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Clopyralid is a systemic herbicide used in oilseed rape and other crops. It was found in Danish honey from 2016
in concentrations exceeding the maximum residue level (MRL) of 0.05 mg kg™!. About 50% of the Danish honey
is based on nectar from winter oilseed rape. In 2019 and 2020, winter oilseed rape fields were sprayed with
clopyralid just before the assigned spraying deadline. At flowering, nectar and pollen samples were collected and
the content of clopyralid was measured. Honey and pollen samples were also collected from beehives next to ten
conventional winter oilseed rape fields sprayed with clopyralid. Clopyralid was found in nectar and pollen from
the experimental fields, and in honey and pollen from beehives next to the conventional fields. For most samples
the content in nectar and honey exceeded the MRL. The concentrations found, may not pose any health risk for
consumers, as the MRL is based on the original detection limit and not on toxicological tests. However, it can
have a significant economical consequence for the beekeepers, who are not allowed to sell the honey if the
concentration of clopyralid exceeds 0.1 mg kg™!. Reducing the acceptable applicable rate of clopyralid or
implementing an earlier deadline for spraying of clopyralid may reduce the risk of contaminating bee food
products. However, if it is not possible to obtain a satisfactory effect of clopyralid on the weed flora under these
conditions, spraying with pesticides containing clopyralid should be restricted in winter oilseed rape. Determi-
nation of an MRL value based on toxicological tests might result in a higher value and make it acceptable selling
the honey containing higher levels of clopyralid.

1. Introduction etal., 2015; Gierer et al., 2019), and in the pollen and honey collected by
the bees have attracted more attention (El-Nahhal, 2020; Mitchell et al.,
2017; Mullin et al., 2010; Raimets et al., 2020; Simon-Delso et al., 2017).

In 2016, the Intergovernmental Science-Policy Platform on Ecosystem

Pesticides are often applied to crops in conventional agriculture (e.g.,
against weeds, insects, and diseases) to keep a high production and

quality of the harvested products. However, pesticide application con-
stitutes a risk exposing non-target organisms to the chemicals. Agricul-
tural crops are often the primary source for honey production, and a
large amount of honey is harvested from fields of oilseed rape (Brassica
napus L.). Pesticide residues have been detected in honey from several
countries at varying levels, and sometimes the pesticide concentrations
have exceeded the MRL (Souza Tette et al., 2016).

In the last decades, a concern about a global decline of pollinators
has resulted in an increasing focus on the effect of pesticides on hon-
eybees (Apis mellifera sp.) and wild bees (Faita et al., 2018; Lundin et al.,
2015; Mulvey & Cresswell, 2020; Stanley et al., 2015). Also, pesticide
residues in nectar and pollen in flowers (Bonmatin et al., 2015; Botias

Services and Biodiversity (IPBES) (2016) reported that pesticide use,
reduction in habitats, and changing in landscapes were the most sig-
nificant factors responsible for the decline of pollinators.

Pesticide residues in honey and pollen in beehives originate from
flowers (nectar and pollen) and other sources the honeybees collect (e.
g., water) (Bonmatin et al., 2003; 2015). The concentration in honey
from beehives can be both lower or higher than in nectar from flowers,
and lower in pollen collected by bees compared to pollen collected
directly from flowers (Bonmatin et al., 2015; Byrne et al., 2014;
Schmuck et al., 2001). The reasons for these differences are not well
understood, but a lower concentration could be caused by a dilution
effect obtained in the beehives when the honeybees mix contaminated
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honey and pollen with uncontaminated honey and pollen, respectively
(Bonmatin et al., 2015).

Clopyralid, which is a systemic herbicide and the active ingredient in
several products (e.g., Galera and Matrigon 72SG manufactured by
Corteva Agriscience, Denmark), was found in Danish honey samples
collected from all over Denmark in 2016 (Landbrugsinfo.dk, 2017).
Residues of clopyralid have also been found in honey in Estonia (Karise
et al.,, 2017; Raimets et al., 2020) and Israel (Bonmuraj et al., 2019).
According to the Danish Ministry of the Environment, 14.285 tons,
13.536 tons and 10.229 tons of the active ingredient clopyralid were
sold in Denmark in 2013, 2014 and 2015, respectively. The maximum
residue level for clopyralid in honey is set to 0.05 mg kg ! (EU Pesticides
Database), which was the original detection limit and considered
harmless for humans. Now the detection limit is as low as 0.001 mg kg ™"
(Crocoll, University of Copenhagen). However, it is not legal to sell
honey with a content of 0.1 mg kg™! clopyralid (Landbrugsinfo.dk,
2017).

