Control of Varroa destructor Infestation with a
Dual-Function, Thymol-Emitting Honey Bee
Hive Entranceway

Introduction
Bees are a crucial pollinator of over 80% of agricultural crops and
also an economically important producer of commodities that find
diverse uses in the food and medicine industry. Additionally, bees
pollinate over 90% of wild plants, and more than $15 billion a year
in U.S crops are pollinated just by bees. However, in 2017, bees
made the endangered species list and are declining at an alarming
rate. Researchers estimate that nearly one-third of all honey bee
colonies in the United States have vanished, and is now at its lowest
point in the past 50 years. At present, the varroa mite is viewed as the
single greatest threat to the honey bee population worldwide. The
varroa mite is a parasitic mite that feeds on the fat bodies of
developing honey bee larvae and adult bees, while aggressively
reproducing within an infected bee colony. Most recent research by
Ramsey et al. highlights the mite’s feeding on fat bodies within the
bee, which in turn renders the bee susceptible to harm from
pesticides. Further, varroa mites transmit viral diseases such as
Kashmir Bee Virus and Deformed Wing Virus that causes severe
damage to colonies and weakens the bees, often leading to their
death. Currently, there is no simple, long-lasting, and reliable
treatment for fighting the varroa mite. To combat this issue, a simple
and effective treatment is needed, that would consistently remove
and kill mites from bees as they enter the hive, which over time, will
devastate the mite population in the hive.

To determine both physical deposition of embedded thymol (within the proposed beehive entranceway), and outgassing of the same varroacide into
the beehive, a Gas Chromatographic method was created, using a PerkinElmer Autosystem XL Gas Chromatograph, with Flame Ionization Detection
(GC-FID). Using the conditions listed in Fig. 7, thymol was found to elute at a retention time of 15.1 minutes (Fig. 8). To quantitate the amount of
thymol released, both as solid (as the bee passes through the entranceway hole), and as a gas (from entranceway outgassing into the hive), serial,
standard dilutions of 250ppm thymol in ethanol were created, and their gas chromatograms obtained (Fig. 9). Peak area at 15.1min for thymol is
plotted against concentration, to create a calibration plot for thymol content (in µg, Fig. 10).

Figure 7. GC-FID parameters used to obtain thymol peak at 15.1
minutes.

This research seeks to develop such a treatment, through the
engineering of a new, Thymol-embedded entranceway to the
beehive. This new entrance contains holes that allow for the
bees to pass through, consistently releasing the thymol
varroacide over prolonged periods in two ways:
• thymol will be released onto passing bees, causing the varroa
mites to disengage from the bee abdomen as they enter the
hive.
• thymol will be consistently released as a gas into the
headspace of the hive, enabling automatic and continued
control of the varroa mite population, specifically on honey
bee larvae.
Using this dual-function mechanism, the new entranceway will
administer thymol directly to the passing bee by physical
contact, reaching the LC50 for thymol/varroa mites, so that mites
detach, and die. Continued release of thymol gas into the hive
will create a hostile environment for those mites that are lodged
within the hive, thus controlling their population.

Figure 8. Gas chromatogram of 3ul of 250ppm thymol in ethanol
highlights a retention time for thymol of 15.1 minutes. The peaks at
1.5 minutes and 2.3 minutes are for ethanol, and the laboratorygrade ethanol additive, respectively.

Figure 9. For serial dilutions of thymol in ethanol, the peak area at
15.1 minutes is proportional to the concentration of thymol in
solution, and is used to construct a calibration plot (Fig. 10).

Figure 10. GC calibration plot of thymol content (ug) using peak areas at
15.1 minutes.

Creation of the Dual-Function Entranceway
Part 1: Development of 3-D Design

Part 2: Application of 50/50 Thymol/Hydromed
Figure 13.
(right)Solution
of 50/50
Hydromed/
Thymol

Figure 14.
(left) Coated
entranceway
using dripdry technique

Figure 11. 3-D model design of dual –function entranceway developed in
Timkercad software.
Figure 12. Final 3-Dimensional printed entranceway using Tinkercad modeling software.

