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Abstract: In 2002 a field survey was initiated in French apiaries in order to monitor the health of honey bee colonies
(Apis mellifera L.). Studied apiaries were evenly distributed across five sites located in continental France. Beeswax
samples were collected once a year over 2 years from a total of 125 honey bee colonies. Multiresidue analyses were
performed on these samples in order to identify residues of 16 insecticides and acaricides and two fungicides.
Residues of 14 of the searched-for compounds were found in samples. Tau-fluvalinate, coumaphos and endosulfan
residues were the most frequently occurring residues (61.9, 52.2 and 23.4% of samples respectively). Coumaphos
was found in the highest average quantities (792.6 ugkg™!). Residues of cypermethrin, lindane and deltamethrin
were found in 21.9, 4.3 and 2.4% of samples respectively. Statistical tests showed no difference between years of
sampling, with the exception of the frequency of pyrethroid residues. Beeswax contamination was the result of

both in-hive acaricide treatments and, to a much lesser extent, environmental pollution.
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1 INTRODUCTION

Contamination of bee products with pesticides has
been widely documented for many years.!:? Pollution
can be divided into environmental and apicultural
sources, although some products can occur from
both origins as they are used in both activities.
Since the introduction of Varroa destructor (Anderson
& Trueman) (Acari: Mesostigmata) into European
colonies of honey bee (Apis mellifera 1L.), beekeepers
have had to control the number of mites to prevent
colony losses. Most of the time, acaricide treatments
lead to residues in hives. Several surveys have
already monitored residues in beeswax of acaricides
such as bromopropylate,>* coumaphos,* amitraz,’
fluvalinate*? and tetradifon, a compound mostly used
in Asiatic countries.* The accumulation of pesticides
in beeswax may also result from environmental
pollution. However, very few references concerning
beeswax contamination related to crop treatments are
available in the literature.?

Results of surveys have shown how widely residues
are present in beeswax and how they could potentially
impact upon colony biology.* From an economic point
of view, bee products should maintain the image of
being natural, healthy and clean substances. Finally,
the use of honey bees or honey bee products as
a tool for monitoring environmental pollution has
been discussed many times in previous studies.5”’
Therefore, studying residues in beeswax is relevant
to several apicultural issues: colony health, economic
reasons as well as scientific and ecological purposes.

In 2002 a field survey was initiated in France in
order to assess the overall contamination of 25 apiaries
with pesticide residues, and whether the contaminants
came from agricultural or beekeeping uses.® Only
results on pesticide residues in beeswax are presented
in this paper.

2 MATERIALS AND METHODS

Surveyed apiaries were distributed at five sites located
in continental France (Fig.1). At each site, five
apiaries were chosen. In each apiary, five colonies
randomly selected (i.e. 125 colonies in total) were
sampled for beeswax once a year in October/November
2002 and 2003. In each hive surveyed, one frame
was randomly selected for sampling and a lump of
approximately 15g of wax was cut off on a single
area. Therefore, the sample included wax produced
by honey bees and foundation wax. Foundation
wax is the base of combs on which bees build
cells. In this study, foundation wax has never been
sampled on its own. The sampled area was selected
with regard to its cleanliness whatever its colour,
and cells had to be empty of any content (honey,
beebread or larvae). Each sample was transported
in a plastic container, then stored at —20°C until
analysis. When brought back to the laboratory, all
samples from the same apiary (i.e. five hives) were
combined. Because of climatic conditions, it was not
possible to sample beeswax in three apiaries. Chemical
analyses were therefore conducted on the 47 pooled
samples.
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Figure 1. Location and names of the French sites surveyed.

Professional and non-professional beekeepers were
asked to maintain their usual apicultural methods
during the study. However, for practical reasons, they
had been asked to keep all the surveyed colonies in the
same location all year long (no migratory beekeeping).

2.1 Chemical analyses

Analyses were performed in the GIRPA laboratory
(Groupement Interrégional sur les Recherches des
Produits Agropharmaceutiques, Angers, France).
Beeswax samples (2 g) were placed in 40 mL hexane.
Samples were completely dissolved by ultrasound
shaking and gentle heating (40°C). Tubes were
placed into liquid nitrogen for 2min and then
immediately centrifuged for 15min (1424 x g). The
supernatant fraction was collected and evaporated in
a rotary evaporator (40 °C) until approximately 6 mL
remained. To this residue was added 6 mL hexane
and then 20mL of hexane + acetonitrile (149,
by volume). The solution was transferred into a
separating funnel, vigorously shaken and subsequently
allowed to separate for 20min. The acetonitrile
phase was collected, and the hexane fraction was
extracted a second time with a further 20 mL of the
acetronitrile/hexane mixture. The acetonitrile phases
were pooled together and concentrated to 2mL on
a rotary evaporator. The extract was then ready for
clean up.