Clopyralid was found in 81% of 55 Danish honey samples from 2016.
For 60% of the samples the concentration of clopyralid exceeded 0.05
mg kg ™!, and for 31% of the samples the content was higher than 0.1 mg
kg! resulting in prohibition of sale (Landbrugsinfo.dk, 2017). Data
from 14 samples collected in the spring 2017 by the Danish Beekeepers
Association showed that clopyralid was found in 93% of the samples, the
concentration exceeded 0.05 mg kg ! for 64% of the samples and the
content was higher than 0.1 mg kg~ for 50% of the samples (Rune
Havgaard Sgrensen, Danish Beekeepers Association, personal
communication).

In 2017, winter and spring oilseed rape was grown on 176,754 ha
and 786 ha in Denmark, respectively (Danmarks Statistik, 2017).
Oilseed rape sprayed with clopyralid may constitute a serious economic
problem for beekeepers as approximately 50% of honey comes from
nectar collected from oilseed rape in Denmark (Kryger et al., 2011), and
in 2017 several batches were refused due to the content of clopyralid
(Rune Havgaard Sgrensen, Danish Beekeepers Association, personal
communication).

According to the European Food Safety Authority (EFSA), the routes
of exposure of bees to pesticides have been categorized from O (no route
of exposure) to four (very relevant route of exposure). Both nectar and
pollen belong to category four (EFSA, 2012). Several pesticides have
been identified in nectar and pollen from various plant species (Bon-
matin et al., 2015; EFSA, 2012). Investigation of the occurrence of clo-
pyralid in nectar and pollen in flowers of oilseed rape, and in honey and
pollen collected by honeybees during the flowering period can be a
foundation for an evaluation of the restrictions for clopyralid applica-
tion decided by the Danish Environmental Protection Agency. Such
investigation may contribute to explain why clopyralid sometimes ends
up in the beehives polluting the honey.

Pesticide residues in nectar and pollen from flowers are usually
detected in very low concentrations. Nectar is commonly collected with
calibrated micropipettes from flowers with more than 0.5 pl nectar
(Human et al., 2013), while nectar from flowers with lower amounts of
nectar can be extracted by centrifugation from flowers collected in the
field (Bertazzini & Forlani, 2016; Enkegaard et al., 2016). However,
there is a risk of diluting the nectar because the centrifugation may
result in more liquid than the bees are able to collect from the flowers.
The content of nectar in the rapeseed flowers varies between varieties,
time of the day, and the time after flowering has begun (Mohr & KJay,
1990; Pernal & Currie, 1998). For some rapeseed varieties, the content is
less than 0.5 pl per flower (Bertazzini & Forlani, 2016; Enkegaard,
Kryeger & Boldt, 2016; Pierre et al., 1999). Calibrated micro-pipettes
have previously been used to collect rapeseed nectar with the purpose
of detecting pesticides in nectar and is considered the most reliable
method to avoid cross contamination (Botias et al., 2015; Mesquida
et al., 1988).

The assigned deadline for spraying clopyralid in winter oilseed rape
is when the first individual flowers are visible and still closed (BBCH
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scale: growth stage 55) (Canola Council of Canada, 2017).

This project aimed to investigate if clopyralid sprayed just before the
legal spraying deadline can be detected in nectar and pollen in winter
oilseed rape flowers and in honey and pollen from beehives placed next
to the fields. We tested the following hypotheses: 1) nectar and pollen,
collected from flowers of winter oilseed rape sprayed with clopyralid
before flowering and no later than at growth stage 55 may contain
clopyralid. 2) honey and pollen collected from beehives next to winter
oilseed rape fields sprayed with clopyralid no later than stage 55 may
contain clopyralid.

2. Materials and methods
2.1. Field experiments at University of Copenhagen

Two independent field experiments (experiment 1 and 2) with winter
oilseed rape (cultivar: Butterfly) were conducted at the University of
Copenhagen (UCPH), Hoejbakkegaard (55°38' N, 12°17’ E), Taastrup,
Denmark in an area of 100 m x 48 m. The experiments were sown in
August 2018 and August 2019, respectively. In each field, eight plots of
25 m x 12 m were marked. Four of the plots were sprayed and four plots
were left untreated. Sprayed and untreated (control) plots were placed
randomly and separated with plots of 25 m x 12 m to avoid pesticide
drift from sprayed plots to the control plots. After spraying, oilseed rape
was removed with a combine harvester around each plot and around the
experimental area creating 3 m wide trails. Oilseed rape plants were also
removed in the middle of each experimental plot, creating a 1.6 m wide
path along the length of the plots to create easy access to collect nectar
and pollen in the plots (Fig. 1). Samples were not taken from the outer 2
m of the plots.

