2019.34(4) : 305-313

Jou rnal‘ Of Aplcu I'tu re DOI: 10.17519/apiculture.2019.11.34.4.305

Original research article

Comparison of Acute Toxicity of Different Groups of Pesticides to
Honey Bee Workers (Apis Mellifera L.)

Delgermaa Ulziibayar' and Chuleui Jung'2*

'Department of Plant Medicals, Andong National University, Republic of Korea
2Agricultural Science and Technology Institute, Andong National University, Republic of Korea

m Honey bees (Apis mellifera) forage in agricultural areas, and are exposed to diverse pesticide
poisoning. Toxic effects on Apis mellifera of different groups of pesticides were tested in the lab-
oratory; fungicide (Metconazole), herbicide (Glyphosate), acaricide (Amitraz), organophosphate
insecticide (Fenitrothion) and neonicotinoid insecticides (Thiacloprid, Thiamethoxam, Imidacloprid,
Acetamiprid, Dinotefuran and Clothianidin). Commercial formulations were serially diluted from
the recommended concentration (RC) to 107 times to carry out feeding and contact tests.
Toxicity was transformed into lethal dose (LDso) and hazard question (HQ). The acute toxicity of
pesticides showed similar patterns between feeding and contact tests. But feeding tests showed
greater toxic to honey bee than contact test. The organophosphate and nitro-neonicotinoid insecti-
cides were highly toxic with HQ values ranging greater than 1. However, cyano-neonicotinoids of
Thiacloprid and Acetamiprid showed low toxicity. Even at the RC, 24 hr mortalities were 18 and 30%.
The acaricide (Amitraz) showed intermediate level of toxicity at RC but negligible at the concent-
ration lower than 107" times. A fungicide (Metconazole) and herbicide (Glyphosate) showed minimal
impacts. The results imply that the selective use of pesticides could help conservation of pollinators
in agricultural production systems.

GGG Organophosphate, Nitro-neonicotinoid, Cyano-neonicotinoids, Metconazole, Glyphosate

INTRODUCTION

Honey bees are efficient pollinators, worker honey
bees collect pollen and nectar from as far as 10 km from
the hive. During that time, they often encounter toxic
materials of both natural and synthetic origin and may
carry these xenobiotics back to the colony. Nectar and
pollen may contain environmental pollutants or pesti-
cides drawn from the soil and bees also collect water
from environmental sources. Such surface water or gut-
tation water may be contaminated with high concentra-
tions of toxic metals and insecticides (Johnson, 2015). A
variety of different pesticides which have the potential
to harm honey bees are in use by agriculturists. In recent
years, scientists have focused on honey bee toxicology
and the effects of pesticides, particularly insecticides,
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given an exposure to bees.

An analysis of honey bees and their hive wax and
pollen in the United States revealed that the majority of
the samples was contaminated with at least one pesti-
cide (Mullin et al., 2010). Similarly, 37 insecticide and
fungicide chemicals were detected in honey bees and
hive products sampled in France (Lambert ef al., 2013).
Annual agricultural use of pesticides has increased rap-
idly from the 1970s to 1990s in South Korea, but has
declined since 2001. The quantity of pesticides used in
2011 was reported as 19.131 tons, and comprised 34.7%
insecticides, 28.0% fungicides, and 27.1% herbicides.
Organophosphates were the most used among the top
pesticides (Cha et al., 2014).

Our tests involved oral and spray trials in order to as-
sess the toxic effects of the pesticides often used in the
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agricultural field. Pesticides are toxic chemicals; they
are designed to specifically control a target group of or-
ganisms. Insecticides are chemicals used to kill insects,
so it is unsurprising that many insecticides have the
potential to harm honey bees. For herbicides and fungi-
cides, if the target of such chemicals is not the insects,
they can be expected to be safe to the bees. However,
extensive and prolonged uses of herbicides may affect
the bees’ colonies (Goulson et al., 2015) and their pro-
ductivity in various ways.

