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Abstract: Wild birds and mammals that feed in agricultural habitats are potentially exposed to pesticides through various
routes. The European Food Safety Authority (EFSA) recently published a statement which concluded that the current EFSA
risk assessment scheme for birds and mammals does not adequately cover bats (Chiroptera). In the present study, we take a
more detailed look at the EFSA statement and assumptions made regarding direct (dermal) and indirect (dietary) exposure of
bats to pesticides in terms of their realism and the potential implications for risk assessment outcomes. Regarding dietary
exposure, errors in the residue per unit dose (RUD) values for flying insects (bat food), proposed in the EFSA bat statement,
were identified and corrected. Lower RUD values based on a much broader data base are proposed. Using these more
realistic RUD values, together with current assumptions regarding toxicity and exposure, the acute and long‐term risk to bats
appears to be within the range of those calculated for birds and ground‐dwelling mammals under the current risk assessment
scheme. Depending on the assumptions made, some uncertainties may remain and should be investigated further. Ac-
cording to the EFSA bat statement, dermal exposure of bats is the most significant route of exposure, resulting in the highest
predicted daily doses. We demonstrated that the dermal exposure models in the EFSA bat statement predict much higher
residues for bats than those measured for other flying organisms that have larger surface area to volume ratios, and thus
would be expected to have the reverse relationship. We also illustrated that the amounts of spray liquid required to achieve
the predicted dermal exposures of bats are implausibly high, with bats carrying an amount of spray liquid that exceeds their
body weight many fold. It is recommended that a bat risk assessment framework should be based on realistic, sound science,
allowing resources to be focused on those scenarios that are not already covered by the existing bird and mammal
framework. Therefore, a quantitative risk assessment scheme should not be implemented until the many scientific
uncertainties within the EFSA bat statement are addressed. Environ Toxicol Chem 2022;41:2595–2602. © 2022 Cambridge
Environmental Assessments. Environmental Toxicology and Chemistry published by Wiley Periodicals LLC on behalf of SETAC.
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INTRODUCTION
Wild birds and mammals that feed in agricultural habitats

are potentially exposed to pesticides through various routes
(Brooks et al., 2017). The risks to wildlife from exposure to
pesticides are assessed in the European Union (EU) under
the current regulation (Regulation, 1107/2009; European
Commission, 2009) for the active substances and formulated

plant protection products (PPPs). The current guidance for as-
sessing the risks to birds and mammals from potential exposure
to pesticides in the EU was published by the European Food
Safety Authority (EFSA) in 2009 (EFSA, 2009) and is currently
under review (EFSA, 2021).

Until recently, it has been implicitly assumed that the EFSA
(2009) risk assessment scheme for birds and mammals
also covered the potential risks to flying mammals, bats
(Chiroptera). However, some publications (e.g., Stahlschmidt &
Brühl, 2012) raised concerns regarding the protectiveness of
the current guidance for bats. Given the ecology and charac-
teristics of bats and their economic value (e.g., Boyles et al.,
2011), and the protected status of all 53 European bat species,
a review of the protectiveness was considered “vital” by the
Panel on Plant Protection Products and their Residues (PPR)
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and, in 2019, they published a scientific statement regarding
the coverage of bats by the current risk assessment framework
for birds and ground‐dwelling mammals (ESFA, 2019a). EFSA
(2019a), hereafter referred to as the “EFSA bat statement,”
concluded that “bats would not be adequately covered by the
current risk assessment scheme” and that there is a need to
develop a new scheme for bats.

A critical review of the assumptions and evidence‐base used
in the EFSA bat statement can be found in Brooks et al. (2021).
In the present study, we take a more detailed look at the
methods proposed in the EFSA bat statement for predicting
dietary and dermal exposure of bats, their realism, and the
potential implications for risk assessment outcomes.

The main dietary exposure route for bats in the EFSA bat
statement is via predation of flying insects that have already
been exposed to pesticides. The level of residues within the
flying insects is therefore a critical parameter in estimating the
dietary exposure of bats. The EFSA bat statement used data
from an EFSA supporting publication (Lahr et al., 2018) for this
purpose, consisting of regulatory studies submitted to the
EFSA by registrants and one literature study. Although 17
measurements of residues in flying insects from nine different
studies were included in the Lahr et al. database, only three
measurements from studies where light traps were used to
capture small flying insects were considered relevant for bats.
Studies of fast‐acting active substances had been excluded by
EFSA and our data set because these may have been biased
toward samples with low residues. The three measurements
used in the bat statement were all taken from a single study
(Stahlschmidt & Brühl, 2012) where an overall worst‐case res-
idue unit dose (RUD) of 32.8mg a.s./kg food/kg a.s./ha was
recommended for use in the acute exposure assessment for
bats, and a mean RUD of 18.8mg/kg for long‐term exposure
assessments. In the present study, we correct errors in the
EFSA bat statement regarding the interpretation of these data
and use these corrected data, together with additional avail-
able residue data, to allow more robust, realistic estimates of
flying insect RUDs. We have included additional (malaise and
car netting) trapping results, because there are no data to
support why only insects caught in light‐traps would constitute
bat prey and also incorporate non‐moth species relevant for
bat diets. Also, in the most recent study (Bayer AG, 2021), we
included residue data from studies in which both malaise and
light traps were used to collect flying insects. We also discuss
the implications of these data for the protectiveness of the
existing bird and mammal risk assessment framework for bats.

