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Abstract

and TREC) that have been developed by Bayer.

Background: Foliage residue decline data are used to refine the risk assessment for herbivorous birds and mammals
foraging in fields treated with plant protection products. For evaluation, current EFSA guidance has a clear focus on
single-first order (SFO) kinetic models. However, other kinetic models are well established in other areas of environ-
mental risk evaluations (e.g., soil residue assessment), and easy-to-use calculation tools have become available now.
We provide case studies with 6 fungicides how such evaluations can be conducted with two of these tools (KinGUI

Results: SFO kinetics provided the best fits only for 13 of 36 residue decline studies conducted in a standardized
design under field conditions. Biphasic models (double first order in parallel, hockey stick) were often superior and
sometimes more conservative for risk assessment. The additional effort is manageable when using software such as
KinGUIl and TREC, and appears justified by the more reliable outcome of the evaluations.

Conclusions: Further research would be useful to better assess the extent to which non-SFO better fits foliage
residue decline, but our study suggests that it may be a significant proportion. Therefore, we encourage the use of
biphasic models in the regulatory risk assessment for herbivorous birds and mammals, in the ongoing revision of the
European Food Safety Authority (EFSA) guidance document from 2009.
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Background

The regulatory risk assessment for birds and wild mam-
mals which may be exposed in fields treated with plant
protection products in the European Union (EU) is con-
ducted according to guidance from the European Food
Safety Authority EFSA [1]. A key element of this guid-
ance is the calculation of residues that animals would
ingest with their food when they forage on plant foliage,
seeds or invertebrates from treated fields. Typically, the
exposure assessment for herbivorous birds and mammals
drives the overall risk characterization for terrestrial ver-
tebrates because of the high residues for foliage (due to a
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high surface to volume ratio) and high food intake rates
(due to the low usable energy content of leaves), com-
pared to seeds or invertebrates.

For spray applications, these residues are estimated
with a standard equation that employs the application
rate (in kg active substance per hectare), the so-called
RUD (residue-per unit dose, specific for different food
items), and two factors related to the time course of the
residue concentrations: the multiple-application factor
MATF (to account for residue accumulation) and the time-
weighted average factor f , (to account for residue dis-
sipation over a certain time window, usually 21 days).

In the initial (“Tierl”) risk assessment, both MAF and
21d-f, are calculated with a default dissipation half-
live (DT50) of 10 days. This “generic” DT50 of 10 days
on foliage is appropriately conservative for a Tier 1
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assessment since most real DT50 values are clearly lower
[2, 3]. These real DT50 values are usually generated in
field residue studies, conducted either as part of the
standard residue trials for MRL (maximum residue limit)
setting or in specific residue decline trials conducted to
inform a refined bird and mammal risk assessment.

Not much guidance is given in EFSA [1] how to con-
duct and evaluate these residue decline trials for eco-
toxicological risk assessment purposes, other than the
equations in its appendix H for calculation of MAF and
frwa with SFO kinetics. A more recent EFSA publica-
tion on discussions from the EFSA expert meetings EFSA
[4] provides much more guidance on how to report and
evaluate field residue trials for ecotoxicological purposes,
however, there is still not much more information on the
kinetic models to use for the evaluation of the DT50 than
the reference to SFO and the remark that some experts
also considered the option to calculate a surrogate DT50
from the DT90/3.32 that is determined with the first-
order multi-compartment (FOMC) model.

In other areas of the environmental risk assessment
for plant protection products, more elaborate guidance
and techniques for kinetic evaluation of residue decline
data have been generated over the last years, one of the
most prominent being FOCUS [5]. In this guidance four
models are proposed, one being the well-known SFO
and three other models as given below to describe non-
SFO behaviour such as bi-phasic decline curves. In this
guidance, the SFO model is preferred mainly for two rea-
sons. First, it is parsimonious and has only two param-
eters while the other models have three or four. Second,
because of an operational reason: Almost all regulatory
exposure models used for soil or water exposure assess-
ment (e.g. FOCUS-PEARL) which employ these kinetic
parameters can handle only SFO kinetics. For this rea-
son, rules were developed to derive SFO DT50 surrogates
from bi-phasic kinetic parameters such as mentioned
above for FOMC kinetics. Criteria for the selection of a
specific model were (i) visual acceptable fit, (ii) statistical
measures for goodness of fit, and (iii) sufficiently small
parameter uncertainty. Especially the latter criterion was
introduced to safeguard a certain robustness of predic-
tions beyond the experimental time period.

Parts of the FOCUS [5] guidance have been employed
by EFSA [4], amongst others the preference for SFO.
However, the main reason to prefer SFO by FOCUS
[5], i.e. that the relevant fate models can only deal with
SFO, does not apply to residue decline in plant foliage or
the calculation of MAF and fy, values. More complex
kinetic models than SFO have also already been applied
to plant residue decline studies in the consumer risk
assessment context [6, 7] and in the honeybee risk assess-
ment [8], so it is unclear why the evaluation of plant
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foliage residues for bird and wild mammals would only
be conducted with SFO models when suitable calculation
tools are available.

In our study, we, therefore, aimed to conduct case stud-
ies on evaluation of foliage residue decline data with the 4
established kinetic standard models SFO, FOMC, DFOP
(double-first-order-in parallel) and HS (hockey-stick)
which are used for regulatory exposure assessment in
soil, groundwater or surface waters according to FOCUS
[5] guidance.

Even if the EFSA documents [1, 4] do not provide any
explanation for the reluctance to use non-SFO models
also for plant residue decline data in bird and mammal
risk assessment, it appears likely that the lack of appro-
priate calculation tools is part of the answer. Time-
weighted average (TWA) calculations in the area of birds
and mammals are typically needed for multiple applica-
tions with a moving time window, and this is not trivial
for non-SFO kinetics. Until now, there do not seem to be
appropriate tools published and accepted for regulatory
uses in the EU.

