony Anhalt 156 strategies were analysed
considering 48 different environmental scenarios, resulting in 7488 risk assessments
with I-PHY. The TFI of these strategies ranged form 14.4 to 59.3. The large variation of
the results is demonstrated in Figure 26, where the complete set of results (aquatic risk
score) is set into relation to the frequency treatment index (TFI).
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Figure 26: Aquatic risk scores for wheat strategies calculated with IPH vs. TFI (n=7488). The

red line marks the maximum tolerable risk.

The correlation matrix according to a Spearman rank analysis is listed in Table 27. In
most cases only very weak (0.2<r>0.5) positive correlation were evaluated between the
risk scores calculated with I-PHY and the TFI. If the scores were grouped by the
environmental parameters only the global risk and the aquatic risk showed a weak
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positive correlation (0.5<r>0.7) when the mindist was 1 m and 5m. In all other parameter
combinations only very weak correlations were evaluated.

Table 27: Correlation matrix for I-PHY risk scores vs. TFl according to a Spearman rank analysis.
Risk potentials were evaluated for wheat case study region.

grouped by Correlation coefficient (r)
soil- number
Mindist  Slope type of Global Groundw. Risk Aquatic
[m] [%0] number | scenarios risk risk in air risk
all 7488 0.40 0.35 0.38 0.24
1 1872 0.69 0.35 0.45 0.60
5 1872 0.67 0.35 0.41 0.56
10 1872 0.47 0.35 0.39 0.42
20 1872 0.46 0.35 0.33 0.29
Correlated 1 2496 0.34 0.35 0.37 0.16
TEI 3 2496 0.40 0.35 0.38 0.24
10 2496 0.48 0.35 0.40 0.33
9 1872 0.39 0.41 0.38 0.24
24 1872 0.44 0.41 0.39 0.30
36 1872 0.44 0.41 0.39 0.30
41 1872 0.40 0.38 0.38 0.24

Mean values were calculated for each strategy to avoid the large variation, which is
determined by the varying environmental conditions. The mean risk scores for each
strategy expresses the average of all considered environmental conditions (n=48) for the
wheat case study region.

In Figure 27 the average values of the calculated risk scores for surface water (a),
groundwater (b), air (c) and the global risk (d) are related to the TFl and regression
analysis were conducted. A fairly good regression according to a power function (y=a*x",
r=0.57) could be found for the means oft the global risk (Figure 27d). Also the average
aquatic risk showed a positive regression according to a power function, but the
regression coefficient was much lower (r°=0.39). Very weak regression coefficients were
for the means of groundwater risk and the risk in air (r?<0.16).

53



ENDURE - Deliverable DR3.3

a) b)
1 1
0.9 Al 0.9 y =0.1496x %%
' ' R?=0.1587
0.8 E 0.8
x 07 g C & o7
T o6 - ¢ ~ 06
x S 2
o g
L2 04 ©
T 1 z
3 03 Ik S
® >
0.2 li T e
01 y = 0.3565x°2%%2 o
R?=0.3947
0 T T T T T T T T T T T T T
0 2 4 6 8 10 12 14
TFI
c) d)
1 1
09 y = 0.3161x>%%%° 0.9 ‘
' R?=0.1366 :
0.8 1 ] —c
E > 0.7 A /C Hi
o I ‘
- 0 0.6 1
e X 0.5 A :
£ 2 T
_\U‘> g 04 1
= S 03
(@]
0.2
y =0.4691x°21%°
0 ‘ ‘ ‘ ‘ ‘ ‘ 0.1 1 2
T T T T T T R“=0.5787
0o 2 4 6 8 10 12 14 o+—————++————
TFI 0 2 4 6 8 10 12 14
TFI
Figure 27: Mean risk scores for wheat strategies calculated with I-PHY in relation to the TFI

(n=156). surface water (a), groundwater (b), air (c) and the global risk (d) - the red line
marks the maximum tolerable risk.

For the pomefruit region only 11 strategies were analysed with I-PHY. These strategies
had a range of the frequency treatment index from 14.4 to 49.1. With a Spearman
correlation coefficient of r=0.023 no correlation could be shown between the aquatic risk
score and the TFI (Figure 28).
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Figure 28: Mean aquatic risk scores for pomefruit strategies calculated with I-PHY in relation
to the TFI (n=11). The red line marks the maximum tolerable risk.

5.2 Comparison of the TFI with the risk scores calculated with SYNOPS

The result for the wheat case study region calculated with SYNOPS show a similar
picture as the I-PHY results. Only very weak correlations can be found, if all 7488
strategy - environmental scenario combinations are related to the TFl. The SYNOPS

results are represented on a logarithmic scale, since the calculated risk potentials range
0.0001 to 10 (Figure 29).
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Figure 29: Aquatic risk scores calculated with SYNOPS vs. TFI (n=7488). The red line marks
the maximum tolerable risk.
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A rank analysis according to Spearman was conducted for all combinations of
environmental conditions and pesticide use strategies. The correlation matrix is shown
in Table 28. All analysed risk potentials showed very weak (0.2<r>0.5) positive
correlations, when the results were grouped by the three environmental parameters
slope, mindist and soil type. The correlations of the terrestrial risk potentials were slightly
stronger. As described in section 4.2.2, the scores were not influenced by the
environmental parameters.