According to the EFSA bat statement, bats may forage in
agricultural areas as pesticides are being sprayed onto crops,
and thus potentially experience dermal exposure via direct
overspray. In the present study, we examine the assumptions
made in the EFSA bat statement regarding dermal exposure
estimates. We compare predictions from the dermal exposure
models in the EFSA bat statement to actual measured residues
on other flying organisms to determine how realistic these es-
timates are. We also estimate the spray liquid loadings that
would need to be experienced to achieve the predicted dermal
exposures, and how likely these are to be achieved.

METHODS
Residue data for flying insects

First, we critically evaluated the flying insect residues from
Lahr et al. (2018) that were used to calculate RUDs in the EFSA
bat statement. The calculation of RUDs was examined to en-
sure calculations had been performed in line with EFSA
guidance correctly, taking into account repeated pesticide
applications and ensuring RUDs have been correctly converted
to mg/kg per 1 kg a.s./ha applied. Furthermore, concordance
with the recent EFSA statement on recurring issues in ecotox-
icology (EFSA, 2019b) was checked in terms of using maximum
measured residues resulting from the first application event.

Additional data on flying insect residues available from
field studies not already included in Lahr et al. (2018) were
collated. In total, an additional 41 data points from 11 studies
for 11 active substances were available from industry com-
panies, with studies performed in orchards, vineyards, cereals,
and oilseed rape crops in the EU. Flying insects were captured
using light traps, car netting, or malaise traps. The Bayer AG
studies can be requested on the Bayer AG transparency
website (https://www.bayer.com/en/agriculture/safety-study-
report-request-forms).

Flying insect RUDs were calculated based on the maximum
residues resulting from a single application, even if this max-
imum value was measured after the day of pesticide applica-
tion. As recommended by EFSA, only studies without fast‐
acting insecticides were included to prevent bias toward lower
residues because only those insects with low residues would be
able to reach the sampling device. In three studies (Bayer AG,
2013, 2015, 2021), initial residues included the parent active
substance and a major metabolite that was formed very
quickly. In these cases, parent and metabolite (expressed as
parent equivalents) were added up and treated as if parent
residue only.

The corrected data from Lahr et al. (2018) were consolidated
with the additional available data on flying insect residues to
allow calculation of RUDs based on this larger, more robust
dataset. Several studies consisted of more than one trial and
analyzed more than one active substance, and for some active
substances several studies were available. To assess if the RUD
values or variability were affected by active substance proper-
ties or study conditions, the data were analyzed per data point
(one active substance in one trial), per active substance, and
per study.

To determine the protectiveness of the existing bird and
mammal risk assessment scheme (EFSA, 2009) for the potential
exposure of bats, the same approach as used in Section 3.2.2
of the EFSA bat statement was taken. The shortcut values (SVs;
calculated by dividing food intake rate [FIR] by body weight,
then multiplying by RUD) for acute and long‐term risk to bats
were calculated using the FIR/body weight of 0.848 g fresh
weight/g body weight/day for Myotis lucifugus (as used in the
EFSA bat statement) and the new RUD values presented in our
study. These were then compared to the Tier I shortcut values
in annex I of EFSA (2009) for insectivorous birds, insectivorous
mammals, and small herbivorous mammals. These shortcut
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values were then used in a hypothetical risk assessment for a
realistic use on orchards (1 × 100 g a.s./ha, applied at any
growth stage), assessed according to EFSA (2009), to assess
the protectiveness of the existing bird and mammal scenarios
for bats.

Dermal exposure estimates
The EFSA bat statement proposes that the dermal exposure

of bats (de) can be predicted by multiplying the volume of air
that a bat passes through (v) by the proportion of pesticide
coming into contact with the surface of the bat (i) and by the air
concentration (ac) per unit body weight (bw; Equation 1).

