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ABSTRACT

Aedes albopictus and Apis melliferawere exposed to six insecticide active ingredients and five commercial insecticide
formulations by topical application and insecticide-impregnated paper strips respectively to determine the differential
toxicity and the potential use of the two methods in insecticide resistance monitoring surveys. By topical application
deltamethrin was the most toxic active ingredient (LD, = 0.018 pg/g) for Ae. albopictus whereas chlorpyrifos was the
least toxic (LD, = 0.499 pg/g). For Apis mellifera, the most toxic active ingredients were bifenthrin (LD, = 0.047 pg/g)
and deltamethrin (LD, = 0.055 pg/g) while chlorpyrifos (LD,,= 0.215 pg/g) and permethrin (LD, = 0.287 pg/g) had
comparatively low toxicity. When the insecticide-impregnated method was used, Mosquito Mist (a.i. chlorpyrifos) was
the most toxic commercial formulation for both Ae. albopictus (LC,= 0.028 pg/cm?) and A. mellifera (LC, = 0.059 pg/
cm?). Duet and DeltaGard showed the least toxicity (LC, = 2.429 pg/cm? and LC, = 0.491 pg/cm? respectively) for Ae.
albopictus and DeltaGard was the least toxic to A. mellifera (LC, = 18.09 pg/cm?).

When using the topical application method with insecticide active ingredients, more than 3 times permethrin
and deltamethrin were required to obtain the same mortality rate in A. mellifera as in Ae. albopictus. However, chlor-
pyrifos was more toxic for A. mellifera than for Ae. albopictus. In the insecticide-impregnated paper-strip method with
commercial insecticide formulations, more than 36 times of DeltaGard was required to obtain the same mortality rate
in A. mellifera as in Ae. albopictus. Even though the Mosquito Mist is the most toxic commercial formulation for both
insect species, A. mellifera were more than 2 times tolerant to this insecticide compared to Ae. albopictus.

The study concludes the active ingredient deltamethrin or its commercial formulation DeltaGard is the best
among tested insecticides to control Ae. albopictus with minimal effects to A. mellifera.
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INTRODUCTION been widely used as indoor/outdoor re-
sidual or space sprays for mosquito control
Aedes albopictus Skuse, also called as the  because of their high effectiveness. Usage of
Asian tiger mosquito is a widely distributed  some insecticides results in unfortunate con-
mosquito species in tropical, subtropical and  sequences to nontarget beneficial organisms
temperate climate zones. It is an important  such as honeybees.
vector of several viral infections, including Honeybees are responsible for provid-
yellow fever, dengue, chikungunya, and Zika ing more than 90% of commercial pollina-
virus. The spraying of chemical insecticides tion services in agricultural crops in United
to control the vector is one of the most im- States (Bruckner et al. 2019). The elevated
portant methods to prevent the transmission  loss rates seen recently in managed honey-
of those arboviral diseases. Pyrethroids have bee colonies threaten those pollination ser-
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vices (Lopez-Uribe and Simone-Finstrom,
2019). Therefore, there is a global concern
about the decline of honeybee populations
which is attributed to a range of factors such
as “Colony Collapse Disorder” (Williams et
al. 2010), pathogens and pesticides (Ostiguy
etal. 2019). Since the worker honeybees can
forage up to 12 km around their hive and
reach urban areas (Beekman and Ratnieks
2000), they can be exposed to a several dif-
ferent insecticides. Some studies have con-
cluded that barrier or ground insecticide
applications to control host-seeking mos-
quitoes may affect nontarget insects such as
honeybees (Qualls et al. 2010; Drake et al.
2016). Better practices should be adhered
to minimize adverse effects on non-target
organisms such as honeybees while imple-
menting mosquito control with insecticides.

