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Abstract— Residues of acaricide coumaphos were assessed in honey, bee brood, and beeswax during a 2-year field
experiment. Honey, bee brood, and beeswax samples were collected before and after routine use of coumaphos in the
treatment of bee colonies against varroosis in two consecutive years. Determination of coumaphos in honey and bee
brood was based on RP-HPLC with UV detection after a liquid-liquid extraction with hexane or ethyl acetate.
Coumaphos in beeswax was identified and quantified by GC/MS. Results indicate the undetectable presence of
coumaphos in honey. In bee brood, coumaphos was observed after the treatment. In beeswax, the accumulation of
coumaphos was determined not only in hives where it was used but also in hives nearby in which coumaphos was
not used. Results indicate the accumulation of coumaphos in bee brood and beeswax. Due to the coumaphos
accumulation this drug should be used only in strongly affected bee colonies.
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1. INTRODUCTION

The ectoparasitic mite Varroa destructor
(Varroa) is considered as a major threat to
the honeybee Apis mellifera. A varroa female
goes to the larval cell before capping where
it feeds on the pupac and completes its re-
productive cycle. Feeding on the larval he-
molymph causes weight loss, malformation,
and shortens the life span of honeybees, and
the mite also serves as a vector of the path-
ogens (Tabart et al. 2013; McDonnell et al.
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2013). The Varroa infestation has a strong
impact on bee colony health and the econo-
my of beekeeping. In the untreated colonies,
bee mortality could be up to 100%. There-
fore, a wide array of chemical compounds,
including a range of synthetic acaricides and
insecticides, are widely applied on bechives
to control this parasite. One of them is cou-
maphos (O-3-chloro-4-methyl-2-oxo-2H-chro-
men-7-yl O,0-diethylphosphorothioate),
which is an organophosphate insecticide
(Martel and Zeggane 2002; Karazafiris et al.
2008) and a stable lipophilic compound. It is
widely used to control varroosis in bee colo-
nies and for the treatment of ectoparasitoses
in livestock. For the treatment of bee
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colonies, it is in use in strip and liquid form.
Coumaphos targets cholinergic signaling
through acetylcholine esterase inhibition and
comprises the majority of excitatory neuro-
transmission in the Varroa’s nervous system
(Millar and Denholm 2007). Beside anti-
Varroa properties, some toxic effects of cou-
maphos on bees were reported as increased
mortality rate in developing larvae (Berry
et al. 2013; Zhu et al. 2014), reduced lon-
gevity in adult bees which were exposed to
coumaphos as immatures (Wu et al. 2011;
Berry et al. 2013), and higher number of
queen cells under construction in treated
hives (Berry et al. 2013).

Inevitably, theutilization of acaricides in apiculture
has resulted in residues being frequently found in bee
products. Water-soluble products are mainly identi-
fied in the honey, while fat-soluble products have a
higher affinity for the beeswax. Most of the synthetic
acaricides are lipophilic and therefore accumulate in
beeswax, whereas residues in honey are relatively low
(Karazafiris et al. 2008; Xu et al. 2009; Valdovinos-
Flores etal. 2016). These chemicals can also resist the
wax melting temperature; therefore, some of them can
accumulate for years as it is a common beekeeping
practice to recycle wax almost continuously in the
form of the foundations on which bees construct a
complete comb (Ravoet et al. 2015). It has been
described that coumaphos was found persistent in
the beeswax for 5 years (Martel et al. 2007; Zhu
et al. 2014) with an estimated half-life of 115—
346 days (Martel et al. 2007).

Maximum residue limits (MRL) of several vet-
erinary formulations in honey have been fixed in
many countries to reduce the health risk for con-
sumers. According to EU regulations, MRL for
coumaphos is 100 pg/kg (European Commission
2010). The contamination of honey with couma-
phos is widely documented in the scientific liter-
ature. Martel et al. (2007) found coumaphos in
honey in concentrations up to 2.02 mg/kg during
the treatment while on the 30th day of treatment
the concentration decreased to 0.05 mg/kg.
Karazafiris et al. (2008) reported concentrations
to be the highest (0.131 mg/kg) 35 days after
coumaphos strips were placed into the hive. The
same study showed that the residue levels in hon-
ey depended on the application technique and the
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duration of treatment. Following treatment, the
presence of coumaphos in honey was found in
64% of tested hives with concentrations from
0.005 to 0.040 mg/kg (Valdovinos-Flores et al.
2016).

