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Abstract

Honeybees exposed to pesticides direct or indirect ways through their food
research trips. Herein, this study examined the toxicity effects on laboratory of
seven tested pesticides insecticides from different pesticide groups. emamectin
benzoate, imidacloprid, chlorpyrifos, indoxacarb, lambada cyhalothrine,
glyphosate and thiophanate-methyl on honeybee workers, Apis mellifera L.
through different exposure periods of time at 24, 48, and 72 hours. The selected
pesticides were ranked based on their toxicity from the most to least one as
following: emamectin benzoate, imidacloprid, chlorpyrifos, indoxacarb, and
lambda cyhalothrine. Further, thiophanate-methyl and glyphosate were the lowest
toxicity among selected pesticides. The highest toxic pesticide during the exposure
period 24, 48 and 72 hrs was emamectin benzoate with LCso values (0.247, 0.047
and 0.020 ppm) and with LCoo values (5.752, 0.302 and 0.072 ppm) respectively,
and the least one was glyphosate with LCso values of (6861.151, 3366.968 and
2477.267 ppm) and LCoo values of (28243.795, 9033.695 and 6203.485 ppm) after
24, 48 and 72hr of exposure respectively. However, chlorpyrifos ranked the third
toxic pesticide at 24 and 48 hrs of treatment with LCso values of 10.226 and 2.731
ppm and with LCoo values of (101.224 and 7.496 ppm for 24 and 48 hrs,
respectively). Whereas, after 72 hrs chlorpyrifos recorded the fourth toxic pesticide
with LC502.086 ppm and LCoo 5.179ppm. Based on the toxicity index, results
showed that, the most to least toxic pesticides were arranged as followed:
emamectin  benzoate>imidacloprid >chlorpyrifos >indoxacarb >lambada
cyhalothrine> thiophanate -methyl > glyphosate. These results demonstrated that
pesticides are very toxic to honeybee workers and must avoid applying them
during the times when bees are most active such as during flowering periods.
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Introduction

Honeybee, Apis melliferea L. is one of the most significant distributed
pollinators worldwide and about 90% of all plant species pollinated by its workers
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(Gbylik-Sikorska et al., 2015). It produces several valuable products for human
consumption such as pollen, royal jelly, bee venom, beeswax, and honey (Al
Naggar et al., 2021). Additionally, the previous products are mainly involved in
other commercial industries products among are cosmetics and pharmaceutical.
The forage honeybee’s population affected in two ways for example: the direct
exposure of applied insecticides which significantly reduces and kills bee workers,
whereas the indirect damage appears as insecticides residues in the products of
tolerant honeybee’s strains to different insecticides doses.

Recently, honeybee’s workers sharply decreased in population numbers,
activity, and production of honey particularly in sites that applied pesticides
extensively. Many researchers have confirmed toxicity of A. mellifera with
insecticides focusing in their research on the sub-lethal doses of several chemical
groups: parathion-methyl, parathion, carbofuran, diflubenzuron, diazinon, and
malathion (Sanchez-Bayo and Goka, 2016; Long and Krupke, 2016; Sanchez-
Bayo et al., 2017). The acute toxicity of honeybees was demonstrated after
exposure to deltamethrin in forages (Decourtye et al., 2004).

However, the use of pesticides according to the selectivity in several agro-
ecosystems is very important decision to minimize the toxicity and losses in
honeybee’s population which comes from exposure or contact with pesticides
throughout the implementation of certain pest control programs and integrated pest
management (IPM). Therefore, the toxicity of sub-lethal dosed to the applied
pesticides should be obligatory considered worldwide, but this demand is still
required in industrialized nations by European Food Safety Authority (2014),
because pesticides are directly threat and impact honeybee’s livelihood (Meixner,
2010).

Latterly, intensive studies were directly afforded towards the lethal and sub-
lethal toxicity of insecticides on honeybees with significant responses to
honeybees in toxicity levels, bumble, and disturbance (Badiou- Bénéteau et al.,
2013). In Egypt, further studies are needed to the new emerging classes of
pesticides to avoid general environmental hazards by chemicals, and particularly
towards toxicity on honeybees along with intensive recommendations for its
applications.

