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Abstract

Th is paper discusses the most common causes of poisoning of honey-
bees and other pollinating insects that occur in the Republic of Serbia and 
the world as well. Some potential ways of pollinator exposure to diff erent 
poisons and their intake are described. Th e paper also deals with the meth-
ods of testing and assessing toxicity of newly synthesized chemical sub-
stances and new formulations, classifi cation of potential toxic substances 
according to their chemical characteristics and mechanism of action on the 
insects, symptoms of honeybee poisoning and risk assessment for the uses 
of pesticides. In the end, the paper looks into the methods of responsible 
use of pesticides and their toxicity in order to avoid bee poisoning.   
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Kratak sadržaj

U ovom radu razmatraju se najčešći uzroci trovanja medonosne pčele 
i drugih insekata oprašivača koja su evidentna u Republici Srbiji, kao i u 
svetu. Opisuju se mogući načini izloženosti oprašivača različitim otrovi-
ma i putevi unosa istih. Takođe, obrađuje se načini ispitivanja i procene 
toksičnosti novosintetisanih hemijskih supstanci i novih formulacija pesti-
cida, klasifi kacija potencijalnih toksičnih supstanci prema njihovim hemi-
jskim karakteristikama i načinu delovanja na insekte, simptomi trovanja 
medonosnih pčela i procena rizika upotrebe pesticida. I na kraju, načine 
odgovorne upotrebe pesticida i mere koje se mogu preduzeti radi sman-
jenja trovanja pčela agro hemikalijama.

Ključne reči: pčele, toksičnost, pesticidi

INTRODUCTION

Honeybee (Apis mellifera) is a cosmopolitan species bred by beekeepers 
today for the production of commercially valuable products such as honey, 
wax, propolis, royal jelly, pollen and bee venom. Th e other reason for bee-
keeping is pollination, honeybees are the most successful and commercially 
exploited pollinators in agro-ecosystems. Nowadays, honeybees are bred using 
organic and conventional method of beekeeping, and in recent years, urban 
beekeeping has become more widespread in urban areas. Th e bees are continu-
ously exposed to a wide range of stress factors such as: diseases of various eti-
ologies, parasites, predators, chemical substances from natural and synthetic 
sources, etc. which are present in the environment (Ostiguy et al., 2019). For-
aging worker bees are mostly exposed to adverse environmental infl uences 
because they can fl y a distance of over 6 km in radius in search for food. In 
one day, these bees have 12 - 15 excursions and come into contact with pollut-
ants from the environment (Beekman and Ratnieks. 2000). During the search 
for food, contaminants from the atmosphere remain on the bees’ bodies and 
they are brought to the hive through pollen and nectar, where they reach other 



bees in the colony, and the brood. Th erefore, worker bees, honey and pollen 
are oft en used as bioindicators of environmental pollution by various organic 
and inorganic compounds (Petrović et al, 2019; Kartalović et al., 2020). Th e 
use of a wide range of chemicals in agriculture, alone and / or in combina-
tion with other factors, such as elevated temperature, production of hybrid 
varieties with less pollen and nectar in fl owers, has had a devastating eff ect 
on honeybees globally. Some of these examples are increased mortality of bee 
colonies that was recorded in 2006 in the United States (Henry et al., 2012). 
Th e mass extinction of bee colonies has been named Colony Collapse Disorder 
syndrome (CCD) (Retschnig et al., 2015). Th e collapse of bee colonies is a sud-
den disappearance of entire bee colonies, with no dead bees in the colony or 
hive and no kleptoparasites in the extinct hives, regardless of the excess food 
stored in them. Th e exact reason for this phenomenon has not yet been clearly 
explained, but it is believed that several stressors, acting individually and / or 
synergistically, contribute to the weakening of the health of bees, making them 
susceptible to the disease. Among systemic insecticides, newer generation pes-
ticides, fi pronil and neonicotinoids have been emphasized as the main causes 
of the collapse of bee colonies since the beginning of their application in the 
mid-90s of the last century. (Hoshi et al., 2014; Retschnig et al., 2015). Th is is 
why the world today is facing a great crisis, which has not only an ecological 
dimension, but also an economic one, because due to the reduction of the pol-
linator population, the yields of fruits, vegetables and cereals are decreasing, 
which directly leads to higher food prices, which aff ects consumers.

