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Summary — A number of mite infestation control products (Amitraz, Bromopropylate, Fluvalinate,
Thymol) were used over a 3-year period (1987-1989) to control Varroa jacobsoni infestation by
means of colony treatment in autumn. Treatment was given to 171 hives located in the plains area of
the Emilia Romagna region in northern italy. The residual levels of each product were measured in
the honey, wax and adult bees. The samples were taken from each hive in March, May, July and Au-
gust in the year following treatment. Chemical analysis via gas chromatography showed that: 1),
bromopropylate, thymol and fluvalinate persisted in wax samples; 2), bromopropylate and thymol
were present in honey samples from the brood chamber. None of the products was found in honey

from the supers.

varroatosis / chemical control / acaricide / residue / honey / wax

INTRODUCTION

In a previous article (Lodesani et al,
1990), an examination was made of some
therapeutic aspects regarding the use of a
number of active ingredients commonly
available to control varroatosis in bees
(Bromopropylate, Thymol, Amitraz, Fluval-
inate).

This study examines residue detection
of these substances in bees, honey and
wax from the same colonies that were
used in the investigation on the effective-
ness of the active ingredients. In addition,
a number of general health considerations

relating to the presence of active ingre-
dients in the considered colony compo-
nents will also be discussed.

The 4 anti-varroatosis products investi-
gated in our study were chosen for the fol-
lowing reasons: Bromopropylate because
it was the only officially authorized drug
available when our project was initiated;
Amitraz as it was the most commonly
used treatment in ltaly; Thymol, for its se-
lection in a number of areas due to its
‘natural’ origins; Fluvalinate as it is the
most interesting active ingredient avail-
able over the past 2 years and has been
authorized for use since 1989.
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MATERIALS AND METHODS

Field tests

Treatment with anti-varroatosis products was
carried out on 171 colonies of Apis mellifera Ii-
gustica during a 3-year period from 1987-1989
in 6 localities in the plains area of the Emilia Ro-
magna Region in northern Italy. The active in-
gredient (ai) used and the administration
methods are summarized in table I.

The colonies used in the tests were homoge-
neous as regards the number of bees and
stocks of food. Care was taken during the last
treatment period to ensure that there was an al-
most total absence of brood.

Acaricide treatments (table I)

Thymol

Thymol was used in powder form (Carlo Erba)
using the method described by Dettori (1987).

Bromopropylate

Bromopropylate was used in its commercially
available form, Folbex-VA (Ciba Geigy).

Amitraz

Twenty ml emulsion with 1.6% Taktic (Schering)
were administered to the colonies by aerosol us-
ing a diffuser (Edar). Diffusion time for each
colony was around 1 min. If a double treatment
was given, the second treatment was adminis-
tered a week after first using the same concen-
tration.

Fluvalinate

PVC strips (Apistan, Sandoz) were used and in-
serted in the brood chamber between the 3rd
and the 4th and between the 7th and the 8th
comb during the autumn of the years covered by
our investigation.

Sample collection

The honey and wax samples were taken from at
least 2 combs in each colony: one from the cen-
tre and the other from the side. A part of each
comb was uncapped with a knife and the honey
extracted from the cells with a syringe and
placed in test tubes. To remove any impurities,
especially particles of wax, the honey was cen-
trifuged at 3 000 rpm for 10 min. The wax, which
was taken from the caps which had previously
been removed, was placed in feeders on the
hive comb covers so that the bees could clean

Table 1. Active principles used and methods of administration.

Treatments Bromopropylate Thymol Amitraz Fluvalinate
Active ingredient (Folbex VA®) (Taktic®) (Apistan®)
(commercial product)
Administration via:
Fumigation Sublimation Aerosol Contact
Single Double 1 (2 strips)

Number 4 3 1 2
Interval (days) 4 7 / 6 35-60 days
Dose (mg per colony) 1480 4 500-6 000 40 80 1600
Period Oct—Nov 1987 Oct—Nov 1987 Nov 1987 Nov 1988  Sept-Nov 1988

Oct—Nov 1988

Sept—Nov 1989
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off any remaining honey during the following
24 h. Adult bees were taken from the top edge
of the brood chamber combs and from the in-
side face of the comb cover and placed in small
cardboard boxes.