Increased use of insecticides leads to the
progressive development of chemical insec-
ticide resistance among mosquitoes (Knox
et al. 2014) and therefore, programs using
insecticides to control mosquitoes should al-
ways include insecticide resistance monitor-
ing and management. Standard laboratory
studies utilize topical bioassays, applying
insecticides to the mesothoracic pleural or
dorsal body regions, or the use of insecti-
cide-impregnated papers, where insects pick
up chemical on their tarsi. Both of these
methods are commonly used to determine
toxicity or insecticide resistance (WHO,
2009, WHO, 2018).

The objectives of this study were to de-
termine the differential toxicity of six active
ingredients and five commercial insecticide
formulations on Ae. albopictus and Apis mel-
lifera using two bioassay methods and deter-
mine their potential use in future insecticide
resistance monitoring surveys. It would help
mosquito control personnel to make in-
formed decisions on the best use of insecti-
cides that will have minimum to no effect on
honeybee populations.

MATERIALS AND METHODS

Insects. Ae. albopictus adults were ob-
tained from colonies maintained at the
USDA-ARS, Center for Medical, Agricul-
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tural, and Veterinary Entomology (CMAVE)
in Gainesville, FL., USA. A. mellifera were
obtained from an apiary managed by the
Honey Bee Research and Extension Labora-
tory, Entomology and Nematology Depart-
ment, University of Florida, Gainesville, FL.,
USA. Mosquitoes and honeybees were pro-
vided with 10% and 50% sucrose solution
ad lbitum respectively throughout the ex-
periments. The honeybee colonies were of
mixed race, European-derived stock housed
in standard Langstroth-style equipment and
managed according to common practices
for North Central Florida.

Active ingredient experiments. Six com-
monly used mosquito adulticidal active
ingredients namely, phenothrin (94.6%),
prallehtin  (96%), deltamethrin (99.7%),
chlorpyrifos (99.3%), permethrin (96.7%)
and bifenthrin (99.1%) from Sigma-Aldrich,
USA were used in the experiments. The
active ingredients were serial-diluted in ac-
etone to make 1.0, 0.1, 0.01, 0.001, 0.0001,
and 0.00001% dilutions. In the second part
of the bioassay intermediate dilutions were
included. Each dilution was applied sepa-
rately on thoraxes of Ae. albopictus and A.
mellifera adult females by topical applica-
tion method. Ten adult female mosquitoes
(3-4 days old) were knocked down exposing
to CO, for 15 s for each of the 5 replicates
per treatment and treated with 0.1 pl of an
insecticide preparation using a 5 pl syringe
(Hamilton Co. Reno NV) and a repeating
dispenser (Hamilton PB 600-1). Treated
mosquitoes were transferred to 20-ml scin-
tillation vials and covered with a mesh to
prevent escape. The mosquitoes of control
experiments were treated with acetone only.

Ten adult worker A. mellifera (5-10 days
old) were knocked down with CO, for 20 s
for each of 5-7 replicates per treatment and
treated with 1 pl of the insecticide prepa-
ration using a 50 pl syringe (Hamilton Co.
Reno NV) and a repeating dispenser (Ham-
ilton PB 600-1). They were then transferred
to 120-ml glass jars and covered with a mesh.
The honeybees of control experiments were
treated with acetone only.

Commercial insecticide experiments.
Five commercial insecticides; Mosquito Mist
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(chlorpyrifos 24.6%), Aqualuer (perme-
thrin 20.6%, PBO 20.6%), DeltaGard (del-
tamethrin 2.0%), Duet (Prallethrin 1.0% +
Phenothrin 5.0%) and Talstar (Bifenthrin
7.9%) were tested using the insecticide-im-
pregnated paper method. Serial dilutions
were prepared using different diluents de-
pending of the pesticide formulation. Mos-
quito Mist and Aqualuer were diluted in ac-
etone; DeltaGard and Talstar were diluted in
distilled water; and Duet was diluted in min-
eral oil. The diluent for the control experi-
ments was the same for the corresponding
insecticide. Different amounts of insecticide
solution were applied depending on the sol-
vent used for each commercial formulation.

