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ABSTRACT 7 

Based on consultation with Member States, EFSA asked the Panel to prepare a revision of the 8 
Guidance Document on persistence in soil (SANCO/9188VI/1997 of 12 July 2000) as scientific 9 
knowledge in this field has evolved in recent years. Therefore the Panel developed a revised 10 
methodology for the assessment of exposure of soil organisms. Based on a previous opinion of the 11 
Panel, the methodology is developed both for the concentration in total soil and the concentration in 12 
the soil pore water. The goal of the exposure assessment is provisionally the 90th percentile of the 13 
exposure concentration in the intended area of use in each of the three regulatory zones. The 14 
exposure-assessment methodology is restricted to spray applications to annual crops under 15 
conventional or reduced tillage (excluding tillage systems with ridges and furrows). The Panel 16 
proposes a tiered approach. Tier 1 is based on a simple analytical model. Tier 2A is based on 17 
simulations with numerical models. To keep the approach as simple as possible, the Panel based Tiers 18 
1 and 2A for each regulatory zone on only one scenario for the concentration in total soil and on only 19 
one scenario for the concentration in pore water. These scenarios are to be used for all these annual 20 
crops and for all plant protection products in each regulatory zone. Tiers 2B and 2C are based again 21 
on the simple analytical model but in these tiers a specific crop or crop group and a specific plant 22 
protection product are considered. Tier 3 is based on simulations with numerical models but, as in 23 
Tiers 2B and 2C, a specific crop or crop group and a specific plant protection product are considered. 24 
All tiers aim to assess the same exposure assessment goal. Given the complexity of the calculations in 25 
the different tiers, efficient use of this tiered approach in the regulatory process is impossible without 26 
software tools. Therefore the Panel recommends developing user-friendly software tools for the 27 
calculation of the exposure concentrations in the different tiers.   28 
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SUMMARY 35 

The European Food Safety Authority (EFSA) asked the Panel on Plant Protection Products and their 36 
Residues to prepare a revision of the Guidance Document on persistence in soil 37 
(SANCO/9188VI/1997 of 12 July 2000) as scientific knowledge in this field has evolved in recent 38 
years. Therefore the Panel developed a revised methodology for the assessment of exposure of soil 39 
organisms. This exposure is needed as part of the effect assessment for soil organisms. To ensure an 40 
adequate link between exposure and effect assessment, the Panel explored in a previous opinion the 41 
ecotoxicologically relevant types of concentrations to be considered. As a result of this previous 42 
opinion, the methodology is developed both for the concentration in total soil and the concentration in 43 
the soil pore water.  44 

Development of a scientific methodology for assessment of exposure of organisms to plant protection 45 
products and their transformation products in soil requires a detailed definition of the exposure-46 
assessment goal. This definition is a risk-management decision. The proposed methodology is 47 
provisionally based on the goal to assess the 90th percentile concentration considering all agricultural 48 
fields within a regulatory zone where the particular active ingredient is applied. This goal is 49 
considerably less differentiated in space than those for the current EU exposure assessment 50 
methodologies for leaching to groundwater and exposure of aquatic organisms. This was done to keep 51 
the regulatory approach for exposure of organisms in soil as simple as possible.   52 

The proposed exposure-assessment methodology is restricted to spray applications to annual crops 53 
under conventional or reduced tillage (excluding tillage systems with ridges and furrows). The Panel 54 
proposes to base this methodology on a tiered approach. Tier 1 is based on a simple analytical model. 55 
Tier 2A is based on simulations with numerical models. To keep the approach as simple as possible, 56 
the Panel based Tiers 1 and 2A for each regulatory zone on only one scenario for the concentration in 57 
total soil and on only one scenario for the concentration in pore water. These scenarios are to be used 58 
for all these annual crops and for all plant protection products in each regulatory zone. Tiers 2B and 59 
2C are based again on the simple analytical model but in these tiers a specific crop or crop group and 60 
a specific plant protection product are considered. Tier 3 is based on simulations with numerical 61 
models but, as in Tiers 2B and 2C, a specific crop or crop group and a specific plant protection 62 
product are considered. All tiers aim to assess the same exposure endpoint, i.e. the 90th percentile of a 63 
certain type of concentration considering all agricultural fields within a regulatory zone where the 64 
particular active ingredient is applied.   65 

Based on discussions at the IRIS workshop (where Member States and stakeholders were attending), 66 
it was a boundary condition that the proposed exposure-assessment methodology can be applied by 67 
taking median or average substance properties (such as the degradation half-life in soil and the 68 
sorption coefficient) from the dossiers. Such substance properties are uncertain and inclusion of this 69 
uncertainty leads to probability density functions of concentrations that show more spread. As a 70 
consequence, this boundary condition led to the need to base the scenario selection procedure on the 71 
95th percentile concentration instead of the 90th percentile concentration.  72 

There appeared to be distinct differences between the properties of the scenarios selected for (i) the 73 
concentration in total soil and (ii) the concentration in pore water. So it was necessary to use different 74 
scenarios for these different types of concentration.  75 

Peak concentrations in total soil and in pore water were calculated with numerical models for the Tier 76 
2A scenarios. The calculations were carried out for applications on bare soil in sugar beet and winter 77 
wheat and for a number of example substances. The concentration differences between the three 78 
regulatory zones appeared to be no more than a factor of two. These differences are comparatively 79 
small in view of the considerable differences in climate and soil properties between the three 80 
regulatory zones. The concentration in total soil decreased in the order North-Centre-South whereas 81 
the concentration in pore water usually decreased in the order South-Centre-North. 82 
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The area of the crop within a regulatory zone appeared to have a distinct effect on the 95th percentile 83 
concentration. Therefore in the Tier 1 and Tier 2A assessments (which are based on the total area of 84 
annual crops in a zone) the concentrations have to be multiplied with a so-called ‘crop extrapolation 85 
factor’ to ensure that these assessments are conservative enough. This crop extrapolation factor 86 
depends on the type of concentration, the regulatory zone and the area of the crop considered. The 87 
Panel assessed this factor for 12 crops using maps of their density at a resolution of 1×1 km2 for the 88 
whole EU and found the required factor to range from 1.02 to 1.79. If no map is available of the 89 
density of the particular crop, the crop factor has to be based on the 100th percentile concentration 90 
considering the whole area of annual crops in a regulatory zone. The range of crop factors based on 91 
this 100th percentile was from 1.3 to 3.2. These results imply that the effect of the area of the crop on 92 
the exposure endpoint may be in the same range as the differences between the regulatory zones.   93 

Tier 2A calculations carried out on a number of example substances, with the numerical models 94 
PEARL and PELMO, showed distinct differences between concentrations calculated with these 95 
models. So in tiers based on calculations with numerical models (Tiers 2A and 3), the choice of the 96 
model is also a source of uncertainty. If the margin of safety for the assessment of effects on 97 
organisms in soil is less than a factor of two, risk managers could consider the necessity of performing 98 
calculations with both PELMO and PEARL and of using the highest exposure concentration of the 99 
two models.  100 

The Panel notes that other models are equally adequate and encourages parameterising the scenarios 101 
also for numerical models other than PELMO and PEARL. The only requirement is that the process 102 
descriptions in these numerical models have a similar or higher level of detail than those in PELMO 103 
and PEARL (PRZM and MACRO do fulfill this requirement).   104 

Registration dossiers contain at least four studies on the degradation half-life in soil and the sorption 105 
coefficient. The exposure-assessment methodology is based on the use of the geomean of the relevant 106 
statistical population of these substance properties which may differ from the geomean of the sample 107 
population derived from the data in the dossier. The Panel developed a procedure to assess the 108 
uncertainty in the soil exposure concentrations resulting from the limited number of studies on the 109 
degradation half-life in soil and the sorption coefficient in the dossiers. Preliminary calculations 110 
showed that this uncertainty depends strongly on (i) the type of concentration, (ii) the substance 111 
properties, and (iii) the ecotoxicological averaging depth. In these calculations it was assumed that 112 
only four studies were available for the degradation half-life in soil and the sorption coefficient and 113 
the uncertainty ranged from negligibly small to about 50% higher or lower concentrations. Using the 114 
above procedure, calculations on the uncertainty resulting from the available number of DegT50 and 115 
Kom values in the dossier could be included on a routine basis in the exposure assessment if deemed 116 
necessary by the SCFCAH.  117 

The proposed exposure-assessment methodology is based on the population of all agricultural fields 118 
within a regulatory zone grown with the crop or group of crops that are considered for the plant 119 
protection product within the EU registration procedure. So to apply the exposure assessment 120 
methodology for EU registration, the list of possible annual crops for this registration has to be 121 
defined. This definition is a risk management decision. The Panel will provide a proposal for this list, 122 
as an appendix to the final guidance document. It will be based on (i) lists currently in use in the UK 123 
and the Netherlands and (ii) lists used by FOCUS (2000, 2001, 2009); see Appendix II  for the UK list 124 
of annual crops. The Panel recommends that thereafter the SCFCAH comes to a decision regarding 125 
this list of crops. After this decision, it is advisable to develop maps for as many of those crops as 126 
possible (if not yet available as a CAPRI crop), using the CAPRI methodology. It is recommended to 127 
do this at the same 1×1 km2 scale as that used for this guidance development in order to facilitate use 128 
of these maps in higher tiers of the proposed methodology (these maps are likely to be useful also in 129 
other exposure-assessment methodologies). 130 

The tiered approach contains many tiers and the procedures to be followed in each tier are 131 
complicated. Thus efficient use of the approach in regulatory practice is impossible without 132 
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appropriate software tools. Therefore the Panel recommends developing user-friendly versions of 133 
numerical models that can calculate exposure concentrations for the six Tier 2A scenarios. 134 
Furthermore, the Panel recommends developing one single user-friendly software tool that can 135 
perform the following tasks: (i) calculation of the Tier 1 PECs, (ii) calculation of the Tier 2B 95th 136 
percentile PECs, (iii) calculation of the Tier 2C 95th percentile PECs using output from Tier 2A 137 
simulations for the soil load including wash-off, and (iv) selection of the grid cell corresponding to the 138 
95th percentile PEC as needed for the scenario development of Tier 3. The Panel recommends 139 
checking iteratively the consistency of the tiered flow chart considering the three regulatory zones, all 140 
types of concentration, all relevant crops and the relevant range of substance properties after this tool 141 
has become available.  142 

The Panel recommends checking (using again this user-friendly tool) whether the proposed shift from 143 
the 90th to the 95th spatial percentile to account for the uncertainty in DegT50 and Kom is 144 
appropriate considering the three regulatory zones, all types of concentration, all relevant crops and 145 
the relevant range of substance properties.   146 

The development of the exposure-assessment methodology would have been much easier and much 147 
more straightforward if appropriate tools for spatially distributed modelling with numerical models 148 
had been available. Because this was not the case, the proposed methodology had to be based on a 149 
number of simplifying assumptions. The development of such tools has now become feasible since 150 
maps of relevant data are now available for the whole EU at a resolution of 1×1 km2. Therefore the 151 
Panel recommends developing such tools. 152 

The tiered approach to assess 90th percentile concentrations was developed considering only parent 153 
substances because developing a methodology that also included soil metabolites was considered too 154 
complex as long as appropriate tools for spatially distributed modelling with numerical models are not 155 
yet available. Nevertheless, the Panel also recommends using this tiered approach for soil metabolites 156 
in the absence of a better alternative. However, risk managers should be aware that there is no 157 
guarantee that exposure endpoints for soil metabolites are close to the 90th percentile.    158 

The half-life for decline of the dislodgeable foliar residue (DFR) on plants resulting from degradation 159 
on plant surfaces plus uptake by plants is an input parameter for the numerical models that may have a 160 
large effect on soil exposure concentrations of substances sprayed on full-grown crops. This half-life 161 
is not part of the EU data requirements and therefore usually not available in dossiers. Thus a default 162 
half-life is needed. The Panel recommends using a default half-life of 10 d (based on a previous EFSA 163 
opinion). The Panel recommends the collection and analysis of all relevant literature data on the 164 
decline of the DFR in order to further underpin the default value of the DFR half-life. 165 

 166 
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BACKGROUND AS PROVIDED BY EFSA 232 

During the review process of the substances of the second list, several concerns were raised regarding 233 
the Guidance Document on persistence in soil. A number of Member states have expressed interest in 234 
a revision of the current Guidance Document on persistence in soil during the general consultation of 235 
Member States on Guidance Documents in answer to the request by the Director of Sciences of EFSA 236 
in letter 3 July 2006 sent via the Standing Committee on the Food Chain and Animal Health. Further 237 
the former EFSA PRAPeR Unit noted that the Guidance Document needed to be brought in line with 238 
the FOCUS degradation kinetics report (SANCO/100058/2005, version 2.0, June 2006).  239 

FOCUS (1997) developed the first guidance at EU level for exposure assessment in soil. This included 240 
a simple approach for estimating PECSOIL but FOCUS (1997) did not develop first-tier scenarios (in 241 
contrast to subsequent FOCUS workgroups that developed such scenarios for surface water and 242 
groundwater as development of soil scenarios was a lower priority at that time). FOCUS (2006) 243 
developed detailed guidance on estimating degradation rate parameters from laboratory and field 244 
studies, but did not develop exposure scenarios. Nevertheless there is need for such scenarios in view 245 
of ongoing discussions in peer review experts groups regarding PECSOIL as current approaches at EU 246 
level just represent the range of climatic conditions covered by available field dissipation and/or 247 
accumulation studies and member states would like tools to be able to extrapolate to a wider range of 248 
climates present in the EU. 249 

The existing Guidance Document on Persistence in Soil (9188/VI/97 rev 8) published in 2000 did not 250 
include scenarios. The intention with the new guidance document is to update the existing Guidance 251 
Document on Persistence in Soil to include European exposure scenarios for soil and to provide 252 
guidance on best practice for using the results of field experiments and soil accumulation studies in the 253 
exposure assessment.  254 

The revision will not include guidance that is in the existing guidance document but has been replaced 255 
by newer guidance e.g. in FOCUS (2006). Some parts of the current guidance will not be considered 256 
in the revision e.g. for non-extractable residues as these sections are better dealt with separately. The 257 
revision will also exclude risk management guidance and hazard cut-offs e.g. PBT classification as 258 
this is not within the mandate given to EFSA.  259 

Member States and stakeholders have been and will be consulted through web-conferences and 260 
stakeholder workshops to collect comments during the revision of the Guidance Document. 261 

 262 

TERMS OF REFERENCE AS PROVIDED BY EFSA 263 

The Scientific Panel on Plant Protection Products and their Residues (PPR Panel) of EFSA was asked 264 
in November 2007 by EFSA to prepare a revision of the Guidance Document on persistence in soil 265 
(SANCO/9188VI/1997 of 12 July 2000). 266 

267 
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ASSESSMENT 268 

1. INTRODUCTION 269 

 270 

1.1. Background to development of the guidance 271 

 272 
FOCUS (1997) developed the first guidance at the EU level for exposure assessment of plant 273 
protection products in soil. This included a simple approach for estimating PECSOIL (Predicted 274 
Environmental Concentration in soil) but it did not develop scenarios for numerical models (in 275 
contrast to subsequent FOCUS workgroups which developed such scenarios for surface water and 276 
groundwater). FOCUS (2006) developed detailed guidance on estimating degradation rate parameters 277 
from laboratory and field studies, but also did not develop exposure scenarios. Nevertheless there is 278 
need at the EU level for such scenarios in view of ongoing discussions in peer review experts groups 279 
on PECSOIL. The existing Guidance Document on Persistence in Soil (9188/VI/97 rev 8) published in 280 
2000 did not include scenarios. Therefore the Panel started a revision of the existing Guidance 281 
Document on Persistence in Soil by developing tiered exposure-assessment approaches for soil 282 
organisms in which European exposure scenarios play an important role. This has resulted in this 283 
guidance proposal for a tiered exposure-assessment approach. This approach is based on development 284 
of scenarios representing realistic worst-case conditions for the three regulatory zones North/ 285 
Centre/South (Figure 1), as included in Annex 1 of the new regulation concerning the placing of plant 286 
protection products on the market (Anonymous, 2009).  287 
 288 
EFSA (2010a) described the outline of the proposed guidance for the soil exposure assessment and 289 
indicated that the guidance will in the first instance be limited to spray applications to annual crops 290 
under conventional and reduced tillage (excluding tillage systems with ridges and furrows). EFSA 291 
(2010d) described how field dissipation studies can be used to refine the estimation of the half-life for 292 
degradation in the top 30 cm of soil at 20oC and moisture content at field capacity which is an 293 
important substance property in the tiered exposure-assessment approach. This document gives 294 
guidance for the soil-exposure assessment for these spray applications which is based on the tiered 295 
exposure-assessment scheme described in Chapter 2.   296 
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  297 
 298 
 299 
Figure 1: Map of the three regulatory zones used in the registration procedure of plant protection 300 
products in the EU. 301 
 302 
 303 

1.2. General principles of tiered approaches 304 

 305 
The Panel considers tiered approaches to be the basis of environmental risk- assessment schemes that 306 
support the registration of plant protection products. A tier is defined as a complete exposure or effect 307 
assessment resulting in an appropriate endpoint (in this case a PECSOIL). The concept of tiered 308 
approaches is to start with a simple conservative4 assessment and to only do additional more complex 309 
work if necessary (so implying a cost-effective procedure both for notifiers and regulatory agencies).  310 
 311 
The general principles of tiered exposure approaches are:  312 
i.  lower tiers are more conservative than higher tiers,  313 
ii.  higher tiers are more realistic than lower tiers, 314 
iii.  lower tiers usually require less effort than higher tiers 315 
iv.  in each tier, all available relevant scientific information is used 316 
v.  all tiers aim to assess the same exposure goal. 317 
In short, the tiered exposure assessment needs to be internally consistent and cost-effective and to 318 
address the problem with higher accuracy and precision when going from lower to higher tiers. These 319 
principles permit moving directly to higher tiers without performing the assessments for all lower tiers. 320 
 321 

1.3. Relationship between effect and exposure assessment in the guidance development 322 

 323 
The guidance aims to develop exposure assessment methodologies for assessment of ecotoxicological 324 
effects on soil organisms at the EU-level. So the exposure assessment is considered to be part of the 325 
assessment of terrestrial effects.  326 
 327 
EFSA (2010c) described the framework for the risk assessment for aquatic and terrestrial organisms. 328 
Figure 2 (taken from EFSA, 2010c) shows that the risk assessment requires two parallel tiered flow 329 
charts, one for the effect assessment and one for the exposure in the field. Each flow chart is based on 330 
a ‘reference tier’ to which lower tiers are calibrated. Figure 2 shows an example where the reference 331 

                                                      
4 In the context of this opinion ‘conservative’ means ‘on the safe side with respect to the risk assessment’. 
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tiers of the field-exposure and the effect flow charts are at exactly the same level. However, the 332 
reference tier may be at different levels because both flow charts stand on their own and because it 333 
suffices if each flow chart is internally consistent. 334 
 335 