Samples were taken at 4 periods during the
active season:

— 1st sampling: during the first 10 days of March
when the colonies were beginning to develop;

— 2nd sampling: around the middle of May when
the first supers were laid;

— 3rd sampling: in July;
— 4th sampling: in August, from the super.

In some cases the 4th sampling was not
taken from individual hives, but was made on
the honey extracted from all hives in the api-
ary. During the winter, samples of packaged
honey were also taken but only for the ai Ami-
traz and Fluvalinate. All samples were stored at
-20 °C.

Laboratory analysis

General details

The majority of analytical methods given in the
literature (Formica, 1984; Barbina Taccheo et al,
1985, 1988a,b; Catella et al, 1988; Fabbris et al,
1988; Franchi and Severi, 1989; Torreti ef al,
1989) deal with residue assay in honey only. In
an attempt to make the methods used as homo-
geneous as possible, we initially perfected the
method for honey which was then modified as
needed for use with wax and bees.

Where possible, we chose from the available
methods those that called for extraction and pur-
ifying in reverse on a Sep-pack cartridge. This
route was selected because it was good for the
largest number of samples.

We also experimented with an extraction
method for Thymol, which had already been
tested for phenols on similar matrixes (Daharu
and Sporns, 1984).

Method application was checked by experi-
ments using recovery tests for the 4 active ingre-
dients of each of the 3 matrixes. Our method
was to add known volume solutions at different

concentrations of Bromopropylate, Thymol, Ami-
traz and Fluvalinate to untreated samples of
wax, honey and bees. These matrixes were
subjected to the same analysis procedures used
with the samples to be analyzed.

Recovery percentages were calculated by
comparing the instrument readings for the differ-
ent standard solutions at various concentrations
with the results from the addition of the known
volumes of the same solutions. The external
standard method was used for the quantitative
calculations. Recovery percentage was calculat-
ed for each matrix at 3 different active ingredient
concentrations (table I1).

The sensitivity limit for each ai and matrices
was calculated on the basis of the experimental
results. In this manner the ai concentration that
gave a gas chromatographic peak twice as high
as the noise was determined. Sensitivity limits
are shown at the foot of each table.

Reagents

The following reagents were used: acetone for
pesticides; n-hexane for pesticides; methanol;
chloroform; methylene chloride for pesticides;
iso-octane for pesticides; NaOH soiution 0.5 M;
NaHCO;, saturated solution and 0.1 M solution;
NaCl saturated solution; anydrous Na,SO,;
heptafluorobutyric anhyride (HFBA); standard
for Amitraz, Fluvalinate, Bromopropylate, Thy-
mol.

The following instruments were used: vacuum
system SPE-21 with RP C18 cartridges 0.5g
and 6 cc, (Baker); Omni mixer; Rota vapor
(Buchi); 315 distillation unit (Buchi); gas-
chromatograph HP 5890 with ECD detector
and 30 m and 0.53 mm id HP5 capillary column;
gas-chromatograph HP5890 with MSD 5970
mass detector and 25 m and 0.2 mm id ultra
2 capillary column; Nordion gas-chromatograph
with 2 EDC detectors and 2 NB54 and NB1701
25 m and 0.32 mm id capillary columns.

Bromopropylate

The Barbina Taccheo et al method (1985) was
used, with some modifications (Formica, 1984,
Fabbris et al, 1988; Torreti et al, 1989).
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Table Il. Recovery tests.

Amount added of
Bromopropylate Thymol Amitraz Fluvalinate
(ug/g) (ug/9) (ug/g) (ug/g)

Bees 0.005 0.1 0.0t

0.01 0.2 0.02

0.02 0.4 0.1
Recovery (% * SD) 95+3 93.3+25 80.7+4.2
Honey 0.005 0.1 0.01 0.02

0.01 0.2 0.02 0.1

0.02 0.4 0.1 04
Recovery (% + SD) 923+25 94+26 79+3.2 97.7+0.6
Wax 0.05 0.1 0.02 0.02

0.1 0.2 0.1 0.1

0.2 0.4 0.2 0.4
Recovery (% + SD) 81+3.6 92.3+0.6 69.7+2.1 88.7+4
Sample preparation Detection
Honey This was performed by gas-chromatography us-

Five g of the sample were allowed to blend
overnight in a beaker with a 10 ml mixture of
water/acetone (8:2). The solution was eluted
through a previously treated RP C18 cartridge
and connected to a vacuum system. The beaker
was washed 3 times with 5 ml of water. At the
end of the washings, the cartridge was allowed
to dry and the ai eluted 3 times with 5 ml n-
hexane. The extract was concentrated in the ro-
tary evaporator and dried in nitrogen current
and added to 1 ml of n-hexane for analysis.