The selection of pesticides in this study was focused on the using different
chemical groups of pesticides targeting several pests in Egyptian agro-ecosystem.
Emamectin benzoate as bio-insecticide produced by bacterium Streptomyces
avermitilis and works as a chloride channel activator by binding gamma
aminobutyric acid (GABAR) receptor and glutamate-gated chloride channels
disrupting nerve signals in insects (Grant, 2002). However, imidacloprid
(neonicotinoids) interfere with the transmission of stimuli in the insect nervous
system and specifically, causes blockage to nicotinergic neuronal pathway by
blocking nicotinic acetylcholine receptors (nAChR) (Nauen et al., 2001;
Tomizawa et al., 2007). Chlorpyrifos is an organophosphorus compound which
acts by acetylcholinesterase inhibition (Sparks et al., 2020) and considered highly
effective insecticides, although some are extremely toxic to humans. lambada
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cyhalothrine (Pyrethroid) shows mode of action in preventing the closure of
the voltage-gated sodium channels in the axonal membranes (Soderlund et al.,
2002). Indoxacarb belongs to the oxadiazine chemical family and is being
registered for the control of lepidopterous pests in the larval stages EPA (2000).
Insecticidal activity occurs via blockage of the sodium channels in the
insect nervous system and the mode of entry is via the stomach and contact routes
EPA (2000). The objective of this study is to evaluate the toxicity hazards of
selected seven pesticides which are highly recommended to apply in the Egyptian
agro-ecosystem on adults of honeybee (workers), 4. mellifera under laboratory
conditions. The selected pesticides were the highly recommended for several pests
in Egyptian farms (insect, weeds, and plant fungus). Five pesticides from the seven
are insecticides from different groups: (emamectin benzoate, imidacloprid,
chlorpyrifos, indoxacarb, lambada cyhalothrine); one herbicide (glyphosate) and
the seventh was fungicide (thiophanate-methyl). The acute toxicity for each
pesticide was estimated under different exposure period of time such as 24, 48, and
72 hrs.

Material and Methods

The experiments were conducted at the Plant Protection Department, Faculty
of Agriculture, Assiut University, Assiut, Egypt.

Honeybee used and hive collection procedures

The local carniolan hybired honeybee workers, A. melliferea, was obtained
from the apiary of the Plant Protection Department, during the active season of
April 2021. The honeybee worker older than 20 days was chosen as the most
responsible age class for outside tasks (Winston 1987; Picard-Nizou et al., 1995).
The careful selection of bee individuals was done according to those free-diseases,
and free of previous exposure to any pesticides. The well hygiene hives were
selected and smoked two times (30-60s). The forage bees were collected using
brushes in plastic bags filled with air and then directly transferred to the lab (3442
°C and 65+5 %RH) to feed honeybees on sucrose solution.

Pesticides

Pesticides were selected as the most applied by farmers to target several pests
in Egyptian agro-ecosystem. Five of them were insecticides: Emamectin benzoate
(Avermectin, Basha 1.9%EC), imidacloprid (Neonicotinoid, Midacleed 70%WQG),
chlorpyrifos (Organophosphorus, Delta Fos 48%EC), indoxacarb (Oxadiazine,
Easo plus 30%WG), lambada cyhalothrine (pyrethroid, Lebra 10% EC); one
herbicide: glyphosate (Glycine derivative, Roundup star 44.1%SL), and one
fungicide: thiophanate-methyl (Thiophanate, Ambition 70%WP).

Toxicity bioassay

The tested cages were made from plastic (volume 350 ml), and each consists
of a clear plastic cup with two opening holes: one at the bottom to introduce
feeding solution using a 5 ml syringe, and the second side to insert pollen dough
using a 2 ml Eppendorf tube that had been opened to make as a dish. To better
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represent a honeybee in its natural state, a piece of wax comb was added to the cup
(Williams et al., 2013). The cup's nozzle was covered with an iron grid that let air
through (Evans et al., 2009).

Two experimental steps were conducted using a combined methodology
adapted by protocol of OECD (1998), EPPO (2010), and Medrzycki et al. (2013).
Preliminary tests were conducted using serial dilutions (1:10) of pesticide stock
(1000 ng a.i/L) in distilled water. Seven concentrations were prepared in
descending order to identify the dose that gives 10 to 90% mortality.

The oral toxicity tests on forager workers were conducted for 72 hrs. in the
lab of each pesticide according to the protocol of OECD (1998). Adults were
maintained fast before feeding assay form 1-2 hrs. before initials of the experiment
and placed in freezer at 4 °C for one min for easy transition to the plastic cages
according to the method of Williams ef al. (2013). The plastic cages each was
enhanced with ten fasted adult bees and kept in incubator (34+2°C and 65+5 %
RH). In order to establish a suitable concentration range for each experimental
insecticide, several preliminary feeding assays were conducted. The tested
concentrations for each pesticide was: (emamectin benzoate: 0.01, 0.05, 0.1, 0.3,
0.5, and 0.8 ppm), (chlorpyrifos: 1.0, 2.5, 5.0 ,10.0 and 50.0 ppm), (imidacloprid
0.1, 1.0, 2.5, 10.0, and 50.0 ppm), (indoxacarb: 1.0, 10.0, 20.0, 50.0 and 100.0
ppm), (lambada cyhalothrine: 25.0, 50.0, 100.0, 200.0, and 500.0 ppm),
(glyphosate: 2000.0, 2500.0, 5000.0, 10000.0 and 20000.0 ppm), and
(thiophanate-methyl: 100.0, 500.0, 1000.0, 1500.0, and 2000.0 ppm). Each
concentration was mixed with sugar syrup before being administered three times
for bees were kept in cages with 5 cm syringe. The bee’s mortality % was recorded
after 24, 48, and 72 hrs. The control treatments were only sugar syrup (1 sugar:
Iwater). The toxicity experiment of each pesticide was repeated twice, and the
percentage of mortality was corrected by Abbott’s formula (Abbott, 1925). LCso
and slope values of pesticides were determined by Probit regression analysis
program and expressed in ppm. The toxicity index calculated according to Sun
equations (Sun, 1950):