 336 
 337 
Figure 2: The tiered approach used in a risk-assessment framework and its relationship to problem 338 
formulation, protection goals and risk management in the process of developing specific protection 339 
goals and developing risk-assessment guidance (adapted from EFSA, 2010c). Note that the ‘Exposure’ 340 
tiers in this scheme deal only with field exposure and not with exposure in the ecotoxicological 341 
studies. 342 
 343 
 344 
As described by EFSA (2010c) the risk assessment requires that the exposure assessment has to 345 
consider all kinds of concentration that are relevant for assessing these effects. These concentrations 346 
are called Ecotoxicologically Relevant types of Concentration (ERC), and they are determined by the 347 
protection goal (see EFSA, 2010c).  348 
 349 
Figure 3 shows in more detail the interactions between the field-exposure and effect flow charts . 350 
There are of course only arrows from field-exposure to effect tiers. All options for delivery of field-351 
exposure assessments to effect tiers are possible (called the ‘criss-cross’ model by Boesten et al., 352 
2007). This is required to be flexible and cost-effective.  353 
 354 
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 355 
 356 
Figure 3: Possible routes through the combined effect and field-exposure flow charts for a terrestrial 357 
effect assessment. The boxes E-1 to E-4 are four effect tiers and the boxes F-1 to F-4 are four tiers for 358 
assessment of exposure in the field (‘F’ from ‘field’). Downward arrows indicate movement to a 359 
higher tier. Arrows from right to left indicate delivery of field-exposure estimates for comparison with 360 
effect concentrations in the effect flow chart (after Boesten et al., 2007). 361 
 362 
 363 
Figure 4 shows in detail how the interaction between exposure and effect assessment works for an 364 
arbitrary combination of an effect and a field-exposure tier (by zooming in on an arbitrary 365 
combination of an effect and field-exposure tier from Figure 3). The standard procedure in 366 
ecotoxicological experiments is to use a range of concentrations to derive a concentration–response 367 
relationship. Assessment endpoints within effect tiers have to be expressed in terms of the same type 368 
of ERC as the endpoints of the field-exposure tiers. For instance, if the type of ERC was defined as the 369 
concentration in the soil pore water then this has to be used in the risk assessment both for evaluating 370 
the results of the ecotoxicological experiment and for estimating the exposure in the field. This implies 371 
that there are two equally important types of exposure assessments required for the risk assessment 372 
procedure. The first assessment (in the field-exposure box in Figure 4) involves estimating the 373 
exposure (in terms of a certain type of ERC) that will occur in the field resulting from the use of the 374 
plant protection product in agriculture. This is part of the field-exposure flow chart (Figure 2) and is 375 
often referred to as thePredicted Environmental Concentration (we use ‘PEC’ because this is the most 376 
common term but this does not exclude use of measured field concentrations in higher exposure tiers if 377 
these measured concentrations are more appropriate). The second exposure assessment (in the effect 378 
box in Figure 4) is a characterisation of the exposure (defined in terms of the same type of ERC) to 379 
which the organisms were exposed in all ecotoxicological experiments. This second exposure 380 
assessment is part of all tiers in the effect flow chart. Both exposure assessments and their interaction 381 
with the ecotoxicological activities (Figure 4) require that fate experts and ecotoxicological experts 382 
have to co-operate closely for the exposure assessment in suchexperiments.  383 
 384 
This guidance proposal is restricted to exposure assessment in the field. 385 
 386 
 387 
 388 
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 389 
 390 
Figure 4: Schematic representation of the two types of exposure assessments which are needed in any 391 
combination of tiers of the effect and field-exposure flow charts (after Boesten et al., 2007). Note that 392 
‘field-exposure tier F’ is identical to the ‘Exposure’ tiers in Figure 2. 393 
 394 
 395 

1.4. Specification of the exposure-assessment goal 396 

1.4.1. Introduction 397 

 398 
EFSA (2010c) indicated that the first step of linking exposure to effects is to define the type of ERCs 399 
that are needed. EFSA (2009) indicated that the following types of ERC are needed:  400 
1)  the concentration in total soil (adsorbed plus dissolved) expressed as mass of pesticide per 401 

mass of dry soil (mg kg-1) averaged over the top 1, 2.5, 5 or 20 cm of soil for various time 402 
windows: peak and time-weighted averages (TWA) for 7, 14, 21, 28 and 56 d 403 

2)  pore-water concentration (mg L-1) averaged over the top 1, 2.5, 5 or 20 cm of soil for the same 404 
time windows. 405 

 406 
EFSA (2010c) furthermore indicated that the spatio-temporal dimensions of the exposure assessment 407 
need to be considered and that this requires specification of (i) the spatial unit, (ii) the spatial statistical 408 
population of these units, (iii) the multi-year temporal statistical population of concentrations, and (iv) 409 
the percentile of the spatio-temporal statistical population of concentrations to be used in the risk 410 
assessment. As described by EFSA (2010c), these are essential specifications of the protection-goal 411 
dimensions because the risk is only assessed for the spatio-temporal variability of the systems that are 412 
included (e.g. if a 90th percentile of the spatio-temporal population of concentrations is considered in 413 
the exposure assessment, then for the remaining 10% of the systems the exposure concentrations are 414 
higher than the provided endpoint of the exposure assessment). Therefore the proposed specifications 415 
of the items (i) to (iv) are described in Sections 1.4.2 to 1.4.5. 416 
 417 

1.4.2. Specification of the spatial unit 418 

 419 
The specification of the spatial unit has two aspects: the type of spatial unit and its area  over which 420 
exposure concentrations may be averaged. We propose that the type of spatial unit is any agricultural 421 
field where the target crop is grown. As described by EFSA (2010e), an alternative definition could be 422 
to restrict the spatial unit to only agricultural fields in which a certain animal group is present, ie the 423 
soil ecoregion approach. EFSA (2010e) developed a modelling approach for defining soil ecoregions 424 
within Europe in an attempt to improve the realism of exposure scenarios. Biological information on 425 
four soil animal groups (earthworms, enchytraeids, collembolans and isopods) was used to assign each 426 



Exposure of organisms in soil
 

EFSA Journal 20YY;volume(issue):NNNN 14

species to different life forms, representing depth horizons in which they occur. Based on information 427 
from three countries covering a North-South gradient (Finland, Germany, Portugal), species presence-428 
absence data were modelled using pedological and climatological information. Ecoregion maps were 429 
produced for earthworms and enchytraeids for most of the countries and these revealed marked 430 
differences between the countries. However, because comparable information from other EU countries 431 
was not available, the approach could not be extended to the entire EU territory. So the proposed type 432 
of spatial unit (which does not distinguish between agricultural fields with different dominant animal 433 
groups) should be seen as an interim solution that needs to be improved once the soil ecoregion 434 
approach has been extended to the whole EU.  435 
  436 
The second aspect is the surface area of the spatial unit over which exposure concentrations may be 437 
averaged, for which the Panel proposes to use the whole surface area of an individual agricultural field 438 
growing the target crop. So the assessment procedure will not account for the spatial variability within 439 
an individual field because the Panel considers this level of detail currently not sufficiently relevant 440 
for the risk-assessment schemes regarding ecotoxicological effects. 441 
 442 

1.4.3. Specification of the spatial statistical population of the spatial units 443 

 444 
The next item of the spatio-temporal dimensions is the spatial statistical population of the spatial units. 445 
The first aspect of this population is the total area to be considered. For example, this could be the 446 
whole EU, one of the regulatory zones North-Centre-South or a Member State. Another example for 447 
the total area to be considered can be derived from the development of groundwater scenarios by 448 
FOCUS (2000) who divided the EU into nine climatic zones. In the initial stage of the development of 449 
the guidance, EU Member States were given opportunity to comment on the project plan. Several 450 
Member States indicated that the exposure-assessment procedure should be kept as simple as possible. 451 
If scenarios were to be developed for each of nine different climatic zones, this would lead to a 452 
complicated procedure. Therefore the Panel proposes to consider three total areas, viz the three 453 
regulatory zones North/ Centre/South (Figure 1). 454 
 455 
The second aspect of the spatial statistical population of the spatial units is the definition of the target 456 
crop or the target crop groups. So, for example, does the exposure assessment apply to tulips or to all 457 
flower crops? EFSA (2010a) recommended that the Commission should provide the list of crops or 458 
crop groups to be considered for the soil exposure assessment. This did not yet happen. Therefore the 459 
Panel proposes two lists: (i) one based on the so-called CAPRI crops or crop groups list (Leipp et al., 460 
2008) for which EU crop maps are available at a scale of 1 km2 (see maps in EFSA, 2010b), (ii) the list 461 
of all other crops or crop groups. The exposure-assessment methodology will describe procedures for 462 
both lists.  463 
 464 
The third aspect of the statistical population of the spatial units is whether the population is limited to 465 
fields grown with the target crop where this active ingredient is applied or whether all fields grown 466 
with the target crop are included. The ratio between the total surface areas of these two statistical 467 
populations is called the fraction of the target crop treated. So far, it has been common practice to limit 468 
the population to fields where this active ingredient is applied andthe Panel proposes to follow this 469 
practice. Assessment of the fraction of the target crop treated may become relevant if post-registration 470 
monitoring is included as a higher tier. Some MSs have collected statistical data on this fraction (see 471 
footnote on p. 29 of EFSA, 2008). 472 
 473 

1.4.4. Specification of the multi-year temporal statistical population of concentrations 474 

 475 
As described in Section 1.4.1 the ERC is a peak or a TWA concentration for time windows up to 476 
56 days. The conventional procedure is to consider the highest value within one calendar year for 477 
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multiple applications in the same crop or for applications in different crops on the same location in the 478 
same calendar year (for example, the latter occurs for herbicide applications in maize and carrots in the 479 
Netherlands).  480 
 481 
However, in crop rotations there may of course also be years without application of the particular 482 
active ingredient. Let us assume the following example of a four-year application sequence: 483 
- year 1: 0.5 kg ha-1 in carrots and 1 kg ha-1 in maize 484 
- year 2: 0.7 kg ha-1 in sugar beet 485 
- year 3: no applications 486 
- year 4: no applications. 487 
So this sequence is repeated every four years. For each year the exposure assessment will deliver e.g. 488 
the annual peak concentration as the PEC. So in this case, each four-year application sequence will 489 
generate four PECs. The question is then: which PEC-year combinations are part of the temporal 490 
statistical population of concentrations and which are not ? 491 
 492 
The Panel proposes to consider as part of this population only the PEC for the year that generates the 493 
highest PEC value of the years in the repetition sequence (in this example four years). The background 494 
to this proposal is that the temporal statistical population of concentrations may otherwise contain a 495 
large fraction of zero or very low concentrations that are generated by the years without applications 496 
or low application rates. Adding such a large fraction of zero or low concentrations seems not 497 
meaningful for an adequate risk assessment.  498 
 499 
As will be shown later, differences between peak concentrations in different application years are 500 
comparatively small because differences in weather from year to year have only a limited effect on 501 
them. Let us consider a plant protection product that is applied only every four years. So the total 502 
temporal population of PEC values at one location would then consist of 75% of low values (no 503 
application years) and 25% of high values. But these high values are close to each other. In such a case 504 
the dilution of the statistical population with 75% low values is expected to have only a small effect on 505 
the PEC value that is selected from these 25% of high values. The definition of the temporal statistical 506 
population of PEC values is a risk-management choice that has to be agreed by the risk managers but 507 
this is expected to have only a limited effect on the outcome of this risk assessment. However, the 508 
Panel emphasizes that this limited effect of the definition of the temporal statistical population is only 509 
valid for the exposure assessment of soil organisms considered in this opinion (eg this does certainly 510 
not apply to the assessment of leaching to groundwater).   511 
 512 

1.4.5. Specification of the percentile of the spatio-temporal statistical population of 513 
concentrations 514 

 515 
Based on the definitions of (i) the ERC, (ii) the spatial unit, (iii) the spatial and temporal statistical 516 
population of concentrations (Sections 1.4.1 to 1.4.4), we can consider now the specification of the 517 
required percentile of the spatio-temporal statistical population of concentrations. 518 
 519 
The development of the FOCUS groundwater scenarios was based on 90th percentile PEC values 520 
within agricultural areas using the plant protection product in each of nine climatic zones across the 521 
EU (FOCUS, 2000). Based on this, nine groundwater scenarios were developed with each of these 522 
being intended to deliver the 90th

 percentile PEC for one of the climatic zones. The development of the 523 
FOCUS surface-water scenarios was based on similar considerations but not on a fixed overall 524 
percentile of the population of concentrations to be expected (FOCUS, 2001). Based on this history, 525 
the Panel checked with risk managers at Member State level (via the consultation of the project plan) 526 
whether a 90th

 percentile exposure concentration should be used here and their response confirmed 527 
this. Provisionally, therefore, the Panel aims to select a 90th percentile from the spatio-temporal 528 
population of PEC concentrations. However, as part of its planned work, the Panel will review the 529 
suitability of the 90th percentile for meeting the overall protection goals, taking account also of the 530 
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degree of conservatism in other parts of the risk assessment (e.g. effects assessment). The outcome of 531 
this will be provided to risk managers, whose role it is to decide on the level of protection to be 532 
achieved in practice. 533 
 534 

1.5. Limitations of the exposure assessment methodology 535 

 536 
The exposure assessment for annual crops differs from that for permanent crops because the soil 537 
systems of these crops differ; e.g. permanent crops will often have a litter layer whereas this is usually 538 
not so for annual crops. Moreover EFSA (2009) indicated that different types of crop need different 539 
types of ERC (see Figures 4 and 5 of EFSA, 2009). The exposure assessment for tillage systems with 540 
annual ploughing differs from that for no-tillage systems because the ploughing may have a large 541 
‘diluting’ effect on the concentrations in the top centimetres. The exposure assessment depends also 542 
on the application technique of the plant protection product: for instance a seed treatment will lead to 543 
high exposure concentrations around the seeds and low concentrations in most of the surrounding soil 544 
whereas spraying onto soil will lead to concentrations that are more or less uniform across the soil. 545 
Therefore different exposure-assessment methodologies are needed for different combinations of 546 
crops, tillage systems and application techniques. Based on statistical data of EU agricultural practice 547 
collected by EFSA (2010a), this guidance focuses on spray applications to annual crops under 548 
conventional and reduced tillage (excluding tillage systems with ridges and furrows) and does not 549 
consider covered crops. 550 
 551 
The guidance is limited to exposure assessment for terrestrial effects within the treated field (so off-552 
crop exposure assessment will not be provided). As described in Section 1.3, the guidance is limited to 553 
field exposure and does thus not consider exposure assessment in ecotoxicological experiments 554 
(Figure 4). It does also not include guidance for assessment of persistence triggers or for PBT 555 
(Persistence Bioaccumulation Toxicity) classification.  556 
 557 

1.6. Bird’s eye view of following chapters of the opinion  558 

 559 
Chapter 2 describes the proposed tiered approach for exposure assessment for spray applications to 560 
annual crops under conventional and reduced tillage. Chapters 3 to 6 describe the development and 561 
parameterisation of the different tiers. Chapter 7 provides guidance on input parameters for crop 562 
interception and substance properties to be used in the different tiers. Chapter 8 describes the 563 
uncertainty of the exposure assessment resulting from the limited number of measurements of DegT50 564 
and Kom available in dossiers. 565 

566 
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 567 

2. TIERED APPROACH FOR SPRAY APPLICATIONS IN ANNUAL CROPS WITH REDUCED OR 568 
CONVENTIONAL TILLAGE 569 

 570 
The Panel proposes a tiered assessment scheme (Figure 5) both for the assessment of the concentration 571 
in the pore water and for the concentration in total soil. The schemes for the two types of ERCs (the 572 
concentration in total soil and the concentration in pore water) are identical but the contents of the tiers 573 
differ so there are two parallel tiered assessment schemes. The tiered scheme applies to spray 574 
applications to annual crops under conventional or reduced tillage but will at a later stage hopefully 575 
also be useful for other types of application or other tillage systems.   576 
 577 
The scheme is designed to minimize the work load for the exposure assessment by providing three 578 
fixed scenarios for (i) a simple model in Tier 1 and (ii) numerical models in Tier 2A and by offering 579 
the option to continue in Tiers 2B and 2C to use this simple model. Tiers 1, 2A, 2B, 2C and 3 are 580 
based on modelling approaches and on one scenario per regulatory zone North-Centre-South for each 581 
of the two types of ERC. Tier 4 is a spatially-distributed modelling approach based on calculations 582 
with many scenarios for each of the zones; this is currently not yet operational but should be seen as a 583 
desirable future development. Tier 5 is a post-registration monitoring approach that does not consider 584 
scenarios. 585 
 586 
Tiers 1 and 2A are based on the spatial statistical population of all annual crops as the target crop 587 
group. This is of course not a realistic target crop or crop group for a regulatory exposure assessment. 588 
So it should be considered as a virtual target crop group. This was done to be able to have in lower 589 
tiers one fixed scenario for each regulatory zone irrespective of the target crop or crop group that is 590 
assessed. Using all annual crops as the target crop group is expected to result in a robust procedure 591 
because this spatial statistical population is the sum of the populations of all the crops and so it should 592 
be ‘on average’ correct. The alternative to this single fixed scenario per regulatory zone would have 593 
been to select and parameterize one scenario for each crop or crop group which would have required 594 
much more work and this was impossible within the time frame of the mandate of this opinion. 595 
However, the target crop or crop group has of course an effect on the spatio-temporal population of the 596 
exposure concentrations so there is a priori no guarantee that a scenario calculation based on all 597 
annual crops is conservative enough. Therefore in Tiers 1 and 2A, crop extrapolation factors are 598 
introduced (Table 1). As described in Section 1.4.3, the Panel will describe exposure-assessment 599 
procedures both for the CAPRI crops or crop groups and for other crops. EFSA (2010b) showed that 600 
crop extrapolation factors for the other crops need to be higher than for CAPRI crops or crop groups, 601 
and so guidance for both types of factors will be provided for Tiers 1 and 2A.   602 
 603 
Tiers 1 and 2A are based on one scenario per zone for each ERC considering the full surface area of 604 
arable land within a zone and assuming that the Kom and DegT50 of the substance do not depend on 605 
soil properties. This assumption is not defensible for all plant protection products and their metabolites 606 
in soil. Therefore higher tiers are included should these substance parameters be a function of soil 607 
properties. For these cases, Tiers 2B, 2C and 3 are proposed (Figure 5). In Tiers 2B, 2C and 3, the area 608 
of use can be restricted to specific crops and dependencies of Kom and/or DegT50 on soil properties 609 
can be included in the scenario-selection procedure. 610 
 611 
At Tier 2B and Tier 2C levels, a simple model is used (similar to Tier 1) and at Tier 3 level scenarios 612 
for numerical models are used (similar to Tier 2A). Tiers 2B and 2C are included because a better 613 
selection of the 90th percentile PEC may have more effect than a more detailed description of the 614 
processes in the numerical models and because derivation of such a percentile is relatively easy to do.  615 
 616 
Because there are many different possibilities for the nature of the relationships between Kom or 617 
DegT50 and soil properties (e.g. the Kom may either increase or decrease with pH), and because there 618 
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are many different crops, Tiers 2B, 2C and 3 will consist only of a description of the procedures to be 619 
followed. 620 
 621 
 622 

 623 
 624 
Figure 5: Tiered scheme for the exposure assessment of spray applications to annual crops under 625 
conventional or reduced tillage. The scheme applies both to the ERC ‘concentration in total soil’ and 626 
the ERC ‘concentration in pore water’. Tiers 1, 2A, 2B, 2C and 3 are all based on one PEC for each of 627 
the regulatory zones north, centre and south and allow for application every 1, 2 or 3 years.  628 
 629 
 630 
Tiers 1, 2B and 2C are based on this simple analytical model. In Tier 1, this simple model has the 631 
advantage that the required number of inputs is very limited and thus also the documentation of 632 
exposure assessments will require little effort. In Tiers 2B and 2C, the simple model has the advantage 633 
that the exposure assessment requires much less effort than in the alternative Tier 3. However, there is 634 
of course no guarantee that the simple model is conservative enough when compared with the more 635 
realistic numerical models used in Tier 2A (using the same scenarios as in Tier 1). Therefore a model 636 
adjustment factor is needed in all the tiers that use the simple analytical model (Tiers 1, 2B and 2C; 637 
Table 1).  638 
 639 
The scenario-selection procedures in Tiers 1 and 2A are based on the assumption that the substance 640 
parameters DegT50 and Kom are not related to soil properties (e.g. soil pH). However, these tiers 641 
should also be conservative for substances whose Kom and/or the DegT50 do depend on soil properties. 642 
This will be assured by using conservative values of the Kom and/or the DegT50 of such substances 643 
herein.  644 
 645 
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Table 1:  Overview of inclusion of the crop extrapolation factors, the model adjustment factor and 646 
crop interception of substance in the different tiers of Figure 5. Inclusion of the crop extrapolation 647 
factor implies that low extrapolation factors are used for CAPRI crops or crop groups and high 648 
extrapolation factors for other crops. ‘+’ indicates that the process or factor is included, ‘-‘ indicates 649 
that it is not included and ‘±’ indicates that it may be both included or excluded. 650 

Tier Crop 
extrapolation 
factors? 

Model 
adjustment 
factor? 

Crop 
interception? 