Bees

Five g of the sample were allowed to blend in a
beaker with 10 cc of a water/acetone mixture
(8:2) overnight. After filtering the extracts, the
same procedure as that used for the honey was
followed.

Wax

Five g of the sample were allowed to blend with
20 mi of a water/acetone mixture (1:1) for 2 h.
After filtering, the same procedure as that used
for the honey was followed for the extract and
the ai was eluted with 25 ml of n-hexane.

ing an HP 5890 apparatus with an ECD detector
and an HP5 column.

Conditions

The conditions were as follows: initial tempera-
ture: 210 °C; rate: 5 °C/min; final temperature:
270 °C; detector temperature: 300 °C; injector
temperature: 220 °C; carrier: helium (12 ml/min);
make-up: N (25 ml/min) (fig 1).

Thymol

The method used was for all practical purposes
that of Daharu and Sporns (1984).

Sample preparation

Honey

Five g of the sample were blended overnight in
a beaker with 20 ml of pH 5 acidulated water.
The solution was eluted through an RP C18 car-
tridge connected to a vacuum system and pre-
conditioned with 5 ml of methanol and 5 mi of
pH 5 acidulated water. The beaker was washed
twice with 5 ml of acidulated water. After wash-
ing the cartridge was allowed to dry for 5 min
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Fig 1. Bromopropylate detection. Chromatogram concerning a honey sample: the arrow indicates the

peak corresponding to a concentration of 0.004 ppm.

and the ai was eluted 3 times with 5 ml of chio-
roform. The extract was concentrated in the ro-
tary evaporator, dried in a nitrogen current and
added to 1 ml of chloroform for the analysis.

Bees

The method adopted was the same as that for
the honey, the only difference being that the so-

lution was filtered before elution through the car-
tridge.

Wax

Five g of the sample were blended in Kjeldahl
flasks with 100 ml of distilled water for 1 h. The
mixture was steam distilled with a Buchi 315 dis-
tiller to obtain 100 ml of distillate. This solution
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was eluted through an RP C18 cartridge pre-
conditioned with 5 ml of methanol followed by 5
cc of pH 5 acidulated water.

The flask was washed twice with 5 m| of
acidulated water. After washing, the cartridge
was allowed to dry for 5 min and the ai was elut-
ed with 20 ml of chloroform. The extract was
concentrated in the rotary evaporator, dried in a
nitrogen current and added to 1 ml of chloro-
form for the analysis.

Detection

This was performed by gas-chromatography us-
ing an HP 5890 apparatus with a mass detector;
carrier: helium (2 ml/min); split: 60 ml/min. Ac-
quisition was by SIM monitoring 91, 135 and
150 m/z (fig 2).

Amitraz

The method adopted detected Amitraz by its
total conversion into 2.4 dimethylaniline (Horn-
ish et al, 1984; Barbina Taccheo et al, 1988,
1989; Catella et al, 1988; Franchi and Severi,
1989).
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Sample preparation

Honey

Five g of honey were weighed in a scaled
test tube and brought to 10 ml with distilled
water and shaken until the mixture was homoge-
neous. Five extractions were then made with
10 ml of n-hexane and the organic residues
were removed. The extracts were placed in a
round-bottomed flask. If an emulsion formed, a
few drops of propanol were added and mixed.
The extract was concentrated in the rotary
evaporator and dried. Two cc 6f NaOH 0.5 N
were then added and the mixture placed in
a thermostat at 95 °C for 1 h to obtain total
hydrolization. It was allowed to cool, and a
further extraction was made with 2 ml of iso-
octane. One ml of the organic extract was
removed and placed in a screw-cap test tube.
A derivatization was made with 5 ul HFBA by
immersing the tip of the syringe in the solution.
The sealed test tube was placed in a thermo-
stat at 50 °C for 30 min and 1 ml of NaHCO,
saturated solution was added to remove the ex-
cess HFBA. The amount required for ai detec-
tion was taken from the top of the organic ex-
tract.
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Fig 2. Thymol detection. Total ions from a honey sample and relative abundances of m/z. The arrow
indicates the peak corresponding to a concentration of 0.185 ppm.
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Bees