Hydromed-D (Advansource Biomaterials) is an etherbased hydrophilic urethane with excellent adhesive
and cohesive properties. It is dissolved in most
organic solvents, and does not require UV curing in
order to harden into a “formable” solid. Thymol is
soluble in ethanol, as is Hydromed-D, which will
allow for straightforward mixing of thymol in
Hydromed, followed by hardening within a mold, to
create the proposed hive entranceway.

To create the entranceway, a custom 3-D print design was developed in Tinkercad, and printed (Figs. 11-12) A 50:50 mixture of thymol and
Hydromed-D (15g each) were dissolved in ~500ml reagent grade ethanol, and magnetically stirred for 12 hours under a fume hood. This
viscous solution was then poured into the form, and allowed to harden for 2 hours to form the entranceway.

In the final design, the dualfunction,
thymol
emitting
entranceway (DF-TE) is placed
at the front of the otherwise
rectangular
entrance.
In
principle, as bees enter or leave
the hive, thymol from the DFTE is deposited onto the bee
upon physical contact. As the
foraging bees enter/leave the
hive under normal conditions,
the thymol content on the bee
will reach 56µg (the LC50 for
varroa mites and thymol)
leading to the parasite’s release
from the bee, and death.

To better understand the mechanism with
which varroa mites latch onto the
abdomen, and feed off of the inner contents
of the honey bee, live Italian honey bees
(Apis mellifera ligustica), with attached
varroa mites, were isolated from a local
Figure 1. Image of a Varroa destructor
bee hive. A single mite was removed, and feeding
on the abdomen of a honey bee,
where fat body is in abundance. (Image
courtesy of Cornell University)
frozen with liquid-N2, to freeze the
biological condition immediately prior to its sacrifice, for
spectral and microscopic analysis of the abdominal region.
Two feeding varroa mites were placed onto an SEM stage, and
sputter coated, prior to SEM analysis. The SEM images (Figs. 23) highlight the appearance of the Varroa destructor from top
and bottom views, with special attention paid to the feeding
mechanism of the mite, in which the fat-body content of the bee
is drawn.

Figures 14-15. (14, a-b) Placement of dual-function entranceway onto a bee hive. (Fig 14 c): Thymol is deposited on bees as they pass through the entranceway, eventually building up to a level that is toxic for the varroa
mite, so that they detach from the bee’s abdomen, and die. Thymol is also emitted as a gas into the hive, creating a hostile environment for the varroa mite; Fig. 15 with inset: outer and inner views of the entranceway,
installed in a typical bee hive.

Serving as dual-function, thymol is also released from the entranceway into the hive, creating an environment that is hostile for the varroa
mite. This will control the varroa mite population within the hive, for those parasites lodged within the hive, or attached to larvae.

DF-TE Release of Thymol Gas into a Bee Hive

Figure 2, 3. (left to right): Top and bottom SEM views of the Varroa destructor. SEM images taken at 20.0kV, with x90 and x70
magnification, respectively. Fig. 3 Inset: Feeding mechanism of Varroa destructor for depletion of honeybee fat bodies.

Analytical Evidence of Honey Bee
Fat Body Depletion
To evaluate what was within the varroa mite at the time of
feeding (and subsequent liquid nitrogen freezing), an enlarged
mite was placed atop an SEM stub, cut in half diagonally, and
sputter coated for SEM analysis. The SEM images highlight
the inner contents of the varroa mite, which contain the fat
bodies from the honey bee.

Figure 16. GC-FID analysis of gas release of thymol in a 1.2 L bag.

Figure 17. Thymol gas release from a 1.2L bag measured over a period
of 2 months.

Figure 18. Predicted thymol headspace concentration in a typical bee
hive over a period of two months.

To provide evidence that DF-TE thymol gas release is independent of normal
“operating” temperatures, thymol release was similarly measured in a 1.2L bag, at 2,
20, and 45oC (Fig. 20). Thymol release was the same, regardless of temperature, given
the small expected variability in the compound’s vapor pressure over that temperature
range. Finally, to assure that no headspace/gaseous thymol would contaminate the
honey within a hive, 2.5g of honey was dissolved in 2.5mL of water and 100ul of
ethanol, and placed within a hive with a DF-TE (Fig. 21). GC results highlight no
measurable thymol in the honey over a 2 month period.
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Figure 19. Predicted bee hive thymol headspace concentration versus
measured concentration demonstrates agreement with the entrancewayin-bag model and the measured hive thymol content.

