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NEONICOTINOIDS

A worldwide survey of neonicotinoids

in honey

E. A. D. Mitchell,”** B. Mulhauser,”> M. Mulot,’t A. Mutabazi,®> G. Glauser,® A. Aebi**

Growing evidence for global pollinator decline is causing concern for biodiversity
conservation and ecosystem services maintenance. Neonicotinoid pesticides have been
identified or suspected as a key factor responsible for this decline. We assessed the global
exposure of pollinators to neonicotinoids by analyzing 198 honey samples from across
the world. We found at least one of five tested compounds (acetamiprid, clothianidin,
imidacloprid, thiacloprid, and thiamethoxam) in 75% of all samples, 45% of samples
contained two or more of these compounds, and 10% contained four or five. Our results
confirm the exposure of bees to neonicotinoids in their food throughout the world. The
coexistence of neonicotinoids and other pesticides may increase harm to pollinators.
However, the concentrations detected are below the maximum residue level authorized for
human consumption (average * standard error for positive samples: 1.8 £ 0.56 nanograms

per gram).

eonicotinoids are currently the most widely

used class of insecticides worldwide (7).

These pesticides are increasingly prevalent

in terrestrial and aquatic environments

(2, 3). Neonicotinoids are taken up by plants
and transported to all organs, including flowers,
thus contaminating pollen and nectar as well as any
fluid produced by the plant (3). There are increas-
ing concerns about the impact of these systemic
pesticides, not only on nontarget organisms—
especially pollinators such as honey bees (4-6)
and wild bees (7, 8), as well as in other terrestrial
and aquatic invertebrates (9, 10)—but also on
vertebrates (11-14), including humans (15, 16).
Impacts on such a broad range of organisms
ultimately also affect ecosystem functioning
(17). As aresult, the pertinence of use of these
pesticides is currently being questioned in many
countries (I8), with a ban now implemented in
France, and alternatives proposed (19). However,
despite increasing research efforts to understand
the patterns of neonicotinoid uses and their ef-
fects on living organisms, we lack a global view of
the worldwide distribution of neonicotinoid con-
tamination in the environment (I8) to evaluate
the risk posed to living organisms. To build such
a map, we measured neonicotinoid concentrations
in 198 honey samples from different regions of
the world.
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Bees rely on nectar and pollen sources for their
survival. Nectar is transformed into honey and
stored in the hive for daily adult consumption and
is essential for winter survival. A mature colony
can be populated by up to 60,000 adult bees and
therefore needs vast amounts of food. Individuals
harvest nectar and pollen less than 4 km from the
hive, on average, but may travel up to 12.5 km
away (20, 21), which makes bees distinctive sen-
tinels of environment quality. Indeed, the resi-
due level of pesticides in honey from a hive is a
measure of the contamination in the surround-
ing landscape (22). Honey samples are easy to
obtain from a very broad range of geographical
localities, thus enabling a worldwide analysis.
Analytical protocols have been developed to an-
alyze neonicotinoid concentrations in honey (23),
and several studies have quantified the con-
centration of neonicotinoids in honey (24-26).
However, the amount of data is limited, quanti-
fication thresholds vary among studies, and a
global picture of neonicotinoid contamination
in honey is lacking.

Here we present a global survey of neonicoti-
noid contamination in honey samples from all
continents (except Antarctica), as well as numerous
isolated islands. We measured the concentra-
tions of five commonly used neonicotinoids—
acetamiprid, clothianidin, imidacloprid, thiacloprid,
and thiamethoxam—in 198 samples (tables S1
to S3) collected through a citizen science proj-
ect (described in details in the supplementary
materials). Overall, 75% of all honey samples
contained quantifiable amounts of at least one
neonicotinoid. This proportion varied consider-
ably among regions, being highest in North
American (86%), Asian (80%), and European
(79%) samples and lowest in South American
samples (57%) (Fig. 1, figs. S1 and S2, and tables
S1 and S4). Thirty percent of all samples con-
tained a single neonicotinoid, 45% contained
between two and five, and 10% contained four
or five. Multiple contaminations were most fre-
quent in North America, Asia, and Europe and
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least frequent in South America and Oceania
(table S4 and Fig. 1). Frequency of occurrence
was highest for imidacloprid (51% of samples)
and lowest for clothianidin (16%). Maximum
and average concentrations among positive sam-
ples were highest for acetamiprid and thiaclo-
prid (table S5).

The frequency of occurrence of individual
neonicotinoid in honey samples and their rela-
tive contribution to the overall neonicotinoid
concentration varied among the regions (Fig. 1).
Imidacloprid dominated overall concentrations
in Africa and South America, thiacloprid in
Europe, acetamiprid in Asia, and thiamethoxam
in Oceania and North America (Fig. 1), reflecting
regional differences in usage of specific pesticide
types. In all regions, at least one neonicotinoid
was recorded in at least 25% of samples, and three
neonicotinoids (thiamethoxam, imidacloprid, and
clothianidin) were recorded in at least 50% of
samples in North America (table S6).

The total concentration of the five measured
neonicotinoids was, on average, 1.8 ng/g in posi-
tive (i.e., contaminated) samples and reached a
maximum of 56 ng/g over all positive samples
(table S4). This average concentration lies within
the bioactive range (27, 28), causing deficits in
learning (29, 30), behavior (31), and colony per-
formances (8, 32) in honey bees (table S8). As for
the percentage of positive samples, maximum,
median, and average concentrations were highest
in European, North American, and Asian samples
(figs. S3 to S8 and table S4). Maximum residue
levels (MRLs) authorized in food and feed prod-
ucts in the European Union (EU MRLs: 50 ng/g
for acetamiprid, imidacloprid, and thiacloprid
and 10 ng/g for clothianidin and thiamethoxam)
were not reached for any tested neonicotinoid.
The sum of percentages of EU MRLs for the five
neonicotinoids reached 3.6%, on average, for all
positive samples, exceeded 10% in eight samples,
and surpassed 100% in two European samples
(table S1).

Our global survey showed that 75% of all
analyzed honey samples contained at least one
neonicotinoid in quantifiable amounts and that
these pesticides are found in honey samples from
all continents and regions. Previous studies con-
ducted at smaller scales (regional to national)
reported a broad range of frequency of occur-
rence and concentrations of neonicotinoids in
honey, depending on the compound, distance
to neonicotinoid-treated agricultural field, and
limits of detection. The percentage of positive
samples is, to some extent, correlated with the
detection limits (table S7). For example, in a
British study (26), 16 out of 22 samples were
positive for clothianidin, but for all of these
samples the measured concentrations (>0.02
to 0.82 ng/g) were below the detection limit of a
Serbian study (1.0 ng/g) in which no sample
tested positive (33). With the improvement of
analytical methods, we can therefore expect that
the proportion of positive samples will increase.
Differences in methods and especially in limits of
quantification (LOQ) render comparisons among
studies of little relevance. Thus, to some extent,
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our results illustrate that the ever-increasing
analytical sensitivity allows detecting traces of
pesticides where they previously were not detect-
able. But given the increasing use of neonicoti-
noid pesticides in the different regions of the
world, despite partial bans such as the one im-
plemented in the EU, it is also reasonable to
expect contamination to have increased over
time. Total bans, such as the one soon to be im-
plemented in France, may reverse this trend in
the future.

Although 75% of samples tested positive for
at least one neonicotinoid, concentrations were,
in all cases, below the admissible limits for hu-
man consumption according to current EU and
U.S. regulations (i.e., MRLs). On the basis of our
current knowledge, consumption of honey is
therefore not thought to harm human health.
However, recent evidence for impacts of neo-
nicotinoids on vertebrates (12, 13), including

humans (15, 16, 34), and especially evidence
for up-regulation of nicotinic a4b2 AChRs
receptors in the mammal brain during chronic
exposure and for higher affinity of metabolites
versus the parent neonicotinoid (imidacloprid)
(14), could lead to reevaluating MRLs. Although
the impact of the measured concentrations of
neonicotinoids in honey on vertebrates, includ-
ing humans, is considered negligible, a signif-
icant detrimental effect on bees is likely for a
substantial proportion of the analyzed samples,
as adult bees rely on honey for food, including
during periods of overwintering or seasons
without blossoming flowers. The increasingly
documented sublethal effects of neonicotinoid
pesticides at environmentally relevant concen-
trations on bees and other nontarget organisms
include growth disorders, reduced efficiency of
the immune system, neurological and cognitive
disorders, respiratory and reproductive func-

tion, queen survival, foraging efficiency, and
homing capacity at concentrations as low as
0.10 ng/g (table S8).

One of the challenges of assessing the risks
associated with the use of pesticides is to eval-
uate their impact at field-realistic exposure con-
centrations. A total concentration of 0.10 ng/g,
corresponding to the lowest concentration at
which marked detrimental effects were observed
on nontarget insects (27) (table S8), was exceeded
in 48% of our honey samples (table S1). There-
fore, our results, combined with the growing body
of evidence for detrimental effects on bees and
other nontarget invertebrates, suggest that a
substantial proportion of world pollinators are
probably affected by several neonicotinoids. An-
other challenge is to evaluate the influence of
chronic exposure to some neonicotinoids on
nontarget insects’ sensitivity to other neonico-
tinoids. Recent studies showed an increased
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Fig. 1. Worldwide contamination of honey by neonicotinoids.

(A) Worldwide distribution of honey contamination by neonicotinoids.
White symbols, concentration below quantification levels (<LOQ) for all
tested neonicotinoids; colored symbols, >LOQ for at least one neonicotinoid;
shading indicates the total neonicotinoid concentration (nanograms per
gram). Pie chart insets: Relative proportion of overall concentration of each

Mitchell et al., Science 358, 109-111 (2017)

neonicotinoid by continent

6 October 2017

0.001

(legend in bottom inset). (B) Overall percentage of

samples with quantifiable amounts of O, 1, or a cocktail of 2, 3, 4, or 5
individual neonicotinoids. (C) Proportion of samples with O, 1, 2, 3, 4, and 5
individual neonicotinoids in each continent. (D) Rank-concentration
distribution of total neonicotinoids in all of the 149 samples in which
quantifiable amounts of neonicotinoids were measured.
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sensitivity to neonicotinoids after frequent or
long-term exposure (27, 32).

Defining the thresholds below which neo-
nicotinoids would not even have a sublethal effect
under chronic exposure is much more difficult
than assessing levels corresponding to short-
term acute toxicity. Therefore, the proportion
of samples that may affect bees cannot be
ascertained based on current knowledge, but
this study shows that pollinators are globally
exposed to neonicotinoids, partly at concen-
trations shown to be harmful to bees. The fact
that 45% of our samples showed multiple con-
taminations is worrying and indicates that bee
populations throughout the world are exposed
to a cocktail of neonicotinoids. The effects of ex-
posure to multiple pesticides, which have only
recently started to be explored (35), are suspected
to be stronger than the sum of individual effects
(18). This worldwide description of the situation
should be useful for decision-makers to reconsider
the risks and benefits of using neonicotinoids
and provides scientists an inventory of the most
frequent combinations of neonicotinoids found
in honey (table S9). We urge national agriculture
authorities to make the quantities of neonicoti-
noids and other pesticides used on their terri-
tories publicly available and also professionally
available to epidemiologists at a much higher
geographical resolution to enable correlative
studies between local events and pesticide load.

Mitchell et al., Science 358, 109-111 (2017)
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Nomenclature

To avoid potential confusions between the use of the terms bees, honeybees and
pollinators we refer to bees when honeybees (Apis mellifera mellifera and A. cerana) are
concerned and to pollinators in all other cases.

Materials and Methods

Honey sample collection through citizen science

We obtained a worldwide collection of honey samples through a citizen science
effort led by the botanical garden of Neuchatel between November 2012 and February
2016. Over one hundred colleagues, friends and relatives provided honey from various
regions of the world. We asked people to bring back local honey from a local producer,
ideally with indication of the type of honey and address of the producer. We constructed
a database with all the available data: GPS coordinates, country, province, region,
locality, description of the honey as stated on the label, the name of the beekeeper (only
available for about 7% of the samples), and the name of the donor.

Each sample was given a number and a searchable database code (JBN.Miel.xxxx).
The database can be consulted by sending an email to the Botanical Garden of Neuchatel
(jardin.botanique@unine.ch). In addition, aliquots of honey samples may be requested
from the curator of this collection (BM) within the limit of available stocks.

To protect the business and the reputation of the producers and as advised by the
legal service of the University of Neuchatel, we chose to keep the name of the producers
(when available) confidential. Upon arrival, each honey sample was split in two lots; one
was stored at the Botanical Garden of Neuchatel at room temperature and the other at the
University of Neuchatel at -80°C in total obscurity. Storage conditions prior to their
arrival at Neuchatel are unknown.

Of the >300 samples we received, we selected 198, aiming for 1) a balanced
geographical coverage (Africa: 37, Asia: 41, Europe: 53, North America: 22, South &
Central America & Caribbean: 28, Oceania, Zealandia & Pacific Islands: 17) and 2) the
broadest representation of the planet biomes and geographical characteristics (e.g.
including isolated islands, mountain ranges, urban to natural habitats). We did not
analyze all samples received for two main reasons: 1) for some samples, some essential
information such as the type of honey or precise location was lacking, and 2), samples
from Europe were largely overrepresented. To avoid an overrepresentation of European
honeys in our dataset, many samples were not analyzed.

In addition to being easily accessible it should be noted that honey provides a
conservative measurement of pesticide exposure by honeybees and other pollinators in
comparison to nectar, pollen and beewax. Indeed, in a French study, honey was shown to
have the lowest frequency of pesticide occurrence in comparison to pollen or beeswax
(36) while an Australian and Japanese study showed that neonicotinoids were more
frequent in honey than in pollen and beewax even if pollen samples showed higher
concentrations (37).

Chemicals
Solvents for the preparation of standard solutions and samples were milli-Q water,
HPLC grade acetonitrile (ACN) and methanol (MeOH) from VWR. For UHPLC-MS/MS
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analyses, water, acetonitrile, formic acid (FA) and ammonium formate (NH4FA) of
ULC/MS grade were obtained from Biosolve. All salts used for QUEChERS were
obtained from Sigma. Isolute PSA bulk phase was purchased at Biotage. Thiamethoxam,
clothianidin, imidacloprid, acetamiprid and thiacloprid were all obtained from Sigma.
Isotopically labelled standards (thiamethoxam-D3, clothianidin-D3, imidacloprid-D4,
acetamiprid-D3 and thiacloprid-D4) were obtained from CDN Isotopes.