Although, the coumaphos toxicity on develop-
ing larvae was described in the literature (Berry
et al. 2013; Zhu et al. 2014), we did not find any
data about coumaphos accumulation in bee brood.
Contrary, coumaphos concentrations in beeswax
are well documented and were found to range
from 0.155 to 2.220 mg/kg following the treat-
ment with coumaphos (Valdovinos-Flores et al.
2016), while Berry et al. (2013) found even higher
concentrations. Coumaphos was also found in
samples of commercial beeswax (Serra-Bonvehi
and Orantes-Bermejo 2010). In newly produced
beeswax, coumaphos was found in small amounts
(less than 1 pg/kg) (van Buren et al. 1992).

The aim of this study was to determine the
levels of coumaphos in honey, bee brood, and
beeswax before and after Varroa treatment with a
commercially available drug that contains couma-
phos during a 2-year field experiment and get the
direct information about coumaphos accumula-
tion in different matrices during its use as a drug.

2. MATERIALS AND METHODS
2.1. Varroa treatment and sample collection

Ten bee colonies were included in the experiment
and were followed during two consecutive years.
Five colonies were treated with a therapeutic dose of
coumaphos (two strips of CheckMite; Bayer, Berlin,
Germany) in August each year. The five other col-
onies were used as controls and were treated with
formic acid at the same time. In treated beehives, the
strips with coumaphos were suspended between
frames in the brood chamber. According to the
manufacturer’s instructions, the strips with couma-
phos were left in beehives for 42 days.

Samples of honey, bee larvae, and beeswax
were collected before the beginning of the treat-
ment and 42 days later, on the day of strip remov-
al. The same procedure was performed in the
following year. Altogether, four sample collec-
tions were performed and thus 40 samples of
honey, bee brood and beeswax were collected. In
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each hive surveyed, the third frame from a hang-
ing strip was selected for sampling. Approximate-
ly 30 g of honey was scooped out by a plastic
spoon and approximately 15 g of bee larvae were
collected from capped brood cells. Additionally, a
lump of approximately 10 g of wax was cut off in
a single area. All samples were processed imme-
diately after collection.

2.2. Clean-up and extraction procedure
2.2.1. Honey samples

Before analysis, honey was left dripping
through a fine mesh to remove any impurities
and wax particles.

For coumaphos extraction, 5 g of honey was
placed into a conical 50 mL centrifuge tube
(Sarstedt, Nuembrecht, Germany). Five grams of
sodium sulfate and 15 mL of hexane (both pro-
duced by Merck; Darmstadt, Germany) were
added. After vigorous shaking and ultrasonic
bath, the samples were centrifuged for 10 min at
2500 rpm and 20°C (Hettich, Tuttlingen, Germa-
ny). The liquid phase was decanted into a new
conical 15-mL centrifuge tube (Sarstedt,
Nuembrecht, Germany) and evaporated to dry-
ness under nitrogen in a water bath at 35°C. The
extract was reconstituted in 1 mL of acetonitrile
and filtered through a 0.45-pum organic membrane
filter prior to chromatographic analysis.

2.2.2. Bee larvae samples

After the collection of bee larvae, all the impu-
rities were removed, the material was homoge-
nized (Ultraturax, lka, Staufen, Germany) and
frozen until analysis.

For coumaphos extraction, 5 g of bee larvae
was placed into a conical centrifuge tube (50 mL,
Sarstedt, Nuembrecht, Germany) and 8 g of sodi-
um sulfate and 28 mL of hexane was added. The
extraction was the same as described for honey
samples.

2.2.3. Wax samples

The wax was chopped up with a scalpel and
washed with distilled water. The washed wax was
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dried in air in a dark room and frozen until anal-
ysis. Matrix solid-phase extraction was used for
determination of coumaphos in beeswax. After
homogenization, 0.2 g of beeswax was mixed
with 2 g of RP-8, 0.2 g of sodium sulfate (both
by Merck, Darmstadt, Germany), and 20 pL of
internal standard (alpha-HCH-d6) in a mortar
using a pestle. For the recovery study, 20 uL of
coumaphos standard (Fluka, St. Gallen, Switzer-
land) was also added and mixed with solid-phase
extraction (SPE) material. The homogeneous
powder was then transferred to the 12-mL SPE
column already containing 2 g C18 material
(Varian, Palo Alto, CA, USA) previously washed
with 5 mL of acetonitrile. A 3-mL SPE column
containing 500 mg of primary-secondary amine
(PSA) (Varian, Palo Alto, CA, USA) was attached
under the C18 column and was also previously
washed with 5 mL of acetonitrile. Coumaphos
was eluted from the tandem columns with
15 mL of acetonitrile. The eluate was evaporated
under the stream of nitrogen at 40°C, and the
solvent was exchanged to ethyl acetate. The final
volume of the extract was 780 pL to which 20 uL.
of injection internal standard phenanthrene-d10
(Merck, Darmstadt, Germany) was added.