Several C 18 Mega Bond Elut cartridges (1g,
6 mL) were conditioned by successive elutions of 6 mL.
methanol, 6 mLL water and 6 mL acetonitrile. The
extract was percolated through the cartridge, which
was then eluted with 15mL of acetonitrile 4+ water
(5 + 1, by volume) and 20 mL acetonitrile added to the
aliquot. The solution was dried in a rotary evaporator
(40°C) with 50uL n-dodecane. Finally, the residue
was dissolved in 1 mL ethyl acetate.

Chromatographic multiresidue analysis was per-
formed with a 1200 triple-quadruple GC/MS/MS
system (Varian Scientific Equipment, Palo Alto,
CA). The chromatograph was fitted with a 30 m x
0.25mm x 0.25um CP Sil 8 CB/MS column from
Varian. The oven temperature programme consisted
of 1 min at 60°C, an increase of 20°C min~! up to
300°C and 19.5min at 300°C. The carrier gas flow
was kept constant at 1 mL min~!. Injection (2 uL) was
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performed with a 1079 injector (SPI mode). The tem-
perature programme consisted of 0.5 min at 60 °C, an
increase of 200°C min~! up to 250°C and 10 min
at this last temperature. Conditions of detection were
as follows: mode of ionisation was electronic impact,
detector temperature 40 °C, transfer line temperature
300°C, source temperature 300°C, pressure pulse
3.3 Pa and electron multiplier voltage 70 eV.

Residues of 18 contaminants were searched
for. Pesticide class, purpose of use and status
(legal/withdrawn) for plant treatment in France in
2003 are detailed in Table 1. Pesticides were cho-
sen because of their high toxicity towards honey bees
and because of their frequent uses in the field.”!°
Among the 18 active substances, 16 were insecticides
or acaricides, and two were fungicides (Table 1). The
use of 16 active substances from the list was legally
authorised in 2003. Two pesticides were banned for
plant protection use (coumaphos and lindane). The
only commercial preparation containing coumaphos
allowed for varroa control was not sold in France in
2002 and 2003.

Limits of detection (LOD) were 5.0ugkg™! for
all materials. Limits of quantification (LOQ) were
20.0ugkg™! for parathion-methyl and deltamethrin,
and 10.0 ugkg™! for all the other compounds.

2.2 Statistical analysis

Percentages of polluted wax samples were calculated
by dividing the number of positive samples (samples
where the selected compound was detected) by the
total number of samples analysed for this compound
and multiplying by 100. The average content was
calculated using the arithmetic mean when values
were between LODs and LOQs.

Statistical tests were conducted on frequencies,
not on pesticide contents. Logistic regression was
used to describe the relationship between the dummy
variable (presence or absence) and explicative variables
(date or place of sampling). This model makes it
possible to estimate the probability that an event
could occur when the explicative variable is known:
P(Y|X,,X5,...,X,). The maximum likelihood ratio
and the type IIT tests were used to estimate the
coefficient of the model. When these two indicators
showed that the effect (date or place of sampling)
was not significant, subsequent tests were not
pursued. When conditions of application of logistic
regression were not fulfilled (separated data), Fisher’s
exact test was performed. Unless otherwise stated,
the significance threshold was 5%. All tests were
performed using SAS software (SAS system for
Windows, V8).

3 RESULTS

3.1 Frequency and average content of pesticide
residues

A total of 47 beeswax samples were analysed. Residues
of 14 active substances were found in 33 samples of
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Table 1. Characteristics of the surveyed pesticides: chemical class, purpose of use, legal status for agricultural use in 2003, limits of detection and