EXPOSURE OF BEES TO PESTICIDES 

Diff erent pesticide formulations are used to protect the plant from pests. 
Depending on the type of pesticide and the recommended method of use, they 
can be utilized for direct spraying of the plant or for the treatment of soil and 
seeds. Diff erent methods of application and persistence of applied pesticides 
play a key role in the exposure of pollinating insects to these chemicals, and 
these are the main routes of exposure: a direct contact with the chemical dur-
ing feeding on the treated plant; dust particles contaminated with pesticides, 
which stick to the bees or are carried to the hive by the wind; contamination 
of watercourses - surface waters with chemical agents used for fi eld treatment; 
guttation water; honeydew (secretion); application of pesticides to untreated 
agricultural crops near the treated fi eld and pesticide residues in pollen by seed 
treatment (Gaurava et al., 2020).

Th ese diff erent ways of exposing honeybees to pesticides allow contamina-
tion of bee colonies, but still the ways bees transmit these chemicals from the 
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fi eld are various and can be either oral, respiratory or dermal (cuticular). 
Oral intake of chemical pesticides from the fi eld is facilitated by foraging 

worker bees. Th e plants treated with insecticides produce contaminated nectar 
and pollen. Some studies have found the presence of high concentrations of 
various pesticide compounds, including insecticides, fungicides, miticides and 
herbicides in pollen samples of several crops (Krupke et al., 2012). Th e bees 
collect this fl ower resource carry them to colonies where they continue to use 
it to feed the bee brood (Wu et al.., 2011). Th e consequences can be numerous: 
foraging worker bees die during the collection and transport of contaminated 
pollen, bees in the hive die during storage and feeding, and broods die by con-
suming poisonous pollen, which leads to a complete collapse of the colony 
(Gaurava et al., 2020).

Pesticide formulations, such as dust and fumigants are sprayed by air 
and can be retained on the body surface of foraging worker bees or absorbed 
through the trachea in the concentrations suffi  cient to be toxic to bees (Gaura-
va et al., 2020). Inhalation of air contaminated with toxic substances causes 
various abnormalities, such as sudden changes in behavior and degradation of 
learning abilities (Karise and Mänd, 2015).

Foraging worker bees come into direct contact with pesticides while 
searching for food, and such chemicals can be lethal even in small quantities. 
Body wall - the chitinous cuticle of the thorax of honeybees is considered the 
main route of cuticular exposure to pesticides (OEPP/EPPO, 1992), although 
in some other studies it has been observed that insect wings are also a potential 
source of bee exposure (Poquet et al., 2015). 

CLASSIFICATION OF TOXIC SUBSTANCES

Toxic chemicals can be classifi ed by the levels of toxicity of substances for 
bees or based on the origin (pollutants, agrochemicals, medicines).

First, it should be pointed out that there is a great risk of using pesticides 
due to their acute toxicity to bees, which causes their mortality in a short pe-
riod of time. Other very signifi cant risks include sublethal eff ects that can ad-
versely aff ect hive performance and colony survival in the long run. Pesticide 
toxicity varies from very high to very low. Substances with very low toxicity are 
practically non-toxic.

In order to defi ne and categorize toxicity of pesticides during the develop-
ment of substances, acute oral and contact toxicity tests are performed, ac-
cording to the methods based on the guidelines issued by the European and 
Mediterranean Plant Protection Organizations (EPPO), i.e. Th e Organization 
for Economic Co-operation and Development (OECD, 1998, 1998a). Th ese 
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toxicity testing methods are laboratory methods designed to assess the acute 
oral and contact toxicity of plant protection products and other chemicals on 
adult worker bees. Th e method is particularly suitable for phased hazard as-
sessment programs that pesticides pose to bees, based on a hierarchical or-
der, from laboratory toxicity tests to semi-fi eld and fi eld tests. Acute oral and 
contact toxicity are adverse eff ects that occur no later than 96 hours aft er oral 
or contact administration of a single dose of the test substance. A dose is an 
amount of the test substance consumed or applied and is expressed as the mass 
of the test substance per individual (μg/bee). Th e precise oral dose for each 
bee cannot be calculated because the bees are fed collectively, instead an aver-
age dose can be calculated (fully consumed test substance by the number of 
individuals - bees). Oral or contact LD50 (mean lethal dose) is a statistically 
derived single dose of a substance that can cause the death of 50% of animals 
when administered orally or when it comes into contact with it.

 Based on the acute toxicity, the tested substances are classifi ed into the 
following:
 - Substances with very high toxicity to bees, acute toxicity to bees 

LD50 < 2 μg/bee
 - Substances with moderate toxicity to bees, acute toxicity to bees

LD50 2 - 10.99 μg/bee
 - Substances with low toxicity to bees, acute toxicity to bees 

LD50 11 - 100 μg/bee.
 - Substances that are not toxic to bees, acute toxicity to bees

LD50 > 100 μg/bee.