1 + + - 
2A + - + 
2B ± + - 
2C - + + 
3 - - + 
4 - - + 

 651 

 652 
The flow chart (Figure 5) has two parallel branches in Tier 2. Tier 2A is based on three fixed scenarios 653 
for the numerical models with all annual crops as the target crop group and with this one set of 654 
scenarios for all substances. Tier 2B is based on an assessment of the 90th percentile PEC with the 655 
simple analytical model considering the actual target crop or crop group and considering the actual 656 
substance properties. So in this tier the risk assessor has to perform a tailor-made exposure assessment. 657 
The assessment in Tier 2B is both crop and substance specific because this gives a more accurate 658 
result and because it is no more work to include both aspects in the assessment. In Tier 2B, crop 659 
interception is ignored (as in Tier 1) which is a simple and conservative approach.  660 
 661 
As shown in Table 1, Tiers 1 and 2B will be based on the assumption that crop interception of the 662 
substance does not occur. In Tier 2A this can be included because the numerical models are able to 663 
simulate crop interception and the subsequent loss processes at the plant surface including wash-off to 664 
the soil. Tier 2C offers the possibility to include crop interception in the assessment in case this would 665 
have a large effect on the exposure assessment. The only way to include this is to use results of Tier 666 
2A scenario calculations for this purpose because the simple analytical model does not include plant 667 
processes such as wash-off. The advantage of including crop interception in Tier 2C over jumping to 668 
Tier 3 is that Tier 3 requires much more work because the numerical models need to be parameterised 669 
for the scenario selected in Tier 2A.  670 
  671 
Please note that the use of results of Tier 2A calculations in Tier 2C does not imply passing through 672 
Tier 2A in the flow chart. As described in Section 1.2, a tier is defined as a complete exposure 673 
assessment resulting in an appropriate endpoint. A tiered flow chart describes the flow of the decision-674 
making process for the exposure endpoint, not the procedure to get to this endpoint. Therefore 675 
performing calculations with Tier 2A scenarios does not imply passing through Tier 2A. 676 
 677 
As indicated by arrows in the flow chart, the user may go from Tier 2B to Tier 2A and from Tier 2A to 678 
Tier 2C. These possibilities are included in the flow chart solely because they may be more efficient 679 
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for notifiers (and consequently also less work for governmental risk assessors). There is no arrow from 680 
Tier 2A to Tier 2B because it is no more work to go immediately to Tier 2C after the exposure 681 
assessment of Tier 2A has been carried out (and thus the crop interception information is available). 682 
 683 
As will be described in Chapter 3, the simple analytical model assumes that the substance is applied 684 
every year. So this is the case for Tiers 1, 2B and 2C. The numerical models in Tiers 2A and 3 allow 685 
also applications every two or three years which may be more realistic for applications to crops that 686 
are grown in rotations.  687 
 688 
As will be described later, the crop extrapolation factors were derived from calculations with 689 
substances whose DegT50 and Kom are not related to soil properties. This is the only practical option 690 
because it is impossible to include all possible relationships between DegT50 or Kom and the various 691 
soil properties. However, this has the consequence that there is no guarantee that the crop 692 
extrapolation factors in Tiers 1 and 2A are conservative enough for substances whose DegT50 and the 693 
Kom are related to soil properties. As described before, conservative values of the Kom and/or the 694 
DegT50 of such substances have to be used in Tiers 1 and 2A. Because for such substances these crop 695 
extrapolation factors are always used in combination with these conservative values, the Panel 696 
considers it very unlikely that the exposure concentrations derived from Tiers 1 and 2A will not be 697 
conservative enough. 698 
 699 
As will be described later, the model adjustment factor for the possible differences between the simple 700 
model and the numerical models was based on comparison of Tier 1 and Tier 2A calculations for 701 
substances whose DegT50 and Kom are not related to soil properties (for the same reason as described 702 
in previous paragraph) and considering only the total area of arable land in a regulatory zone. So this 703 
has the consequence that this factor (as used in Tiers 1, 2B and 2C) may not be conservative enough 704 
for substances whose DegT50 and/or Kom are related to soil properties or for other crop areas (and thus 705 
these tiers might give a less conservative result than Tier 3). However, the Panel considers this to be 706 
unlikely because (i) the model adjustment factor is needed to account for differences between the 707 
simple analytical model and the numerical models and (ii) the numerical models in Tier 3 are the same 708 
as in Tier 2A.  709 
 710 
As described by EFSA (2010b) a tiered approach should be based on a reference tier that can act as a 711 
yardstick for lower tiers. In the flow chart (Figure 5), the only suitable candidate for this reference tier 712 
is Tier 4, ie the spatially distributed modelling with numerical models. However, this tier is not yet 713 
operational. If it were operational, Tiers 2A and 3 would probably be superfluous and the development 714 
of the exposure-assessment procedure would have been much more straightforward.  715 
 716 
The tiered approach (Figure 5) contains many tiers and the procedures to be followed in each tier are 717 
complex. Thus efficient use of the approach in the regulatory practice is impossible without 718 
appropriate software tools. Therefore the Panel recommends that such tools become available.  719 

720 
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3. DESCRIPTION OF THE SIMPLE ANALYTICAL MODEL  721 

 722 
As described in Chapter 2, Tiers 1, 2B, and 2C are based on a simple analytical model (‘back-of-the-723 
envelope’) that is parameterised for the three zones (North/ Centre/South). As will be described later, 724 
this model is also used to select the Tier 2A and Tier 3 scenarios for the numerical models. So this 725 
analytical model plays a key role in the development of the exposure-assessment procedure. This 726 
model is described in this chapter (first in terms of a conceptual model and thereafter mathematically). 727 

 728 
The simple analytical model is based on the following conceptual model:  729 

i. the substance is applied to the soil surface as a single dose (ie sum of all applications within 730 
one year) on the same date every year or every two or three years,  731 

ii. this dose may be corrected to account for crop interception and dissipation on plant surfaces 732 
based on other models or data 733 

iii. the only loss process from the soil is degradation and the degradation rate is a function of only 734 
soil temperature,  735 

iv. soil properties such as moisture content and temperature are constant in time,  736 
v. time is no parameter in the model; instead the maximum of the exposure concentration after 737 

infinite time is considered,   738 
vi. the effect of tillage is accounted for by assuming complete mixing over the tillage depth of 739 

20 cm (EFSA, 2010a) at the moment of tillage (each year in autumn or winter),  740 
vii. adsorption is described by a linear isotherm using the concept of a sorption coefficient that is 741 

proportional to organic matter content (Kom),  742 
viii. the average exposure concentration over a certain depth is calculated from the sum of the 743 

concentration just before the last application and the dose divided by this depth 744 
ix. a flexible approach is taken for introducing relationships between DegT50 or Kom and soil 745 

properties when used for Tier 2B.  746 
 747 
The consequence of this conceptual model is that the substance-specific input to the model is restricted 748 
to:  749 

i. half-life for degradation in top soil at 20oC and a moisture content corresponding to field 750 
capacity,  751 

ii. the organic-matter/water distribution coefficient (Kom),  752 
iii. the annual rate of application (i.e. the sum of the application rates within one growing season 753 

in case of multiple applications); for Tier 2C this has to be corrected based on calculations 754 
with numerical models, 755 

iv. when used for Tier 2B, relationships between DegT50 or Kom and soil properties as necessary. 756 
 757 
The mathematical description is as follows for parent substances. Firstly the initial concentration in 758 
total soil directly after application is calculated: 759 
 760 

eco
iniT z

AC
ρ

=,  (1) 761 

where CT,ini (mg kg-1) is the initial concentration in total soil, A is the annual application rate (mg dm-762 
2)5, zeco

 (dm) is the ecotoxicological averaging depth (ie 1, 2.5, 5 or 20 cm as specified in Section 763 
1.4.1), and ρ is the dry soil bulk density (kg dm-3). In the second step, the background concentration, 764 
CT,plateau (mg kg-1), just before the next application after an infinite number of annual applications, is 765 
calculated: 766 

                                                      
5 Note that 1 kg ha-1 equals 1 mg dm-2.  
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X
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z
zC iniT

til

eco
plateauT −

=
1,,  (2) 767 

where ztil (dm) is the plough depth (fixed at 20 cm based on EFSA, 2010a) and X is defined as 768 

refTcycle kfteX −=             (3) 769 

where tcycle is the time between applications (365, 730 or 1095 d),  fT is a factor describing the effect of 770 
soil temperature on the degradation rate coefficient, and kref (d-1) is the first-order degradation rate 771 
coefficient at a reference temperature Tref (ie 20oC) and the soil moisture content at field capacity. 772 
Although the soil temperature is constant in time, the factor fT is needed because dossiers are based on 773 
degradation rate measurements at 20oC and fT converts this rate to the rate at the scenario temperature. 774 
As follows from the combination of Eqns 1 and 2, the background concentration does not depend on 775 
the ecotoxicologically relevant averaging depth but depends only on the plough depth.  776 

Eqn 2 can be derived as follows (Hill et al., 1955). Let us assume that the substance is applied at the 777 
rate A every year on 1 January and that X is the fraction of the dose left at the moment of the next 778 
application. Based on the assumption of first-order kinetics, the amount in the soil just before the next 779 
application after an infinite number of application periods equals A (X + X2 + X3 + X4 + ...). This is a 780 
geometric series. From the expression for the sum of an infinite geometric series this amount is shown 781 
to be A X / (1- X ). Eqn 2 is based on this expression combined with the conversion of the application 782 
rate A into a concentration in total soil mixed over the plough depth.  783 

The dimensionless factor fT describing the effect of temperature on degradation is given by: 784 

T > 0oC  
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−
=

ref
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Ef 11exp   (4a) 785 

T< 0oC  0=Tf             (4b) 786 

where E is the Arrhenius activation energy, (kJ mol-1), R is the gas constant (0.008314 kJ mol-1 K-1), 787 
T (K) is the soil temperature, and Tref (K) is the temperature at reference conditions (20oC so 293 K). 788 
The Arrhenius activation energy in the model was set to 65.4 kJ/mol (EFSA, 2007). The coefficient 789 
kref is calculated from the degradation half-life by 790 

50

2ln
DegT

kref =   (5) 791 

where DegT50 (d) is the degradation half-life in soil at the reference temperature. 792 

The background concentration corresponds to the residue remaining immediately before the next 793 
application. So the maximum concentration in this model will occur directly after this next application 794 
and it can be calculated by: 795 

plateauTiniTpeakT CCC ,,, +=   (6) 796 

where CT,peak (mg kg-1) is the maximum concentration in total soil.  797 

The maximum concentration in the liquid phase is calculated from the maximum concentration in total 798 
soil assuming a linear sorption isotherm: 799 
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where CL, peak (mg dm-3) is the maximum concentration in the liquid phase, θ (m3 m-3) is the volume 801 
fraction of liquid in soil at field capacity, fom (kg kg-1) is the mass fraction of organic matter, and Kom 802 
(dm3 kg-1) is the coefficient for sorption on organic matter.  803 

The model includes also calculation of TWA concentrations. A TWA concentration is defined as the 804 
concentration that is averaged over a certain time period since the application time: 805 

( ) '

0

'1 dttC
t

C
avgt

avg
TWA ∫=   (8) 806 

where tavg (d) is the time period since the application time over which concentrations are averaged and 807 
t' is a dummy time integration variable. Because it is assumed that the substance degrades following 808 
first-order kinetics, the TWA concentration in total soil, CT,TWA can be calculated from: 809 
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which gives: 811 
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The TWA concentration in the liquid phase, CL,TWA, is calculated from an equation equal to Eqn 10 but 813 
with CL, peak instead of CT, peak . 814 
 815 
The model calculates concentrations of metabolites based on the conservative assumption that each 816 
metabolite is applied at the application time of the parent at a dose that is corrected for the kinetic 817 
formation fraction (using procedures in FOCUS, 2006) and the molar mass of the metabolite. It can be 818 
shown that this assumption is conservative for the peak concentration by considering the analytical 819 
solution for the time course of a metabolite that is formed and degraded following first-order kinetics 820 
after a single application: 821 
 822 
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 824 
where CT,metabolite (mg kg-1) is the concentration of this metabolite in total soil, Ff,1_p (-) is the formation 825 
fraction of this metabolite (i.e. the stoichiometric coefficient of the formation of this metabolite from 826 
the parent substance), Mmet,1 is the molar mass of this metabolite (g mol-1), Mparent is the molar mass of 827 
the parent substance (g mol-1), kparent is the degradation rate coefficient of the parent (d-1), kmet_1 is the 828 
degradation rate coefficient of this metabolite (d-1) and CT,0,parent  (mg kg-1) is the concentration in total 829 
soil of the parent at the application time and t is the time elapsed since application (d). 830 
 831 
Assuming that the metabolite is applied at the application time implies that an infinitely large 832 
degradation rate of the parent is assumed. For an infinitely large degradation rate coefficient of the 833 
parent, Eqn 11 reduces to  834 
 835 
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 837 
Eqn 12 gives for t = 0  the maximum possible concentration for the metabolite which has to be a 838 
conservative approach. It follows from Eqns 11 and 12 that it is also a conservative assumption for 839 
TWA concentrations of metabolites. 840 
  841 
So for soil metabolites, the calculation procedure is the same as described above with one exception: 842 
in Eqn 1 the annual application rate A is replaced by the equivalent annual application rate of the 843 
metabolite (and of course using the DegT50 and Kom of the metabolite instead of the parent). For a soil 844 
metabolite formed from the parent this equivalent rate is given by 845 
 846 
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 848 
where  A is the annual application rate of the parent substance (mg dm-2) as before. For a second soil 849 
metabolite formed from this first soil metabolite the equivalent application rate is given by: 850 
 851 
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FFA
parent

met
fpfmet

2,
1_2,_1,2, =                      (14) 852 

where Ff,2_1 is the formation fraction (-) of this second metabolite as formed from the first metabolite 853 
and Mmet,2 is the molar mass of this second metabolite (g mol-1). For metabolites, the simplified 854 
approach of Eqns 13 and 14 is proposed because there is no equation similar to Eqn 2 available for soil 855 
metabolites.  856 
 857 
Figure 6 shows an illustrative calculation for a system with a parent and two sequential metabolites. 858 
As could be expected, the steady-state level for the parent is exactly equal to that calculated with the 859 
kinetic model and those of the metabolites overestimate the maxima obtained with the kinetic model. 860 
 861 
The simple analytical model ignores leaching losses. This is considered defensible because the soil is 862 
mixed every year over the 20 cm tillage depth and because it is unlikely for parent substances that a 863 
large fraction of their doses leaches below 20 cm depth. Thus leaching is expected to have only a 864 
minor influence on the steady-state level of the peak concentration calculated by the model. As a 865 
consequence rainfall or irrigation are no input parameters to the model and thus play no role in 866 
calculations carried out with the model. The Panel acknowledges that there may be exceptional cases 867 
where leaching may have a significant effect on the accumulation levels in top soil (e.g. mobile parent 868 
substances or substances used in irrigated crops with many applications within a single growing 869 
season for zeco = 1 cm). Inclusion of all exceptional cases in the tiered exposure-assessment 870 
methodology would only be possible if Tier 4 (i.e. the spatially distributed modelling; Figure 5) were 871 
operational which is not the case. 872 
 873 
The principles of the tiered approach prescribe that lower tiers are more conservative than higher tiers. 874 
The model is very simple so there is a priori no guarantee that this model is conservative enough when 875 
compared to simulations with sophisticated numerical models (as in Tiers 2A and 3). There is also the 876 
possibility that it is more conservative than these numerical models. Therefore a model adjustment 877 
factor was introduced in the model. 878 
 879 

YmocalY CFC =,                       (15) 880 
 881 
where CY is the uncalibrated value of either CT,peak, CL,peak, CT,TWA or CL,TWA,  CY,cal is the calibrated value 882 
of each of these quantities and Fmo is a model adjustment factor (-). 883 
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 884 
 885 
 886 

 887 
Figure 6: Comparison of (i) the time courses of the concentration in total soil of a parent and two 888 
sequential soil metabolites as calculated with a kinetic model based on first-order kinetics of 889 
degradation and formation with (2) the steady-state levels of the peak concentration as calculated with 890 
the simple analytical model based on Eqn 6 for the parent, Eqn 13 for the first metabolite and Eqn 14 891 
for the second metabolite. Calculations were made for A = 1 mg dm-2, tcycle = 365 d,  ρ = 1.5 kg L-1, 892 
zeco = 20 cm, ztil = 20 cm,  Tref = 20oC, T = 10oC, Ff,1_p= 0.3, Ff,2_1 = 0.3, Mparent = 300 g mol-1, Mmet,1 = 893 
200 g mol-1, Mmet,2 = 100 g mol-1, DegT50 of parent of 100 d, DegT50 of first metabolite of 200 d and 894 
DegT50 of second metabolite of 400 d. The solid lines are calculations with the kinetic model and the 895 
dashed lines are the steady-state levels. 896 
 897 
 898 
 899 
The simple analytical model is based on the assumption of a soil temperature that is constant over 900 
time. The selection of the soil temperature for Tier 1 scenarios will be based on analyses of 901 
meteorological time series of temperatures. The question is then how this constant temperature can 902 
best be derived from such time series. The most straightforward procedure is of course to derive 903 
simply the arithmetic mean temperature from a time series. However, the relationship between the rate 904 
coefficient and the temperature is described with the Arrhenius equation (Eqn 4) which is a non-linear 905 
function of the temperature. Therefore it is considered more appropriate to derive a mean temperature 906 
using an averaging method that gives the same weight to each daily or monthly temperature as would 907 
the Arrhenius equation do. EFSA (2010b, p. 40) derived the expression for calculating this Arrhenius-908 
weighted average temperature:  909 
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 916 
where TArr is the Arrhenius-weighted mean temperature (K), tend is the length of the time period 917 
considered (d), and Tmts is the temperature of the meteorological time series (K) which varies of course 918 
with time. The principle behind equation Eqn 16 is that a decline calculation based on the time series 919 
of the temperature will give exactly the same fraction of the dose at time tend as a calculation based on 920 
a constant temperature with value TArr.  921 
 922 
To illustrate how Eqn 16 works, calculations were made for E = 65.4 kJ/mol (EFSA, 2007) and a soil 923 
temperature that fluctuates sinusoidally around 10oC within a year. Figure 7 shows that TArr increases 924 
with increasing amplitude of the sinus (with the exception of a small decline just after an amplitude of 925 
10oC which is caused by the discontinuity in Eqn 15 at T = 0 oC). The background of the increase is 926 
that a year with an annual average temperature of 10oC and an amplitude of eg 20oC will result overall 927 
in a faster degradation than a year with a constant temperature of 10oC because the Arrhenius equation 928 
implies that the degradation rate coefficient increases approximately exponentially with temperature 929 
above 0oC (see Eqn 18 of Boesten & van der Linden, 1991). Therefore the speeding-up effect at soil 930 
temperatures above 10oC is larger than the slowing-down effect at soil temperatures below 10oC. The 931 
differences between TArr and the arithmetic mean of 10oC are small for annual amplitudes up about 5oC 932 
(Figure 7) but the difference may be considerable for higher amplitudes; thus one may expect that the 933 
difference between TArr and the arithmetic mean of 10oC will be larger for continental than for 934 
temperate climates within the EU. 935 
 936 
 937 
 938 
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 940 
 941 
 942 
 943 
 944 
 945 
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 948 
 949 
 950 
 951 
 952 
Figure 7: Arrhenius-weighted mean temperature as defined by Eqns 16 and 17 as a function of the 953 
amplitude of an annually sinusoidally fluctuating soil temperature for an Arrhenius activation energy 954 
of 65.4 kJ mol-1; amplitude is defined as the difference between the maximum (or the minimum) and 955 
the mean of the sinus. The arithmetic mean temperature of the sinus was 10oC. 956 
 957 
 958 
 959 
The simple analytical model can also be used for a first assessment of the time needed to approach the 960 
background concentration (ie the plateau level). Let us consider the amount in soil after n applications, 961 
just before the n+1th application. This equals A(X + X2 + X3 + ..Xn). We define CT,n as the concentration 962 
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in total soil after n applications, just before the n+1th application. Using the expression for the sum of a 963 
geometric series, CT,n can be calculated: 964 
 965 
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 967 
Let us define a ‘fractional equilibrium’, φ, defined as the quotient of Eqn 18 divided by Eqn 2: 968 
 969 

nX−=1ϕ                                   (19) 970 
 971 
So, for example, φ = 0.9 means that the concentration is 90% of the plateau value just before the next 972 
(n+1th) application. Using Eqn 3 and defining an effective half-life DegT50eff = ln 2 / ( fT kref ) , Eqn 19 973 
can be rewritten: 974 
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 977 
Figure 8 shows φ as a function of the quotient n tcycle / DegT50eff . The product n tcycle is the total time 978 
elapsed since the first application and so this quotient can also be seen as the number of half-lives 979 
elapsed since the first application. Figure 8 shows that the fractional equilibrium approaches its 980 
maximum value of 1 closely after 4 to 5 half-lives. Figure 8 can also be used to illustrate the effect of 981 
tcycle. Let us consider a substance-scenario combination with DegT50eff  = 1 year. If this substance is 982 
applied every year (tcycle = 1 year) then Figure 8 shows a fractional equilibrium of 0.5 just before the 983 
second application (ie n =1). However, if this substance is applied every three years (tcycle = 3 year) 984 
then the fractional equilibrium is about 0.9 (0.875 is the exact figure). So for applications every three 985 
years the plateau value is approached after fewer application cycles than for applications every year. 986 
Eqn 20 shows that fractional equilibrium is a function of the product n tcycle , which is the total time 987 
elapsed since the first application. So it is only this total time that matters (n= 1 and tcycle= 3 years will 988 
give exactly the same φ as n= 3 and tcycle = 1 years). 989 
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Figure 8: The fractional equilibrium φ as a function of the quotient of total time elapsed since the first 1005 
application (n tcycle) divided by the effective half-life DegT50eff  (based on Eqn 20). 1006 
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 1009 