Bayer has developed such tools and made them pub-
licly available: KinGUII and TREC. KinGUII is an
R-based tool to analyze residue decline data for complete
metabolic pathways with 4 kinetic models, and generates
the optimum fit parameter (kinetic parameter) for the
decline data at hand. It is a follow-up version of KinGUI
which was based on the mathematical software MAT-
LAB. KinGUII has been evaluated and recommended in
systematic reviews of available calculation tools [9, 10].
KinGUII as well as its predecessor version have been fre-
quently used for kinetic evaluations submitted for pesti-
cide authorisation e.g. according to regulation 1107/2009
in Europe.

TREC is a new Microsoft Excel©®-based tool to employ
these kinetic fit parameters to any new exposure scenario
including multiple applications, and generates MAF and
TWA residues [11].

Here, we use KinGUII to analyse residue decline data
measured within 10-14 days after a single application
with SFO, DFOP, FOMC and HS kinetic models, and then
we feed TREC with the kinetic parameter from KinGUII
to predict the residue time course and TWA concentra-
tions for a multi-application scenario (2 repeated applica-
tions with a 10 day interval).

We demonstrate the use of KinGUII and TREC with
the data from residue decline trials conducted with 6
fungicidal active substances. There is no specific reason
for why selecting these compounds other than that the
available data set is particularly suitable for this exercise.
Fungicides are often used in multiple applications with
short intervals so that a moving time window calculator
is needed to identify the worst case 21-d window.
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The data set of 36 trials used for this exercise was con-
ducted with a standardized design following OECD TG
509 [12], where a single spray application was made
under field conditions on young cereals (wheat or barley)
in spring at BBCH stages [13] close to BBCH 30, a sur-
rogate for grassy ground vegetation that may be eaten by
herbivorous birds and mammals, with 7 foliage samplings
following the application.

In our evaluations, we employed all 4 kinetic FOCUS
models in KinGUII (SFO, DFOP, FOMC and HS) to each
residue decline data set, and then fed the KinGUII output
into TREC to calculate the residue time course with each
of the models for an application pattern of 2 applications
with a 10d interval. With that approach, we could directly
compare the fit quality of each trial under standardized
conditions, and also determine the predicted residue
concentrations from the case study application pattern.

We aimed to answer the following questions in our
evaluations:

1. How suitable is the standard design in the trials
employed in our evaluations? Do we get at least one
model with an acceptable fit?

2. Which kinetic model gives the best fit to each data
set ? Is it justified to limit the accepted kinetic models
to SFO ? How often is a non-SFO fit better than SFO?
Is it conservative to focus on SFO?

3. How conservative is the option to calculate a sur-
rogate SFO-DT50 as FOMC-DT90 divided by 3.32
when compared to the best-fit model predictions?

4 Is it necessary to have 7 samplings per trial, or would
a reduced sampling design with e.g. 3 well-spaced
sampling times also generate acceptable predictions
for the residues in our case study application sce-
nario?

With these evaluations, we hope to inform the discus-
sions and development of the revised EFSA GD for birds
and mammals, particularly with regard to embracing
non-SFO models for bird and wild mammal risk assess-
ment, and also present 2 candidate tools (KinGUII and
TREC) that would be suited for these calculations.

Materials and methods

Data

Residue decline data were obtained from field studies
conducted in the EU. In each of the studies, a single spray
application was made with a fungicidal product on young
cereal plants.

In each trial, 7 samplings were normally taken on days
0,1, 2, 3,5, 7 and 10 after application. However, 2 tri-
als are included which were sampled at days 0, 1, 3, 5, 7,
10 and 14, and some trials included samplings on day 4
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or 6 instead of day 5 or similar. Nevertheless, no trials
are included which lack samplings on day 0, 3 and 10,
because day 0 is necessary for a proper decline curve, and
days 3 and 10 are necessary for a specific side-investiga-
tion where we looked at the impact on TWA calculations
of having trials with only 3 but suitably spaced sampling
time points (here: days 0, 3 and 10).

Many of these trials were conducted with mixed for-
mulations, but specific care was taken that each trial is
included only once in the database (i.e., trials that were
conducted with a mixture of 2 compounds a and b were
either used in the data set for compound a or compound
b, but never twice). Otherwise, the assignment of the tri-
als was arranged in such a way that the data set for each
compound comprised data from both European residue
zones (North and South), where possible.

All trials were conducted according to regulatory
standard guidelines (OECD TG 509), and under Good
laboratory Practice (GLP). Validated residue analysis
methods were employed with certified analytical stand-
ards, and most of the trials were already submitted and
reviewed by regulatory authorities in the EU.

Evaluations with KinGUII: KinGUII v2.1 [14]

For each of the 6 active substances (fluopyram, triflox-
ystrobin, spiroxamine, fluopicolide, tebuconazole and
propineb), 6 trials were evaluated (n=36). Each trial was
evaluated with SFO (single first order), DFOP (double
first order in parallel), FOMC (first-order multi-compart-
ment) and HS (hockey stick) kinetic models in KinGUI]I,
resulting in 156 sets of kinetic parameters. All parame-
ters including the initial residue value were fitted.

Fit quality assessment: Each fit was quantitatively
assessed based on the Chi%- value, which is a metric to
calculate the goodness of fit. The Chi*>- value mainly
describes the average deviation between measured and
fitted values relative to the average of the measured val-
ues. According to FOCUS [5], good fits should provide
Chi?-values < 15% for laboratory soil residue dissipation
studies, under field conditions Chi® < 25% may be accept-
able. Additionally, the visual fit of the curve was scored
(good fit=1, acceptable fit=2, bad fit=3) for the resi-
dues themselves, and for the residuals as proposed by
EFSA [4]. These scores aim to express in number how
well the curve visually appeared to capture the observed
decline residue pattern. Essential features assessed are
whether deviations of the fitted curve from the measure-
ments are of random or of systematic nature and whether
absolute deviations vary more or less at which parts of
the decline curve.