Sample preparation

Honey samples were prepared using a QUEChERS protocol adapted from Paradis
and colleagues (38). Specifically, 2.5 g of honey was weighed in a 15 ml polypropylene
tube (Sartsed) to which 9 mL of H2O: ACN (50:50, v/v) and 20 pl of a 500 ng/ml internal
standard (IS) methanolic solution containing the 5 labelled neonicotinoids were added.
The honey was dissolved by manual agitation and ultrasonication for 5 min and the
resulting solution was transferred into a 15 ml tube containing the extraction salts (2 g
MgSOs, 0.5 g NaCl, 0.5 g sodium citrate dihydrate and 0.25 g sodium citrate
sesquihydrate). One ml of H,O: ACN (50:50, v/v) was added to the first tube and after a
brief agitation period the remaining solution was also transferred to the extraction salts
tube. The mixture was vigorously shaken by hand for approximately 2 min and
centrifuged at 4000 g for 10 min. The upper phase (4.5-4.8 ml) was collected in a second
15 ml tube containing the purification salts (0.15 g MgSO4 and 0.1 g PSA). After
vigorous shaking for approximately 1 min, the tube was centrifuged (4000 g, 10 min) and
the supernatant (4.0-4.5 ml) recovered into a 13x100 mm glass tube. The solution was
evaporated until dry in a CentriVap centrifugal evaporator (Labconco) thermostated at
40°C and the dried residue that remained was re-suspended in 0.5 ml of MeOH 25%. The
tubes were vortexed, ultrasonicated for 1 min, and filtered through 20 mm PTFE
hydrophilic syringe filters (BGB Analytik) into HPLC vials containing 250 pl conical
inserts. The final concentration of the IS was 20 ng/ml.

UHPLC-MS/MS analysis

The analysis of neonicotinoids was performed on a Dionex Ultimate 3000 RSLC
(Thermo Scientific) coupled to a 4000 QTRAP mass spectrometer (AB Sciex). The
separation of the 5 neonicotinoids was achieved on an Acquity UPLC BEH column
(50x2.1mm i.d., 1.7 um particle size, Waters) using a temperature of 25°C and a flow rate
of 0.4 ml/min. Mobile phase A was H>.0+0.05% FA+5mM NH4FA and mobile phase B
was ACN+0.05% FA. The following gradient program was used: 10-45% B in 8.0 min,
45-100% B in 0.1 min, holding at 100% B for 2 min and returning to initial conditions at
10% B for 5.0 min. The injection volume was 5 ul. The flow was deviated from the mass
spectrometer from 0.0-2.0 min and from 6.5-15.0 min using a 6 port Valco valve (Vici).
MS detection was performed in positive electrospray mode using the following
parameters: capillary voltage +5500 V, desolvation temperature 550 °C, nebulizing gas
flow (GS1) 60 psi, drying gas flow (GS2) 40 psi, curtain gas flow 10 psi. The analysis
was carried out in the multiple reaction monitoring (MRM) mode using optimized
precursor-to-fragment transitions for each compound and their corresponding labelled
forms (Table S2). Under the conditions used, chromatographic peak width was
approximately 10 s, enabling the acquisition of 10-15 data points across the peaks.
Analyst 1.5.1 (AB Sciex) was employed to process the data.




Quantification and validation

Neonicotinoids were quantified by internal calibration using calibration solutions
prepared in MeOH 25% at 0.1, 0.5, 2, 10, 50 and 200 ng/ml, each containing internal
standards at a concentration of 20 ng/ml. Linear or quadratic regressions weighted by 1/x
were applied. A validation assay was performed using blank honey samples (n=6) spiked
with the IS solution as well as a 20 ng/mL neonicotinoid solution using an experimental
protocol based on Thevenet et al. (39). The validation parameters evaluated were
linearity, lowest limits of detection (LLOD) and quantification (LLOQ), intra-day
precision, accuracy, recovery and matrix effects. The assay validation results are
presented in Table S3. Specificity was assessed on blank samples and for all honey
samples individually.

Identification of relevant neonicotinoid concentrations for sub-lethal effects
In Table S8 we compiled data from 47 studies on the impact of neonicotinoids on
honeybees, other bees and pollinators and other non-target terrestrial insects
(6, 8, 27-32, 40-77).
The aim was not to produce a complete list but rather to show a range of studies focusing
on the responses of these organisms to exposure to low neonicotinoid concentrations.

8 46

Caveats

The use of bees as environmental samplers to assess the level of neonicotinoid
contamination of the environment is bound to be limited by a number of caveats, which
we discuss here:

From a beekeeping point of view, collecting honey samples with the aid of citizens
does not allow us to control the following factors which may influence our results: the
bee subspecies name, the precise environment in which bee hives were placed and in
particular the nectar and pollen availability, and the crops grown in the vicinity of the
hives. The exact number of colonies contributing to the honey we obtained and the
strength of the colonies were also unknown, both of which may influence the actual
chemical load of our samples. However, it should be noted that highest concentrations of
pesticides should be found in honey from a single hive from a short period of time if an
extreme amount of pesticide is used in a given place and time. When several hives are
sampled and/or the honey from an extensive period is pooled the impact of such an event
will be diluted. Being able to obtain data on the concentration of neonicotinoids along a
beekeeping season would enable us to evaluate acute and chronic exposure of the bees to
these molecules.

From an agricultural point of view, a crucial piece of information is the pesticide use
in the vicinity of the hives or even in the countries concerned by our study. This
information is lacking. In particular, the percentage contribution of neonicotinoids to the
total pesticide use is simply not available as this information remains confidential, in
most countries (18). While this assessment is based on a growing body of published
evidence, some knowledge gaps remain. These compounds have been subject to
regulatory safety tests in a number of countries. However, several potential risks
associated with the present global scale of use are still poorly understood. For most



countries, there are few or no publicly available data sources on the quantities of systemic
pesticides being applied, nor on the locations where these are being applied. Reliable data
on the amounts used are a necessary condition for realistic assessments of ecological
impacts and risks (18).

From a bee biology point of view, the relative frequency and/or abundance of
neonicotinoid pesticides found in our samples may not correspond to a true
environmental contamination because of behavioral or physiological features of the bees.
For example, imidacloprid was shown to be addictive to bumble bees to the point that
they actively forage more on plant treated with this molecule (78).

From a methodological point of view, we had to work with samples collected
through a citizen science project, for which we have no information on the honey storage
conditions prior to their arrival at our laboratory. In particular, we do not know if our
samples were exposed to sunlight and if yes, for how long. This is important as
neonicotinoids might degrade when exposed to sunlight. However, this alteration might
only diminish the concentration of neonicotinoids in our samples.

Future perspective for risk assessment of neonicotinoids

Table S9 describes the combination of neonicotinoids we found in the environment
with information of the most prevalent combinations. We argue that this information
should serve as a basis to prioritize and to test possible interactions between or among
neonicotinoids, such as cross-sensitization (27, 32), cross-preferences in foraging (78) or
even cross-resistances in pest species (79).



Neonicotinoid concentration

Fig. S1.

Worldwide distribution of honey contaminated by at least one of five tested
neonicotinoids (acetamiprid, clothianidin, imidacloprid, thiacloprid and
thiamethoxam). Black circles: >LOQ for at least one neonicotinoid, white circles: <LOQ
for all tested neonicotinoids.
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Fig. S2

Median and range of total concentrations for the five analysed neonicotinoids
(acetamiprid, clothianidin, imidacloprid, thiacloprid and thiamethoxam) in honey
samples that tested positive for pesticide contamination in each continent.
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Fig. S3

Median and range of concentrations for the five analysed neonicotinoids
(acetamiprid, clothianidin, imidacloprid, thiacloprid and thiamethoxam) in honey
samples globally and in each continent. Plain lines indicate median values. The
position of the minimal values is arbitrary and indicates concentrations <LOQ.
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Fig. S4

Worldwide distribution of acetamiprid concentrations in honey samples.
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Fig. S5
Worldwide distribution of clothianidin concentrations

in honey samples.
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Fig. S6
Worldwide distribution of imidacloprid concentrations in honey samples.
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Fig. S7
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Worldwide distribution of thiacloprid concentrations
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Worldwide distribution of thiamethoxam concentrations in honey samples.

13



References and Notes

1. N. Simon-Delso, V. Amaral-Rogers, L. P. Belzunces, J. M. Bonmatin, M. Chagnon, C.
Downs, L. Furlan, D. W. Gibbons, C. Giorio, V. Girolami, D. Goulson, D. P.
Kreutzweiser, C. H. Krupke, M. Liess, E. Long, M. McField, P. Mineau, E. A. D.
Mitchell, C. A. Morrissey, D. A. Noome, L. Pisa, J. Settele, J. D. Stark, A. Tapparo, H.
Van Dyck, J. Van Praagh, J. P. Van der Sluijs, P. R. Whitehorn, M. Wiemers, Systemic
insecticides (neonicotinoids and fipronil): Trends, uses, mode of action and metabolites.
Environ. Sci. Pollut. Res. 22, 5-34 (2015). d0i:10.1007/s11356-014-3470-y Medline

. F. Sanchez-Bayo, K. Goka, D. Hayasaka, Contamination of the aquatic environment with
neonicotinoids and its implication for ecosystems. Front. Environ. Sci. 4, 71 (2016).
doi:10.3389/fenvs.2016.00071

3.J. M. Bonmatin, C. Giorio, V. Girolami, D. Goulson, D. P. Kreutzweiser, C. Krupke, M. Liess,
E. Long, M. Marzaro, E. A. D. Mitchell, D. A. Noome, N. Simon-Delso, A. Tapparo,
Environmental fate and exposure; neonicotinoids and fipronil. Environ. Sci. Pollut. Res.
22, 35-67 (2015). doi:10.1007/s11356-014-3332-7 Medline

4. F. Sanchez-Bayo, D. Goulson, F. Pennacchio, F. Nazzi, K. Goka, N. Desneux, Are bee
diseases linked to pesticides? — A brief review. Environ. Int. 89-90, 7-11 (2016).
doi:10.1016/j.envint.2016.01.009 Medline

5. G. Di Prisco, V. Cavaliere, D. Annoscia, P. Varricchio, E. Caprio, F. Nazzi, G. Gargiulo, F.
Pennacchio, Neonicotinoid clothianidin adversely affects insect immunity and promotes
replication of a viral pathogen in honey bees. Proc. Natl. Acad. Sci. U.S.A. 110, 18466—
18471 (2013). doi:10.1073/pnas.1314923110 Medline

. M. Henry, M. Béguin, F. Requier, O. Rollin, J.-F. Odoux, P. Aupinel, J. Aptel, S.
Tchamitchian, A. Decourtye, A common pesticide decreases foraging success and
survival in honey bees. Science 336, 348-350 (2012). doi:10.1126/science.1215039
Medline

7. B. A. Woodcock, N. J. B. Isaac, J. M. Bullock, D. B. Roy, D. G. Garthwaite, A. Crowe, R. F.
Pywell, Impacts of neonicotinoid use on long-term population changes in wild bees in
England. Nat. Commun. 7, 12459 (2016). doi:10.1038/ncomms12459 Medline

8. P. R. Whitehorn, S. O’Connor, F. L. Wackers, D. Goulson, Neonicotinoid pesticide reduces
bumble bee colony growth and queen production. Science 336, 351-352 (2012).
doi:10.1126/science.1215025 Medline

9. L. W. Pisa, V. Amaral-Rogers, L. P. Belzunces, J. M. Bonmatin, C. A. Downs, D. Goulson, D.
P. Kreutzweiser, C. Krupke, M. Liess, M. McField, C. A. Morrissey, D. A. Noome, J.
Settele, N. Simon-Delso, J. D. Stark, J. P. Van der Sluijs, H. Van Dyck, M. Wiemers,
Effects of neonicotinoids and fipronil on non-target invertebrates. Environ. Sci. Pollut.
Res. 22, 68-102 (2015). doi:10.1007/s11356-014-3471-x Medline

10. T. C. Van Dijk, M. A. Van Staalduinen, J. P. Van der Sluijs, Macro-invertebrate decline in
surface water polluted with imidacloprid. PLOS ONE 8, 62374 (2013).
doi:10.1371/journal.pone.0062374 Medline

N

()]



http://dx.doi.org/10.1007/s11356-014-3470-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25233913&dopt=Abstract
http://dx.doi.org/10.3389/fenvs.2016.00071
http://dx.doi.org/10.1007/s11356-014-3332-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25096486&dopt=Abstract
http://dx.doi.org/10.1016/j.envint.2016.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26826357&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1314923110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24145453&dopt=Abstract
http://dx.doi.org/10.1126/science.1215039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22461498&dopt=Abstract
http://dx.doi.org/10.1038/ncomms12459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27529661&dopt=Abstract
http://dx.doi.org/10.1126/science.1215025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22461500&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3471-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25223353&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0062374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23650513&dopt=Abstract

11

12

13

14

15

16

17.

18

19

20
21

. C. A. Hallmann, R. P. B. Foppen, C. A. M. van Turnhout, H. de Kroon, E. Jongejans,

Declines in insectivorous birds are associated with high neonicotinoid concentrations.
Nature 511, 341-343 (2014). doi:10.1038/nature13531 Medline

. D. Gibbons, C. Morrissey, P. Mineau, A review of the direct and indirect effects of

neonicotinoids and fipronil on vertebrate wildlife. Environ. Sci. Pollut. Res. 22, 103-118
(2015). doi:10.1007/s11356-014-3180-5 Medline

. N. Hoshi, T. Hirano, T. Omotehara, J. Tokumoto, Y. Umemura, Y. Mantani, T. Tanida, K.

Warita, Y. Tabuchi, T. Yokoyama, H. Kitagawa, Insight into the mechanism of
reproductive dysfunction caused by neonicotinoid pesticides. Biol. Pharm. Bull. 37,
1439-1443 (2014). doi:10.1248/bpb.b14-00359 Medline

. M. Tomizawa, J. E. Casida, Imidacloprid, thiacloprid, and their imine derivatives up-regulate

the 042 nicotinic acetylcholine receptor in M 10 cells. Toxicol. Appl. Pharmacol. 169,
114-120 (2000). doi:10.1006/taap.2000.9057 Medline

. K. H. Harada, K. Tanaka, H. Sakamoto, M. Imanaka, T. Niisoe, T. Hitomi, H. Kobayashi, H.