Table 28: Correlation matrix for SYNOPS risk potentials vs. TFl according to a Spearman rank
analysis. Risk potentials were evaluated for wheat case study region.

grouped by Correlation coefficient (r)
_ number _ _
Mindist  Slope soil- of . acutg chron]c acute. | chronl.cI
(m] [%] type |scenarios aqyatlc aqgatlc terrt_estrla terr(_estrla

number risk risk risk risk

all 7488 0.17 0.20 0.50 0.47
1 1872 0.31 0.27
5 1872 0.31 0.28

0.49 0.47
10 1872 0.31 0.28
20 1872 0.30 0.29

Correlated

with 1 2496 0.16 0.18

TEI 3 2496 0.18 0.20 0.49 0.47
10 2496 0.19 0.22
9 1872 0.16 0.18
24 1872 0.21 0.23

0.49 0.47
36 1872 0.16 0.19
41 1872 0.17 0.20

Again average values were calculated for each strategy (n=48) to avoid the large
variation and regression analysis on the mean terrestrial and aquatic risk potentials were
conducted. No regression could be found between the acute aquatic risk potential and
the TFI or between the chronic aquatic risk potential and the TFI (Figure 30). This is true
for scenario A (buffer zone requirements are not met) and scenario B (buffer zone
requirements are met). The maximum regression coefficient was r’= 0.10.

The average values of the calculated terrestrial risk potential showed for both scenarios
(A and B) a weak regression according to a power function with regression coefficients
of r*>0.22 (Figure 31).
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For the pomefruit strategies no or only very weak significant correlation could be found
between the aquatic or terrestrial risk potentials calculated with SYNOPS and the TFI.
This is also the case if the results are grouped by the environmental parameters. (Table
not shown) And it is applicable for scenario A (buffer zone requirements are not met)
and scenario B (buffer zone requirements are met).

Figure demonstrates that no or very weak regressions could be found between the

average values of the aquatic risk potentials and the TFIl. The maximum regression
coefficient was r’= 01469.
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Figure 32: Mean aquatic risk potentials for pomefruit strategies calculated with SYNOPS in

relation to the TFI (n=50). (a) acute, scenario A (b) acute, scenario B (c) chronic, scenario
A (d) chronic, scenario B- the red line marks the maximum tolerable risk.

5.3 Comparison of the results of SYNOPS and I-PHY

Looking at the evaluations above it becomes evident, that the models SYNOPS and |-
PHY can only be compared on the level of the aquatic risk, since SYNOPS did not
calculate risk potentials for groundwater and air and I-PHY did not consider terrestrial
risk. As mentioned above only the SYNOPS results of Scenario A could be compared to
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the results of I-PHY, since I-PHY could not consider the product labelled buffer zones.
Therefore the aquatic risk calculated with I-PHY will be compared with both the acute
and the chronic aquatic risk calculated with SYNOPS.

In Figure 33 the results for the wheat case study region calculated with SYNOPS are
plotted against the result calculated with I-PHY. The corresponding correlation matrix
according to a Spearman rank analysis is summarised in Table 29.
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Figure 33: Acute and chronic aquatic risk calculated with SYNOPS in relation to the aquatic
risk scores calculated wit h I-PHY. Risk assessments were conducted for wheat case
study region

Considering all scenarios, high correlations between the two models could be found with

correlation coefficients lager than 0.7. Overall, the chronic risk potential showed slightly
higher correlation coefficients than the acute risk potential.

Besides the comparison of all scenarios in Table 29 the results were also grouped by
the environmental parameters slope, soil type and mindist. It becomes evident, that the
lowest correlation coefficients (0.33>r>0.52) are achieved, when they are grouped by
the minimal distance. In this case, that the two variable parameters soil type and slope
have less impact on the correlation than the parameter mindist. Therefore higher
correlation coefficients are found if the results are grouped by the soil type (0.66>r>0.74)
and slope (0.70>r>0.76). This is consistent with the findings in section 4, that a variation
of the slope or soil type has less impact on the risk scores than a variation in the minimal
distance.