LC50 or LCI0 of the most efficient pesticide 5
LC50 or LCI0 of the tested pesticide

100

Toxicity index=

Statistical analysis

Data were subjected to the Probit analysis using the SPSS program version
26 to obtain the LCso, LCoo, 95% fiducial limits (FL) and slopes values for these
pesticides according to Finney (1971). A significant level of mean separation (P<
0.05) was based on non-overlap between the 95% confidence intervals of 2 LCso
values and expressed in ppm.

Results and Discussion
Toxicity of pesticides on honeybee workers after exposure periods:

Data in Table 1, 2, and 3 presented different levels of toxicity of the seven
tested pesticides on bee workers after 24, 48, and 72 hrs of exposure.
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Pesticides toxicity on honeybee workers after 24 hrs

The toxicity of the tested pesticides (Table 1 and Fig. 1 A) stated that, among
all tested pesticides emamectin benzoate recorded the most toxic compound with
LCso value 0.247 ppm and LCoo 5.752 ppm and the toxicity index for both LCso
and LCoo was 100. On the other hand, glyphosate showed least toxicity level with
LCso 6861.151 ppm and, LCoo 28243.795 ppm; with toxicity index: 0.003 and
0.020; respectively.

Table 1. Acute toxicity of the tested pesticides on honeybee workers at 24 hr. after

exposure
Treaments  SlopesE RO R ) e indon (LC?
Ebnéirﬁfifé“ 0.94+0.09 .1 103.?(‘:;74)3 100 a .402'-153.21 19)a 100
Imidacloprid  0.99+0.08 (1.8027"-133,7268)b 10.13 (29'5‘2‘;2?'9132)}3 11.98
Chlompyrifos 1284012 | 719(3'f§i S4)c 241 . 5;(7)_11'3?8 63 5.68
Indoxacarb  1.080.11 3 631;2‘0328 6 171 (651 8??2051 ié,zg S 2.60
cylﬁziﬁiie 1.5820.15 (17.71906-'19 5627.824)c 0.254 a 89.59485-;7276424.374)c 1.27
Thl&%}tll?ylf L4015 (686.9§f-9i?)(7)g.291)d 0-029 (4194.5641223'066419 7.521)c 0.093
Glyphosate  2.06+0.13 (4629.462816-11.1125612.75 e 0003 (15454.525?13 23233.624)d 0.020

1FL: fiducial limits, 2toxicity index = [(LCso or LCy of the most efficient tested pesticide/LCso or LCqg of
the tested pesticide) x 100]. LCso and LCqo values having different letters are significantly different (95%
FL did not overlap).

Table 2. Acute toxicity of the tested pesticides on honeybee workers at 48 hr after

exposure
Treaments 08¢ o indoe (Loks) Bl e
Et?;r;::ttén 1.59+0.12 ( 0.0;)6(-)8.7()67)a 100 ©. 1909'-38§58)a 100
Imidacloprid ~ 1.47+0.12 (0'29(;_309;1 )b 11.83 (2'1727'_9:2 16)b 10.24
Chlorpyrifos  2.92+0.25 (17 625'_7;1988)C 1.72 ” 891;;%§5 e 4.028
Indoxacarb 1.35+0.11 (1.972.-?2).2985)0 0.828 (24.2055(}252472.898)d 0.597
c;ilirfgiﬁ(rii?le 2.030.19 (15.1;;3(1)%492)(1 0.122 (86.17126-2'718896.833)d 0.182
Thﬁi?}?;f a0 (353.041455-'55:31 500)e 0.010 (2541 .222-3531?)?).719)e 0.008
Glyphosate  2.99£0.25 (2085.?)323996585.121)f 0.0013 s 853.796003-33'16 69556. 159 00033

1FL: fiducial limits, 2toxicity index = [(LCso or LCy of the most efficient tested pesticide/LCso or LCqg of
the tested pesticide) x 100]. LCso and LCqo values having different letters are significantly different (95%
FL did not overlap).

Pesticides toxicity on honeybee workers after 48 hrs

After 48 hrs of exposure, the toxicity of emamectin benzoate (Table 2 and
Fig. 1 B) stills the highest one on honeybee workers after 48 hrs and stayed on the
same line of first treatment result with an acute toxicity effect with LCso values
0.047 and LCoo 0.302 ppm, and with toxicity index: 100 for both LCso and LCoo.
Based on the least toxic one, glyphosate still in the same acute level of the previous
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treatment with LCso value 3366.968 ppm and LCoo 9033.695 ppm, with toxicity
index: 0.0013 and 0.0033; respectively.