= × ×de v i
ac
bw

(1)

Three models are presented in the EFSA bat statement
that could be used to estimate the air concentration com-
ponent of dermal exposure (ac): (1) the even distribution
method, (2) the terrestrial investigation model (TIM), and (3)
the drift area method. Dermal exposure estimates are pre-
sented in Table 7 of the EFSA bat statement for all combi-
nations of bat type (hawker/gleaner), time spent in spray
cloud (1 min/2 h), flight speed (fast/slow), and ac model (even
distribution method/TIM/drift area method), assuming an
application rate of 25 g a.s./ha. In the present study, we
convert the predicted dermal exposure values to RUDs to
allow comparison to measured RUDs for flying insects ob-
served in treated crops. All other things being equal, RUDs
for flying insects would be expected to be higher than for
bats due to their smaller size and thus higher surface/volume
ratio (EFSA, 2019a).

To convert to RUDs, the bat dermal exposure estimates
presented in the EFSA bat statement were multiplied by 40, to
convert from an application rate of 25 g a.s./ha to 1 kg a.s./ha.
For illustrative purposes, dermal exposure estimates for hawker
bats using ac models that result in the lowest (TIM:
184–44,108mg/kg body wt) and highest (even distribution
method: 1470–352,863mg/kg body wt) dermal exposure esti-
mates have been considered. The predicted RUDs resulting
from dermal exposure of bats were then compared to those
calculated for flying insects.

The dermal exposure estimates from the EFSA bat state-
ment were also used to calculate the amount of spray liquid
that a bat would encounter to achieve the predicted level of
dermal exposure from a 25 g a.s./ha application. For these
purposes, a water volume of 200 L/ha was used, which is
considered to be a reasonably low water volume for conven-
tional spraying (e.g., Ganzelmeier & Rautmann, 2000). For il-
lustrative purposes, spray liquid volumes were calculated for
the TIM ac model (the one that gives the lowest residues) for
all combinations of bat type, time spent in spray cloud, and
flight speed. Spray liquid volumes were also calculated for the
overall worst‐case dermal exposure estimate (fast flying
hawker spending 2 h in spray cloud, calculated using the even
distribution method).

RESULTS
Residue data for flying insects

On further examination, the maximum RUD of 32.8mg a.s./
kg food/kg a.s./ha recommended in the EFSA bat statement for
use in bat exposure assessments has been calculated in-
correctly in two ways. First, the normalizing of the measured
residues to take into account the application rate (and thus
convert to RUDs) has mistakenly been done twice in the EFSA
bat statement. The residues reported in Stahlschmidt and Brühl
(2012) were already presented as residues per 1 kg active
substance/ha applied, and therefore the RUD “correction”
presented in Lahr et al. (2018) and used in the EFSA bat
statement was not required. Because the application rate used
in the Stahlschmidt and Brühl (2012) study was 150 g a.s./ha,
this has resulted in the RUDs being incorrectly calculated as
6.67 (i.e., 1/0.150) times higher than they should be. Therefore,
the residue values as presented in Stahlschmidt and Brühl
(2012) can be used as RUDs.

Second, it is apparent from the supplementary information
for Lahr et al. (2018) that the maximum RUD has been derived
from residues measured in small moths after the second ap-
plication in the Stahlschmidt and Brühl (2012) study. However,
for all other trials included in the EFSA bat statement analysis,
the maximum measured residue resulting from the first
application was used.

The correct RUD values to use from Stahlschmidt and Brühl
(2012) are summarized in Table 1.

Based on these corrections, the maximum RUD presented in
the EFSA bat statement should have been 4.05 rather than
32.8mg/kg per 1 kg/ha, which would have a significant impact
on the exposure estimates for bats feeding on flying insects. This
corrected RUD is based on the residues measured from a single
study, and therefore its relevance and reliability is uncertain. To
this end, additional data available on flying insects have been
collated so that RUD values based on a larger dataset can be
derived. The available data, including the corrected RUDs from
Stahlschmidt and Brühl (2012), are summarized in Table 2.

Using this consolidated RUD dataset, 90th percentile and
mean RUD values have been calculated, which could be used
in acute and long‐term/reproductive risk assessments, re-
spectively, for bats, and indeed for birds and other mammals
where relevant.

Some studies have been done with more than one active
substance, which raised some questions about how best to
handle these data: (1) all data combined as individual data
points, with all collected data across substances and studies
(with sometimes several trials per study) treated equally; (2) per
trial—combined data per study for several active substances
(with arithmetic means across several trials in one study); or (3)
per substance—data per substance from several studies
(combined as arithmetic mean). To allow a comparison, we
calculated results for all three approaches.