Although a fairly good correlation between the model results could be found, there is still
a large difference in the classification of the calculated risks between the two models.
With I-PHY it is assessed, that 84% of the risk sores are above the maximum tolerable
risk level. These are all points to the right of the vertical red line in Figure 33. SYNOPS
assesses that 46% of the acute and 52 % of the chronic aquatic risk potential are above

the max tolerable risk level. These are all points above the horizontal red line in Figure
33.
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Table 29: Correlation matrix according to a Spearman rank analysis. Analysed were the aquatic
risk potentials calculated with SYNOPS vs. aquatic risk scores calculated with I-PHY.
Risk assessments were conducted for wheat case study region.

grouped by Correlation coefficient (r)
_ number _
Mindist Slope SOM- of e chronic ’

[m] [%)] type |scenarios aquatic ris aquatic ris

number SYNOPS SYNOPS
All 7488 0.71 0.72
1 1872 0.35 0.43
5 1872 0.46 0.52
10 1872 0.35 0.38
Correlated 20 1872 0.33 0.33

with
1 2496 0.74 0.73
Aquatic risk

scores 3 2496 0.71 0.72
I-PHY 10 2496 0.66 0.68
9 1872 0.74 0.75
24 1872 0.74 0.73
36 1872 0.70 0.73
41 1872 0.75 0.76

The assessed scenarios can be grouped in five categories according to Table 30. The
assessment of the two models converge, if both models calculate a risk potential above
the tolerable risk level (category A) or if both calculated risk potentials are below the
tolerable risk level (category B). The assessment of the two models diverge, if SYNOPS
calculates risk potentials above the maximum tolerable risk level and I-PHY calculates
risk potentials below the maximum tolerable risk (category D). The same applies, if
SYNOPS calculates risk potentials below the maximum tolerable risk level and I-PHY
calculates risk potentials above the maximum tolerable risk (category E). Finally the
models are considered to converge if both calculated risk potentials are around the
maximum tolerable risk (category C). If both calculated risk values are within a range of
+0.01 of the tolerable risk level the two models considered to converge.

Table 30 shows, that 62.2 % of the assessed risks convert and 37.8% divert if the I-PHY
risk scores are compared with the acute risk potentials of SYNOPS. A slightly higher
convergence of 65.8% is achieved if the I-PHY scores are compared with the chronic
risk potentials.

It is also evident, that a high percentage (>31.6%) of the assessed scenarios is risky
when analysed with I-PHY but not risky when analysed wit SYNOPS (category E). Only
low percentage (<2.6%) are reached were SYNPOS assesses the scenarios as risky but
I-PHY on the other hand as not risky (category D).
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Table 30: Percentages of convergence and divergence of the RA-models I-PHY and SYNOPS

Assessment with

Cat SYNOPS I-PHY acute chronic
' max. tolerable risk max. tolerable risk risk potential risk potential
ETR=0.1 score=0.3
> max tolerable > max tolerable Convergen o o
A ETR score ce 44.5 % 49.4 %
B <maxtolerable ETR - Mmaxtolerable  Convergen 7, o 16.1%
score ce ' 62.2 % ' 65.8 %
0709 < ETRacute <
c 0.11 029score<0.31  COMEIN 50, 0.3 %
0,9 < ETRGhronic < 1.1
> max tolerable < max tolerable . o o
D ETR score Divergence 1.5% 2.6 %
37.8 % 34.2%
E  <maxtolerable ETR > Mmaxtolerable — pu o oonce  36.4 % 31.6 %

score

Since for the pomefruit case study region much less scenarios have been assessed with
I-PHY, the achieved results of the model comparison are less meaningful than for the
wheat case study region. In Figure 34 the results for the pomefruit case study region
calculated with SYNOPS are plotted against the result calculated with I-PHY. A weak
linear regression (r2=0.25) of the two model results could be found for the acute risk
potential and a medium linear regression (r2=0.47) for the chronic risk potential. The
corresponding correlation matrix according to a Spearman rank analysis is summarised
in Table 31.

Similar comparison results as for the wheat case study are achieved for the pomefruit
case study. Good correlations (r>0.69) are found between the two models, if all 66
scenarios are considered. Again, the chronic risk potential shows slightly higher
correlation coefficients than the acute risk potential.

When the model results are grouped by the parameter mindist, no correlations to
medium could be found between the risk potentials calculated with SYNOPS and the
aquatic risk score calculated with I-Phy (-0.11<r<0.54). Higher correlation coefficients
are found if the results are grouped by the slope (0.62>r>0.73).

61



ENDURE - Deliverable DR3.3

10 10
»
» w oo
o R R ° ° % @ o
o ® e > o @, o0 o2 oo
zZ 00 = o oo &o o S ° o °0 oo
s e 5 2 3 .
n ° 5 0° o o o L =Y
% ° °Q ° o é /‘;/ooo °
o g
T 3
g 0.1 g 0.1
o) Qo
3 5
© y =2.5512x - 0.2959 < y =3.3038x-0.5908
R?=0.25 © R%=0.4715
0.01 T T T T T T T T 0.01 T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
aquatic risk I-PHY aquatic risk I-PHY
Figure 34: Acute and chronic aquatic risk calculated with SYNOPS in relation to the aquatic

risk scores calculated with I-PHY. Risk assessments were conducted for pomefruit case
study region

Table 31: Correlation matrix according to a Spearman rank analysis. Analysed are the aquatic risk
potentials calculated with SYNOPS vs. aquatic risk scores calculated with I-PHY. Risk
assessments were conducted for pomefruit case study region.