2.3. Assay procedure of coumaphos
measurements

Concentrations of coumaphos in honey and bee
brood was determined with an HPLC system
consisted of a P2000 pump (Spectra Physics, San
Jose, CA, USA), an AS3000 autosampler (Spectra
Physics, San Jose, CA, USA), a degasser, binary
pump, UV detector, and a SPECTRA 360 comput-
ing integrator (Spectra Physics, San Jose, CA,
USA) connected to a PC. The separation was per-
formed on a Luna column (5 p C18(2), 100 A,
250 x 4.6 mm, Phenomenex, Torrance, CA, USA).
Acetonitrile and distilled water were used for mo-
bile phases in relations 60:40, 60:40, 95:5, 95:5,
60:40 and 60:40 at 0, 7, 8, 17, 18 and 24 min,
respectively. The measurements were performed at
289 nm UV wavelength (Figure 1).

Samples of honey and bee brood for determin-
ing the limits of determination (LODs) and limits
of quantification (LOQs), recovery, and precision
were free of coumaphos. Recovery experiments
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Figure 1. Chromatograms of coumaphos in bee brood of a blank sample, b blank sample with coumaphos standard
addition (50 pg/kg), and ¢ positive sample (KUM coumaphos).
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were performed by spiking honey and bee brood
samples (5 g) with concentrations 50, 100, 200,
and 500 pg/kg of coumaphos (Sigma-Aldrich, St.
Louis, MO, USA). Prior to sample analysis by this
method, the spiked samples were let to stand at
room temperature for 5 h to achieve the solvent
evaporation and coumaphos distribution in the
samples. Six of the sample duplicates were used
to determine the recovery and intra-day precision.
Intra-day precision was assessed over the course
of 1 day and calculated as the percentage coeffi-
cient of variation (CV%) at each concentration.
Recovery was assessed by comparing the deter-
mined concentration of spiked samples to the
theoretical concentrations (Table I). Linearity
(%) was determined with fortified samples con-
taining 50, 100, 200, 500 and 1.000 ng/kg of
coumaphos. 7 for coumaphos measurements in
honey and bee brood ranged between 0.9966 and
1.000 and 0.9982 and 0.9999, respectively. LOD
and LOQ were calculated as 3 and 10 times,
respectively, the signal-to-noise ratio of samples
spiked at low concentrations. LOD and LOQ for
coumaphos in honey and bee brood were 15 and
50 pg/kg.

Coumaphos in beeswax was determined by
GC/MS. An AT 6890 gas chromatograph
(Agilent Technologies, Wilmington, DE, USA)
configured with a CIS-4 Plus PTV inlet (Gerstel,
Muhlheim, Germany) and an Agilent 5975
mass-selective detector with inert ion source
were used. Samples were injected with an AT
7683B autosampler, which is capable of speed-
controlled injections. Programmable-
temperature vaporizer (PTV) was used to inject
10 pL of extract using solvent vent mode. For

Table I. Recovery rates and coefficient of variation
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the GC separations, a HP-5MSi fused silica cap-
illary column (30 m % 0.25 mm, 0.25 pum) coated
with 5% diphenylmethyl polysiloxane station-
ary phase (Agilent Technologies) was used with
helium as the carrier gas in the constant pressure
mode. The MS was operated in electron ioniza-
tion (EI) mode at 70 eV. Temperatures of the
transfer line, ion source, and quadrupole were
set at 280, 230 and 150°C, respectively. The
column temperature was held at 70°C for
2 min, programmed at 25°C/min to 150°C, then
at 3°C/min to 200°C and finally at §°C/min to
280°C, which was held for 14 min.