Neonicotinoid insecticides are one of the most effec-
tive classes of insecticides in the world. They are neu-
rotoxins which act as nicotinic acetylcholine receptor
agonists in the central nervous system of insects and
cause overstimulation, paralysis, and death. But differ-
ent neonicotinoid insecticides have slightly different
chemical structures, some of which are more toxic to
bees. The neonicotinoids are of 2 subgroups, those with
a nitro functional group (-NO>) and those with a cyano
functional group (-C=N) in their molecular structure.
The nitro-group neonicotinoids (including Imidacloprid,
Dinotefuran, Clothianidin and Thiamethoxam) are much
more toxic to bees than the cyano-group neonicotinoid,
which include Acetamiprid and Thiacloprid (Blacquiere
etal.,2012; Brandt et al., 2016).

Fenitrothion is a phosphorothioate (organophosphate)
insecticide that is widely used worldwide. Organophos-
phate are toxic to honeybees by their own and with
specific actions on the insect nervous system. For her-
bicides and fungicides, if the target of such chemicals
are not the insects, these chemicals are probably safe to
bees. However, extensive and prolonged use of herbi-
cides are likely to affect bees colony and bees produc-
tivity (Goulson et al., 2015).

We therefore tested some fungicide, herbicide and
acaricides together with insecticides. Metconazole is a
systemic triazole fungicide, acting as ergosterol biosyn-
thesis inhibitors. These fungicides are generally of low
toxicity to honey bees, but there is a synergistic effect
of the fungicides when delivered together with insec-
ticides, as evidenced in the literature. For example, the
increased toxicity of pyrethroid insecticides to honey-
bees in the presence of ergosterol biosynthesis inhibitor
fungicides has been reported (Pilling et al., 1995; John-
son et al., 2012). Moreover, a combination of some fun-
gicides with insecticides has been revealed to be more
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deadly to the bees than either chemical alone (Iwasa et
al., 2004; Johnson et al., 2013). The study of Thomp-
son et al.(2014) has shown that the dose of fungicide
that the bee receives is a key factor in determining the
toxicity of the neonicotinoids. Glyphosate (N- (phos-
phonomethyl) glycine) is a broad-spectrum systemic
herbicide and crop desiccant. Amitraz is a non-systemic
acaricide and insecticide.

The objectives of the study are to determine and com-
pare the acute toxicity of different pesticide formulation
to honey bees, and to estimate the lethal dose (LD)
values and Hazard Quotient (HQ) of each pesticide. To
know which kind of exposure (oral and contact) and
which of these pesticides would cause more serious ef-
fects on Apis mellifera, is of importance and may affect
future issues of application. Thus we set the hypothesis
as; nitro-neonicotinoids and Fenitrothion are more tox-
ic, than acaricide, fungicide or herbicide, and feeding
would pose more toxic than contact by spraying.

MATERIALS AND METHODS

Honey bees

We used worker honey bees (A. mellifera) of the
Honey Bee Laboratory at Andong National University,
Andong, Republic of Korea. Worker bees were collected
from the hive by using a small amount of smoke, brush-
ing them from the combs and transferring them into cy-
lindrical iron cages. The cages with the bees were placed
in the laboratory room (24°C) until needed for the test.
Before treatment, we prepared and counted the worker
bees in each cage, using anaesthetization with CO; gas.

Pesticide

Commercial formulations available in Korea were
used. To estimate the lethal concentration, we had
exposed each pesticide with serial dilution from the
producer’s recommended concentration to 107° times
dilution by the factor of 10. Second grade distilled water
was used for the dilution.