limits of quantification

Pesticide Pesticide class Purpose of use? Status in 2003P LOD® LoQd
Azinphos-methyl Organophosphate | A 5.0 10.0
Chlorpyrifos Organophosphate | A 5.0 10.0
Coumaphos Organophosphate I, A B 5.0 10.0
Cyfluthrin Pyrethroid | A 5.0 10.0
Cypermethrin Pyrethroid | A 5.0 10.0
Deltamethrin Pyrethroid | A 5.0 20.0
Endosulfan Organochlorine | A 5.0 10.0
Fenitrothion Organophosphate | A 5.0 10.0
Fenthion Organophosphate | A 5.0 10.0
Lindane Organochlorine | B 5.0 10.0
Malathion Organophosphate | A 5.0 10.0
Methidathion Organophosphate | A 5.0 10.0
Mevinphos Organophosphate | A 5.0 10.0
Parathion Organophosphate | A 5.0 10.0
Parathion-methyl Organophosphate | A 5.0 20.0
Tau-fluvalinate Pyrethroid I, A A 5.0 10.0
Procymidone Dicarboximide F A 5.0 10.0
Vinclozolin Dicarboximide F A 5.0 10.0

2 A: acaricide; F: fungicide; I: insecticide.
b A: authorized; B: banned.

¢ Limits of detection (ugkg™).

9 Limits of quantification (ugkg™).

Table 2. Pesticide residues in beeswax samples: pollution frequencies and contents?

Residue concentrations

Number of Frequency Average concentration

Pesticide positive samples (%) min. (ugkg™") max. (ugkg™") ugkg™"
Azinphos-methyl 2 10.0 75.2 817.0 446.1
Chlorpyrifos 3 7.3 7.1 19.0 14.9
Coumaphos 24 52.2 >L.OD 4112.6 792.6
Cyfluthrin 5 12.2 5.9 31.9 20.1
Cypermethrin 7 21.9 14.2 76.3 36.3
Deltamethrin 1 2.4 14.7 14.7 14.7
Endosulfan 11 23.4 14.7 243.1 88.8
Fenitrothion 1 2.1 511.0 511.0 511.0
Fenthion 0 0.0 ND ND ND
Lindane 2 4.3 5.3 32.2 18.8
Malathion 4 8.5 10.2 18.1 15.1
Methidathion 0 0.0 ND ND ND
Mevinphos 0 0.0 ND ND ND
Parathion 1 2.1 99.0 99.0 99.0
Parathion-methyl 0 0.0 ND ND ND
Tau-fluvalinate 13 61.9 15 422 196.4
Procymidone 1 21 27.7 27.7 27.7
Vinclozolin 1 2.1 21.5 21.5 21.5

2 ND: not detected.

wax. The most frequent residues identified were tau-
fluvalinate (in 61.9% of samples), coumaphos (52.2%)
and endosulfan (23.4%). Frequencies of other residues
ranged from 2.1 to 21.9%.

Coumaphos had the highest average content

(792.6ugkg™!), with a maximum value of
4112.6 ugkg™!. Fenitrothion residues were found
in the second average highest quantities, with

511.0ugkg ! found in a single sample. It is worth
noting that the banned substance lindane was
quantified in two samples at an average content of
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18.8ugkg ™! (Table 2). Only 14 samples (29.8%) were
found to be free of any searched pesticides (Fig. 2).
One residue was found in 34.0% of samples. Residues
of more than one compound (up to eight different
molecules) were found in the remaining 36.2% of
samples.

3.2 Comparison between sampling years

For statistical analysis, pesticides were grouped
according to their pesticide class (Table 1). Contam-
ination frequencies in beeswax are graphed in Fig. 3
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Figure 2. Frequencies of numbers of different pesticides in beeswax
samples.
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Figure 3. Frequency of contamination of wax samples by various
pesticide families. Samples were considered positive when residues
were superior to the LOD. * indicates significant difference from the
previous year (P < 0.05).

for each pesticide class. In 2002, organophosphate
residues were the most frequently identified substances
found in wax samples: ca 61% of collected samples
contained organophosphate residues, compared with
ca 46% in 2003. In 2003, pyrethroid residues were
the most frequent (present in ca 58% of samples), in
contrast to 2002, when only ca 22% of samples were
positive in pyrethroids. This increase in frequency
was the only statistically significant yearly variation
(x>=16.5,1df, P <0.01).

4 DISCUSSION
4.1 Beeswax contamination and apicultural
practices
In the present study, coumaphos residues had the sec-
ond highest frequency of wax contamination (52.2%)
and the highest average content (792.6 ugkg™'). These
figures are comparable with those collected from lit-
erature references. Coumaphos residues can originate
from varroa treatments and from foundation wax. In
Germany it was demonstrated in 1999 that 62.5%
of German foundation wax samples and 20% of
foundation wax from international samples contained
coumaphos.!! Numerous surveys have been run in
European countries!>!? and in the USA!* to assess
the level of coumaphos contamination in beeswax.