The calculated 90th percentile and mean RUDs are sum-
marized in Table 3, using either all available data points
(n= 41), mean values of data per active substance (n= 11), or
mean values of data per study (n= 11).
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As can be seen in Table 3, the mean (5.04–5.42mg/kg) and
90th percentile (9.35–9.54mg/kg) RUDs are very similar be-
tween the three approaches, as are the measures of variability
(SD, coefficient of variation [CoV]), regardless of whether data
are analyzed per single data point, per active substance or per
study. Therefore, there appears to be little influence of sub-
stance properties (which would produce higher between‐
substances variability) or study methodologies (which would
produce higher between‐study variability) on the resulting RUD
values. The slightly lower geomean values across all data points
results from the arithmetic mean used to build data points, and
not the geomean of geomeans. As such, we would recommend
using the simplest approach and largest dataset, that is the
geometric mean across all data (n= 41). The database can then
be easily expanded by simply adding new residue data sets for
flying insects as they become available.

Using this corrected and more extensive database of flying
insect RUDs results in a significant reduction in the RUDs
compared to those in the EFSA bat statement. For acute risk
assessments, a 90th percentile RUD of 9.35mg/kg could be
used instead of the maximum RUD of 32.8mg/kg proposed in
the EFSA bat statement, that is 3.5× lower. For long‐term/
reproductive risk assessments, a geometric mean RUD of
3.72mg/kg could be used instead of the mean RUD of 18.8mg/
kg proposed in the EFSA bat statement, that is 5× lower. It
should be noted that during the preparation of this manuscript,
EFSA, (2021) published corrected lower RUD values for flying
insects (geomean= 2.6mg/kg; 90th percentile= 9.7mg/kg),
which are more aligned with the values proposed in the present
study than those proposed in the EFSA bat statement.

To determine the protectiveness of the existing bird and
mammal dietary risk assessment scheme (EFSA, 2009) for the
potential exposure of bats, the shortcut values for acute and
long‐term exposure of bats have been calculated (approach
used in Section 3.2.2 of EFSA, 2019a) using the FIR/body
weight of 0.848 g fresh weight/day for Myotis lucifugus and the
90th percentile and geometric mean RUD values proposed in
our study. This results in SVacute and SVlong‐term values of 7.9
and 4.5, respectively. These have then been compared to the
Tier I shortcut value values in Annex I of EFSA (2009) for

insectivorous birds (various), insectivorous mammals (shrew),
and small herbivorous mammals (vole). For all scenarios (45 out
of 45), exposure of bats would be covered by the small her-
bivorous mammal “vole” scenario, with the SVmean and SVacute

values for voles all being above those for bats. For most sce-
narios (35 out of 45), exposure of bats would be covered by the
insectivorous bird scenario, with SVmean and SVacute values for
insectivorous birds being below those for bats for 10 out of 45
scenarios (relating to uses in cotton, oilseed rape, orchards,
ornamentals/nursery, and sugar beet). None of the in-
sectivorous mammal “shrew” scenarios would be protective of
bat exposure, with SVmean and SVacute values for shrews being
below those for bats for all 39 scenarios.

Although there are scenarios where the predicted exposure
of bats (based on current assumptions) is higher compared to
birds and ground‐dwelling mammals, it is also important to
consider the potential risks from that exposure. For example, if
we assume a single application of an active substance on or-
chards at 100 g a.s./ha applied at any growth stage, the po-
tential risks to several scenarios would need to be assessed
according to a conservative tier 1 risk assessment as per EFSA
(2009), including small insectivorous bird “tit,” insectivorous
mammal “shrew”, and small herbivorous mammal “vole.” If we
assume that the acute toxicity to birds and mammals is the
same, with an arbitrary but realistic median lethal dose of
1000mg a.s./kg body weight (the value chosen does not
change the outcome: any lower or higher assumed value would
produce the same relative result), we would calculate toxicity
exposure ratios (TERacute) of 73–1874, all of which are sig-
nificantly above the assessment factor of 10, indicating low
risks (Table 4). If a TERacute for bats were calculated, using the
FIR/body weight from the EFSA bat statement and the cor-
rected 90th percentile RUD for flying insects proposed in our
study (9.35mg/kg), and we assume that the toxicity to bats is
the same as to ground‐dwelling mammals, we would calculate
a TERacute of 1234 (Table 4). The TERacute for bats is significantly
above the trigger of 10 and also within the range of those
already calculated for birds and ground‐dwelling mammals,
and thus has no impact on the overall conclusion of low risks
from the EFSA (2009) bird and mammal risk assessment.