4. DEVELOPMENT AND PARAMETERISATION OF THE TIER 2A SCENARIOS 1010 

 1011 

4.1. Introduction 1012 

 1013 

As described before, Tier 2A will be based on one scenario per regulatory zone North-Centre-South 1014 
for each of the two types of ERC (concentration in total soil and pore-water concentration) and it can 1015 
be used for all annual crops and all substances. It will deliver concentrations averaged over depths of 1016 
1, 2.5, 5 and 20 cm of soil and both peak and TWA concentrations for time windows up to 56 days.    1017 

In principle, the scenario selection depends on the averaging depth and the time window considered. 1018 
To keep the exposure assessment as simple as possible, it was decided at an early stage to limit the 1019 
Tier 2A scenarios to one per type of ERC and one per regulatory zone. The scenario-selection 1020 
procedure described below will include the full range of averaging depths (1 to 20 cm). The scenario 1021 
selection was based on only the peak concentration.As shown by calculations reported in Section 6.1, 1022 
the selected scenarios  are also conservative for TWA concentrations of parent substances. 1023 

The scenario-selection procedure is based on the simple analytical model considering parent 1024 
substances only. So there is no guarantee that selected scenarios are appropriate for soil metabolites. 1025 
This is further discussed in Chapter 9. 1026 

The spatio-temporal population of concentrations is a function of both substance properties such as the 1027 
DegT50 or the Kom and the scenario properties (e.g. organic matter content of the soil). So there is 1028 
interaction between the scenario selection and the procedure to generate substance properties from 1029 
dossier data to be used as input for the scenario calculations. During the IRIS-workshop in 2009, two 1030 
options were discussed with Member States for the DegT50: use a median DegT50 or e.g. a 1031 
90th percentile DegT50. The conclusion was that a median DegT50 is to be preferred because the 1032 
accuracy of a 90th percentile DegT50 derived from dossier data is much less than that of a median 1033 
DegT50 so derived. Therefore use of median substance properties was a boundary condition for the 1034 
development of the scenarios. 1035 

4.2. Scenario selection 1036 

4.2.1. Overview 1037 

The scenario-selection procedure has been described in detail by EFSA (2010b), so here only a 1038 
summarized description is given. The selection consists of four steps: (i) data compilation, (ii) 1039 
selection of model for vulnerability mapping, (iii) handling of uncertainty in soil and substance 1040 
properties in the scenario-selection procedure, and (iv) selection of the scenarios that meet this target 1041 
percentile for the range of substances to be considered. 1042 

4.2.2. Data compilation 1043 

The data used (freely available at http://eusoils.jrc.ec.europa.eu/library/Data/EFSA/) were maps at a 1044 
resolution of 1×1 km2 of the whole EU-27 of the following properties: 1045 
(i) land-use mask to indicate presence of annual crops  1046 
(ii) organic matter content of the top 30 cm of soil based on the OCTOP map,   1047 
(iii) dry bulk density of the top 30 cm of soil using a pedotransfer function based on organic matter 1048 
content, 1049 
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(iv) volume fraction of water at field capacity (ie pF = 2) using a pedotransfer function based on soil 1050 
textural class, 1051 
(v) monthly average air temperatures taken from the period 1960 to 1990 from the WorldClim 1052 
database. 1053 
 1054 
The land-use mask on the presence of annual crops was based on CORINE land-cover classes 211, 1055 
212, 241, 242 and 243 and on land-cover information from 1990 and 2000. Only grids that showed 1056 
annual crops in both years were included in the mask. No threshold was considered in this grid 1057 
selection procedure. CORINE data were converted from the original 100×100 m2 resolution to the 1×1 1058 
km2 resolution by taking the dominant land use within each 1×1 km2 grid cell. Dominant land-use was 1059 
assessed considering the categories annual crops, grass, permanent crops, rice and non-agricultural. 1060 
Only grid cells with annual crops as the dominant land use were included in the land-use mask. 1061 
 1062 
The map of organic matter content of the top 30 cm was obtained by applying a conversion factor of 1063 
1.72 to the OCTOP map (Jones et al., 2005). Within the OCTOP map, the organic carbon content of a 1064 
given pixel was computed at a 1-km grid resolution for all thematic layers. The information on land 1065 
use was based on CORINE90 where available and in the remaining areas on the US Geological Survey 1066 
Global Land Cover Characterization (GLCC) Version-2 data. The procedure applied for down-scaling 1067 
the CORINE90 data to the 1-km grid was pixel thinning, which takes every nth pixel in row and 1068 
column direction. At the time of generating the OCTOP data all spatial layers were projected 1069 
according to the parameters of a Lambert Azimuthal Equal Area reference system. The system 1070 
specified an origin of 48°N and 9°E and was widely used by Eurostat to project data of their GISCO 1071 
database. For reasons of compliance with the INSPIRE Directive the OCTOP layer was later re-1072 
projected according to the European Terrestrial Reference System 1989 Lambert Azimuthal Equal 1073 
Area Coordinate Reference System (ETRS-LAEA). The differences in processing the geometry 1074 
between the OCTOP and CORINE90 land cover data on the one side and CORINE2000 on the other 1075 
side may have contributed to some inconsistencies when overlaying the data.  1076 
 1077 
When overlaying the re-projected OCTOP data with the generalized land use data derived from 1078 
CORINE2000 about 700 pixels (ie 0.04% of the total of 1 800 836 pixels) appeared to have zero 1079 
organic-carbon contents. These zero values should be considered as artefacts and they were discarded 1080 
when necessary. 1081 
 1082 
The dry bulk-density map was calculated from the organic-matter map using the following 1083 
pedotransfer function (Tiktak et al., 2006): 1084 
 1085 

omom frfrr 321 −+=ρ                      (21) 1086 
 1087 
where r1, r2 and r3 are regression parameters (r1 = 1.800 kg L-1, r2=1.236 kg L-1 and r3 = 2.910 kg L-1). 1088 
Eqn 21 implies that ρ is a continuously decreasing function of organic matter content (ρ = 1.80 kg L-1 1089 
at fom = 0, ρ = 1.52 kg L-1 at fom = 0.01 kg kg-1 and ρ = 1.00 kg L-1 at fom = 0.10 kg kg-1).  1090 

4.2.3. Selection of the model for vulnerability mapping 1091 

The chosen model has to be compatible with the available data. It was not possible to use numerical 1092 
models for this purpose because they need e.g. daily meteorological time series. So therefore the 1093 
simple analytical model described in Chapter 3 was used. An important assumption is that this simple 1094 
model gives the same ranking of soil exposure concentrations of the 1×1 km2 pixels as those from a 1095 
numerical model. EFSA (2010a) tested this using the PEARL model and a database consisting of 1051 1096 
scenarios from the EU-15 (Tiktak et al., 2004) and three substances P1, P2 and P3 (Table 2), and 1097 
found that the ranking was good enough to justify the use of the simple model for vulnerability 1098 
mapping. 1099 
 1100 
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Table 2:  Properties of the substances P1, P2 and P3. 1101 

 1102 
Substance code DegT50 (d) in top soil at 

20oC and field capacity 
 

Kom (L kg-1) 

P1   15     15 
P2   50   200 
P3 200 1000 

 1103 
 1104 
As described in Section 3, time is not a parameter in the simple analytical model: it only calculates the 1105 
all-time high exposure concentrations after infinite time. Thus it was impossible in the scenario-1106 
selection procedure to base the 90th percentile of the spatio-temporal population of concentrations (as 1107 
defined in Section 1.4.5) on a percentile in time. Including time percentiles in the scenario-selection 1108 
procedure would only have been possible if a numerical model had been used that includes climatic 1109 
variability over the whole area of the EU-27. However such a model was not available. To overcome 1110 
this problem, the Panel adopted the conservative approach of using a 100th percentile in time (i.e. the 1111 
all-time high concentration as calculated with the simple analytical model) in combination with a 1112 
90th spatial percentile. A justification for this is that the Panel expects in general only small differences 1113 
between the peak concentrations from different years (see example in Figure 2 of EFSA, 2010b). 1114 

4.2.4. Illustrative calculations with the simple analytical model for the area of annual crops in 1115 
the EU-27 1116 

The simple analytical model uses the Arrhenius-weighted mean temperature (Eqn 16). This was 1117 
calculated from the maps of the mean monthly temperatures. The map of the Arrhenius-weighted 1118 
temperature is also available at the JRC website (http://eusoils.jrc.ec.europa.eu/library/Data/EFSA/). 1119 
Figure 9 shows that the difference between the Arrhenius-weighted mean temperature and the 1120 
arithmetic mean temperature generally increased from west to east. The background to this is that  1121 
using an Arrhenius-weighted mean temperature leads to higher temperatures in climatic zones where 1122 
the difference between summer and winter is higher, as in continental and Mediterranean climates 1123 
(Figure 7).  1124 
 1125 
Figure 10 shows illustrative calculations of concentration maps calculated with the simple analytical 1126 
model using the data available at 1×1 km2 for the whole EU-27 for the substances P1, P2 and P3 1127 
(taken from EFSA, 2010b). The calculations are for an ecotoxicological averaging depth of 20 cm and 1128 
it was assumed in the calculations that there is no uncertainty in the substance properties. The peak 1129 
concentration in total soil (CT,peak  from Eqn 6) is generally high in Northern Europe and low in 1130 
Southern Europe. This is caused by the lower dry bulk density and the colder climate in Northern 1131 
Europe. As could be expected from its longer half-life, substance P3 gives higher CT,peak  values than 1132 
substances P1 and P2. The peak concentration in the liquid phase (CL,peak  from Eqn 7) shows an 1133 
opposite spatial trend with high values in Southern Europe and low values in Northern Europe. The 1134 
cause of this will be analysed in Section 4.2.6. 1135 
 1136 
 1137 



Exposure of organisms in soil
 

EFSA Journal 20YY;volume(issue):NNNN 31

 1138 
 1139 
Figure 9: Difference between the Arrhenius-weighted mean temperature TArr (as defined by Eqn 16) 1140 
and the arithmetic mean temperature calculated from monthly average temperatures for the years from 1141 
1960 to 1990 taken from the WorldClim dataset. ‘Non-arable’ means no annual crop.  1142 
 1143 
 1144 
 1145 
Figure 11 shows the corresponding probability density functions for the regulatory zones North, 1146 
Centre and South generated by these calculations. Indeed the concentrations in total soil show the 1147 
highest values for the North and lowest for South and the opposite is the case for the concentrations in 1148 
the pore water. In absolute terms the differences between the three zones are quite small. Let us 1149 
consider the 90th percentile values as an example. The North/South ratio of the concentration in total 1150 
soil for this percentile ranges from 1.3 to 1.9 for the three substances and the South/North ratio of the 1151 
concentration in the pore water ranges from 1.3 to 1.4. These are small differences between the three 1152 
zones considering the considerable differences in climate and soil properties. 1153 
 1154 
Figure 11 shows also that the probability density functions for the concentration in total soil are quite 1155 
narrow: the 90th percentile values are less than a factor two higher than the 10th percentile values. The 1156 
density functions for the concentration in liquid phase are wider: the 90th percentile values are about a 1157 
factor three higher than the 10th percentile values. The maxima of the distributions for the 1158 
concentration in the liquid phase are much higher than the 90th percentile (e.g. for P3, the 1159 
90th percentiles for the three zones are between 0.03 and 0.05 mg L-1 whereas the maximum is 6.6 mg 1160 
L-1). Further analysis showed that this maximum was caused by the grid cells with zero organic matter 1161 
(as discussed in Section 4.2.2, these are artefacts in the organic matter map). 1162 
  1163 
 1164 
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 1165 
 1166 
Figure 10: Peak concentration of the substances P1, P2, and P3 in total soil (left) and concentration in 1167 
pore water (right) as calculated with the simple analytical model for an annual dose of 1 kg ha-1, 1168 
zeco = 20 cm and ztil = 20 cm (taken from EFSA, 2010b). ‘Non-arable’ means no annual crop. Note that 1169 
the resolution of the maps does not allow inspection of individual grid cells. 1170 



Exposure of organisms in soil
 

EFSA Journal 20YY;volume(issue):NNNN 33

 1171 
 1172 

 1173 
 1174 
Figure 11: Spatial frequency distributions in the regulatory zones North, Centre and South of the peak 1175 
concentration of the substances P1, P2, and P3 in total soil (left) and concentration in pore water 1176 
(right) as calculated with the simple analytical model considering only annual crops for an annual dose 1177 
of 1 kg ha-1, zeco = 20 cm and ztil = 20 cm (taken from EFSA, 2010b). 1178 

1179 
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4.2.5. Handling of uncertainty in soil and substance properties in the scenario selection 1180 
procedure 1181 

The illustrative calculations of Figures 9 and 10 were made not considering any uncertainty in the soil 1182 
or substance parameters of the simple analytical model. Including such uncertainties will lead to more 1183 
diffuse maps and to probability density functions that show more spread. As described in Section 1184 
4.2.3, our target is to assess the spatial 90th percentile PEC using the simple analytical model. So this 1185 
90th percentile PEC will shift to higher values if uncertainty in soil and substance parameters is 1186 
included. Therefore the effect of this uncertainty needs to be considered.  1187 
 1188 
Ultimately Tier 2A has to consist of deterministic scenarios that can be simply used so without need to 1189 
perform Monte-Carlo simulations for every exposure assessment. Moreover (as described in Section 1190 
4.1), a boundary condition was stipulated that the median substance properties (DegT50 or Kom) from 1191 
the dossier should be used in all tiers including Tier 2A scenario calculations. To fulfil these boundary 1192 
conditions, EFSA (2010b) analysed the effect of uncertainties in soil and substance properties. Spatial 1193 
probability density functions of concentrations of the substances P1, P2 and P3 were calculated with 1194 
the simple analytical model for the EU-15 map described by Tiktak et al. (2004). This map (consisting 1195 
of 1051 scenarios) was used because the data described in Section 4.2.2 were not yet available to 1196 
EFSA (2010b). Uncertainties in both soil properties and in substance properties were considered in the 1197 
calculations. Peak concentrations in total soil and in pore water were calculated for ecotoxicological 1198 
averaging depths (zeco) of 1 and 20 cm. 1199 
 1200 
The soil properties in the simple analytical model are (i) the organic matter content, (ii) the volume 1201 
fraction of water and (iii) the dry bulk density. EFSA (2010b) considered the uncertainty in the dry 1202 
bulk density to have a larger effect on the probability density function of the concentrations than the 1203 
uncertainties in organic matter content and volume fraction of water. Therefore only uncertainty in dry 1204 
bulk density was included. The uncertainty in the dry bulk density was simulated using a random term 1205 
that was added to the bulk density. The random term was normally distributed with a mean of 0 and a 1206 
standard deviation of 0.15 kg L-1. The substance properties in the simple analytical model are the 1207 
DegT50 and the Kom. Based on Walker & Thompson (1977) and Allen & Walker (1987) the CV of 1208 
both DegT50 and Kom was assumed to be 0.25 and both were assumed to be lognormally distributed.  1209 
 1210 
The calculations for these three substances using this database showed that the 90th spatial percentile 1211 
PEC calculated including these uncertainties corresponded to approximately the 95th spatial percentile 1212 
PEC calculated with the geomeans of the DegT50 and Kom. This 95th percentile was the average of 1213 
twelve values (three substances and four types of concentration) which ranged from 93 to 96. EFSA 1214 
(2010b) concluded that the scenario selection procedure should be based on the 95th spatial percentile 1215 
PEC. This enables exposure assessments in Tier 2A based on deterministic soil properties and the 1216 
geomean or median DegT50 and Kom values from the dossiers.  1217 
  1218 
At a later stage the Panel (EFSA, 2010d) considered a wider range of DegT50 values than EFSA 1219 
(2010b) and concluded that a CV of 0.5 for the DegT50 within one of the three regulatory zones is 1220 
more appropriate. Based on the literature review by Wauchope et al. (2002), the Panel considers also 1221 
for the Kom a CV of 0.5 to be more appropriate than the value of 0.25 used in EFSA (2010b). 1222 
Assuming a CV of 0.25 for both DegT50 and Kom led to a shift from the 90th to the 95th spatial 1223 
percentile. Assuming a CV of 0.50 for both DegT50 and Kom will lead to a shift of the spatial 1224 
percentile to a value between the 95th and the 100th percentile. A calculation for the peak concentration 1225 
in the pore water of substance P3 and zeco = 20 cm, assuming a CV of 0.50 and using the same 1226 
procedure as for the CV of 0.25, showed a shift from the 96th to the 98th spatial percentile. The 1227 
concentration at the 98th spatial percentile was about 30% higher than at the 96th percentile. It is 1228 
expected that this shift in concentration for other cases (P1 or P2, other types of concentration) will be 1229 
smaller (see Figures B9 and B10 of EFSA, 2010b). Given time limitations, the Panel was unable to 1230 
perform further calculations on the spatial shift with a CV of 0.50 and proposes to stick to the shift to 1231 
the 95th spatial percentile. The Panel recommends performing at a later stage further calculations on 1232 
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this spatial shift considering the maps for the regulatory zones that were also used for the scenario 1233 
selection (see Section 4.2.2). 1234 
 1235 

4.2.6. Selection of the scenarios 1236 

So the next step was to find scenarios (using the compiled data and the simple analytical model) that 1237 
generate a 95th spatial PEC. As described in Section 4.1, the scenario selection procedure will be based 1238 
only on peak concentrations (so no TWA concentrations) considering the full 1-20 cm range of the 1239 
ecotoxicological averaging depth, zeco. The problem to be solved was that a 95th spatial percentile 1240 
scenario selected for a certain substance and a certain zeco will differ from such a scenario selected for 1241 
another substance or another zeco. EFSA (2010b) adopted therefore the following scenario selection 1242 
procedure:  1243 

- Maps of the peak concentration in total soil and the peak concentration in the liquid phase 1244 
were created for zeco of 1 and 20 cm and for 19 parent substances with DegT50 ranging from 1245 
10 to 1000 d and Kom ranging from 10 to 1000 L kg-1 (see Appendix I for the DegT50-Kom 1246 
combinations). So a total of 38 maps were created. Each concentration map was transformed 1247 
into a vulnerability map by assigning to each grid cell the percentile corresponding to its 1248 
concentration. For the calculation of this percentile, it was assumed that each pixel had equal 1249 
weight. In principle it would have been better to weight each grid cell with its fraction of 1250 
surface area of annual crops. From each vulnerability map, the grid cells with a percentile 1251 
between 95 and 97% were selected. We used a range of 95-97% to obtain enough pixels to 1252 
choose from in the next step and to ensure that the resulting scenario was conservative enough 1253 
in obtaining the 95th spatial percentile PEC. 1254 

- In a final step, the 95-97% vulnerability maps of all 19 PPPs and the two ecotoxicological 1255 
averaging depths were overlain and those grid cells that were common in all maps were 1256 
considered candidate scenarios.  1257 