Quantitative analysis of pesticides was per-
formed using selected ion monitoring (SIM).
SIM ions used for quantitation were m/z 362,
364, and 226. The pesticide peaks were con-
firmed with retention times and abundance ra-
tios of target ions and two qualifier ions
(Figure 2). Matrix-matched calibration was used
to compensate for matrix effects.

Recoveries ranged between 93 and 106%.
LOQ for coumaphos in beeswax was 50 pg/kg.

2.4. Statistical analysis

SPSS version 21 (IBM, Chicago, IL, USA)
commercial software was used for statistical anal-
yses. The Shapiro-Wilk test was used for the
estimation of data distribution. Results of couma-
phos concentration in bee brood and beeswax
were normally distributed; therefore, an indepen-
dent ¢ test was used for the evaluation of statisti-
cally significant differences between control and
treated groups. Time-dependent data of couma-
phos concentration in beeswax and bee brood

Recovery rate (%)

Coefficient of variation (%)

Fortification level (ng/kg) Honey Bee brood Honey Bee brood
(n =6) (n =6) (n =6) (n =6)

50 70 149 17.6 12.5

100 65 120 17.5 8.40

200 66 107 22.1 14.4

500 70 81 7.75 5.61
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Figure 2. GC-MS (SIM) chromatogram for coumaphos in blank sample, matrix-matched standard solution, and wax
sample. The three chosen SIM ions for coumaphos were (m/z 362, 364, 226) and the retention time was 31.634 min.
A blank sample, B matrix standard solution at 0.05 mg/kg, C positive sample of beeswax (¢ = 0.19 mg/kg). BT-1
before treatment in the first season of experiment, A7~/ after treatment in the first season of experiment, B7-2 before
treatment in the second season of experiment, A7-2 after treatment in the second season of experiment.

were analyzed by repeated measures ANOVA.
Additionally, one-tailed Pearson’s correlation
was used to correlate beeswax coumaphos con-
centration from treated and non-treated hives.

Concentrations below LOQ were considered as
the LOQ value. All results are presented as
mean + SE, and statistical significance was con-
sidered at P <0.05.
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3. RESULTS

3.1. Coumaphos levels in honey, bee brood,
and beeswax

Coumaphos levels in all honey samples from
control (n = 5) and experimental (n = 5) bee
colonies collected before and after treatment in
two consecutive years were all found below
LOQ (50 ug/kg).

In control bee colonies (n = 5), couma-
phos levels in bee brood were found below
LOQ (50 pg/kg). In experimental bee colo-
nies (n = 5) before treatment, coumaphos
levels in bee brood were also found below
LOQ. However, after the treatment, couma-
phos concentrations in bee brood from ob-
served hives ranged in the first season of the
experiment between 143 and 568 pg/kg and
in the second season between 58 and
216 pg/kg. After the treatment, concentra-
tions were significantly higher (P <0.01) in
comparison to controls. Coumaphos levels in
bee brood are presented in Figure 3.

Coumaphos concentration in beeswax from
control (n = 5) and treated (n = 5) colonies did
not differ significantly. Concentrations ranged as
is shown in Table II.

As is seen in Figure 4 significant differ-
ences (P <0.05) were observed in the groups
in different samplings. Significant positive
correlation (» = 0.91; P <0.05) was found

between coumaphos concentration in beeswax
from treated and non-treated hives.

4. DISCUSSION

To the best of our knowledge, this is the first
field study which followed coumaphos residues
accumulation in three chemically different matrices
in beehive following the use of coumaphos as a
drug to treat varroosis. From the aspect of accumu-
lation, honey and bee brood are closely related to
beeswax since both of them are in direct contact
with wax-built combs. Thus, beside contamination
of all three matrices by bees carrying coumaphos
on their bodies, migration of coumaphos from one
matrix to another is another possible route of con-
tamination (Kochansky et al. 2001). The rate of
coumaphos migration varies depending on its sol-
ubility in each matrix. Literature data show low
accumulations of coumaphos in honey. Some stud-
ies showed that coumaphos concentration in honey
was not found higher than 40 pg/kg (Van Buren
etal. 1992; Maver and Poklukar 2003; Valdovinos-
Flores et al. 2016), although at the end of treatment
with coumaphos in strips (Checkmite, Bayer, Ger-
many) its concentration can rise up to 131 ug/kg
(Karazafiris et al. 2008) or even more than 2 mg/kg
(Martel et al. 2007) and decreases afterwards. In
the monitoring of environmental pollution, low
levels of coumaphos (2.48 + 5.69 ug/kg) were
detected in honey (Lambert et al. 2013). Similar
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Figure 3. Coumaphos concentration in bee brood. Coumaphos levels in BT-1, BT-2 and values of control colonies in