grouped by Correlation coefficient (r)
. number '
Mindist Slope SO of acute ’ chronic y
[m] (%] type |scenarios aquatic ris aquatic ris
number SYNOPS SYNOPS
all o6 0.69 0.70
Correlated
with ! 21 22 0.05 0.54
5 21 22
Aquatic risk 0.21 0.40
scores 10 21 22 011 0.44
I-PHY 1 21 33 0.66 073
> 21 33 0.62 0.72

The convergence of the two models for pomefruit case study region is very high. The
assessment of the acute risk with SYNOPS converges to 100% with the calculated risk
sores of I-PHY. In all case the calculate risks are above the tolerable risk level (category
A). A convergence of 78.8% can be found for the chronic risk and 21 % of the results
are diverging with risk scores calculated with I-PHY above the maximum tolerable risk
and the chronic risk potential assessed with SYNOPS below the max tolerable risk level
(category D).
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Table 32; Percentages of convergence and divergence of the RA-models I-PHY and SYNOPS

Assessment with

Cat SYNOPS I-PHY acute chronic
max. tolerable risk max. tolerable risk risk potential risk potential
ETR=0.1 score=0.3
> max tolerable > max tolerable Convergen o o
A ETR score ce 100 % 78.9%
B < max tolerable ETR < max tolerable Convergen 0% 0%
score ce 100 % 78.8%
0709 < ETRacute <
c 0.11 0.29 < score < 0.31 Con‘ézrge” 0% 0%
0,9 < ETRGhronic < 1.1
> max tolerable < max tolerable . o o
D ETR score Divergence 0% 0%
0 % 21.1%
E < max tolerable ETR >max tolerable Divergence 0% 211 %

score

63



ENDURE - Deliverable DR3.3

6 Discussion and Conclusion

In this study a geo-database for environmental data was established for the two case
study regions Saxony-Anhalt (wheat) and Lake Constance (pomefruit) including all input
parameters relevant to the RA-models on field level. The structure of this geo-database
will be the basis for regional risk assessments on landscape level for further tasks within
RA3.3:

A second database related to the pesticide use in these regions was established for the
crops wheat and pomefruit on the basis of former survey conducted at the JKI. For the
wheat case study region 156 region specific applications strategies and for the pomefruit
50 region specific applications strategies were made available to the RA-models.

The high number datasets in the geo-database was reduced in order to facilitate the
parameterisation of the models |I-PHY and PRZM-USES. This was done by building
representative parameters combination of soil-type, slope and minimal distance and
climate scenario for each case study region and combining them with all available
pesticide use strategies. This resulted in 7488 sets of environmental data / pesticide use
data combinations for wheat and 900 for pomefruit. Both databases were made
available on the workspace of ENDURE.

The practical application of the three RA-models showed that the model PRZM-USES is
not suitable to handle such large numbers of parameter sets and that the
parameterisation of I-PHY needed some adoption of the input and output structure of the
model. Therefore one conclusion of this exercise is that for further GIS-based risk
assessments within the sub-activity in RA3.3 only SYNOPS or I-PHY with modified input
and output structure can be used.

To compare and contrast the RA-Models it was necessary to define a standard
database describing the chemical, physical and eco-toxicological properties of the a.i.’s.
In the models I-PHY and SYNOPS, databases on a.i. properties were integrated. In
addition an online database of the EU-project FOOTPRINT (FOOTPRINT, 2007) was
made available to RA3.3. The comparison of these three active ingredient databases in
section 3.6 revealed a certain percentage of diverting values, even tough all three
databases are related to some extend on the EU monographs. Depending on the
databases and the assumed threshold values the comparison revealed that for the
parameter AquaTox 10%-25% of the values are diverging. Even higher percentage of
diverging values were found for the parameters Koc with a range of 12 -34 % and DT50
with a range of 35 -51%. On the basis of this result and considering technical feasibility it
was decided to use the SYNOPS database as input database for the risk assessment
and the model comparison.

Concerning the assessment results of the wheat case study region Saxony Anhalt the
following can be concluded. |I-PHY assesses overall environmental risk scores for the
used wheat strategies, which can not be considered acceptable. The same can be
clearly concluded for the risk scores in surface water and in air. The groundwater risk
potential shows the lowest values with 24% above the tolerable risk level, which still is
not an acceptable value for the wheat case study region.
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With SYNOPS acceptable aquatic and terrestrial risk potentials are assessed for the
wheat case study region Saxony Anhalt, if it is assumed that the farmers follow the
concept of good plant protection practice and meet the labelled buffer zone
requirements. In no case the 90™ percentile of the calculated chronic or acute risk
potentials was larger than the maximal tolerable risk potential. The worst values were
calculated for the chronic aquatic risk, where 8.5% of the calculated ETR where above
the maximal tolerable risk potential. The situation looks different, if it is assumed that the
all farmers don’t meet the labelled buffer zone requirements. In this case the chronic and
acute aquatic risk potentials reach unacceptable values with more than 44% above the
maximal tolerable risk potential.