Parameter uncertainty was not considered as a crite-
rion because this factor becomes more relevant when
the model predictions are made beyond the conditions
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of the experiment from which the parameter was
derived. This was not the case here because typically
most of the residues had dissipated within the experi-
mental period of 10 days. For the simulations in our
case studies (2 applications with 10 day interval and a
moving time window of 21 days) the determination of
a TWA does not involve much extrapolation because
the window usually ends on day 11 after the second
application.

These 3 fit quality descriptors were combined in one
single value per trial and kinetic which we call “fit qual-
ity” (FQ), calculated as the product of Chi*x visual fit
score (fit) x residual fit score (res). For instance, a fit
with a Chi%-value of 7.3%, a good visual fit (fit score =1)
and acceptable distribution of the residuals (res score =2)
gets an FQ value of 7.3 x 1 x 2=14.6. The kinetic model
that provides the lowest FQ value for a given trial is called
the best-fit model for this trial.

The combination of the visual fit score (fit) x residual fit
score (res) puts more weight on the visual fit assessment
than on the statistical goodness of fit (Chi?), because the
visual assessment is the most important measure to dis-
tinguish between SFO and non-SFO kinetics. Assessing
the visual fit both based on the normal fits and based
on residual fits, makes the decision on the score more
robust, because each of the views provides different
aspects of fit quality. For instance, the overall fit, and its
shape (for comparing the different kinetic types), is best
assessed in the normal plot. The number of consecutive
points on the same side of, and their distance from, the
zero line and thus the pattern and extent of deviations
is seen at first glance in the residual plot. The use of 2
visual scores (fit and res) often accelerates and facilitates
the visual assessment of a fit, and generates the intended
predominance in a systematic matter. Chi* then mainly
serves to select among fits of equal visual quality rating.

Additionally, KinGUII was also employed with a
reduced data set, consisting only of 3 measurements
(days 0, 3 and 10) for each trial, termed SFO3. These
reduced data sets were only evaluated with SFO kinet-
ics, as the degrees of freedom with only 3 data points are
not sufficient for non-SFO models. This reduced data was
used to assess the impact of a low-quality data set on the
residue predictions in the risk assessment compared to
the best-fit model for the full data set. This reduced data
set provided the SFO3-DT50.

Finally, a surrogate SFO-DT50 was generated by divid-
ing the FOMC-DT90 by 3.32. Again, the residue predic-
tion with this surrogate SFO-DT50 was compared against
the best fit model, to assess the level of conservativeness
associated with such procedure. This approach is called
FOMCO0 in this article.
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In total 6 kinetic evaluation results were generated per
trial (SFO, SFO3, DFOP, FOMC, FOMC90, HS) with
KinGUI], resulting in 36 x 6=216 TWA assessment runs
in TREC.

Evaluations with TREC

TREC is an Excel®based calculator that allows residue
decline simulations for the 4 kinetic models in KinGUIL
(SFO, DFOP, FOMC and HS) for any agricultural use
scenario (multiple applications with varying inter-appli-
cation intervals and use rates), and provides multi-appli-
cation factors (MAF) and TWA-factors (fy,) for use in
bird and mammals risk assessments according to EFSA
[1]. The TREC tool was presented at the SETAC confer-
ence in Helsinki 2019 [11] and is included in the support-
ing information files of this article.

The kinetic parameter derived by KinGUII-analysis
for the 36 field residue decline data sets were employed
in TREC, separated per kinetic model (i.e. one file with
all 36 SFO-evaluations, one file with all 36 DFOP evalu-
ations etc.). To run TREC, the same application scenario
was applied to all compounds (2 applications with a
10 day interval) which is not untypical for fungicides like
the 6 model compounds. The mean RUD of 54.2 for grass
and cereals was selected (EFSA [1]), so that the RUD cat-
egory in TREC matched with the matrix from the decline
trials. The selected application rate of 1 kg a.s./ha was,
however, arbitrary and just chosen for sake of simplicity,
because for our case study calculations it only mattered
that the same scenario is simulated for all compounds. As
we limit our evaluation of the TREC results to MAF and
frwa, the settings of application rate and RUD are irrel-
evant, since they do only influence the absolute residue
concentrations and not the dissipation; application rate
and RUD are only needed for TREC running properly.

From the TREC output, the MAF and the 21-d moving
time window TWA factor (21d fry,) were extracted and
multiplied to compute the trial- and kinetic-specific 21-d
residues (21-d RES) which was the key metric for the fol-
lowing comparisons.

Results

Fit quality FQ was calculated as Chi? x fit x res, i.e. the
smaller FQ, the better the fit. In 5 cases, FQ was identical
in DFOP and HS models so that the total number of best
FQ was 36+ 5=41 (in these 5 cases the model delivering
the higher 21-d RES was selected as a best fit model for
later evaluations) (Table 1 and Fig. 1).