2.1.1. Application of clopyralid in the field

The plots were sprayed once with 0.11 kg ha™! matrigon 72SG
(water soluble granules) containing 720 g kg™! clopyralid (Corteva
Agriscience, Copenhagen, Denmark) mixed in 200 1 ha~! water with a
pressure of 1 bar using Lechler IDKT 120-03 POM nozzles (Lechler
GmbH, Metzingen, Germany). In 2019, the oilseed rape field was
sprayed at BBCH growth stage 53 (flower buds raised above the youn-
gest leaves) to 55 (individual flower buds (main inflorescence) visible

Fig. 1. Drone photo of the winter oilseed rape field at the field station in
Taastrup, University of Copenhagen in 2019 showing the sprayed (red x) and
unsprayed plots (blue x) from where the pollen and nectar samples were
collected. A path was made in the middle of the plots to allow for access for
sampling. The traces close to the red and blue crosses in the fields are areas
where the plants have been cut and used for pollen collection (Image: Morten
Diirr Resen, University of Copenhagen).
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but closed) April 5 at 10 am (Canola Council of Canada, 2017; Lanca-
shire et al., 1991). In 2020, the oilseed rape field was sprayed at growth
stage 53-55, March 20, 9 am.

2.1.2. Collection of samples from the fields at University of Copenhagen

In each of the eight plots, four samples of 50 pl nectar and four
samples of 200 mg pollen were collected in 2019 and 2020. The samples
were collected from plants in BBCH growth stage 63 (30% of flowers on
main raceme were open) to 65 (full flowering: 50% flowers on the main
raceme open, older petals falling). There was no rainfall during the
collection periods and it was relatively windless. In 2019, the collection
took place between 25 April and 2 May, and in 2020, between 17 and 22
April.

The nectar was collected from one random flower on the main stem
of each plant from flowers that started blooming the same morning. The
nectar was sucked from the flowers using 5 or 10 pl micro pipettes
(Fig. 2). The flower of oilseed rape has six stamens, four long and two
short ones. At the bottom of the flower, there are four nectary’s, of which
two produce large nectar droplets and the others produce small droplets.
The large droplets were collected with the micro-pipette and transferred
to 50 pl tubes. Approximately 50 pl nectar per sample were required for
chemical analysis. The content of nectar varied a lot between the
flowers. In 2019, nectar from 108 to 923 flowers was collected to obtain
50 pl, and 109-851 flowers were needed in 2020. In both years, some
flowers did not contain any collectable nectar. Plants needed to dry after
the night to avoid collecting too thin liquid nectar, which often is the
case in the morning. Therefore, nectar collection was started between
9:30 a.m. and 11:00 a.m., when the dew had evaporated, and continued
until approximately 50 pl was collected from each plot, which usually
was achieved before or around 3:45 p.m.

The collection of pollen took place in the field after the flowers had
dried in the morning to avoid that pollen was mixed with water and
nectar. Pollen was collected from all flowers in a raceme. The raceme
was cut from the stalk and gently beaten against a sieve with a mesh size
of 0.50 mm. Then the sieved pollen was sieved one more time (mesh size
of 0.25 mm). Eventual impurities were removed before the pollen was
frozen to —18 °C. In 2019, 43-151 plants were used for each sample and
in 2020, 80-200 plants were used except for one sample, where 300
plants were used. Each sample contained more than 200 mg pollen.

2.2. Samples from farmer’s winter oilseed rape fields

In 2019 and 2020, ten commercial fields of winter oilseed rape
distributed across the country were included in the investigation.
Table 1 shows the spraying dates and stage of development of the winter
oilseed rape at the spraying dates.

A beehive with a honeybee colony was placed next to each field. A

Fig. 2. a) The two large droplets of nectar at the bottom of the flower at the
two short stamens are indicated by arrows (image: Lise Hansted). b) Sampling
of nectar droplets by micro capillaries (image: Marie-Louise Olsen).
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Table 1

Clopyralid spraying dates in the conventional winter oilseed rape fields, and the
plants stage of development at the time of spraying according to the BBCH scale
(Lancashire et al., 1991) in 2019 and 2020, respectively. Stage 50: Flower buds
present, still enclosed by leaves. Stage 55: individual flower buds (main inflo-
rescence) visible but closed.

