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Abstract

Honey bees are important pollinators and are essential in agriculture; as such
they get exposed to a wide range of pesticides while foraging in contaminated
fields or during the spray of chemical on crops. It is therefore important to
know the toxicity and evaluate the impacts of bees’ exposure to these mole-
cules. Acetamiprid and cypermethrin are two pesticides widely used in Ca-
meroon and other countries. The objective of this study was to determine the
toxicity of acetamiprid and cypermethrin on the native subspecies of Apis
mellifera L. in agricultural areas in Adamaoua-Cameroon and to evaluate the
impact on honeybee foragers exposed to lethal and sublethal doses of these
two insecticides. The results obtained in laboratory conditions show that ace-
tamiprid and cypermethrin are toxic to A. mellifera. The symptoms of neu-
rotoxicity and first mortality appear 15 min after the ingestion of the high
concentrations and about 30 to 45 min after the inoculation of the pesticides
through contact route and the mortality increases with the concentration and
time. The LC50 of acetamiprid obtained after 24 h are respectively 5.26 ng/ul
for the topical application and 4.70 pg/ul by the oral route. At the same time,
the LC50 of cypermethrin are respectively 2.27 ng/ul for topical application
and 2.68 ng/ul for oral toxicity. For a sustainable agriculture and beekeeping,
it is, therefore, important to establish quality measures on these insecticides
in the ecosystem and to set up a phyto-pharmacovigilance and awareness
system to the population.
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1. Introduction

Over the past years, the need to feed the overgrowing population of the world
was a priority and it has led to the intensification of agricultural production,
transforming, by the way, many regions into a simplified landscape. This trans-
formation has led to global degradation of the environment and therefore, the
loss of biodiversity [1]. Among the threatening insects’ biodiversity, are pollina-
tors, which are inextricably linked to human well-being through the mainten-
ance of ecosystem health and function, wild plant reproduction, crop production
and food security [2]. It is therefore known that human land use is strongly
linked to species richness of bees and other pollinators. However, bees are widely
considered the best pollinators of crops and the most specialized flower visitors
of many plant species because of their variety of morphological adaptations to
collect, manipulate, transport and store pollen efficiently [3] [4].

Nearly three-quarters of the plants that produce 90 percent of the world’s food
require pollinators, and third of the world’s food production depend on bees [2]
[3] [5]. Bees are, therefore, renowned for their role in providing high-quality
food, and hive products such as honey, propolis, and beeswax that are sought af-
ter by humans. They are part of the biodiversity on which we all rely on for our
survival [6].

However, bees and other pollinators, are increasingly under threat from hu-
man activities. These threats include the intensification of agriculture and the
use of chemical insecticides. The pesticides used in agricultural areas are persis-
tent because they are “systemic”, meaning they are dissolved and absorbed into
the crop, this affects every part of the plant, from its leaves to its nectar and pol-
len. Insecticides are normally designed to reach insect pests, but they can also
reach non-target organisms, such as honeybees which are being the most
agro-environmental, and economical important insect species. These insecti-
cides have therefore direct and indirect impacts on them [7] [8] [9].

In Cameroon in general and in the Adamaoua region in particular, no studies
on the effects of insecticides on A. mellifera foragers have been carried out.
Therefore, the objective of this work is to evaluate the effect of two insecticides,
acetamiprid, and cypermethrin on A. mellifera in the Adamaoua region. Most
specifically, it was to 1) identify the most commonly used insecticides; 2) study
the impact of the most used insecticides on A. Mellifera health; 3) determine the

sub-lethal toxicity of these insecticides on honeybees.

2. Materials and Methods
2.1. Materials

Animal Material

Individuals of A. mellifera caught from the hives of the Laboratory of applied
Apidology Unit of the University of Ngaoundéré constituted our animal materi-
al.

Two insecticides bought on the Dang market constituted our chemical prod-
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ucts for bioassay: 1) Acetamiprid an insecticide of the family of neonicotinoids.
It is sold in solid form with a mass concentration of 200 g/kg under the trade
name OPTIMAL and 2) cypermethrin which is an insecticide of the pyrethroid
family. It is sold in liquid form with a mass concentration of 100 g/L, the trade
name is CYPERCOT.