If acaricide residues are present in beeswax, it is
legitimate to wonder whether they could act as an
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effective treatment against varroa. However, it has
been shown that coumaphos residues would have to
be far more concentrated than the levels the authors
observed to have any impact on varroa populations:
honey bee cocoons provide a very effective barrier
that prevents mortality of female mites.!> Conclusions
were similar with regards to fluvalinate concentrations
observed in brood combs.!’

Coumaphos and tau-fluvalinate are administered in
different ways to honey bees, by either powder or
strips. The amount of acaricide finally distributed
throughout the colony depends on the mode of
application, the quantity applied to hives, its solubility
in wax and its stability. When strips are used, the
quantity of acaricide within the hive depends on the
activity of honey bees and on the duration of the
application. Usually, acaricide residues in hives are
lower when strips are used rather than powder.!!

4.2 Pesticide residues and environmental
pollution

Residues of tau-fluvalinate were the most frequently
found of all pesticides (in 61.9% of all samples).
The frequency and quantities of this compound
found in the present study were consistent with the
figures present in the literature (Tables 3 and 4). For
example, in a survey conducted in Canada in 2003,
fluvalinate residues were found in 38.5 and 91.7%
of wax samples from honey supers and from brood
chambers respectively. This pesticide is used for both
agricultural and varroa control purposes, and it is
therefore difficult to state the origin of contamination
with any certainty.

In the present study it has been shown that several
products used for plant protection are frequently found
in beeswax. Very few references in the literature report
this kind of contamination. Interestingly, Kubik ez al.1°
have studied vinclozolin in bee bread. They found far
higher levels of residues of this compound in bee bread
than in pollen. One possible explanation indicated by
the authors could be the conjugation of the pesticide
to pollen grains. This chemical bond would prevent
the pesticide being extracted with the solvent at the
early steps of analysis. During fermentation of bee
bread, this bond could be broken and the pesticides
released.!® As bee bread is stored in beeswax cells, this
process could provide a possible route for transfer of
compounds between these two matrices.

Although a high variation in contamination frequen-
cies according to the year of sampling was observed,
only the increase in pyrethroid occurrence from 2002
to 2003 was statistically significant. This discrepancy
has to be put in perspective with the sampling mode
that was probably not representative of hive contam-
ination in particular but representative of an overall
apiary contamination. Various authors have already
mentioned the difficulty of evaluating contaminant
distribution within hives, particularly in beeswax.!!”
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Table 3. Pesticide contents in beeswax as reported in the literature?

Pesticide Contents min.—max. LOD min.—max. Protocol Reference
Coumaphos 3.8 0.4-1.0 Experiment 3
0.7-67 0.5 Experiment 15
0.06-82 0.01 Experiment 17
0.5-3.5 0.5 Foundation wax 11
1.2-2.6 0.4-1.0 Foundation wax 3
1.5-4 0.5 Foundation wax 4
0.2 0.01 Foundation wax 17
0.08-2.8 0.005 Survey in Greece 22
0.7-1.3 0.2-0.3 Survey in Switzerland 1
3-8 NR Survey in USA 14
0.8-2.5 NR Survey in ltaly 23
0.27-0.38 0.015 Foundation wax 2
0.2-5.8 NR Survey in France 13
Lindane 0.2 0.05 Foundation wax 4
0.042-0.29 0.001 Foundation wax 2
Malathion 0.05-6.0 0.0005 Survey in Greece 22
Tau-fluvalinate 1.8 0.4-1 Experiment 3
0.8-84 0.05 Experiment 15
0.5-3.5 0.5 Foundation wax 11
0.8-8 0.5 Foundation wax 4
0.6-0.8 0.4-1 Foundation wax 3
1.1-24 NR Survey in Canada 14
2.6 NR Survey in USA 14
0.1-1.6 NR Survey in ltaly 12
0.1-3.6 NR Survey in France 13
Vinclozolin ND 0.5 Foundation wax 4
a Contents and LOD are expressed in mgkg~"'. ND: not detected; NR: not reported.
Table 4. Acute toxicity of pesticides for brood and adult bees
Insecticide Brood LDsp? (ug larva™") Adult LD5p? (ug bee™ " Mode of administration® Reference
Azinphos-methyl NA NT NR 9
0.43 u 24
Chlorpyrifos NA 0.11 u 9
Coumaphos NA 3-6 (@) 25
Cypermethrin 0.066 0.06 u 10
Deltamethrin NA 0.7 O 26
Endosulfan 28.142 21.79 U 10
Fenitrothion NA 0.28 U 9
Fenthion NA 0.30 U 9
Malathion 0.736 0.73 U 10
Methidathion 0.274 0.24 U 10
Mevinphos 0.441 0.31 U 10
Parathion NA 0.07-0.10 T 27
0.09-0.13 (@)
Parathion-methyl NA 0.29 U 9
Tau-fluvalinate NA 65.85 U 24