Okuda, S. Inoue, K. Kusakawa, M. Oshima, K. Watanabe, M. Yasojima, T. Takasuga, A.
Koizumi, Biological monitoring of human exposure to neonicotinoids using urine
samples, and neonicotinoid excretion kinetics. PLOS ONE 11, e0146335 (2016).
doi:10.1371/journal.pone.0146335 Medline

. L. Wang, T. Liu, F. Liu, J. Zhang, Y. Wu, H. Sun, Occurrence and profile characteristics of

the pesticide imidacloprid, preservative parabens, and their metabolites in human urine
from rural and urban China. Environ. Sci. Technol. 49, 14633-14640 (2015).
doi:10.1021/acs.est.5b04037 Medline

M. Chagnon, D. Kreutzweiser, E. A. D. Mitchell, C. A. Morrissey, D. A. Noome, J. P. Van

der Sluijs, Risks of large-scale use of systemic insecticides to ecosystem functioning and
services. Environ. Sci. Pollut. Res. 22, 119-134 (2015). d0i:10.1007/s11356-014-3277-x
Medline

.J. P. van der Sluijs, V. Amaral-Rogers, L. P. Belzunces, M. F. 1. J. Bijleveld van Lexmond,

J.-M. Bonmatin, M. Chagnon, C. A. Downs, L. Furlan, D. W. Gibbons, C. Giorio, V.
Girolami, D. Goulson, D. P. Kreutzweiser, C. Krupke, M. Liess, E. Long, M. McField, P.
Mineau, E. A. D. Mitchell, C. A. Morrissey, D. A. Noome, L. Pisa, J. Settele, N. Simon-
Delso, J. D. Stark, A. Tapparo, H. Van Dyck, J. van Praagh, P. R. Whitehorn, M.
Wiemers, Conclusions of the Worldwide Integrated Assessment on the risks of
neonicotinoids and fipronil to biodiversity and ecosystem functioning. Environ. Sci.
Pollut. Res. 22, 148-154 (2015). doi:10.1007/s11356-014-3229-5 Medline

. L. Furlan, D. Kreutzweiser, Alternatives to neonicotinoid insecticides for pest control: Case

studies in agriculture and forestry. Environ. Sci. Pollut. Res. 22, 135-147 (2015).
d0i:10.1007/s11356-014-3628-7 Medline

. C. D. Michener, The Social Behavior of the Bees (Belknap Press, ed. 1, 1974).
. S. S. Greenleaf, N. M. Williams, R. Winfree, C. Kremen, Bee foraging ranges and their

relationship to body size. Oecologia 153, 589-596 (2007). doi:10.1007/s00442-007-
0752-9 Medline



http://dx.doi.org/10.1038/nature13531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25030173&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3180-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24938819&dopt=Abstract
http://dx.doi.org/10.1248/bpb.b14-00359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25177026&dopt=Abstract
http://dx.doi.org/10.1006/taap.2000.9057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11076703&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0146335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26731104&dopt=Abstract
http://dx.doi.org/10.1021/acs.est.5b04037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26571198&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3277-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25035052&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3229-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25296936&dopt=Abstract
http://dx.doi.org/10.1007/s11356-014-3628-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25273517&dopt=Abstract
http://dx.doi.org/10.1007/s00442-007-0752-9
http://dx.doi.org/10.1007/s00442-007-0752-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17483965&dopt=Abstract

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33

. A. David, C. Botias, A. Abdul-Sada, E. Nicholls, E. L. Rotheray, E. M. Hill, D. Goulson,
Widespread contamination of wildflower and bee-collected pollen with complex mixtures
of neonicotinoids and fungicides commonly applied to crops. Environ. Int. 88, 169-178
(2016). d0i:10.1016/j.envint.2015.12.011 Medline

M. Gbylik-Sikorska, T. Sniegocki, A. Posyniak, Determination of neonicotinoid insecticides
and their metabolites in honey bee and honey by liquid chromatography tandem mass
spectrometry. J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 990, 132-140 (2015).
d0i:10.1016/j.jchromb.2015.03.016 Medline

G. Codling, Y. Al Naggar, J. P. Giesy, A. J. Robertson, Concentrations of neonicotinoid
insecticides in honey, pollen and honey bees (Apis mellifera L.) in central Saskatchewan,
Canada. Chemosphere 144, 2321-2328 (2016). doi:10.1016/j.chemosphere.2015.10.135
Medline

T. Blacquiére, G. Smagghe, C. A. M. van Gestel, V. Mommaerts, Neonicotinoids in bees: A
review on concentrations, side-effects and risk assessment. Ecotoxicology 21, 973-992
(2012). doi:10.1007/s10646-012-0863-x Medline

A. Jones, G. Turnbull, Neonicotinoid concentrations in UK honey from 2013. Pest Manag.
Sci. 72, 1897-1900 (2016). doi:10.1002/ps.4227 Medline

C. Moffat, J. G. Pacheco, S. Sharp, A. J. Samson, K. A. Bollan, J. Huang, S. T. Buckland, C.
N. Connolly, Chronic exposure to neonicotinoids increases neuronal vulnerability to
mitochondrial dysfunction in the bumblebee (Bombus terrestris). FASEB J. 29, 2112
2119 (2015). doi:10.1096/fj.14-267179 Medline

M. J. Palmer, C. Moffat, N. Saranzewa, J. Harvey, G. A. Wright, C. N. Connolly,
Cholinergic pesticides cause mushroom body neuronal inactivation in honeybees. Nat.
Commun. 4, 1634 (2013). doi:10.1038/ncomms2648 Medline

S. M. Williamson, G. A. Wright, Exposure to multiple cholinergic pesticides impairs
olfactory learning and memory in honeybees. J. Exp. Biol. 216, 1799-1807 (2013).
d0i:10.1242/jeb.083931 Medline

R. J. Gill, O. Ramos-Rodriguez, N. E. Raine, Combined pesticide exposure severely affects
individual- and colony-level traits in bees. Nature 491, 105-108 (2012).
doi:10.1038/nature11585 Medline

K. Tan, W. Chen, S. Dong, X. Liu, Y. Wang, J. C. Nieh, Imidacloprid alters foraging and
decreases bee avoidance of predators. PLOS ONE 9, €102725 (2014).
doi:10.1371/journal.pone.0102725 Medline

C. Moffat, S. T. Buckland, A. J. Samson, R. McArthur, V. Chamosa Pino, K. A. Bollan, J.
T.-J. Huang, C. N. Connolly, Neonicotinoids target distinct nicotinic acetylcholine
receptors and neurons, leading to differential risks to bumblebees. Sci. Rep. 6, 24764
(2016). doi:10.1038/srep24764 Medline

. P. Jovanov, V. Guzsvény, M. Franko, S. Lazi¢, M. Sakag, B. Sari¢, V. Banjac, Multi-residue
method for determination of selected neonicotinoid insecticides in honey using optimized
dispersive liquid-liquid microextraction combined with liquid chromatography-tandem
mass spectrometry. Talanta 111, 125-133 (2013). doi:10.1016/j.talanta.2013.02.059
Medline



http://dx.doi.org/10.1016/j.envint.2015.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26760714&dopt=Abstract
http://dx.doi.org/10.1016/j.jchromb.2015.03.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25864015&dopt=Abstract
http://dx.doi.org/10.1016/j.chemosphere.2015.10.135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26606186&dopt=Abstract
http://dx.doi.org/10.1007/s10646-012-0863-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22350105&dopt=Abstract
http://dx.doi.org/10.1002/ps.4227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26750092&dopt=Abstract
http://dx.doi.org/10.1096/fj.14-267179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25634958&dopt=Abstract
http://dx.doi.org/10.1038/ncomms2648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23535655&dopt=Abstract
http://dx.doi.org/10.1242/jeb.083931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23393272&dopt=Abstract
http://dx.doi.org/10.1038/nature11585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23086150&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0102725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25025334&dopt=Abstract
http://dx.doi.org/10.1038/srep24764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27124107&dopt=Abstract
http://dx.doi.org/10.1016/j.talanta.2013.02.059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23622535&dopt=Abstract

34. A. M. Cimino, A. L. Boyles, K. A. Thayer, M. J. Perry, Effects of neonicotinoid pesticide
exposure on human health: A systematic review. Environ. Health Perspect. 125, 155-162
(2017). Medline

35. D. Spurgeon et al., Chronic oral lethal and sub-lethal toxicities of different binary mixtures
of pesticides and contaminants in bees (Apis mellifera, Osmia bicornis and Bombus
terrestris). EFSA Support. Publ. 13, 1076E (2016).

36. M. P. Chauzat, A.-C. Martel, N. Cougoule, P. Porta, J. Lachaize, S. Zeggane, M. Aubert, P.
Carpentier, J.-P. Faucon, An assessment of honeybee colony matrices, Apis mellifera
(Hymenoptera: Apidae) to monitor pesticide presence in continental France. Environ.
Toxicol. Chem. 30, 103-111 (2011). doi:10.1002/etc.361 Medline

37. F. Sanchez-Bayo, K. Goka, Pesticide residues and bees—a risk assessment. PLOS ONE 9,
€94482 (2014). doi:10.1371/journal.pone.0094482 Medline

38. D. Paradis, G. Bérail, J.-M. Bonmatin, L. P. Belzunces, Sensitive analytical methods for 22
relevant insecticides of 3 chemical families in honey by GC-MS/MS and LC-MS/MS.
Anal. Bioanal. Chem. 406, 621-633 (2014). doi:10.1007/s00216-013-7483-z Medline

39. D. Thevenet, V. Pastor, I. Baccelli, A. Balmer, A. Vallat, R. Neier, G. Glauser, B. Mauch-
Mani, The priming molecule B-aminobutyric acid is naturally present in plants and is
induced by stress. New Phytol. 213, 552-559 (2017). Medline

40. C. Alaux, J.-L. Brunet, C. Dussaubat, F. Mondet, S. Tchamitchan, M. Cousin, J. Brillard, A.
Baldy, L. P. Belzunces, Y. Le Conte, Interactions between Nosema microspores and a
neonicotinoid weaken honeybees (Apis mellifera). Environ. Microbiol. 12, 774-782
(2010). d0i:10.1111/j.1462-2920.2009.02123.x Medline

41. J. E. Cresswell, A meta-analysis of experiments testing the effects of a neonicotinoid
insecticide (imidacloprid) on honey bees. Ecotoxicology 20, 149-157 (2011).
d0i:10.1007/s10646-010-0566-0 Medline

42. E.-C. Yang, H.-C. Chang, W.-Y. Wu, Y.-W. Chen, Impaired olfactory associative behavior
of honeybee workers due to contamination of imidacloprid in the larval stage. PLOS ONE
7, 49472 (2012). doi:10.1371/journal.pone.0049472 Medline

43. F. Hatjina, C. Papaefthimiou, L. Charistos, T. Dogaroglu, M. Bouga, C. Emmanouil, G.
Arnold, Sublethal doses of imidacloprid decreased size of hypopharyngeal glands and
respiratory rhythm of honeybees in vivo. Apidologie (Celle) 44, 467-480 (2013).
d0i:10.1007/s13592-013-0199-4

44. S. M. Williamson, S. J. Willis, G. A. Wright, Exposure to neonicotinoids influences the
motor function of adult worker honeybees. Ecotoxicology 23, 1409-1418 (2014).
doi:10.1007/s10646-014-1283-x Medline

45, C. Sandrock, M. Tanadini, L. G. Tanadini, A. Fauser-Misslin, S. G. Potts, P. Neumann,
Impact of chronic neonicotinoid exposure on honeybee colony performance and queen
supersedure. PLOS ONE 9, €103592 (2014). doi:10.1371/journal.pone.0103592 Medline

46. J. Fischer, T. Mdller, A.-K. Spatz, U. Greggers, B. Griinewald, R. Menzel, Neonicotinoids
interfere with specific components of navigation in honeybees. PLOS ONE 9, €91364
(2014). doi:10.1371/journal.pone.0091364 Medline



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27385285&dopt=Abstract
http://dx.doi.org/10.1002/etc.361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20853451&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0094482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24718419&dopt=Abstract
http://dx.doi.org/10.1007/s00216-013-7483-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24253411&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27782340&dopt=Abstract
http://dx.doi.org/10.1111/j.1462-2920.2009.02123.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20050872&dopt=Abstract
http://dx.doi.org/10.1007/s10646-010-0566-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21080222&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0049472
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23166680&dopt=Abstract
http://dx.doi.org/10.1007/s13592-013-0199-4
http://dx.doi.org/10.1007/s10646-014-1283-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25011924&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0103592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25084279&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0091364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24646521&dopt=Abstract

47. G. R. Williams, A. Troxler, G. Retschnig, K. Roth, O. Yaiiez, D. Shutler, P. Neumann, L.
Gauthier, Neonicotinoid pesticides severely affect honey bee queens. Sci. Rep. 5, 14621
(2015). doi:10.1038/srep14621 Medline

48. S. H. Thany, C. M. Bourdin, J. Graton, A. D. Laurent, M. Mathé-Allainmat, J. Lebreton, J.-
Y. Questel, Similar comparative low and high doses of deltamethrin and acetamiprid
differently impair the retrieval of the proboscis extension reflex in the forager honey bee
(Apis mellifera). Insects 6, 805-814 (2015). doi:10.3390/insects6040805 Medline

49. M. Alburaki, S. Boutin, P.-L. Mercier, Y. Loublier, M. Chagnon, N. Derome, Neonicotinoid-
coated Zea mays seeds indirectly affect honeybee performance and pathogen
susceptibility in field trials. PLOS ONE 10, e0125790 (2015).
doi:10.1371/journal.pone.0125790 Medline

50. M. Alburaki, B. Cheaib, L. Quesnel, P.-L. Mercier, M. Chagnon, N. Derome, Performance of
honeybee colonies located in neonicotinoid-treated and untreated cornfields in Quebec. J.
Appl. Entomol. 141, 112-121 (2017). doi:10.1111/jen.12336

51. A. T. Alkassab, W. H. Kirchner, Impacts of chronic sublethal exposure to clothianidin on
winter honeybees. Ecotoxicology 25, 1000-1010 (2016). doi:10.1007/s10646-016-1657-3
Medline

52. V. Christen, F. Mittner, K. Fent, Molecular effects of neonicotinoids in honey bees (Apis
mellifera). Environ. Sci. Technol. 50, 4071-4081 (2016). doi:10.1021/acs.est.6b00678
Medline