Each insecticide preparation was ap-
plied to filter paper strips (Whatman filter
paper # 2). For A. mellifera the strips were
14 cm? (2 x 7 cm) and for Ae. albopictus the
strips were 5 cm? (1 x 5 cm). Dosages of in-
secticides were calculated as such to ensure
the same amount of insecticides per cm? in
both sizes of the paper strips (Table 1).

Ten adult Ae. albopictus females (3-4 days
old) were knocked down using CO, for 15 s
for the replicate of each concentration and
transferred to 20-ml scintillation vials with
mesh covers. After 30 minutes and complete
recovery from CO, anesthetizing, the insec-
ticide-impregnated paper strip was intro-
duced to the scintillation vial. Five replicates
were carried out on separated days.

Ten worker A. mellifera (5-10 days old)
were knocked down using CO, for 20 s for
the replicate of each concentration and
transferred to a 120-ml glass jars with mesh
covers. After 30 minutes and complete recov-
ery from CO, anesthetizing, the insecticide-
impregnated strip was introduced to the jar.

Table 1. Amounts of different insecticides used to im-
pregnated the paper strips.

Amounts used ()

Insecticide Ae. albopictus ~ A. mellifera
Mosquito Mist 32 90
AquaLure 32 90
DeltaGard 50 140
Talstar 50 140
Duet 25 70

Any bees that were not walking at the time
the insecticide-treated paper strip was added
to the jars were not considered for the ex-
periment. Five to seven replicates were car-
ried out on separated days.

At least 350 each of Ae. albopictus and A.
mellifera (50 control and 300 insecticide treat-
ed) were tested for mortality against each in-
secticide in each experiment. Mortality was
assessed 24 h post exposure to insecticides.
When mortality in control experiments were
above 5%, mortality data of corresponding
treatment experiments were corrected using
Abbott’s (1925) formula before calculating
LD,, or LC,. LD,, or LC,, values were com-
pared to determine the differential toxicity
of insecticides to the two species. Data were
analyzed by probit analysis and significance
was assessed by the degree of overlap of 95%
CI (SAS 9.4 Institute Inc., Cary, NC).

RESULTS

Toxicity of the active ingredients. Del-
tamethrin was the most toxic (LD,, = 0.018
pg/g) among the 6 tested adulticidal active
ingredients when applied topically on Ae. al-
bopictus followed by bifenthrin (LD,,= 0.029
prg/g), permethrin (LD, = 0.076 pg/g) (Ta-
ble 2). Chlorpyrifos was the least toxic active
ingredient (LD, = 0.499 pg/g) for this mos-
quito species.

For A. mellifera, the most toxic insecti-
cides were bifenthrin (LD, = 0.047 pg/g)
and deltamethrin (LD, ,= 0.055 pg/g), with
no significant differences between them, fol-
lowed by phenothrin (LD, = 0.131 pg/g).
The least toxic active ingredient for A. mel-
lifera was prallethrin (LD,, = 0.779 pg/g)
which is normally added to commercial for-
mulations only to produce the knockdown
effect because of its low toxicity. Chlorpyri-
fos (LD,,= 0.215 pg/g), permethrin (LD, =
0.287 pg/g) had low toxicity to A. mellifera.
Both insect species had similar susceptibility
to phenothrin, with LD, of 0.186 pg/g for
Ae. albopictus and 0.131 pg/g for A. mellifera.

A. melliferawere 3.78X, 3.06X, and 3.04X
more tolerant to permethrin, deltamethrin
and prallethrin respectively compared to
Ae. albopictus (Table 2) when using topi-
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cal applications. However, chlorpyrifos and
phenothrin were more toxic (2.32X, 1.41X
respectively) for A. mellifera than for Ae. al-
bopictus.

