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Pollen is the primary source of protein for honeybee colonies.
Foragers collect pollen from different plants depending on
the availability of the surrounding environment, which varies
seasonally in wild and urban areas or agricultural landscapes.
In agricultural systems, honeybees can play a particular role
as pollinators, especially where entomophagous pollination
is important, such as in pome fruits. In intensively managed
agricultural systems, honeybees and other pollinators are of-
ten exposed to pesticides. The exposure to pesticides via cor-
bicular pollen load or bee bread has been analysed in several
studies; previously, some studies also included the analysis
of the botanical origin of the chemically analysed corbicular
pollen load samples. In this study, we tried to focus on the
accumulation of pesticide quantities in bee bread portions
in the hives from March to October and simultaneously the
dynamics behind the incoming pesticide residues on the daily
collected corbicular pollen load samples from March to June.
In addition, palynological analyses were performed on some
corbicular pollen loads.

From 2016 to 2020, we collected corbicular pollen loads from
two honeybee colonies from March to June in three different
apiaries in South Tyrol. Every three weeks, starting with cal-
endar week 11 in March, we took bee bread samples from
other colonies in the same apiary, next to those which were
used for corbicular pollen load collection. We performed
chemical residue analyses on 154 corbicular pollen load and
217 bee bread samples. In 84.3% of the corbicular pollen
load samples and in 76.4% of bee bread samples, we found
contamination with pesticide active substances (PAS) used in
plant protection products harmful to bees (according to the
Italian etiquette). On 152 samples of the corbicular pollen
loads, we also performed palynological analyses to deter-
mine the botanical origin of the pollen samples. In the case
of some samples, even if most of them belonged to species
not grown in agricultural fields, the quantity of active sub-
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stances harmful to bees detected on them was higher than
1 mg/kg, as in the case of chlorpyrifos-methyl. On the exam-
ple of chlorpyrifos-methyl and chlorpyrifos-ethyl (the latter
was used only until 2016 and was then mostly replaced by
chlorpyrifos-methyl for the period 2017-2020), it was possi-
ble to show in which amounts these active substances were
present in corbicular pollen loads and bee bread samples of
colonies placed near apple orchards in South Tyrol over a pe-
riod of five years.

honeybees, corbicular pollen loads, bee bread, pesticides
harmful to bees

BlUtenpollen stellt die Hauptproteinquelle von Honigbienen-
volkern dar. Sie sammeln ihn von verschiedenen Pflanzen,
abhangig von der Umgebung (z. B. wild-wachsende oder in
Hausgarten vorzufindende Pflanzen sowie landwirtschaftli-
che Kulturen) und der Jahreszeit. In landwirtschaftlichen Kul-
turen kdnnen Honigbienen eine besondere Rolle einnehmen,
vor allem z. B. bei Kernobst, wo die entomophage Bestdubung
eine wichtige Rolle spielt. In intensiv bewirtschafteten Kultu-
ren sind Bienen und andere Bestduber oft Pflanzenschutzmit-
teln ausgesetzt. Verschiedene Studien haben die Exposition
Gber Pollenh6éschen und Bienenbrot untersucht und einige
hatten dabei zuletzt auch die botanische Zusammensetzung
der Pollenhdschen bestimmt. Wir versuchten im Rahmen die-
ser Studie die sich im Bienenbrot ansammelnden Riickstan-
de von bienengefahrlichen Pflanzenschutzmitteln von Marz
bis Oktober zu bestimmen und gleichzeitig die Dynamik der
eingetragenen Rickstande lber Pollenhdschen von Marz bis
Juni zu erfassen. Einige der Proben von Pollenhéschen wur-
den auch palynologisch bestimmt.
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Im Zeitraum von Marz bis Juni 2016-2020 wurden an drei
verschiedenen Standorten in Sudtirol Pollenhéschen mithilfe
von 2 Bienenvélkern je Standort gesammelt. Zusatzlich wur-
den ab Kalenderwoche 11 im Marz alle drei Wochen Bienen-
brot-Proben von Volkern, welche neben den Pollenhdschen
sammelnden Volkern standen, gezogen. Insgesamt konnten
an 185 Proben von Pollenhdschen und 250 Proben aus Bie-
nenbrot Riickstandsuntersuchungen durchgefiihrt werden.
Dabei wurden in 84,3 % der Pollenhdschen und 76,4 % der
Bienenbrot-Proben Riickstdnde von bienengefahrlichen
Pflanzenschutzmitteln festgestellt.

Honigbienen, Pollenhdschen, Bienenbrot, bienengefahrliche
Pflanzenschutzmittel

The total area of agricultural land in South Tyrol is about
209,232 ha. The most important fruit productions are ap-
ple orchards (18,438.9 ha), vineyards (5,553 ha), stone fruits
(cherries 108 ha and apricots 81 ha), and berries (strawber-
ries 110 ha and raspberries 25 ha) (Autonome Provinz Bozen
— Abteilung Landwirtschaft, 2020). Orcharding has a long
history in this area and it is still important also today. South
Tyrol has developed to become the largest contiguous apple
growing area in Europe and within this process also the man-
agement of these orchards has continuously evolved (Dalla
Via & Mantinger, 2012).

In order to ensure continuously high crop yields, a minimum
of pest management, such as chemical plant protection, is a
general approach in agriculture adopted by farmers to also
ensure adequate quality of the yield (Cooper & Dobson,
2007; IDM Sidtirol — Alto Adige, 2017). At the same time,
different strategies (e.g. integrated pest management) have
been developed to avoid negative impacts on the environ-
ment (IDM Sudtirol — Alto Adige, 2017; Godfray, 2014). A ma-
jor challenge in the use of plant protection products is the
protection of pollinators to ensure the environmental service
of pollination. Pollination is one of the most important ser-
vices provided by wild pollinators and honeybees in agro-eco-
systems (Gallai et al., 2009; Klein et al., 2007; Lautenbach et
al., 2012). In 2019, 3,473 beekeepers with 37,957 honeybee
colonies were registered in South Tyrol (Autonome Provinz
Bozen — Abteilung Landwirtschaft, 2020).

For honeybees, the main routes of pesticide contamination
are direct contamination during spray application (Koch &
WeiRer, 1997), dust abraded from treated seeds during sow-
ing in arable farm land (Pistorius et al., 2009), and contami-
nated water puddles (Samson-Robert et al., 2014; Rolke et
al., 2016). In addition, the exposure through collected pol-
len, nectar, and guttation droplets should also be considered
(Rolke et al., 2016; Girolami et al., 2009; Reetz et al., 2011),
also on wildflowers (Bohme et al., 2018a; Botias et al., 2016;
Bohme et al., 2018b). As a consequence, pesticides can ac-
cumulate in bee matrices in the hive (Bohme et al., 20183;
Johnson et al., 2010; Mullin et al., 2010; Traynor et al., 2016).
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Several studies have shown contamination with pesticides
through a chemical residue analysis of bee bread samples
(Mullin et al., 2010; Orantes-Bermejo et al., 2015; Porrini et
al., 2016; Kruse-PlaR et al., 2020). Bee bread is relatively easi-
ly accessible in the hive, but it is a mixture of many pollen
pellets where the contamination is not expected to be ho-
mogeneous (Bohme et al., 2018b). More detailed informa-
tion can be obtained by analysing pollen pellets (Rolke et al.,
2016; Smodis Skerl et al., 2009; Chauzat et al., 2009; Stoner
& Eitzer, 2013; Bohme et al., 2018b; Favaro et al., 2019). Pol-
len pellets can be collected daily during the active agronomic
season, and it is also possible to identify (at least partially) the
botanical origin of some pollen portions. Some studies have
used this approach to show that some portions of the pollen
pellets collected daily by foragers had different levels of con-
tamination with pesticide active substances (PAS) (Friedle et
al., 2021; Bohme et al., 2018b; Favaro et al., 2019).