TABLE 1: Corrected EFSA bat statement RUDs (mg a.s./kg food per kg a.s./ha) for flying insects

Matrix

RUD used in EFSA bat statement
(based on Stahlschmidt & Brühl, 2012

as reported in Lahr et al., 2018)

Corrected RUD based
on Stahlschmidt and

Brühl (2012) Explanation for correction

Large moths 8.93 2.21 RUD presented in EFSA bat statement based on
maximum residue measured after second application
(1.34) instead of first application (2.21), and incorrectly
double counted correction from 150 to 1 kg a.s./ha

Small moths 32.8 4.05 RUD presented in EFSA bat statement based on
maximum residue measured after second application
(4.92) instead of first application (4.05), and incorrectly
double counted correction from 150 to 1 kg a.s./ha

Small flying insects 14.7 2.90 RUD presented in EFSA bat statement based on
maximum residue measured after second application
(2.20) instead of first application (2.90), and incorrectly
double counted correction from 150 to 1 kg a.s./ha

EFSA= European Food Safety Authority; RUD= residue per unit dose.
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A similar conclusion can also be made for the reproductive
risks to bats. Using an arbitrary but realistic reproductive toxicity
endpoint (no observed adverse effect level) of 10mg a.s./kg
body weight/day for both birds and mammals, the TERrepro
values for “tit,” “shrew,” and “vole” would be 10.4, 98.0, and
2.6, respectively, compared to a TERrepro for bats of 60 (Table 4).
The “tit” and “shrew” scenarios are both above the trigger of 5,
indicating low risks, whereas the “vole” scenario would require
further assessment, being <5. Therefore, not only is the TERrepro
for bats significantly above the trigger of 5, it is also within the
range of those already calculated for insectivorous birds and
mammals, and thus has little impact on the overall conclusion of
risks from the EFSA (2009) bird and mammal risk assessment.

TABLE 2: Summary of available flying insect residue data, including the maximum concentration measured (Cmax) and the residue per unit dose
(RUD; residue per kg active substance applied)

Data source Crop Method Application rate (kg/ha) Cmax RUD Active substance

Stahlschmidt and Brühl (2012) Orchard Light trap 0.150 NA 2.21 Fenoxycarb
0.150 NA 4.05
0.150 NA 2.90

Syngenta (2005) Orchard Light trap 1.100 1.87 1.70 Paraquat
Bayer AG (2004) Orchard Car netting 0.385 3.598 9.35 Bitertanol
M‐121809‐01‐1
Bayer AG (2012a) Vineyard Malaise trap 0.250 0.19 0.76 Fluopyram

0.250 1.2 4.80M‐453376‐01‐1
0.250 0.58 2.32

Bayer AG (2012b) Vineyard Malaise trap 0.700 3.5 5.00 Propineb
M‐460299‐01‐1
Bayer AG (2013) Cereals Malaise trap 0.375 0.39 1.04 Spiroxamine

0.375 0.383 1.02
0.375 0.862 2.30

M‐529934‐01‐1 0.200 0.11 2.25a Prothioconazole
0.200 0.098 2.10a

0.200 0.313 4.55a

Bayer AG (2015) OSR Malaise trap 0.125 0.91 7.28 Fluopyram
0.125 0.31 3.45a ProthioconazoleM‐544190‐01‐1

Bayer AG (2017a)b Vineyard Malaise trap 0.111 0.85 7.66 Fluopicolide
0.111 0.89 8.02M‐588220‐01‐1

Bayer AG (2017b)b Vineyard Malaise trap 1.667 26 15.6 Fosetyl‐Al
1.667 19 11.4M‐588227‐01‐1

Bayer AG (2017a,b)b Vineyard Malaise trap 0.111 1.1 9.91 Fluopicolide
1.667 11 6.60 Fosetyl‐AlM‐588220‐01‐1

M‐588227‐01‐1
Bayer AG (2018a) Orchard Malaise trap 0.1105 0.34 3.08 Fluopyram

0.118 1.1 9.32
0.1155 1.12 9.70

M‐644049‐01‐1 0.1105 0.28 2.53 Tebuconazole
0.118 0.8 6.78
0.1155 0.76 6.58

Bayer AG (2018b) Orchard Malaise trap 0.110 0.35 3.18 Fluopyram
0.95 0.84 8.84
0.102 0.61 5.98

M‐644048‐01‐1 0.110 0.35 3.18 Tebuconazole
0.95 0.76 8
0.102 0.47 4.61

Bayer AG (2021) Orchard Light trap 0.150 0.023 0.150 Spirotetramat
0.150 0.24 1.620
0.150 0.108 0.720

M‐767187‐01‐1 Malaise trap 0.150 0.59 3.950
0.150 0.9 6.000
0.150 0.92 6.140

aExpressed as sum of parent and main metabolite at first sampling.
bThis entry is split, because it is one study but in two separate reports for data sharing between companies.