For 13 out of the 36 trials, SFO model kinetics provided
the lowest FQ. Thus, non-SFO fits were better than SFO
fits in the majority of cases, with HS most frequently pro-
viding the best fit. Overall, FOMC was least often the
best fit model. Slight preference of SFO by allowing for
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Table 1 Fit quality FQ for the 4 kinetic models fitted to each residue decline trial
Compound  Trial Country SFO DFOP FOMC HS
Chi2 Fit Res FQ Chi®2 Fit Res FQ Chi®> Fit Res FQ Chi® Fit Res FQ
Fluopyram 18-2954-01 SP 2045 2 2 818 2434 2 2 974 2209 2 3 1325 2434 2 2 974
18-2954-02 SP 2605 2 2 1042 3101 2 2 1240 2814 2 3 1688 3101 2 2 1240
18-2954-03 BUL 8.185 1 2 16.4 9742 1 2 195 8842 1 2 17.7 97421 2 19.5
18-2951-01 DE 1766 2 2 706 2102 2 2 841 1908 2 2 763 2102 2 2 841
18-2951-02 DE 72931 2 146 8681 1 2 174 78781 2 158 868 1 2 174
18-2951-03 BE 75821 2 152 90241 2 180 819 1 2 164 90241 2 180
Trifloxystrobin  15-2953-01 FR-N 3148 1 1 31 25351 1 25 32841 1 33 37061 1 37
15-2953-02 UK 7962 1 2 159 9477 1 2 190 8601 1 2 172 9477 1 2 19.0
15-2953-03 T 1338 2 2 535 1504 2 2 602 1389 2 2 556 1407 2 2 56.3
16-2951-01 FR-N 1915 3 2 1149 4257 1 1 43 55221 1 55 41251 1 4.1
16-2951-02 DE 81321 2 163 57911 1 58 57571 1 58 61191 1 6.1
16-2955-01 FR-S 1025 2 2 410 122 2 2 488 1107 2 2 443 106 2 2 424
Spiroxamine  16-2958-01 FR-N 2567 3 3 2310 2997 1 1 30 56661 1 57 2997 1 1 3.0
16-2958-02 DE 65341 1 65 776 1 1 78 70581 1 717576 1 1 76
16-2958-03 NL 2190 2 3 1314 4505 1 1 45 1041 1 2 208 4706 1 1 47
17-2950-01 DE 1864 2 3 1118 4574 1 1 46 5046 1 1 50 25381 1 2.5
17-2950-02 FR-N 2709 3 3 2438 3842 1 1 38 6488 1 1 65 38421 1 3.8
17-2950-03 NL 1501 2 3 90.1 20131 1 20 724 1 1 72 20131 1 20
Fluopicolide ~ 18-2950-01 DE 2081 2 2 832 1467 1 1 147 1425 1 1 143 189 2 2 75.6
18-2950-02 DE 5244 1 1 52 34821 1 35 514 1 1 51 59751 1 6.0
18-2950-03 NL 1629 2 2 652 1938 2 2 775 1581 2 2 632 1531 1 2 306
18-2950-04 BE 3258 1 1 33 18221 1 1.8 268 1 1 27 33771 1 34
18-2955-02 T 76732 2 307 86522 2 346 7867 2 2 315 82082 2 328
18-2955-04 GR 1351 2 2 540 144 2 2 576 1347 2 2 539 1342 2 2 53.7
Tebuconazole E 3082938-3-01 DE 1779 2 2 712 1506 1 1 151 148 2 2 592 1275 1 1 12.8
E£3082938-3-02 DE 2422 2 2 99 1829 2 2 732 1989 2 2 796 26 T2 520
11-2951-01 Sp 2167 2 2 867 2579 3 2 1547 2214 2 2 886 2126 2 2 850
11-2951-02 IT 1048 2 2 419 1248 2 2 499 1132 2 2 453 1248 2 2 499
16-2952-03 T 1504 2 3 902 647 1 1 6.5 6947 1 1 69 647 1 1 6.5
16-2952-04 PT 2092 2 2 837 5161 1 1 52 52981 1 53 1574 2 2 63.0
Propineb 11-2956-01 FR-N 3165 2 2 1266 3767 2 2 1507 3419 2 2 1368 1192 3 2 71.5
11-2956-02 DE 1524 2 2 610 1814 2 2 726 1646 2 2 658 475 2 1 9.5
11-2956-03 SP 1965 2 2 786 1736 2 2 694 2044 2 2 818 1848 2 2 370
11-2956-04 T 1885 2 2 754 1426 1 2 285 1718 1 2 344 2158 1 2 432
15-2950-01 FR-S 2257 2 2 903 1336 2 2 534 185 2 2 740 1336 2 2 534
15-2950-03 DE 1553 2 2 62.1 1849 2 2 740 1678 2 2 671 1818 2 2 727

FQ of the best-fit model is highlighted in italics

Chi? being 2 percentage-points higher than for the best
model, and requiring the same scores for visual fit and
residual fit as the best model, would increase the num-
ber of trials associated with the SFO model to 17 (one
of these cases is trial 18-2950-02). So there seems to be
a number of borderline cases but still half of the trials
would remain non-SFO (Table 2).

SFO model kinetics provided the best FQ for 6 trials
with fluopyram, 3 trials with trifloxystrobin and for one

trial only with each of the other 4 compounds. Thus, the
best-fit decline models for 4 out of 6 compounds were
dominated by non-SFO kinetics (Table 3).

The values for the 21-d RES (calculated as MAF x 21d
frwa) are displayed in Table 4, with the best-fit model
highlighted in italics. The maximum ratio between the
highest and the lowest 21-d RES with the 4 models was
2.15 for a single trial (17-2950-02), and the mean ratios
per compound ranged from 1.02 (fluopyram) to 1.52



Ebeling and Hammel Environ Sci Eur

(2020) 32:116

Page 6 of 12

spiroxamin (SFO)

Measured & Predicted Residues vs. Time

20 —

Measured & Predicted Resldues

X-axis)

: ; ; 2
4 6 8 10 12
Time
Residuals vs. Time
spiroxamin (SFO)
25 T T T T T
20 + e
15 + E
o o
» 10 ¥ ° 3
S o
305 § 3
]
)
@ 00
-05 + 3
10% o 3
-15 t t t +
0 2 4 6 8 10 12
Time

Fig. 1 Examples for fit quality scores (trial 16-2958-01). Left panel: SFO with score 3 for a bad fit (all points missed from day 3) and score 3 for large
and systematic residuals (y-axis scales > 10% of the y-axis for the fit because of relatively large residuals, more than 3 consecutive data points on the
same side of the x-axis). Right panel: HS with score 1 for a good if not excellent fit (most of the points on the curve) and score 1 for good residuals
(y-axis scales < 10% of the y-axis for the fit because of relatively small residuals, not more than 2 consecutive data points on the same side of the
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Table 2 Fit quality overview

# of trials per category SFO all DFOP FOMC HS
Chi<15 14 24 24 25
15<Chi®<25 18 9 10 9
Chi?<25 32 33 34 34
Chi*>25 4 3 2 2
Good fit (1) 9 20 19 20
Acceptable fit (2) 24 15 17 15
Bad Fit (3) 3 1 0 1
Good residuals (1) 15 13 14
Acceptable residuals (2) 26 21 21 22
Bad residuals (3) 6 0 2 0

(spiroxamine). The extreme ratios for max/min and
SFO/best fit 21-d RES are for the datasets where SFO
gave a poor fit in the kinetic evaluation (visual fit and/
or residual score of 3) (Table 4).