With some exceptions, most of the measured PAS residues
were found at sub-lethal concentrations considering LD, val-
ues and maximum pollen consumption rates (Rortais et al.,
2005). Nevertheless, some studies have shown that even
sub-lethal concentrations of pesticides can cause effects such
as impaired behaviour and performance, changes in social in-
teractions, effects on growth, development, or gene expres-
sion of honeybees (Andrione et al., 2016; Tosi et al., 2017;
Alkassab & Kirchner, 2017; Wu et al., 2017).

Considering the important role of honeybees in South Tyro-
lean agriculture, we investigated PAS residues in corbicular
pollen loads and bee bread samples at selected sites to ob-
tain information on the entry of such PAS into beehives. In
some samples of corbicular pollen loads collected in spring,
the botanical composition was also analysed in order to bet-
ter understand from which plants collection occurred when
the contamination was measured. During the active season
for five years, at three different sites, and under common ag-
ricultural practice, corbicular pollen load samples were ana-
lysed from March to June to identify their pesticide contami-
nation and their botanical composition. Simultaneously, we
extracted and chemically analysed bee bread samples from
March to October in order to additionally monitor the accu-
mulation and degradation of pesticides within the hive.

Seven honeybee colonies were placed at three different api-
aries in the villages of Lana, Tirol, and Rabland in the region
Trentino-South Tyrol (northern parts of Italy; exact positions
and exemplary apiary can be found in Table S1 and Figure S1).
Two colonies were used to collect the corbicular pollen load
samples with front porch pollen traps, and the other five colo-
nies were used to extract three samples of bee bread every
three weeks. All apiaries were located near apple orchards,
which are the predominant agricultural form on the valley
floor. In order to monitor a possible influence of plant protec-
tion measures in vineyards, the apiary in Rabland was moved
in mid-July to a location in Kaltern, closer to the vineyards, in
the years 2019 and 2020.
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Corbicular pollen load samples were collected from March
to June. The collected daily samples were placed in a plastic
beaker to be stored at -20 °C before possible further analy-
sis. Starting from calendar week 11 from March to October
2018-2020, every 3 weeks until calendar week 40, samples
of bee bread were collected from the five colonies locat-
ed next to the two colonies used for pollen collection with
the pollen traps. Principally, on each sampling day, a comb
containing bee bread was collected from at least one, but
no more than three, of the five colonies. Samples of bee
bread were then stored in a beaker at -20 °C for further
analysis. Residue analysis was performed by two different
laboratories (Greit and Lufa). The analytical method was
based on the multi-residue sample preparation technique
QUEChERS (Anastassiades et al. 2003) followed by GC-MS
(/MS) and LC-MS/MS analysis. To estimate the risk to honey
bees from the measured PAS contamination in bee matri-
ces, the Pollen Hazard Quotient (PHQ) max was calculated
according to Stoner & Eitzer (2013). The analysis focused on
the highest measured concentrations of the most harmful
PAS (LD50 < 10 pg/bee) found in the samples, as these were
expected to pose the highest risk.

The palynological analysis was performed as in the master
thesis of Jacob Geier (2021).

2023 | DOI: 10.5073/3fK.2023.09-10.01

Of the 371 chemical analyses, 217 were performed on bee
bread and 154 on corbicular pollen loads. Residues of PAS
harmful to bees were found in 84.3% of the corbicular pol-
len load samples and 76.4% of the bee bread samples. The
corbicular pollen load samples contained 17 different PAS
harmful to bees, while the bee bread samples contained
14 (Table 1). Flupyradifuron, spirodiclofen and thiameth-
oxam were found only once in the corbicular pollen load,
while phosmet was detected most frequently (80), followed
by imidacloprid (67) and chlorpyrifos-methyl (56). The
highest absolute concentrations were found for phosmet
(4.2 mg/kg), chlorpyrifos-ethyl (2 mg/kg), and imidaclo-
prid (1.27 mg/kg), while the highest mean concentrations
were found for chlorpyrifos-ethyl (0.49 mg/kg), phosmet
(0.47 mg/kg), and chlorpyrifos-methyl (0.19 mg/kg). In the
bee bread samples, a lower number of PAS harmful to bees
and also lower concentrations were found compared to
the corbicular pollen load samples. Fenoxycarb, flupyradi-
furone, pyrethrins, spirotetramat were not detected in bee
bread, while pyriproxyfen, sulfoxaflor and dimethoate were
found only once. In contrast, residues of spinosad (12 de-
tections) were found only in bee bread samples. The high-
est absolute concentrations were measured for phosmet
(2.2 mg/kg), chlorpyrifos-methyl (0.64 mg/kg) and chlorpy-

Table 1. Mean and maximum concentration of products harmful to bees and number of detections in the analysed corbicular pollen load

(p.l.) and bee bread (b.b.) samples.

abamectin 0.02 005 001 0.02 0.00
chlorantraniliprole 0.05 0.08 0.03 0.02 0.01
chlorpyrifos-ethyl 2,00 0.13 049 0.09 0.45

chlorpyrifos-methyl 120 064 019 0.12 0.24
dimethoate 0.01 0.01 001 0.01 0.00
etofenprox 0.26 0.05 0.06 0.02 0.05

flupyradifurone 0.01 0.01
imidacloprid 1.27 0.07 0.08 0.02 0.17
indoxacarb 0.25 0.02 0.05 0.02 0.06
phosmet 420 2.2 0.47 0.14 0.87
pyrethrins 0.05 0.03 0.03
pyriproxifen 0.10 0.02 0.04 0.02 0.03
spinosad 0.03 0.02
spirodiclofen 0.02 0.03 0.02 0.02
spirotetramat 0.02 0.02 0.00
sulfoxaflor 0.08 0.02 0.05 0.02 0.02
thiacloprid 0.54 035 005 0.09 0.10
thiamethoxam 0.35 0.35

0.01
0.06
0.12

0.01

0.01

0.00
0.28

0.01
0.01

0.10

0.01 4 12
>104.1 7 39
0.25 8,000 520 48 2
0.18 6,667 3,556 56 84
0.10 100 100 4 1
0.366 710 137 29 24
1.20 8 1
0.0037 343,243 18,919 67 20
0.232 1,078 86 12 2
0.37 11,351 5,946 80 127
>100 8 1
0.057 526 12
> 196 1 7
>107.3 10
0.146 548 137 7 1
17.32 31.2 20.2 31 25
0.005 70,000 1

*LD,, values were obtained from the University of Hertfordshire pesticide properties database, the University of Hertfordshire bio pesticide properties database
and the US EPA ecotoxicology database. For substances where the LD, was indicated > as x, no calculation of PHQ max was performed. No LD, oral values were

found for abamectin and phyretrins.
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rifos-ethyl (0.13 mg/kg) — as well as for the highest mean
concentrations (0.14 resp. 0.12, resp. 0.09 mg/kg). The
most frequently detected substances were phosmet (127),
chlorpyrifos-methyl (84), and chlorantrarniliprole (39).