Five g of the sample were blended with 20 ml of
an 8:2 water/acetone solution for 2 h. The ex-
tract was filtered through a 125-ml separating
funnel and 2 extractions were made with 20 ml
of hexane. The organic extract was removed
and placed in a round bottom flask. The method
was then the same as that described above for
the honey sample.

Wax
The method was the same as that for the bees.

Detection

Gas-chromatography with a Nordion apparatus
was used for detection.

Conditions

The conditions were as follows: splitless 0.75;
initial temperature: 50 °C for 2 min; rate 5 °C/
min to 150 °C and 10 °C/min to 270 °C; final
temperature: 270 °C; detector temperature:
300 °C; injection temperature: 220 °C; carrier:
helium (1.5 ml/min); make-up: argon—-methane
-(20 ml/min); split: 15 ml/min; purge: 15 ml/min
(fig 3).

Fluvalinate

The method used was based on that of Bertona
and Sgarzi (1988) and Fitch et a/ (1988).

Sample preparation

Honey

Five g of the sample were blended with 25 ml of
1:1 water/acetone solution. The solution was
eluted through an RP C18 cartridge connected
to a suction system and preconditioned with 5
ml of methanol and 5 ml of water. The ai was
eluted twice with 5 ml of methylene chloride.
The extract was concentrated in the rotary evap-
orator, dried with nitrogen and mixed to 1 ml of
hexane for the analysis.

Wax

Five g of the sample were blended with 100 ml
of methanol and extracts in an Omni-Mixer for
10 min. The extract was filtered through a 500-
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Fig 3. Amitraz detection. Chromatograms

concerning a honey sample. Channel 1: NB54
capillary column; Channel 2: NB1701 capillary
column. The arrows indicate the peaks corres-
ponding to a concentration of 0.005 ppm.
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ml separating funnel and 200 ml of a NaHCOg3
0.1 m solution and 5 cc of a saturated NaCl so-
lution were added. Three extractions were then
made with 50 ml of methanol-saturated isooc-
tane and the organic extracts were removed,
poured over anhydrous Na,SO, and collected in
a flask. The extracts were concentrated in the
rotary evaporator, dried in nitrogen current and
added to 1 ml of isooctane for detection.

Detection

Gas-chromatography with Nordion apparatus
was used for detection.

Conditions

The conditions were as follows: splitless 0.75;
initial temperature: 220 °C; rate: 3 °C/min; final
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Fig 4. Fluvalinate detection. Chromatograms
concerning a wax sample. Channel 1: NB54 ca-
pillary column; Channel 2: NB1701 capillary co-
lumn. The arrows indicate the peaks correspon-
ding to a concentration of 0.005 ppm.

temperature: 280 °C; detector temperature:
300 °C; injection temperature: 250 °C; carrier:
helium (1.5 ml/min); make-up; argon-methane
(20 ml/min); split: 15 ml/min; purge: 5 mi/min
(fig 4).

RESULTS AND DISCUSSION

Current legislation in Italy on pesticides
used in agriculture (Ministry of Agriculture
Orders dated 6 June 1985 and 18 July
1990) sets a limit of 0.01 mg/kg for resi-
dues of Amitraz, Bromopropylate and Flu-
valinate in products destined for human
consumption not specified in schedule 1
and 2 of the second above-mentioned or-
der (honey is among these). Italian law, in
particular Law No 753 dated 12 October
1982, Law No 283 dated 30 April 1962 and
DPR No 327 dated 26 March 1980, does
not allow any ai residue of drugs for veteri-
nary use and also for Thymol.