Since the risk assessment model I-PHY is not considering buffer zone requirements the
results calculated with |I-PHY are only comparable with scenario A. The aquatic risk
scores calculated with I-PHY lie in 81.8 % above the tolerable risk level. Compared to
the aquatic risk potentials assessed with SYNOPS, where more than 44% are lager than
the tolerable ETR, the results of I-PHY seem to be more conservative.

Compared to the wheat scenarios the assessed risk potentials for the pomefruit region
Lake Constance were significantly higher. 100 % of the aquatic risk scores assessed
with |I-PHY were above the maximum risk level. Similar high risk potentials were
calculated with SYNOPS, if it is assumed that all farmers do not meet the buffer zone
requirements. In this case 100 % of the calculated acute aquatic risk potentials and 80.7
% of the chronic aquatic risk are above the tolerable risk and level. As expected, the risk
potentials are significantly reduced, if it is assumed that all farmers meet the labelled
buffer zone requirements. In this case the percentages of risk potentials above the
tolerable risk level are reduced to 31.9 % for the acute risk and to 4.9% for the chronic
risk.

An important conclusion of these results is that RA-models should account for risk
mitigation regulations like buffer zone requirements; otherwise the assessed risks
overestimate the actual risk within the considered region. Assuming, that 100 % of the
applied strategies within a region are unacceptable concerning the environmental risk, is
not a result which can be communicated and which reflects the actual risk situation. The
information about the risk mitigation requirements is varying within the EU-member
states and could be linked as a database table to the applied plant protection products.

In a first step the risk potentials assessed with I-PHY and SYNOPS were compared with
the treatment frequency index (TFI). The overall comparison of the I-PHY assessments
showed only weak correlation for wheat and no correlation for orchards. The same is
true for the assessments with SYNOPS. No correlation between TFI and risk potential
could be found for pomefruit and only weak positive correlations could be found for the
wheat scenarios. An exception was the correlation for the wheat scenarios between the
terrestrial risk potential and the TFI. Here weak to medium correlations could be found

In addition regression analyses were conducted based on the average risk values for
each strategy to avoid the large variation of the risk values, which is determined by the
varying environmental conditions. No relevant regression could be analysed between
the average SYNOPS risk potentials and TFIl for wheat and pomefruit. The same is
applicable for average values of I-PHY and the TFI. The only exception are the global
risk scores calculated with [-PHY for the 156 wheat strategies. Here a medium
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regression according to a power function (y=a*x°, r’=0.57) could be found. | seem that
the weak regression of the risk scores for air, groundwater and surface water merge to a
medium regression for the global risk

Nevertheless all these results lead to the conclusion that the TFI is not a suitable index
to predict the environmental risk related to plant protection products.

Finally the risk assessments of the two modes I-PHY and SYNOPS were compared.
One has to bear in mind that a comparison of the models was only possible under the
assumption, that no buffer zone requirements were met. This explains the high risk
sores.

Considering all scenarios, high correlations between the two models could be found for
the wheat and pomefruit scenarios. In all cases the correlation coefficients were around
0.7. Overall, the chronic risk potential showed slightly higher correlation coefficients than
the acute risk potential.

Although a good correlation could be found between the model results, there is still a
large difference in the classification of the calculated risks between the two models. An
analysis of the classified results for the wheat case study region revealed a convergence
between the two models of 62 % for the acute risk potential and of 66% for the chronic
risk potential. This means that in 34 % (38 %) of all cases, the classification whether a
risk was tolerable or not was different between the two models.

An adjustment of the tolerable risk levels would improve these percentages. Maximum
tolerable risk level of SYNOPS relates to a measured toxicity value, the no effect
concentration (NOEC). The maximum tolerable risk potential considered in I-PHY has
been defined. Possibly a comparison analysis as accomplished in this study could be
used to calibrate the maximum tolerable risk level in I-PHY by optimizing the
convergence of the two models. An increase of the maximum tolerable risk level defined
in I-PHY form 0.3 to 0.4 would cause an increase of the convergence to 73% for the
acute risk and to 75 % for the chronic risk.
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Table 33: List of all active ingredients surveyed for wheat production in soil climate region BkR17
(Saxony-Anhalt). In total 156 application strategies were surveyed in this region.