Pesticides toxicity on honeybee workers after 72 hrs:

Data in Table 3 and Fig. 1 C revealed that emamectin benzoate is the highest
potent insecticide among all tested groups during the three experimental exposure
periods with LCso value 0.020 and LCoo 0.072 ppm: with toxicity index 100 for
both LCso and LCo. Certainly, glyphosate results showed the lowest toxicity on
honeybee workers in all treatments with LCso 2477.276, and LCoo= 6203.485 ppm.
Generally, the highest slope values (0.938-3.245) for all data revealed that adult
honeybee workers were relatively homogenous.

Table 3. Acute toxicity of the tested pesticides to honeybee workers at 72 hr after

exposure
Do swerse L@ Ty Ugm T
E&ir;::tzn 2.20+0.20 (0.0106?()2.(())24)a 100 (0.0509'.05394>a 100
Imidacloprid 1.64+0.14 (0‘25%_302‘321)}3 6.079 (1'5027'?20;53)}) 3.594
Indoxacarb  1.41+0.12 (03 819'_952 500 1.007 0. Oég;gg?@ S 0.447
Chlorpyrifos  3.25+0.28 (14 625'?53 " 0.958 37 455'_1; 22 S 139
cylﬁlr:)t;ﬁiie 2.4920.28 (5.40205-'3092.358)d 0.079 (51 .775591-353937.918)d 0.088
Thﬁi}iﬁ;f L5904 (292.635657-.424%49.749)6 0.005 (1809.?33%%%).977)e 0.003
Glyphosate  3.220.32 21 87.%?);227753.1 1 00008 (535622-329478.?;3 Df 0.001

1FL: fiducial limits, 2toxicity index = [(LCso or LCyo of the most efficient tested pesticide/LCsp or LCqo of
the tested pesticide) x 100]. LCso and LCqo values having different letters are significantly different (95%
FL did not overlap).

Honeybee workers are on the frontlines of exposure to pesticides. In this
interim, we evaluated the toxicity of seven pesticides which are highly
recommended to apply in the Egyptian agro-ecosystem on adults of honeybee
workers, A. mellifera under laboratory conditions. There was a little difference in
the toxicity levels among the rest of selected pesticides in the three exposure hours
of treatments. In the first 24 and 48 hrs the acute toxicity of pesticides was ordered
in the same line from the most to the least toxic compounds as followed:
emamectin  benzoate, imidacloprid, chlorpyrifos, indoxacarb, lambada
cyhalothrine, thiophanate-methyl, and glyphosate. Meanwhile, this order showed
slight changed in the last treatment exposure period of 72 hrs that indoxacarb
recorded the highest toxicity with LCso value 1.985 ppm and LCoo 16.082 ppm
than chlorpyrifos with LCso value 2.086 ppm and LCoo 5.179 ppm.
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Fig.1. Toxicity (LCso) of oral concentration mortality response curve of seven
pesticides on honeybee, A. mellifera workers at different exposure time (24, 48,
and 72 hrs).

These results indicated that emamectin benzoate was highly toxic to
honeybee workers after 24, 48 and 72 hrs of exposure. Similar trend was also found
by Ghasemi et al. (2022), which indicated that, worker bees were treated with the
field recommended concentration of emamectin benzoate with three routes of
exposure including residual contact, oral, and spray within the laboratory. They
reported that, based on estimated median survival times (MSTs), emamectin
benzoate was highly toxic to the bees, especially when applied as spray. Abdu-
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Allah and Pittendrigh (2018) indicated that emamectin benzoate as orally 3.3, 7.6,
and 31.7-fold and topically 133.3, 750.0, and 38.3-fold more toxic than abamectin,
spinetoram and spinosad, respectively. They stated that the high contact toxicity
of emamectin benzoate compared to its analogue, abamectin, may be due to higher
penetration and/or lower metabolic detoxification a hypothesis that remains to be
tested. In addition, avermectins have high absorption coefficients, and the results
here are in keeping with several other similar investigations with bees and other
insects (Bloom and Matheson 1993; Gupta et al., 2005; Lumaret et al., 2012;
Abdu-Allah and Pittendrigh, 2018).

Importantly, imidacloprid was the 2nd toxic insecticide for the honeybee
workers after 24, 48 and 72 hrs of exposure with LCso values 2.437, 0.397 and
0.329 ppm, respectively. The lethal dose/concentration of imidacloprid in the
honeybee, A. mellifera has been widely surveyed, and the levels vary among
different regions and seasons. These results were partial agreement with Abbassy
et al. (2020) how stated that, the LCso (oral application) under laboratory
conditions is 3 ppb at 24 h and 0.6 ppb at 48 h, while the LDso (topical application)
is 29 and 26 ng/bee at 24 and 48 h, respectively. Compared to adults, honeybee
larvae can tolerate higher dosages of imidacloprid at LDso= 4.17 pg and LCso =
138.84 ppm (Dai et al., 2017). Laurino et al. (2013) reported that, the acute oral
toxicity LDso value for imidacloprid at 24 h is 118.74 ng/honeybee, and at 48 and
72 h, it is 90.09 and 69.68 ng/bee, respectively.

