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Abstract – We studied the distribution of coumaphos in beeswax after a single application of CheckMite® to 15
bee colonies in the fall according to the manufacturer’s instruction. Immediately after the treatment, residue levels
were especially elevated in the wax that came into contact with the CheckMite® strips. During the following spring
season, coumaphos levels ranged from 36 to 159 mg/kg in the wax of the brood frames next to the CheckMite®
strips, and residue levels were about 10 times lower in the wax of frames that did not come into contact with the
strips. Beeswax that was newly constructed 5 months after removing the treatment strips contained up to 7.3 mg/kg
of coumaphos, and up to 0.5 and 2.3 mg/kg was detected in the honeycomb and capping wax, respectively. These
results suggest that beeswax exposed to CheckMite® should not be recycled in order to prevent elevated
concentrations of coumaphos in new foundations and hence to prevent honeybee larvae from being exposed to
detrimental residue levels.
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1. INTRODUCTION
Veterinary medicinal products that contain coumaphos as an active ingredient, such as Perizin®,
Asuntol®50 and CheckMite®, are authorised in
several European and North American countries
to protect honeybees from the parasitical mite
Varroa destructor . CheckMite® is also approved
to treat hives that are infested with Aethina
tumida . As a lipophilic substance, coumaphos
accumulates in various bee products, particularly
in beeswax. As a result, residues from
coumaphos-containing drugs have been found in
the beeswax of European origin, as reported for
Belgium (Ravoet et al. 2015), France (Chauzat
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et al. 2011), Germany (Wallner 1999), Switzerland (Bogdanov 2006), Italy (Boi et al. 2016;
Porrini et al. 2016; Perugini et al. 2018) and Spain
(Orantes-Bermejo et al. 2010; Calatayud-Vernich
et al. 2017; Lozano et al. 2019), and also reviewed
recently in Wilmart et al. (2016). Substantial coumaphos levels have also been found in the beeswax of apiaries outside of Europe, such as for
example in North America (Mullin et al. 2010;
Wu et al. 2011; Ostiguy et al. 2019; Fulton et al.
2019) or Uruguay (Harriet et al. 2017). A common beekeeping practice is to recycle old wax
combs to produce new wax foundation sheets on
which bees build their combs. Coumaphos residues are still present in the newly produced wax
foundation sheets because coumaphos does not
degrade during the recycling process (Bogdanov
et al. 1998; Martel et al. 2007). While many
studies have examined residue levels in beeswax
with unknown history, fewer studies have
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examined coumaphos residue levels after applying a known product formulation for a known
number of treatments. Bogdanov et al. (1998)
found that the average residue level in beeswax
was 4.3 mg/kg after a single application of Perizin
containing 32 mg of coumaphos. Residue levels
in beeswax reached up to 12.5 mg/kg after treatment with Asuntol®50 (300 mg coumaphos per
application; Martel et al. 2007) and up to 35.1
mg/kg after two treatments with CheckMite®
(2.72 g coumaphos per application; Premrov
Bajuk et al. 2017).
However, the distribution of coumaphos residue
within the beeswax of hive combs has not been
studied in detail. This information is important to
prevent the unintended accumulation of coumaphos
in beeswax through wax recycling (Bogdanov et al.
1998; Martel et al. 2007). Such an accumulation
could expose the queen, worker and drone larvae to
elevated residue levels. Coumaphos could also migrate from wax into honey (Kochansky et al. 2001),
thus affecting honey quality.
In the recent years, we observed an increase of
coumaphos residues in Swiss commercial beeswax. We hypothesised t ha t t he use o f
CheckMite®, a product that has been authorised
for use in Switzerland since 2006 was causing
high residue levels in beeswax. Therefore, we
performed a field study that applied CheckMite®
to hives that had never been exposed to coumaphos before. First, we investigated the spatial and
temporal differences of coumaphos residues in
beeswax after a single treatment with
CheckMite® containing 2.72 g of coumaphos
(in two strips). Positions closer to the strips could
contain higher residue levels than more distant
positions and residue levels are most likely higher
in the autumn, immediately after treatment, than
in the following spring season. Second, we were
interested in knowing the residue levels in melted
comb wax in order to be able to provide recommendations to beekeepers regarding beeswax
recycling. Finally, we also aimed to determine if
residues can be found in wax that was not present
during the treatment. Additionally, knowing the
residue levels in beeswax serves to estimate the
level of larval exposure to coumaphos, thus
allowing to estimate the potential negative effect
of coumaphos on bee health.