HIF Active ingredient CAS_Nr applications mean dosis
n [g ha-1]
Tebuconazol 107534-96-3 119 92.3
Epoxiconazol 133855-98-8 103 75.3
Fenpropimorph 67564-91-4 94 149.1
Azoxystrobin 131860-33-8 91 114.6
Kresoxim-methyl 143390-89-0 84 721
Propiconazol 60207-90-1 76 65.1
Fenpropidin 67306-00-7 71 175.5
Spiroxamine 118134-30-8 40 217.8
o Metconazol 125116-23-6 27 32.7
Fungicides  Quinoxyfen 124495-18-7 22 80.7
Fluguinconazol 136426-54-5 16 133.0
Prochloraz 67747-09-5 15 2521
Carbendazim 10605-21-7 10 72.8
Cyprodinil 121552-61-2 4 384.4
Difenoconazol 119446-68-3 3 87.5
Dithianon 3347-22-6 2 165.0
Cyproconazol 94361-06-5 2 24.0
Tridemorph 81412-43-3 2 562.5
Isoproturon 34123-59-6 71 797.5
Tribenuron 101200-48-0 60 13.3
Diflufenican 83164-33-4 49 68.9
Mecoprop-P 16484-77-8 48 752.5
Fluroxypyr 69377-81-7 31 82.5
Flurtamone 96525-23-4 26 195.7
Florasulam 145701-23-1 24 4.8
MCPA 94-74-6 24 620.8
Thifensulfuron 79277-27-3 16 13.5
Amidosulfuron 120923-37-7 15 12.8
Carfentrazone 128639-02-1 14 14.0
Herbicides | Cinidon-ethyl 142891-20-1 12 30.5
Flupyrsulfuron 144740-54-5 11 7.3
Dichlorprop-P 15165-67-0 10 434.5
Bentazon 25057-89-0 10 621.0
lodosulfuron 144550-36-7 6 8.0
Bifenox 42576-02-3 5 450.0
Fenoxaprop-P 71283-80-2 4 60.4
loxynil 1689-83-4 4 182.5
Metsulfuron 74223-64-6 3 3.3
Flufenacet 142459-58-3 3 186.7
Clodinafop 105512-06-9 3 29.7
Glyphosat 1071-83-6 3 720.0
2,4-D 94-75-7 2 550.0
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HIF Active ingredient CAS_Nr applications mean dosis
n [g ha-1]
Metribuzin 21087-64-9 2 70.0
Pendimethalin 40487-42-1 1 600.0
Fenvalerat 51630-58-1 10 21.0
Deltamethrin 52918-63-5 9 7.4
alpha-Cypermethrin 67375-30-8 9 10.0
o Parathion 56-38-2 4 101.5
Insecticides | ambda-Cyhalothrin 91465-08-6 4 8.8
Dimethoat 60-51-5 2 200.0
beta-Cyfluthrin 68359-37-5 2 5.2
Esfenvalerat 66230-04-4 1 7.5
Chlormequat 999-81-5 256 474.3
growth Trinexapac 95266-40-3 36 65.4
regulators Ethephon 16672-87-0 16 158.5

Table 34: List of all active ingredients surveyed for apple production in soil climate region Lake
Constance. In total 50 application strategies were surveyed in this region.

HIF active ingredient CAS_Nr applications | mean dosis
n [g ha-1]
Captan 133-06-2 256 1011.6
Schwefel 7704-34-9 198 2202.4
Penconazol 66246-88-6 155 23.9
Tolylfluanid 731-27-1 154 726.0
Pyrimethanil 53112-28-0 150 203.9
Flugquinconazol 136426-54-5 140 49.6
Dithianon 3347-22-6 108 355.4
Mancozeb 8018-01-7 104 1446.2
Myclobutanil 88671-89-0 55 47.5
o Cyprodinil 121552-61-2 54 143.3
Fungicides  kresoxim-methyl 143390-89-0 44 62.7
Trifloxystrobin 141517-21-7 41 48.7
Kupferoxychlorid 1332-40-7 32 2126.3
Flusilazol 85509-19-9 28 22.6
Thiophanat-methyl 23564-05-8 15 332.0
Metiram 9006-42-2 10 1253.0
Bitertanol 55179-31-2 2 81.3
Fenarimol 60168-88-9 1 21.6
Kupferhydroxid 20427-59-2 1 2073.0
Triadimenol 55219-65-3 1 26.0
Diuron 330-54-1 58 2304 .1
Glyphosat 1071-83-6 58 1281.3
Herbicides | Amitrol 61-82-5 56 2328.6
MCPA 94-74-6 26 883.8
Glufosinat 77182-82-2 16 794.9
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HIF active ingredient CAS_Nr applications| mean dosis
n [g ha-1]
Mecoprop-P 16484-77-8 2 24.0
Fluazifop-P 79241-46-6 1 107.0
Codling Moth-
Granulosevirus Nn 176 0.1
Methoxyfenozide 161050-58-4 58 88.8
Pirimicarb 23103-98-2 44 219.9
Thiacloprid 111988-49-9 35 92.6
Fenoxycarb 79127-80-3 33 99.2
Tebufenozid 112410-23-8 33 122.9
Codling Moth-
Granulosevirus /Granuprom | Nn 30 24.3
Insecticides  |mjidacloprid 138261-41-3 18 65.7
Mineraloil Nn 16 10782.8
Indoxacarb 173584-44-6 14 491
Schalenwickler-
Granulosevirus /Carpex 2 Nn 13 1.0
Fenpyroximat 134098-61-6 18 70.5
Oxydemeton-methyl 301-12-2 14 204.7
Tebufenpyrad 119168-77-3 2 37.5
Abamectin 71751-41-2 1 13.5
growth Prohexadion 127277-53-6 19 104.9
regulators Ethephon 16672-87-0 7 75.0
Streptomycin nn 6 106.5
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Pesticide Soil 9 Soil 36
Kd (L/kg) k (day™) Kd (L/kg) k (day™)