Table 3 Best fit quality overview for the 6 case study
compounds and kinetic models in KinGUII

Best FQ [# of trials] SFOall DFOP FOMC HS Y non-SFO

Fluopyram
Trifloxystrobin
Spiroxamine
Fluopicolide
Tebuconazole

U U 1w O

Propineb
Total 1

w — = = . W O
- N NN~ = O
N O O —- O — O
“u A DN D~ — O

23

The comparison of 21-d RES prediction with surrogate
DT50 (FOMC DT90/3.32) against 21-d RES with the best
fit model is presented in Table 5. A significant overesti-
mation with the FOMC90-DT50 was observed for the 5
compounds where the best fit models are not predomi-
nantly SFO (Table 5).
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Table 4 21-d RES (MAF x 21d-fTWA) for a simulation of 2 applications with 10 day interval with TREC using the kinetic

parameter from KinGUII, and ratio between max and min with the 4 models (for best-fit model highlighted in italics)

Compound Trial Country SFO DFOP FOMC HS Max/min Best fit/SFO
Fluopyram 18-2954-01 SP 0.521 0.521 0.522 0.533 1.02 1.02 1.00 1.00
18-2954-02 SP 0.460 0.460 0.460 0462 1.00 1.00
18-2954-03 BUL 0.461 0461 0461 0468 1.02 1.00
18-2951-01 DE 0.365 0.365 0.365 0.381 1.04 1.00
18-2951-02 DE 0419 0419 0419 0416 1.01 1.00
18-2951-03 BE 0453 0453 0453 0454 1.00 1.00
Trifloxystrobin 15-2953-01 FR-N 0.300 0.298 0.303 0.299 1.02 1.14 0.99 0.93
15-2953-02 UK 0.624 0.624 0.624 0.630 1.01 1.00
15-2953-03 T 0.569 0.615 0.587 0.584 1.08 1.00
16-2951-01 FR-N 0.765 0.462 0.528 0.468 1.66 0.61
16-2951-02 DE 0.546 0.540 0.567 0.535 1.06 098
16-2955-01 FR-S 0.735 0.735 0.735 0.737 1.00 1.00
Spiroxamine 16-2958-01 FR-N 0.066 0.125 0.140 0.140 2.12 152 212 142
16-2958-02 DE 0.384 0.388 0.384 0.397 1.03 1.00
16-2958-03 NL 0.195 0215 0.262 0.235 1.34 1.10
17-2950-01 DE 0.255 0315 0.328 0315 1.29 1.24
17-2950-02 FR-N 0.068 0.120 0.146 0.143 215 2.10
17-2950-03 NL 0315 0.309 0361 0322 117 0.98
Fluopicolide 18-2950-01 DE 0.306 0.358 0.364 0328 1.19 1.11 1.19 1.06
18-2950-02 DE 0.569 0.543 0.579 0.570 1.07 0.95
18-2950-03 NL 0.288 0.288 0318 0339 1.18 1.18
18-2950-04 BE 0.546 0.530 0.556 0.548 1.05 1.02
18-2955-02 IT 0.855 0.860 0.870 0.845 1.03 1.00
18-2955-04 GR 0.674 0.784 0.689 0.678 1.16 1.01
Tebuconazole E 3082938-3-01 DE 0461 0.480 0471 0473 1.04 1.16 1.03 1.08
E 3082938-3-02 DE 0406 0361 0.399 0437 1.21 1.08
11-2951-01 SP 0.306 0.306 0.348 0.385 1.26 1.26
11-2951-02 T 0575 0.575 0.575 0.575 1.00 1.00
16-2952-03 T 0.697 0.606 0.736 0619 1.21 0.89
16-2952-04 PT 0371 0.368 0426 0446 1.21 1.20
Propineb 11-2956-01 FR-N 0313 0313 0313 0.259 1.21 1.14 083 0.95
11-2956-02 DE 0.331 0.331 0331 0.299 .11 0.90
11-2956-03 SP 0.326 0.305 0.344 0328 1.13 1.01
11-2956-04 T 0.352 0.333 0.388 0.367 117 0.95
15-2950-01 FR-S 0.287 0.278 0336 0.294 1.21 1.02
15-2950-03 DE 0.404 0404 0404 0399 1.01 1.00

We also investigated the difference when using the
SFO3-DT50 (calculated with KinGUII after removal of all
data points except days 0, 3 and 10) for the TREC calcula-
tions instead of the best fit model. Accepting such thin
data would be of regulatory concern if it leads to a sig-
nificant overestimation of the true dissipation rate, and
in turn an underestimation of 21-d RES as the exposure
concentrations for risk assessment. For the 6 case study
compounds at hand, the mean 21-d RES estimate with
the best fit model was very similar (within410%) to the
mean 21-d RES estimate with SFO3 for 5 compounds,

and for the remaining compound (fluopyram) the mean
deviation was only 16% and that into the direction of an
underestimation of the true dissipation (i.e., of no regula-
tory concern) (Table 6).