TABLE 3: Ninetieth percentile, geometric mean, and mean RUDs, SD,
and CoV (%) based on the data in Table 2

All
data (n= 41)

Per
a.s. (n= 11)

Per
study (n= 11)

Geomean RUD
(mg/kg)

3.72 4.30 4.25

Arithmetic mean RUD
(mg/kg)

5.04 5.21 4.93

90% percentile RUD
(mg/kg)

9.35 9.35 9.35

SD 3.43 3.23 2.77
CoV (%) 68.10 62.01 56.13

Cov= coefficient of variation; RUD= residue per unit dose.

Exposure of bats to pesticides—Environmental Toxicology and Chemistry, 2022;41:2595–2602 2599

wileyonlinelibrary.com/ETC © 2022 Cambridge Environmental Assessments



TA
B
LE

4:
Ri
sk

as
se
ss
m
en

t
ca

lc
ul
at
io
ns

fo
r
b
ird

s
an

d
m
am

m
al
s
fo
r
a
hy

p
ot
he

tic
al

us
e
on

or
ch

ar
d
s
(1

×
10

0
g
a.
s.
/h
a,

ap
p
lie

d
al
ly

ea
r)

G
ro
w
th

st
ag

e/
tim

in
g

A
p
p
lic
at
io
n
ra
te

(k
g
a.
s.
/h
a)

G
en

er
ic

fo
ca

ls
p
ec

ie
sa

FI
R/
b
w
a

D
ie
ta

RU
D
b

D
T5

0a
D
D
D

(m
g
a.
s.
/k
g

b
w
/d
ay

)c
To

xi
ci
ty

(m
g

a.
s.
/k
g
b
w
/d
ay

)d
TE

Re
A
ss
es
sm

en
t

fa
ct
or

f

A
cu

te
ris
k

Sp
rin

g
,
su
m
m
er

0.
1

Sm
al
li
ns
ec

tiv
or
ou

s
b
ird

“
tit
”

0.
86

10
0%

fo
lia
r
in
se
ct
s

54
.1

1
4.
7

10
00

21
5

10

C
ro
p
d
ire

ct
ed

,
B
B
C
H

<
10

0.
1

In
se
ct
iv
or
ou

s
m
am

m
al

“
sh
re
w
”

0.
55

10
0%

g
ro
un

d
ar
th
ro
p
od

s
9.
7

1
0.
5

10
00

18
74

C
ro
p
d
ire

ct
ed

,
B
B
C
H

<
10

0.
1

Sm
al
lh

er
b
iv
or
ou

s
m
am

m
al

“
vo

le
”

1.
33

10
0%

g
ra
ss

10
2.
3

1
13

.6
10

00
73

Sp
rin

g
—
au

tu
m
n

0.
1

H
aw

ke
r
b
at

0.
84

8
10

0%
fl
yi
ng

in
se
ct
s

9.
35

1
0.
8

10
00

12
34

Re
p
ro
d
uc

tiv
e
ris
k

Sp
rin

g
,
su
m
m
er

0.
1

Sm
al
li
ns
ec

tiv
or
ou

s
b
ird

“
tit
”

0.
86

10
0%

fo
lia
r
in
se
ct
s

21
0.
53

0.
96

10
10

.4
5

C
ro
p
d
ire

ct
ed

,
B
B
C
H

<
10

0.
1

In
se
ct
iv
or
ou

s
m
am

m
al

“
sh
re
w
”

0.
55

10
0%

g
ro
un

d
ar
th
ro
p
od

s
3.
5

0.
53

0.
1

10
98

.0

C
ro
p
d
ire

ct
ed

,
B
B
C
H

<
10

0.
1

Sm
al
lh

er
b
iv
or
ou

s
m
am

m
al

“
vo

le
”

1.
33

10
0%

g
ra
ss

54
.2

0.
53

3.
8

10
2.
6

Sp
rin

g
—
au

tu
m
n

0.
1

H
aw

ke
r
b
at

0.
84

8
10

0%
fl
yi
ng

in
se
ct
s

3.
72

0.
53

0.
17

10
60

a A
s
d
efi

ne
d
in

A
nn

ex
Io

f
EF

SA
(2
00

9)
,
w
ith

th
e
ex

ce
p
tio

n
of

“
ha

w
ke

r
b
at
,”

w
hi
ch

is
ta
ke

n
fr
om

EF
SA

(2
01

9)
.

b
A
s
d
efi

ne
d
in

EF
SA

(2
00

9)
,
w
ith

th
e
ex

ce
p
tio

n
of

th
e
RU

D
va

lu
es

fo
r
b
at
s,

w
hi
ch

ar
e
fr
om

th
e
ex

te
nd

ed
re
si
d
ue

d
at
ab

as
e
p
re
se
nt
ed

in
ou

r
st
ud

y
(T
ab

le
2)
.