To get a clearer idea of that what these contaminations mean,
the concept of the PHQ is useful. The great advantage of the
PHQ is that the hazard quotient of each PAS can be calculated
and compared to each other. In general, a high PHQ (high risk
to bees) can be the result of a very low LD,  or a high detected
concentration of an active substance.

The highest PHQ was 343,243 in corbicular pollen loads and
18,919 in bee bread. In both cases, this was the result of
contamination with the active substance imidacloprid (LD,:
0.0037 pg/bee), which was the most toxic substance in our
samples, according to the oral LD, , after thiametoxam (LD :
0.005 pg/bee) and spinosad (LD, : 0.057 pg/bee).

To better understand when contamination with PAS occurred
in the studied matrices from 2016 to 2020, only results for
chlorpyrifos-methyl (and for 2016 chlorpyrifos-ethyl) are
shown in the following plots (Figure 1 and Figure 2). Chlorpy-
rifos-ethyl was mainly used in horticulture in South Tyrol only
in 2016 and from 2017 to 2020, chlorpyrifos-ethyl was re-
placed by chlorpyrifos-methyl. The choice of these two PAS
was advantageous because they were expected to be used in
practice (especially in apple orchards) in a more or less con-
stant way during the five years of observation.

In the following, chlorpyrifos is used as a synonym for chlorpy-
rifos-ethyl and chlorpyrifos-methyl.

Most of the corbicular pollen load samples analysed were from
the late April/early May period (see in the row "no. of analysed
samples per cw" in Figure 1). The highest chlorpyrifos contami-
nations in corbicular pollen load samples were observed in the
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Figure 1. Residues of chlorpyrifos in corbicular pollen loads per week from March to June 2016-2020.
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Figure 2. Residues of chlorpyrifos in analysed bee bread samples from 2016 to 2019.



ournal fur Kulturpflanzen, 75 (09-10). S. 225-234

late April/early May period. In particular, in mid-April (roughly
corresponding to the annual apple bloom in the valley floor)
and from mid-May to early June, concentrations were lower
than in the periods from late March to the first half of April
and from late April to mid-May. The highest concentration for
chlorpyrifos was 2.00 mg/kg at the end of April. No residues of
chlorpyrifos were found at the beginning of the observations
in the three samples taken around 10™ of March. In early June,
chlorpyrifos residues were found in 2 out of 5 samples. During
the rest of the spring, the active ingredient was present in more
than 50% of the samples when analyses were performed.

Figure 2 concerns the residues of chlorpyrifos in the bee
bread samples. No residues of chlorpyrifos were found in
most of the bee bread samples from calender week 11 and
12 in March chlorpyrifos (0.02 mg/kg, n=2/27). At the end of
March and the first days of April, chlorpyrifos residues were
detected in 15 out of 15 samples analysed, reaching a maxi-
mum median concentration of 0.26 mg/kg. From late April to

2023 | DOI: 10.5073/3fK.20

mid-June, chlorpyrifos was usually present in more than 50%
of the daily samples analysed.

In the 75 samples from July to October, chlorpyrifos was de-
tected in only four samples (the last one in the first days of
August). The highest concentration measured in July on day
208 (~ July 27) in one of those four samples was 0.048 mg/kg.
No residues were found from the end of August until the last
samples were analysed in early October.

At the same time as the PAS residues in the corbicular pol-
len and bee bread samples were examined, the former were
also analysed palynologically in order to identify the botan-
ical origin of the pollen collected daily. Figure 3 shows the
mean quantities of pollen (if several samples per day (day of
the year) were analysed, otherwise it is the result of a single
analysis), that could be assigned to individual plant species.
The overall composition and abundance of certain species in
the samples, varied throughout the ongoing season. In March
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Fig. 3. Mean quantity of pollen per day (only if > 10%), which could be assigned to individual plant species from the total amount of a
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for example, we observed higher amounts of poplar (Popu-
lus sp.), willow (Salix sp.), acer (Acer negundo) and Prunus
(Prunus sp.). Prunus, willow and acer (Acer sp.) continued to
play an important role in April. Some other new plant species
such as Malus/Pyrus-form (Malus sp. or Pyrus sp.) or T-form
(from Asteraceae) reached maximum amounts of 61.65%
resp. 31.15%. In May, ash (Fraxinus ornus), palm tree (Trachy-
carpus sp.), oak tree (Quercus ilex), locust (Robinia sp.), honey
locust (Gleditsia sp.) and rubus (Rubus-Form) were regular-
ly present in higher amounts, while Cornus sanguinea and
Plantago lanceolata appeard punctually in amounts of more
than one third of the daily collected amount. In June, chest-
nut (Castanea sp.), clover (Trifolium repens-group), Magnolia,
linden tree (Tilia sp.), and privet (Ligustrum/Syringa) served
as major pollen sources. For some other species such as Bux-
us (Buxaceae), Parrotia (Hamamelidaceae), Aesculus (Sapin-
daceae), Veronica (Scrophulariaceae), Vitis sp. (Vitaceae) and
Cornus sanguinea (Comaceae) only punctual detections of
more than 10% were observed.

The aim of this study was to investigate in more detail the
dynamics of the entrance of PAS entry into honeybee colo-
nies, after some results were obtained in a preliminary study
in 2015. During the first two years (2016 and 2017), the focus
was more on the contamination of corbicular pollen loads
with PAS in spring (70 chem. analyses from 2016 to 2017 resp.
84 chem. analyses from 2018 to 2020), whereas from 2018 to
2020, the focus was on the contaminations of bee bread (24
chem. analyses from 2016 to 2017 resp. 193 chem. analyses
from 2018 to 2020) and the palynological composition of the
corbicular pollen loads (49 palyn. analyses from 2016 to 2017
resp. 103 palyn. analyses from 2018 to 2020) to better un-
derstand if it is possible to assign contaminations to a certain
group of plant species.

This study describes for the first time the contamination of
corbicular pollen loads and bee bread samples with PAS in
South Tyrol over a period of five years. It was possible to de-
scribe the changing PAS concentrations (as exemplified by
chlorpyrifos-ethyl and -methyl in this paper) in both matrices.
The continued analysis of bee bread samples in summer and
autumn allowed an estimation of how long and in what con-
centrations PAS remain in the stores (i.e. bee bread) within
the hives.