The present study demonstrated that chlorpyrifos was the 3rd toxic pesticides
on honeybee workers under laboratory conditions with LCso values 10.226, 2.731
and 2.086 ppm after 24, 48 and 72 hrs of exposure, respectively. Previous studies
have demonstrated a high acute oral toxicity of chlorpyrifos to honeybees (Potts et
al., 2010; Johnson et al., 2010; Sanchez-Bayo and Goka, 2014; Dai et al., 2019).
Chlorpyrifos was a relatively high toxicity to bees compared to other pesticides
and sublethal doses may threaten the success and survival of honeybees (Dai et al.,
2019). This result explains that organophosphorus showed some degradation for a
longer time in the environment than carbamate.

Our findings about indoxacarb are agreed with the report of EPA (2000)
which showed that indoxacarb is “practically non-toxic” by dietary intake and
“highly toxic” by contact for honeybee. Previous study by Bonmatin et al. (2015)
and Pashte and Patil (2018) indicated that, indoxacarb was the most toxic
compound by direct contact to honeybee A. mellifera, compared with the
pyrethroid cypermethrin and the neonicotinoid imidacloprid. The toxicity of
indoxacarb as observed in the present investigation is in contrast with Zhu et al.
(2015) who found that the LDso value was 1.80pg/bee and LCso value of 1140
mg/L, for formulated indoxacarb to Apis mellifera. Also, the obtained LCso value
for indoxacarb is differ from that reported by Yu et al. (2009), which was 3.54
mg/L. By contrast, Abbassy et al. (2020) reported that indoxacarb was the most
toxic by contact method for honeybee with LDso values 0.0018 pg per bee.

The lower oral toxicity of glyphosate (herbicide) and thiophanate methyl
(fungicide) on honeybee may have resulted from low water solubility or from high
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enzymatic metabolic activity, or a combination, therefore the results in only low
amounts of poison to the insecticide site of action. Johnson (2015) similarly found
fungicides are usually not considered acutely toxic to bees. Long and Krupke
(2016) and Tsvetkov et al. (2017) found that some active ingredients of fungicides
with low toxicity may pose chronic risks to bees if they are repeatedly present in
the environment throughout the season. There is recent evidence of both lethal and
sublethal impacts following exposure to some widely used fungicides from studies
of both honeybees and wild bees (Cullen et al., 2019; Belsky and Joshi, 2020).
Herbicides such as glyphosate are also known for harming bees either directly
through oral or contact exposure (Sharma et al., 2018) or indirectly by reducing
the diversity and abundance of flowering plants (or weeds) which are important
food resources for insect pollinators (Bretagnolle and Gaba, 2015).

In conclusion, the toxicity of pesticides on honeybee workers depends on
several factors, For instance, the type of pesticide, the dose, and the exposure time.
Some pesticides are more toxic than others although low doses can have harmful
effects on bees. All the tested insecticides were toxic to honeybees, 4. mellifera,
based on laboratory results when employed in feeding methods, with the exception
of glyphosate and thiophanate methyl. Additionally, to reduce the toxicity of
pesticides on honeybee workers. It is important to use IPM practices that minimize
the use of pesticides and promote alternative methods of pest control. It is also
important to follow label instructions carefully when using pesticides and avoid
applying them during times when bees are most active especially during flowering
periods.

References

Abbassy, M. A., Nasr, H. M., Abo-Yousef, H. M., and Dawood, R. R. (2020). Acute
toxicity of selected insecticides and their safety to honeybee (Apis mellifera L.)
workers under laboratory conditions. Austin Environ. Sci, 5(2).

Abbott WS. (1925). A method of computing the effectiveness of an insecticide. J Econ.
Entomol. 18:265-267.

Abdu-Allah, G. A., and Pittendrigh, B. R. (2018). Lethal and sub-lethal effects of select
macrocyclic lactones insecticides on forager worker honeybees under laboratory
experimental conditions. Ecotoxicology, 27, 81-88.

Al Naggar, Y., Giesy, J. P., Abdel-Daim, M. M., Ansari, M. J., Al-Kahtani, S. N., and
Yahya, G. (2021). Fighting against the second wave of COVID-19: Can honeybee

products help protect against the pandemic?. Saudi journal of biological sciences,
28(3): 1519-1527.

Badiou-Bénéteau, A., Benneveau, A., Géret, F., Delatte, H., Becker, N., Brunet, J.L., and
Belzunces, L.P. (2013). Honeybee biomarkers as promising tools to monitor
environmental quality. Environment international, 60: 31-41.