2.2. Methods

2.2.1. Surveys with Farmers and Sellers

To study the toxicity of the two most used insecticides in agricultural areas in
Ngaoundéré, a survey was conducted from April to June 2018, with agrochemi-
cal products’ sellers and farmers to highlight the most sold and used insecticides.
30 agrochemical sellers and 165 farmers were interviewed and data were the-

reafter analyzed.

2.2.2. Experimental Design

The purpose of the laboratory work was to determine the toxicity (LC50) of ace-
tamiprid and cypermethrin on honeybees. For bioassay, we followed the me-
thods of [10], methods described by [11] and [12] and those of [7] [9], and [13].
Apis mellifera workers were then caught and kept alive in cages according to
[13].

2.2.3. Capture and Conservation of Bees

The bees were collected from the hives one day before the tests start, and were
there after anesthetized by diffusion of carbon dioxide at the low flow rate, to
avoid a significant drop of temperature within the boxes. After collection,
groups of 20 bees were placed in wooden boxes (10 x 8.5 x 6 cm) with a side
made of metal nets. Each treatment consisted of three cages of bees and was
stored at 25°C * 2°C. Each test was repeated three times, after each bio-assay,
the bees were renewed, each test corresponding to a well-prepared dose of the

insecticide.

2.2.4. Preparation and Choice of Different Doses

The preparation of different solutions was done by diluting volume per volume,
the insecticides with drilling water. 5 g of OPTIMAL is dissolved in one liter of
water to obtain a stock solution of 1000 ng/ul. Similarly, a volume of 10 ml of
CYPERCOT (100 g/1) is diluted by adding 990 ml of drilling water to obtain a
stock solution of 1000 ng/l. These preparations are done according to the fol-

lowing dilution formula:

GV, =C,V; 1

with C; the initial concentration of the product, V; the initial volume of the
product, C;the final concentration and Vjthe final volume of the solution to be
prepared.

The choice of the different concentrations of the two insecticides was done

based on the report of [14]. These diluted concentrations followed the prelimi-
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nary tests carried out with a range of 5 doses spaced by a geometric progression
factor of 10.

2.2.5. Administration Routes of Different Treatments: Direct Route

The bees were taken at least two hours before the test and kept at 25°C. Inocula-
tion of the different solutions was done by applying 1 pl of the following con-
centration: 4.8 ng/ul, 10.65 ng/pl, 21.42 ng/pl, 51.52 ng/ul, 113.4 ng/ul for aceta-
miprid and 2.2 ng/ul, 4.8 ng/ul, 10.65 ng/ul, 21.42 ng/ul, 51.52 ng/ul, for cyper-
methrin, on the pronotum. The bees of the control received 1yl of sterilized wa-
ter. After the inoculation, the bees were returned to their respective boxes and
were carefully observed from the first minute to 24 h to monitor their behaviour

and the mortality rate due to the toxicity.

2.2.6. Administration Routes of Different Treatments: Indirect Route
Before treatment, the bees remained unfed for 2 hours to induce a similar level
of appetite. Then, bees were fed with 200 pl of honey syrup with 5 increasing
concentrations of acetamiprid (4.8 ng/pl, 10.65 ng/ul, 21.42 ng/ul, 51.52 ng/yl,
113.4 ng/pl) and cypermethrin (2.2 ng/ul, 4.8 ng/pl, 10.65 ng/pl, 21.42 ng/pl,
51.52 ng/pl) respectively dissolved in honey, for test treatments, and honey di-
luted with water for the control. The syrup consumption of 10 uL per bee, the
volume corresponding to the average consumption per bee, has been associated
with consumption.

When the bees have finished the ingestion of the solution, the honey syrup
was refilled and the bees renewed for the following dose. The contaminated food
was provided to bees for 3 hours and then exchanged with uncontaminated food
(hone syrup). The volume of contaminated syrup unconsumed by each group of
bees was measured to confirm the approximate dose ingested by bees in each
box.

The bees were observed as for the above mentioned protocol.

2.2.7. Determination of Mortality Rates
To determine the mortality of each bee, the mechanic stimuli were applied by
touching the body of the bees upon each evaluation, using a thin paintbrush.
Bees who did not respond to the stimuli were scored as dead.