2. MATERIAL AND METHODS
2.1. Honeybee colonies
The honeybee (Apis mellifera ) colonies used in
this study were located in Bellechasse, Switzerland (GPS coordinates: 46° 58′ 58.065″ N, 7° 08′
42.817″ E). The colonies were on eight frames in
12-frame Dadant-Blatt hives and were treated
against Varroa destructor infestation using organic acids before and after CheckMite® treatment
(August and December). Two out of 15 colonies
were eliminated during the winter due to small
colony size or a drone-laying queen. In the spring,
the colonies were expanded to 10 frames. Honey
supers were added at the beginning of April.
2.2. CheckMite® treatment and beeswax
sampling
Fifteen honeybee colonies were treated with
CheckMite® (Bayer Healthcare AG) using two
strips per colony for six weeks (7 September to
19 October 2016), according to the manufacturer’s
instructions. The strips were suspended in the central part of the hive between two adjacent frames
(Figure 1). Before the treatment on 7 September
2016, beeswax samples were collected from each
frame of all the colonies and a mixed sample per
colony was analysed for coumaphos residues (controls). After the CheckMite® treatment (28 October
2016), wax samples (25 cm2) were cut out of the
combs adjacent to the CheckMite® strips, as well
as from combs that did not come into contact with
the strips (Figure 1, samples 1 and 2). The sampling
was performed on the left side of the hive. The
sample collection process was repeated in the same
way during the following spring season on 29
May 2017 (Figure 1, samples 3 and 4). At the same
time, two of the combs on the right side of the hive,
which had previous contact with the strips were
combined and melted (Figure 1, sample 5), as were
the two combs from the frames that had no previous contact with the strips (Figure 1, sample 6).
We also analysed beeswax that was not present in
the hive during the CheckMite® application, such as
newly constructed wax and wax from the honey
super. To produce newly constructed wax, an empty
brood frame with only a small foundation strip was
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Figure 1. Sampling from brood frames. Front view of a Dadant hive system with eight combs (indicated in grey) and
two CheckMite® strips (indicated in black) suspended in the central part of the hive between two adjacent brood
frames. The wax from the brood frames was sampled one week after the CheckMite® treatment on the left side of the
hive (sample 1 came into contact with the strips and sample 2 did not). Seven months later, sampling was repeated
(sample 3 came into contact with the strips and sample 4 did not). Two combs from brood frames that came into
contact with the product on the right side of the hive were melted together (sample 5), and two combs from brood
frames that did not come into contact with the strips were also melted together (sample 6)

placed in each hive on 24 March 2017, 5 months
after the CheckMite® strips were removed. Wax
samples (25 cm2) were cut from these new combs
on 29 May 2017. The honey supers were placed on
ten hives at the beginning of April until the end of
May 2017. On 26 May 2017, the supers were
removed for honey collection. The wax sheets for
the honey combs built in the previous year was from
the same wax as the sheets of the brood frames.
They originated from our own wax, which has never
been exposed to coumaphos before. We chose three
to five frames filled with honey per super. A piece of
wax (25 cm2) that included the foundation was cut
from these frames (Figure 2, sample 8) after the
honey centrifugation process was complete. The
capping wax was collected separately. A sufficient
amount of capping wax for analysis was collected
from five colonies (Figure 2, sample 9).

2.3. Sample preparations
Wax from entire combs was pre-treated by
wrapping the combs in large cloths (miobrill
swansoft spezial, Migros, Switzerland) and
heating them in a beaker that contained distilled
water at a temperature of 85 °C for 2–3 h. The wax
was squeezed from the cloth and the water was
allowed to cool. The wax samples were then
collected from the surface of the water.
All beeswax samples, including the pre-treated
samples, were wrapped in cloths (silk organza) that
were previously washed with water to remove any
possible residue and dried at room temperature.
The wrapped samples were then heated in a beaker
containing distilled water at a temperature of 85 °C
for 2–3 h. As before, the wax was squeezed from
the cloth, and the water was allowed to cool. Next,
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hand for 15 s and then placed back in the water
bath. This procedure was repeated three more
times. Next, the tube was left to cool down at room
temperature before placing the tube in a deep freezer at a temperature of − 18 °C overnight to ensure
precipitation of the wax. The next day, the sample
was centrifuged at 1620g (Eppendorf Centrifuge
5804) at room temperature for 5 min. Next, 2 mL
of the supernatant was added to an Eppendorf tube
containing 50 mg of primary-secondary amine
(PSA) (Bondesil-PSA 40 μm, Agilent
Technologies, USA, Part No 12213024) and
50 mg of Bondesil-C18 40 μm sorbent (Agilent
Technologies, USA, Part No 12213012). The tube
was mixed two times for 30 s on a vortex and
placed back in the deep freezer overnight. The next
day, the sample was centrifuged at 1620g
(Eppendorf Centrifuge 5804) at room temperature
for 5 min. Finally, the supernatant was filtered
(0.45 μm) to obtain the final extract for analysis.
2.4. GC-MS/MS analysis