2 NT: non toxic; NA: not available in the literature.
b For adults. T: topical; O: oral; U: unknown; NR: not relevant.

4.3 Toxicity to bees

All acaricides have been tested for honey bee toxicity
prior to registration and have been found non-
toxic when used at recommended doses. However,
the possibility exists that synergistic effects between
the different pesticides might lead to a toxic effect
on bees.! Moreover, even with a single compound,
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possible long-term toxicity must be considered, as
honey bees are in contact with beeswax throughout
their lives. Obviously, larvae that are reared in cells
are in closer contact with residues contained in
the wax. Indeed, acaricide residues have already
been found in larvae.!” The possible impacts of
pesticides and pesticide cocktails to larval bees needs
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to be further explored. A recent publication on
a method for larva rearing could facilitate further
studies that may shed more light on this particular
topic.'®

Adult honey bees are exposed to residues contained
in wax mainly by contact as they walk on frames,
process nectar into honey, feed and take care of
the brood. Combs are continuously modified so that
the colony models its dynamics on the extent of
honey flow. Size of cells are adapted (i.e. male cells),
emptied of their content (bee bread, for example) and
cleaned. Honey bees do not actually eat beeswax, but
the process involves chewing beeswax, thus exposing
individuals to pesticide residues.

The hazard assessment of pesticides to honey bees
is commonly determined through the use of laboratory
studies (median lethal dose LLD5(). Doses of pesticide
residues found in this survey were lower than the
LDs5( values of the pesticides investigated. However,
such small doses may have sublethal effects on honey
bees, as has been demonstrated in a number of cases.
For example, the negative effect of coumaphos and
fluvalinate on queen rearing has been studied.!®2°
In the USA, queen failures associated with sublethal
toxicity to honey bees were also observed in the field
when high levels of coumaphos were detected.!*

Beekeepers should consider rotating older combs
out of their operation as a way to eliminate pesticide
residues from the hives. As bees that have fed
upon stored contaminated materials produce polluted
honey and wax,!” this precaution would avoid the
contamination of hive products. Van Buren er al.?!
confirmed that newly produced wax contained an
average of 520 ugkg™! of coumaphos 6 months after
colony treatment.

The conversion of nectar into honey involves
physical and chemical changes. During the honey
maturing process, bees reduce nectar water content,
while the chemical changes are consecutive to enzyme
addition from honey bee glands. All these steps are
necessary to make the honey into a compound with
a long life. Pesticide transmission rate from nectar to
wax is high when the nectar stored has a relatively
high water content. The diffusion rate decreases with
honey maturation process. Rape honey has been found
to be too viscous to be cleaned by the diffusion of
pesticide residues into beeswax (Wallner K, personal
communication, 2005). This result, added to other
experiments, suggests that, under certain conditions,
wax seems to act as a sink for hydrophobic substances
such as coumaphos.!” This would represent a good
opportunity for beekeepers to prevent the build-up of
pesticide residues in the hive environment by simply
removing old combs.

Once removed from hives, technical options
for removing pesticides from wax are limited.
Concentration does not decrease during the process
of producing new wax from old melted combs:
coumaphos contents did not decrease in wax after
2hours at 140°C.! Only complete destruction by
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burning wax can destroy stored contaminants.!!
Therefore, the authors strongly encourage beekeepers
to make foundation wax from their own virgin wax.

5 CONCLUSIONS

This study has shown the high contamination of
beeswax by pesticide residues coming from varroa
treatments on the one hand and from plant protection
on the other. The impact of this contamination on
honey bees is still difficult to assess. In Europe,
acaricide residues in beeswax are not regulated.
Beekeepers and various industries benefit from the
healthy and pure image that bee products present
to the public. To protect this image, and also to
protect bee population health, it may be important
to minimise or eliminate pesticide residues from bee
products. Rotating older combs out of hives provides
an opportunity to reduce the amount of pesticides
inside colonies, provided that commercial foundation
wax does not contain any residues.
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