Bromopropylate

Our data confirm the results obtained by
other researchers (Barbina Taccheo et al,
1988a), /e ai continued to be present in
brood chamber honey even a number of
months after treatment (table ). The con-
centration curve for this matrix when com-
pared with that for wax suggested the hy-
pothesis that the ai in the wax was
transferred to the honey. The gradual and
continuous ai decay in bees was probably
due to the progressive turnover of adult
bees during the active season.

Thymol

The levels detected at the first sampling in
the hive matrices were higher than those
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Table Il. Bromopropylate residues (expressed in ppm).

Sampling
From the brood chamber From the super: mixed samples
I (March) I (May) i (July) 1V (August)

Bees X 0.017 0.012 0.006

SD 0.002 0.007 0.003

min < 0.001 < 0.001 < 0.001

max 0.079 0.025 2.245

n 46 12 8
Honey X 0.018 0.094 0.026 0.005

SD 0.003 0.018 0.009

min < 0.001 < 0.001 < 0.001

max 0.077 0.245 0.070

n 46 12 8 8
Wax X 13.978 5.738 2.626

SD 0.0993 0.551 1.028

min 1.650 2.510 0.050

max 34.560 8.820 8.600

n 46 12 8

Limits of determination: 0.001 ppm for honey and bees; 0.05 ppm for wax.

for the other ai tested for in our study
(table 1V). The fast decrease in concentra-
tion in the later samplings could be due to
probable thymol sublimation facilitated by
the hive microclimate.

As regards wax, following a sharp drop
in the values between the first and second
sampling (a reduction of about 190-fold)
due to the reasons mentioned above, the
values stabilized at around 0.2 ppm. The
high concentrations found at the first sam-
pling can be explained by the high amount
of product used in the treatment (from 4.5
to 6 g). The quantity of residues in the
honey was reassuring: over a period of
time they dropped progressively and line-
arly until, by the 3rd and 4th sampling, ai

values were below the sensitivity threshold
for the analytical method used.

Amitraz

The honey and wax samples from the
1987 treatment (a single administration)
showed the absence 2.4 dimethylaniline
(table V). For the 1988 treatment (double
administration) 2.4 dimethlylanine was
present only in the samples taken in March
(table VI1). The maximum values detected
were 0.012 ppm in the honey and 0.061
ppm in the wax. The mean for the total
samples analyzed was 0.005 ppm for
honey and 0.015 ppm for wax. These data
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Table IV. Thymol residues (expressed in ppm).

M Lodesani et a/

Sampling
From the brood chamber From the super: mixed samples
! (March) Il (May) i (July) 1V (August)

Bees X 0.222 0.001 < 0.001

Sb 0.045 0.002

min < 0.001 < 0.001 < 0.001

max 1.358 0.038 < 0.001

n 39 11 11
Honey x 0.315 0.047 < 0.001 < 0.001

SD 0.315 0.045

min 0.019 < 0.001 < 0.001

max 1.500 0.740 < 0.001

n 39 11 11 11
Wax X 45.370 0.240 0.150

SD 5.719 0.189 0.194

min 2.540 0.078 0.057

max 177.800 3.170 3.470

n 39 11 11

Limits of determination: 0.001 ppm for honey and bees; 0.01 for wax.

were confirmed by the absence of decay
products in both the honey of the super and
packaged honey. These results confirm the
reports of other authors (Celli and Porini,
1987; Barbina Taccheo et al, 1989).

Thus among the ai investigated in our
study, Amitraz had the least amount of resi-
due. Any further comments on its advantag-
es in controlling mite infestation in bees will
have to wait until its use has been author-
ized by the Italian Ministry of Health.

Fluvalinate

No fluvalinate residues were found in
honey samples taken at different times
(table VII). These results agree substan-

tially with those in the literature (Barbina
Taccheo et al, 1989; Bogdanov et al, 1990;
Borneck and Merle, 1990).

On the other hand, analysis of wax
showed the presence and persistence of ai
residues. In more detail, data for the sam-
ples taken in 2 areas where treatment with
Fluvalinate had been carried out (Reggio
Emilia and Bologna), though different in
quantity, showed a similar trend and high
concentrations in the 2nd and 3rd sam-
pling. The values were considerably higher
than those reported by Borneck and Merle
(1990), though the latter were found under
different test conditions. Bogdanov et al
(1990) reported higher amounts of residual
Fluvalinate than that found in the present
study.
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Table V. Amitraz residues after a single treatment (expressed in ppm).