Belsky, J., and Joshi, N.K. (2020). Effects of fungicide and herbicide chemical exposure
on Apis and non-Apis bees in agricultural landscape. Frontiers in Environmental
Science, 8: 81.

Assiut J. Agric. Sci. 54 (3) 2023 (65-77) 73



Saad et al., 2023

Bloom, R.A., and Matheson III, J.C. (1993). Environmental assessment of avermectins
by the US Food and Drug Administration. Veterinary Parasitology, 48(1-4): 281-
294,

Bonmatin, J.M., Giorio, C., Girolami, V., Goulson, D., Kreutzweiser, D.P., Krupke, C.,
and Tapparo, A. (2015). Environmental fate and exposure; neonicotinoids and
fipronil. Environmental science and pollution research, 22(1): 35-67.

Bretagnolle, V., and Gaba, S. (2015). Weeds for bees? A review. Agronomy for
Sustainable Development, 35, 891-909.

Cullen, M.G., Thompson, L.J., Carolan, J.C., Stout, J.C., and Stanley, D.A. (2019).
Fungicides, herbicides and bees: A systematic review of existing research and
methods. PLoS One, 14(12): €0225743.

Dai, P., Jack, C.J., Mortensen, A.N., and Ellis, J.D. (2017). Acute toxicity of five
pesticides to Apis mellifera larvae reared in vitro. Pest Management Science,
73(11): 2282-2286.

Dai, P., Jack, C.J., Mortensen, A.N., Bustamante, T.A., Bloomquist, J.R., and Ellis, J.D.
(2019). Chronic toxicity of clothianidin, imidacloprid, chlorpyrifos, and dimethoate
to Apis mellifera L. larvae reared in vitro. Pest Management Science, 75(1): 29-36

Decourtye, A., Devillers, J., Cluzeau, S., Charreton, M., and Pham-Delegue, M.H. (2004).
Effects of imidacloprid and deltamethrin on associative learning in honeybees

under semi-field and laboratory conditions. Ecotoxicology and environmental
safety, 57(3): 410-419.

EPA (Environmental Protection Agency) (2000). Pesticide Fact Sheet for Indoxacarb.

EPPO (2010): EPPO Standards PP3/10(3), Environmental risk assessment for plant
protection products. Chapter 10: honeybees. - Bulletin OEPP /EPPO Bulletin 40:
323-331.

European Food Safety Authority. (2014). Towards an integrated environmental risk
assessment of multiple stressors on bees: review of research projects in Europe,
knowledge gaps and recommendations. EFSA Journal, 12(3): 3594.

Evans, J.D., Chen, Y., di Prisco, P. G., Pettis, J. and Williams, V. (2009). Bee cups:
single-use cages for honeybee experiments. J. Apicult. Res. 48: 300 -.302

Finney D.J. (1971). Probit analysis,3rd Comridge Univ. Press. London pp318.

Gbylik-Sikorska, M., Sniegocki, T., and Posyniak, A. (2015). Determination of
neonicotinoid insecticides and their metabolites in honeybee and honey by liquid
chromatography tandem mass spectrometry. Journal of Chromatography B,
990:132-140.

Ghasemi, V., Salehinejad, A., Ghadamyari, M., Jack, C.J., and Sharifi, M. (2022). Toxic
evaluation of Proclaim Fit® on adult and larval worker honeybees. Ecotoxicology,
1-9.

Grant, A.N. (2002). Medicines for sea lice". Pest Management Science. 58 (6): 521—
527. doi:10.1002/ps.481. PMID 12138618.

Gupta, G.P., Birah, A., and Raghuraman, M. (2005). Relative toxicity of novel
insecticides to American bollworm (Helicoverpa armigera). Indian Journal of
Agricultural Sciences (India). 75(4):235-237

Assiut J. Agric. Sci. 54 (3) 2023 (65-77) 74


https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1002%2Fps.481
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/12138618

Toxicological Impact of Certain Pesticides on Honeybee...

Johnson, R.M., Ellis, M.D., Mullin, C.A., and Frazier, M. (2010). Pesticides and honey
bee toxicity-USA Apidologie, 41 (3): 312-331.

Johnson, R.M. (2015). Honey bee toxicology. Annu. Rev. Entomol. 60 (1): 415-434.
https://doi.org/10.1146/annurev-ento-011613-162005 .

Laurino, D., Manino, A., Patetta, A., and Porporato, M. (2013). Toxicity of neonicotinoid
insecticides on different honey bee genotypes. Bulletin of Insectology, 66(1): 119-
126.

Long, E.Y., and Krupke, C.H. (2016). Non-cultivated plants present a season-long route
of pesticide exposure for honey bees. Nature Communications, 7(1): 11629.

Lumaret, J. P., Errouissi, F., Floate, K., Rombke, J., and Wardhaugh, K. (2012). A review
on the toxicity and non-target effects of macrocyclic lactones in terrestrial and
aquatic environments. Current Pharmaceutical Biotechnology, 13(6): 1004-1060.