Tests were conducted using cylindrical cages (30 cm
high, 25 cm diameter). The cage wall’s consisted of iron
with a hole, and a cover and bottom made out of plastic.
Into each cage 15~20 worker honey bees from the hive
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Table 1. Characteristics of pesticides commercial formulation used in the tests

Pesticide group Common name Formulation type ai% Dilution RC (ppm)*
Cyano-NNI Thiacloprid SC 10 2000 500
Cyano-NNI Acetamiprid WP 8 2000 500
Nitro-NNI Imidacloprid WP 10 2000 500
Nitro-NNI Dinotefuran WG 20 2000 500
Nitro-NNI Clothianidin SC 8 1000 500
Nitro-NNI Thiamethoxam WG 10 1000 500
op Fenitrothion EC 50 1000 1000
Acaricide Amitraz EC 20 1000 1000
Fungicide Metconazole SC 20 3000 340
Herbicide Glyphosate SL 44.75 - 196.9

*RC: Producer’s recommended concentration (1 ppm =1 mg/L); cyano-NNI as cyano-neonicotinoid insectidies, nitro-NNI as nitro-neonicotinoid insecticide, OP

as organophosphate insecticide.

were placed.

Feeding test

Collected worker honeybees (30~40 individuals per
cage) were starved for 2 hours before testing in the wire-
mesh cage in the lab began. 5 mL pesticide contaminat-
ed 50% sugar solution with different concentration was
provided in the plastic feeding dish on a cotton pad for
1 hour, so that the bees had free access to the pesticide
contamination. After 1 hour, the contaminated feeding
dish was removed and the weight-difference was mea-
sured to estimate the amount taken up by bees.

The feeding dish was then replaced with non-contam-
inated 50% sugar solution. Control bees were fed only
50% sugar solution. Each treatment had 3 replications.
Mortality and other abnormal behaviors were observed
at 1 h,3h,6h, 12h, 24 h, 48 h after treatment. If no ap-
pendage movement was observed, we considered it as a
dead bee.

Contact test

100 mL of the pesticide solution with different con-
centrations were prepared. After housing 30~40 in-
dividual honeybees in the mesh cage, we sprayed the
pesticide solution with 600 mL hand sprayers (KOMAX
G600, Sansoo Co., LTD, Korea) by standard methods
(from 15 cm distance, 10 times). After 30 min, honey
bees were measured and the weight-difference of bees
to estimate the amount of pesticide taken up by them
was recorded. Then these bees were transferred into a
new cage and provided 50% sugar solution. Each treat-
ment had 3 replications. Mortality and other abnormal

behaviors were observed at 1 h,3h,6h, 12h,24h,48h
after treatment.

Statistical analysis

We determined the Lethal Dose (LDso) for both feed-
ing and contact test, using LDso or LDso using Probit
Analysis (Veterinary Pharamcology & Toxicology,
SVVU, India) with Excel. We used the LCsp, when
calculating Hazard Quotients. Hazard Quotient (HQ)=
Exposure Concentration/Reference Concentration (RfC)
relative to the field application adopted for field con-
centration determination. If the Hazard Quotient is less
than 1, no adverse effects, but if the Hazard Quotient is
greater than 1, adverse health effects occur. Two-way
ANOVA analysis, followed by Tukey multiple compar-
ison tests (SPSS 16.0), was used to compare the effects
of pesticides between feeding test and spray test.

RESULTS

Neonicotinoid insecticides, with the exception of Thi-
acloprid and Acetamiprid showed the highest toxicity.
Thiacloprid insecticide showed higher mortality only at
high concentration of 500 ppm, with mortality rate of 18
and 50% for feeding and contact tests, respectively (Fig.
1, 1A, B). The feeding test resulted in a HQ value of 1
in only 48 hours (Table 2).

Acetamiprid showed mortalities lower than 40% for
all concentration in the feeding test (Fig. 1, 2A), but in
the contact test, maximum motality was less than 20%
(Fig. 1, 2B). The comparative means were significantly
different (p =0.006) between both tests (Table 2).
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Fig. 1. The feeding test (A) and contact test (B) of cyano - neonicotinoid insecticides compared for mortality percent different concentra-

tions. Thiacloprid (1) and Acetamiprid (2).