Other methods for testing and assessing the toxicity of chemicals on bees 
have also been published:
• Guidance document on the honeybee (Apis mellifera L.) brood test under 

semi-fi eld conditions (OECD, 2007). Principle of the test: Shortly before 
full fl owering of the crop and some time before application of the test che-
mical, small healthy honeybee colonies are initially placed in tunnel tents. 
Th e bees are exposed in the tunnel for the period of fl owering of the crop 
(e.g., at least 7 days aft er application of the product) aft er which the hives 
are placed outside the tunnel for the remaining of the study and are free to 
forage in the fi eld. Over the period of at least 4 weeks aft er the initial brood 
assessment, the evaluation of the mortality of honeybees, fl ight activity, and 
condition of the colonies and development of the bee brood is done several 
times. Results are evaluated by comparing the treated colonies with the wa-
ter treated colonies and with the reference chemical-treated colonies.
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• Guidance document on the honeybee (Apis mellifera L.) larval toxicity test, 
single exposure (OECD, 2013). Principle of the test: First instar synchro-
nized larvae (i.e., larvae of the same age) are taken from the comb of three 
colonies and individually placed into 48 well-plates where a standardized 
amount of artifi cial diet is introduced. Aft er three days, a single dose of the 
test chemical is administered to the larvae with the diet in a range of fi ve 
increasing concentrations. Mortality was monitored for three next days 
and the 72 h LD50 is calculated for larvae.  

• Guidance Document on honeybee (Apis mellifera L.) larval toxicity test, 
repeated exposure (OECD, 2016). Principle of the test: Th e preparation of 
the test and the selection of larvae is the same as for the single exposure. 
Th e chemical is administrated to the larvae during three days at a constant 
concentration equivalent to increasing test chemical doses per larva per 
day with the diet resulting in a cumulative dose on third day (for each tre-
atment level) in a range of at least fi ve increasing test concentrations, or at 
one concentration in case of a limit test. Mortality and other observations/
abnormal eff ects are recorded daily from during administration and on 
ninth and 16th day aft er administration. Th e NOEC (No Observed Eff ect 
Concentration) /NOED (No Observed Eff ect Dose) and, if data allows, the 
EC50/ED50, and/or any ECx/EDx are determined).

• Guidance Document on honeybee (Apis mellifera L.) chronic oral toxicity 
test (10-day feeding) (OECD, 2017). Principle of the test: Aqueous sucrose 
solution containing the test chemical is used to expose young bees, during 
a period of 10 days (ad libitum). Behavioral abnormalities and mortality 
are observed and recorded daily. Th e chronic eff ects of the test chemical 
are evaluated by comparing the results of the test chemical treated group to 
those of the respective control group. Following endpoints are determined 
by using this test: • LC50 (median Lethal Concentration) and the LDD50 
(median Lethal Dietary Dose) values aft er 10 days of exposure. • NOEC 
and NOEDD (No Observed Eff ect Dietary Dose). In some cases, a limit 
test may be performed (e.g., when a test chemical is expected to be of low 
toxicity or when a test chemical is poorly soluble), in order to demonstrate 
that the NOEDD is greater than or equal to the limit dose tested, and the 
LDD50 is greater than the limit dose tested, if no eff ects are observed in 
the study. 

• Guidance Document on honeybee (Apis mellifera L.) homing fl ight test, 
using single oral exposure to sublethal doses of test chemical (OECD, 
2021). Principle of the test: Th is test method measures the eff ect of single 
sublethal oral doses of a test chemical (under controlled conditions) on the 
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homing success of forager honeybees (under simulated fi eld realistic con-
ditions). Foragers are released 1 km away from the colony, and the homing 
success of chemically exposed versus non-exposed foragers is compared. 
Th is is achieved by monitoring the experimental bees with radio-frequ-
ency identifi cation (RFID) tagging technology. Th e test is done in three 
replicates. Th e objective is to determine a NOED on homing success from 
all the doses of the chemical tested.

Th e second type of classifi cation is based on the type of toxins that come 
from diff erent sources.

Environmental pollutants

According to their origin, they are divided into natural and artifi cial-an-
thropogenic.

Carbon dioxide

Th e so-called global warming is changing meteorological factors and even 
the climate with unforeseeable consequences for the entire living world on the 
globe. Th e impact of pollutants on the survival of bees and other insects is also 
evident, with carbon dioxide potentially being toxic. Th e studies of the impact 
of carbon dioxide on honeybees have shown that CO2 can have some toxic ef-
fects on bee health at the individual and colony level. Changes were observed 
in the lifespan of bees (shorter), the amount of pollen collected during the 
fl owering season (reduced), the narcotic eff ect in terms of reduced activity at 
elevated CO2 concentrations (Maini et al., 2010) and earlier oviposition of the 
queen bee (Gaurava et al., 2020). 