Figure 2. Sampling from honey frames. Side view of a
wax comb (indicated in grey) in the honey super. A
piece of wax was cut from the super combs, as indicated
(sample 8), and capping wax was collected separately
(sample 9)

the hardened wax was collected from the surface of the water. Finally, all of the samples
were melted once again at 85 °C and shaken
before sampling to ensure homogeneity.
For analysis, 1.0 g of beeswax (samples 2–9) or
0.1 g of beeswax (sample 1) was weighed in a
50-mL polypropylene conical tube. The samples
were prepared according to a modified QuEChERS
method, which is based on a procedure previously
described by Niell et al. (2014). After adding 10
mL of acetonitrile, the tube was placed in a water
bath at a temperature of ca. 80 °C until the beeswax
was melted. The tube was vigorously shaken by

Gas chromatography analysis was performed based on a method described by
Bogdanov et al. (1998). In brief, analysis was
performed using a Thermo Trace Ultra 2000 gas
chromatograph that was equipped with a deans
heartcut switching system coupled with a MS/
MS triple quadrupole (Thermo Quantum) and
an FID detector with a 15-m transfer column.
An autosampler (CTC Combi PAL Systems)
was used for automatic injection. The carrier
gas was helium. A retention capillary column
deactivated with OV-1701-OH (0.53 mm ID) of
50 cm and a DB-1 analytical capillary column
(J+W, 0.25 mm ID, 0.25-μm film thickness) of
30 m as well as a transfer column Rxi®-5 Sil
MS (0.25 mm ID, 0.25-μm film thickness) were
used. One microliter of the final beeswax extract was injected on column. The gas chromatograph was operated using the constant
pressure mode (225 kPa). The gas chromatograph temperature program was 2.0 min at 75
°C, 75 to 250 °C at 5 °C/min, 250 to 300 °C at 3
°C/min, where it was held for 50 min. The
source temperature (TSQ Quantum) and the
temperature of the transfer column were at
250 °C. The ionisation energy was 70eV. The
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deans heartcut switching system allowed for
the detection of the coumaphos peak (RT window 43.0 to 48.5 min) on the MS/MS triple
quadrupole, while the rest of the chromatogram
was directed to an FID detector in order to
prevent pollution of the MS system. Coumaphos was identified using the retention time
and mass fragmentation. The transitions of mz
362 to 334 (CE10), mz 362 to 109 (CE25) and
mz 226 to 163 (CE18) were used for identification and the transition mz 226 to 163 was used
for quantification.
Quantification was achieved through external calibration using coumaphos (PESTANAL™, No
45403, Sigma-Aldrich; Switzerland). The standard
solutions were prepared in blank matrix extract to
compensate for matrix effects. The linear responses
were obtained from 0.008 to 40 mg/L, and the limit
of detection (LOD) was experimentally determined
using spiked blank wax extracts. The LOD was
0.008 mg/L, which corresponds to 0.08 mg/kg
wax for samples 2–9, or 0.8 mg/kg wax for sample
1. The LOD was defined as the lowest coumaphos
concentration that was considerably above the matrix signal (signal to noise [s/n] 100). The limit of
quantitation (LOQ) was set at 0.01 mg/L, which
corresponds to an LOQ of 0.1 mg/kg wax for samples 2–9 or 1.0 mg/kg wax for sample 1. The LOQ
was defined as the lowest validated spiked level
where the recovery was equal to or above 80%.
The recovery for the extraction procedure starting
with 1.0 g beeswax in 10 mL acetonitrile (extraction
procedure for samples 2–9) was tested at nine spiking levels (0.1, 0.5, 1, 10, 20, 50, 100, 200 and 400
mg/kg) with three to five repetitions per spiking
level. The recoveries for these spiking levels were
between 80 and 96%. The recovery for the extraction procedure starting with 0.1 g beeswax in 10 mL
acetonitrile (extraction procedure for sample 1) was
tested at four spiking levels (1000 mg/kg, 2000
mg/kg, 3000 mg/kg and 4000 mg/kg) with five
repetitions for each spiking level. The recoveries
for these spiking levels were between 77 and 100%.