 1258 
This procedure resulted a large number of candidate scenarios for the regulatory zones South and 1259 
Centre but only in a small number for the zone North. The selection was narrowed down by requiring 1260 
that the candidate scenario should have both an organic matter content and an Arrhenius temperature 1261 
that was within 1% of the mean of all candidate scenarios in a regulatory zone. This was done to avoid 1262 
selection of scenarios with extreme properties. This procedure resulted in the scenarios with the 1263 
properties shown in Tables 3 and 4.  1264 
 1265 
For the peak concentration in total soil, the simple analytical model only contains as scenario 1266 
parameters the dry bulk density and the Arrhenius-weighted mean temperature. By combining Eqns 1, 1267 
2, 3, 4 and 6, it can be shown that the concentration in total soil increases with decreasing bulk density 1268 
and with decreasing temperature. So the selected scenarios in Table 3 should have comparatively low 1269 
bulk densities and low temperatures and this is indeed the case. They have also relatively high organic 1270 
matter contents because the dry bulk density decreases with increasing organic matter (see Eqn 21).    1271 

Table 3:   Properties of the selected scenarios for the concentration in total soil. Tarit is the arithmetic 1272 
mean temperature and TArr is the Arrhenius-weighted mean temperature. 1273 

Zone Country in 
which 

scenario is 
located 

 

Tarit 
(oC) 

TArr 
(oC) 

Texture Volume 
fraction of 
water, θ 
(m3 m-3) 

Dry bulk 
density, ρ 
(kg L-1) 

fom 
(%) 

North Estonia 4.7 7.0 Coarse 0.244 0.95 11.8 
Centre Germany 8.0 10.1 Coarse 0.244 1.05 8.6 
South France 11.0 12.3 Medium fine 0.385 1.22 4.8 
 1274 
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For the peak concentration in the pore water, the relationships with the scenario parameters are 1275 
somewhat more complicated. Let us consider these relationships in more detail. Eqn 7 can be rewritten 1276 
as: 1277 
 1278 
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  1280 
Eqn 22 implies that the effect of the Arrhenius-weighted temperature is the same as for the 1281 
concentration in total soil: lower temperatures lead of course to higher concentrations. The effect of θ 1282 
is only small because the product ρ fom Kom will usually be considerably larger than θ. The effect of fom 1283 
is not immediately clear because ρ is a decreasing function of fom (Eqn 21). So the question is whether 1284 
the product ρ fom decreases or increases with fom. Calculations showed that this product is a 1285 
continuously increasing function of  fom (at fom = 0   ρ fom = 0,  at fom = 0.01 kg kg-1   ρ fom = 0.02 kg L-1, 1286 
at  fom = 0.10 kg kg-1  ρ fom = 0.10 kg L-1 and at fom = 0.20 kg kg-1  ρ fom = 0.15 kg L-1). So CL,peak is 1287 
expected to decrease with increasing fom and 95th spatial percentile scenarios should therefore have low 1288 
fom values which is indeed the case (Table 4).  1289 
 1290 

Table 4:  Properties of the selected scenarios for the concentration in the liquid phase. Tarit is the 1291 
arithmetic mean temperature and TArr is the Arrhenius-weighted mean temperature.  1292 

Zone Country in 
which 

scenario is 
located 

 

Tarit 
(oC) 

TArr  
(oC) 

Texture Volume 
fraction of 
water, θ  
(m3 m-3) 

Dry bulk 
density, 
ρ (kg L-1) 

 

fom 
(%) 

ρ fom 
(kg/L) 

North Denmark 8.2 9.8 Medium 0.347 1.39 2.3 0.032 
Centre Czech Rep. 9.1 11.2 Medium 0.347 1.43 1.8 0.026 
South Spain 12.8 14.7 Medium 0.347 1.51 1.1 0.017 
 1293 
Once the scenarios have been selected, it is interesting from a regulatory point of view to analyse 1294 
differences in the 95th spatial percentiles of CT,peak and CL,peak between the zones North, Centre and 1295 
South. The concentration in total soil increases with decreasing bulk density and with decreasing 1296 
temperature, and so the scenario properties in Table 3 imply that CT,peak values increase in the order 1297 
North-Centre-South. The concentration in the liquid phase increases with decreasing temperature and 1298 
with decreasing ρ fom (see Eqn 22). Table 4 shows that temperature decreases in order South-Centre-1299 
North but that ρ fom increases in this order. So these differences may compensate each other to some 1300 
extent. EFSA (2010b) indicated that this compensating effect is caused by the opposite spatial trends 1301 
of organic matter and temperature in the EU. Calculations by EFSA (2010b) with the simple analytical 1302 
model showed that differences in CT,peak values between the regulatory zones (based on Table 3) 1303 
increased with increasing DegT50 and in the order South-Centre-North). Calculations also showed that 1304 
differences in CL,peak values between the regulatory zones (based on Table 4) were mostly less than 1305 
20% and that the CL,peak increased in the order North-Centre-South (so opposite orders for CT,peak and 1306 
CL,peak  which is consistent with Figure 11).  1307 
 1308 

4.3. Assessment of the crop extrapolation factors 1309 

 1310 
The scenarios shown in Tables 3 and 4 were based on the 95th spatial percentile considering the total 1311 
area of annual crops in each regulatory zone. However, the purpose of the exposure assessment is to 1312 
consider either the total area of one of the CAPRI crops or crop groups or to consider the area of any 1313 
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other crop (Section 1.4.3). The 95th spatial percentile depends of course on the statistical population of 1314 
1×1 km2 pixels considered.  1315 
 1316 
To assess the effect of the crop area for CAPRI crop or crop groups we define a 95th percentile crop 1317 
ratio as follows: 1318 
 1319 

annual

x

P
P

,95

,95=ξ                                   (23) 1320 

 1321 
where P95,x is the 95th spatial percentile concentration for the area of crop x and P95,annual is the 1322 
95th spatial percentile concentration for the total area of annual crops. This ratio ξ applies to either 1323 
CT,peak or CL,peak  and to a specific substance in a certain regulatory zone. To assess the possible 1324 
magnitude of ξ, EFSA (2010b) made calculations with the simple analytical model for most of the 1325 
CAPRI crops or crop groups that are annualand grown on flat land (so excluding potatoes). This was 1326 
done for the substances P1, P2 and P3 (Table 2). The CAPRI crops or crop groups included in this 1327 
assessment are described in Table 5. Note that durum wheat and soybean are relevant annual crops but 1328 
their crop extrapolation factors have not yet been calculated. The Panel expects to include results of  1329 
these calculations in the final opinion.  1330 
 1331 
There also exist CAPRI crop groups such as ‘other cereals’ or ‘other root crops’. The Panel did not 1332 
include these in Table 5 because such a crop group does not seem well enough defined to be of use in 1333 
the registration procedure of a plant protection product.  1334 
 1335 
There are also CAPRI maps available for e.g. rice, potatoes, citrus, permanent grass, fruit trees, olive 1336 
groves, vineyards and nurseries. These are not relevant for the exposure assessment described here but 1337 
they may be useful for the development of future exposure assessments.    1338 
  1339 

Table 5:  CAPRI crops or crop groups included in the assessment of the crop extrapolation factors. 1340 
An ‘X’ indicates that the crop extrapolation factor was calculated for the combination of regulatory 1341 
zone and crop. 1342 

CAPRI crop or crop group North 
 

Centre South 

Barley X X X 
Durum wheat    
Oats X X X 
Rye X X X 
Soft wheat X X X 
Maize X X X 
Rape and turnip rape X X X 
Sugar beet X X X 
Fibre and other oilseed crops (flax and 
hemp) 

X X X 

Soybean     
Vegetables X X X 
Dry pulses X X X 
Sunflower   X X 
Tobacco   X 

 1343 
 1344 
Table 6 shows the ranges of ξ values found for each regulatory zone and for each type of 1345 
concentration. On average ξ is expected to be 1 for each type of concentration because the sum of the 1346 
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areas of the CAPRI crops or crop groups included in Table 5 is expected to be close to the total area of 1347 
annual crops. So, as could be expected, minima are below 1 and maxima are above 1 in Table 6. The 1348 
Panel proposes to use the maxima of each of this group of values as the crop extrapolation factors to 1349 
be used in Tiers 1 and 2A (Table 1) for the CAPRI crops or crop groups included in the assessment of 1350 
the crop extrapolation factors (see Table 5).  1351 

Table 6:  Ranges of crop 95th percentile ratios ξ as defined by Eqn 23 found for the CAPRI crops 1352 
included in Table 5 and the substances P1, P2 and P3 for the three regulatory zones and for both the 1353 
concentration in total soil and the concentration in the liquid phase. 1354 

 CT,peak CL,peak
minimum maximum minimum maximum 

North 0.64 1.79 0.87 1.02
Centre 0.74 1.16 0.93 1.15
South 0.86 1.07 0.86 1.13

 1355 

The next step is to assess the effect of the crop area for any other crop than the CAPRI crop or crop 1356 
groups included in Table 5. No crop maps are available for other crops at EU level so the approach 1357 
based on Eqn 23 is impossible. Therefore EFSA (2010b) calculated the ratio χ defined as  1358 

annual

annual

P
P

,95

,100=χ                                               (24) 1359 

where P100,annual is the 100th percentile of the concentration distribution (either CT,peak or CL,peak) of a 1360 
certain substance for the total area of annual crops in one of the regulatory zones. This ratio χ was 1361 
calculated for the substances P1, P2 and P3 and the three regulatory zones using the probability 1362 
density functions shown in Figure 11 (so three χ values for each type of concentration in each 1363 
regulatory zone). The grid cells with zero organic matter contents were excluded from the calculation 1364 
of P100,annual for CL,peak because these generated extremely high χ values for CL,peak  and because these 1365 
zero organic matter contents are considered artifacts of the organic matter map (see Section 4.2.2). 1366 

Table 7 shows that the ratio χ was at most 1.41 for the concentration in the liquid phase and at most 1367 
3.2 for the concentration in total soil. The Panel proposes to use the maximum values for each 1368 
regulatory zone as the crop extrapolation factors for other crops than the CAPRI crop or crop groups 1369 
included in Table 5. 1370 

Table 7:  Ranges of the ratio χ (defined by Eqn 24) calculated using substances P1, P2 and P3 for 1371 
the three regulatory zones and for both the concentration in total soil and the concentration in the 1372 
liquid phase.  1373 

 CT,peak CL,peak
minimum maximum minimumm maximum

North 2.68 3.20  1.22 1.41
Centr 1.92 2.13  1.11 1.33
South 1.96 2.60  1.29 1.39

 1374 
   1375 
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4.4. Parameterisation of the Tier 2A scenarios 1376 

 1377 
The parameterisation of the Tier 2A scenarios was based on the properties described in Tables 3 and 4. 1378 
EFSA (2011) described the parameterisation of the Tier 2A scenarios in detail. This report is in 1379 
progress and is intended for publication when finalised. Here only a few important aspects of this 1380 
parameterisation are described. 1381 
 1382 
The scenarios were parameterised for the PELMO and PEARL model because these models have been 1383 
used since 2000 for the assessment of leaching to groundwater at the EU level (FOCUS, 2000, 2009). 1384 
Also the MACRO and PRZM models have been used for the leaching assessment and they have 1385 
additionally been used for the assessment of exposure of aquatic organisms (FOCUS, 2001). The 1386 
scenarios have not yet been parameterised for MACRO and PRZM because this required that experts 1387 
from the teams responsible for the development and maintenance of MACRO and PRZM assisted the 1388 
PPR Panel during the development process of this opinion (for example, to write subroutines that 1389 
generate the specific model output that is required for this exposure assessment and to perform 1390 
calculations with example substances) and this was impossible so far. The Panel encourages 1391 
parameterising the scenarios also for other numerical models than PELMO and PEARL. The only 1392 
requirement is that the process descriptions in these numerical models have a similar or higher level of 1393 
detail as those in PELMO and PEARL (PRZM and MACRO do of course fulfil this requirement).   1394 
 1395 
The MARS climate database was used as the source for the meteorological time series. So for each of 1396 
the six scenarios, the MARS weather time series selected was that closest to the scenario location 1397 
(with the exception of the North - CT,peak scenario for which the Jokioinen weather series of FOCUS, 1398 
2009, was used; see EFSA, 2011, for background). MARS weather data for the period 1990-2009 1399 
were used, converting these to a 66-year time-series using the rules described in FOCUS (2000). 1400 
However, the Tier 2A scenarios were selected using air temperatures from the WordClim database 1401 
from the period 1960 to 1990 (see Section 4.2.2). Table 8 shows that the arithmetic mean temperatures 1402 
from the MARS weather series were 0.5 to 1.7oC higher than those from the WordClim series. The 1403 
causes of this systematic difference are not clear; the differences are too large to be attributable to 1404 
climatic change only. The Panel used the WorldClim database for the scenario selection because this 1405 
database had a much higher resolution (1×1 km2) than the MARS database (25×25 km2). Therefore the 1406 
Panel considered it inconsistent to base the mean temperature level of the scenarios on the MARS 1407 
database. For example, WorldClim may have selected a pixel for a scenario in Table 8 that is 1408 
systematically colder than the average of the corresponding 25×25 km2 MARS unit because a colder 1409 
temperature gives a higher PEC percentile. It is then inconsistent to use the average of the MARS unit. 1410 
Moreover, the cause of the systematically higher temperatures in the MARS database is not yet 1411 
explained which is an additional argument in favour of the WorldClim database (because colder 1412 
temperatures lead to a more conservative exposure assessment).  1413 

Therefore the daily air temperatures from the MARS database were scaled in such a way that the 1414 
arithmetic mean temperature of each Tier 2A scenario (20-year time period) is equal to the arithmetic 1415 
mean temperature of the WorldClim time series. So the daily temperatures for the Tier 2A scenarios 1416 
were calculated as follows:  1417 

MARSaritWorldCaritMARSdayscenarioday TTTT ,lim,,, −+=  (25) 1418 

where Tday,scenario is the daily mean temperature in the Tier 2A scenario, Tday,MARS is the daily mean 1419 
temperature from the MARS time series, Tarit,WorldClim is the arithmetic mean temperature of the selected 1420 
Tier 2A scenarios based on the 1960-1990 WorldClim time series, and Tarit,MARS is the arithmetic mean 1421 
temperature of the 1990-2009 MARS time series.  1422 

So whereas the scenario selection was based on the Arrhenius-weighted mean temperature (TArr), it 1423 
played no role in the parameterisation procedure for the meteorological time series. This is correct 1424 
because the role of this temperature was to characterize better the annual course of time of air 1425 
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temperatures at each pixel. Once the appropriate pixel has been selected, TArr plays no further role and 1426 
use of the closest MARS weather station ensures an appropriate annual course of the air temperature. 1427 

Table 8:  Properties of the selected Tier 2A scenarios. Tarit,MARS is the arithmetic mean air 1428 
temperature of the MARS meteorological time series of the scenario and Tarit,WorldClim is the arithmetic 1429 
mean air temperature of the WorldClim meteorological time series of the scenario. The column 1430 
‘FOCUS climatic zone’ indicates in which climatic zone the scenario is located (based on FOCUS, 1431 
2009). 1432 

Zone Type of 
concentration 

 Tarit,MARS 
(°C) 

Tarit,WorldClim 
(°C) 

Member 
state 

FOCUS 
climatic zone 

 

Irrigated 

North Total soil 6.15 4.7 Estonia Jokioinen No 
Centre Total soil 9.73 8.0 Germany Châteaudun Yes 
South Total soil 12.35 11.0 France Kremsmünster No 
       
North Pore water 8.66 8.2 Denmark Hamburg No 
Centre Pore water 9.76 9.1 Czech 

Rep. 
Châteaudun Yes 

South Pore water 13.94 12.8 Spain Seville Yes 
 1433 
 1434 
Irrigation was included in the scenario if the corresponding FOCUS climatic zone (FOCUS, 2009) is 1435 
irrigated (Table 8) and if the crop considered is irrigated (FOCUS, 2009). The crop parameters for 1436 
each scenario were based on those for the corresponding climatic zone of FOCUS (2009). 1437 
 1438 
FOCUS (2000, 2009) used a warming-up period of 6 years in the leaching simulations before starting 1439 
the evaluation period for the leaching assessment. For the soil-exposure assessment, the warming-up 1440 
period needs to be long enough to ensure that the plateau value of the exposure concentration is 1441 
closely approximated before the evaluation period starts. Considering that thereafter at least 20 years 1442 
are simulated and the all-time high concentration is used as endpoint, it seems not necessary to be very 1443 
strict with respect to the fractional equilibrium (as defined in Eqn 17) reached at the end of the 1444 
warming-up period. Figure 8 shows that, after a period of time corresponding to three effective half-1445 
lives, the fractional equilibrium is about 0.90. Let us consider this to be a requirement that is strict 1446 
enough. The Panel proposes to require that the warming-up period should be long enough for a 1447 
DegT50 at 20oC of 2 years because this is likely to cover nearly all plant protection products. The 1448 
Arrhenius temperatures for the different scenarios in Tables 3 and 4 can be used to approximate the 1449 
DegT50eff values as used in Eqn 19 (Table 9). As described above the requirement for the minimum 1450 
length of the warming-up period is three effective half-lives. Table 9 shows that this results in 1451 
warming-up periods ranging from 10 to 21 years, i.e. considerably longer than the six years considered 1452 
by FOCUS (2000, 2009).The Panel proposes using warming-up periods that are at least as long as the 1453 
periods in the last column of Table 9 or to take other measures to ensure that the correct all-time high 1454 
concentration is calculated. Possibly this can also be ensured by assuming at the start of the 1455 
calculations that the concentration in total soil in the top 20 cm is equal to the plateau concentration 1456 
predicted with the simple analytical model, followed by a warming-up period of six years (which are 1457 
discarded from the assessment as described before).   1458 
 1459 

Table 9:  Effective DegT50 values for the different scenarios corresponding with a DegT50 of 2 1460 
year at 20oC. These values were calculated with the Arrhenius equation for the Arrhenius-weighted 1461 
mean temperatures as indicated using an activation energy of 65.4 kJ/mol.  1462 
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Zone Country in 
which 

scenario is 
located 

 

Type of 
concentration 

TArr  
(oC) 

DegT50eff  
(year) 

3 DegT50eff 
(year) 

North Estonia Total soil   7.0 6.9 21 
Centre Germany Total soil 10.1 5.1 15 
South France Total soil 12.3 4.1 12 
North Denmark Pore water   9.8 5.3 16 
Centre Czech Rep. Pore water 11.2 4.6 14 
South Spain Pore water 14.7 3.4 10 

 1463 
 1464 
 1465 

4.5. Example calculations with numerical models for Tier 2A scenarios 1466 

 1467 
Example calculations were made with the PEARL and PELMO models for (i) the 19 example parent 1468 
substances described in Section 4.2.6 and Appendix I, (ii) all six scenarios, (iii) concentrations in pore 1469 
water and in total soil, (iv) peak values and 14 and 56 d TWA values, and (v) zeco = 1 cm and zeco = 1470 
20 cm (see EFSA, 2011, for details). In these calculations, the warming-up period was fixed at six 1471 
years. Calculations were made for sugar beet and winter wheat and a dose of 1 kg ha-1 applied one day 1472 
before emergence of the crop every year. Emergence for sugar beet was between 15 April and 25 May 1473 
for all scenarios except for pore water South where emergence was at 10 November. Emergence for 1474 
winter wheat was between 20 September and 30 November. Sugar beet was irrigated for part of the 1475 
scenarios as indicated in Table 8 and winter wheat was never irrigated (based on FOCUS, 2009). 1476 
 1477 
Figure 12 shows as an example for two types of concentrations the differences between the two 1478 
models being usually less than a factor 1.5 but occasionally larger than this factor 1.5. The differences 1479 
were generally larger for the concentration in pore water than for the concentration in total soil. The 1480 
differences larger than a factor 1.5 occurred only for pore water concentrations of substances with 1481 
short half-lives and zeco = 1 cm. These differences were caused by differences in the simulated soil 1482 
moisture contents in the top 1 cm in the first weeks after application. Differences between the two 1483 
models were nearly always less than a factor 2 (see EFSA, 2011, for details).  1484 
 1485 
These results show that there may be distinct differences between Tier 2A concentrations calculated 1486 
with different numerical models. So the choice of the numerical model may have an effect on the 1487 
outcome of the risk assessment. Thus this choice is an additional source of uncertainty. If the margin 1488 
of safety for the assessment of effects on organisms in soil is less than a factor of two, risk managers 1489 
could consider to require Tier 2A calculations with both PELMO and PEARL and to use the highest 1490 
exposure concentration of the two models.  1491 
 1492 
Figure 13 shows that differences in peak concentrations between the three regulatory zones as 1493 
calculated with PEARL or PELMO were always less than a factor of two for zeco = 20 cm. For 1494 
zeco = 1 cm (results not shown in Figure 13), the differences between the zones were usually smaller 1495 
than those found for zeco = 20 cm. The concentration in total soil decreased in the order North-Centre-1496 
South whereas the concentration in pore water decreased usually in the order South-Centre-North. 1497 
These results are consistent with those found by EFSA (2010b) for the simple analytical model as 1498 
discussed at the end of Section 4.2.6. 1499 
 1500 
 1501 