At the same time, the botanical origin of some of the cor-
bicular pollen loads collected daily in spring was analysed;
the results showed that on most days, two or three woody
plants could account for more than 50% of the daily collected
pollen. Species that are sometimes present in apple orchards
(except Malus/Pyrus-Form at the time of its bloom), such as
T-Form from Asteraceae, Veronica or A/H-Form from Apiace-
ae, contributed only in small amounts to the pollen collected
in one day.

Variety and concentrations of PAS detected in the corbicu-
lar pollen loads were generally higher than those in the bee
bread samples. For example, the maximum concentrations
of chlorpyrifos-methyl in corbicular pollen pellets (2 mg/kg)

was three times higher than the maximum concentration in
bee bread samples (0.64 mg/kg). However, this was expected
considering the results of other studies (Mullin et al., 2010;
Traynor et al., 2016; Orantes-Bermejo et al., 2015; Porrini
et al., 2016; Béhme et al., 2018b; Friedle et al., 2021). This
is probably because bee bread samples are always a combi-
nation of pollen portions collected over several days, if not
weeks. Colonies do not collect pollen in approximately the
same amount over days; often the composition of plant spe-
cies is different the next day, or at least the proportions as-
signed to individual plant species change (Roncoroni et al.,
2019). Therefore, in general, a mixture of a more contami-
nated portion with a less or no contaminated portion is more
likely to occur in bee bread, resulting in dilution. Moreover,
the sampling method used took only a small portion (at least
5 g) from a much larger reservoir of bee bread within a hive
for chemical analysis. These are probably the main reasons
why the corbicular pollen loads were almost 10% more fre-
quently contaminated with PAS harmful to bees than the bee
bread samples (84.3% vs. 76.4%) and why the diversity of PAS
harmful to bees is generally lower in bee bread (17 vs. 15).

Less than half of the PAS found in corbicular pollen loads
(seven substances: chlorpyrifos-ethyl, chlorpyrifos-methyl,
etofenprox, imidacloprid, indoxacarb, phosmet, and thaiclo-
prid) were found in more than 10 samples. They accounted
for most of the contaminations. Substances such as flupyradi-
furone or sulfoxaflor were rarely found because these prod-
ucts were first registered in 2019 and 2020, while phosmet,
imidacloprid, chlorpyrifos-ethyl and —methyl, thiacloprid or
etofenporx were most common, indicating a wider use in ag-
ricultural practice.

A similar situation can be observed for the bee bread samples,
where also only 7 PAS were present in more than 10 samples.
Most of the substances were the same as those found in the
corbicular pollen loads (chlorpyrifos-ethyl, etofenprox, phos-
met and imidacloprid), with the exception of the three prod-
ucts abamectin, chlorantraniliprole and spinosad. They were
more present in samples of bee bread and in the period from
summer to autumn, the time when no analysis of corbicular
pollen loads is available. However, their maximum concentra-
tion reached 0.08 mg/kg (chlorantranliliprole) and exceeded
a PHQ of 500 only in the case of spinosad, with a maximum
PHQ of 526 for one time. They were therefore present only
in very low concentration in comparison to other pesticides
in other moments of the year. The timing of the spinosad
contaminations (9 times in September, 1 time in October and
for 4 times in the first samples analysed in March at the be-
ginning of the season) and the presence of this PAS at sites
with more vineyards, lead to the conclusion that this is the
result of its use in vineyards to protect the grapes against of
Drosophila suzukii attack in autumn.

In the case of bee bread samples, it was possible to ob-
serve how long contaminations of an exemplary PAS, such
as chlorpyrifos, were present until the end of the season.
Figure 2 shows that most of the contaminations are present
from the end of March to mid-June, followed by only two de-
tections in July and two in August at quite low concentrations
(max. 0.048 mg/kg). No residues of chlorpyrifos were found
in the samples from September, October and the first half
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of March (first half of March, in total 20 samples analysed).
This means that, at the end and the beginning of the sea-
son (during the overwintering period), the bee bread sam-
ples were free from contaminations of these PAS harmful to
bees, which were found regularly during the season (highest
contaminations in May). However, this study shows that the
contamination of the corbicular pollen load and bee bread
samples with PAS in spring went hand in hand: when corbicu-
lar pollen load samples showed higher contaminations, more
residues were subsequently found in the bee bread samples.
If this assumption holds true for other months as well (which
seems to be obvious), the lower contaminations of bee bread
samples from July to October (shown for example for chlorpy-
rifos in Figure 1 and Figure 2) means that the risk of PAS con-
taminations of the pollen diet would be higher in spring than
in summer or autumn.

It is remarkable that the analysed mid-April corbicular pol-
len load samples showed less frequent residues and lower
concentrations of chlorpyrifos than the samples before (late
March to early April) and after this period (late April to mid-
May) (Figure 1). The median concentration was 0.017 mg/
kg on April 14 and 0.018 mg/kg on April 15. In contrast, no
chlorpyrifos residues were found in the five samples ana-
lysed on April 13 and in two samples analysed on April 16, and
this period (mid-April) corresponds more or less to the main
flowering period of apples in the years observed. The appli-
cation of products harmful to bees is not allowed during the
flowering period and therefore no residues or very low con-
centrations were found in corbicular pollen loads. The rea-
sons for these very low levels of contamination could be the
whirling up of dust particles on the ground by wind, as foehn
is a very common phenomena in South Tyrol during spring,
also in the Burggrafenamt district (Linhart et al., 2019; Kruse-
PlaR et al., 2020), or drift (Bbhme et al., 2018b; Sartori et al.,
2020; Favaro et al., 2019; Lotscher & Ehrler, 2020; Prechsl
et al., 2022). This would also explain the contamination of
corbicular pollen load samples, even if most of the collect-
ed pollen comes from plants that are not present in apple
orchards (see Figure 3). However, there is certainly also an
overlap of these phenomena, coupled with the fact that small
amounts of plants which are present in agricultural fields
are highly contaminated (Bohme et al., 2018b; Favaro et al.,
2019). For example, we observed contamination of corbicular
pollen loads collected directly from the legs of foraging bees
on Taraxacum officinale in the apple orchards at concentra-
tions of 0.21 mg/kg chlorpyrifos-methyl. A similar report was
made by Bohme et al. (2018b), who stated that some weed
species in cereals were contaminated with high levels of pes-
ticide residues due to direct application in the field (Bohme
et al.,, 2018b). Consequently, the daily collected corbicular
pollen loads show relevant contaminations, although most of
the pollen collection originates from woody plants growing
somewhere outside the agriculturally managed area.