2019 2020

Field Date of Stage of Field Date of Stage of
number spraying development number spraying development
1 3 April 52 11 16 March 53-55

2 7 April 52 12 26 March 55

3 3 April 53-54 13 26 March 55

4 a 55 14 5 April 55

5 28 March 55 15 27 March 55

6 6 April 52-55 16 6 April 52-55

7 30 Mach 55 17 a 55

8 4 April 51 18 26 March 50

9 28 March  53-55 19 10 April 55

10 3 April 54 20 4 April 55

2 The farmer did not note the date.

honey and a pollen sample from each beehive were taken in 2019 and
2020. In each beehive, a new frame with wax foundation was placed just
above the queen excluder. Honey was only harvested from this frame.
The honey was taken just when the first torn flower (Crataegus sp.)
appeared in the landscape no matter whether the frame was sealed or
not, because until that time it would be most likely that the honey was
only collected from the oilseed rape field. The honey was scraped into
two honey glasses. Remains of wax and eventual impurities floating on
the honey were removed. Individual samples weighed at least 500 g in
2019. In 2020, a few samples weighed less than 500 g, but it was more
than sufficient for the chemical analyses.

A pollen trap was placed in front of the entrance of each of the ten
beehives each year. Pollen was collected from the traps the day after the
traps were mounted during the flowering period of the oilseed rape. The
samples contained pollen from two or three days.

2.3. Collection of bees with pollen from oilseed rape fields

Ten honeybees were caught while they were collecting pollen from
oilseed rape plants in 2019. The pollen was used as a reference for
identification of pollen from oilseed rape because honeybees only collect
pollen from one plant species at each trip of foraging (Griiter et al.,
2011). The pollen was taken from the bees and stored at —18 °C. The
pollen was later studied visually in natural size and under the micro-
scope and compared with the pollen collected from the commercial
fields to separate pollen from other plant species. From each of the
commercial fields, four randomly chosen lumps of pollen were studied
microscopically and compared with the controls. Pollen lumps deviating
slightly in color from the controls were discarded.

A container with glycerin jelly with fuchsin (GJF) (Beeequipment.gl
opalstore.com) was heated in a microwave oven in 10 s to make it liquid.
A droplet of water was placed on a glass slide and a small piece of pollen
from a pollen lump was placed in the droplet, which was stirred to
separate the pollen grains from each other and distribute the grains in
the droplet. The glass slide was placed on a heating plate (50 °C) until
the water had evaporated. A cover glass was placed on the heating plate
and a droplet of GJF was placed on each dried pollen sample. Afterward,
the warm cover glass was placed on the pollen sample. The glass slide
was placed on the heating plate for 10 min and thereafter moved to a flat
surface for 2 h. Finally, the cover glass was sealed with transparent nail
polish, stored and used for identification of pollen. Based on the lumps of
verified pollen from oilseed rape, random samples were taken for
chemical analyses.


http://Beeequipment.glopalstore.com
http://Beeequipment.glopalstore.com
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2.4. Chemical analyses at University of Copenhagen

Due to the small volume of the samples and the expected low con-
centration of clopyralid, the analyses were performed by LCMS-QqQ
(Agilent UHPLC 1290 Infinity II and MS 6465). Separation was ach-
ieved on a C18 column (Zorbax Eclipse Plus C18, 50 x 2.1 mm, 1.8 pm)
which polarity is well suitable to polar chemical compounds as clopyr-
alid. The gradient was optimized to achieve the best possible separation
from other chemicals. MilliQ water with 0.05% formic acid and aceto-
nitril with 0.05% formic acid were used as solvents A and B, respec-
tively. The gradient was 0-0.2 min 5% B, 0.2-1.9 min 5-40% B, 1.9-2.0
min 40—100% B, 2.0-2.8 min 100% B, 2.8-2.85 min 100—5% B and
2.85-4.0 min 5% B. Column temperature was 40 °C. The analysis on the
mass spectrometer was done in multi reaction monitoring (MRM) mode
to increase sensitivity. MRM parameters were optimized to obtain
increased sensitivity and precise quantification of clopyralid. Analysis
was run in combined positive and negative mode as clopyralid can be
detected in both modes: positive mode precursor ion m/z 192.0 —
product ions m/z 146.0 (Collision energy, CE =20 V), 173.8 (CE =8 V),
109.9 (CE = 40 V) and 74.9 (CE = 72 V); negative mode precursor ion
m/z 189.9 — product ions m/z 146.0 (CE = 4 V) and 34.9 (CE =12 V).
Product ion 146.0 was used as quantifier ion in both modes. Further
parameters for ionization were as follows: fragmentor voltage 48 V,
dwell time 74.47 ms, gas temperature 325 °C, gas flow 10 L min~?,
nebulizer 30 psi, sheath gas temperature 250 °C or sheath gas flow 12 L
min~!. Capillary voltage was 4500 V in positive mode and 2000 V in
negative mode. In positive mode the nozzle voltage was set to 1000 V
and 0 V in negative mode. Detection limit (LLOD) was measured as 0.1
ng ml~!, while the quantification limit (LLOQ) was 1 ng ml~L. Linearity
was confirmed from 0.2 ng ml~! to 2 pg ml~!. Quantification was done
by an external standard solution series ranging from 0.01 ng ml~! to 10
pg ml~! clopyralid. All samples were analysed in triplicates. All pollen
and honey samples were diluted 5 times with MilliQ-grade water before
analysis to avoid matrix effects. Nectar samples were diluted 10 times
with MilliQ-grade water prior to analysis.