Heavy metals

Due to the growing anthropogenic impact, heavy metals are one of the 
main pollutants in the environment. Unlike organic pollutants, heavy metals 
are not subject to degradation and they accumulate not only in the environ-
ment, but also in the living systems. Th e most common toxic elements known 
for their high levels of toxicity to living organisms, and its wide distribution, are 
cadmium, lead, mercury, arsenic, chromium, nickel, as well as micro elements 
such as copper, iron, zinc, manganese, cobalt and selenium. However, they are 
necessary for various biochemical and physiological processes in low concen-
trations, but when their concentrations are higher, they may become harmful.
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Heavy metals are among the most important potentially harmful pollut-
ants and their presence can aff ect various physiological and metabolic pro-
cesses. Toxicity of heavy metals is manifested by interaction with biomolecules 
in several ways: changes in the conformation of biomolecules, blocking of es-
sential functional groups of biomolecules, replacement of essential metal ions 
in biomolecules, oxidative damage of biomolecules.

Various studies have shown that high concentrations of cadmium, cop-
per and lead have a toxic eff ect on bees, which can lead to oxidative stress 
of individuals and disrupt the homeostasis of micro elements and detoxifi ca-
tion of toxic metals, which then results in changes in the behavior and diet of 
bees. Cadmium and copper are actively absorbed by the root system of the 
plant from the soil and can be found in nectar and pollen, and bees usually 
come into contact with lead through contaminated surfaces where lead settles 
(Nikolić et al., 2016). 

Medicinal - active substances used in beekeeping

Proper and timely use of veterinary preparations medications will not only 
protect bee colonies from diseases and pests, but will also prevent contamina-
tion of honey, wax, propolis and other bee products.

In the Republic of Serbia, the use of antibiotics in beekeeping is strictly 
forbidden because the consequences can be severe: destruction of saprophytic 
microfl ora and violation of bee colony immunity, concealment of diseases, fre-
quent relapses, resistance to frequent administration of antibiotics, antibiotic 
residues and secondary metabolites in bee products (Kartalović et al., 2020).

To control the most widespread disease of honeybees caused by ectopara-
site Varroa destructor in the Republic of Serbia, registered preparations based 
on: coumaphos (organophosphorus compound), fl uvalinate (tau-fl uvalinate - 
pyrethroid), formic acid, as well as active substances of essential oils, camphor 
oil and the oil itself, menthol, eucalyptus oil (ALIMS, 2021). In addition, other 
organic acids such as lactic and oxalic acid are used. Th ese chemicals have 
proved to be far more successful than other treatments, but at the same time 
their toxicity to bees has sometimes been neglected or studied less. However, 
the emergence of resistant mite populations has resulted in a sharp increase in 
the use of formic acid and oxalic acid in practice, as they are natural varocides 
that are also normally found in honey (Bogdanov, 2006). Organic acids are 
quite eff ective in controlling Varroa mites, but there haven’t been many studies 
to determine their negative impact on honeybees. Schneider et al. (2012), they 
pointed out the harmful eff ects of organic acids on honeybees, which include 
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the following: negative impact on brood development, lower physical fi tness of 
the treated colony, increased mortality, reduced division of labor and reduced 
cleaning of hives and increased self-cleaning.

Toxicity of formic acid

Formic acid inhibits energy metabolism, i.e., the formation of hypoxic me-
tabolism and histotoxic hypoxia (Keyhani and Keyhani, 1980). Also, formic 
acid can have an excitatory eff ect on the neurons of the parasite and penetrate 
through the thin exoskeleton of the parasite and thus cause their additional 
irritation and death. Th e selectivity of action is based on the diff erence in the 
thickness of the cuticula of the bee and a tick that parasitizes on it. Bees can 
tolerate 250 times the dose of formic acid compared to Varroa (ALIMS 2021a). 
When used in the recommended doses, i.e., according to the instructions for 
the drug, it is not harmful to bees. Data can be found in the literature that 
bees may experience increased buzzing and agitation, which usually disap-
pears quickly. However, formic acid can cause a variety of toxicity symptoms 
in honeybees, including reduced worker bee life and lower brood survival rates 
(Underwood and Currie, 2003). It can have a toxic eff ect on the larvae in a 
covered brood, which then perish, and it can also have a detrimental eff ect on 
the open brood and hatching of bees. Th ere is a possibility that (due to toxic 
eff ects) a certain number of queen bees might get lost. Other negative eff ects 
of formic acid treatment on bee colonies mainly include increased number 
of dead bees in front of the colony during the treatment period, rejection of 
queen bee, reduction in drone eggs. In addition, worker bees may be rejected 
from the colony and honey yield from treated colonies can be relatively lower 
(Gaurava et al., 2020).