Two or three woody plants dominated most of the palyno-
logically analysed samples of a single day and corresponded
to the currently available flowering plants, e.g. in early spring
Populus sp., Salix sp., Prunus sp. and Acer sp.. This means
that, for many days, the majority of the corbicular pollen
loads collected were from plants outside of intensively man-
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aged agricultural fields, such as apple orchards or vineyards,
where pesticides are regularly used. Some species, such as
the pollen type T-Form of Asteraceae, grow both in and out-
side the agricultural fields, and therefore the place of effec-
tive collection remains unclear (Geier et al., 2023). In addi-
tion, unfortunately, not all pollen grains can be assigned to a
single plant species (e.g. the pollen types Malus/Pyrus-Form,
A/H-Form, T-Form, J-Form, etc.) or were not evaluable — this
makes it even more difficult to understand where certain por-
tions were collected.

However, for plants, such as Ligustrum sp. or Trachycarpus
sp., it can be concluded that part of the pollen collection
takes place in urban areas or gardens. Contamination with
pesticides due to non-professional use — and thus a risk to
honeybees — cannot be excluded.

The highest risk in our observations based on the evaluation
of PHQ came from imidacloprid (maximum PHQ in corbicular
pollen loads: 343,243 and in bee bread samples: 18,919). For
the active ingredient thiacloprid, for example, the maximum
PHQ calculated in corbicular pollen loads and bee bread nev-
er exceeded the value of 50, which Stoner & Elitzer (2013)
considered to be a relevant threshold. Compared to the work
of Favaro et al. (2019) on corbicular pollen loads in the same
region (Trentino-South Tyrol), we calculated a 4-fold higher
maximum PHQ for imidacloprid (343,243 versus 82,051), and
this value is also more than 2-fold higher than their maxi-
mum PHQ of 160,000 due to a contamination with chlorpy-
rifos-ethyl. Focusing on the highest PHQ calculated for bee
bread, our maximum values for imidacloprid achieved an
approximately 4-fold higher maximum PHQ than that meas-
ured by McArt et al. (2017) in apple orchards (18,919 versus
>4,000). In another study by Traynor et al. (2016) on bee
bread near citrus plantations, the maximum PHQ exceeded
2,000. However, there are some critical aspects regarding
PHQ that need to be mentioned. This method does not take
into account the fact that toxicity is not the same at different
developmental stages of a bee (different susceptibility be-
tween larvae and adult bees) or that nursing bees consume
more pollen than foragers (Stoner & Eitzer 2013; Rortais et
al., 2005; Aupinel et al., 2007; Tasei, 2001). Another point to
consider is that the published LD, values on which our cal-
culations are based were obtained from feeding trails with
a sugar solution, whereas the concentrations in the study
were measured in corbicular pollen loads or bee bread sam-
ples (Stoner & Eitzer, 2013). Furthermore, pesticide interac-
tions (e.g. synergism or antagonism) are not considered, too
(Traynor et al., 2016). The combination of different pesticide
substances in one sample has also been shown in some oth-
er studies (Mullin et al., 2010; Traynor et al., 2016; Pettis et
al., 2013; Tosi et al., 2018; Bohme et al., 2018b; Favaro et al.,
2019; Sartori et al., 2020), as well as the possible adverse ef-
fects of sublethal concentrations, such as impairment of be-
haviour, learning, memory, homing performance (Andrione
et al., 2016; Tosi et al., 2017; Teeters et al., 2012; Decourtye
et al., 2005; Fischer et al., 2014; Urlacher et al., 2016; Smagg-
he et al., 2013), growth development (Wu et al., 2011), queen
fecundity (Wu-Smart & Spivak, 2016), and social interactions
(Forfert & Moritz, 2017; Medrzycki et al., 2003).
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On the one hand, it is good news that the PHQ (and conse-
quently the concentrations of active substances) in bee bread
are lower than in corbicular pollen loads; on the other hand,
this is a permanent or at least longer lasting contamination
exposure route parallel to that of corbicular pollen loads, as
shown in this study by the example of chlorpyrifos (-ethyl and
-methyl).

In any case, the superorganism honeybee colony is some-
how able to tolerate and buffer the negative effects of pes-
ticide exposure better than single individuals or wild bees do
(Straub et al., 2015). Considering that wild bees or bumble
bees are an important complement to entomological pollina-
tion, it should therefore be noted that they are even more
at risk because they use few pollen pellets to supply single
larvae that consume pollen directly without a nurse bee in
between (Bohme et al., 2018b).

This study supports the findings of other researchers who
have studied pesticide contamination of corbicular pollen
loads and bee bread. In addition, this study illustrates the
botanical origin of some corbicular pollen loads collected
during the spring and was able to demonstrate that most of
the collected pollen comes from plants outside agricultural
fields. Unfortunately, the botanical origin of the bee bread
samples was not analysed. The analysis of the contamination
of corbicular pollen loads with PAS and their palynological
composition, as done in this work during spring, should be
extended in the future to the summer and autumn. A further
publication will show the amount of corbicular pollen loads
that colonies at our sites are able to collect per day with the
traps used in this study. Further research is needed to clarify
in more detail how much of the contaminations of corbicular
pollen loads or bee bread is due to drift, resuspension and
transport by wind, or direct application on weeds.

The authors declare that they do not have any conflicts of
interest.

The supplementary information for this article can be found
online at https://doi.org/10.5073/JfK.2023.09-10.01.

Alkassab, A.T., W.H. Kirchner, 2017: Sublethal exposure to
neonicotinoids and related side effects on insect pollinators.
Honeybees, bumblebees, and solitary bees. J Plant (1), 1-30,
DOI: 10.1007/s41348-016-0041-0.

Anastassiades, M., S.J. Lehotay, D.Stajnbaher, F.J.5: Fast and
easy multiresidue method employing acetonitrile extraction/
partitioning and "dispersive solid-phase extraction" for the
determination of pesticide residues in produce. Journal of
AOAC International 86 (2), 412—-431, PMID: 12723926.

Andrione, M., G. Vallortigara, R. Antolini, A. Haase, 2016: Ne-
onicotinoid-induced impairment of odour coding in the hon-
eybee. Scientific reports (6), 38110, DOI: 10.1038/srep38110.

Aupinel, P., D. Fortini, B. Michaud, F. Marolleau, J.-N. Tasei,
J.-F. Odoux, 2007: Toxicity of dimethoate and fenoxycarb to
honey bee brood (Apis mellifera), using a new in vitro stand-
ardized feeding method. Pest management science 63 (11),
1090-1094, DOI: 10.1002/ps.1446.

Autonome Provinz Bozen — Abteilung Landwirtschaft, 2020:
Agrar-Forstbericht 2019. URL: Agrar-Forstbericht_2019_
WEB.pdf (provinz.bz.it). Accessed: 01.09.2023.

Bohme, F., G. Bischoff, C.P.W. Zebitz, P. Rosenkranz, K. Wall-
ner, 2018a: From field to food—will pesticide-contaminated
pollen diet lead to a contamination of royal jelly? Apidologie
49 (1), 112-119, DOI: 10.1007/s13592-017-0533-3.