The nectar samples were prepared by mixing 5 pl nectar with 45 pl
20% methanol directly in analytical vials. Pollen and honey were
extracted in 85% methanol. Approximately 100 mg honey and 100 mg
pollen were extracted in 1 ml 85% methanol, while approximately 30
mg pollen from beehives were extracted with 350 pl 85% methanol. All
samples were vortexed and incubated at 20 °C for 1.5 h. Afterward,
samples were vortexed again and centrifuged for 3 min at 20,000xg. The
supernatant was transferred to new tubes and frozen at —18 °C until
analysis. Prior to MS analysis, the supernatant was thawed and diluted 5
times with MilliQ-grade water.

Corresponding analyses for honey were done by Quality Services
International GmbH, Bremen, Germany (QSI).

2.5. Estimation of clopyralid content in honey based on nectar from fields
at University of Copenhagen

The analysis results for clopyralid content in nectar are given in pg
L1, When converting to mg kg™!, the sugar content of the nectar must
be considered, as it affects the density.

Once the bees have brought the nectar to the beehive, they process it
into honey, and as part of the process, they evaporate it to a water
content of 17-20% to avoid fermenting (Crane, 1980). The water con-
tent corresponded to the average value for water content found by Ohe
and Ohe (1998) (16.7%) for 399 oilseed rape honeys. According to the
EU Honey Directive (Council of the European Union, 2002), honey, with
a few exceptions, must contain a maximum of 20% water. The rest is
mainly different sugars, meaning that honey contains around 80% sugar
(Crane, 1980).

Due to the small sample size, it was not possible to measure the sugar
content in the nectar. As the sugar concentration in nectar varies, we
calculated the potential content of clopyralid in a honey the bees could
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have produced from the nectar samples if the sugar concentration in the
samples had been 30, 50 or 80%. For 80%, the measured data was used
as it corresponds to the sugar content in honey according to the EU
Honey Directive (Council of the European Union, 2002).

In Table 3, the clopyralid content of the collected nectar is converted
to the content in the honey the bees could have produced from the nectar
if there had been 30%, 50% or 80% sugar in the nectar.

Example: For plot 2, one of the samples had a clopyralid content of
80.760 pg 17! in 2019. If the nectar contained 50% sugar, the conversion
factor according to Vinolab (2021) is 1.189 meaning that there is
80.760 x 1.189/1000 mg kg~ = 0.096 mg clopyralid kg ! nectar with
50% sugar. If the nectar is evaporated into a honey with 80% sugar this
corresponds to (0.096 mg clopyralid kg™1)/(50% x 80%) = 1.54 mg
clopyralid kg ~'-1.5 mg clopyralid kg ™"

2.6. Statistical analyses

A paired t-test was used to analyze differences between the content of
clopyralid in honey samples analysed by KU and QSI. An unpaired t-test
was used to analyze differences between the content of clopyralid in
pollen samples collected by bees and directly from flowers. Both were
done in Excel.

3. Results and discussion

3.1. Percentage of oilseed rape pollen in honey samples from conventional

fields

There were 35-96% and 87-98% pollen from oilseed rape in the
honey samples from farmers’ fields in 2019 and 2020, respectively
(Supplementary file 1) showing that the bees had visited the oilseed rape
fields in varying degree in 2019, while the bees mainly visited the
oilseed rape fields in 2020. Hence, the bees had primarily collected
honey from oilseed rape in 2020.