Oxalic acid toxicity

Th e mechanism by which oxalic acid acts on Varroa has not yet been fully 
explained. It has been observed that treatment with this acid (sugar solution 
of oxalic acid) leads to an increase in apoptosis of middle intestine cells of 
bees, so it cannot feed and therefore dies of hunger (Gregorc and Škerl, 2007). 
Multiple use of oxalic acid, most commonly through sugar syrup, can lead to 
increased queen bee mortality and a reduction in the number of sealed broods 
(Higes et al., 1999). In the treated colonies, it has been observed that, in the 
early stages of life, worker bees show abnormal behavior that depends on the 
age of the individual. Th e behavior of bees, which depends on their age, is 
chronologically normal, but the intensity is diff erent, and some stages appear 
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earlier than normal. Treated bees show increased self-care, decreased activity, 
especially care bees (Gaurava et al., 2020).

Agrochemicals – Pesticides

Pesticides are chemical agents used to control plant pathogens, against 
harmful insects, nematodes, rodents and birds, algae and to control weeds or 
regulate plant growth, destroy fungi, and kill insects and other organisms that 
transmit infectious diseases in humans and animals.

Insecticide toxicity

Insecticides have been used since the early 1940’s to eff ectively control pests 
and are usually divided according to their chemical composition and purpose. 
Insecticides from the group of organochlorine and organophosphorus insec-
ticides, are signifi cantly less used today or their use is prohibited (Petrović et 
al, 2021). Honeybees are susceptible to many insecticides, and various harmful 
eff ects of these insecticides are believed to be the main reason for the decline in 
the global bee population, the CCD (Retschnig et al., 2015).

Organochlorine insecticides

Organochlorine compounds are chemically derived from chlorine deriva-
tives of aliphatic and aromatic hydrocarbons (DDT, Eldrin, Dieldrin, Lindane, 
etc.). Th e characteristic of these compounds is that they are very lipophilic, 
and they accumulate in tissues rich in lipids, which leads to bioaccumulation 
and an increase in the concentration of pesticides through food chain – bio-
magnifi cation (Petrović et al., 2021). Biological activity of organochlorine 
compounds is aimed at stimulating the nervous system, resulting in disorders 
in the transmission of nerve impulses. Due to their ability to accumulate and 
remain in the environment for a long time (POPs - persistent organic pol-
lutants), most organochlorine insecticides are banned for use and withdrawn 
from the market. 

Organophosphate (OP) and carbamate insecticides

Two widely used groups of insecticides are organophosphates (esters of 
phosphoric acid: methyl parathion, phorate, coumaphos, etc) and carbamates 
(organic compounds derived from carbamic acid: carbaryl, carbofuran, al-
dicarb, etc). Both groups of insecticides aff ect insects in a similar way as acetyl 
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cholinesterase (AChE) inhibitors (OP irreversible, carbamates reversible), re-
sulting in severe hyperexcitation and convulsions, leading to paralysis and death 
(Dulin et al., 2012). Th e values of LD50 topical toxicity for the active substances 
of these two classes of insecticides are in a wide range (0.094 (oxamyl) to 20 
(coumaphos) μg/bee) (EPA, 2021). Toxic symptoms of organophosphate are ir-
regular and disoriented movement of bees, joined wings, enlarged abdomen, 
tongue sticking out with regurgitation of food, and death. Toxic symptoms of 
carbamate include improper movement of bees, with swelling (numbness) and 
paralysis, interruption in the brood cycle, while queen bee stops laying eggs, 
and eventually most bees die in colonies (Gaurava et al., 2020).

Pyrethroids

Pyrethrin insecticides, produced from the fl owers of pyrethrum (Chrisan-
themum inerariaefolium) are a widely used group of insecticidal compounds. 
Although pyrethrin is of natural origin, it is known that these chemicals are 
very toxic to bees (LD50 = 0.022 - 0.21 μg/bee) (EPA, 2021).  In addition to py-
rethrin and pyrethroids insecticides show their eff ect on parasites by altering 
the permeability of voltage sodium channels in nerve cell membranes, leading 
to membrane depolarization, i.e., hyperexcitability, and as a result, a rapid pa-
ralysis of individuals (“knock down eff ect”) and death. In addition, they can act 
on the postsynaptic membrane and on nicotine, GABA (gamma-aminobutyric 
acid) and glutamine receptors, as well as on voltage-gated calcium channels. 
Bees have greater tolerance to some pyrethroids due to their rapid detoxifi ca-
tion by the cytochrome P450 enzyme. Tau-fl uvalinate, a widespread miticide, 
is less toxic and it is safer for bees, but in higher concentrations, this chemical 
has a negative eff ect on the health of diff erent classes of bee colonies, as it causes 
temporary disturbance and weight loss in queen bees (Haarmann et al., 2002). 
It has also been observed that drones are exposed to tau-fl uvalinate during de-
velopment with less chance of reaching sexual maturity (Rinderer et al., 1999). 
Toxic symptoms of synthetic pyrethroids are improper movement of bees and 
paralysis, regurgitation of food intake, and eventually many bees die between 
the area where they look for food and the colony (Gaurava et al., 2020).