1502 
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Figure 12: Comparison of two types of concentration calculated with the PELMO and PEARL models 1547 
for the three scenarios and for the 19 example parent substances and for annual applications in two 1548 
crops on the day before crop emergence. The upper graph is for the peak concentration in total soil and 1549 
zeco = 20 cm and the bottom graph is for the 14-d TWA concentration in the liquid phase and zeco = 1 1550 
cm. The solid line is the 1:1 line and the dashed lines are PELMO = 2/3 PEARL and PELMO = 1551 
3/2 PEARL. 1552 
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 1554 
Figure 13: Peak concentrations in total soil (parts A and C) and in pore water (parts B and D) as 1555 
calculated with the PEARL model (parts A and B) and with the PELMO model (parts C and D) for (i) 1556 
the three Tier 2A scenarios, (ii) the 19 example substances, (iii) annual application in sugar beet on the 1557 
day before crop emergence, and (iv) zeco = 20 cm. 1558 
 1559 

 1560 

1561 
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5. PARAMETERISATION AND ASSESSMENT OF THE MODEL ADJUSTMENT FACTOR FOR TIER 1562 
1 1563 

 1564 
Tier 1 was based on the simple analytical model as described before. The scenarios considered in Tier 1565 
1 were the same as in Tier 2A because this provides the best possible link between these two tiers. So 1566 
the parameters for the Tier 1 model were set equal to those of the selected Tier 2A scenario described 1567 
in Tables 3 and 4. The temperature in the Tier 1 model was the Arrhenius-weighted mean from these 1568 
tables (TArr) because this ensures the best link with the Tier 2A scenarios.  1569 
 1570 
The only remaining issue is the assessment of the model adjustment factor, Fmo (Eqn 15). This factor 1571 
was assessed by performing calculations both for Tier 1 and Tier 2A scenarios. No crop safety factors 1572 
were considered in these calculations because the same values of these factors are needed in Tier 1 and 1573 
Tier 2A. So the comparison focuses on the differences between the two types of model in these two 1574 
tiers.  1575 
 1576 
The Tier 2A calculations were performed with the PELMO and PEARL models assuming a warming-1577 
up period of six years. The calculations were performed for the same cases as described in Section 4.6. 1578 
In addition, calculations were also performed for a soil metabolite that was formed from the 19 parent 1579 
substances. The properties of this metabolite were the same for all the parent substances: its DegT50 at 1580 
20oC was 100 d, its Kom was 50 L kg-1, its formation fraction was 0.25 and its molar mass was assumed 1581 
to be equal to that of the parent substance. In addition to the single application on the day before 1582 
emergence, multiple applications within one year were also considered (1 kg ha-1 one day before 1583 
emergence, 1 kg ha-1 at 30 d after emergence and 1 kg ha-1 at 60 d after emergence). For these multiple 1584 
applications, it was assumed that no crop interception occurred to keep the assessment of the model 1585 
adjustment factor as simple as possible. For all these cases, Tier 1 calculations were also performed 1586 
and plotted against the Tier 2A results (see EFSA, 2011, for these plots). Both peak concentrations and 1587 
TWA values for 14 and 56 days were calculated. From the plot for each zone and for each type of 1588 
concentration, the maximum model adjustment factor was determined. 1589 
 1590 
The warming-up period may have been too short for two of the 19 substances which had a DegT50 of 1591 
1000 days but this DegT50 is also larger than the upper limit of two years that was used to derive the 1592 
required warming-up periods in Table 9.  1593 
  1594 
Table 10 shows that the maximum model adjustment factor for the concentration in total soil was as 1595 
low as 1.02-1.04 for the peak concentration for zeco = 1 cm. Figure 14A shows that for all zones the 1596 
maximum factor for this concentration increased with increasing length of the TWA period to at most 1597 
1.6 for the TWA of 56 days. The same trend was observed for the concentration in total soil for 1598 
zeco = 20 cm (Figure 14B). The maximum model adjustment factor for the peak concentration was at 1599 
most 1.29, so higher than the maximum for zeco = 1 cm. The maximum model adjustment factor for the 1600 
pore water did not show a clear increasing trend with increasing length of the TWA period (Figures 1601 
13C and 13D). However, nearly all factors for the pore-water concentration were higher than the 1602 
corresponding factors for the concentration in total soil. 1603 
 1604 
The Panel proposes the following values for the model adjustment factor Fmo: 1605 
Fmo = 1.1 for the peak concentration in total soil for zeco = 1 cm; 1606 
Fmo = 1.3 for the peak concentration in total soil for zeco = 20 cm;  1607 
Fmo = 2.0 for all peak concentrations in pore water;  1608 
Fmo = 1.6 for all TWA concentrations in total soil; 1609 
Fmo = 3.0 for all TWA concentrations in pore water. 1610 
 1611 
However, these should be applied with the restriction that the calculated Tier 1 TWA concentration is 1612 
smaller than or equal to the Tier 1 peak concentration. This is done to avoid that for persistent 1613 
compounds, Tier 1 TWA concentrations would be higher than the corresponding peak concentrations. 1614 
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  1615 
The assessment of the model adjustment factor as described above did not include calculation of crop 1616 
interception and simulation of plant processes in Tier 2A. This is a conservative approach which was 1617 
done to keep this assessment as simple as possible. So the differences between the concentrations 1618 
calculated with the simple analytical model and those calculated with the numerical models (Table 10 1619 
and Figure 14) are no accurate indication of the differences found in regulatory practice. For example, 1620 
spray applications to full grown crops may result in Tier 2A concentrations that are much lower than 1621 
Tier 1 concentrations.  1622 
 1623 
 1624 

Table 10:  Maximum values of the model adjustment factor (Fmo as defined by Eqn 15) derived from 1625 
the comparison between calculations with the simple analytical model and calculations with PELMO 1626 
or PEARL for the different concentration endpoints.  1627 

 1628 
Endpoint 
Concentration 
 
 

 

Ecotoxicologica
l relevant depth 
zeco (cm)  
 
 

Zone  
 
 
 

Model adjustment factor (-) for concentration 
based on  

 
peak 
 

TWA of 14 d 
 

 TWA of 56 d 
 

Total soil 1 North 1.03 1.05 1.24 
Total soil 1 Centre 1.04 1.15 1.60 
Total soil 1 South 1.02 1.13 1.35 

      
Total soil 20 North 1.24 1.25 1.28 
Total soil 20 Centre 1.29 1.30 1.60 
Total soil 20 South 1.20 1.21 1.45 

      
Pore water 1 North 1.62 1.64 1.41 
Pore water 1 Centre 1.79 1.47 1.57 
Pore water 1 South 1.98 2.13 2.07 

      
Pore water 20 North 1.59 1.64 1.63 
Pore water 20 Centre 1.77 1.52 1.87 
Pore water 20 South 1.94 2.22 2.70 

 1629 
 1630 

1631 
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1632 
Figure 14: Maximum values of the model adjustment factor for the three zones and peak concentrations and 14-d and 56-d 1633 
TWA concentrations as indicated. Parts A and B are for the concentration in total soil and zeco = 1 and 20 cm, respectively; 1634 
Parts C and D are for the concentration in pore water and zeco = 1 and 20 cm, respectively. Note the difference in scale of 1635 
the vertical axes between parts A/B and parts C/D.  1636 

1637 
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 1638 
6. DESCRIPTION OF THE OTHER TIERS 1639 
 1640 

6.1. Tier 2B 1641 

 1642 
As indicated in Figure 5, Tier 2B provides the option of an exposure assessment with the simple 1643 
analytical model for a certain crop and a certain substance. This has to be based on the spatial data 1644 
described in Chapter 4 plus the following maps (at the resolution of 1×1 km2 available at the JRC 1645 
website): 1646 

-  pH measured in water (at a solid:liquid ratio of 1:2.5) of the top 30 cm of the soil 1647 
- fraction of area grown with one of the CAPRI crops or crop groups in a certain year. 1648 

As described in Section 1.4.3, the exposure assessment is developed for two spatial statistical 1649 
populations: (i) one of the CAPRI crops or crop groups included in Table 5, and (ii) any other crop. If 1650 
the exposure assessment is for a CAPRI crop or crop group included in Table 5 or if the crop map of 1651 
the other crop is available to the risk assessor, the procedure is straightforward: calculate the 1652 
95th spatial percentile of the concentration and no crop extrapolation factors are needed. However, if 1653 
for the other crop no map is available to the risk assessor, then the 95th spatial percentile has to be 1654 
calculated using the Kom -DegT50 properties of this substance for the total area of annual crops and 1655 
crop extrapolation factors have to be used as in Tier 1 and 2A.  1656 
 1657 
The 95th spatial percentile for Tiers 1 and 2A was based on calculations with 19 different example 1658 
substances and a pixel was selected that was in the 95-97th percentile range for all substances. In Tier 1659 
2B, the 95th spatial percentile is based on the Kom-DegT50 combination of this substance. So for 1660 
substances whose DegT50 and/or Kom are not related to soil properties, it is possible that the Tier 2B 1661 
scenario is more conservative than the corresponding Tier 1 or Tier 2A scenario. This could have been 1662 
overcome by introducing something like a ‘generic substance extrapolation factor’ in Tier 1. The 1663 
Panel did not do so because the 95-97th percentile range used for Tiers 1 and 2A is already on the safe 1664 
side for the assessment of the 95th percentile. Thus it is considered very unlikely that Tier 1 is less 1665 
conservative than Tier 2B as a result of substance properties outside those of the 19 example 1666 
substances.  1667 
  1668 
In Tier 2B, it suffices to calculate simply the 95th spatial percentile PEC of the required type of 1669 
concentration without specifying the corresponding scenario. The procedure to find this 95th spatial 1670 
percentile PEC with the simple analytical model is as follows:  1671 

- Apply the land-use mask of the annual crops described in Section 4.2.2 to all maps. 1672 
- Check the underlying maps and eliminate pixels that have unrealistic properties (e.g. zero 1673 

organic matter contents). 1674 
- Based on the map of the relevant crop or crop group, create a map of the required type of 1675 

concentration (CL,peak or CT, peak  or any of the TWA averages) for the required 1676 
ecotoxicological averaging depth (zeco) and for the DegT50 - Kom properties of this substance.  1677 

- Calculate from this concentration map the cumulative frequency distribution of PEC values. In 1678 
this calculation the PEC of each 1×1 km2 pixel should get a weight that is proportional to the 1679 
fraction of surface area grown with this crop or crop group. 1680 

- Take the 95th percentile PEC from this cumulative frequency distribution.  1681 
 1682 

The scenario-selection procedure for the Tier 2A scenarios was based on CL,peak or CT, peak  whereas in 1683 
Tier 2B a 95th spatial percentile PEC for one of the TWA concentrations is based on the spatial 1684 
frequency distribution of this TWA concentration. Therefore it is possible in theory that a TWA 1685 
concentration derived from Tier 2A or Tier 1 is less conservative than the TWA concentration from 1686 
Tier 2B. Therefore the Panel made calculations with the simple analytical model for the 19 example 1687 
parent substances as in Section 4.2.6, the six scenarios described in Tables 3 and 4, zeco = 1 or 20 cm, 1688 
concentrations both in total soil and in the liquid phase and considering both peak concentrations and 1689 
TWA concentrations for 7, 14, 28 and 56 days. For each of these 1140 combinations, the scenario PEC 1690 
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was calculated and also the 95th spatial percentile PEC in the corresponding regulatory zone. The 1691 
results showed that the 95th spatial percentile PEC was about equal to or lower than the scenario PEC. 1692 
So with reasonable certainty it can be excluded that Tier 1 TWA concentrations are less conservative 1693 
than Tier 2B TWA concentrations for parent substances.     1694 
 1695 

6.2. Tier 2C 1696 

 1697 
Tier 2C offers the possibility of incorporating the effect of crop interception in the PEC calculation 1698 
with the simple analytical model carried out for Tier 2B. This has to be based on a conservative 1699 
assessment of this effect based on simulations with the numerical models for the Tier 2A scenarios.  1700 
 1701 
The numerical models simulate plant processes of the substance including wash-off. So simulations 1702 
with these models for the Tier 2A scenarios generate annual amounts of substance that are washed off 1703 
from the plants to the soil. In case of application every three years, the instruction is to sum up for 1704 
every three-year period the amount that reached the soil surface at the moment of application and the 1705 
amounts that were washed off to the soil. This gives 20 amounts because there are 20 three-year 1706 
periods in such a case. The instruction is to take the maximum of these 20 values and to divide this by 1707 
the total dosage in the application year, giving the maximum of the fraction that reached the soil, 1708 
Fsoil,max. For application every two years and every year, the instruction is to follow the same procedure 1709 
to calculate Fsoil,max but now for two-year and one-year periods, respectively. The PEC of Tier 2C can 1710 
be simply calculated from the corresponding PEC of Tier 2B with: 1711 
 1712 

BsoilC PECFPEC 2max,2 =                                 (26) 1713 
 1714 

6.3. Tier 3 1715 

 1716 
Tier 3 offers the possibility of simulating exposure concentrations with the numerical models for a 1717 
crop-specific and substance-specific scenario focusing only on the type of concentration that is 1718 
required. As a consequence no crop extrapolation factor and no model adjustment factor is needed in 1719 
Tier 3 (see Table 1) which may lead to a considerably lower exposure concentration.  1720 
 1721 
The Tier 3 scenario is selected with the simple analytical model using the procedure to find the 1722 
95th spatial percentile scenario:  1723 

- Apply the land-use mask of the annual crops described in Section 4.2.2 to all maps.  1724 
- Check the underlying maps and eliminate pixels that have unrealistic properties (e.g. zero 1725 

organic matter contents). 1726 
- Based on the map of the relevant crop or crop group, create maps of CL,peak or CT, peak  or any 1727 

of the TWA concentrations for zeco of 1 or 20 cm and for the DegT50 - Kom properties of this 1728 
substance; so this gives only one map that applies only to the type of concentration considered 1729 
in one of the regulatory zones.  1730 

- Transform the concentration map into a vulnerability map by assigning to each grid cell the 1731 
percentile corresponding to its concentration. In the calculation of this percentile, each 1×1 1732 
km2 pixel should get a weight that is proportional to the fraction of surface area grown with 1733 
this crop or crop group. 1734 

- Select from the vulnerability map the grid cell with the percentile that is closest to 95%.  1735 
- Use this grid cell to parameterise the scenario. 1736 

 1737 
The consequence of this procedure is that for different types of concentration different scenarios will 1738 
be selected.  1739 
 1740 
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The parameterisation of the Tier 3 scenario has to be based on the same procedures as followed for the 1741 
Tier 2A scenarios (Section 4.4) with the exception of the selection of the time series of meteorological 1742 
data. The procedure described in Section 4.4 would lead to the need to obtain new MARS weather 1743 
data for each Tier 3 scenario which may be time consuming. To avoid this delay, the instruction is to 1744 
take the MARS weather series from the corresponding climatic zone of the FOCUS groundwater 1745 
scenarios (using the map of these climatic zones shown in Figure 15 which is available at 1746 
http://eusoils.jrc.ec.europa.eu/library/Data/EFSA/) and to scale the daily values of the minimum and 1747 
maximum air temperature of this MARS weather series to the arithmetic mean temperature of the 1748 
corresponding Tier 2B scenario (using Eqn 25). The justification for adjusting only the temperature of 1749 
the weather series is that this is considered the most important meteorological variable influencing the 1750 
soil exposure concentrations.  1751 
 1752 
There are considerable differences between the spatial patterns of (i) the difference between the 1753 
Arrhenius-weigthed mean temperature and the arithmetic mean temperature in Figure 9 and (ii) the 1754 
FOCUS climatic zones in Figure 15. So it may be necessary to refine the scaling procedure using not 1755 
only the arithmetic mean temperature of the corresponding Tier 2B scenario but also the Arrhenius-1756 
weighted mean temperature of this scenario. An alternative procedure could be to use monthly average 1757 
temperatures from the selected grid cell available at http://eusoils.jrc.ec.europa.eu/library/ 1758 
Data/EFSA/. The Panel will explore this further.  1759 
 1760 
In analogy to the procedure for the Tier 2A scenarios, irrigation is included in the scenario if the 1761 
corresponding FOCUS climatic zone is irrigated based on FOCUS (2009). The climatic zones 1762 
Châteaudun, Piacenza, Porto, Sevilla, and Thiva are irrigated and the zones Jokioinen, Hamburg, 1763 
Okehampton and Kremsmünster are not irrigated. 1764 
 1765 
In view of the differences between the PEARL and PELMO models for the Tier 2A scenarios, the 1766 
choice of the model is also a source of uncertainty for Tier 3 scenarios. If the margin of safety for the 1767 
assessment of effects on organisms in soil is less than a factor of two, risk managers could consider to 1768 
require Tier 3 calculations with both PELMO and PEARL and to use the highest exposure 1769 
concentration of the two models.  1770 
 1771 
 1772 
 1773 
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 1774 
 1775 
 1776 
Figure 15: The nine climatic zones proposed by FOCUS (2009), each characterized by a combination 1777 
of ranges of both annual rainfall and annual temperatures. 1778 
 1779 
 1780 

6.4. Tier 4 1781 

A further tier may be considered (Tier 4, Figure 5) which would consist of spatially distributed 1782 
modelling with numerical models. Spatially distributed modelling has the advantage that the 1783 
95th spatial percentile PEC for all types of concentrations (pore water or concentration in total soil, 1784 
peak or some TWA) of either the parent substance or any soil metabolite can be derived by statistical 1785 
analysis of the output of the model runs, thus avoiding the need for simplifications in the scenario-1786 
selection procedure. Using the procedure described in EFSA (2010b), it is in principle possible to 1787 
parameterise each 1×1 km2 grid cell in the EU27: 1788 

i. All soil data needed for the numerical models can be derived from the organic matter content 1789 
and the soil texture using pedotransfer functions. The depth distribution of organic matter 1790 
content can be derived from the OCTOP map in combination with an average depth 1791 
distribution for mineral and organic soils. The Panel considers this simplification acceptable, 1792 
because the evaluation depth is 1 to 20 cm and the subsoil properties are not expected to have 1793 
a big influence on the exposure in the top 20 cm; 1794 

ii. The MARS database provides daily weather data at a resolution of 25×25 km2. The 1795 
temperature could be scaled to the Worldclim database to obtain temperature data series at a 1796 
resolution of 1×1 km2. If the full MARS database cannot be made available, it may be 1797 
considered defensible to use a temperature scaling procedure similar to the one described in 1798 
Section 6.3.  1799 

i. Maps of major crops are available in the CAPRI dataset, which is available at the JRC-site. 1800 
 1801 
In view of computation time, it is not possible to perform calculations with a numerical model for each 1802 
individual grid cell of the EU27. It may therefore be necessary to reduce the number of grid cells for 1803 
which calculations are done by clustering them into certain groups. There are different options for 1804 
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such a clustering procedure. The Panel recommends conducting studies with spatially distributed 1805 
models to assess which procedure is most appropriate at the European scale. 1806 
 1807 