3.2. The concentration of clopyralid in nectar and honey samples

Table 2 shows the concentration of clopyralid in honey samples
collected from beehives next to conventional fields. Table 3 shows the
amount of clopyralid in honey, the bees could have produced from the
nectar collected from flowers at the experimental field at UCPH. Rape-
seed nectar contains 26-84% sugar (Knopper et al., 2016; Westcott &
Nelson, 2001; Enkegaard et al., 2016; Hansted & Jgrgensen, 2019), and
bees appear to prefer nectar with a sugar content of 50-65% (Kim, Gilt &
Bush, 2011; Knopper et al., 2016). Therefore, we have converted the

Table 2

Clopyralid content in honey samples collected from beehives next to conven-
tional winter oilseed rape fields sprayed with clopyralid. SD = standard
deviation.

2019 2020
Analysed at Analysed at Analysed at Analysed at
UCPH" QSIh UCPH QSI
Number of 10 10 10 10
samples (N)
N > 0.05 (mg 9 10 10 8
kg-1)
N > 0.1 (mg 4 4 7 4
kg-1)
Interval (mg 0.05-0.27 0.05-0.32 0.07-6.83 0.04-4.20
kg-1)
Mean =+ SD 0.11 + 0.07 0.11 + 0.08 0.80 + 2.12 0.51 +1.30
(mg kg-1)
Median (mg 0.09 0.09 0.12 0.09
kg-1)

@ University of Copenhagen.
b Quality Services International GmbH, Bremen, Germany.
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Table 3

Clopyralid content in nectar samples collected from the experimental field at
University of Copenhagen. The amount of clopyralid in nectar was converted to
the relevant amount in honey the bees can produce from the nectar depending
on the sugar percentage. SD = standard deviation.

Year Control Sprayed with clopyralid
Honey with Honey with Honey with
30% 50% 80%
sugar in sugar in sugar in
nectar nectar nectar
2019  Number of 16 16 16 16
samples (N)
N > 0.05 (mg 0 16 16 15
kg™
N > 0.1 (mg 0 15 12 6
kg™
Interval (mg 0.00-0.00  0.08-0.42 0.05-0.27 0.04-0.18
kg )
Mean =+ SD 0+0 0.22+0.09 0.14+0.06 0.09 + 0.04
(mg kg™
Median (mg 0 0.19 0.12 0.08
kg ")
2020 Number of 16 16 16 16
samples (N)
N>0.05(mg O 16 16 16
kg™
N > 0.1 (mg 0 16 16 16
kg™
Interval (mg 0.00-0.00  0.26-0.63 0.16-0.40 0.11-0.27
kg™
Mean + SD 0+0 0.42+0.10 0.27 £0.06 0.18 +0.04
(mg kg™
Median (mg 0 0.39 0.25 0.17
kg™

content to 30% and 50% sugar in the nectar. No conversion was done for
80% sugar in the nectar. Nectar with 80% sugar would have been too
thick to collect with micro-pipettes, whereas 50% sugar is slightly less
than the average sugar content found by Hansted and Jgrgensen (2019)
in Denmark using the same method.

There were only minor differences between the measured content of
clopyralid in honey done by the two institutions (UCPH and QSI),
indicating that the analysis method was credible. According to both
laboratories, 10 out of 10 samples from farmers’ fields had a content of
clopyralid exceeding or equal to 0.05 mg kg™ ! in 2019, and 4 (UCPH) or
5 (QSI) had a content exceeding or equal to 0.1 mg kgL

In the samples from fields 2 and 9, the amount of clopyralid in the
honey was less than 0.1 mg kg ™! in 2019, but the proportion of rapeseed
pollen was low (35% and 77%, respectively). Pollen from different
plants occurs in varying amounts in the honey. The structure of the
flower affects how much pollen the bees bring home to the hive when
they collect nectar. Oilseed rape pollen is generally slightly over-
represented (Ohe & Ohe, 2000). When the pollen content in honey is
estimated, one will find a larger proportion of the rapeseed pollen than
the actual proportion of honey collected from oilseed rape. For the two
fields mentioned, the amount of honey collected from oilseed rape was
lower than 35% and 77%, respectively. If the bees had collected the
honey exclusively from oilseed rape, we would expect that the propor-
tion of clopyralid would have been at least 0.1 mg kg™! for the honey
with 35% oilseed rape pollen and perhaps also for the one with 77%. In
2020, one of the honey samples had an extremely high content of clo-
pyralid (UCPH: 6.83 mg kg™!; QSI: 4.2 mg kg™1). If we exclude this
outlier, 9 (UCPH) or 7 (QSI) samples had a content of clopyralid
exceeding or equal to 0.05 mg kg™, and 6 (UCPH) or 3 (QSI) samples
had a content exceeding or equal to 0.1 mg kg™!. Raimets et al. (2020)
found clopyralid in 27.3% of the honey samples collected from 23
commercial apiary sites located in southeastern Estonia. The median
concentration for samples exceeding the detection limit was 0.03 mg,
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and the maximum concentration over all samples was 0.27 mg kg .
Bommuraj et al. (2019) examined the content of clopyralid and other
chemicals in honey and beeswax samples collected from apiaries in
Israel. They found an average range of 8.6 pg kg ™! clopyralid (SD = +
9.2) in honey samples. All of the honey samples analysed complied with
the Israeli and European MRL’s. They detected ten different pestici-
des/pesticide metabolites in the honey samples.