Neonicotinoids

In the past, tobacco extract was used for protection against pests, but due 
to its toxicity, it is now not used almost at all. In the studies that dealt with the 
toxicity of nicotine, it was found that there is 23 ppm of nicotine in the pollen 
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of the tobacco plant (Nicotiana tabacum) and 0.1 - 5 ppm in nectar. It was also 
found that adult bees successfully detoxify nicotine in nectar, while larvae are 
sensitive to nicotine and usually die in the third or fourth stage of development 
at the concentration of 50 ppm (Singaravelan et al., 2006). Nowadays, there are 
more modern protective substances, some of which are chemically similar to 
nicotine, but have greater effi  ciency in the fi ght against harmful insects, and 
relatively lower toxicity to the human body - neonicotinoids: nitroguanidine 
neonicotinoids; nitromethylene neonicotinoids and pyridyl methylamine neo-
nicotinoids. Th ere are many advantages to neonicotinoids compared to pyre-
throid, organophosphate and carbamate insecticides and people are increas-
ingly replacing them worldwide. Neonicotinoids act similarly to natural prod-
ucts - nicotine, acetylcholine, epibatidine, as agonists of postsynaptic nicotinic 
acetylcholine receptors (nAChR) of insects. Neonicotinoids are one hundred 
times more selective for nAChR insects than vertebrates (Tomizawa and Casi-
da, 2005). Some toxicity studies of these compounds have indicated that these 
insecticides are potentially very dangerous and may be one of the causes of 
CCD (Hoshi et al., 2014). Nitroguanidine neonicotinoids have been reported 
to be highly toxic to bees, with toxicity levels ranging from 0.0038 (imida-
cloprid) to 0.024 (thiamethoxam) μg/bee (EPA, 2021). Insecticides from the 
nitroguanidine group also show their toxic eff ect by reducing the ability of 
queen bees to return to the hive. Th e cyano-substituted neonicotinoids exhib-
ited a much lower toxicity with LD50 values for acetamiprid and thiacloprid 
of 7.1 and 17.94 μg/bee, respectively (EPA, 2021). Th is relatively low toxicity 
is probably a result of detoxifi cation under the impact of the cytochrome P450 
enzyme (Blacquiére et al., 2012).

In 2013, the European Commission (EU Regulation No. 485/2013) and 
Serbia temporarily introduced a restriction on the use of clothianidin, thia-
methoxam and imidacloprid in order to reduce their impact on bees. Th e use 
and sale of seeds treated with plant protection products containing these active 
substances, except for seeds used in greenhouses, is prohibited.

Phenylpyrazoles

Th e main representative of this group of insecticides is fi pronil, a broad-
spectrum insecticide. It was manufactured in 1987 and originally developed 
for the use in pest control in agriculture and for public health (Zhang et al., 
2016). It acts by inhibiting the GABA complex (main inhibitory neurotrans-
mitter) and by binding to chlorine channels thus blocking pre and postsyn-
aptic transfer of chloride ions across the cell membrane. In this way, it in-
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hibits the transmission of nerve impulses between nerve cells, which leads to 
uncontrolled activity of the central nervous system and insect death by hy-
perexcitation (Islam and Lynch, 2012). Fipronil has a strong affi  nity towards 
invertebrate GABAergic receptors, which makes it more toxic to insects than 
to mammals (Narahashi et al., 2007). Fipronil is very toxic to bees (LD50 = 
0.0218 μg/larvae, 0.004 μg/bee) (EPA, 2021), causing restlessness, tremor, and 
paralysis. Bees that were exposed to lethal or sublethal doses showed reduced 
motor activity. Exposure of bee colonies to sublethal concentrations of fi pronil 
led to a reduced number of hatched eggs, a smaller number of worker bee eggs 
and fewer larvae and pupae, while adult bees were lethargic, colonies were 
becoming slowly weaker, and bees were leaving the hive (Zaluski et al., 2015).

Th e European Commission (EU Regulation No. 781/2013a) and Serbia 
introduced a restriction on the use of fi pronil due to the high risk for bees in 
2013. Th e use and sale of seeds treated with plant protection products contain-
ing fi pronil is prohibited, except for the seeds used in greenhouses and for 
some types of onions and cabbage that are grown in fi elds and harvested before 
fl owering.