53. F. J. Démares, K. L. Crous, C. W. W. Pirk, S. W. Nicolson, H. Human, Sucrose sensitivity of
honey bees is differently affected by dietary protein and a neonicotinoid pesticide. PLOS
ONE 11, e0156584 (2016). doi:10.1371/journal.pone.0156584 Medline

54. A. Brandt, A. Gorenflo, R. Siede, M. Meixner, R. Biichler, The neonicotinoids thiacloprid,
imidacloprid, and clothianidin affect the immunocompetence of honey bees (Apis
mellifera L.). J. Insect Physiol. 86, 40-47 (2016). doi:10.1016/j.jinsphys.2016.01.001
Medline

55. Y. C. Zhu, J. Yao, J. Adamczyk, R. Luttrell, Synergistic toxicity and physiological impact of
imidacloprid alone and binary mixtures with seven representative pesticides on honey bee
(Apis mellifera). PLOS ONE 12, e0176837 (2017). doi:10.1371/journal.pone.0176837
Medline

56. N. Tsvetkov, O. Samson-Robert, K. Sood, H. S. Patel, D. A. Malena, P. H. Gajiwala, P.
Maciukiewicz, V. Fournier, A. Zayed, Chronic exposure to neonicotinoids reduces honey
bee health near corn crops. Science 356, 1395-1397 (2017).
doi:10.1126/science.aam7470 Medline

57. B. A. Woodcock, J. M. Bullock, R. F. Shore, M. S. Heard, M. G. Pereira, J. Redhead, L.
Ridding, H. Dean, D. Sleep, P. Henrys, J. Peyton, S. Hulmes, L. Hulmes, M. Sarospataki,
C. Saure, M. Edwards, E. Genersch, S. Knabe, R. F. Pywell, Country-specific effects of
neonicotinoid pesticides on honey bees and wild bees. Science 356, 1393-1395 (2017).
doi:10.1126/science.aaal190 Medline

58. J. Hernandez-Lopez, S. Krainer, A. Engert, W. Schuehly, U. Riessberger-Gallé, K.
Crailsheim, Sublethal pesticide doses negatively affect survival and the cellular responses



http://dx.doi.org/10.1038/srep14621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26459072&dopt=Abstract
http://dx.doi.org/10.3390/insects6040805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26466901&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0125790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25993642&dopt=Abstract
http://dx.doi.org/10.1111/jen.12336
http://dx.doi.org/10.1007/s10646-016-1657-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27090425&dopt=Abstract
http://dx.doi.org/10.1021/acs.est.6b00678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26990785&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0156584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27272274&dopt=Abstract
http://dx.doi.org/10.1016/j.jinsphys.2016.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26776096&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0176837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28467462&dopt=Abstract
http://dx.doi.org/10.1126/science.aam7470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663503&dopt=Abstract
http://dx.doi.org/10.1126/science.aaa1190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663502&dopt=Abstract

in American foulbrood-infected honeybee larvae. Sci. Rep. 7, 40853 (2017).
doi:10.1038/srep40853 Medline

59. S. Tosi, G. Burgio, J. C. Nieh, A common neonicotinoid pesticide, thiamethoxam, impairs
honey bee flight ability. Sci. Rep. 7, 1201 (2017). doi:10.1038/s41598-017-01361-8
Medline

60. P. M. Abbo, J. K. Kawasaki, M. Hamilton, S. C. Cook, G. DeGrandi-Hoffman, W. F. Li, J.
Liu, Y. P. Chen, Effects of Imidacloprid and Varroa destructor on survival and health of
European honey bees, Apis mellifera. Insect Sci. 24, 467-477 (2017). d0i:10.1111/1744-
7917.12335 Medline

61. S. Tosi, F. J. Démares, S. W. Nicolson, P. Medrzycki, C. W. W. Pirk, H. Human, Effects of a
neonicotinoid pesticide on thermoregulation of African honey bees (Apis mellifera
scutellata). J. Insect Physiol. 93-94, 56-63 (2016). doi:10.1016/]j.jinsphys.2016.08.010
Medline

62. A. Karahan, I. Cakmak, J. M. Hranitz, I. Karaca, H. Wells, Sublethal imidacloprid effects on
honey bee flower choices when foraging. Ecotoxicology 24, 2017-2025 (2015).
d0i:10.1007/s10646-015-1537-2 Medline

63. K. Tan, W. Chen, S. Dong, X. Liu, Y. Wang, J. C. Nieh, A neonicotinoid impairs olfactory
learning in Asian honey bees (Apis cerana) exposed as larvae or as adults. Sci. Rep. 5,
10989 (2015). doi:10.1038/srep10989 Medline

64. H. Li, J. Tan, X. Song, F. Wu, M. Tang, Q. Hua, H. Zheng, F. Hu, Sublethal doses of
neonicotinoid imidacloprid can interact with honey bee chemosensory protein 1 (CSP1)
and inhibit its function. Biochem. Biophys. Res. Commun. 486, 391-397 (2017).
d0i:10.1016/j.bbrc.2017.03.051 Medline

65. J. Scholer, V. Krischik, Chronic exposure of imidacloprid and clothianidin reduce queen
survival, foraging, and nectar storing in colonies of Bombus impatiens. PLOS ONE 9,
€91573 (2014). doi:10.1371/journal.pone.0091573 Medline

66. W. R. Simmons, D. R. Angelini, Chronic exposure to a neonicotinoid increases expression of
antimicrobial peptide genes in the bumblebee Bombus impatiens. Sci. Rep. 7, 44773
(2017). doi:10.1038/srep44773 Medline

67. J.-N. Tasei, J. Lerin, G. Ripault, Sub-lethal effects of imidacloprid on bumblebees, Bombus
terrestris (Hymenoptera: Apidae), during a laboratory feeding test. Pest Manag. Sci. 56,
784788 (2000). doi:10.1002/1526-4998(200009)56:9<784:AID-PS208>3.0.CO;2-T

68. V. Mommaerts, S. Reynders, J. Boulet, L. Besard, G. Sterk, G. Smagghe, Risk assessment
for side-effects of neonicotinoids against bumblebees with and without impairing
foraging behavior. Ecotoxicology 19, 207-215 (2010). doi:10.1007/s10646-009-0406-2
Medline

69. I. Laycock, K. M. Lenthall, A. T. Barratt, J. E. Cresswell, Effects of imidacloprid, a
neonicotinoid pesticide, on reproduction in worker bumble bees (Bombus terrestris).
Ecotoxicology 21, 1937-1945 (2012). doi:10.1007/s10646-012-0927-y Medline



http://dx.doi.org/10.1038/srep40853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28145462&dopt=Abstract
http://dx.doi.org/10.1038/s41598-017-01361-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446783&dopt=Abstract
http://dx.doi.org/10.1111/1744-7917.12335
http://dx.doi.org/10.1111/1744-7917.12335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26990560&dopt=Abstract
http://dx.doi.org/10.1016/j.jinsphys.2016.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27568395&dopt=Abstract
http://dx.doi.org/10.1007/s10646-015-1537-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26415950&dopt=Abstract
http://dx.doi.org/10.1038/srep10989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26086769&dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2017.03.051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28315331&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0091573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24643057&dopt=Abstract
http://dx.doi.org/10.1038/srep44773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28322347&dopt=Abstract
http://dx.doi.org/10.1002/1526-4998(200009)56:9%3c784::AID-PS208%3e3.0.CO;2-T
http://dx.doi.org/10.1007/s10646-009-0406-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19757031&dopt=Abstract
http://dx.doi.org/10.1007/s10646-012-0927-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22614036&dopt=Abstract

70. J. Bryden, R. J. Gill, R. A. A. Mitton, N. E. Raine, V. A. A. Jansen, Chronic sublethal stress
causes bee colony failure. Ecol. Lett. 16, 1463-1469 (2013). doi:10.1111/ele.12188
Medline

71. M. Rundl6f, G. K. S. Andersson, R. Bommarco, I. Fries, V. Hederstrom, L. Herbertsson, O.
Jonsson, B. K. Klatt, T. R. Pedersen, J. Yourstone, H. G. Smith, Seed coating with a
neonicotinoid insecticide negatively affects wild bees. Nature 521, 77-80 (2015).
doi:10.1038/nature14420 Medline

72. A. N. Arce, T. I. David, E. L. Randall, A. Ramos Rodrigues, T. J. Colgan, Y. Wurm, R. J.
Gill, Impact of controlled neonicotinoid exposure on bumblebees in a realistic field
setting. J. Appl. Ecol. 54, 1199-1208 (2016). d0i:10.1111/1365-2664.12792

73. C. Ellis, K. J. Park, P. Whitehorn, A. David, D. Goulson, The neonicotinoid insecticide
thiacloprid impacts upon bumblebee colony development under field conditions. Environ.
Sci. Technol. 51, 1727-1732 (2017). doi:10.1021/acs.est.6b04791 Medline

74.H. V. V. Tomé, G. F. Martins, M. A. P. Lima, L. A. O. Campos, R. N. C. Guedes,
Imidacloprid-induced impairment of mushroom bodies and behavior of the native
stingless bee Melipona quadrifasciata anthidioides. PLOS ONE 7, 38406 (2012).
doi:10.1371/journal.pone.0038406 Medline

75. C. Sandrock, L. G. Tanadini, J. S. Pettis, J. C. Biesmeijer, S. G. Potts, P. Neumann, Sublethal
neonicotinoid insecticide exposure reduces solitary bee reproductive success. Agric. For.
Entomol. 16, 119-128 (2014). doi:10.1111/afe.12041

76. A. H. Easton, D. Goulson, The neonicotinoid insecticide imidacloprid repels pollinating flies
and beetles at field-realistic concentrations. PLOS ONE 8, €54819 (2013).
doi:10.1371/journal.pone.0054819 Medline

77. M. N. Fogel, M. I. Schneider, F. Rimoldi, L. S. Ladux, N. Desneux, A. E. Ronco, Toxicity
assessment of four insecticides with different modes of action on pupae and adults of
Eriopis connexa (Coleoptera: Coccinellidae), a relevant predator of the neotropical
region. Environ. Sci. Pollut. Res. 23, 14918-14926 (2016). d0i:10.1007/s11356-016-
6654-9 Medline

78. S. Kessler, E. J. Tiedeken, K. L. Simcock, S. Derveau, J. Mitchell, S. Softley, A. Radcliffe, J.
C. Stout, G. A. Wright, Bees prefer foods containing neonicotinoid pesticides. Nature
521, 74-76 (2015). doi:10.1038/nature14414 Medline

79. R. Nauen, I. Denholm, Resistance of insect pests to neonicotinoid insecticides: Current status
and future prospects. Arch. Insect Biochem. Physiol. 58, 200-215 (2005).
doi:10.1002/arch.20043 Medline



http://dx.doi.org/10.1111/ele.12188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24112478&dopt=Abstract
http://dx.doi.org/10.1038/nature14420
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25901681&dopt=Abstract
http://dx.doi.org/10.1111/1365-2664.12792
http://dx.doi.org/10.1021/acs.est.6b04791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28079366&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0038406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22675559&dopt=Abstract
http://dx.doi.org/10.1111/afe.12041
http://dx.doi.org/10.1371/journal.pone.0054819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23382980&dopt=Abstract
http://dx.doi.org/10.1007/s11356-016-6654-9
http://dx.doi.org/10.1007/s11356-016-6654-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27074926&dopt=Abstract
http://dx.doi.org/10.1038/nature14414
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25901684&dopt=Abstract
http://dx.doi.org/10.1002/arch.20043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15756698&dopt=Abstract

Table S1. Coordinates of honey samples, measured concentrations of five neonicotinoids [acetamiprid (ACE) clothianidin (CLO) imidacloprid (IMI) thiacloprid (THP) thiamethoxam (THM)] and corresponding percentage of
Maximum Residue Level (MRL) authorised in the EU.

Geographical coordinates

Concentration [ng/g honey]

% of EU MRL (in brackets below: MRL in ng/g)