Table 2. Comparison of LDso at 24 hr and 48 hr after treatment, and HQ values in feeding and contact test involving honey bee

LDso (uL/bee) HQ*
Pesticide
Feeding Contact Feeding Contact

. . -! 6.109 (0.743~50.21) - 0.8

Thiacloprid 2 33.105 (2.11~519.16) - 1

. - —(531.55~) - -
Acetamiprid _ —(2367.07~) _ 09
Imidacloprid 0.109 (0.1~1.16%) 1.79(0.535~5.984) 69.7 3.1

p 0.00 (0.00~0.003%) 0.82(0.255~2.639) 1111.1 8
Dinotefuran 0.00 (0.00~0.008) 0.138(0.034~0.567) 1262.6 38.9
0.00 (0.00~0.00) 0.14(0.044~0.45) 333333 27.1

Clothianidin 0.003 (0.001~0.015) 0.05(0.015~0.169) 1811.6 119
0.00 (0.00~0.002) 0.022 (0.006~0.077) 15625 2164
Thiamethoxam 0.01(0.002~0.051) 0.019 (0.002~0.181) 556.2 152
0.005 (0.001~0.026) 0.034 (0.009~0.125) 1086.9 1104
Fenitrothion 0.162(0.037~0.704) 0.011 (0.002~0.063) 1152 123.1
0.116 (0.027~0.501) 0.092(0.031~0.272) 172.9 3105
Amitraz 7.082(3.281~15.28) - 22 22
3.273(1.56~6.84) - 2.1 2.1

1-2No estimation due to low toxicity at 24 and 48 hour, “24 hour, 48 hour

*Hazard Quotient (HQ) = Exposure Concentration/Reference Concentration (RfC)
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Imidacloprid showed high mortalities for all concen-
tration during test hours in the feeding test. 24 hr mor-
tality of 500 and 50 ppm were 90 and 70% respective-
ly. For low concentration, mortality was greater than
50% in 48 hour (Fig. 2, 1A). Only high concentration
showed more toxic effective in contact test (Fig. 2, 1B).

The difference between both tests is significant
(p=0.018) (Table 2).

Clothianidin, Dinotefuran and Thiamethoxam gave
almost the same results in both tests. Mortality of Clo-
thianidin and Dinotefuran exposures were greater than
50% for high concentrations in the first 6 hours (Fig. 2,
2A, 3A). For Clothianidin a mortality rate of 500 ppm
was greater than 50% in the first 1 hour for both tests
(Fig. 1,2A, B). In the spray trial, for low concentrations
of Clothianidin, mortality was lower than feeding test
(Fig. 2, 2B).

All concentrations of Dinotefuran resulted in greater
toxic effectiveness (greater than 80% except 0.005 ppm)
in the feeding test, than in the contact test; only the first
two high concentrations resulted in higher mortality.
The difference is significant between both test (p=0.001)
(Table 2).

In the feeding of Thiamethoxam, the first three high
concentrations showed greater than 80% mortality and
the next three concentrations were less than 50% (Fig. 2,
4A). However, in the contact test, the last three concen-
tractions produced no mortalities (Fig. 1, 4B).

The Fenitrothion (Organophosphate insecticide) was
highly toxic as was in the cases of nitro-group neon-
icotinoids. Feeding caused more toxic effects than the
contact exposures (Fig. 3, 1B). Amitraz which is used
as an acaricide and also insecticide showed noticible
toxicity only at the highest concentration, recommended
concentration in the feeding test (Fig. 3, 2A). But Haz-
ard Quotient (HQ) was less than 1 (Table 2). Glyphosate
(herbicide) and Metconazole (fungicide) showed mor-
talities less than 10% even at the highest concentration.

DISCUSSION

Honey bees are exposed to diverse groups of pesti-
cides in agroecosystem. This study showed the toxicities
from pesticide exposures are highly variable relative to
the groups of pesticides. Organophosphate insecticide

of Fenitrothion, and nitro-neonicotinoid insecticides are
more toxic than cyano-neonicotinoids (Thiacloprid and
Acetamiprid). The acaricide (Amitraz) showed an inter-
mediate level of mortality while the tested herbicide and
fungicide showed minimal impacts.