6.5. Tier 5 1808 

The Panel proposes to include post-registration monitoring as Tier 5. As described in Section 1.2, one 1809 
of the principles of tiered approaches is that all tiers aim to assess the same exposure-assessment goal. 1810 
In the context of the tiered approach of Figure 5, this means that all tiers aim to assess the spatial 1811 
90th percentile PECSOIL considering the spatial statistical population of agricultural fields (in one of the 1812 
three regulatory zones) where the target crop is grown and in which this plant protection product is 1813 
applied.  1814 
 1815 
For Tier 5, this implies that this percentile has to be assessed via one of the following procedures: 1816 
i. random sampling in combination with appropriate statistical assessment of the 90th percentile 1817 
ii. some form of modelling combined with geostatistical analysis that enables a more targeted 1818 
sampling strategy to assess this percentile (this includes also the use of existing data that are analysed 1819 
afterwards). 1820 
 1821 
The Panel expects that statistical analysis will show that it is impossible to assess the 90th percentile 1822 
with sufficient accuracy on the basis of a few soil accumulation studies.  1823 
 1824 
Post-registration monitoring is likely to be meaningful only for plant protection products that show 1825 
build up of residues at a time scale of at least 5 years. Using results of post-registration monitoring 1826 
studies may imply that the fraction of the target crop treated may have an effect on the results. Thus 1827 
this fraction may become part of the exposure assessment. If the results of the post-registration 1828 
monitoring are obtained for a fraction of e.g. 50%, then the resulting 90th percentile concentration has 1829 
to be corrected via some procedure to obtain the 90th percentile concentration corresponding to the 1830 
spatial statistical population considering only fields that were treated with this active ingredient 1831 
(because this was the target spatial statistical population as defined in Section 1.4.3). 1832 

1833 
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 1834 

7. GUIDANCE FOR SUBSTANCE PROPERTIES AND CROP-INTERCEPTION PERCENTAGES 1835 
NEEDED FOR THE EXPOSURE ASSESSMENTS 1836 

 1837 

7.1. Introduction 1838 

 1839 
The exposure assessments in Tiers 1, 2A, 2B, 2C and 3 require information on substance properties 1840 
and on crop interception at the application time(s). In general the Panel proposes to use for this 1841 
purpose the guidance given by Anonymous (2011) and the guidance to which Anonymous (2011) 1842 
refers. The remainder of this chapter deals with items for which Anonymous (2011) provided no 1843 
guidance or for which the Panel proposes to improve the guidance provided by Anonymous (2011).   1844 
 1845 
The Panel recognises that Kom values obtained from batch adsorption studies for weakly sorbing 1846 
substances may overestimate the true Kom considerably because of systematic errors resulting from loss 1847 
processes from the liquid phase other than sorption in such studies (Boesten, 1990; Boesten et al., 1848 
2009). Anonymous (2011) does not provide guidance to prevent this overestimation of Kom. However, 1849 
the Panel is unable to improve the guidance on this aspect within the time frame of the mandate of this 1850 
opinion. 1851 
 1852 
For the exposure assessment in soil, the degradation half-life (DegT50) in topsoil at 20oC and field 1853 
capacity is an important input parameter of the simple and numerical models used in the tiered 1854 
approach (Tiers 1, 2A, 2B, 2C and 3). The Panel proposes to use the guidance as provided by EFSA 1855 
(2010d); for aspects that are not covered by EFSA (2010d) the Panel refers to Anonymous (2011) and 1856 
FOCUS (2006).  1857 
 1858 

7.2. Assessment of conservative Kom and/or DegT50 for substances whose Kom and/or DegT50 1859 
depends on soil properties 1860 

As described in Chapter 2, conservative values of the Kom and the DegT50 are to be used in Tiers 1 and 1861 
2A for substances whose Kom and/or DegT50 depend on soil properties. For such substances, 1862 
quantitative relationships have to be established between (i) the Kom and/or the DegT50 and (ii) these 1863 
soil properties and these relationships have to be based on statistical methods. 1864 
 1865 
Conservative means that the calculated exposure concentrations are higher than the actual 1866 
concentrations. For Tier 1, conservative implies that the Kom is low and the DegT50 is high. A low Kom 1867 
is conservative because degradation is the only loss process in Tier 1, so the Kom influences only the 1868 
distribution between the solid phase and pore water. The Kom has thus no effect on the concentration in 1869 
total soil and a low Kom gives the highest concentration in the pore water. This assessment of 1870 
parameter conservatism is valid both for parent substances and soil metabolites in Tier 1 because the 1871 
simple analytical model used for soil metabolites therein is similar to that for the parent compounds 1872 
(see Eqns 13 and 14). 1873 
 1874 
For Tier 2A, it is a priori unknown whether a low Kom is conservative for parent substances because a 1875 
low Kom may lead to more leaching from e.g. the top centimetre of the soil profile, which may lower 1876 
the concentration in pore water. For a soil metabolite, the situation is even more complicated because 1877 
properties of the precursor of the metabolite influence also the exposure assessment. So it is 1878 
impossible to provide for Tier 2A generic guidance for assessment of conservative values of the Kom 1879 
and the DegT50. Therefore such Tier 2A conservatism assessments have to be based on case-by-case 1880 
analyses. If these would appear to be time consuming, the alternative is to go from Tier 1 to Tier 2B 1881 
instead (admittedly, going to Tier 2B solves only the problem for parent substances and not for soil 1882 
metabolites).   1883 
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 1884 

7.3. Kom in dry soil 1885 

In exceptional cases the all-time high concentration in pore water in the top centimetre of soil as 1886 
simulated with numerical models in Tiers 2A or 3 may occur when this top centimetre is very dry. The 1887 
background to this phenomenon is that decreasing moisture content in a closed soil system leads to an 1888 
increasing concentration in the pore water (see Eqn 7). However, it has been known for decades that 1889 
the sorption of pesticides to the soil solid phase may increase by about an order of magnitude if the 1890 
soil becomes so dry that the solid phase is no longer completely covered by a monolayer of water 1891 
molecules. For example,  Hance (1977) showed that sorption of two herbicides increased very strongly 1892 
when the water content of two soils decreased below that corresponding to about pF = 4.4. Therefore 1893 
the Panel considers it appropriate to include a Kom that increases strongly when the water content 1894 
decreases below about pF = 4.4 in exposure assessments with the numerical models (Tiers 2A and 3).  1895 

7.4. Formation fraction of soil metabolites 1896 

For the assessment of the formation fraction6 of soil metabolites, a stepped approach may be followed 1897 
in all tiers that involve exposure calculations (Tiers 1, 2A, 2B, 2C and 3). The first conservative step is 1898 
to assume that the formation fraction is 1.0 unless more than one molecule of this metabolite can be 1899 
formed from one parent molecule. In the latter case, the formation fraction should be set to the number 1900 
of molecules of this metabolite that can be so formed (e.g. one dazomet molecule which forms two 1901 
molecules of methyl isothiocyanate in which case the formation fraction should be set to 2). The 1902 
second step is to take the maximum of all relevant formation fractions in the dossier. The third step is 1903 
to take the arithmetic average of all relevant formation fractions in the dossier, thus also including zero 1904 
values derived from relevant soil metabolism experiments in which this soil metabolite was not 1905 
detected. Use of arithmetic means is consistent with the recommendations by FOCUS (2006, p. 235). 1906 
Relevant in this context means that there are no indications that the soil metabolism study in the 1907 
dossier is invalid for the soil of the selected scenario. If this third step is needed to conclude to 1908 
acceptable risk, the Panel recommends checking whether there is correlation between the formation 1909 
fraction and soil properties such as organic matter, clay and pH. Should such a correlation be found, 1910 
the Panel recommends going to Tier 2B and to assess the 95th spatial percentile PEC of the soil 1911 
metabolite including the formation fraction as a substance parameter in the scenario-selection 1912 
procedure (using Eqns 13 or 14). So for such a case the Panel proposes to base the scenario-selection 1913 
procedure on the properties of the metabolite. Note that the simple analytical model used in Tier 2B 1914 
does not include the degradation rate of the metabolite so there is no guarantee that this 95th spatial 1915 
percentile is accurate (see Chapter 9 for a general discussion of the exposure assessment for 1916 
metabolites). However, this percentile is considered to be better than available alternative approaches. 1917 

7.5. Crop interception of applied substance 1918 

 1919 
Crop interception of applied substance may have a large influence on the exposure in soil of plant 1920 
protection products that are sprayed onto the crop. This process will be handled differently in the 1921 
different tiers as described in Table 1: in Tiers 1 and 2B crop interception will be ignored but it will be 1922 
included in Tiers 2A, 2C and 3. The guidance described below refers to this latter group of tiers. 1923 
 1924 
Based on the work of FOCUS (2000), Anonymous (2002) provided crop-interception percentages as a 1925 
function of the BBCH growth stage for a range of crops (BBCH stands for ‘Biologische 1926 
Bundesanstalt, Bundessortenamt and CHemische Industrie’). The Panel proposes to use these 1927 

                                                      
6 The formation fraction is in this case larger than 1, which may be a semantic contradiction and 
counterintuitive. 
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percentages for all crops except cereals because the Panel considers this to be the best information that 1928 
is currently available. Van Beinum & Beulke (2010) collected all relevant data on crop interception by 1929 
cereals and found systematic differences (Figure 16) between the measurements and the relationship 1930 
proposed by FOCUS (2000). To improve assessment of the crop interception by cereal crops, the 1931 
Panel divided the measurements into classes (Table 11) and calculated the average measured crop 1932 
interception for each class. Figure 16 shows that the line based on the average measured value gives a 1933 
better description than the relationship proposed by FOCUS (2000). So the Panel recommends using 1934 
these averaged values as reported in Table 11. 1935 

 1936 

Table 11:  Crop interception as a function of BBCH growth stage for cereals as proposed by FOCUS 1937 
(2000) and as calculated from the measurements reported by Van Beinum & Beulke (2010).  1938 

BBCH growth 
stage 

Crop interception (%) 

FOCUS 
(2000) 

Average of 
measured values 
from Van Beinum 
& Beulke (2010) 

00-09   0   0 

10-19 25   0 

20-29 50   6 

30-39 70 82 

40-69 90 91 

70-99 90 81 

 1939 

1940 
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 1941 

 1942 

 1943 

 1944 

 1945 

 1946 

 1947 

 1948 

 1949 

 1950 

 1951 

 1952 

 1953 

Figure 16: Crop interception as a function of BBCH growth stage for cereals. The measurements are 1954 
those reported by van Beinum & Beulke (2010) in their Figure 12. The FOCUS-2000 line is the 1955 
relationship proposed by FOCUS (2000) and the proposed relationship is the Panel’s proposal. 1956 

 1957 

7.6. Parameters for behaviour on plant surfaces 1958 

 1959 

7.6.1. Introduction 1960 

Anonymous (2011) recommends reducing the application rate with the fraction that is intercepted by 1961 
the crop and to apply this reduced rate to the soil (so to assume that substance molecules intercepted 1962 
by the crop will never reach the soil). As described by EFSA (2010a), the Panel considers this 1963 
approach not defensible because there is insufficient evidence that wash-off can be ignored under all 1964 
relevant circumstances (see Section 7.6.3). So the Panel proposes to include simulation of the 1965 
behaviour of parent substances on plant surfaces in Tiers 2A, 2C and 3 and provides in the next 1966 
sections guidance proposals for the most important substance parameters for this behaviour.  1967 

The Panel notes that the assessment of the exposure of soil organisms to transformation products 1968 
formed on plant surfaces (e.g. caused by photolysis and subsequent wash off) is impossible because 1969 
there are no EU data requirements that could identify such transformation products.  1970 

7.6.2. Decline on plant surfaces 1971 

  1972 
FOCUS (2001) proposed a default half-life for foliar dissipation of 10 d, acknowledging that higher 1973 
values (up to 35 d) have been reported. EFSA (2008b) proposed a default half-life of 10 d based on 1974 

Crop interception (%)

BBCH growth stage

0 20 40 60 80 100

0

20

40

60

80

100

measurements
FOCUS (2000)
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Willis & McDowell (1987). However, EFSA (2010f) proposed a half-life of 30 d referring to the 1975 
database USDA (2006). This database shows a number of foliar half-lives in the range between 10 and 1976 
30 d. However, the Panel has the impression that these half-lives are based on the decline of the sum 1977 
of the residue on the plant surface (i.e. the dislodgeable foliar residue, DFR) plus that within the plant. 1978 
For the soil exposure assessment, the decline of only the DFR (due to plant uptake or due to 1979 
(photo)degradation at the plant surface) is relevant (volatilisation losses may be simulated separately 1980 
by the numerical models so these are not included here). Therefore the Panel proposes to use the 1981 
default of 10 days recommended by EFSA (2008b). Scientific information provided by the hearing 1982 
expert B. Gottesbüren  supported this value. The Panel considers it acceptable that the default value is 1983 
overruled by experiments with the substance considered and plants under a range of relevant 1984 
conditions. The Panel recommends the collection and analysis of all relevant literature data on the 1985 
decline of the DFR of plant protection products in order to further underpin (using also the most recent 1986 
data) the default value to be used for the half-life of DFR due to degradation on the plant surfaces plus 1987 
uptake by plants. 1988 
 1989 

7.6.3. Wash-off from plant surfaces 1990 

 1991 
Wash-off of plant residues of plant protection products by rainfall is described in most numerical 1992 
models with: 1993 
 1994 

aw mqwR =                                    (27) 1995 
 1996 
where Rw is the rate of wash off of mass of substance per field area (mg dm-2 d), w is the wash-off 1997 
factor (mm-1), q is the rainfall rate (mm d-1), and ma is the mass of substance per field area on the plant 1998 
surface (mg dm-2). If no other loss processes of substance occur on the plant surface, it can be derived 1999 
from Eqn 27 that the decline of ma after a single application can be described with: 2000 
 2001 

( )Qwmm aa −= exp0,                                 (28) 2002 
 2003 
where ma,0 is ma immediately after application and Q is cumulative rainfall (mm) after application.  2004 
 2005 
FOCUS (2001, p. 202) proposed to use as a first step a default value for w of 0.05 mm-1. As a second 2006 
step, FOCUS (2001) proposed the following empirical relationship between the wash-off factor and 2007 
the water solubility of the substance: 2008 
 2009 

3832.00016.0 Sw =                                  (29) 2010 
where S is the water solubility (mg/L); note that FOCUS (2001) used 0.016 as proportionality factor 2011 
based on cm-1 as unit for w whereas here the unit mm-1 is used. Figure 17 shows that Eqn 29 predicts 2012 
that w is less than 0.001 mm-1 when the water solubility is below 0.1 mg L-1. This implies that in the 2013 
order of 1000 mm of rainfall would be needed to wash off most of the dosage for substances with such 2014 
a low solubility.    2015 
 2016 
Leistra (2005) compiled literature data on experiments of wash off of plant protection products. He 2017 
reported combinations of wash-off percentages and cumulative rainfall for 32 experiments with 12 2018 
plant protection products. These included substances such as permethrin, cypermethrin and fenvalerate 2019 
which have a water solubility of less than 0.01 mg L-1. Eqn 28 can be used to assess the wash-off 2020 
factor from experiments where the substance is applied to plant surfaces and the fraction of the dose 2021 
washed off is measured after a certain amount of cumulative rainfall. It can be shown that  2022 
 2023 

( )
Q

w ω−
−=

1ln
                                  (30) 2024 
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 2025 
where ω is the fraction of the dose washed off (i.e. 1- ma /ma,0). The Panel calculated the wash-off 2026 
factors with Eqn 30 from the 32 reported combinations of wash-off and rainfall and plotted these as a 2027 
function of the time between application and rainfall. This was done because Leistra (2005) concluded 2028 
that the ease of wash-off decreases with time after application. There was considerable variation in the 2029 
wash-off factors (Figure 18) but those found after 6 days were generally lower than those found 2030 
shortly after application. For six substances, measurements were available both for rainfall a few hours 2031 
after application and 6 days after application, and for all these substances the wash-off factor 2032 
decreased considerably with time: the wash-off factor after 6 days was 0.2 to 0.5 times the value found 2033 
at a few hours after application for fenvalerate; for parathion-methyl this value was 0.002 to 0.04, for 2034 
permethrin and azinphos-methyl it was 0.2 and for sulprofos it was 0.3. For chlorothalonil, the wash-2035 
off factor was 0.11 mm-1 for rain 3 h after application and it decreased to 0.08 and 0.04 mm-1 for rain 2036 
at 1 and 7 days after application, respectively. 2037 
 2038 
The substances considered in Figure 18 included permethrin, cypermethrin and fenvalerate which have 2039 
water solubilities of less than 0.01 mg L-1. For such substances Eqn 29 predicts wash-off factors in the 2040 
order of magnitude of 0.001 mm-1 or less (Figure 17). However, Figure 18 shows much higher 2041 
measured values. This difference is probably caused by formulation additives which may lead to 2042 
wash-off of concentrations that are much higher than the water solubility. For example, Leistra (2005) 2043 
mentions as an example reported permethrin concentrations in the wash-off water in the order of 2044 
10 mg L-1 whereas its water solubility is as low as 0.006 mg L-1.   2045 
 2046 
Most of the wash-off factors derived from measurements with rainfall after six days were based on the 2047 
assumption that no other loss processes (e.g. plant uptake) occurred in these six days. This may have 2048 
caused underestimation of part of the w values as reported for six days in Figure 18 because ω in Eqn 2049 
30 was underestimated.  2050 
 2051 
Based on the above analysis, the Panel considers use of Eqn 29 to assess the wash-off factor not 2052 
defensible. Instead the Panel proposes to use as a conservative default w = 0.1 mm-1 which is close to 2053 
the maximum of 0.2 mm-1 in Figure 18 found for rainfall within a few hours after application. The 2054 
Panel does not propose to use this maximum of 0.2 mm-1 because it considers a rainfall event within a 2055 
few hours after application unlikely. This default value can be refined by wash-off experiments with 2056 
the plant protection product considered. These experiments should not be carried out with the pure 2057 
active ingredient but with relevant formulated products. This default w = 0.1 mm-1 is two times higher 2058 
than the default of 0.05 mm-1 proposed by FOCUS (2001).  2059 
 2060 

2061 
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 2062 

 2063 

 2064 

 2065 

 2066 

 2067 

 2068 

 2069 

 2070 

 2071 

Figure 17: Wash-off factor as a function of water solubility as calculated with Eqn 29 (as proposed by 2072 
FOCUS, 2001).  2073 

 2074 

 2075 

 2076 

 2077 

 2078 

 2079 

 2080 

 2081 

 2082 

 2083 

 2084 

 2085 

Figure 18: Wash-off factor as a function of the time between rainfall and application of the substance. 2086 
The points were calculated from the measurements for 12 substances reported in the review by Leistra 2087 
(2005) using Eqn 30. 2088 
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8. ASSESSMENT OF UNCERTAINTY IN EXPOSURE RESULTING FROM UNCERTAINTY IN 2090 
SUBSTANCE PROPERTIES AS DERIVED FROM REGULATORY DOSSIERS (DEGT50 AND KOM) 2091 