3. RESULTS
The beeswax samples that were collected before the CheckMite® treatment contained no

coumaphos residues above the LOD (0.08
mg/kg). However, after the treatment, high residue levels were detected in beeswax that came
into contact with the CheckMite® strips. The
mean coumaphos concentration was 800 mg/kg
in samples that were collected immediately after
treatment and 254 mg/kg in samples that were
collected seven months later (Figure 3, samples
1 and 3). Substantial residue levels were also
detected in the samples that were collected from
combs that did not come into contact to the
treatment strips. The residue levels were on average 28 mg/kg in the samples that were collected immediately after the CheckMite® application and 5.3 mg/kg in the samples that were
collected during the following spring season
(Figure 3, samples 2 and 4). Therefore, the residue levels were substantially higher near the
treatment strips than further away. Furthermore,
residue levels decreased during the winter
months and were 3 to 5 times lower in the subsequent spring season.
To estimate the implications for wax recycling,
we combined in the spring two entire combs that
came into contact with the treatment strips (sample
5) and separately two entire combs that did not
come into contact with the strips (sample 6). On
average, coumaphos concentrations of 65 mg/kg
were measured in combs that came into contact
with the strips and concentrations of 6.7 mg/kg
were measured in combs that did not come into
contact with the strips (Figure 4). The residue levels
were approximately 10 times higher in combs that
came into contact with the strips compared to those
that did not, which means that especially the central
combs should not be recycled.
We also aimed to determine whether coumaphos
residues were detectable in beeswax that was not
present during the CheckMite® treatment. Therefore, an empty frame was placed in the hive to
produce new wax, which showed 2.8 mg/kg of
coumaphos residue on average (Figure 4, sample
7). Moreover, beeswax was collected from the supers that were placed on the beehives 6 months after
treatment. The wax collected from super contained
0.3 mg/kg of coumaphos on average (Figure 5,
sample 8). Finally, 1.2 mg/kg of coumaphos was
measured in the capping wax on average (Figure 5,
sample 9). Taken together, these results show
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Figure 3. Coumaphos concentrations (mg/kg) in beeswax samples collected from brood combs (mean +/- SD,
median, minimum and maximum, and number (n ) of samples). Sample 1, which came into contact with the
treatment strips (vertical lines), and sample 2, which did not come into contact with the strips (white), were collected
immediately after the CheckMite® treatment. Sample 3, which came into contact (horizontal lines) with the strips,
and sample 4, which did not come into contact with the strip (black), were collected 7 months later

that coumaphos residues can become dispersed
within the beehive, resulting in detectable residue
levels in beeswax that was not present during the
CheckMite® treatment.

4. DISCUSSION
Our results show that treating bees against
Varroa destructor using a one-time application
of CheckMite® in the autumn, according the
manufacturer’s instructions, leads to substantial
coumaphos residue in the beeswax, and especially
in wax near the strips. The use of CheckMite®
could be problematic for honeybee larvae because
residue levels are still high during the following
spring season. Our results also demonstrate that
residues are found in beeswax that is usually

considered residue free, such as capping wax
and newly constructed wax.
Residue levels were unevenly distributed within the beeswax in the hive. The wax adjacent to
the strips, in particular, contained very high coumaphos levels. Meanwhile, wax from the combs
that did not come into contact with the strips
showed 29- to 48-fold lower residue levels. Spatial differences have also been previously reported
for brood chamber honey, showing that residues
accumulated mainly in brood chamber honey next
to the CheckMite® strips reaching up to 0.2
mg/kg, while residue levels were constantly below 0.1 mg/kg in honey stored in combs without
contact to the strips (Karazafiris et al. 2008).
Hence, the expected residue levels in both wax
and brood chamber honey largely depends on the
proximity to the strips.
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Figure 4. Coumaphos concentrations (mg/kg) in beeswax several months after CheckMite® treatment (mean
± SD, median, minimum and maximum, and number
(n ) of samples). Two combs that came into contact with
the treatment strips were combined and melted (dark
grey, sample 5), and two combs that did not come into
contact with the strips (light grey, sample 6) were also
combined and melted. Newly constructed combs
(white, sample 7)