Soil depth (cm) 0-15 15-30 30-60 60-70 70-100 100-130 0-15 15-30 30-60 60-70 70-100 ll%% 0-30 30-60 60-100 100-140 0-30 30-60 60-100 100-140
Azoxystrobin  12.720 8.480 8.480 8.480 0.424 0.424 0.002 0.002 0.001 0.001 0.001 0.000 7.632 4.664 4.240 0.424 0.002 0.001 0.001 0.000
Bentazone  0.224 0.149 0.149 0.149 0.007 0.007 0.027 0.027 0.013 0.008 0.008 0.000 0.134 0.082 0.074 0.007 0.027 0.013 0.008 0.000
Carbendazime 1.996 1.331 1.331 1.331 0.066 0.066 0.017 0.017 0.008 0.005 0.005 0.000 1.198 0.732 0.665 0.066 0.07 0.008 0.005 0.000
Chlormequat  0.030 0.020 0.020 0.020 0.010 0.010 0.173 0.173 0.086 0.052 0.052 0.000 0.018 0.011 0.010 0.001 0.173 0.086 0.052 0.000
Clodinafop ~ 43.170 28.780 28.780 28.780 1.439 1.439 0.770 0.770 0.385 0.231 0.231 0.000 25902 15.829 14.390 1.439 0.770 0.385 0.231 0.000
Deltamethrine 53.594 35.729 35.729 35.729 1.786 1.786 0.015 0.015 0.007 0.007 0.004 0.000 32.156 19.651 17.864 17.864 0.015 0.007 0.004 0.000
Dichlorprop P 2.040 1.360 1.360 1.360 0.068 0.068 0.054 0.054 0.027 0.016 0.016 0.000 1.224 0.748 0.680 0.068 0.053 0.027 0.016 0.000
Diflufenican  59.670 39.780 39.780 39.780 1.989 1.989 0.005 0.005 0.002 0.002 0.001 0.000 35.802 21.879 19.890 1.989 0.005 0.002 0.001 0.000
Epoxiconazol 26.490 17.660 17.660 17.660 0.883 0.883 0.002 0.002 0.001 0.001 0.001 0.000 15.894 9.713 8.830 0.883 0.002 0.001 0.001 0.000
Fenpropidin ~ 113.94 75.960 75.960 75.960 3.798 3.798 0.010 0.010 0.005 0.003 0.003 0.000 68.364 41.778 37.980 3.798 0.010 0.005 0.003 0.000
Fenpropimorph 29.875 19.917 19.917 19.917 0.995 0.995 0.018 0.018 0.009 0.005 0.005 0.000 17.925 10.954 9.958 0.995 0.018 0.009 0.005 0.000
Fenvalerat 384.1 256.1 256.1 256.1 12.805 12.805 0.016 0.016 0.008 0.005 0.005 0.000 230.5 140.8 128.0 12.805 0.016 0.008 0.005 0.000
Florasulam  0.660 0.440 0.440 0.440 0.022 0.022 0.385 0.385 0.192 0.115 0.115 0.000 0.396 0.242 0.220 0.022 0.385 0.192 0.115 0.000
Fluguinconazol 25.710 17.140 17.140 17.140 0.857 0.857 0.002 0.002 0.001 0.001 0.001 0.000 15.426 9.427 8570 0.857 0.002 0.001 0.001 0.000
Flurtamone  9.885 6.590 6.590 6.590 0.329 0.329 0.008 0.008 0.004 0.002 0.002 0.000 5931 3.624 3295 0.329 0.008 0.004 0.002 0.000

loxynil 16.474 10.983 10.983 10.983 0.549 0.549 0.099 0.099 0.049 0.049 0.029 0.000 9.884 6.041 5491 0549 0.099 0.049 0.029 0.000
Isoproturon  5.404 3.603 3.603 3.603 0.180 0.180 0.038 0.038 0.019 0.011 0.011 0.000 3.242 1.981 1.801 0.180 0.038 0.019 0.011 0.000
Krrﬁzm?“ 9.240 6.160 6.160 6.160 0.308 0.308 0.138 0.138 0.069 0.041 0.041 0.000 5544 3.388 3.080 0.308 0.138 0.069 0.041 0.000