Discussion

Our first question we wanted to answer with the case
studies was whether the standard design employed in the
36 trials was appropriate, i.e. providing for a high chance
to generate the data needed for a successful kinetic
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Table 5 21-d RES (MAF x 21d-f;y,,) for a simulation of 2 applications with 10 day interval with TREC using the surrogate

DT50 (FOMC-DT90/3.32), and comparison to best fit 21-d RES

Compound Trial FOMC DT90 10% reached? DT50 recalc Recalc 21-d RES Best fit 21-d RES Recalc
21d RES/
best fit
21-d RES
Fluopyram 18-2954-01 13.97 n 4.208 0.522 0.521 1.00 1.00
18-2954-02 11.96 y (d10) 3.602 0461 0460 1.00
18-2954-03 11.98 n 3.608 0461 0461 1.00
18-2951-01 9.126 y (d7) 2.749 0.365 0.365 1.00
18-2951-02 10.68 y (d10) 3217 0419 0419 1.00
18-2951-03 11.72 y (d10) 3.530 0453 0453 1.00
Trifloxystrobin 15-2953-01 7578 y (d10) 2.283 0.308 0.298 1.03 1.59
15-2953-02 17.82 n 5367 0.624 0.624 1.00
15-2953-03 23.13 n 6.967 0.738 0.569 1.30
16-2951-01 207.6 n 62.530 1.691 0468 361
16-2951-02 34.02 n 10.247 0.903 0.567 1.59
16-2955-01 23.02 n 6.934 0.736 0.735 1.00
Spiroxamine 16-2958-01 3.798 y (d6) 1.144 0.157 0.140 1.12 148
16-2958-02 9.657 n 2.909 0.384 0.384 1.00
16-2958-03 10.35 y (d10) 3z 0.408 0.215 1.90
17-2950-01 15.6 n 4.699 0.567 0315 1.80
17-2950-02 4.205 y (d7) 1.267 0174 0.143 122
17-2950-03 16.73 n 5.039 0.597 0.322 1.85
Fluopicolide 18-2950-01 1747 n 5262 0615 0.364 1.69 142
18-2950-02 20.87 n 6.286 0.693 0.543 1.28
18-2950-03 9.038 n 2722 0.362 0.339 1.07
18-2950-04 18.56 n 5.590 0.642 0.556 1.15
18-2955-02 119.3 n 35934 1.500 0.855 1.75
18-2955-04 51.7 n 15.572 1.066 0.678 157
Tebuconazole E 3082938-3-01 20.82 n 6.271 0.692 0473 146 1.88
E 3082938-3-02 283 y (d14) 8.524 0.826 0437 1.89
11-2951-01 10.32 n 3.108 0407 0.385 1.06
11-2951-02 15.89 n 4.786 0.575 0575 1.00
16-2952-03 1000 n 301.205 1.930 0619 312
16-2952-04 67.52 n 20337 1.222 0446 274
Propineb 11-2956-01 772 y (d7) 2325 0313 0.259 1.21 1.44
11-2956-02 8.191 y (d7) 2467 0.331 0.299 1.11
11-2956-03 10.73 y (d10) 3232 0421 0.328 1.28
11-2956-04 18.72 n 5.639 0.645 0333 1.94
15-2950-01 17.69 y (d7) 5328 0.621 0.294 211
15-2950-03 10.26 y (d7) 3.090 0405 0404 1.00

evaluation: How often do we get at least one model with
an acceptable fit?

In our evaluation we have not used an exclusion crite-
rion, rather aimed to “punish” bad fits by the multiplica-
tion of Chi? x fit score x residuals score which results
in the fit quality parameter FQ. Since the best possible
score for fit and residuals is 1, the best possible FQ-value
equals the Chi-result. Following FOCUS [5] guidance,

a threshold of 15% for Chi? is used for laboratory trials,
and 25% would still be good enough for field trials. Thus,
FQ values of <25 would indicate overall good fit of the
model to the data. FQ values of up to 100 would result for
trials with acceptable visual scores (2) for the fit and the
residuals, combined with a Chi2-value of up to 25%.
Hence, a possible target for a standard design could be
to achieve FQ <100. In our data set of the 36 trials, all
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Table 6 Ratio between 21-d RES (MAF x 21d-fyy,)
for a simulation of 2 applications with 10 day interval
with TREC using the DT50 from SFO3 and 21-d RES
from the respective best fit model

# best fit Ratio of SFO3 21-d RES/best fit
is SFO7 (all 21-d RES
data)
Mean Min Max
over 6 over 6 over 6
trials trials trials
Fluopyram 6 1.16 1.01 1.30
Trifloxystrobin 3 0.98 0.81 1.10
Spiroxamine 1 1.01 0.83 114
Fluopicolide 1 0.97 0.83 1.05
Tebuconazole 1 0.92 0.73 1.09
Propineb 1 1.02 0.73 1.36

FQ values for the best fit were below 100 except for trial
18-2954-02 with FQ=104 and thus very slightly above
this target (Table 1). That means, our target was achieved
in 97% of all 36 evaluated trials, indicating that the sam-
pling scheme of days 0, 1, 2, 3, 5, 7 and 10 may be a suit-
able balance of measurement efforts and the reliability of
the outcome.

However, the comparison with the results with the
truncated datasets (SFO3: only sampling data retained
for days 0, 3 and 10) indicated that even such a limited
design would often provide acceptable estimates for the
residue dissipation rates (Table 6). Compared to the 21-d
RES from the best fit model for each trial, the 21-d RES
for the SFO3 evaluations were on average within =+ 10%,
except for one compound (fluopyram) where the mean
difference was 16% (and that on the side of an underes-
timation of the dissipation rate, i.e. not more critical and
thus of no regulatory concern). With only 3 data points,
the uncertainty of the fit is potentially higher than with
more data points. For our data set, the number of trials
where 21-d RES for SFO3 is<95% of the 21-d RES of the
best fit is 12 of 36 (33%). This is comparable to the num-
ber of trials (14) where 21-d RES for SFO7 is <95% of the
best fit. However, the variation of the mean 21-d RES for
SFO3 (CoV 30.6%) is slightly higher than the variation
with the best fit 21-d RES (CoV 24.6%).