The mortality rates of control and contaminated bees were calculated accord-
ing to the methods described by [13].
- Correction of the mortality rate

The mortality ratio was corrected on control mortality with the following [15]

[ Ta S
l [Caij (2)

formula:

As the parameter comprised live individuals and uniform numbers of bees per
treatment (test and control), the [16] formula was used to correct the resulting

mortality:
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a a (3)

where 7, = number of live bees before treatment, 7, = number of live bees after
treatment, C, = number of live bees in control before treatment, and C, = num-
ber of live bees in control after treatment.
- LC50 lethal dose

The procedures for the determination of the oral LC50 were based on [13] and
[17] methods developed for A. mellifera. Lethal concentration 50 (LC50) is the
dose leading to the death of 50% of individuals. This LC50 accounts for the in-
trinsic toxicity of the active substance in question. For the determination of this
concentration, we proceed to a transformation into Probits of the percentages of
corrected mortality, and the transformation into decimal logarithm of the con-

centration.

2.2.8. Data Analysis

Data on mortality were obtained from the bio-assays and thereafter subjected to
statistical analysis using the Probit method [18] and R°® software. LC50 values
were determined, as well as their respective 95% confidence intervals values.

3. Results

3.1. Distribution of Insecticides Sold on the Market According to
Their Active Ingredients

Figure 1 shows the distribution of insecticides according to the active ingre-
dients sold in Ngaoundéré.

Of the 32 insecticides identified on markets and from farmers, 21.89% were
made of cypermethrin and 18.25% acetamiprid. It can, therefore, be concluded
that insecticides made of cypermethrin and acetamiprid are the most used in

Ngaoundéré.

= Cypermethrin

= Acetamiprid

= Lambda+Cyhalothrin

Pyrimiphos-methyl

= Chlorpyriphos

= Chlorpyriphos

Figure 1. Distribution of insecticides sold in the market according to their active ingre-
dients.
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3.2. Observation of Symptoms Induced by Acetamiprid and
Cypermethrin

For the direct and indirect toxicity, bees were tested with increasing doses of
acetamiprid and cypermethrin. Mortality was monitor after 1 h, 4 h, and 24 h.
The symptoms observed on bees during intoxication through indirect contact
(ingestion) and direct contact (topical application) of the different products are
quickly manifested by the symptoms of neurotoxicity such as disordered and
rapid movements, convulsions followed by tremors.

3.3. Assessment of Acute Toxicity of Acetamiprid and
Cypermethrin

3.3.1. Sensitivity by Direct Contact of Acetamiprid and Cypermethrin

The results of direct toxicity are shown in Figure 2 and Figure 3. From this fig-

ure, it appears that the mortality increases with the concentration and the max-

imum mortality (100%) is reached 4 hours through topical application at 113.4

g
2
©

£

<)

£
°
2

[*]

e

o
© 4.8 10.65 21.42 51.52 113.4

Concentration of Acetamiprid (ng/pl)
—e—1H —e—4H —e—24H
(A)

g

2

8

S

£

-

2

o

g

S

o

2.2 4.8 10.65 21.42 51.52
Concentration of Cypermethrin (ng/pl)

—0—1H —@—4H —e—24H
(B)

Figure 2. Concentration-mortality relationship after bees contact. (A) Acetamiprid; (B)
Cypermethrin.
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Figure 3. Regression line probit transformation of acetamiprid (A, B, C) and cypermeth-
rin (D, E, F) concentrations after 1 (A and D), 4 (B and E) and 24 (C and F) hours of di-
rect contamination.

ng/ul for acetamiprid while for cypermethrin it occurs after 24 hours at 51.52 ng/pl.
Besides, the lowest concentration of 4.8 ng/ul for acetamiprid and 2.2 ng/ul for
cypermethrin induced the lowest mortality, 31.65%, and 38.3% respectively.

From Figure 2, it also appears that the higher the concentration, the faster
death occurs. The maximum is reached 4 hours after topical application of ace-
tamiprid and 24 hours after that of cypermethrin, at 113.4 ng/pl for acetamiprid
and 51.52 ng/pl for cypermethrin. These observations are similar to those ob-
tained by [19] with thiamethoxam where the maximum is reached after 24 hours
with A. m. intermissa.