The corresponding numbers for the 16 nectar samples from the field
at UCPH in 2019 were 15 and 6. If the values for nectar are converted to
honey with a water content of 20%, based on presumed sugar content in
the nectar of either 30% or 50%, then 16 samples had a content of
clopyralid exceeding or equal to 0.05 mg kg ! and 15 and 12 samples,
respectively, had a content exceeding or equal to 0.1 mg kg~!. In 2020,
all similar samples had a content of clopyralid exceeding or equal to 0.1
mg kg~ 1. All mean values were larger than the medians, indicating that
one or more large values significantly affected the means. We did not
find any content of clopyralid in nectar samples from control plots.

3.3. The concentration of clopyralid in pollen

All pollen samples collected from the farmers’ sprayed fields
(Table 4) and the university plots (Table 5) had a content of clopyralid
exceeding or equal to 0.1 mg kg~'. We found no clopyralid in pollen
samples from control plots. All mean values were larger than the me-
dians for all pollen samples. In both years, the content of clopyralid was
significantly larger in pollen manually collected from flowers in
Taastrup than in pollen collected by the bees from farmers’ fields (t
critical two-tail = 2.10; df 21; p < 0.05). Raimets et al. (2020) found
clopyralid in 3.4% of the pollen samples collected from 23 commercial
apiary sites. The median concentration for samples exceeding the
detection limit was 0.056 mg kg™, and the maximum concentration
over all samples was 0.056 mg kg™ .

3.4. Consequences of a high clopyralid content

Residuals of clopyralid were found in all the samples of nectar, pollen
and honey from the sprayed experimental plots and beehives next to
farmers’ fields. In contrast, no residuals of clopyralid were found in
unsprayed control plot samples. In a large proportion of the samples, the
content exceeded 0.05 mg kg~ ! and 0.1 mg kg~ ". If the Danish national
authorities measure the content of clopyralid in honey exceeding 0.05
mg kg™, samples are toxicologically evaluated at the National Food
Institute, at the Technical University of Denmark (DTU). If the pesticide
content in the honey constitutes a human health risk, the honey must be
revoked from the market. If the National Food Institute does not
consider the content to constitute a health risk, the honey should only be
revoked if the residual concentration of clopyralid exceeds 0.1 mg kg ™.
According to the EU’s guidance document about analytic control
(SANTE/12682/2019) the confidence interval for pesticide analysis is,
in general, + 50%, which means, in practice, that the residual concen-
tration of clopyralid in honey below 0.1 mg kg™~* will not be considered
as a significant exceedance of MRL. In case of a considerable exceedance
of MRL, the product cannot be marketed. For Apis mellifera the LD50
value for oral uptake >100 pg bee™! for 48 h (Hartley and Kidd, 1978).

Table 4

Content of clopyralid measured in pollen samples from beehives next to the
conventional winter oilseed rape fields sprayed with clopyralid. SD = standard
deviation.

2019 2020
Number of samples (N) 10 10
N > 0.05 (mg kg™ 1) 10 10
N> 0.1 (mgkg™) 10 10
Interval (mg kg™1) 0.51-1.63 0.33-1.03
Mean + SD (mg kg™ 1) 0.94 £ 0.41 0.70 £ 0.23

Median (mg kg™") 0.83 0.62
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Table 5
Content of clopyralid measured in pollen samples from the experimental field at
the UCPH. SD = standard deviation.

2019 2020
Control Sprayed with Control Sprayed with
clopyralid clopyralid
Number of 16 16 16 16
samples
N > 0.05 (mg 0 16 0 16
kg™H
N > 0.1 (mg 0 16 0 16
kg™
Interval (mg 0.00-0.00  1.85-4.19 0.00-0.00  8.68-14.78
kg™
Mean + SD 0+0 3.21 £ 0.63 0+0 11.16 + 1.62
(mg kg™
Median (mg 0 3.19 0 11.27
kg1)

The concentrations in the honey samples are unlikely to cause any acute
toxicity to honeybees.