c D
D
D

ca
lc
ul
at
ed

ac
co

rd
in
g
to

EF
SA

(2
00

9)
,
th
at

is
ap

p
lic
at
io
n
ra
te

×
FI
R/
b
w
×
RU

D
×
D
T5

0.
d
To

xi
ci
ty

en
d
p
oi
nt
s
of

10
00

an
d
10

m
g
/k
g
b
w
/d
ay

fo
r
ac

ut
e
an

d
re
p
ro
d
uc

tiv
e
ris
ks
,
re
sp

ec
tiv

el
y,

ha
ve

b
ee

n
ch

os
en

ar
b
itr
ar
ily
.

e
TE

R
ca

lc
ul
at
ed

ac
co

rd
in
g
to

EF
SA

(2
00

9)
,
th
at

is
to
xi
ci
ty
/D

D
D
.
V
al
ue

s
in

b
ol
d
ar
e
b
el
ow

th
e
re
le
va

nt
as
se
ss
m
en

t
fa
ct
or
.

f L
ow

ris
ks

ar
e
co

nc
lu
d
ed

fo
r
TE

R
va

lu
es

ab
ov

e
th
e
re
le
va

nt
as
se
ss
m
en

t
fa
ct
or
,
as

d
efi

ne
d
in

EF
SA

(2
00

9)
.

C
al
cu

la
tio

ns
ac

co
rd
in
g
to

EF
SA

(2
00

9)
fo
r
b
ird

s
an

d
g
ro
un

d
‐d
w
el
lin

g
m
am

m
al
s.

Pa
ra
m
et
er
s
fo
r
b
at
s
ta
ke

n
fr
om

EF
SA

(2
01

9)
an

d
fr
om

th
e
ex

te
nd

ed
re
si
d
ue

d
at
as
et

p
re
se
nt
ed

in
th
e
p
re
se
nt

st
ud

y.
b
w
=
b
od

y
w
ei
g
ht
;D

D
D
=
d
ai
ly
d
ie
ta
ry

d
os

e;
D
T5

0
=
ha

lf‐
lif
e,

tim
e
ta
ke

n
fo
r
an

am
ou

nt
of

co
m
p
ou

nd
to

b
e
re
d
uc

ed
b
y
ha

lf
th
ro
ug

h
d
eg

ra
d
at
io
n;

EF
SA

=
Eu

ro
p
ea

n
Fo

od
Sa

fe
ty

A
ut
ho

rit
y;

RU
D
=
re
si
d
ue

p
er

un
it
d
os

e;
TE

R
=
to
xi
ci
ty

ex
p
os

ur
e
ra
tio

.

2600 Environmental Toxicology and Chemistry, 2022;41:2595–2602—A.C. Brooks et al.

© 2022 Cambridge Environmental Assessments wileyonlinelibrary.com/ETC



Dermal exposure estimates
The dermal exposure estimates calculated in the EFSA bat

statement for hawker bats using the model with the lowest
(TIM) and highest (even distribution method) residue values ac
model have been converted to RUDs in Table 5.

Based on the calculations in Table 5, the lowest RUDdermal for
hawker bats would be 7360mg/kg and the highest would be
14,114,520mg/kg (14.1 kg/kg body wt). These exceed the RUD
values for flying insects proposed above by orders of magnitude.

The spray liquid volume that would need to be encountered
to achieve these predicted dermal exposure residues has been
calculated for the same scenarios as presented in Table 5, as-
suming a hawker bat body weight of 5 g (Pipistrellus pipis-
trellus, based on EFSA bat statement) and a reasonable low
spray volume (Table 6). While there are some specific low‐
volume applications being used by farmers, conventional spray
volumes for arable crops are in the range of 200–600 L/ha and
typically higher in tall crops such as orchards and vines. For
example, United Kingdom Chemicals Regulation Division re-
quires additional information to be supplied for “reduced
water volumes” below 200 L/ha on labels (Health and Safety
Executive, 2020). Ganzelmeier and Rautmann (2000) use
>300 L/ha for drift trials and the Food and Agriculture Organ-
ization of the United Nations (2001) consider 150–300 L/ha as
conventional spray volumes. A value of 200 L/ha was therefore
selected as a reasonably low spray volume.

The lowest amount of spray liquid required to achieve the
predicted dermal exposure residues is 8 g, which is 1.6× higher
than the body weight of a small bat such as P. pipistrellus (body
wt= 5 g). The highest amount of spray liquid required to achieve
the predicted dermal exposure residues is 14,112 g (>14 kg).