EFSA [4] had stated that the number of samplings
should never be<4 for an acceptable residue dissipa-
tion trial. Our assessment here would indicate, however,
that the error from accepting SFO evaluation of trials
with only 3 samplings is often small, at least if the 3 sam-
pling dates are suitably arranged. Taking into account
that a typical foliage residue SFO-DT50 was found at
about 3 days [3], a good coverage of the dissipation can
be expected with samplings on day 0 (100%), day 3 (50%)
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and day 10 (ca. 10%), and that is probably the reason why
the 21-d RES results with SFO3 are so similar to the 21-d
RES from the respective best-fit model with the complete
data (all 7 samplings) (Table 6). Another reason stems
from the fact that 21-d RES is an integrated quantity
which smooths deviations of single measuring points and
is inherently more robust. Thus, regulatory acceptance of
data-sets with a low but well-timed number of samplings
could be considered case-by-case, for instance when
the initially measured residues have declined to about
10-20% until the last sampling and the resulting DT50 is
no obvious outlier.

On the other hand, our data evaluation suggests that
using a surrogate DT50 from dividing the FOMC-DT90
by 3.32 (as mentioned in EFSA [4]) is often a signifi-
cant and unnecessary underestimation of the dissipa-
tion rate as determined in the respective best fit model
(Table 5). This surrogate DT50 can also be calculated
from the DT90 in DFOP or HS fits that are generated
with KinGUII, if their fit is better than FOMC (which is
often the case in our data set), and this would be appro-
priate where a tool like TREC is not available or in use.
However, when there is anyway already an FOMC model
fitted to the data (as would be needed to determine an
FOMC-DT90), then it would appear simple enough and
appropriate to directly involve the real FOMC parameter
alpha and beta in a tool like TREC instead of a surrogate
SFO-DT50.

Justification to include all 4 kinetic KinGUII models in
the evaluation instead of limiting the assessment to SFO
can also be deduced from the comparison of the 21-d
RES with SFO to the 21-d RES with the respective best fit
model (Table 4): in ca. 40% of all cases (14 of 36), the best
fit 21-d RES with SFO is smaller than with the respective
best fit (i.e., in these cases SFO underestimates the MAF
and TWA). In general, the difference is not large (on
average 7% over all trials), but for a specific compound
the difference can be larger (e.g., about 40% for spirox-
amine), particularly if the SFO fits are visually bad or bor-
derline and thus difficult to accept. For individual trials,
the difference was over 50% (16-2958-01, 17-2950-02).
Especially for these trials with bad or borderline SFO fits,
bi-phasic modelling is the best way to use the informa-
tion from these trials. Thus, the inclusion of non-SFO
kinetics allows more realistic and robust DT50 deter-
minations, and can lead to more protective refined risk
assessments.

In their literature review, Fantke and Juraske [6] con-
cluded that residue dissipation would generally be well
described by single-first-order kinetics, which appears
to contradict our findings. However, they could calcu-
late non-SFO fits only for a part of the studies in their
database (due to lack of detailed residue concentrations
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reported in many of the original publications), and appar-
ently applied a criterion of factor 2 as threshold for dif-
ferences between DT50s. In view of the large variability
in the data set, this may be a reasonable approach, but in
a regulatory context a factor of 2 may often be relevant
for decision making. Furthermore, the apparent DT50
in non-SFO kinetics can only inform about the time to
the dissipation of the first 50% and tells very little about
the dissipation rates of the second half of the residues,
so it is not surprising that they did not see the better fit
of the non-SFO Kkinetics as in our case studies. However,
also Fantke and Juraske [6] acknowledged that there are
residue decline data that are significantly better described
with other than SFO kinetics, and suggest to check differ-
ent kinetic models for their fit to the data in future exper-
imental studies.

There may be also reasons for non-SFO behaviour
from a theoretical point of view. We consider here the
total plant residues which is the sum of residues on the
plant surface and in different plant tissues. These residues
may be subjected simultaneously to different dissipation
processes depending on their residence. Residues in the
plant may be redistributed, degraded, diluted by growth
or recharged by uptake from the plant surface. Residues
on the plant surface may dissipate by photolysis, volatili-
sation, wash-off or uptake into the plant. Assuming that
the single processes could be described by SFO the mul-
tiple overlay of this processes with different individual
rate constants can easily produce an overall non-SFO
behaviour.

Thus, there are overall good reasons to expand the
range of kinetic models over the standard SFO and
include at least the 3 additional models used for regula-
tory environmental exposure assessment (DFOP, FOMC,
HS) also for evaluating residue decline trials in the eco-
toxicology area, at least for foliage residues as the key ele-
ment of the herbivorous bird and mammal assessment,
which is typically the driver behind the need for more
realistic exposure assessments. Appropriate tools for this
purpose are now available with KinGUII and TREC, and
the outcome of our case study evaluations confirms that
this is possible without undue extra-efforts and that it
leads to more robust refinements in the risk assessment.
We would, therefore, recommend considering these sug-
gestions in the ongoing revision of the EFSA GD for birds
and mammals.