Bohme, F., G. Bischoff, C.P.W. Zebitz, P. Rosenkranz, K. Wall-
ner, 2018b: Pesticide residue survey of pollen loads collected
by honeybees (Apis mellifera) in daily intervals at three agri-
cultural sites in South Germany. PLoS One 13 (7):e0199995,
DOI: 10.1371/journal.pone.0199995.

Botias, C., A. David, E.M. Hill, D. Goulson, 2016: Contami-
nation of wild plants near neonicotinoid seed-treated crops,
and implications for non-target insects. The Science of the
total environment 566-567, 269-278, DOI: 10.1016/j.scito-
tenv.2016.05.065.

Chauzat, M.-P., P. Carpentier, A.-C. Martel, S. Bougeard,
N. Cougoule, P. Porta, 2009: Influence of pesticide resi-
dues on honey bee (Hymenoptera: Apidae) colony health
in France. Environmental entomology 38 (3), 514-523, DOI:
10.1603/022.038.0302.

Cooper, J., H. Dobson, 2007: The benefits of pesticides to
mankind and the environment. Crop Protection 26 (9), 1337—-
1348, DOI: 10.1016/j.cropro.2007.03.022.

Dalla Via, J., H. Mantinger, 2012: Die Landwirtschaftliche
Forschung im Obstbau Sudtirols (3), DOI: 10.1007/s10341-
012-0171-x.

Decourtye, A., J. Devillers, E. Genecque, K. Le Menach, H.
Budzinski, S. Cluzeau, M.H. Pham-Delégue, 2005: Compara-
tive sublethal toxicity of nine pesticides on olfactory learning
performances of the honeybee Apis mellifera. Archives of en-
vironmental contamination and toxicology 48 (2), 242-250,
DOI: 10.1007/s00244-003-0262-7.

Favaro, R., L.M. Bauer, M. Rossi, L. D'Ambrosio, E. Buch-
er, S. Angeli, 2019: Botanical Origin of Pesticide Residues in
Pollen Loads Collected by Honeybees During and After Ap-
ple Bloom. Frontiers in physiology 10, 1069, DOI: 10.3389/
fphys.2019.01069.

Fischer, J., T. Miiller, A.-K. Spatz, U. Greggers, B. Griinewald,
R. Menzel, 2014: Neonicotinoids interfere with specific com-
ponents of navigation in honeybees. PloS One 9 (3), e91364,
DOI: 10.1371/journal.pone.0091364.

Forfert, N., R.F.A. Moritz, 2017: Thiacloprid alters so-
cial interactions among honey bee workers (Apis mellif-


https://doi.org/10.5073/JfK.2023.09-10.xx
https://www.doi.org/10.1007/s41348-016-0041-0
https://pubmed.ncbi.nlm.nih.gov/12723926/
https://www.doi.org/10.1038/srep38110
https://www.doi.org/10.1002/ps.1446
https://www.doi.org/10.1007/s13592-017-0533-3
https://www.doi.org/10.1371/journal.pone.0199995
https://www.doi.org/10.1016/j.scitotenv.2016.05.065
https://www.doi.org/10.1016/j.scitotenv.2016.05.065
https://www.doi.org/10.1603/022.038.0302
https://www.doi.org/10.1016/j.cropro.2007.03.022
https://www.doi.org/10.1007/s10341-012-0171-x
https://www.doi.org/10.1007/s10341-012-0171-x
https://www.doi.org/10.1007/s00244-003-0262-7
https://www.doi.org/10.3389/fphys.2019.01069
https://www.doi.org/10.3389/fphys.2019.01069
https://www.doi.org/10.1371/journal.pone.0091364

N

Journal fur Kulturpflanzen, 75 (09-10). S. 2

era). Journal of Apicultural Research 56 (4), 467-474, DOI:
10.1080/00218839.2017.1332542.

Friedle, C., K. Wallner, P. Rosenkranz, D. Martens, W. Vetter,
2021: Pesticide residues in daily bee pollen samples (April-Ju-
ly) from an intensive agricultural region in Southern Germany.
Environmental science and pollution research international.
28, 22789-22803, DOI: 10.1007/s11356-020-12318-2.

Gallai, N., J.-M. Salles, J. Settele, B.E. Vaissiére, 2009: Eco-
nomic valuation of the vulnerability of world agriculture con-
fronted with pollinator decline. Ecological Economics 68 (3),
810-821, DOI: 10.1016/j.ecolecon.2008.06.014.

Geier, J., 2021: Pollen provenience in honey bee (Apis mel-
lifera subsp. carnica) pollen pellets from the Merano Region
— South Tyrol. Master thesis, Faculty of Biology, Institute of
Botany, Leopold-Franzens-Universitat Innsbruck.

Geier, J., B. Mair, M. Wolf, 2023: Unterwuchsbewirtschaf-
tung im Apfelanbau und potenzielle Nahrungsquellen im Un-
terwuchs fiir Honigbienenvolker. Laimburg Journal, 5, DOI:
10.23796/1J/2023.003.

Girolami, V., L. Mazzon, A. Squartini, N. Mori, M. Marzaro,
A. Di Bernardo, 2009: Translocation of neonicotinoid insecti-
cides from coated seeds to seedling guttation drops: a novel
way of intoxication for bees. Journal of Economic Entomology
102 (5), 1808-1815, DOI: 10.1603/029.102.0511.

Godfray, H.C.J., 2014: The challenge of feeding 9—-10 billion
people equitably and sustainably. Journal of Agricultural Sci-
ence 152 (S1), 2-8, DOI: 10.1017/50021859613000774.

IDM Siidtirol — Alto Adige (Ed.), 2017: Broschiire Apfel-
land Sidtirol. URL: https://www.suedtirolerapfel.com/media/
4cdb4d2e-dd3e-4ebb-bd40-7f09d4317818/broschuere-
apfelland-suedtirol.pdf, checked on 11/11/2020. Accessed:
01.09.2023.

Johnson, R.M., M.D. Ellis, C.A. Mullin, M. Frazier, 2010: Pes-
ticides and honey bee toxicity — USA. Apidologie 41 (3), 312—
331, DOI: 10.1051/apido/2010018.

Klein, A.-M., B.E. Vaissiére, J.H. Cane, |. Steffan-Dewenter,
S.A. Cunningham, C. Kremen, T. Tscharntke, 2007: Impor-
tance of pollinators in changing landscapes for world crops.
Proceedings Biological sciences 274 (1608), 303—-313. DOI:
10.1098/rspb.2006.3721.

Koch, H., P. WeiBer, 1997: Exposure of honey bees during
pesticide application under field conditions. Apidologie 28
(6), 439-447. DOI: 10.1051/apido:19970610.

Kruse-PlaB, M., U. Schlechtriemen, W. Wosniok, F. Hof-
mann, 2020: Pestizid-Belastung der Luft. Eine deutschland-
weite Studie zur Ermittlung der Belastung der Luft mit Hilfe
von technischen Sammlern, Bienenbrot, Filtern aus Be- und
Entliftungsanlagen und Luftglte-Rindenmonitoring hinsicht-
lich des Vorkommens von Pestizid-Wirkstoffen, insbesonde-
re Glyphosat. URL: https://enkeltauglich.bio/wp-content/
uploads/Studie_final_niedrig-3.pdf. Accessed: 01.09.2023.