Figure 20 (left), Entranceway thymol
emission was tested at 2, 20, and
45oC
Figure 21 (above), Honey was
placed in the hive and sampled for
two months to ensure no thymol
contamination.

Evaluation of Dual-Function Entranceway in a Live Setting

Figure 4, 5. SEM analysis of mite cut diagonally to reveal inner contents, which is assumed to bee honey bee fat body.
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Figure
6. FTIR-ATR analysis of mite internal contents versus honey bee fat
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18 2018 evidence for honey bee fat body
depletion by the varroa mite.
Unless otherwise noted, all graphs, data, and images were created by the
student researcher. Human images are that of the student researcher.

(b)

(c)

Figure 23 a-c: (a, left) A bee was manually passed through the hole of the entranceway, to simulate the movement of a live bee; (b, center) the bee
was then submerged in 300µL of ethanol, and 3µl of that filtrate was analyzed via the GC; (c, right) the resulting gas chromatogram highlighted the
presence of ~0.7µg of thymol on the bee body, in addition to other honey bee components that were soluble in ethanol.

Each day, a “new” dead
bee was passed through a
hole of the DF-TE, for up
to two months. Contact
release of thymol was
consistent for each bee
study, throughout this
time (Fig. 25), with
~0.7µg of thymol added
to the bee body with a
single pass through a DFTE hole.

Figure 25. Contact release of thymol on a passing honey bee was sampled over a period
of two months, and was found to be consistent at ~0.7µg, showing no decline in release.

Modeling Thymol Longevity
on a Foraging Honey Bee
Under normal conditions, foraging bees leave the hive 20 time a day, for
water, pollen, etc., flying ~6 hours/day. As such, a single worker bee
would pass through the DF-TE 40x, receiving ~0.7µg per passage, or
28µg per day. The LC50 of thymol for the varroa mite is 56ug, while that
for the honey bee is 250ug. As such, it is important to understand the
tendencies of thymol-in-Hydromed to degrade on the bee’s abdomen
during 6 hours of flight, so that the maximum thymol content, per bee, is
calculated, and between 56-250µg. The force created by a bee’s wing-set,
flying at 15mph, is calculated as 6.56E-4N (Figs. 26-27), and simulated by
a single drone propeller at 1.6m/s wind speed. In the simulated-flight
experiment, 1mg of thymol/Hydromed is mounted onto a glass tube
behind each of four drone propellers, which are powered for 6 hours per
day. For 4 days, a separate sample is removed, soaked in 300µl ethanol,
and the thymol content is measured to establish the decay rate.

Bee hive Dimensions:
19.75’’x16’’x20’’ with 4L
vacant Headspace

To simulate thymol outgassing into the bee hive, a newly-constructed DF-TE was placed into a 1.2L bag, to measure (i) thymol that is emitted as a
gas, and (ii) the viable lifetime of the dual-function entranceway. The DF-TE was placed into a 1.2L bag that was purged, and ½-filled with N2,
nitrogen. At 24 hours, the gas in the bag was sampled, via 400µl injection into the GC. Each day, the bag was re-purged with N2, and the experiment
repeated, for two months. The mass of thymol released into the 1.2L bag each day (Fig. 17, as µg/L) was well below its equilibrium vapor pressure,
allowing for scale-up of thymol µg to fill the 4L vacant headspace of a bee hive (Fig. 18, as µg/L). The 2-month average was compared to actual
measurements from a bee hive (Fig. 15, via inserted gas entrance ports), and found to be the same (Fig. 19).

3500

(a)

Installation & Detection of Entranceway Outgas of Thymol

SEM Analysis of a Feeding
Varroa Mite

98
96
94
92
90
88
86
84
82
81
4000

Simulation contact-release of thymol was measured by pulling a dead bee
through the entranceway hole, to simulate the movement of a live honey bee.
The bee was then submerged in 300µl of ethanol, mixed, and measured via 3µl
injection of clear filtrate into the GC.