Interestingly, all our 6 case study compounds are
included in the residue data compilation and evalua-
tion of Fantke et al. [15] who aimed to develop a model
predicting half-lives in plants based on various param-
eters like structural similarities of physicochemical
properties. They report modelled mean half-lives (and
95% confidence intervals) of 5.51 d (1.29—23.61) for
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fluopyram, 3.72 d (1.80—7.70) for trifloxystrobin, 10.20
d (5.70—18.25) for spiroxamine, 8.16 d (1.91 —34.94)
for fluopicolide, 7.67 d (6.46—9.11) for tebuconazole,
and 3.50 d (3.17 —3.87) for propineb. Except for spirox-
amine the modelled DT50s with their confidence ranges
are similar to our results, but for spiroxamine their mod-
elled dissipation appears much slower than measured
in our trials. This may be related to the pronounced
non-SFO profile of spiroxamine in our case study trials,
which might be less well captured in the model fits used
by [14]. Additionally, their modelled DT50 of spiroxam-
ine is based also on trials with other plant material than
the cereal foliage in our case studies, where the dissipa-
tion rate may be different. Fantke et al. [15] have also
compared and discussed the range of factors behind the
variability between compounds, crops and trials, and
conclude that “there is more than one process contribut-
ing to overall dissipation from plants and that these pro-
cesses go in a counter-direction” For that discussion, the
reader is directed to their paper.

In any case, it should be noted that the purpose of our
evaluations was not to establish a regulatory DT50 for the
6 compounds but to evaluate a set of trials with a stand-
ard design. That meant that we had to exclude some addi-
tional other residue decline studies which are available
but in unequal numbers of trials, and partly with deviat-
ing sampling schemes. Here we decided to work with a
deliberately reduced but standard data set, whilst for a
DT50 proposal for regulatory risk assessments all avail-
able data per compound should be considered. There-
fore, the results of our case studies are not to be used
directly in regulatory assessments without taking also
into account the results of the other residue decline tri-
als which are not included here. However, we would not
expect large changes in the conclusions if we had evalu-
ated all currently available studies for our 6 case study
compounds. Overall, the rapid dissipation rates which we
found here in cereal foliage are in very good agreement
with the findings by Ebeling and Wang [3] for a variety of
leafy plant matrices.

Based on these findings, short DT50 values may be
typical for foliage residues in ground vegetation of rele-
vance for exposure of herbivorous birds and mammals on
treated fields. We used an application interval of 10 days
which is in our experience quite typical for fungicides
that need to be repeatedly applied to maintain the efficacy
(actually, our short DT50s may explain why they need to
be applied in relatively short intervals). Certainly, there
are cases with more applications of fungicides than 2, but
2 is quite typical for the compounds which we assessed,
and too frequent applications also sometimes pose prob-
lems with resistance development. Where there is the
need to assess many applications with short intervals that
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fall into the 21-d time window, then the use of TREC is
even more attractive because the work saved with that
automatic calculation tool may be even more consider-
able. The 21-d time window for bird and mammal risk
assessment is a convention with no explicit justification,
however, this duration appears to fit the duration of key
reproductive phases in the toxicity studies that generate
the risk assessment endpoint, like the embryonic phase
for the avian test species (Bobwhite quail, Mallard duck),
or the gestation and lactation phases in the rat reproduc-
tion study which is typically used for wild mammal risk
assessment.

We developed the approach of calculating fit quality
scores as product of Chi? x fit score x res score spe-
cifically for this article and found it worked well and
was reasonably effective: the visual fit helps to detect a
biphasic nature, and the residual plot helps to assess the
amount of scatter, but not only as an average number (as
in the Chi? value) but also with regard to its location on
the curve, the systematicity of the scatter, and the rela-
tive distance to the straight line (i.e. the “weight” of the
scatter). For our exercise, we feel quite comfortable not
to apply strict triggers for acceptability of a trial, rather
punish bad fits so that the best fit is (relatively) easy to
identify. The decision if that best fit is good enough in a
regulatory context depends on that context, e.g. the level
of conservativeness required or the overall weight of evi-
dences under consideration.

In our opinion, the visual fit scores should be more
important than other criteria like parameter uncertainty,
unless you need significant temporal extrapolation (as for
example in FOCUS groundwater assessment where com-
paratively low residues matter if they persist over a long
time).

Our focus is primarily on the use of foliar residue
decline data in the risk assessment for herbivorous birds
and mammals, where the time window is short, and resi-
dues declined below 10-20% of the peak are usually not
of concern in these risk assessments. Furthermore, the
vegetation on arable fields is regularly removed by har-
vest, mowing, plowing and other measures, so that long-
term kinetics in foliage are of much lower relevance than
long-term kinetics in soil.

Therefore, we did not incorporate parameter uncer-
tainty in our evaluation. Sources of prediction uncer-
tainty like a representation of variable environmental
conditions would in our view be best addressed by a suf-
ficient number of trials conducted under contrasting but
relevant conditions.

The primary purpose of our paper is to explore how
available new calculation tools could be used to evaluate
plant residue dissipation kinetics in a regulatory context.
We found that the additional application of non-SFO
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kinetics certainly increases the workload for the evalua-
tion, but not very much when using KinGUII and TREC
as calculation tools. Further research would be useful
to better assess the extent to which non-SFO better fits
foliage residue decline, but our limited explorations sug-
gest that it may be a significant proportion. Therefore, we
would like to encourage the use of non-SFO kinetic mod-
els in the regulatory risk assessment for herbivorous birds
and mammals, and to provide detailed related guidance
for that in the ongoing revision of the EFSA GD (2009).

Conclusions

The standardized design in the 36 residue decline tri-
als with the 6 fungicides allowed an acceptable kinetic
fit with KinGUII for all cases. Best fits with SFO were
obtained only for 13 cases, thus non-SFO kinetics clearly
dominated. This non-SFO pattern was only visible
because of the high initial sampling frequency in our tri-
als. Removing all data points except for sampling dates 0,
3 and 10 allowed only SFO-DT50 calculation but showed
that even small data sets may be informative and with-
out major impacts on the level, or the variability, of time-
weighted average residues calculated with TREC for the
tested case studies. The biphasic models DFOP and HS
most often provided the best fit in KinGUIIL, and some-
times also more conservative exposure predictions with
TREC. Therefore, we encourage the adoption of biphasic
models in the regulatory exposure and risk assessment
for herbivorous birds and mammals, in the ongoing revi-
sion of the EFSA guidance document from 2009.
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