Residue levels in wax within the hive decreased over time. A study by Tremolada et al.
(2004) using Perizin® (50 mL solution corresponding to a dose of 32 mg coumaphos/hive)
calculated based on a first order kinetics model
that coumaphos residues in beeswax decrease in
the hive to half of the initial concentration within
100 days. In our study, coumaphos levels in wax
decreased at a similar rate (3- to 5-fold within 7
months from the end of treatment to following
spring season), thus supporting the model
established by Tremolada et al. (2004).
In our study, coumaphos levels were higher than
the levels reported by Premrov Bajuk et al. (2017),
which were 1.5–10.8 mg/kg for wax without contact

Figure 5. Coumaphos concentrations (mg/kg) in beeswax samples collected from supers that were placed on
the hives six months after CheckMite® treatment (mean
± SD median, minimum and maximum, and number (n )
of samples). The samples include comb (horizontal
lines, sample 8) and capping wax (vertical lines, sample
9)

to the strips, immediately after a single CheckMite®
application, but lower than levels measured in another study reporting coumaphos levels up to 271 mg/kg
for wax without contact to the strips (Berry et al.
2013). Since we observed large spatial and temporal
differences, we conclude that the obtained residue
levels largely depend on position and time point of
sample collection. Furthermore, we observed large
variations in our wax samples from different colonies. Bees use wax combs for storage of honey and
pollen and the queen lays eggs in the combs, which
together with the activity of the bees influences
residues levels in wax at a given position. Hence,
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studies should include a sufficient number of colonies to obtain robust residue data. In our study on 15
colonies, we obtained detailed information about
coumaphos distribution and decrease over time.
A previous study reported high levels of coumaphos after CheckMite® application for 3 years,
which were on average 45 mg/kg (eight colonies
with queen failure) and 24 mg/kg (eight good active
colonies) (Nasr and Wallner 2003). These levels are
in similar order of magnitude as levels in our study,
where we obtained average coumaphos concentrations of 65 mg/kg in melted combs with contact and
6.7 mg/kg in combs without contact to the strips.
This is also in line with residue levels in wax up to
32 mg/kg as stated in the package insert for
CheckMite® ad us. vet. (Tierarzneimittel
Kompendium der Schweiz 2019). Finally, based
on the data on CheckMite® submitted by Bayer
Corporation, the environmental protection agency
(USA) reported that residue levels in beeswax are
not expected to exceed 100 mg/kg (United States
Environmental Protection Agency 2002). Substantial levels of coumaphos were also found in brood
comb wax that was newly constructed by bees five
months after the treatment strips were removed.
Similarly, newly produced capping wax contained
coumaphos, suggesting that bees still produce new
wax containing residues more than half a year after
the end of CheckMite® treatment. This observation
supports a previous study on Perizin, which proposes that bees that come into contact with contaminated wax may accumulate coumaphos in their
cuticles and subsequently transfer the product into
the newly constructed wax (Van Buren et al. 1992).
On the other hand, honey combs were already built
when supers were placed on the colonies. They also
contained traces of coumaphos, which suggests that
bees distribute the product within various hive compartments (Tremolada et al. 2004). Alternatively,
bees may directly transfer coumaphos-containing
wax from contaminated combs into the newly constructed wax or honey supers.
Multiple negative effects of coumaphos on bees,
including drones and queens, have been previously
described and recently reviewed (Tihelka 2018).
Previous studies have shown that bees exposed to
CheckMite® as larvae have increased mortality rates
as adults (Berry et al. 2013), and the viability of
stored sperm was lower for drones that were