GC-FID Detection of Thymol

Engineering Goal

FTIR analysis of the mite
internal contents, immediately
behind the mite palpas, versus
the fat bodies of a freshly
sacrificed honey bee, was
conducted (Fig. 6). Close
similarity of the spectra
further support fat body flow
from the bee abdomen to the
parasite, providing analytical
evidence for vm depletion of
honey bee fat body.

Modeling of Honey Bee
Behavior

Figure 22a,b,c. Dual –function entranceway was placed onto a local active beehive, and bee behavior towards the entranceway was observed. No unusual bee activity was noticed, and the honey bees
demonstrated indifference to the entranceway.

To validate that the bees would be
accepting of the 50/50 concentration of
thymol/Hydromed, a DF-TE was installed
on a local hive. Foraging bees
demonstrated
indifference
to
the
entranceway; no unusual behavior in bee
activity was noted. In addition, bees that
had passed through the entranceway were
captured and the contact release of thymol
onto their bodies was measured. Results
were in agreement with results obtained in
simulated experiment, with dead bees
(above, right of poster).

Figs 26 a-b, (above, left): 1mg samples of thymol/Hydromed gel were placed onto each of the four wings of a drone, flown 6 hours per day, at 1.6m/s wind speed,
to simulate a honey bee’s wing force (at the abdomen) of 6.56E-4N, at 15mph flight speed. Calculations are based on Roberts, et al., force = (air density * area of
bee wings) * wind speed. Fig. 27: Thymol decay on a bee’s abdomen is found to be exponential; daily dose of thymol is exhausted within 4 days of contact.

Results from the 4-day
simulated bee-flight study
highlight exponential decay
of thymol on the bee
abdomen, where the daily
dose of thymol is exhausted
within 4 days of contact. A
model that considers daily
thymol
contact
dose,
together with wind-induced
rate of decay, can predict
the thymol dosage on a
worker bee, per day, from Figure 28. The daily thymol deposition onto a bee is combined with rate of decay, to establish
for the maximum deposition of thymol (59.7ug) in four days from DF-TE installation.
the date of the DF-TE aThemodel
LC50 for varroa mites is reached within three days, while the LC50 for bees is never
reached.
installation (Fig 28).
While the normal bee receives 28µg thymol/day, that same dose decays in
4 days. Combining daily dose with daily rate of decay, it is predicted that
a bee will reach maximum thymol “content” of 59.7µg in five days after
installation of the DF-TE. The thymol LC50 for the varroa mite is reached
in only four days, where the “miticidal” action of the entranceway should
take effect. Importantly, the honey bees will not be harmed, as the thymol
LC50 for bees (250µg) is never reached, regardless of the anticipated
thymol bee hive headspace content of 5.55µg/L.

Discussion and Conclusions
Depletion of fat bodies from the honey bee by the varroa mite has been
confirmed analytically via SEM and ATR-FTIR analysis. To combat this
likely cause of CCD, a dual-function, thymol emitting bee hive
entranceway was designed, 3D printed, and coated with 50/50 (m/m)
thymol in Hydromed. Primarily, the DF-TE acts to release 0.7µg of
thymol with each passing bee contact; 28µg is delivered to the bee each
day, under normal conditions. Modeling normal contact-accumulation
with experimentally-simulated (drone-model) thymol decay on a bee’s
abdomen during 6 hours of flight/day, a maximum thymol bee delivery of
59.7µg is reached in 5 days from installation. In only 4 days, the LC50 for
thymol/varroa mite (56µg) is reached, leading to effective miticide action.
The bees will not be harmed by the DF-TE, as their LC50 of 250µg is
never reached. Secondly, the DF-TE releases ~5.44µg/L into a typical
wooden box-hive, creating an environment that is hostile to those mites
that are lodged in the hive, or on larvae. Larvae are unharmed, as their
LC50 for thymol (44µg) is never reached in the hive headspace. Thymol
gas release into the hive was found to be independent of normal operating
temperatures, and did not contaminate honey within the installed hive.
Finally, the DF-TE was tested on a local hive, where the bees
demonstrated indifference to and acceptance of the entranceway.

Future Work
Future work involves the evaluation of the dual-function, thymolemitting entranceway in a live setting by placing the novel entranceway
onto a live bee hive, to evaluate varroa mite inhibition.