DISCUSSION
The residues on food items are a key factor in a dietary

isk assessment of birds and mammals. The RUD values

proposed in the EFSA bat statement for flying insects
(mean= 18.8mg/kg, 90th percentile= 32.8mg/kg) contained
errors leading to very high RUD conclusions. The corrected
values, combined with the additional residue data available for
flying insects presented in our study, resulted in much lower
RUD values (geometric mean= 3.72, arithmetic mean 5.04mg/
kg, 90th percentile= 9.35mg/kg), leading to much lower
shortcut values and daily dietary dose estimates for bats than
predicted in the EFSA bat statement. It should be noted that
during the process of compiling the data above, EFSA, (2021)
published a draft revision of the updated bird and mammal
guidance, which also included a reference to residues in flying
insects. Data were based on Lahr et al. (2018), which is a subset
of the studies mentioned above. In the draft guidance, revised
RUDs for flying insects were proposed which are much more in
line with the values shown in our study, namely a geometric
mean of 2.6 mg/kg, an arithmetic mean of 4.6mg/kg, and a
90th percentile of 9.7mg/kg.

Using our corrected and extended RUD database, and a
hypothetical use on orchards, it was illustrated that the acute
and reproductive risks to bats can be within the range of those
already calculated for birds and ground‐dwelling mammals
according to the existing EFSA (2009) scheme, and thus for
some pesticide uses there would be no impact on the overall
risk assessment conclusion.

According to the EFSA bat statement, dermal exposure of
bats is the most significant route of exposure, resulting in the
highest predicted daily doses. Using comparative evidence, it
has been illustrated in our study that some of the assumptions
made in the EFSA bat statement regarding dermal exposure
appear to be over‐conservative. When converted to RUDs, the
dermal exposure estimates for bats (7360–14,114,520mg/kg) far
exceed those predicted for flying insects (maximum of 15.6mg/
kg). This is the opposite relationship of what would be expected
given the larger surface area to volume ratio of insects compared
to bats. Furthermore, even when the best‐case dermal exposure

TABLE 5: Conversion of dermal exposure estimates for hawker bats
(calculated in the EFSA bat statement for the two models with the
lowest (TIM) and highest (even distribution method) RUDs

Time in
spray
cloud

Flight
speed

Dermal exposure (mg/kg
body wt) after 0.025 kg
a.s./ha applicationa

RUDdermal (mg/kg
per 1 kg a.s./ha)b

Using TIM as ac model
1min Fast 311 12,440

Slow 184 7360
2 h Fast 44,108 1,764,320

Slow 22,054 882,160

Using even distribution method as ac model
1min Fast 2490 99,600

Slow 1470 58,800
2 h Fast 352,863 14,114,520

Slow 176,430 7,057,200

aTaken from Table 7 of the EFSA (2019) bat statement.
bCalculated by multiplying dermal exposure by 40 (to convert residues per kg bat
expected from 0.025 kg a.s./ha to 1 kg a.s./ha).
EFSA= European Food Safety Authority; RUD= residue per unit dose; TIM=
terrestrial investigation model.

TABLE 6: Calculation of the amount of spray liquid that would need to
be encountered to achieve the predicted dermal exposure estimates
for a hawker bat

Time in
spray
cloud

Flight
speed

Dermal exposure (mg/
bat) after 0.025 kg a.s./

ha applicationa

Amount of spray
liquid (g/bat) that
would be carriedb

Using TIM as ac model
1min Fast 2 16

Slow 1 8
2 h Fast 221 1768

Slow 110 880

Using even distribution method as ac model
1min Fast 12 96

Slow 7 56
2 h Fast 1764 14,112

Slow 882 7056

aConverted to mg/bat using dermal residues in Table 5 and a body weight of 5 g
(based on EFSA bat statement for Pipistrellus pipistrellus).
bCalculated by multiplying dermal exposure in mg/bat with a factor of 8000,
based on 200 kg (spray liquid)/0.025 kg (application rate as per EFSA calculation).
The unit difference of mg/bat (a.s.) versus g/bat (spray liquid).
EFSA= European Food Safety Authority; TIM= terrestrial investigation model.
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model is used, a small bat weighing 5 g would need to collect
1.6× its own body weight in spray liquid to achieve the dermal
residues predicted in the EFSA bat statement. If the worst‐case
dermal exposure model is used, more than 14 kg of spray liquid
would need to be collected. Both lines of comparative evidence
demonstrate that the assumptions of the simple modelling ap-
proach presented in the EFSA bat statement are not plausible.
More information is required on bat flight pathways and spray
patterns to increase the realism of the dermal exposure estimates
(see Brooks et al., 2021).

There are still many uncertainties within the EFSA bat
statement, and these should be identified and addressed be-
fore a quantitative risk assessment scheme is implemented
(Brooks et al., 2021). More research is needed to fill the current
gaps in knowledge. The aim should be to construct a risk as-
sessment framework based on realistic, sound science, and for
scenarios not already adequately covered by the conventional
bird and mammal assessment. This would save time and re-
sources not only for notifiers, but also for regulatory authorities.
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