3.5. Effect of application time and dose

The uptake of pesticides in nectar and pollen depends on the dose
and timing of the pesticide application (Gierer et al., 2019). The smaller
dosage the less pesticide will occur in the honey and nectar. The longer
time between spraying and crop flowering, the less pesticide can be
expected in the honey and nectar. The effect of application time, dos-
ages, and the growth stage of winter oilseed rape at spraying on the
residual clopyralid content in honey and pollen has not been investi-
gated. Therefore, there is a need to study how lower dosages and earlier
spraying will affect the weed control and the content of residual con-
centration in nectar and honey to ensure that it does not exceed the MRL.
It may not be possible spraying the winter oilseed rape fields earlier than
when the first individual flowers become visible but closed (BBCH 55).
At that time, the temperature would rarely be high enough to get a good
effect on the weed flora.

Another way to reduce the residual concentration of clopyralid in
honey and pollen could be to spray only a part of the field, for example,
by using site-specific weed management (Asaduzzaman et al., 2020). If
the bees collect nectar and pollen from the whole field, site-specific
spraying may reduce the content of clopyralid in honey and pollen
because of the dilution effect. It is impossible to control in which part of
the field the bees collect nectar and pollen, and we cannot exclude a
scenario where the bees mainly collect pollen and nectar in the sprayed
part of the field. Therefore, site-specific weed management, in some
cases, may not reduce the residual concentrations of clopyralid in honey
and nectar.

Increasing MRL to 3 mg kg ™!, approved for cabbage and cauliflower
(EU Pesticides Database), would make most honey salable. The content
in pollen from the sprayed plots in UCPH was significantly higher than 3
mg kg™! in 56% and 100% of the pollen samples in 2019 and 2020,
respectively. No MRL for pollen has been specified and listed in the EU
Pesticides Database for apiculture products (Code number 1040000).

Determination of an MRL based on toxicological residual concen-
tration may result in a considerable higher value and could legalize
selling honey with higher clopyralid content. Consequently, some con-
sumers may stop buying honey and pollen because they want natural
products without pesticide residuals. Another consequence of a reduced
sale could be that beekeepers terminate their business resulting in
lacking bee families to pollinate the crops. In 2020, an increasing
number of professional beekeepers, who are mainly responsible for the
bee pollination of crops, have left their provisions because of increasing
difficulties in selling honey, resulting in an abundant storage of honey
produced in 2018-2020. At the same time, the wholesale prices for
honey have declined from 30 to 36 DKK kg ™' (4.04-4.84 Euro kg™!) in
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2017/2018 to 15-18 DKK kg~! (2.02 — 2.42 Euro kg™!) in 2019/2020
samples (Dahlager, 2020a; Anon., 2021; Rune Havgaard Sgrensen,
Danish Beekeepers Association, personal communication). If the honey
sale is further aggravating due to an accepted higher MRL for clopyralid
in honey, it may have significant consequences for the pollination of
crops (Dahlager, 2020b).

Reducing the acceptable applicable dose of clopyralid or imple-
menting an earlier deadline for clopyralid spraying in winter oilseed
rape could be ways to reduce the risk of contaminating bee food prod-
ucts. Suppose it is not possible to obtain a satisfactory effect of clopyralid
on the weed flora under these conditions, then we suggest banning
spraying with pesticides containing clopyralid in winter oilseed rape.

4. Conclusion

This work shows that clopyralid in honey can originate from nectar
from oilseed rape fields. Clopyralid was found in nectar and pollen from
the experimental fields, and in honey and pollen from beehives next to
farmer’s fields. The content exceeded the MRL in nectar and honey in
varying levels between the years. The concentrations found may not
pose any health risk for consumers, as the MRL is based on the original
detection limit and not on toxicological tests. The concentrations found
in honey are unlikely to cause any acute toxicity to honeybees. However,
it can have a significant economically consequence for the beekeepers,
who cannot sell the honey legally if the concentration of clopyralid
exceeds 0.1 mg kg~!. Reducing the acceptable applicable dose of clo-
pyralid or implementing an earlier deadline for clopyralid spraying in
winter oilseed rape may be ways to reduce the risk of contaminating bee
food products but need to be studied. However, we propose to ban the
use of pesticides containing clopyralid in winter oilseed rape if it is
impossible to obtain a satisfactory weed control under such new re-
strictions. Determination of an MRL based on toxicological residual
concentration might result in a considerable higher value and could
legalize selling honey containing higher levels of clopyralid, but a
consequence may be that many consumers no longer want to buy the
honey and pollen.
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