AT-1, AT-2 were found below 50 ng/kg.
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Table II. The range of coumaphos concentrations in beeswax from control and treated hives

Range of coumaphos concentrations in beeswax (p1g/kg)

Control hives (n = 5)

Treated hives (n = 5)

BT-1 290-5100
AT-1 1100-6500
BT-2 640-7200
AT-2 4400-17,000

190-2800

1500-10,800
2100-18,200
8700-35,100

BT-1 before treatment in the first season of experiment, A7-/ after treatment in the first season of experiment, B7-2 before treatment
in the second season of experiment, A7-2 after treatment in the second season of experiment

to some previous studies, in our study, concentra-
tions of coumaphos in honey before treatment and
on the day of the removal of coumaphos strips
were found below 50 pg/kg in both control and
treated hives. We believe that non-detectable cou-
maphos levels were found due to its low water
solubility (Karazafiris et al. 2008) which explains
its minimal accumulation in honey. It was reported
that coumaphos can intensively migrate from bees-
wax to honey if its concentration in beeswax
reaches 1000 ppm (Kochansky et al. 2001). There-
fore, the coumaphos level in honey is a result of
contamination of the honey by bees (during the
treatment) and the migration of coumaphos from
beeswax. In our study, coumaphos concentration in
beeswax did not reach 1000 ppm (1 x 10° pg/kg);

thus, coumaphos migration from beeswax to honey
might be excluded. Therefore, the only way to
contaminate honey was bees carrying coumaphos
on their bodies. As described by Valdovinos-Flores
et al. (2016) during the treatment, coumaphos was
found in honey of 64% tested bechives and several
studies showed residue levels below 40 pg/kg (van
Buren et al. 1992; Valdovinos-Flores et al. 2016).
Considering these reports, we believe that contam-
ination of honey in our study was too low to be
detected with the used method. Nevertheless, our
results show that coumaphos level in honey on the
last day of treatment with coumaphos strips did not
reach half of regulated MRL.

In contrast, coumaphos was determined in the
bee brood of treated bee colonies at the end of the

30.000
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Figure 4. Coumaphos concentration in beeswax. A b c:

(P <0.05). Legend: see Fig. 3.

values with the same superscripts differ significantly
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treatment whereas before treatment and in con-
trols it was not found (Figure 3).

In the literature, we did not find data about
levels of coumaphos residues in bee brood. Thus,
to the best of our knowledge, this is the first study
which shows accumulation of coumaphos in de-
veloping larvae. These results are of a great im-
portance since the toxicity of coumaphos for de-
veloping larvae was described (Zhu et al. 2014).
Unfortunately, we cannot estimate observed cou-
maphos levels in bee brood as high or low since
there is no published data about rate of couma-
phos accumulation in bee brood. Therefore, re-
sults of our study confirm coumaphos accumula-
tion in bee brood and this must be taken into
account when using coumaphos.

Coumaphos is dispersed through the colony by
bees and thus comes in contact with the bee brood.
In contrast to honey, larvae are relatively rich in
lipids (Crane 1990); therefore, coumaphos as a
fat-soluble compound can accumulate in them.
Another way of contamination of larvae is, most
likely, the migration of coumaphos from beeswax.
In this study, coumaphos was found only in the
brood from treated hives. This result suggests that
larvae are contaminated through the bees carrying
coumaphos on their legs and bodies during the
presence of coumaphos strips in the hive. Since
coumaphos was found in beeswax from all the
observed hives (Figure 4) and coumaphos con-
centration in the brood was found below 50 pg/kg
in all hives before treatment as well as in controls,
we believe that coumaphos levels in beeswax did
not reach a concentration at which it began to
migrate from beeswax to larvae. Since larvae con-
tain more lipids than honey (Crane 1990), it was
expected that coumaphos would migrate from
beeswax into larvae even if the beeswax contained
coumaphos concentration lower than was de-
scribed for migration into honey (Kochansky
et al. 2001). In the literature, we did not find any
data on the critical level of coumaphos concentra-
tion in beeswax in which coumaphos starts to
migrate into developing larvae. From this point
of view, determination of the critical concentration
of coumaphos in beeswax might be a topic for
further studies; however, this concentration is as-
sumed to be higher than 17,000 pg/kg which is
the highest determined concentration in wax from
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non-treated hives in this study (Table I) and lower
than 1000 ppm (1 x 10° ug/kg) as determined by
Kochansky et al. (2001).