When comparing the results of feeding and contact
test, feeding exposure was more toxic to honey bees
than the contact exposure. The differences involving
Imidacloprid and Dinotefuran were significantly differ-
ent.

Cyano-neonicotinoid insecticides are relatively less
toxic to honey bees than other insecticides. However,
Thiacloprid affects A. mellifera’s behavior and immune
system (Bant et al., 2016), and neonicotinoids affect the
individual immunocompetence of honey bees, possi-
bly leading to an impaired disease resistance capacity.
Research results Acetamiprid lower toxic effects than
other neonicotinoid insecticides on honey bees. Mor-
tality caused by Acetamiprid was 50.85% at the field
concentration of 100 ppm in feeding test (Laurino ef al.,
2011). Iwasa et al. (2004) suggested that P450s are an
important mechanism for Acetamiprid and Thiacloprid
detoxification and their low toxicity to honey bees. In
this study, Acetamiprid showed mortality of less than
50% until 24 hr in the feeding test and less than 48% in
the contact test (in 48 hr).

The LDso value of nitro-neonicotinoid insecticides
(Thiamethoxam, Imidacloprid, Dinotefuran and Clo-
thianidin) were lower than other pesticides in both tests.
And Hazard Quotients of high toxicity neonicotinoids
showed values greater than one. The LCsp at 12 hr, Thia-
methoxam and Clothianidin are resulted similar to result
of Lee et al.(2015).

Thiamethoxam is highly toxic both in ingestion and
indirect contact. However, the latter is somehow less
dangerous at reduced concentrations. In the indirect
contact test Thiamethoxam was lethal at a concentration
20 times lower than the field one, showing a degree of
danger long after administration (Laurino et al., 2011).
The European Commission (2013) voted to place a mor-
atorium on the use of three neonicotinoid insecticides
(imidacloprid, thiamethoxam and clothianidin) after the
European Food Safety Authority (EFSA) determined
that there were “high acute risks” to bees (EFSA, 2013).
The order of toxicities for the insecticides was ranked as
clothianidin > thiamethoxam > dinotefuran (Liu et al.,
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nitrothion (1) and Amitraz (2).

2017). In this study, they showed almost the same result.

The avoidance behavior to neonicotinoid insecti-
cides showed bifurcated patterns (Value significantly
lower than 0.5 means high avoidance); highly avoided
(AI<1.2) to cyano-neonicotinoid insecticides; Thia-
cloprid, Acetamiprid while less avoided (AI>2.5) to
nitro-neonicotinoids; Imidacloprid, Thiamethoxam and
Dinotefuran (Kang and Jung, 2017).

The organophosphate insecticide (Fenitrothion) is ex-
tremely toxic (Oral: LDsp 0.20 ug/bee, Contact: 0.16 pg/
bee in 48 hr) to honeybees (Fenitrothion_specs_eval_
WHO_2010. page 29). In our study it was shown that,
Fenitrothion was highly toxic as nitro-group neonico-
tinoids. In contact test, mortality rate was greater than
70% for 1000 ppm in 1 hour (Oral: LDso 0.116 pg/bee,
Contact: 0.092 png/bee in 48 hr).

Acaricide (Amitraz) is almost an insecticide, and more
toxic to honey bees than fungicide and herbicide. The
mortality rate of high concentration is greater than 60
%, similar to results of the study by Hillier et al.(2013).
Herbicides (Glyphosate), and fungicide (Metconazole)

showed low toxicities to honey bees. However, the com-
bination of some fungicides with insecticides has been
revealed to be more deadly to the bees than either chem-
ical alone (Iwasa et al., 2004; Johnson et al., 2013). The
results imply that the selective use of pesticides could
help conservation of pollinators in agricultural produc-
tion systems.
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