Catalogue nr. Country Sum of % EU
Precision* ACE CLO IMI THP THM ACE (50) | CLO (10) IMI (50) THP (50) | THM (10) MRL #
JBN.Miel.252 Argentina 33°03S 68°52 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.264 Argentina 26°41S 65°49 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.084 Argentina 43°18 S 65°06 W 1 <LOQ <LOQ 0,075 <LOQ 0,040 0,15% 0,08% 0,23%
JBN.Miel.253 Argentina 33°03S 68°52 W 1 0,016 0,032 0,398 0,200 0,077 0,03% 0,06% 0,80% 0,40% 0,15% 1,45%
JBN.Miel.104 Australia 42°00 S 147°00 E 2 <LOQ <LOQ <LOQ <LOQ 0,045 0,09% 0,09%
JBN.Miel.109 Australia 34°55S 138°38 E 1 <LOQ <LOQ 0,091 <LOQ <LOQ 0,18% 0,18%
JBN.Miel.116 Australia 16°27S  |145°22E 1 <LOQ <L0Q 0,088 <L0Q <LOQ 0,18% 0,18%
JBN.Miel.117 Australia 33°23S  [148°00 E 1 <LOQ <LOQ <LOQ <LOQ <L0Q
JBN.Miel.110 Australia 35°01S  [138°49E 1 <LOQ <L0Q 0,040 <L0Q <LOQ 0,08% 0,08%
JBN.Miel.112 Australia 16°49S  |145°38E 1 <LOQ <L0Q <LOQ 0,190 <LOQ 0,38% 0,38%
JBN.Miel.278 Australia 32°17S  |115°46 E 1 <LOQ <L0Q 0,038 0,010 <LOQ 0,08% 0,02% 0,09%
JBN.Miel.269 Azerbaijan 38°40N |48°44E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.145 Belgium 51°05N |2°58 E 1 2,898 0,134 0,280 15,458 0,266 5,80% 0,27% 0,56% 30,92% 0,53% 38,07%
JBN.Miel.155 Brazil 22°57S  |45°51 W 1 <LOQ <L0Q <LOQ <L0Q <LOQ
JBN.Miel.212 Brazil 29°43S  [52°26 W 1 <LOQ 0,048 1,114 <L0Q 0,282 0,10% 2,23% 0,56% 2,89%
JBN.Miel.309 Brazil 11°01S 52°26 W 1 <LOQ <LOQ 0,045 <LOQ <LOQ 0,09% 0,09%
JBN.Miel.310 Brazil 14°09S  |47°30 W 2 <LOQ <L0Q 0,019 <L0Q 0,024 0,04% 0,05% 0,09%
JBN.Miel.311 Brazil 14°08S  |47°32 W 2 <LOQ <L0Q 0,151 <LOQ 0,057 0,30% 0,11% 0,42%
JBN.Miel.312 Brazil 9°11S 51°05 W 3 <LOQ 0,045 0,572 <LOQ 0,171 0,09% 1,14% 0,34% 1,58%
JBN.Miel.313 Brazil 14°09 S 47°31 W 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.315 Brazil 16°15S 56°38 W 2 <LOQ <LOQ 0,038 <LOQ <LO0Q 0,08% 0,08%
JBN.Miel.205 Bulgaria 42°38 N 25°17E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.129 Bulgaria 42°23 N 26°31E 2 0,128 <LOQ <LOQ 0,259 0,033 0,26% 0,52% 0,07% 0,84%
JBN.Miel.079 Burkina Faso 12°18 N 1°35 W 3 <LOQ 0,099 <LO0Q 0,003 <LO0Q 0,20% 0,01% 0,20%
JBN.Miel.259 Burma 21°10N 99°48 E 1 <LOQ <LOQ 0,021 <LOQ 0,092 0,04% 0,18% 0,23%
JBN.Miel.307 Burma 19°44 N 96°05 E 2 0,084 0,044 0,135 <LOQ <LOQ 0,17% 0,09% 0,27% 0,53%
JBN.Miel.181 Cameroon 5°07 N 12°19E 3 <LOQ <LOQ <LOQ <LOQ 0,598 1,20% 1,20%
JBN.Miel.288 Cameroon 4°30 N 11°57 E 3 <LOQ <LOQ <LOQ <LOQ 0,067 0,13% 0,13%
JBN.Miel.203 Canada 45°39 N 72°54 W 1 <LO0Q 0,069 <LOQ <LOQ 0,125 0,14% 0,25% 0,39%
JBN.Miel.276 Canada 48°37 N 68°14 W 1 <LOQ 0,400 <LOQ <LOQ 0,323 0,80% 0,65% 1,45%
JBN.Miel.100 Canada 45°34 N 72°51 W 1 0,061 0,233 <LOQ 0,060 0,410 0,12% 0,47% 0,12% 0,82% 1,53%
JBN.Miel.213 Canada 45°32 N 71°48 W 1 0,019 0,533 0,023 <LOQ 1,280 0,04% 1,07% 0,05% 2,56% 3,71%
JBN.Miel.343 Canada 49°08 N 122°02 W 1 0,032 0,248 0,035 0,015 0,566 0,06% 0,50% 0,07% 0,03% 1,13% 1,79%
JBN.Miel.344 Canada 49°09 N 122°03 W 1 0,011 0,932 0,043 0,009 0,970 0,02% 1,86% 0,09% 0,02% 1,94% 3,93%
JBN.Miel.345 Canada 49°10N 122°04 W 1 0,009 0,444 <LOQ 0,003 1,262 0,02% 0,89% 0,01% 2,52% 3,44%
JBN.Miel.162 Central African Republic 6°19 N 19°04 E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.228 Chile 41°19 S 72°59 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.103 Chile 40°05 S 73°15W 2 <LOQ <LOQ <LOQ <LOQ 0,271 0,54% 0,54%
* Geographical precision is as follows 1: minute; 2: centre of the region/state; 3: centre of the country
Table S1 (continued)

Geographical coordinates Concentration [ng/g honey] % of EU MRL (in brackets below: MRL in ng/g)
ez . Precision* ACE CLO IMI THP THM ACE (50) | CLO(10) | IMI(50) | THP(50) | THM (10) S"Tﬂ‘:ﬁ EU
JBN.Miel.282 China 24°27 N 118°07 E 2 <LOQ <LOQ 0,022 <LOQ 0,298 0,04% 0,60% 0,64%
JBN.Miel.024 China 39°54 N 116°23 E 1 0,057 <LOQ 0,151 <LOQ <LOQ 0,11% 0,30% 0,42%
JBN.Miel.080 China 34°01 N 112°01E 3 0,089 <LOQ <LOQ 0,094 <LOQ 0,18% 0,19% 0,37%
JBN.Miel.296 Colombia 4°46 N 74°04 W 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.062 Costa Rica 9°57 N 84°05 W 1 <LOQ <LOQ <LOQ <LOQ <L0Q
JBN.Miel.284 Costa Rica 10°16 N 85°39 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.006 Croatia 45°48 N [16°00 E 1 0,015 <L0Q 0,075 0,194 0,030 0,03% 0,15% 0,39% 0,06% 0,63%
JBN.Miel.340 Curagao 12°09 N 68°54 W 1 0,016 <LOQ 0,035 <LOQ <LOQ 0,03% 0,07% 0,10%
JBN.Miel.076 Cyprus 35°03N (32°17E 2 0,056 <L0Q <LOQ 0,087 <LOQ 0,11% 0,17% 0,29%
JBN.Miel.196 Czech Republic 49°53 N [15°20E 3 1,126 0,037 0,055 1,307 0,252 2,25% 0,07% 0,11% 2,61% 0,50% 5,55%
JBN.Miel.197 Czech Republic 49°52 N 15°19E 3 0,864 0,029 0,054 5,874 0,083 1,73% 0,06% 0,11% 11,75% 0,17% 13,81%
JBN.Miel.031 Egypt 27°03 N  [31°19E 3 0,102 <L0Q 0,159 <L0Q <L0Q 0,20% 0,32% 0,52%
JBN.Miel.095 Egypt 27°01 N 31°20E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.220 England 51°27 N 0°17 W 1 <LOQ 0,216 <LOQ <LOQ 0,350 0,43% 0,70% 1,13%
JBN.Miel.101 England 51°48 N 0°45 E 1 0,512 <LOQ 0,168 <LOQ <LOQ 1,02% 0,34% 1,36%
JBN.Miel.149 Eritrea 15°03 N 39°11E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.265 Ethiopia 8°51N 38°24 E 3 <L0Q <L0Q <L0Q <LOQ 0,046 0,09% 0,09%
JBN.Miel.334 Fiji 16°40 S 179°50 E 1 <LOQ <LOQ <LOQ <LOQ <LO0Q
JBN.Miel.167 Finland 63°33 N [23°42E 1 <LOQ <L0Q <LOQ <L0Q <LOQ
JBN.Miel.190 France 20°18S 57°35E 1 <LOQ <LOQ 0,055 <LOQ <LOQ 0,11% 0,11%
JBN.Miel.200 France 49°15N 0°36 W 1 <LOQ <LOQ 0,045 <LOQ <LOQ 0,09% 0,09%
JBN.Miel.233 France 42°28 N 9°24 E 1 0,061 <LOQ 0,038 0,770 <LOQ 0,12% 0,08% 1,54% 1,74%
JBN.Miel.238 France 17°31S 149°27 W 1 <LO0Q <LOQ <LOQ <LOQ 0,038 0,08% 0,08%
JBN.Miel.239 France 15°08S  |147°39 W 1 <LOQ <LOQ <LOQ <LOQ <L0Q
JBN.Miel.240 France 15°09 S 147°39 W 1 <LOQ <LOQ <LOQ <LOQ 0,030 0,06% 0,06%
JBN.Miel.003 France 44°18 N [5°54 E 1 0,031 <L0Q 0,050 0,008 <LOQ 0,06% 0,10% 0,02% 0,18%
JBN.Miel.047 France 44°01 N 5°37E 1 <LOQ <LOQ <LOQ 0,002 <LOQ 0,00% 0,00%
JBN.Miel.049 France 14°40 N 61°00 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.083 France 48°00N  (3°32 W 1 0,445 <L0Q <LOQ 0,022 <LOQ 0,89% 0,04% 0,93%
JBN.Miel.107 France 21°09S  |[55°30E 1 0,054 <L0Q 0,301 <L0Q <LOQ 0,11% 0,60% 0,71%
JBN.Miel.136 France 16°15N |61°350 1 0,010 <L0Q <LOQ <L0Q <LOQ 0,02% 0,02%
JBN.Miel.271 France (New Caledonia) 21°16 S 165°22 E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.341 Georgia 41°48 N  [44°43 E 1 0,013 <LOQ 0,021 0,012 <LOQ 0,03% 0,04% 0,02% 0,09%
JBN.Miel.085 Germany 52°45N 13°27E 1 <LOQ 0,197 <LOQ 0,647 <LOQ 0,39% 1,29% 1,69%
JBN.Miel.120 Germany 49°49 N 10°51 E 1 4,579 0,951 <LOQ 46,767 <LOQ 9,16% 1,90% 93,53% 104,59%
JBN.Miel.289 Ghana 6°45 N 1°300 1 <LOQ <L0Q <LOQ <L0Q 0,027 0,05% 0,05%
JBN.Miel.352 Ghana 5°33N 0°150 2 <LOQ <LOQ 0,029 <LOQ <LOQ 0,06% 0,06%
JBN.Miel.178 Greece 36°09N [27°46E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.236 Greece 39°22 N 22°56 E 1 <LOQ <LOQ 0,029 <LOQ <LOQ 0,06% 0,06%
JBN.Miel.020 Greece 35°12 N 25°00 E 1 <LOQ <LOQ <LOQ <LOQ <LOQ




Geographical coordinates

Concentration [ng/g honey]

% of EU MRL (in brackets below: MRL in ng/g)

Catalogue nr. Country Sum of % EU
Precision* ACE CLO IMI THP THM ACE (50) | CLO(10) | IMI(50) | THP (50) | THM (10) MRL #

* Geographical precision is as follows 1: minute; 2: centre of the region/state; 3: centre of the country

Table S1 (continued)

Geographical coordinates Concentration [ng/g honey] % of EU MRL (in brackets below: MRL in ng/g)
el ey Precision* ACE CLO IMI THP THM ACE (50) | CLO(10) | IMI(50) | THP (50) | THM (10) Sun;ﬂ:fl-‘ﬁ EU
JBN.Miel.089 Hungary 47°01N [19°01E 3 0,688 0,051 <LOQ 3,378 <LOQ 1,38% 0,10% 6,76% 8,23%
JBN.Miel.164 India 18°06 N |73°09E 1 <LOQ <LOQ 0,079 <LOQ <LOQ 0,16% 0,16%
JBN.Miel.165 India 11°25N |76°41E 2 0,109 <LOQ 0,171 <LOQ 0,044 0,22% 0,34% 0,09% 0,65%
JBN.Miel.308 India 28°27 N |77°11E 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.182 Indonesia 1°01 N 114°01E 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.183 Indonesia 1°01 N 114°02 E 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.184 Indonesia 7°20 S 112°38 E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.185 Indonesia 7°36 S 110°50 E 1 <LOQ <LOQ 0,037 <LOQ <LOQ 0,07% 0,07%
JBN.Miel.186 Indonesia 2°50 S 107°55 E 1 <LOQ <LOQ <LOQ <LOQ 0,046 0,09% 0,09%
JBN.Miel.327 Indonesia 8°27S 116°40 E 2 <LOQ <LOQ 0,028 <LOQ <LOQ 0,06% 0,06%
JBN.Miel.187 Iran 36°29 N [52°40E 2 0,057 <LOQ 0,081 <LOQ <LOQ 0,11% 0,16% 0,28%
JBN.Miel.188 Iran 38°15N [48°18 E 1 <LOQ <LOQ 0,089 <LOQ <LOQ 0,18% 0,18%
JBN.Miel.051 Israel 33°01N [35°35E 2 0,443 <LOQ 2,652 0,375 <LOQ 0,89% 5,30% 0,75% 6,94%
JBN.Miel.147 Israel 31°42 N [35°18 E 1 0,011 <LOQ 2,516 0,064 <LOQ 0,02% 5,03% 0,13% 5,18%
JBN.Miel.202 Italy 39°45N [8°54 E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.071 Italy 46°27 N [11°42E 1 <LOQ <LOQ 0,049 <LOQ 0,021 0,10% 0,04% 0,14%
JBN.Miel.055 Italy 44°47 N |7°56 E 1 0,080 <LOQ 1,199 1,677 ND 0,16% 2,40% 3,35% 5,91%
JBN.Miel.132 Italy 37°29 N [14°12E 2 0,043 <LOQ 0,428 <LOQ <LOQ 0,09% 0,86% 0,94%
JBN.Miel.267 Ivory Coast 7°5N 5°30 1 <LOQ <LOQ <LOQ <LOQ 0,097 0,19% 0,19%
JBN.Miel.208 Japan 34°43 N |137°44E 1 0,125 0,018 0,030 <LOQ <LOQ 0,25% 0,04% 0,06% 0,35%
JBN.Miel.025 Japan 33°34N |131°44E 1 21,786 0,617 0,274 <LOQ <LOQ 43,57% 1,23% 0,55% 45,35%
JBN.Miel.210 Japan 34°30N |133°57E 1 11,038 1,829 2,198 0,002 0,195 22,08% 3,66% 4,40% 0,00% 0,39% 30,52%
JBN.Miel.261 Kenya 0°40N 36°00 E 1 <LOQ <LOQ <LOQ <LOQ 0,080 0,16% 0,16%
JBN.Miel.028 Kenya 0°40N 36°00 E 1 <LOQ <LOQ <LOQ 0,003 <LOQ 0,01% 0,01%
JBN.Miel.342 Kenya 3°18S 39°57E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.059 Latvia 56°56 N [24°17E 1 <LOQ 0,421 <LOQ 0,142 0,136 0,84% 0,28% 0,27% 1,40%
JBN.Miel.225 Lebanon 33°41N (35°42E 1 0,231 <LOQ 0,037 <LOQ 0,020 0,46% 0,07% 0,04% 0,58%
JBN.Miel.231 Lebanon 33°26 N [35°49E 1 0,019 <LOQ 0,041 <LOQ <LOQ 0,04% 0,08% 0,12%
JBN.Miel.158 Liechstenstein 47°09 N  [9°33E 1 <LOQ <LOQ <LOQ <LOQ 0,035 0,07% 0,07%
JBN.Miel.153 Lithuania 55°55N  |21°51E 1 <LOQ 0,197 <LOQ 0,019 0,291 0,39% 0,04% 0,58% 1,01%
JBN.Miel.002 Madagascar 22°09S  |48°00E 1 <LOQ <LOQ <LOQ <LOQ 0,033 0,07% 0,07%
JBN.Miel.001 Madagascar 22°10S  |48°01E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.106 Madagascar 13°28 S 48°21E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.088 Malaysia 4°50 N 101°50 E 1 <LOQ <LOQ 0,095 <LOQ <LOQ 0,19% 0,19%
JBN.Miel.124 Mexico 19°04 N |98°450 1 0,021 <LOQ 0,610 <LOQ 0,040 0,04% 1,22% 0,08% 1,34%
JBN.Miel.125 Mexico 18°51 N |96°01 0 2 0,057 <LOQ <LOQ <LOQ <LOQ 0,11% 0,11%
JBN.Miel.354 Mexico 15°40N |96°350 1 <LOQ <LOQ <LOQ <LOQ <L0Q
JBN.Miel.355 Mexico 15°59 N |97°050 1 0,021 <LOQ 0,052 <LOQ <LOQ 0,04% 0,10% 0,15%
JBN.Miel.026 Morocco 34°39N |[6°010 2 0,066 <LOQ 0,104 <LOQ <LOQ 0,13% 0,21% 0,34%
JBN.Miel.105 Morocco 30°34N |[8°360 2 0,048 <LOQ <LOQ <LOQ <LOQ 0,10% 0,10%
* Geographical precision is as follows 1: minute; 2: centre of the region/state; 3: centre of the country
Table S1 (continued)