MCPA 0.153 0.102 0.102 0.102 0.005 0.005 0.051 0.051 0.025 0.015 0.015 0.000 0.092 0.056 0.051 0.005 0.050 0.025 0.015 0.000
Metconazol ~ 30.030 20.020 20.020 20.020 1.001 1.001 0.002 0.002 0.001 0.001 0.001 0.000 18.018 11.011 10.010 1.001 0.002 0.001 0.001 0.000
Prochloraz ~ 30.030 20.020 20.020 20.020 1.001 1.001 0.007 0.007 0.003 0.002 0.002 0.000 18.018 11.011 10.010 1.001 0.007 0.003 0.002 0.000
Propiconazol 20.678 13.785 13.785 13.785 0.689 0.689 0.007 0.007 0.004 0.002 0.002 0.000 12.407 7.582 6.892 0.689 0.007 0.003 0.002 0.000
Quinoxyfen  57.190 38.126 38.126 38.126 1.906 1.906 0.002 0.002 0.001 0.001 0.001 0.000 34.314 20.969 19.063 1.906 0.002 0.001 0.001 0.000
Tebuconazol 27.192 18.128 18.128 18.128 0.906 0.906 0.006 0.006 0.003 0.002 0.002 0.000 16.315 9.970 9.064 0.906 0.006 0.003 0.002 0.000
Tribenuron ~ 0.930 0.620 0.620 0.620 0.031 0.031 0.173 0.173 0.086 0.052 0.052 0.000 0558 0.341 0.310 0.031 0.173 0.086 0.052 0.000
Trinexapac  8.400 5.600 5.600 5.600 0.280 0.280 0.138 0.138 0.069 0.041 0.041 0.000 5040 3.080 2.800 0.280 0.138 0.069 0.041 0.000
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Table 36: Summary of USES input data (Data from JKI database except when indicated)

Pesticide ADI PNECaq PNECterr Mw l0g Kow Melting Pvap 25°C Sw 25°C Koc DT50sw DT50soil
(mg/kg/d) (ng/L) (g/mol) 9 point (°C) (Pa) (mg/L) (L/kg) (days) (days)
Azoxystrobin 0.1 1510-3* EP *+* 403.4 25 116 *x+* 1.110-10 6.7 424 47.7 279
Chlormequat 0.05* - EP 158.1 -2.3 245 *xxx 1.0110-4 1200000 1.02 13.8 4
Clodinafop 0.003 2.110-3* EP 311.7 3.9 48.2 rrkx 1.6 10-4 4 1439 66.1 0.9
Diflufenican 0.2 2510-5* EP 394.3 4.9 160 ** 3.110-5 0.05 1989 394 141.6
Epoxiconazol 0.008 1.010-3* EP 329.76 3.33 136.7 ** 0.02 7.05 883 33 402.7
Fenpropidin 0.02 1.210-4* EP 273.5 2.59 - 0.021 530 3798 6.3 69.3
Fenpropimorph 0.003 ** 1.6 10-5* EP 303.5 4.06 - 2.310-3 4.3 995 317 37.4
Fenvalerat 0.02 ** - EP 419.9 6.42 - 1.92 10-5 0.001 12805 7.6 42.4
Florasulam 0.05 1.1810-4 * EP 359.3 -1.22 212 ** 110-5 6360 22 86.3 1.8
Fluguinconazol 0.005 ** - EP 376.2 3.24 192.4 ** 6.4 10-9 1.15 857 335 377.8
Flurtamone 0.03 9.910-4* EP 333.3 3.24 148.5 *xrx 110-5 11.5 329 314 87.3
loxynil 0.005 ** 1.110-3* EP 370.9 351 207.8 ** 2.04 10-6 15 549 13.2 7
Kresoxim-methyl 0.4 1510-2* EP 313.3 3.4 101.6 **** 2.310-6 2 308 131.8 5
Metconazol 0.048 - EP 319.8 3.85 104.2 ** 1.310-5 30.4 1001 17 350.5
Prochloraz 0.01 ** 410-3* EP 376.7 4.12 48.3 ** 4.510-6 26.5 1062 154 99.2
Propiconazol 0.04 * 5.110-3* EP 342.2 3.72 - 5.6 10-5 110 689 140.1 95.8
Quinoxyfen 0.2 810-4* EP 308.14 4.66 103 ** 210-5 0.047 1906 22 322.7
Tebuconazol 0.03 1.210-3* EP 307.8 3.7 105 ** 9.69 10-7 32 906 219 117.8
Tribenuron 0.01 - EP 381.4 0.78 147 Hxxx 5.310-8 2040 31 70.1 4
Trinexapac 0.3 - EP 224.2 -0.29 36 *r+* 2.16 10-3 200000 280 3.2 5

* Data from Agritox

** Data from Footprint

** RIVM et al. (1998)

**** Other sources of information
- No data

DT50sed
(days)
57.5
22.7
109.5
151.9
181.8
21.2
43.3
23.1
88.1
257.6
333.8
37.6
64.6
279
1615.4
46.9
222.7
46.7
67.4
2.1

pKa

10.5*
6.98 *

454 *

15*

1.09 *
3.56 *

4.7*
4.57 *
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