Sampling
From the brood chamber From the super: mixed samples
{ (March) Il (May) i (July) IV (August)

Bees X < 0.001 < 0.001 < 0.001

SD

min < 0.001 < 0.001 < 0.001

max < 0.001 < 0.001 < 0.001

n 12 6 5
Honey x < 0.001 < 0.001 < 0.001

Sb 0.003 < 0.001

min < 0.001 < 0.001 < 0.001

max < 0.001 0.034 < 0.001

n 16 1 9 5
Wax X < 0.001 < 0.001 < 0.001

SD

min < 0.001 < 0.001 < 0.001

max < 0.001 < 0.001 < 0.001

n 12 6 5

Limits of determination: 0.001 ppm.

Table VI. Amitraz residues after double treatment (expressed in ppm).

Sampling
From the brood chamber From the super  Packaged honey
I (March) I (May) i (July) 1V (August) V (December)
Honey x 0.005 < 0.001 < 0.001 < 0.001 < 0.001
sD 0.001
min < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
max 0.012 < 0.001 < 0.001 < 0.001 < 0.001
n 15 15 15 15 <8
Wax  x 0.015 < 0.001 < 0.001 < 0.001
SD 0.004
min < 0.001 < 0.001 < 0.001 < 0.00t1
max 0.061 0.004 < 0.001 0.004
n 15 15 15 15

Limits of determination: 0.001 ppm.
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Table VII. Fluvalinate residues (expressed as ppm).

Sampling
From the brood chamber From the super  Packaged honey
I (March) Il (May) i (July) IV (August) V (December)
Honey x 0.002 < 0.001 0.001 < 0.001 < 0.001
SD 0.003 0.001
min < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
max 0.100 < 0.001 0.023 < 0.001 < 0.001
n 25 33 29 12 5
Wax X 0.415 0.842 0.767 0.010
SD 0.194 0.289 0.142 0.005
min < 0.001 < 0.001 0.020 < 0.001
max 4.650 7.370 6.830 0.060
n 25 33 29 12
Limits of determination: 0.001 ppm.
This ai was also found in the super wax, = CONCLUSIONS

though to a considerably lesser extent
than in the brood chamber wax.

The distribution of the ai between the 2
hive matrices was justified by its very
slight solubility in water (< 5 ppb), its oc-
tane/water partition coefficient (7000-Log
K = 3.8) and its low vapour pressure. Bog-
danov et al (1990) reported 2800 to
12 100-folds higher Fluvalinate concentra-
tion in wax than in honey from the same
sampling. Although ai presence in March
can be interpreted as a consequence of
the treatment given the previous year, its
curve during the summer months is not so
easily explained. A possible hypothesis
could be increased bee mobility in the
brood chamber during the hotter months
which would result in increased ai distribu-
tion on the comb surfaces. The only other
explanation would be chemical interac-
tions of an as yet unknown nature.

The chemical analysis of wax demonstrat-
ed that Bromopropylate, Thymol and Flu-
valinate persisted in almost all the sam-
ples. The authors consider that future
research projects should examine the neg-
ative implications of this, especially as re-
gards the consumption of honey in the
comb, the use of this wax in the cosmetics
and pharmaceutical industries (supposito-
ries, excipients and various carriers) and
its reuse in the beekeeping field.

It is also important to stress that bee-
keepers should follow correct hive man-
agement procedures both as regards the
therapeutic treatments used and honey ex-
traction and processing methods. The goal
here should be to reduce to minimum lev-
els the amount of wax in the honey by
avoiding excessive wax pressing and by
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ensuring that honey was not extracted
from brood chamber combs.

In the present state of affairs in Italy, of
the chemicals discussed in this study, only
Bromopropylate and Fluvalinate are au-
thorized for beekeeping use. The former,
though adequate from an effectiveness
point of view, has the disadvantage of re-
quiring labour-intensive and frequent ad-
ministration, is expensive and remains in
not inconsiderable residual amounts in the
hive matrices.