Toxicity of commercial insecticides.
Mosquito Mist (a.i. chlorpyrifos) was the
most toxic among 5 tested commercial in-
secticides for Ae. albopictus with LC,= 0.028
pg/cm? followed by Talstar and Aqualuer.
Duet was the least toxic insecticide (LC,=
2.429 pg/cm?) (Table 3). The most toxic
commercial insecticide for A. mellifera also
was the Mosquito Mist (LC,= 0.059 cm?)
followed by Talstar (LC,= 0.243 cm?). The
least toxic commercial insecticide was Delta-
Gard (LC,= 18.09 pg/cm?). No toxicity dif-
ferences were noted between A. mellifera and
Ae. albopictus for Talstar and Duet (Table 3).

Different insect behaviors were noted
during the experiment depending on the
insecticide used for paper impregnation.
Both insect species walked for shorts periods
of time onto the pyrethroid-impregnated pa-
pers; apparently trying to avoid them. This
behavior was not observed when the insects
were exposed to chlorpyrifos. It indicates
that they were exposed to chlorpyrifos for
longer periods of time compared with py-
rethroids. This might have attributed to the
higher toxicity for Chlorpyrifos compared to
pyrethroid insecticides.

A. mellifera was 36.84X more tolerant to
DeltaGard compared to Ae. albopictus. Even
though Mosquito Mist is the most toxic in-
secticide for both insect species, A. mellifera
was 2X more tolerant (Table 3).

DISCUSSION

The present study determines the def-
erential toxicity of six insecticide active in-
gredients and five commercial formulations
on Ae. albopictus and A. mellifera. Results in-
dicate that all the pyrethroid active ingredi-
ents were more toxic to Ae. albopictus than
organophosphate chlorpyrifos. However,
chlorpyrifos was more toxic for A. mellifera
than permethrin and prallethrin. Among
the commercial insecticide formulations
Mosquito Mist, the one with the active in-
gredient chlorpyrifos, was the most toxic for

albopictus and Apis mellifera adults.

Table 2. Lethal doses (LLD,)) of six adulticidal active ingredients topically applied to Aedes

Apis mellifera (B)

Aedes albopictus (A)

Slope (SE) LD,, (A)/LD,, (B)

95% CI

50 (HE/8)

LD

95% CI Slope (SE)

I"Dso (}lg/g)

Insecticide

3.06
1.62
3.78
0.70
3.04
0.43

1.69 (0.19)
2.97 (0.28)
3.16 (0.31)
2.08 (0.23)
1.91 (0.20)
3.56 (0.35)

0.052-0.084
0.041-0.055
0.253-0.326
0.109-0.159

0.055

1.92 (0.21)
1.91 (0.19)
1.13 (0.24)
1.55 (0.17)

1.01 (0.11)
2.51 (0.25)

0.015-0.022

0.024-0.036

0.018

Deltamethrin
Bifenthrin

0.047
0.287

0.029
0.076

0.017-0.228
0.145-0.247
0.176-0.369
0.421-0.601

Permethrin
Phenothrin
Prallethrin

0.131
0.779

0.186
0.256

0.635-0.946
0.193-0.240

0.215

0.499

Chlorpyrifos




44

Table 3. Lethal doses (LLC,,) of commercial insecticides exposed to Aedes albopictus and Apis mellifera adults by insecticide-impregnated paper method.

Apis mellifera (B)

95% CI

Aedes albopictus (A)

LC50 (A)/ LCC50 (B)

N

Slope (SE)

95% CI Slope (SE) N LC50 (pg/cm?)

LC50 (pg/cm?)