Lautenbach, S., R. Seppelt, J. Liebscher, C.F. Dormann, 2012:
Spatial and temporal trends of global pollination benefit. PloS
One 7 (4), e35954. DOI: 10.1371/journal.pone.0035954.

2023 DOI: 10.5073/3fk

Linhart, C., G.H. Niedrist, M. Nagler, R. Nagrani, V. Temml,
T. Bardelli, 2019: Pesticide contamination and associated risk
factors at public playgrounds near intensively managed ap-
ple and wine orchards. Environmental Science Europe 31 (1),
120, DOI: 10.1186/512302-019-0206-0.

Lotscher, H., A. Ehrler, 2020: Vom Winde verweht — Messung
von Pflanzenschutzmitteln in der Luft im Munstertal (2019).
URL: https://www.gr.ch/DE/institutionen/verwaltung/ekud/
anu/ANU_Dokumente/20200923_Messungen_Pflanzen-
schutzmittel_Muenstertal_2019.pdf. Accessed: 01.09.2023.

McArt, S.H., A.A. Fersch, N.J. Milano, L.L. Truitt, K. Boroczky,
2017: High pesticide risk to honey bees despite low focal crop
pollen collection during pollination of a mass blooming crop.
Scientific reports 7, 46554, DOI: 10.1038/srep46554.

Medrzycki, P., R. Montanari, L. Bortolotti, A.G. Sabatini,
S. Maini, C. Porrini, 2003: Effects of imidacloprid adminis-
tered in sub-lethal doses on honey bee behaviour. Labora-
tory tests. Bulletin of Insectology 56 (1), 59-62. URL: http://
www.bulletinofinsectology.org/pdfarticles/vol56-2003-059-
062medrzycki.pdf. Accessed: 01.09.2023.

Mullin, C.A., M. Frazier, J.L. Frazier, S. Ashcraft, R. Simonds,
D. Vanengelsdorp, J.S. Pettis, 2010: High levels of miticides
and agrochemicals in North American apiaries: implications
for honey bee health. PloS One 5 (3), €9754, DOI: 10.1371/
journal.pone.0009754.

Orantes-Bermejo, F.J., A.G. Pajuelo, M.M. Megias, C.T.
Fernandez-Piiar, 2015: Pesticide residues in beeswax and
beebread samples collected from honey bee colonies (Apis
mellifera L.) in Spain. Possible implications for bee loss-
es. Journal of Apicultural Research 49 (3), 243-250, DOI:
10.3896/I1BRA.1.49.3.03.

Pettis, J.S., E.M. Lichtenberg, M. Andree, J. Stitzinger, R.
Rose, D. Vanengelsdorp, 2013: Crop pollination exposes hon-
ey bees to pesticides which alters their susceptibility to the
gut pathogen Nosema ceranae. PloS One 8 (7), €70182, DOI:
10.1371/journal.pone.0070182.

Pistorius, J., G. Bischoff, U. Heimbach, M. Stdhler, 2009:
Bee poisoning incidents in Germany in spring 2008 caused
by abrasion of active substance from treated seeds during
sowing of maize. In: Hazards of pesticides to bees: 10th Int.
Symp. of the ICP-BR Bee Protection Group, Bucharest (Ro-
mania), 08.10.2008, Julius-Kiihn-Archiv 423, 118-126, DOI:
10.5073/20141104-085421.

Porrini, C., F. Mutinelli, L. Bortolotti, A. Granato, L. Lauren-
son, K. Roberts, 2016: The Status of Honey Bee Health in Italy:
Results from the Nationwide Bee Monitoring Network. PloS
One 11 (5), e0155411, DOI: 10.1371/journal.pone.0155411.

Prechsl, U., M. Bonadio, L. Weger, M. Oberhuber, 2022:
Long-term monitoring of pesticide residues on public sites:
A regional approach to survey and reduce spray drift.
Frontiers in Environmental Science 10, DOI: 10.3389/fen-
vs.2022.1062333.

Reetz, J.E., S. Ziihlke, M. Spiteller, K. Wallner, 2011: Neon-
icotinoid insecticides translocated in guttated droplets of


https://www.doi.org/10.1080/00218839.2017.1332542
https://www.doi.org/10.1007/s11356-020-12318-2
https://www.doi.org/10.1016/j.ecolecon.2008.06.014
https://www.doi.org/10.23796/LJ/2023.003
https://www.doi.org/10.1603/029.102.0511
https://www.doi.org/10.1017/S0021859613000774
https://www.suedtirolerapfel.com/media/4cdb4d2e-dd3e-4ebb-bd40-7f09d4317818/broschuere-apfelland-suedtirol.pdf
https://www.suedtirolerapfel.com/media/4cdb4d2e-dd3e-4ebb-bd40-7f09d4317818/broschuere-apfelland-suedtirol.pdf
https://www.suedtirolerapfel.com/media/4cdb4d2e-dd3e-4ebb-bd40-7f09d4317818/broschuere-apfelland-suedtirol.pdf
https://www.doi.org/10.1051/apido/2010018
https://www.doi.org/10.1098/rspb.2006.3721
https://www.doi.org/10.1051/apido:19970610
https://enkeltauglich.bio/wp-content/uploads/Studie_final_niedrig-3.pdf
https://enkeltauglich.bio/wp-content/uploads/Studie_final_niedrig-3.pdf
https://www.doi.org/10.1371/journal.pone.0035954
https://www.doi.org/10.1186/s12302-019-0206-0
https://www.gr.ch/DE/institutionen/verwaltung/ekud/anu/ANU_Dokumente/20200923_Messungen_Pflanzenschutzmittel_Muenstertal_2019.pdf
https://www.gr.ch/DE/institutionen/verwaltung/ekud/anu/ANU_Dokumente/20200923_Messungen_Pflanzenschutzmittel_Muenstertal_2019.pdf
https://www.gr.ch/DE/institutionen/verwaltung/ekud/anu/ANU_Dokumente/20200923_Messungen_Pflanzenschutzmittel_Muenstertal_2019.pdf
https://www.doi.org/10.1038/srep46554
http://www.bulletinofinsectology.org/pdfarticles/vol56-2003-059-062medrzycki.pdf
http://www.bulletinofinsectology.org/pdfarticles/vol56-2003-059-062medrzycki.pdf
http://www.bulletinofinsectology.org/pdfarticles/vol56-2003-059-062medrzycki.pdf
https://www.doi.org/10.1371/journal.pone.0009754
https://www.doi.org/10.1371/journal.pone.0009754
https://www.doi.org/10.3896/IBRA.1.49.3.03
https://www.doi.org/10.1371/journal.pone.0070182
https://www.doi.org/10.5073/20141104-085421
https://www.doi.org/10.1371/journal.pone.0155411
https://www.doi.org/10.3389/fenvs.2022.1062333
https://www.doi.org/10.3389/fenvs.2022.1062333

Journal fur Kulturpflanzen, 75 (09-10). S. 225-23

seed-treated maize and wheat. A threat to honeybees? In
Apidologie 42 (5), 596-606, DOI: 10.1007/s13592-011-0049-1.