previously exposed to CheckMite® (Burley et al.
2008). Furthermore, reduced queen acceptance and
mating success was associated with CheckMite®
treatment (Fell and Tignor 2001). Since coumaphos
is a lipophilic substance that accumulates in beeswax, honey bee larvae are exposed if they come into
direct contact with contaminated beeswax or if coumaphos migrates from the beeswax into the larval
jelly. Previous studies have shown that coumaphos
residues in beeswax have negative effects on the
queen larvae: queen rearing in beeswax that
contained 100 mg/kg of coumaphos resulted in rejection of more than 50% of the queen cells (Pettis
et al. 2004), and the surviving queens weighed less
and showed reduced performance (Collins et al.
2004). Furthermore, queens reared in beeswax containing a combination of fluvalinate and coumaphos
at sublethal levels showed lower sperm counts in
their spermathecae (Rangel and Tarpy 2015), but
negative effects could not be observed on a colony
level (Rangel and Tarpy 2016).
In our study, coumaphos residues ranged from
36 to 159 mg/kg in central brood combs seven
months after a single CheckMite® application.
These residue levels were close to 100 mg/kg,
which is the level that is shown to have severely
negative effects on the queen larvae (Pettis et al.
2004). We suspect that high residue levels in wax
could also be problematic for the larval development of worker bees, if coumaphos migrates into
larval jelly, since previous studies have revealed
the oral toxicity of coumaphos to honey bee larvae
reared in vitro at dietary coumaphos levels of 8
mg/L (Zhu et al. 2014) or 25 mg/L (Dai et al.
2018). Coumaphos levels up to 0.6 mg/kg have
been previously measured in brood after
CheckMite® treatment (Premrov Bajuk et al.
2017). Moreover, residue levels in wax combs
likely increase with repeated CheckMite® applications (Berry et al. 2013; Premrov Bajuk et al.
2017). Therefore, further experiments should determine the level of coumaphos in beeswax that
can be tolerated by larvae, as well as the critical
concentration of coumaphos that affects larval
development. Taken together, the central frames
are likely to be inadequate for brood rearing;
therefore, beekeepers should replace the central
frames. This measure is recommended in the
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manufacturer’s instructions (CheckMite® ad us.
vet. authorised in Switzerland).
Beeswax from colonies treated with CheckMite®
can be recycled to produce new foundations. However, high residue levels in old wax combs leads to
substantial residues in newly produced wax foundations (Bogdanov et al. 1998; Martel et al. 2007).
Therefore, beeswax should not be recycled after the
use of CheckMite®. Especially, the central frames
are inadequate for wax recycling due to their particularly elevated levels of residue. On the other hand,
discarding the central combs after a single
CheckMite® treatment means that half of the wax
is no longer available for recycling after a single
CheckMite® treatment. With respect to the current
shortage of beeswax, we consider it as highly problematic to discard half of all wax combs.
At our institute, we perform a monitoring program for Swiss beeswax (Bogdanov 2004) in
collaboration with eight to eleven manufacturers
of foundation sheets. Every second year, we obtain wax samples of each production lot. We combine the wax lots to yield a representative annual
sample from each manufacturer, which we analyse for acaricide residues. In all the years 1996 to
2013, average yearly coumaphos levels were 1
mg/kg or below for all manufacturers, while in
2015 and 2017 maximal coumaphos levels in
annual samples of some manufacturers increased
to 5 and 6 mg/kg, respectively (data not shown).
Yearly surveys on winter mortality in which we
also ask for the type of Varroa treatment suggest
that few beekeepers in Switzerland use
CheckMite® (currently the only coumaphos containing product authorized), while the big majority
of beekeepers uses organic acids. In a common
recycling process, coumaphos residues are diluted
with clean wax from beekeepers that use alternative treatments, such as organic acids that do not
accumulate in beeswax. On the other hand, residue levels increase for all beekeepers that participate in common wax recycling if some beekeepers use products with high doses of lipophilic
coumaphos, such as CheckMite®. Therefore, a
few beekeepers could spoil the efforts of those
who aim to keep residue levels as low as possible.
Furthermore, the treatment with CheckMite®
has led to the appearance of parasitical Varroa
destructor mites that are resistant to coumaphos

after only three years of being exposed to the
product (Pettis 2004). Previous studies have
shown that the presence of coumaphos residue in
beeswax is enough to increase the risk of coumaphos resistance in Varroa mites, because the parasite is in constant contact with the active ingredient (Medici et al. 2015; Mitton et al. 2018).
In conclusion, we recommend alternative bee
health management approaches, and we advise
against using lipophilic miticides, such as
CheckMite®. Our study shows that a single application of CheckMite® leads to very high concentrations of coumaphos residues that are near the level
that is critical for queen rearing and probably for the
development of worker larvae. Therefore, beeswax
from colonies treated with CheckMite® should not
be recycled to produce new foundations.
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