3.3.2. Sensitivity through Indirect Contact of Acetamiprid and
Cypermethrin

The results of indirect toxicity for the two insecticides are shown in Figure 4 and
Figure 5.
From Figure 4, it appears that the mortality increases according to the admi-

nistered concentration. Indeed, there is a directly proportional relationship between
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Figure 4. Concentration-mortality relationship after indirect contamination of bees. (A)
Acetamiprid; (B) Cypermethrin.

the administered concentration and the observed mortality. The maximum
mortality is reached after 4 hours through the ingestion of 113.4 ng/ul of aceta-
miprid, and for cypermethrin, it occurs at the same time but with 51.52 ng/ul.

Thus, cypermethrin is more toxic than acetamiprid through indirect contact;
this is justified by the difference between the active ingredients and its action in
bees’ organism. The same observations were done by [20] who found maximum
mortality after 24 hours at 239.50 ng/bee of deltamethrin.
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Figure 5. Regression line probit transformation of acetamiprid (A, B, C) and cypermeth-
rin (D, E, F) concentrations after 1 (A and D), 4 (B and E) and 24 (C and F) hours of in-
direct contamination (ingestion).

For acetamiprid, 100% mortality occurs after 4 hours at 113.4 ng/pl and for
cypermethrin, it occurs after this same time but with 51.52 ng/pl.

3.4. Determination of Oral and Contact LC50 for Acetamiprid and
Cypermethrin

After topical application and ingestion of acetamiprid and cypermethrin, mor-
tality is monitored between 0 minute and 24 hours. The LC50 values are deter-

mined from the regression lines (Figure 3 and Figure 5) obtained by probit
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transformations of the corrected percentages and the logarithmic transformation
of the administered concentrations. The values are grouped in Table 1.

The LC50 values for acetamiprid obtained after 1 h, 4 h, and 24 h were respec-
tively 20.99 ng/pl, 7.41 ng/pl, and 5.26 ng/ul for topical toxicity, and 43.19 ng/ul,
6.79 ng/ul, and 4.70 ng/pl orally. For the same times, the LC50 values for cyper-
methrin were 52.48 ng/ul, 3.57 ng/ul, 2.27 ng/yl for topical application and 27.27
ng/pl, 15 ng/ul, 2.68 ng/l for oral toxicity.

It can be seen from Table 1 that from 0 minute to 1 hour, the difference is
highly significant for both insecticides, acetamiprid being more toxic through
indirect contact (ingestion) and cypermethrin through direct contact (topical
application). However, from the fourth hour to the 24™, there is no significant
difference between the oral and topical LC50s of the two products at the 5% lev-
el.

From Table 1, it also appears that the LC50 of acetamiprid is higher than that
of cypermethrin by direct contact 7.41 ng/ul and 3.35 ng/pl; 5.26 ng/pl and 2.27
ng/ul respectively between 4 and 24 hours and by ingestion 6.79 ng/ul and 3.15
ng/ul; 4.70 ng/ul and 2.68 ng/ul respectively between 4 and 24 hours. Analysis of
variance indicated a significant difference between acetamiprid and cypermeth-
rin through contact and oral route after 4 and 24 hours at the 5% level. This con-
firms that cypermethrin is more toxic than acetamiprid through contact and in-
gestion. The obtained values differ from those of [19] [20] [21].

4. Discussion

The results obtained from Figure 1 could be explained by the efficiency of these
two agrochemical products, their availability in different villages, markets and
shops and especially their cost. According to most of the interviewed farmers,
these factors guide their choice and they are closely related to each other. Our
results differ from those obtained by [22] who showed that in Benin, in the cot-
ton zones, more precisely in Bimberéke, treatments are carried out with delta-
methrin, and the endosulfan. However, in the gardening areas deltamethrin and
the mixture of cyfluthrin and malathion are the most commonly used insecti-
cides.

On symptoms induced by acetamiprid and cypermethrin (through direct contact),
our results are in line with those of [21] [23]. According to these authors, the same

symptoms were induced by imidacloprid on Apis mellifera and A. m. causasica.

Table 1. LC50 for acetamiprid and cypermethrin in bees.