Medrzycki P., Giffard, H., Aupinel, P., Belzunces, L.P, Chauzat, M-P, ClaB3en, C., Colin,
M.E, Dupont, T., Girolami, V., Johnson, R., LeConte, Y., Liickmann, J., Marzaro,
M., Pistorius, J., Porrini, C., Schur, A., Sgolastra, F., Simon Delso, N., van der
Steen, J. J. M., Wallner, K., Alaux, C., Biron, D.G., Blot, N., Bogo, G., Brunet, J-
L, Delbac, F., Diogon, M., El Alaoui, H., Provost, B., Tosi, S., Vidau., C.
(2013). Standard methods for toxicology research in Apis mellifera, Journal of
Apicultural Research, 52:4, 1-60, DOI: 10.3896/IBRA.1.52.4.14

Meixner, M.D. (2010). A historical review of managed honeybee populations in Europe
and the United States and the factors that may affect them. Journal of invertebrate
pathology, 103, S80-S95.

Nauen, R., Ebbinghaus-Kintscher, U., Elbert, A., Jeschke, P., Tietjen, K. (2001).
Acetylcholine receptors as sites for developing neonicotinoid insecticides. In:
Ishaaya I, editor. Biochemical sites important in insecticide action and resistance.
Berlin: Springer Verlag; p. 70—105.

OECD. (1998). Honeybees. Acute oral toxicity test. OECD Guidelines for the Testing of
Chemicals. Section 2, Effects on Biotic Systems. TG No. 213.

Pashte, V.V., and Patil, C.S. (2018). Toxicity and poisoning symptoms of selected
insecticides to honey bees (Apis mellifera L.). Archives of Biological Sciences,
70(1): 005-012.

Picard-Nizou, A.L., Pham-Delegue, M.H., Kerguelen, V., Douault, P., Marilleau, R.,
Olsen, L., and Masson, C. (1995). Foraging behaviour of honey bees (4pis mellifera
L.) on transgenic oilseed rape (Brassica napus L. var. oleifera). Transgenic
Research, 4: 270-276.

Potts, S.G., Roberts, S.P., Dean, R., Marris, G., Brown, M.A., Jones, R., ... and Settele, J.
(2010). Declines of managed honey bees and beekeepers in Europe. Journal of
Apicultural Research, 49(1): 15-22.

Sanchez-Bayo, F., and Goka, K. (2014). Pesticide residues and bees—a risk assessment.
PloS One, 9(4): €94482.

Sanchez-Bayo, F., and Goka, K. (2016). Impacts of pesticides on honeybees. Beekeeping
and Bee Conservation-Advances in Research, 4: 77-97.

Assiut J. Agric. Sci. 54 (3) 2023 (65-77) 75


https://doi.org/10.3896/IBRA.1.52.4.14

Saad et al., 2023

Sanchez-Bayo, F., Belzunces, L., and Bonmatin, J. M. (2017). Lethal and sublethal
effects, and incomplete clearance of ingested imidacloprid in honey bees (A4pis
mellifera). Ecotoxicology, 26: 1199-1206.

Sharma, A., Jha, P., and Reddy, G.V. (2018). Multidimensional relationships of
herbicides with insect-crop food webs. Science of the Total Environment, 643:
1522-1532.

Soderlund, D.M.; Clark, J.M; Sheets, L.P; Mullin, L.S; Piccirillo, V.J; Sargent, D.;
Stevens, J.T.; Weiner, M.L. (2002). Mechanisms of pyrethroid neurotoxicity:

Implications for cumulative risk assessment. Toxicology. 171 (1):  3-
59. d0i:10.1016/s0300-483x (01) 00569-8. PMID 11812616.

Sparks, T.C.; Crossthwaite, A.J.; Nauen, R.; Banba, S.; Cordova, D.; Earley, F.;
Ebbinghaus-Kintscher, U.; Fujioka, S.; Hirao, A.; Karmon, D.; Kennedy, R.;
Nakao, T.; Popham, H.J.R.; Salgado, V.; Watson, G.B.; Wedel, B.J.; Wessels, F.J.
(2020). Insecticides, biologics and nematicides: Updates to IRAC's mode of action
classification - a tool for resistance management. Pesticide Biochemistry and
Physiology. Elsevier. 167:104587. doi:10.1016/j.pestbp.020.104587.

Sun, Y.P. (1950): Toxicity index an improved method of comparing the relative toxicity
of insecticides. j. Econ. Entomol; 43: 45-53.

Tomizawa, M., Maltby, D., Medzihradszky, K.F., Zhang, N., Durkin, K.A., Presly, J.,
Talley, T.T., Taylor, P., Burlingame, A.L., Casida, J.E. (2007). Defining nicotinic
agonist binding surfaces through photo affinity labeling. Biochemistry. 46:8798—
8806.