Insecticide

2.11
0.84
1.83
36.84

300
300

1.78 (0.323)
2.67 (0.277)
1.71 (0.149)
2.31 (0.257)
2.69 (0.281)

0.036-0.113

0.059
0.243

300

3.030 (0.297)
0.326 (0.313)

0.025-0.032

0.261-0.326

0.35-

0.028

0.291

Mosquito Mist

Talstar

0.211-0.282
0.618-0.962
13.39-18.68
1.051-1.406

(=3
10
[22]

350
300

0.773

300

1.440 (0.168)
0.709 (0.086)
92.640 (0.242)

0.599

0.423

Aqualuer

18.09
1.221

350

0.321-0.822
2.144-2.795

0.491

DeltaGard

Duet

0.50

300

420

2.429
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both species. One possible reason for evi-
denced lower toxicity of pyrethroid insecti-
cides, when exposed to impregnated paper
strips, could be the irritation they produce
being kept the insects from getting in touch
with the paper strips for a period longer
enough to pick up the insecticide. Since,
chlorpyrifos does not causes irritation the
insects move freely around the insecticide-
impregnated papers until they get a lethal
dose.

The insecticide-impregnated paper
method was originally developed to evalu-
ate discriminating doses. In this method,
the more the exposed insects move on the
paper the more insecticide they pick up by
their tarsi. Additionally, it has been reported
that the insecticide applied to the mosquito
tarsomeres of the hind leg spread out across
all the tarsomeres, the tibia, and a portion
of the femur of the hind leg (Aldridge et al.
2016). Both permethrin (pyrethroid) and
malathion (organophosphate) contacted
through appendages such as the leg has re-
sulted in much lower mortality (Aldridge et
al. 2016). Unlike in the insecticide -impreg-
nated paper method, the topical application
allows the direct absorption of applied insec-
ticide and therefore more appropriate for
the determination of toxicity of pyrethroid
insecticides.

On that basis, among the tested insecti-
cides, deltamethrin or the commercial for-
mulation DeltaGard would be the best for
controlling Ae. albopictus with minimal ef-
fects on A. mellifera. However, Mosquito Mist,
the commercial formulation of chlorpyrifos
and Aqualuer, the commercial formulation
of permethrin, would be considered as op-
tional insecticides for resistance manage-
ment. Previous studies have reported LD,
0.59 pg/g (Greig-Smith et al. 1994) and LD,
range from 0.59 to 1.14 pg/g (Hardsome
and Scott 2010) of chlorpyrifos for honey-
bees which are very similar to those reported
in the present study (LD,, 0.499 pg/g). Pre-
viously reported LD, values of permethrin
for honeybees are 1 pg/g (Inglesfield, 1989)
and 0.15 pg/g (Danka 1986). Compromis-
ingly, our study reports an intermediate val-
ue of LD, of 0.287 pg/g.
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Considering that pyrethroids are the
most common insecticides used for adult
mosquito control, and the honeybees are
moderately sensitive to deltamethrin and
permethrin (Hardstone and Scott 2010),
Al-Naggar et al. (2015) suggested that the
application of these insecticides when polli-
nators are not foraging is an important step
in avoiding unnecessary exposure of bees.
Correct application timing combined with
better insecticide application techniques
can further increase safety of mosquito adul-
ticidal applications on non-target insects.
Aerial ultra-low volume applications using
high-pressure nozzle system reduces envi-
ronmental insecticides contamination and
lead to decreased bee mortality (Zhong et al.
2004). Similar studies can lead to improved
application techniques that can be used in
the control of mosquitoes in the field with
lower risk for honeybees.

Atkins et al. (1973 and 1975, cited by
Danka et al. 1986) reported that the majority
of referenced insecticide results are topical
or contact, and the LD,  obtained by topical
application are relatively lower, and Felton
et al. (1986) suggested that the data on the
acute contact and oral toxicity of pesticides
to honeybees should be expressed as LD,
and should be considered as one of the ele-
ments for assessment of danger to foraging
honeybees. However, our study showed that
use of insecticide-impregnated papers may
be better to reduce the effect on non-target
species. This is critical because the honeybee
genome is deficient in a number of genes
encoding detoxification enzymes (Claudia-
nos et al. 2006), therefore laboratory testing
of insecticides against honey bees must guar-
antee exposure to the pesticides in order to
avoid optimistic results.
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