Coumaphos was detected in beeswax from all
examined hives in all samplings. It was also found
in all wax samples that were collected before the
beginning of the treatment, which is (most likely)
a result of the coumaphos accumulation from
previous treatments. Contamination of the bees-
wax potentially occurred also through wax foun-
dations since it was reported that coumaphos ac-
cumulates in wax and is not degraded during
heating and melting (Bogdanov et al. 1998;
Martel et al. 2007). Therefore, similarly to previ-
ous studies (Tremolada et al. 2004; Serra-Bonvehi
and Orantes-Bermejo 2010; Boi et al. 2016), the
presence of coumaphos in beeswax was observed.
Moreover, as is obvious from Figure 4, couma-
phos concentration in beeswax increased during
the experiment. The concentration of coumaphos
determined in this study is somewhat higher than
was found in other studies (Martel et al. 2007,
Mullin et al. 2010; Boi et al. 2016); however,
Bogdanov et al. (1998) and Berry et al. (2013)
found higher concentrations. It was described by
Berry et al. (2013) that during the treatment cou-
maphos concentration in beeswax reached
514,000 ppb (514,000 pg/kg). In our study, con-
centrations are lower; however, during the exper-
iment, coumaphos concentration increased
(Figure 4). The study by Berry et al. (2013) and
our study cannot be directly compared since sam-
pling procedures and observed beehives were not
equal. However, both studies show accumulation
of coumaphos in beeswax after its use for Varroa
treatment. Moreover, our study shows that cou-
maphos concentration increased not only in the
beeswax of treated hives but also of non-treated
ones. The increase of coumaphos concentration in
the beeswax of non-treated hives might be ex-
plained by the fact that bees from the treated hives
carried coumaphos on their bodies and visited
other nearby colonies and thus contaminated the
beeswax. Since it was estimated that more than
15% of bees in the colony might be drifters
(Forfert et al. 2015), the transmission of couma-
phos from treated to non-treated colonies seems
very likely. Moreover, as illustrated by Wu et al.
(2011), pesticide residues could migrate through
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or across comb wax, which might be an additional
reason for increased coumaphos levels in non-
treated hives. Curiously, coumaphos was not de-
tected in the bee brood from non-treated hives,
although the wax from these hives was contami-
nated. As discussed above, coumaphos concentra-
tion in beeswax was probably too low to migrate
from the beeswax and contamination of larvae by
contaminated bees was also negligible.

Considering the results of studies by
Bogdanov et al. (1998), Martel et al. (2007),
Mullin et al. (2010), and Boi et al. (2016) and
the results of this study, it might be assumed that
the concentration of coumaphos in beeswax is a
result of several factors: use of contaminated
wax foundations, contamination of the beeswax
from previous treatments, distance between cou-
maphos strip location and the location of wax
sample collection, frequency of the treatment
with coumaphos, coumaphos use in bee colonies
in the area, and coumaphos use as a veterinary
drug in other species with possible contacts with
bees. Therefore, coumaphos concentration in
beeswax is an important factor that represents a
dormant threat for contamination of larvae or
even honey. To avoid coumaphos contamination
of bee products and developing larvae, rotation
of acaricides in bee treatment is strongly recom-
mended. Coumaphos should be used only in
strongly affected bee colonies. Additionally, con-
trol of the coumaphos content in beeswax and
use of low-contaminated wax could reduce the
risk of harmful coumaphos action on bee colo-
nies and on contamination of bee products.

As concluded, results of this 2-year field study
show that following treatment against varroosis
coumaphos is accumulated in some matrices in
beehive. Thus, coumaphos does not exhibit a risk
for the contamination of honey, until its beeswax
concentration reaches a critical level at which it
starts to migrate from comb to honey (Kochansky
et al. 2001). During the treatment, coumaphos
accumulates in the bee brood. In beeswax, the
accumulation of coumaphos was determined in
hives in which it was used and in hives nearby
in which it was not used. Additionally, after cou-
maphos use for the routine treatment of varroosis
in two consecutive years, an increase of its con-
centration in beeswax was observed.
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