Fluvalinate is safe and practical to use,
quite effective but remains residually for
quite some time in wax. The cost of the
commercially available product is high. In
their study on active ingredient residues in
colonies where the strips were left for 13
months, Bogdanov et al (1990) disproved
the common opinion that strips are no
longer capable of releasing fluvalinate after
4 months because they have been propo-
lized. Furthermore, Moosbeckhofer and
Kohlich (1990) have demonstrated that flu-
valinate continues to be anti-mite effective
in the hive even some months after the
strips have been removed.

However, the fact that it requires just a
single administration and the way in which
it works tend to induce the beekeeper to
become negligent, /e he is convinced that
if the strips are left for a longer period, the
drug will continue to perform its task and
therefore does not remove them at the pre-
scribed times.

Another important consideration is the
presence of the active ingredient in wax at
sub-lethal concentrations for mites and for
such long periods of time as to induce
drug-resistant strains due to the ongoing
presence of the drug on a matrix in close
contact with both bees and mites.

In the future, though its effectiveness
depends on how it is administered and in
what quantities, Amitraz deserves more at-
tention especially as it leaves no residue in
hive products.

The problem of water soluble co-
formulants in the commercially available
product still requires in-depth investigation
since due to their chemical make-up, these
substance have a higher affinity towards
honey.

Though interesting because of its low
price, in our study Thymol did not achieve
the therapeutic efficiency results called for
by the current epidemiological situation. In
fact, not even the residue analysis results
would lead us to recommend this product.

The next stage in our research efforts
will be to analyze the honey and wax sam-
ples from colonies treated with Fluvalinate
and taken at 30, 60 and 90 days from the
date the strips were placed in the hives.
This same set of experiments will look into
any products of Fluvalinate denegenera-
tion.

Résumé — Détermination des résidus
de quelques acaricides utilisés contre
la varroatose. Pendant une période de 3
ans, de 1987 & 1989, des expériences ont
porté sur des acaricides utilisés contre
Varroa jacobsoni: le bromopropylate, le
thymol, I'amitraze et le fluvalinate (tableau
). Les traitements ont été réalisés a l'au-
tomne sur 171 colonies situées dans des
localités de la plaine d'ltalie du Nord. Pour
le bromopropylate et le fluvalinate, on a
respectivement utilisé le Folbex Va® (Ciba
Geigy) et I'Apistan® (Sandoz) selon les
modalités prescrites par les firmes; pour
l'amitraze, le Taktic® (Schering), appliqué
en aérosol en traitements uniques ou répé-
tés. Le thymol a été utilisé en cristaux
(Carlo Erba) en traitement direct sur des
cadres couverts d'abeilles. On a déterminé
les résidus de chaque matiére active (MA)
dans des échantillons de miel, de cire et
d'abeilles adultes prélevés dans chaque
colonie a 4 reprises (mars, mai, juin et
aout). Les analyses ont été effectuées par
chromatographie en phase gazeuse. Le ta-
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bleau Il présente les résultats des tests de
récupération de chague MA utilisée.

Le bromopropylate a laissé des résidus
supérieurs aux limites admises dans le
miel du corps de ruche et surtout dans la
cire, ou les valeurs sont restées encore
élevées méme plusieurs mois aprés le trai-
tement (tableau lil, fig 1). Le thymol a été
retrouvé en quantités trés élevées dans
les différents échantillons, mais unique-
ment dans les premiers prélévements. Par
la suite, les valeurs ont baissé sensible-
ment (tableau 1V, fig 2). En ce qui concer-
ne l'amitraz, les valeurs moyennes du 2,4-
diméthylaniline déterminées dans chaque
prélevement ont presque toujours été nul-
les (tableau V, fig 3), méme aprés un dou-
ble traitement (tableau VI). Le fluvalinate
n'a pas laissé de résidus dans le miel. Par
contre, des quantités non négligeables ont
été retrouvées dans la cire (tableau VII, fig
4), L'analyse des échantillons de miel pré-
levés dans les hausses a donné un résul-
tat négatif pour toutes les MA utilisées.