Fungicide toxicity

It is generally accepted that fungicides are not toxic to bees, so they are 
sometimes applied during the fl owering of a plant that coincides with the max-
imum activity of bees, as residues are oft en found in the pollen of honeybees 
(Kubik et al., 1999). But beekeepers have reported brood losses in the larval 
and pupae stages that coincide with the use of fungicides during fl owering. 
Malformations also occur, there are young bees without wings, which gather 
at the bottom and at the entrance of the hive. It has also been found that the 
application of fungicides causes hypothermia in adult honeybees (Gaurava et 
al., 2020). Toxicity levels for various fungicides range from LD50 10 to as much 
as > 200 μg/bee (EPA, 2021).

Herbicide toxicity

Th e level of herbicide toxicity is known to be very low for most insects 
and therefore these pesticides are applied without any insect restrictions. High 
concentrations of herbicides can have toxic eff ects on honeybees, LD50 values 
vary in the range 15 – > 100 μg/bee (EPA, 2021). For a widely used herbicide, 
paraquat has been reported to be toxic to bees in the laboratory, causing a 
tenfold shorter life span of a worker bee than normal when 15 μg of active 
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substance per bee is applied. When treating crops at a concentration of 4.5 kg 
of active substance/ha, bee death occurs within 3 days. On the other hand, the 
use of herbicides can reduce the number of plant species thus reducing graz-
ing - fl ower resources (Gaurava et al., 2020). 

SYMPTOMS OF BEE POISONING

Symptoms of bees poisoning will depend on the toxicity of the substance, 
duration, and place of exposure of bees and colonies:
• If bees are exposed directly in the fi eld to pesticides of high toxicity, during 

food collection, many dead bees and other insects will be found in the fi el-
ds, whereas only a part of them will manage to return to their hives. Hives 
themselves might be located nearby the fi elds treated with highly toxic 
chemicals for bees, which sometimes causes massive death of entire colo-
nies. Usually, stronger colonies will be aff ected more than weaker ones, as 
they are more active in collecting food.

• Th e presence of a large number of dead and dying bees in front of the hive, 
and at the entrance to the hive is one of the obvious signs that the foraging 
bees were in contact with the toxic substance. Also, sticky, thick, dark liqu-
id may be present at the entrance due to regurgitation of collected nectar 
in poisoned bees.

• Bees can change their behavior due to contact with contaminated food 
and be very upset, so they can be very aggressive when examined by bee-
keepers.

• In addition, the following prolong symptoms may occur, with less toxic su-
bstances and / or less exposure to toxic substances: twitching movements, 
dizziness, slow activity, crawling and paralysis of bees, loss of ability to fl y 
and usually death occurs in only a few days (2 - 3 days).

• When inspecting the hive, the following signs may indicate bee intoxicati-
on: poor egg-laying patterns or abnormal queen bee behavior, disruption 
of the brood cycle (the stage of young bees) or the variegated of the brood 
(Gaurava et al., 2020).

RISK ASSESSMENT OF PESTICIDE USE 

Risk assessment of pesticide eff ects on the bee colony is complex and 
cannot be based solely on data on oral and contact acute toxicity expressed 
through the LD50, which is a classic toxicological test to investigate the eff ects 
of pesticides on bees (OEPP/EPPO, 1992). Th is approach to testing the eff ects 
of pesticides on bees is necessary, but on the other hand, it is not suffi  cient for 
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testing pesticides that have a diff erent route of exposure into the bee, i.e., bee 
colony, a diff erent mechanism of action and some of them could cause harmful 
chronic eff ects on bees. Th erefore, more information on the toxicity of pesti-
cides to adult bees and their developmental forms (testing and sublethal doses, 
etc.), provides a better insight into the real risk potential of their use for bee 
colonies. Th erefore, Colin et al. (2004) believe that exposure of the entire bee 
colony to pesticides, through a chronic toxicity test could quantify the eff ect of 
pesticides on bees way better, and above all systemic insecticides. In order to 
better understand the impact of pesticides on bees and the bee colonies, test-
ing the eff ect of pesticides on bee larvae grown in vitro is also being conducted 
(Aupinel et al., 2005).