Rolke, D., M. Persigehl, B. Peters, G. Sterk, W. Blenau, 2016:
Large-scale monitoring of effects of clothianidin-dressed oil-
seed rape seeds on pollinating insects in northern Germany:
residues of clothianidin in pollen, nectar and honey. Ecotoxi-
cology 25 (9), 1691-1701, DOI: 10.1007/s10646-016-1723-x.

Roncoroni, F., V. Kilchenmann, K. Bieri, M. Conedera, C. Kast,
2019: Welche Pollenarten sammeln unsere Bienen im Tessin?
Schweizerische Bienen-Zeitung 12, 16-19.

Rortais, A., G. Arnold, M.-P. Halm, F. Touffet-Briens, 2005:
Modes of honeybees exposure to systemic insecticides. Esti-
mated amounts of contaminated pollen and nectar consumed
by different categories of bees. Apidologie 36 (1), 71-83, DOI:
10.1051/apido:2004071.

Samson-Robert, O., G. Labrie, M. Chagnon, V. Fournier,
2014: Neonicotinoid-contaminated puddles of water repre-
sent a risk of intoxication for honey bees. PloS One 9 (12),
108443, DOI: 10.1371/journal.pone.0108443.

Sartori, V., B. Mair, M. Wolf, R. Favaro, S. Angeli, 2020: De-
termining agrochemical contaminations through pollen loads
collected by single plant species. Bacherlor thesis. Free Uni-
versity of Bozen — Bolzano, Faculty of natural Science and Tec-
nology.

Smagghe, G., J. Deknopper, I. Meeus, V. Mommaerts, 2013:
Dietary chlorantraniliprole suppresses reproduction in work-
er bumblebees. Pest management science 69 (7), 787-791,
DOI: 10.1002/ps.3504.

Smodis Skerl, M.1., S. Velikonja Bolta, H. Basa Cesnik, A. Gre-
gorc, 2009: Residues of Pesticides in honeybee (Apis mellifera
carnica) bee bread and in pollen loads from treated apple or-
chards. Bulletin of environmental contamination and toxicol-
ogy 83 (3), 374-377, DOI: 10.1007/s00128-009-9762-0.

Stoner, K.A., B.D. Eitzer, 2013: Using a hazard quotient to
evaluate pesticide residues detected in pollen trapped from
honey bees (Apis mellifera) in Connecticut. PloS One 8 (10),
e77550, DOI: 10.1371/journal.pone.0077550.

Straub, L., G.R. Williams, J. Pettis, |I. Fries, P. Neumann,
2015: Superorganism resilience. Eusociality and susceptibil-
ity of ecosystem service providing insects to stressors. Cur-

rent Opinion in Insect Science 12, 109-112, DOI: 10.1016/j.
€0is.2015.10.010.

Tasei, J.-N., 2001: Effects of insect growth regulators on hon-
ey bees and non- Apis bees. A review. Apidologie 32 (6), 527—
545, DOI: 10.1051/apido:2001102.

Teeters, B.S., R.M. Johnson, M.D. Ellis, B.D. Siegfried, 2012:
Using video-tracking to assess sublethal effects of pesticides
on honey bees (Apis mellifera L.). Environmental toxicology
and chemistry 31 (6), 1349-1354, DOI: 10.1002/etc.1830.

Tosi, S., G. Burgio, J.C. Nieh, 2017: A common neonicotinoid
pesticide, thiamethoxam, impairs honey bee flight ability. Sci-
entific reports 7 (1), 1201, DOI: 10.1038/s41598-017-01361-8.

Tosi, S., C. Costa, U. Vesco, G. Quaglia, G. Guido, 2018: A
3-year survey of Italian honey bee-collected pollen reveals
widespread contamination by agricultural pesticides. The Sci-
ence of the total environment 615, 208-218, DOI: 10.1016/].
scitotenv.2017.09.226.

Traynor, K.S., J.S. Pettis, D.R. Tarpy, C.A. Mullin, J.L. Frazier,
M. Frazier, D. Vanengelsdorp, 2016: In-hive Pesticide Expos-
ome: Assessing risks to migratory honey bees from in-hive
pesticide contamination in the Eastern United States. Scien-
tific reports 6, 33207, DOI: 10.1038/srep33207.

Urlacher, E., C. Monchanin, C. Riviéere, F.-J. Richard, C. Lom-
bardi, S. Michelsen-Heath, 2016: Measurements of Chlorpy-
rifos Levels in Forager Bees and Comparison with Levels that
Disrupt Honey Bee Odor-Mediated Learning Under Laborato-
ry Conditions. Journal of chemical ecology 42 (2), 127-138,
DOI: 10.1007/s10886-016-0672-4.

Wu, LY., C.M. Anelli, W.S. Sheppard, 2011: Sub-lethal effects
of pesticide residues in brood comb on worker honey bee
(Apis mellifera) development and longevity. PloS One 6 (2),
e14720, DOI: 10.1371/journal.pone.0014720.

Wu, M.-C., Y.-W. Chang, K.-H. Lu, E.-C. Yang, 2017: Gene
expression changes in honey bees induced by sublethal
imidacloprid exposure during the larval stage. Insect bio-
chemistry and molecular biology 88, 12—20, DOI: 10.1016/].
ibmb.2017.06.016.

Wu-Smart, J., M. Spivak, 2016: Sub-lethal effects of dietary
neonicotinoid insecticide exposure on honey bee queen fe-
cundity and colony development. Scientific reports 6, 32108,
DOI: 10.1038/srep32108.


https://www.doi.org/10.1007/s13592-011-0049-1
https://www.doi.org/10.1007/s10646-016-1723-x
https://www.doi.org/10.1051/apido:2004071
https://www.doi.org/10.1371/journal.pone.0108443
https://www.doi.org/10.1002/ps.3504
https://www.doi.org/10.1007/s00128-009-9762-0
https://www.doi.org/10.1371/journal.pone.0077550
https://www.doi.org/10.1016/j.cois.2015.10.010
https://www.doi.org/10.1016/j.cois.2015.10.010
https://www.doi.org/10.1051/apido:2001102
https://www.doi.org/10.1002/etc.1830
https://www.doi.org/10.1038/s41598-017-01361-8
https://www.doi.org/10.1016/j.scitotenv.2017.09.226
https://www.doi.org/10.1016/j.scitotenv.2017.09.226
https://www.doi.org/10.1038/srep33207
https://www.doi.org/10.1007/s10886-016-0672-4
https://www.doi.org/10.1371/journal.pone.0014720
https://www.doi.org/10.1016/j.ibmb.2017.06.016
https://www.doi.org/10.1016/j.ibmb.2017.06.016
https://www.doi.org/10.1038/srep32108