Geographical coordinates Concentration [ng/g honey] % of EU MRL (in brackets below: MRL in ng/g)
SiElbzIR e Precision* |  ACE CLO IMI THP THM | ACE(50) | CLO(10) | IMI(50) | THP(50) | THM (10) S""I:A:fl_ﬁ EU
JBN.Miel.150 Morocco 33°30N  [4°300 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.163 Mozambique 24°43 S 34°45 E 1 <LOQ <LOQ 0,096 <LOQ <LOQ 0,19% 0,19%
JBN.Miel.093 Mozambique 22°21S 33°34E 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.229 Nepal 27°30N  (84°20E 1 <LOQ <LOQ 0,047 <LOQ 0,026 0,09% 0,05% 0,15%
JBN.Miel.146 Nepal 28°11N |(84°01E 3 0,524 <LOQ 0,635 <LOQ 0,095 1,05% 1,27% 0,19% 2,51%
JBN.Miel.273 New Zealand 35°52S 174°26 E 1 <LOQ <LOQ <LOQ <LOQ 0,344 0,69% 0,69%
JBN.Miel.007 New Zealand 43°58 S 170°20 E 3 0,034 <LOQ 0,063 0,018 0,337 0,07% 0,13% 0,04% 0,67% 0,90%
JBN.Miel.358 New Zealand 43°18 S 171°49E 2 <LOQ <LOQ 0,020 <LOQ <LOQ 0,04% 0,04%
JBN.Miel.359 New Zealand 43°19 S 171°50 E 2 <LOQ <LOQ 0,071 <LOQ <LOQ 0,14% 0,14%
JBN.Miel.218 Nigeria 8°00 N 10°30E 1 <LOQ <LOQ <LOQ <LOQ 0,211 0,42% 0,42%
JBN.Miel.335 Niue 19°04 S 169°52 W 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.039 Norway 60°04 N 11°08 E 1 < LOQ <LOQ 0,074 0,647 < LOQ 0,15% 1,29% 1,44%
JBN.Miel.290 Peru 13°10S 74°14 0 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.291 Peru 9°43 S 77°200 1 <LOQ <LOQ <LOQ <LOQ <L0Q
JBN.Miel.292 Peru 6°26 S 79°52 0 1 2,573 <LOQ 1,618 0,003 0,103 5,15% 3,24% 0,01% 0,21% 8,60%
JBN.Miel.222 Philippines 14°23 N |121°12E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.160 Poland 50°04 N [19°57E 1 1,583 <LOQ 0,050 0,704 0,087 3,17% 0,10% 1,41% 0,17% 4,85%
JBN.Miel.241 Poland 52°42 N [23°51E 1 29,312 0,128 0,153 25,340 1,420 58,62% 0,26% 0,31% 50,68% 2,84% 112,71%
JBN.Miel.042 Portugal 40°14 N [7°020 1 <LOQ <LOQ <LOQ 0,012 <LOQ 0,02% 0,02%
JBN.Miel.142 Portugal 41°35N [7°100 1 <LOQ <LOQ 0,149 <LOQ ND 0,30% 0,30%
JBN.Miel.297 Portugal 32°45N [16°590 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.207 Republic of Guinea 11°18 N 12°16 O 2 <LOQ <LOQ <LOQ <LOQ 0,019 0,04% 0,04%
JBN.Miel.280 Republic of Macedonia 41°37 N [21°42E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.206 Republic of Malawi 11°27S 34°01E 1 <LOQ 0,091 0,328 <LOQ 0,142 0,18% 0,66% 0,28% 1,12%
JBN.Miel.011 Romania 44°54 N [21°45E 1 0,380 <LOQ 0,081 0,066 <LOQ 0,76% 0,16% 0,13% 1,05%
JBN.Miel.061 Romania 44°20N  [26°05E 1 0,442 <LOQ 0,104 0,001 0,030 0,88% 0,21% 0,00% 0,06% 1,15%
JBN.Miel.299 Russia 53°27 N |41°46 E 1 0,087 <LOQ 0,031 <LOQ <LOQ 0,17% 0,06% 0,24%
JBN.Miel.300 Russia 59°28 N 29°37E 1 <LOQ <LOQ <LOQ 0,003 <LOQ 0,01% 0,01%
JBN.Miel.301 Russia 55°24 N |[56°28 E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.302 Russia 43°41N  |40°13 E 1 <LOQ <LOQ 0,108 0,006 0,048 0,22% 0,01% 0,10% 0,32%
JBN.Miel.303 Russia 50°46 N [37°54E 1 <LOQ <LOQ 0,073 <LOQ <LOQ 0,15% 0,15%
JBN.Miel.304 Russia 52°25N (37°34E 1 <LOQ <LOQ 0,075 <LOQ <LOQ 0,15% 0,15%
JBN.Miel.223 Saudi Arabia 28°37N  [36°25E 2 0,405 <LOQ 0,148 <LOQ 0,061 0,81% 0,30% 0,12% 1,23%
JBN.Miel.075 Saudi Arabia 21°23 N (39°14E 2 0,045 <LOQ 0,086 <LOQ <LOQ 0,09% 0,17% 0,26%
JBN.Miel.169 Senegal 15°01N |15°010 3 <LOQ <LOQ <LOQ <LOQ 0,136 0,27% 0,27%
JBN.Miel.170 Senegal 14°30N |14°300 3 <LOQ <LOQ <LOQ <LOQ 0,411 0,82% 0,82%




Geographical coordinates Concentration [ng/g honey] % of EU MRL (in brackets below: MRL in ng/g)

Catalogue nr. Country Sum of % EU

Precision* ACE CLO IMI THP THM ACE (50) | CLO(10) IMI (50) THP (50) | THM (10) MRL #
JBN.Miel.216 Slovakia 48°27 N 18°59 E 1 <LOQ <LOQ <LOQ 0,157 <LOQ 0,31% 0,31%
JBN.Miel.217 Slovakia 48°30N [17°00 E 1 <LOQ 0,106 <LOQ 8,263 0,390 0,21% 16,53% 0,78% 17,52%
JBN.Miel.096 Slovenia 45°59 N 14°37 E 1 <LOQ <LOQ <LOQ 0,010 <LOQ 0,02% 0,02%
JBN.Miel.029 South Africa 25°45 S 28°11E 1 <LOQ <LOQ 2,388 <LOQ <LOQ 4,78% 4,78%
* Geographical precision is as follows 1: minute; 2: centre of the region/state; 3: centre of the country
Table S1 (continued)

Geographical coordinates Concentration [ng/g honey] % of EU MRL (in brackets below: MRL in ng/g)

Catalogue nr. Country Sum of % EU

Precision* ACE CLO IMI THP THM ACE (50) | CLO(10) | IMI(50) | THP(50) | THM (10) VIRL #
JBN.Miel.041 South Africa 34°11S 19°38 E 2 <LOQ <LOQ 2,445 <LOQ <LOQ 4,89% 4,89%
JBN.Miel.152 Spain 27°58 N 15°36 O 1 <LOQ <LOQ 0,529 <LOQ <LOQ 1,06% 1,06%
JBN.Miel.171 Spain 36°46 N |5°360 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.274 Spain 39°34 N 2°59 E 1 0,032 <LOQ 0,142 <LOQ 0,065 0,06% 0,28% 0,13% 0,48%
JBN.Miel.050 Spain 28°06 N 17°08 O 1 <LOQ <LOQ 0,083 <LOQ <LOQ 0,17% 0,17%
JBN.Miel.060 Spain 43°17 N 8°130 1 <LO0Q <LOQ <LOQ <LOQ <LO0Q
JBN.Miel.090 Spain 42°19 N 0°44 E 2 0,025 <LOQ 0,271 <LOQ <LOQ 0,05% 0,54% 0,59%
JBN.Miel.141 Spain 42°19N [3°09E 1 0,255 <LOQ 0,229 0,026 ND 0,51% 0,46% 0,05% 1,02%
JBN.Miel.179 Sri Lanka 7°21 N 79°56 E 2 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.022 Switzerland 46°23 N 8°55 E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.044 Switzerland 46°18 N [9°42E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.336 Switzerland 47°01 N 6°58 E 1 0,008 0,327 <LOQ <LOQ 0,123 0,02% 0,65% 0,25% 0,92%
JBN.Miel.069 Tanzania 5°49 S 34°47 E 3 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.137 Tanzania 5°02S 32°49 E 1 <LOQ <LOQ 0,166 <LOQ <LOQ 0,33% 0,33%
JBN.Miel.248 Thailand 14°44 N |101°17E 3 0,501 <LOQ 0,182 <LOQ 0,117 1,00% 0,36% 0,23% 1,60%
JBN.Miel.285 Thailand 18°54 N 98°57 E 1 0,049 <LOQ 0,383 <LOQ <LOQ 0,10% 0,77% 0,86%
JBN.Miel.018 Tunisia 37°03N [11°02E 1 0,139 <LOQ 0,072 0,500 <LOQ 0,28% 0,14% 1,00% 1,42%
JBN.Miel.194 Turkey 38°29 N 27°11E 2 0,788 <LOQ 0,124 0,660 <LOQ 1,58% 0,25% 1,32% 3,14%
JBN.Miel.078 Turkey 39°29 N 34°05 E 3 0,080 <LOQ <LOQ <LOQ <LOQ 0,16% 0,16%
JBN.Miel.227 Uganda 0°12 N 30°01 E 2 <LOQ <LOQ <LOQ <LOQ 0,047 0,09% 0,09%
JBN.Miel.177 Ukraine 48°11 N 23°18 E 1 <LOQ <LOQ 0,036 0,997 <LOQ 0,07% 1,99% 2,07%
JBN.Miel.221 United States 44°02 N 123°350 1 <LOQ <LOQ 0,210 <LOQ <LOQ 0,42% 0,42%
JBN.Miel.243 United States 45°04 N 88°03 0 1 <LOQ <LOQ <LOQ <LOQ 0,108 0,22% 0,22%
JBN.Miel.287 United States 41°12 N 96°02 0 1 0,034 <LOQ 0,062 <LOQ 0,051 0,07% 0,12% 0,10% 0,29%
JBN.Miel.072 United States 19°34 N |155°300 1 <LOQ <LOQ 0,032 <LOQ <LOQ 0,06% 0,06%
JBN.Miel.017 United States 37°01 N 120°01 0 2 <LOQ <LOQ 0,335 <LOQ <LOQ 0,67% 0,67%
JBN.Miel.098 United States 42°30N  [96°24 0 1 0,002 0,429 0,038 <LOQ 2,080 0,00% 0,86% 0,08% 4,16% 5,10%
JBN.Miel.214 United States 37°04 N 88°07 0 1 <LOQ <LOQ 0,058 <LOQ 0,039 0,12% 0,08% 0,19%
JBN.Miel.215 United States 48°01 N 94°010 2 <LOQ 0,097 0,170 <LOQ 1,415 0,19% 0,34% 2,83% 3,36%
JBN.Miel.337 United States 44°30 N 69°27 0O 1 0,014 0,328 1,189 <LOQ 1,130 0,03% 0,66% 2,38% 2,26% 5,32%
JBN.Miel.338 United States 44°17 N 69°10 O 1 <LOQ <LOQ <LOQ <LOQ <LO0Q
JBN.Miel.346 United States 61°36 N [150°36 0 1 <LOQ <LOQ <L0Q <LOQ <LOQ
JBN.Miel.347 United States 61°18 N 149°300 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.348 United States 29°36 N [81°350 1 <LOQ 0,917 6,325 <LOQ 2,674 1,83% 12,65% 5,35% 19,83%
JBN.Miel.349 United States 28°27 N 81°170 2 <LOQ <LOQ 0,032 <LOQ 0,023 0,06% 0,05% 0,11%
JBN.Miel.350 United States 32°55N [116°520 2 <LOQ <LOQ 0,241 <LOQ 0,023 0,48% 0,05% 0,53%
JBN.Miel.126 Uruguay 31°42S 55°59 0 1 0,009 <LOQ 0,076 0,023 0,091 0,02% 0,15% 0,05% 0,18% 0,40%
JBN.Miel.211 Vietham 20°15N 105°58 E 1 <LOQ <LOQ 0,079 <LOQ 0,111 0,16% 0,22% 0,38%
JBN.Miel.043 Yemen 12°31N 53°55E 1 <LOQ <LOQ <LOQ <LOQ <LOQ
JBN.Miel.074 Yemen 16°02 N 49°00 E 2 0,041 <LOQ <LOQ <LOQ 0,099 0,08% 0,20% 0,28%

* Geographical precision is as follows 1: second; 2: minute; 3: centre of the region/state; 4: centre of the country




Table S2. Compound specific UHPLC-MS/MS parameters for the five neonicotinoids analysed in a
worldwide collection of honey.