On souligne la nécessité d'appliquer les
acaricides suivant les modes de traitement
appropriés. Leur utilisation correcte ne
comporte, en effet, aucun risque de poliu-
tion du miel destiné au commerce. Toute-
fois, les résidus retrouvés dans les échan-
tillons de cire ne sont pas, en régle
générale, rassurants. |l convient par
conséquent d'approfondir ce dernier as-
pect pour vérifier les conséquences défa-
vorables, surtout en ce qui concerne ['utili-
sation de la cire dans les industries
cosmétique et pharmaceutique, ainsi que
sa réutilisation dans le secteur apicole.

Varroatose / lutte chimique / acaricide /

résidu / miel / cire

Zusammenfassung — Ruckstandsbe-
stimmung von einigen benutzten Pro-

dukten in der Varroatosebekadmpfung. In
den drei Jahren von 1987 bis 1989 wurden
die folgenden Akarizide zur Beké&mpfung
der Varroatose getestet: Brompropylat,
Thymol, Amitraz, Fluvalinate (Tabelle I).
Die Anwendung wurde im Herbst bei 171
Vélkern in der norditalienischen Tiefebene
vorgenommen. Bromopropylat und Fluvali-
nate wurden in Form der Handelsprépara-
te Folbex VA (Ciba Geigy) und Apistan
(Sandoz) nach den Angaben der Herstelier
angewendet. Fir Amitraz wurde Taktic
(Schering) als Aerosol einmalig oder wie-
derholt angewendet. Thymol wurde in Kri-
stallform (Carlo Erba) direkt auf die von
den Bienen bedeckten Waben aufge-
bracht. Fir jeden Wirkstoff wurde eine
Rickstandsbestimmung in  Stichproben
von Honig, Wachs und erwachsenen
Bienen vorgenommen. Aus jedem Volk
wurden vier Mal Stichproben entnommen,
und zwar in den Monaten Mérz, Mai, Juli
und August. Die Analysen sind mit Ga-
schromatographie ausgefihrt worden. Die
Wiedererlangungsproben fir jeden Aktiv-
stoff sind in Tabelle 2 zusammengestellt.
Die Rlckstande von Brompropylat lagen
beim aus Brutraum entnommenem Honig
und vor allem bei Wachs, wo sie auch
mehrere Monate nach der Behandlung
noch erhdht waren, oberhalb der zuléssi-
gen Grenzwerte (Tabelle I, Abb 1).
Thymol wurde in allen drei Komponenten
nur in den ersten Stichproben in hohen
Mengen gefunden. In den anschlieBenden
Stichproben waren die Werte merklich ge-
sunken (Tabelle 1V, Abb 2). Was die Riick-
stidnde von Amitraz betrifft, fielen die bei
jeder Stichprobe vorgenommenen durch-
schnittlichen Bestimmungen von 2.4-
Dimethylanilin fast immer negativ aus (Ta-
belle V, Abb 3), auch nach einer doppelten
Anwendung (Tabelle VI). Fluvalinat-
Rickstande im Honig wurden nicht gefun-
den. Im Wachs konnten dagegen signifi-
kante Mengen dieses Wirkstoffes gefun-
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den werden (Tabelle ViI, Abb 4). Die Un-
tersuchung des aus dem Honigraum ent-
nommenen Honigs hat fiir alle hier in Be-
tracht gezogenen Wirkstoffe stets negative
Resultate erbracht. Es wird unterstrichen,
daB alle Milbenbekdmpfungsmittel unbe-
dingt nach den vorgeschriebenen Metho-
den angewendet werden missen. Bei kor-
rekter Anwendung dieser Préparate be-
steht keine Gefahr, daf3 der flir den Handel
bestimmte Honig Schadstoffriickstande
aufweist. Die in der Mehrzahl der Wachs-
stichproben gefundenen Ricksténde sind
jedoch besorgniserregend. Dieser Aspekt
sollte daher noch eingehender untersucht
werden, vor allem in Hinsicht auf die Aus-
wirkungen der Wachsverwendung in der
Kosmetik und Pharmaindustrie, sowie bei
der Wachswiederverwendung in der Bie-
nenzucht.

Varroatose / chemische Bekdmpfung /
Akarizide / Riickstand / Honig / Wachs
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