 2092 
The proposed tiered exposure-assessment procedure (Chapters 2 to 6) does not consider the 2093 
uncertainty in substance properties as derived from regulatory dossiers. For example, the uncertainty 2094 
in DegT50 and Kom considered in Section 4.2.5 (leading to the shift from the 90th to the 95th spatial 2095 
percentile) dealt with the effect of the expected spatial variability of these proporties within each of the 2096 
three regulatory zones, assuming that the probability density functions of DegT50 and Kom  within 2097 
each of these zones were exactly known. However, this is of course not the case for any particular 2098 
substance. Guidance to prevent systematic errors in substance properties or to ensure that they are 2099 
conservative, was given in Chapter 7 and in the guidance documents to which this Chapter refers. Now 2100 
we consider the effect of random uncertainty in spatially variable substance properties resulting from 2101 
the limitations of the sample size of the measurements of such properties in the regulatory dossiers. 2102 
This uncertainty does not exist for molecular properties such as the water solubility and the saturated 2103 
vapour pressure but it exists for all soil-substance and plant-substance properties (for example, the 2104 
Freundlich sorption exponent, the formation fraction of a metabolite, the wash-off factor etc). The 2105 
Panel considers the DegT50 and Kom to be the substance properties that may lead to most uncertainty 2106 
(they are also the only soil-substance properties in the simple analytical model) and therefore limited 2107 
the assessment to these properties. 2108 
 2109 
As described in Section 4.2.5, the selection procedure for the Tier 2A scenarios was based on the 2110 
assumption that geomean DegT50 and Kom values will be used in the scenario calculations. As 2111 
described by EFSA (2010d, p. 36), the geomean of the statistical population of a parameter is needed 2112 
for that purpose and this may differ from the geomean of the sample population. In general, the 2113 
uncertainty of the estimated geomean decreases with increasing sample size (see Figure 12 of EFSA, 2114 
2010d).  2115 
 2116 
To illustrate this possible effect of this uncertainty, calculations were made for a substance whose 2117 
arithmetic mean DegT50 and Kom values were equal to those of substance P3 in Table 2 (DegT50 = 2118 
200 d and Kom = 1000 L kg-1). It was assumed that both DegT50 and Kom were lognormally distributed 2119 
with a CV of 0.5 (see Section 4.2.5 for justification of this CV value). The geometric mean of the 2120 
population of DegT50 and Kom was thus 179 d and 894 L kg-1, respectively (calculated from the 2121 
arithmetic mean and the CV using the properties of a lognormal distribution). It was furthermore 2122 
assumed that four DegT50 values and four Kom values were available in the dossier. A set of four 2123 
values of DegT50 and four values of Kom were randomly sampled from the population of DegT50 and 2124 
Kom values. From these sampled sets, the sample geometric means of DegT50 and Kom were calculated. 2125 
The spatial probability density function of the concentration in the pore water (for an annual dose of 1 2126 
kg ha-1, zeco = 20 cm and ztil = 20 cm) was calculated with the simple analytical model for the EU-15 2127 
map of agricultural land as described by Tiktak et al. (2004). To calculate the probability density 2128 
function it was assumed that the DegT50 and the Kom were lognormally distributed stochastic variables 2129 
(using again a CV of 0.5). The calculation of spatial probability density function was repeated several 2130 
thousand times for different sample geomeans that were derived from sets of four sampled DegT50 2131 
and Kom values (thus simulating several thousands of possible dossiers). 2132 
 2133 
To interpret the results (Figure 19) let us assume that we are interested in the 90th spatial percentile. 2134 
This is the horizontal line at cumulative probability density of 0.90. The graph then shows that this 2135 
PEC has a 5th percentile of about 0.04 mg L-1, a 50th percentile of about 0.07 and a 95th percentile of 2136 
about 0.105 mg L-1. So the 5th percentile was about 40% lower than the 50th percentile and the 95th 2137 
percentile was about 60% higher. The 50th percentile line is the line that would have been calculated 2138 
without considering this uncertainty. This line is between the lines for the south and centre zones in 2139 
Figure 11 (bottom right graph). An effect of 40-60% on the 90th percentile in Figure 11 is larger than 2140 
the differences between the 90th percentiles of the three zones in Figure 11. This shows that the effect 2141 
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of the uncertainty in the dossier information on the concentration in the pore water was may be 2142 
considerable if only four DegT50 values and four Kom values are available. 2143 
 2144 
Further calculations showed that the effect of uncertainty in these dossier parameters on the PEC (i) 2145 
was larger for the concentration in the pore water than for the concentration in total soil, (ii) increased 2146 
in the sequence P1-P2-P3, (iii) was larger for zeco = 20 cm than for zeco = 1 cm for the concentration in 2147 
total soil, and (iv) was about equal for zeco = 20 cm and zeco = 1 cm for the concentration in the liquid 2148 
phase. The effect ranged from negligibly small to the one shown in Figure 19. 2149 
 2150 
The Panel considered also an alternative simplified calculation procedure. First the location where the 2151 
95th percentile was located was selected assuming no stochastic spatial variability of DegT50 and Kom 2152 
and assuming that these parameters were equal to the geomean of the statistical population. Then the 2153 
distribution of the concentration was calculated at this location considering the uncertainty of the 2154 
geomean values of DegT50 and Kom. It appeared that this simplified calculation procedure resulted in 2155 
cumulative probability density functions that were very close to the original procedure for all cases 2156 
considered.  2157 
 2158 
The Panel intends to provide at a later stage results of calculations on the effect of the number of 2159 
DegT50 and Kom values in the dossier using the numerical models and the six scenarios. These are the 2160 
95th spatial percentile locations so, based on the experience from the preceding paragraph, it may be 2161 
expected that the resulting distributions of the concentration will resemble those that would have been 2162 
calculated with these models for all pixels (the latter calculations are of course impossible because the 2163 
numerical models are parameterised only for one pixel in each regulatory zone). 2164 
 2165 
Using the above procedures calculations on the uncertainty resulting from the available number of 2166 
DegT50 and Kom values in the dossier could be included on a routine basis in the exposure assessment 2167 
if deemed necessary by the SCFCAH.  2168 

 2169 
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 2170 
Figure 19: Cumulative probability density as a function of the concentration in the pore water of 2171 
substance P3. The lines indicate the 5th to 95th percentiles resulting from the uncertainty in the values 2172 
of DegT50 and Kom in the dossier (taking an average of four dossier values for both). Calculations 2173 
were made with the simple analytical model for EU-15 map (based on 1051 scenarios) described by 2174 
Tiktak et al. (2004) using an annual dose of 1 kg ha-1, zeco = 20 cm and ztil = 20 cm. Please note that the 2175 
vertical axis starts at 0.60. 2176 
 2177 
 2178 
 2179 
 2180 
 2181 
   2182 
 2183 
 2184 

2185 
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 2186 

9. EXPOSURE ASSESSMENT FOR SOIL METABOLITES 2187 

 2188 
As follows from the Chapter 3 to 6, soil metabolites are not included in any of the scenario selection 2189 
procedures. One reason for this is that the simple analytical model was developed for parent 2190 
substances and no equivalent simple analytical model is available for soil metabolites. However, this 2191 
could have been overcome by using another type of simple model that could include soil metabolites 2192 
(e.g. a parent-metabolite model based on the differential equations for degradation and formation).  2193 
However, the Panel did not follow that path because use of such a model would probably have shown 2194 
that the relationships between scenario properties and vulnerability are too complex to justify use of 2195 
only one single scenario for each regulatory zone for the concentration in total soil or that in pore 2196 
water for parent substances and metabolites. 2197 
 2198 
The only straightforward solution to this scenario-selection problem for all types of soil metabolites is 2199 
to develop Tier 4 (the spatially distributed modelling with numerical models) as described in Section 2200 
6.4. As long as spatially distributed modelling with numerical models is not yet possible at EU level, 2201 
the Panel proposes to use the tiered approach of Figure 5 also for soil metabolites. However, risk 2202 
managers should be aware that the exposure assessment for soil metabolites is not based on the 2203 
exposure-assessment goals as specified in Section 1.4. 2204 

2205 
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 2206 
10. CONCLUSIONS AND RECOMMENDATIONS 2207 

 2208 
CONCLUSIONS  2209 
 2210 

1. Development of a scientific methodology for assessment of exposure of organisms to plant 2211 
protection products and their transformation products in soil requires a detailed definition of 2212 
the exposure-assessment goal. This definition is a risk-management decision. The proposed 2213 
methodology is provisionally based on the goal to assess the 90th percentile concentration 2214 
considering all agricultural fields within a regulatory zone where the particular active 2215 
ingredient is applied. This goal is considerably less differentiated in space than those for the 2216 
current EU exposure assessment methodologies for leaching to groundwater and exposure of 2217 
aquatic organisms. This was done to keep the regulatory approach for exposure of organisms 2218 
in soil as simple as possible.   2219 
 2220 

2. The proposed exposure-assessment methodology is restricted to spray applications to annual 2221 
crops under conventional or reduced tillage (excluding tillage systems with ridges and 2222 
furrows). The Panel proposes to base this methodology on a tiered approach.  2223 
Tier 1 is based on a simple analytical model. Tier 2A is based on simulations with numerical 2224 
models. To keep the approach as simple as possible, the Panel based Tiers 1 and 2A for each 2225 
regulatory zone on only one scenario for the concentration in total soil and on only one 2226 
scenario for the concentration in pore water. These scenarios are to be used for all these annual 2227 
crops and for all plant protection products in each regulatory zone. Tiers 2B and 2C are based 2228 
again on the simple analytical model but in these tiers a specific crop or crop group and a 2229 
specific plant protection product are considered. Tier 3 is based on simulations with numerical 2230 
models but, as in Tiers 2B and 2C, a specific crop or crop group and a specific plant protection 2231 
product are considered. All tiers aim to assess the same exposure endpoint, i.e. the 90th 2232 
percentile of a certain type of concentration considering all agricultural fields within a 2233 
regulatory zone where the particular active ingredient is applied.   2234 

 2235 
3. Based on discussions at the IRIS workshop (where Member States and stakeholders were 2236 

attending), it was a boundary condition that the proposed exposure-assessment methodology 2237 
can be applied by taking median or average substance properties (such as the degradation half-2238 
life in soil and the sorption coefficient) from the dossiers. Such substance properties are 2239 
uncertain and inclusion of this uncertainty leads to probability density functions of 2240 
concentrations that show more spread. As a consequence, this boundary condition led to the 2241 
need to base the scenario selection procedure on the 95th percentile concentration instead of 2242 
the 90th percentile concentration.  2243 
 2244 

4. There appeared to be distinct differences between the properties of the scenarios selected for 2245 
(i) the concentration in total soil and (ii) the concentration in pore water. So it was necessary 2246 
to use different scenarios for these different types of concentration.  2247 

 2248 
5. Peak concentrations in total soil and in pore water were calculated with numerical models for 2249 

the Tier 2A scenarios. The calculations were carried out for applications on bare soil in sugar 2250 
beet and winter wheat and for a number of example substances. The concentration differences  2251 
between the three regulatory zones appeared to be no more than a factor of two. These 2252 
differences are comparatively small in view of the considerable differences in climate and soil 2253 
properties between the three regulatory zones. The concentration in total soil decreased in the 2254 
order North-Centre-South whereas the concentration in pore water usually decreased in the 2255 
order South-Centre-North. 2256 
 2257 

6. The area of the crop within a regulatory zone appeared to have a distinct effect on the 95th 2258 
percentile concentration. Therefore in the Tier 1 and Tier 2A assessments (which are based on 2259 
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the total area of annual crops in a zone) the concentrations have to be multiplied with a so-2260 
called ‘crop extrapolation factor’ to ensure that these assessments are conservative enough. 2261 
This crop extrapolation factor depends on the type of concentration, the regulatory zone and 2262 
the area of the crop considered. The Panel assessed this factor for 12 crops using maps of their 2263 
density at a resolution of 1×1 km2 for the whole EU and found the required factor to range 2264 
from 1.02 to 1.79. If no map of the density of the particular crop is available , the crop factor 2265 
has to be based on the 100th percentile concentration considering the whole area of annual 2266 
crops in a regulatory zone. The range of crop factors based on this 100th percentile was from 2267 
1.3 to 3.2. These results imply that the effect of the area of the crop on the exposure endpoint 2268 
may be in the same range as the differences between the regulatory zones.   2269 
 2270 

7. Tier2A calculations carried out on a number of example substances, with the numerical 2271 
models PEARL and PELMO, showed distinct differences between concentrations calculated 2272 
with these models. So in tiers based on calculations with numerical models (Tiers 2A and 3), 2273 
the choice of the model is also a source of uncertainty. If the margin of safety for the 2274 
assessment of effects on organisms in soil is less than a factor of two, risk managers could 2275 
consider the necessity of performing calculations with both PELMO and PEARL and of using 2276 
the highest exposure concentration of the two models.  2277 
 2278 

8. The Panel notes that other models are equally adequate and encourages parameterising the 2279 
scenarios also for numerical models other than PELMO and PEARL. The only requirement is 2280 
that the process descriptions in these numerical models have a similar or higher level of detail 2281 
than those in PELMO and PEARL (PRZM and MACRO do fulfil this requirement).   2282 
 2283 

9. Registration dossiers contain at least four studies on the degradation half-life in soil and the 2284 
sorption coefficient. The exposure-assessment methodology is based on the use of the 2285 
geomean of the relevant statistical population of these substance properties which may differ 2286 
from the geomean of the sample population derived from the data in the dossier. The Panel 2287 
developed a procedure to assess the uncertainty in the soil exposure concentrations resulting 2288 
from the limited number of studies on the degradation half-life in soil and the sorption 2289 
coefficient in the dossiers. Preliminary calculations showed that this uncertainty depends 2290 
strongly on (i) the type of concentration, (ii) the substance properties, and (iii) the 2291 
ecotoxicological averaging depth. In these calculations it was assumed that only four studies 2292 
were available for the degradation half-life in soil and the sorption coefficient and the 2293 
uncertainty ranged from negligibly small to about 50% higher or lower concentrations. Using 2294 
the above procedure, calculations on the uncertainty resulting from the available number of 2295 
DegT50 and Kom values in the dossier could be included on a routine basis in the exposure 2296 
assessment if deemed necessary by the SCFCAH.  2297 

 2298 

RECOMMENDATIONS 2299 

 2300 
1. The proposed exposure-assessment methodology is based on the population of all agricultural 2301 

fields within a regulatory zone grown with the crop or group of crops that are considered for 2302 
the plant protection product within the EU registration procedure. So to apply the exposure 2303 
assessment methodology for EU registration, the list of possible annual crops for this 2304 
registration has to be defined. This definition is a risk management decision. The Panel will 2305 
provide (as an appendix to the final guidance document) a proposal for this list based on (i) 2306 
lists currently in use in the UK and the Netherlands and (ii) lists used by FOCUS (2000, 2001, 2307 
2009); see Appendix II  for the UK list of annual crops. The Panel recommends that thereafter 2308 
the SCFCAH makes a decision regarding this list of crops. After this decision, it is advisable 2309 
to develop maps for as many of those crops as possible (if not yet available as a CAPRI crop), 2310 
using the CAPRI methodology. It is recommended to do this at the same 1×1 km2 scale as  2311 
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that used for this guidance development in order to facilitate the use of these maps in higher 2312 
tiers of the proposed methodology (these maps are also likely to be useful in other exposure-2313 
assessment methodologies). 2314 
 2315 

2. The tiered approach contains many tiers and the procedures to be followed in each tier are 2316 
complicated. Thus efficient use of the approach in regulatory practice is impossible without 2317 
appropriate software tools. Therefore the Panel recommends developing user-friendly versions 2318 
of numerical models that can calculate exposure concentrations for the six Tier 2A scenarios. 2319 
Furthermore, the Panel recommends developing one single user-friendly software tool that can 2320 
perform the following tasks: (i) calculation of the Tier 1 PECs, (ii) calculation of the Tier 2B 2321 
95th percentile PECs, (iii) calculation of the Tier 2C 95th percentile PECs using output from 2322 
Tier 2A simulations for the soil load including wash-off, and (iv) selection of the grid cell 2323 
corresponding to the 95th percentile PEC as needed for the scenario development of Tier 3. 2324 
The Panel recommends checking iteratively the consistency of the tiered flow chart 2325 
considering the three regulatory zones, all types of concentration, all relevant crops and the 2326 
relevant range of substance properties after this tool has become available.  2327 

 2328 
3. The Panel recommends checking (using again this user-friendly tool) whether the proposed 2329 

shift from the 90th to the 95th spatial percentile to account for the uncertainty in DegT50 and 2330 
Kom is appropriate considering the three regulatory zones, all types of concentration, all 2331 
relevant crops and the relevant range of substance properties.   2332 
 2333 

4. The development of the exposure-assessment methodology would have been much easier and 2334 
much more straightforward if appropriate tools for spatially distributed modelling with 2335 
numerical models had been available. Because this was not the case, the proposed 2336 
methodology had to be based on a number of simplifying assumptions. The development of 2337 
such tools has now become feasible since maps of relevant data have now become available 2338 
for the whole EU at a resolution of 1×1 km2. Therefore the Panel recommends developing 2339 
such tools. 2340 
 2341 

5. The tiered approach to assess 90th percentile concentrations was developed considering only 2342 
parent substances because developing a methodology that also included soil metabolites was 2343 
considered too complex as long as appropriate tools for spatially distributed modelling with 2344 
numerical models are not yet available. Nevertheless, the Panel recommends using this tiered 2345 
approach also for soil metabolites in the absence of a better alternative. However, risk 2346 
managers should be aware that there is no guarantee that exposure endpoints for soil 2347 
metabolites are close to the 90th percentile.    2348 

 2349 
6. The half-life for decline of the dislodgeable foliar residue (DFR) on plants resulting from 2350 

degradation on plant surfaces plus uptake by plants is an input parameter for the numerical 2351 
models that may have a large effect on soil exposure concentrations of substances sprayed on 2352 
full-grown crops. This half-life is not part of the EU data requirements and therefore is usually 2353 
not available in dossiers. Thus a default half-life is needed. The Panel recommends using a 2354 
default half-life of 10 d (based on a previous EFSA opinion). The Panel recommends the 2355 
collection and analysis of all relevant literature data on the decline of the DFR in order to 2356 
further underpin the default value of the DFR half-life. 2357 
 2358 
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 ABBREVIATIONS 2503 

 2504 

BBCH code 
 
DegT50 

Biologische Bundesanstalt, Bundessortenamt and CHemische industrie 
code: decimal code to characterise crop development stage  
Half-life resulting from transformation of substance in the soil matrix 

ERC Ecotoxicologically Relevant Concentration  
FOCUS Forum for Co-ordination of pesticide fate models and their USe 
Kom organic-carbon/water partition coefficient 
MS Member State 
PBT Persistent Bioaccumulative Toxic 
PEC Predicted Environmental Concentration 
PECSOIL Predicted Environmental Concentration in soil 
PPP Plant Protection Product 
PPR Panel  Scientific Panel on Plant Protection Products and their Residues 
RAC Regulatory Acceptable Concentration  
TWA Time-Weighted Average 

 2505 
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 2507 

APPENDIX I: PROPERTIES OF THE EXAMPLE SUBSTANCES. 2508 

 2509 
Number of 
example 
substance 

DegT50 (d) 
at 20oC and 
pF = 2 

Kom (L kg-1) 

1 10 10
2 31 10
3 10 31
4 31 31
5 100 31
6 10 100
7 31 100
8 100 100
9 316 100

10 10 316
11 31 316
12 100 316
13 316 316
14 1000 316
15 10 1000
16 31 1000
17 100 1000
18 316 1000
19 1000 1000

 2510 
2511 
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Appendix II:  Preliminary proposal for list of annual crops for which a registration of a plant 2512 
protection products may be provided at EU level (based on the list used in UK registration; 2513 
CRD, 2006). The column ‘primary group’ is not part of the list; it is only given to increase the 2514 
readability and accessibility of the list. See CRD (2006) for the definitions of the crops. 2515 

 2516 
Primary group 
 

 Crop for which registration may be provided 
 

  

Cereals  Barley   
  Forage maize   
  Grain maize   
  Millet   
  Oats   
  Rye   
  Sorghum   
  Triticale   
  Soft wheat   
  Durum wheat   
     
Oil seeds  Evening primrose   
  Honesty   
  Linseed   
  Oilseed rape   
  Sunflower   
  Borage   
  Canary flower   
  Crambe   
  Mustard   
     
Vegetable brassicas  Kohlrabi   
  Brussels sprout   
  Cabbage   
  Broccoli/calabrese   
  Cauliflower   
  Choi sum   
  Chinese cabbage   
  Collard   
  Fodder rape   
  Kale   
  Komatsuna   
  Salad greens   
  Pak choi   
     
Legumes  Lentil   
  Lupin   
  Broad bean   
  Combining pea   
  Dwarf French bean   
  Edible podded pea   
  Field bean   
  Runner bean   
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  Soya bean   
  Vining pea   
     
Leafy vegetables  Burnet   
  Endive   
  Cress   
  Orache   
  Land cress   
  Lambs lettuce   
  Lettuce   
  Rocket   
  Spinach   
  Spinach beet   
  Watercress   
     
Stem vegetables  Asparagus   
  Celery   
  Chicory   
  Florence fennel   
  Globe artichoke   
  Leek   
  Rhubarb   
  Seakale   
     
Bulb vegetables  Garlic   
  Bulb onion   
  Shallot   
  Salad onion   
     
Fruiting vegetables  Aubergine   
  Chilli   
  Tomato   
  Pepper   
  Courgette   
  Cucumber   
  Marrow   
  Melon   
  Watermelon   
  Winter squash and pumpkin   
  Summer squash and other edible skin varieties   
  Sweetcorn   
     
Root & tuber crops  Carrot   
  Celeriac   
  Chicory root   
  Parsley root   
  Potato   
  Salsify   
  Parsnip   
  Fodder beet   
  Red beet   
  Mangel   
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  Sugar beet   
  Horseradish   
  Mooli   
  Radish   
  Swede   
  Turnip   
     
Herbs  See list of about 60 herbs in CRD (2006)   
     
Agricultural herbage  Vetch    
  Lucerne   
  Sainfoin   
  Red clover   
  White clover   
     
Other crops  Hops   
  Quinoa   
  Canary grass   
     
Industrial crops  Miscanthus   
  Hemp   
  Woad   

 2517 