RT Transitions DP | CE | CXP | Dwell time Total cycle time
Analytes Period
[min] [m/z] VI | V1| V] [ms] [s]

Acetamiprid (Q) 3 223/126 56 37 8 80 0,68
Acetamiprid (q) 3 400 223/73 51 77 12 80 0,68
Acetamiprid-D3(Q) 3 226/126 56 30 10 80 0,68
Acetamiprid-D3 (q) 3 08 226/73 61 85 12 80 0,68
Clothianidin (Q) 2 250/169 46 20 12 100 0,84
Clothianidin (q) 2 %99 250/132 46 19 10 100 0,84
Clothianidin-D3(Q) 2 253/172 45 20 12 100 0,84
Clothianidin-D3(q) 2 %98 253/132 45 20 10 100 0,84
Imidacloprid (Q) 2 256/209 56 19 16 100 0,84
Imidacloprid (q) 2 59 256/175 51 25 14 100 0,84
Imidacloprid-D4 (Q) 2 260/213 61 20 12 100 0,84
Imidacloprid-D4(q) 2 %9 260/179 55 | 25 | 12 100 0,84
Thiacloprid (Q) 3 253/126 61 29 10 80 0,68
Thiacloprid (q) 3 >8t 253/90 56 55 6 80 0,68
Thiacloprid-D4 (Q) 3 257/126 66 30 8 80 0,68
Thiacloprid-D4 (q) 3 >0z 257/90 66 53 6 80 0,68
Thiamethoxam (Q) 1 292/211 46 17 16 200 0,82
Thiamethoxam (q) 1 248 292/181 46 31 14 200 0,82
Thiamethoxam-D3 (Q) 1 295/214 46 17 16 200 0,82
Thiamethoxam-D3 (q) 1 25t 295/184 46 33 16 200 0,82

RT, retention time, DP, declustering potential, CE, collision energy, CXP, collision cell exit potential, Q, quantifier
transition, g, qualifier transition.




Table S3. Validation parameters for the quantification of neonicotinoids in a

worldwide collection of honey.

Linearity LLOD LLOQ | Precision | Accuracy RE ME

Analytes
[ng/ml] [ng/g] | [ng/g] | [% RSD] (%] [%] | [%]
Acetamiprid 0.03-200 0,003 0,008 3,2 102 70 66
Clothianidin 0.15-200 0,01 0,03 4,4 89 69 73
Imidacloprid 0.15-200 0,01 0,03 7,6 76 71 82
Thiacloprid 0.01-200 0,001 0,002 2,8 100 73 65
Thiamethoxam 0.1-200 0,01 0,02 4,3 117 73 49

RE, recovery, ME, matrix effects.




Table S4. Summary statistics of neonicotinoids measured in a worldwide collection of honey: Total concentration for
acetamiprid, clothianidin, imidacloprid, thiacloprid and thiametoxam and proportion of positive samples.

Total concentration [ng/g]

% of samples with n neonicotinoids > LOQ

Region
Maximum | Median * | Average * | SE * 1 2 3 4 5 >1-5
All regions 56,4 0,19 1,78 0,56 30% | 19% 17% 6% 4% 75%
Africa (n=27/37) 2,4 0,07 0,26 0,11 57% | 11% 5% 0% 0% 73%
Asia (n=33/41) 22,7 0,13 1,27 0,73 | 20% | 29% | 29% 0% 2% 80%
Europe (n=42/53) 56,4 0,24 3,15 1,65 21% | 19% | 26% 6% 8% 79%
N.-America (n=19/22) 9,9 0,30 1,19 0,49 18% | 23% 14% | 23% 9% 86%
S.-America (n=16/28) 4,3 0,04 0,32 0,21 18% | 18% 11% 7% 4% 57%
Oceania (n=12/17) 0,5 0,04 0,09 0,04 | 59% 6% 0% 6% 0% 71%

* of samples >LOQ); # number of positive samples / total number of samples




Table S5. Summary statistics of neonicotinoids measured in a worldwide collection of honey; detalil

per compound.

LOQ Maximum Median Average SE
Analytes > LOQ
[ng.g-1] [ng.g-1] | [ng.g-1] * | [ng.g-1] * [ [ng.g-1] *

Acetamiprid (n=198) 0,008 33% 29,3 0,06 1,27 0,57
Clothianidin (n=198) 0,03 16% 1,8 0,20 0,32 0,07
Imidacloprid (n=198) 0,03 51% 6,3 0,08 0,35 0,08
Thiacloprid (n=198) 0,002 24% 46,8 0,08 2,40 1,14
Thiamethoxam (n=195) 0,02 37% 2,7 0,10 0,29 0,06

* of samples >LOQ




Supplementary Table 6. Summary statistics of neonicotinoids measured in a worldwide collection of honey.

Neonicotinoid

Continent Statistic

Acetamiprid Clothianidin Imidacloprid Thiacloprid Thiamethoxam

% samples > LOQ 13,5% 5,4% 32,4% 8,1% 35,1%

Maximum [ng/g] 0,139 0,099 2,445 0,500 0,598

Africa Median [ng/g]* 0,000 0,000 0,000 0,000 0,000

Average [ng/g]* 0,011 0,005 0,181 0,014 0,052

SE [ng/g]* 0,014 0,015 0,160 0,047 0,034

% samples > LOQ 53,7% 9,8% 68,3% 17,1% 29,3%

Maximum [ng/g] 21,786 1,829 2,652 0,660 0,298

Asia Median [ng/g]* 0,013 0,000 0,041 0,000 0,000

Average [ng/g]* 0,891 0,061 0,254 0,032 0,029

SE [ng/g]* 0,802 0,149 0,121 0,045 0,018

% samples > LOQ 41,5% 22,6% 49,1% 52,8% 32,1%

Maximum [ng/g] 29,312 0,951 1,199 46,767 1,420

Europe Median [ng/g]* 0,000 0,000 0,000 0,002 0,000

Average [ng/g]* 0,823 0,053 0,076 2,127 0,069

SE [ng/g]* 0,866 0,044 0,035 1,423 0,051

% samples > LOQ 36,4% 50,0% 63,6% 18,2% 72, 7%

Maximum [ng/g] 0,061 0,932 6,325 0,060 2,674

North America Median [ng/g]* 0,000 0,035 0,033 0,000 0,117

Average [ng/g]* 0,008 0,210 0,400 0,004 0,567

SE [ng/g]* 0,006 0,088 0,360 0,007 0,193

% samples > LOQ 47,1% 17,6% 76,5% 17,6% 58,8%

Maximum [ng/g] 2,573 0,048 1,618 0,200 0,282

South-America Median [ng/g]* 0,000 0,000 0,000 0,000 0,000

Average [ng/g]* 0,097 0,004 0,172 0,008 0,041

SE [ng/g]* 0,172 0,008 0,106 0,022 0,025

% samples > LOQ 3,6% 0,0% 25,0% 10,7% 17,9%

Maximum [ng/g] 0,034 0,000 0,091 0,190 0,344

Oceania Median [ng/g]* 0,000 0,000 0,000 0,000 0,000

Average [ng/g]* 0,002 0,000 0,024 0,013 0,047

SE [ng/g]* 0,008 0,000 0,013 0,026 0,050

* of samples >LOQ




Table S7. Summary statistics for concentrations of neonicotinoids measured in honey samples in different studies and maximum residue level (MRL) authorised in the EU.

Location of study & reference Statistic Acetamiprid | Clothianidin Imidacloprid Thiacloprid | Thiamethoxam | Dinotefuran | Nitenpyram
MRL (EU) [ng/g] 50 10 50 50 10 10 10
LOD [ng/g] 0,003 0,01 0,01 0,001 0,01
LOQ [ng/g] 0,008 0,03 0,03 0,002 0,02
World collection of honey, N 108 108 108 108 195
from apiaries, local markets
and commercial (this study) mean of >LOQ; max 1.27;29.31 0.32;1.83 0.35; 6.32 2.4;46.77 0.29; 2.67
>L0Q 66 32 100 48 73
% >L0Q 33% 16% 51% 24% 37%
LOD [ng/g] 0,3
LOQ [ng/g] 1
France - 3 yrs study in 5 regions n 239
in continental France (Chauzat
et al. 2009, 2011) Range 0-18
>LOD 52
% >LOD 21,8%
LOD [ng.g] * 0,5 1,0 0,5 0,5 0,7 0,9 0,8
Republic of Serbia - honeY L0Q [ng.g] * 15 25 15 15 15 2,5 18
purchased at local market in
Novi Sad (Jovanov et al. 2013). n 15 15 15 15 15 15 15
>LOD 0 0 0 0 0 0 0
LOQ [ng/g] 0,02 0,10 0,01
n 22 22 22
UK - honey from apiaries Range >0.02-0.82 all <0.1 <0.01-0.79
sampled in spring 2013 (Jones >L0Q 16 0 15
& Turnbull 2016) > MRL EU 0 0 0
% >L0Q 73% 0% 68%
% > MRL EU 0% 0% 0%
Saskatchewan, Canada - 26 LOQ [ng/e] 01 04 0.6 2 2 2
samples from 7 apiaries from n 26 26 26 26 26 26
hives within 30km from >LOQ 0 19 4 1 21 0
Saskatoon (Codling et al. 2016) % >LOQ 0 73.1% 15,4% 3.8% 80.8% 0%
LOD [ng/g] 0.069-0.084
LOQ [ng/g] 0
Belgium, samples collected n 109
during winter 2004-5 in 16 Mean ; range <0.084
hives spread out in Wallonia >LOD 5
(Pirard et al. 2007) >L0Q 0
>MRL EU 0
% >LOD 5%
LOD [ng/g] 0,05
LOQ [ng/g] 0,5
n 48
Belgium, August- October Mean ; range 0.275; >0.05-<0.5
2004, 16 apiaries, 3 hives per
apiary (Nguyen et al. 2009) >LOD 4
>L0Q 0
>MRL EU 0
% >LOD 8%
LOQ [ng/g] 2,33 0,51
n 91 91
North-west Spain, 73 apiaries Mean - range <2.33 <0.51
(Garcia-Chao et al. 2010) , fang i i
>L0Q 0 0
>MRL EU 0 0

* Indicated as mg/kg, but assumed to be pg/kg (= ng/g) as otherwise indicated EU values would be 1000 too high. These values are much higher than other studies and

thus the lack of detection is not very meaningful.



Table S8. Compilation of statistically significant effects of neonicotinoids on honey
(MRFC) or lower concentrations.

Pesticide Tested organism Measured variable
Mortality
Imidacloprid Size of hypopharyngeal
glands (HPGs)

Glucose oxidase activity

Imidacloprid Foraging performance

Thiamethoxam Homing capacity of foraging bees

Olfactory associative behavior of adult

Imidacloprid
P bees when larvae were exposed
Imidacloprid
Mushroom body Kenyon cells (KC)
neuronal firing and nicotinic response

Clothianidin

Apis mellifera

(Hymenoptera:

Apidae) Volume of hypopharyngeal gland's lobe

Bursting pattern of abdominal
Imidacloprid ventilation movements: inter-burst
interval duration

Mean duration of abdominal ventilation
movement

Short/mid-term and early long-term

Imidacloprid
memory
Clothianidin
Alteration of motor function behaviour:
Dinotefuran loss of postural control, increased time
spend on the back, (disruption of the
Imidacloprid righting reflex), increased time spent

grooming




Thiamethoxam

Supplementary Table 8 (continued)

thiamethoxam

Imidacloprid
Clothianidin
Thiacloprid
Clothianidin & Apis mellifera
thiamethoxam (Hymenoptera:
Apidae)

Acetamiprid

Deltamethrin

Acetamiprid

Deltamethrin

Pesticide Tested organism Measured variable
Population size of adult bees
Brood size
Clothianidin &

Queen replacement (supersedure)

Swarming

Home flight capacity (navigation
memory)

Percent of honey bee queens that
oviposited (i.e. laid worker eggs).

Reproduction success (alive and
producing worker offspring)

Ovaries size (hyperplasia)

Spermathecal-stored sperm quantity

Spermathecal-stored sperm quality
(living vs. dead)

Proboscis extension response (PER) of
bees treated 24h before learning
session

Proboscis extension response (PER) of
bees treated 24h during learning
session

Supplementary Table 8 (continued)




Pesticide

Tested organism

Measured variable

Clothianidin &
thiamethoxam

Clothianidin

Clothianidin,
imidacloprid

Thiamethoxam

Imidacloprid

Clothianidin

Clothianidin

Acetamiprid

Thiamethoxam

Clothianidin Long-term (24h) memory
Clothianidin
i i Hemocyte density, encapsulation
Imidacloprid . . .
responses & anti-microbial activity
Thiacloprid

Varroa infestation

Apis mellifera
(Hymenoptera:
Apidae)

Number of dead colonies

Early long-term memory (24h)

Gene expression: vitellogenin

Gene expression: CAMP response
element binding protein (creb).

Gene expression: cAMP-dependent
kinase (pka)

Gene expression: cAMP-dependent
kinase (pka)

Proboscis extension response (PER) at
high sucrose concentration

Supplementary Table 8 (continued)

Pesticide

Tested organism

Measured variable




Imidacloprid

Imidacloprid

Clothianidin

Clothianidin

Clothianidin

Clothianidin Apis mellifera

(Hymenoptera:

Thiamethoxam Apidae)

Clothianidin

Thiamethoxam

Clothianidin

Clothianidin

Mortality Additive toxicity with other
pesticides)

Mortality (synergetic toxicity with other
pesticides)

Hygienic behaviour

Life span

Likeliness to loose queen

Worker numbers during oilseed rape
flowering period at the UK site

Egg cells number during OSR flowering
period at the German site

Number of storage cells during OSR
flowering period at the UK site

Worker number following the winter
period

Total hemocyte counts in larvae

Level of granulocytes and oenocytoids
in larvae

Larval mortality

Total hemocyte hemocyte and
differential hemocyte counts in larvae

Levels of plasmatocytes and
granulocytes in larvae

Supplementary Table 8 (continued)

Pesticide Tested organism

Measured variable

Flight duration




Thiamethoxam

Apis mellifera

Apidae)

Imidacloprid

Flight distance

Mean flight velocity

Mean flight velocity

(Hymenoptera:

Daily mortality

Body mass

Vitellogenin level in adult worker

Apis mellifera
scutellata
(Hymenoptera:
Apidae)

Thiamethoxam

Thermoregulation in response to cold
shock (4°C) or alternating exposure to
33°Cand 22°C

Apis mellifera

Percentage of foragers returning to an
artificial flower patch

i ) anatoliaca
Imidacloprid
(Hymenoptera:
Apidae) Total number of foraging trips per
bee
Number of bees returning to food
source (foraging reduction)
Apis cerana
Imidacloprid (Hymenoptera:
Apidae) Volume of nectar collected per bee

Avoidance of predator (hornet)

Supplementary Table 8 (continued)