CL50 (ng/ul/bee)

Acetamiprid Cypermethrin
Time (Hours) 1 4 24 1 4 24
Direct contact 20.99* 7.41° 5.26* 52.48° 3.57¢ 2.27°
Indirect contact 43.19° 6.79% 4.70* 27.27% 3.15° 2.68*

Within the same column, figures with the same letter are not significantly different.
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Moreover, for [24] and [25], some insecticides act as neurotoxic agents and af-
fect the mobility of bees by inducing symptoms such as tremors, incoordination
of movements and hyperactivity.

It is also noted that the occurrence of the first cases of mortality is observed
for acetamiprid 15 minutes after the ingestion of the highest concentration
(113.4 ng/ul) and 30 minutes after the inoculation of the insecticide through
contact.

For the acute Toxicity of Acetamiprid and Cypermethrin on honeybees
(Figure 2 and Figure 3), our results are in line with those of [19] who found the
same mortality (100%) with thiamethoxam with 26.01 ng/ab after 24 hours with
A. m. intermissa. [26] obtained 100% of mortality at 290 ng/ul after 24 hours
with thunder. Therefore, the difference in sensitivity of bees could be related to
1) the speed of action of the products, 2) the agrochemical products and 3) the
physiology of each sub-species as it varies from one sub-species to another.

The analysis of the variance reveals that p value of F-test is less than 0.05,
there is therefore, a significant difference between the means. Furthermore, there
is a strong relationship between acetamiprid and cypermethrin administered
through direct route (topical application) and the observed mortality.

On symptoms induced by acetamiprid and cypermethrin through indirect
contact (Figure 4 and Figure 5), The same results have been highlighted by [19]
with thiamethoxam, where the maximum mortality occurred after 24 hours with
doses between 30 and 100 ng/bee with A. m. intermissa and between 20 and 50
ng/bee for A. m. sahariensis.

The analysis of the variance reveals that the value of the F-test is less than
0.05, there is therefore, a significant difference between the means. Furthermore,
there is a strong relationship between the dose of acetamiprid and cypermethrin
administered through ingestion and the observed mortality.

For the LC50 for acetamiprid and cypermethrin, our results differ from those
of [21] who found that imidacloprid is more toxic orally than topically and [19]
with thiamethoxam found a value of 12.29 ng/bee orally and 26.01 ng/bee
through contact with A. m. intermissa after 24 hours. Also, [20] reports a LD50
value of 109.72 ng/bee through topical application and 239.50 ng/bee through
ingestion with deltamethrin. Similarly, the toxicity of organophosphates, such as
chlorpyrifos, appears 4 times higher through direct contact than oral route [27].
To explain this difference, Gilbert and Wilkinson (1975) quoted by [20] reported
that the ingested product passes into the detoxification organs, intestine and
Malpighi tubes, before being distributed throughout the body. On the other
hand, the product applied to the thorax passes through the cuticle through waxy
tubules and the distribution takes place directly in the body, more particularly in
the most lipophilic zones.

Our results on LC50 confirm that cypermethrin is more toxic than acetami-
prid through contact and ingestion. The obtained values differ from those of
[19] [20] [21] [24]. This variability of toxicity can be related to the active ingre-

dients used and these active ingredients vary according to the mode of applica-
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tion, the experimental conditions (temperature, relative humidity), the experi-
mental parameters (number of bees in each batch), the number of repetitions
[20] and physiology of the subspecies used as a biological organism. However,
according to the toxicological classification of [28], pesticides whose LD50 is less
than 2 pg/bee are highly toxic to A. mellifera.

5. Conclusion

Results demonstrated that acetamiprid and cypermethrin are toxic to A. mellife-
ra. Similarly, in A. mellifera, there is a directly strong relationship between the
administered concentration of acetamiprid and cypermethrin and the observed
mortality; and between mortality and time. Furthermore, the study found that
acetamiprid and cypermethrin are toxic to honeybees and there was no signifi-
cant difference between topical and oral toxicity, 24 hours later. Besides, both
insecticides are toxic after the first hour and acetamiprid is more toxic than cy-
permethrin through direct contact and ingestion from the 4™ to the 24™ hours.
These results confirm the danger associated with these insecticides used during
the flowering period of the cultivated plants. The application of these chemicals
in the agricultural area will be leading to the death of bees and other pollinators
useful for agriculture and beekeeping. Considering all these risks, it is, therefore,
essential to set up monitoring, warning and awareness mechanisms on the use of

insecticides in agricultural areas and to educate farmers.
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