Tsvetkov, N., Samson-Robert, O., Sood, K., Patel, H.S., Malena, D.A., Gajiwala, P.H., ...
and Zayed, A. (2017). Chronic exposure to neonicotinoids reduces honey bee health
near corn crops. Science, 356(6345): 1395-1397.

Williams, G.R., Alaux, C., Costa, C., Cséki, T., Doublet, V., Eisenhardt, D., ef al. (2013).
Standard methods for maintaining adult Apis melliferain cages under in
vitro laboratory conditions. J. Apic. Res. 52, 1-36. doi: 10.3896/IBRA. 1.52.1.04.

Winston, M.L. (1987). The biology of the honeybee. Harvard university press.

Yu, R.X., Zhao, X.P., Wu, C., Wu, S., Cang, T., Chen, L., and Wang, Q. (2009).
Evaluation of indoxacarb to environmental organisms. Agrochemicals, 48(1): 47-
49.

Zhu, Y.C., Adamczyk, J., Rinderer, T., Yao, J., Danka, R., Luttrell, R., and Gore, J.
(2015). Spray toxicity and risk potential of 42 commonly used formulations of row

crop pesticides to adult honey bees (Hymenoptera: Apidae). Journal of economic
entomology, 108(6): 2640-2647

Assiut J. Agric. Sci. 54 (3) 2023 (65-77) 76


https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fs0300-483x%2801%2900569-8
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/11812616
https://en.wikipedia.org/wiki/Pesticide_Biochemistry_and_Physiology
https://en.wikipedia.org/wiki/Pesticide_Biochemistry_and_Physiology
https://en.wikipedia.org/wiki/Elsevier
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.pestbp.2020.104587

Toxicological Impact of Certain Pesticides on Honeybee...

Jaxall g )l <l Apis melliferea L. Juad) Jad Jo Y Sl (any e 8l

1 Oal) alaa (Ll 4 teae Cighall) ae Jlan JoB) e daa) o dara aadal) ae buld) 4e dana
Taaa) daaa 3 gase daaf 23 gaaa o2 Le A0A (Iepall je (e )

. paa ckﬁu\ sL}.}u\ daala c:\.c\J)'l\ 2\.:\.\5 P | :\_JGJ (:.mﬁl
. _as 63)':\.;“ 6(55.\]\ 64739\))“ u};.\n Ky elanal) Gliadia Jalasl Lﬁ)S)AS\ Caxall2

ailal)
oo Gl DA (e p8le e sl e JS5 AV Gl sale Jrall Jas e
% Lﬁ)hﬁ;\ ?3 <l &L\\J:u.a o— :\_I”.A_uz J:ﬂu JLC\;\ ?3 :\_)Louj\ 2\_‘&\);}\ XYY ‘_é 9\34&
2y 511 ol 5 3 piSala) slgaladind aody Sl el 3l Cla) (e dilide Cle sana
dad @Vl e Jiine lild o 5 s gl ¢ 55 sl 10l e ISLAS 523) ¢a o8y ) IS
a3 U il i i &5 AeLWD4e48¢72 day Adlida (i yai G i DA Jual)
e 80 e el g i iSala) 1 U pail) e agew JEY) ) SV 06 Leibe
Hire - Gl g IS A Bl (A5 gllan—as 130V 5 eSS 53] ¢ s )5S
ol 38 JMA e ane e IS 3 5lA] Y] Glane G A Jil Gl usiils
Caill 5oS 0l and e iy Gl i (niSalay) 54 Ael . 72548524
%90 et iy el an 8l (Oeadall 8 ¢ 320.02050.2470.04 7o
Gl Gall a e 4 2e JE LSy (il e (osalall B ¢ 320.07255.752¢0.302
LCop a5 (0salell 8 ¢ 3 2477.267 5 3366.968 56861.151) a8 LCso go ilus sialal)
edel 72 948 924 2 (Oselal) (8 ¢ 3> 6203.48559033.695528243.795) ils
die 5 ygiaall lusall i i) 3 G G gy sISU Ja s el ey, sl e (el
& LCoo adis Osalall (e 32 2.731510.226 @i LCsg adis =il (10 delv 48 524
o Aol 72 2 L (sl e delu 48 524 sadd ¢y salall 8 ¢ 32 7.4965101.224)
Hisa e 2y Osalall (86 5 5.179LCo0 5 2.086LCs0 o (o ol al Sl alad) aall
GiSala s Il gaill e A colapall ST i i a8l il cas gl el
—Cald o> i il Jalaa¥ >0 LS i g2 31> g8y 5 1SS0 g S al>C) g 30
Jond) Jad VLS e dad) 3005 Y Gl u\ c_al_ul\ Y L_Ug_k\ Gl gaala> g
oY) el i e Ualis ST Jaill e 05Ss ll cB g) 8 Lgaladiid s cany 1)

Assiut J. Agric. Sci. 54 (3) 2023 (65-77) 77