Pesticide Tested organism

Measured variable




Olfactory learning acquisition of adult
bees, when exposed as adults, at short
term (0-40 min) and long term (1, 5 &
17h)
Imidacloprid
Apis cerana Olfactory learning acquisition of bees,
(Hymenoptera: | when exposed to pesticide during larval
Apidae) phase, at short term (0-40 min) and
long term (1,5 & 17h)
Binding of chemosensory protein (CSP1
Imidacloprid Inding y_p in )
to floral scent B-ionone
Imidacloprid )
Queen survival
Clothianidin
Imidacloprid i i
p Bombus impatiens Worker movement
Clothianidin (Hymenoptera:
apidae)
. . Time and dose dependant expression of
Imidacloprid . . .
antimicrobial peptid genes
Imidacloprid Colony survival rate
Drone production
) ) Number of drones
Imidacloprid
Nest reproduction
Bombus terrestris Worker mortality
H :
Thiamethoxam ( yme.noptera Drone production
Apidae)
] ) Nest reproduction
Thiacloprid
Worker mortality
Imidacloprid Worker fecundity
Imidacloprid Queen production

Supplementary Table 8 (continued)

Pesticide Tested organism

Measured variable

Brood development (number of larvae
and puppae)




Imidacloprid

Imidacloprid

Clothianidin

Bombus terrestris
(Hymenoptera:

Apidae)

Imidacloprid

Imidacloprid

Imidacloprid

Clothianidin

Imidacloprid

Imidacloprid

Thiamethoxam

Thiamethoxam

Clothianidin

Forager recruitment

Pollen load brought back by forager

Succesfull pollen collection trips

Duration of pollen collecting trips

Number of worker lost while foraging

Colony growth

Reproduction

Colony growth

Wild bee density

Neuronal sensitivity to Acetylcholine

Mitochondrial depolarization in neurons

Stimulation of Kenyon cells of the
mushroom body

Bee immobility

Number of brood cells

Altered sex-ratio (decreased number of
females)

Number of brood cells

Queen production

Supplementary Table 8 (continued)

Pesticide Tested organism

Measured variable

Foraging activity




Clothianidin

Thiacloprid

Bombus terrestris

Number of adult workers, drones and
gynes

Colony failure during experiment

Colony weight

Number of reproductive individuals
produced per colony (nr females + 0.5 *

(Hymenoptera: nr males, both including pupae)
Apidae)
Thiamethoxam Drone production at UK site
Thiamethoxam Drone production at Germany site
Clothianidin,
imidacloprid & Queen production
thiamethoxam
Melipona
quadrifasciata
Imidacloprid anthidioides Survival over ca. 45 days
(Hymenoptera:
Apidae)
Number of nests completed during a
season
Number of brood cells
Osmia bicornis Number of offspring completing larval
Clothianidin &

(Hymenoptera:

thi th
lamethoxam Megachilidae)

development

Number of offspring able to hatch after
hibernation

Total offspring production

Prportion of females offspring

Supplementary Table 8 (continued)

Pesticide Tested organism

Measured variable




Clothianidin

Clothianidin,
imidacloprid &
thiamethoxam

Osmia bicornis
(Hymenoptera:
Megachilidae)

Solitary bee nesting

Wild bee density

number of reproductive cells

Imidacloprid

Diptera: Syrphidae,
Chironomidae,
Tephritidae,
Tachinidae and
Calliphoridae

Number of flying insects captured in
pan traps

Imidacloprid

Coleoptera:
Nitidulidae,
Cantharidae and
Scarabaeidae

Number of flying insects captured in
pan traps

Acetamiprid

Eriopis connexa
(Coleoptera:
Coccinellidae)

Proportion of malformation in adults

Minimal concentration for which a signifiant effect was observed




rbees, wild bees and other non-target pollinators and terrestrial insects at Maximum Recomme

Concentration used

Reported effect - Reference
[ng/gl [ng/ml] [ng/ind.]
Significant increase 0,7
Significant decrease in Alaux et al. 2010
combination with 7

Nosema infection

-6% to -20% 1-10 Cresswell 2011
-10% to -32% 0,067 Henry et al. 2012
Significant decrease 0,04 Yang et al. 2012
Depolarization of KC & 2,56 2,56
inhibition of Palmer et al. 2013
Acetylcholine-evoked
responses 250 250

-15% to -16%

+59% 21&2.7 Hatjina et al. 2013
-57%
Significant decrease 0,256 Williamson & Wright 2013
2,50 2,50 0,344

Variable magnitude
depending on the
response variable and
pesticide

2,02 2,02 0,323
Williamson et al. 2014

2,56 2,56 0,401




2,92

2,92

0,481

Reported effect

Concentration used

[ng/gl

[ng/ml]

[ng/ind.]

Reference

-28%

-13%

+60%

-80%

7,36

Sandrock et al. 2014a

-68%

75

-22%

25

-55%

112,5

Fischer et al. 2014

-38%

-34%

+6.8%

-20%

-9%

5,12

Williams et al. 2015

Significant decrease 6 &
24h after learning

100

Significant decrease 24h
after learning

10

Significant decrease 24h
after learning

10

100

Thany et al. 2015




Concentration used

Reported effect - Reference
[ng/gl [ng/ml] [ng/ind.]
+126%
<LOQ-0.17; : .
<L0Q-0.07 Alburaki et al. 2015; 2017
+86% ; +400%
Significant decrease 15 Alkassab & Kirchner 2016
3
Significant increase
0,1
Significant decrease 3
Significant increase 0,3 Christen et al. 2016
Significant decrease 0,3
Significant decrease 80
Significant decrease 10 Démares et al. 2016
Significant decrease 15 Alkassab & Kirchner 2016
50
Significant decreases 1,0 Brandt et al. 2016
200

Reported effect

Concentration used

[ng/gl

[ng/ml]

[ng/ind.]

Reference




4 to 10% increase 0,274
Zhu et al. 2017

15 to 26% increase 0,274

Significant decrease
-23% cf. remarks Tsvetkov et al. 2017

Significant increase
Significant decrease

Significant increase
Significant decrease cf. remarks Woodcock et al. 2017

Significant decrease

Significant increase

-24%

Significant increase

Significant increase

+18% 32 Hernandez-Lopez et al.
2017
Significant decrease
Significant decrease
Concentration used
Reported effect Reference
[ng/gl [ng/ml] [ng/ind.]
+78% 1,34
-54% 1.95/bee/day




+72%

1,34

-56%

1.95/bee/day

-7%

3.71/bee/day

-6%

2.90/bee/day

Tosi et al. 2017

Significant increase

50

Significant decrease

50

Significant decrease to
ca. 1/265 of control
(7421/28)

25

Abbo et al. 2017

Significant up or down-

. 0.2-2.0 Tosi et al. 2016
regulation
Significant decrease 0.36-7.20
Karahan et al. 2015
Significant decrease 0,36

-23% 34
-46 ; -63% 17,34
ca. -19% (65% vs. 80- 34

85%)

Tan et al. 2014

Reported effect

Concentration used

[ng/g] |[ng/mI]| [ng/ind.]

Reference




Significant reduction in

both short- and long- 0,10

term
Tan et al. 2015
Signifi L
ignificant reduction in 0,24
short-term

Nearly 50% decrease 0,28 Li et al. 2017
-37%
-56%

20 Scholer and Krischik 2014
-20%
-32%
. . Simmons and Angelini
Significant increase 12 5017
-10% 6-10 Tasei et al. 2000
-75% 20
-62%
-100% 10
-92% Mommaerts et al. 2010
-86% 100
-36% 1200
+6% 10
-42% 1 Laycock et al. 2012
-85% 6 Whitehorn et al. 2012
Concentration used
Reported effect Reference
[ng/el [ng/ml] [ng/ind.]

-22%




Significant increase

-7%
10 Gill et al. 2012
Significant decrease
Significant increase
50%
Significant decrease 10 Bryden et al. 2013
e in pollen: | in nectar .
Significant d Rundlof et al. 2015
ignificant decrease <0023 | <L0Q-16 undlof et a
Significant increase 0,25
Moffat et al. 2015
Significant increase 2,1
Significant increase
Significant increase
-46%
2,5 Moffat et al. 2016
Significant decrease
-70%
Significant increase
Concentration used
Reported effect Reference
[ng/g] [ng/ml] [ng/ind.]

Significant decrease




5 Arce et al. 2016
Significant decrease
+124% (14/30 vs. 5/24)
-10% upto771in
Il
pofien anfi Ellis et al. 2017
upto561in
nectar
-46%
Significant decrease
cf. remarks
Significant increase
Woodcock et al. 2017
Significant negative
correlation to peak 0.53 -
neonicotinoid residues ca. 8
found in nests
- ca. 40% 5,6 Tomé et al. 2012
-22%
-44%
-15%
3,32 Sandrock et al. 2014b
-8,5%
-48%
-15%

Reported effect

Concentration used

[ng/g] |[ng/mI]| [ng/ind.]

Reference




L in pollen: in nectar .
Significant d Rundlof et al. 2015
ignificant decrease <L0Q-23 <LOQ-16 undlof et a
Significant negative
lati i .53 -
corre' atl'on ,to me_dmn 0.53 Woodcock et al. 2017
neonicotinoid residues ca.6.5
found in nests
Significant decrease 0,01 Easton and Goulson 2013
Significant decrease 1 Easton and Goulson 2013
+87% 230 Fogel et al. 2016
0,10 0,01
% of | b
% of our samples above 48% 20%

this value




nded Field Concentration

Remarks

Concentration: Not specified in
the paper but information
provided orally by 1st author.

1-10 ug/kg

1.34 ng in 20ml sucrose
solution.

0.04 ng/lava

Mushroom body placed in a
10nM solution; depolirization
due to sustanined activation of
Nicotinic acetylcholine
receptors.

2.1 ng/g in sugar solution, 2.7
ng/g in pollen pastry.

10nM, 100 nM and 1 uM
solutions in 1M surcose
solutions.

10nM solution = field-relevant
doses determined to be
sublethal and willingly
consumed by (non-foraging)
bees kept in petri dishes. Intake
correspbonds to 0.45-




0.54ng/bee.

Remarks

Thiamethoxam 5.31 ng/g +
clothianidin 2.05 ng/g mixed
together.

75 ppb

25 ppb

112.5 ppb




Remarks

Calculated as (average nr
overtime for treated -
untreated) / average nr
overtime for untreated.

Higher in treated fields: 4 vs. 1
in this study and 28% vs. 15%
(+87%) increase over two years.

Enhanced vitellogenin
expression may decrease
foraging activity.

Downregulation of creb and pka
may cause a decrease in long-
term memory.

Remarks




Observational study is a
commercial farming
environment, clothianidin,
thiamethoxam, imidacloprid
and acetamiprid.

Clothianidin: 11.86t0 18.05 g
a.i./ha; thiamethoxam: 10.07-
11.14 g a.i./ha. All treatments
including controls also received
fungicide treatments, and
different fungicides were used
in the three different countries.

Effect of clothianidin alone.

Combined effects of
clothianidin and American
Foulbrood (Paenibacillus
larvae ) infection: immune
depression and increased
mortality.

Remarks

Acute exposure.

Chronic exposure.




Acute exposure.

Chronic exposure.

Chronic exposure.

Chronic exposure.

Viteloggenin participates in
honeybee's immunity, stress
resistance, hormone dynamics
and life span.

Direction of effect differed
between low and high dose and
with exposure to high or low
temperature.

Tested doses 0.36, 0.72, 1.8
ng/ind.

20 and 40 pg/l imidacloprid in
1.25 M sucrose feeder = 17 and
34 ng/ml. No effect observed at

8.5 ng/ml.

Remarks




Inhibition of the molecular
mechanism of chemoreceptive
system.

Remarks




Field study, seed-coated oilseed
rape. Clothianidin in
combination with a pyrethroid
beta-cyfluthrin. Residues of 4
other neonicotinoids were also
detected.

Suggested mechanism: up-
regulation in nAChR expression.

2.1ppb, chronic exposure.

2.5ppb

Remarks




Field experiment : bumblebee
nests placed on raspberry
farms. The concentration range
given is what was measued in
pollen and nectar in the nests.

Clothianidin: 11.86 t0 18.05 g
a.i./ha; thiamethoxam: 10.07-
11.14 g a.i./ha. All treatments
including controls also received
fungicide treatments, and
different fungicides were used
in the three different countries.

2.87 ug/kg of thiamethoxam
and 0.45 pg/kg of clothianidin.

Remarks




Field study, seed-coated oilseed
rape. Clothianidin in
combination with a pyrethroid
beta-cyfluthrin. Residues of 4
other neonicotinoids were also
detected.

11.86 to 18.05 g a.i./ha. All
treatments including controls
also received fungicide
treatments, and different
fungicides were used in the
three different countries.

200 mg/l is the MRFCs
registered in Argentina.




Table S9. Relative proportion of honey samples from a worldwide survey
containing between one and five different neonicotinoids. Percentage of samples
containing A) each neonicotinoid alone (1), or in combination with 1, 2,3, or 4
other neonicotinoids (2-5), B) each neonicotinoid in combination with 0 to 4
others (1+), 1-4 others (2+), ..., 4 others (5), and C) each specific combination of
two neonicotinoids (with or without more).

A Percentage of samples containing 1,2,... or 5 neonicotinoids
1 2 3 4 5
Acetamiprid 2,0% 9,1% 11,6% 6,6% 4,0%
Clothianidin 0,0% 2,5% 7,1% 2,5% 4,0%
Imidacloprid 13,6% 14,6% 10,1% 5,6% 4,0%
Thiacloprid 3,5% 4,0% 10,1% 5,1% 4,0%
Thiamethoxam 10,1% 8,1% 9,6% 6,6% 4,0%
B Percentage of samples containing 1-5, 2-5, ... ,5 neonicotinoids
1+ 2+ 3+ 4+ 5
Acetamiprid 33,3% 31,3% 22,2% 10,6% 4,0%
Clothianidin 16,2% 16,2% 13,6% 6,6% 4,0%
Imidacloprid 48,0% 34,3% 19,7% 9,6% 4,0%
Thiacloprid 26,8% 23,2% 19,2% 9,1% 4,0%
Thiamethoxam 38,4% 28,3% 20,2% 10,6% 4,0%
Percentage of sample containing each combination
C of two neonicotinoids *
CLO iMI THP THM
ACE 9,6% 22,2% 16,2% 16,2%
CLO 9,6% 8,6% 12,6%
IMI 14,1% 22,7%
THP 11,6%

* These values include samples containing also other neonicotinoids,
i.e. corresponds to table B, column 2+; ACE: Acetamiprid, CLO:
Clothianidin, IMI: Imidacloprid, THP: Thiacloprid, THM:
Thiamethoxam