Th e following indicators should be taken into consideration for bees’ risk 
assessment (Mirjanić and Mitrić, 2012): 

• For adults: LD15, LD50; LC15, LC50; LDD50; NOED, NOEC and NOEDD
• For larvae: LD50; LC50; NOEL - No Observable Eff ect Level and LOEC- 

Lowest Observed Eff ect Concentration
• Pesticide application rate: PEC- Predicted Environmental Concentration; 

PNEC- Predicted No Eff ect Concentration; TER - Toxicity Exposure Ratio 
(TER = LD50/PEC)

• HQ1- hazard quotient (HQ1=application rate/LD50); HQ2 for adults 
(PEC/NOEC); HQ3 for larvae (PEC /NOEC)

Despite all these data collected during the research of a newly synthesized 
substance or new formulation, risk assessment in fi eld conditions is some-
times impossible to determine, because the impacts of various factors, which 
are important for the exposure of bees as individuals or as colonies increase 
tenfold, starting with the assessment of the amount of pesticides used per unit 
area, manner and time of use, atmospheric conditions, the condition of bees 
and colonies, etc... Sometimes, some important facts are missing. Th is all im-
plies that the research in the fi eld of assessment of the impact of pesticides on 
bees must continue in every respect, especially in development of soft ware 
programs that can encompass all databases on pesticide toxicity and their in-
teraction and bee biology and provide the most objective insight into toxico-
dynamic and toxicokinetic model for bees.
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MEASURES THAT CAN BE TAKEN IN ORDER TO REDUCE BEE 
POISONING BY AGROCHEMICALS 

Measures that can be taken in order to reduce bee poisoning by agrochem-
icals are the following:
• Pesticides that are registered on our market should be used exclusively 

according to the manufacturer’s instructions, in the prescribed amount in 
quiet weather and prevent “drift ” of pesticides, i.e., application to surro-
unding area, do not apply above 25 °C, and use them only when there is a 
need for them.

• Do not apply pesticides when the crop is in the fl owering stage. Th e use of 
pesticides (toxic to bees) during fl owering is prohibited according to the 
Law of Plant Protection Products (Offi  cial Gazette of RS, 17/2019). Avoid 
spraying weeds in during the fl owering phase or remove weed fl owers be-
fore the treatment.

• Prevent surface water pollution by rinsing sprinklers and disposing of used 
packaging of protective agents in canals and watercourses, etc., because in 
this way the water used by bees in the summer to cool the colony in the 
hive is contaminated.

• Farmers who spray plants need to inform the beekeepers or beekeeping 
associations in the surrounding area about it at least two days before the 
treatment. All beehives located less than 5 km away from the treated area 
are endangered. Th e informed beekeepers must move their hives or close 
them. A beekeeper is obliged to display a board with his address and telep-
hone number next to the bee yard. Due to the frequent poisoning of bees 
in cultivated orchards, in order to avoid misunderstandings, damage and 
death of bee colonies that can occur during pollination, so it is necessary 
to defi ne the relations between fruit growers and beekeepers in advance.

• In order to protect the bees, and avoid direct contact, it is best to spray in 
the early evening (most pollinators are active from 8 am to 5 pm), which 
would allow easily degradable substances to partially decompose during 
the night, or 2 hours aft er the sunset or up to two hours before sunrise.

• It is important to make the right choice of pesticides in terms of less toxi-
city for bees, optimal dosage, and optimal choice of formulation, avoid 
the use of microencapsulated insecticide formulations, as well as powder 
forms, ultra-small volume formulations because they are much more avai-
lable to individuals and bee colonies. Th e use of liquid formulations, emul-
sions, granular pesticide formulations is much less dangerous, because the 
potential for bee exposure is reduced (Gaurava et al., 2020).
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CONCLUSION

All the above mentioned indicates that bees have great ecological, and eco-
nomic importance, and that is why their conservation is crucial and of great 
signifi cance. In the last few decades, bees have been exposed to increased lev-
els of pollution, which alongside poor nutrition and pathogens contribute to 
the weakening of bee populations in Europe and the world. Since there is no 
assessment of the impact of a large number of stressors on bees, it is recom-
mended to work on identifi cation of these factors and their interaction, as well 
as the assessment of lethal / sublethal eff ects of various pollutants on bees. 
Th e stress to which bees are exposed is the impact of the environment which 
disturbs or weakens the structure and functioning of the organisms and en-
dangers their survival. Th e stress response can be studied at diff erent levels 
of organization: molecular, cellular, histological, physiological, environmental, 
and social. Studying the mechanisms of adaptation to stressful and extreme 
environmental conditions provides a basis for solving health problems, en-
ables toxicological risk assessment and the use of bioindications to monitor 
global changes in the environment. 

Th e pesticides used in agriculture, environmental pollutants, as well as 
medicines and other substances used in health care and hygiene of bee colo-
nies pose a constant risk in beekeeping, not only because they can endanger 
the honeybee and the bee colony, but also because that they can contaminate 
bee products. Proper application of registered pesticides and drugs and com-
pliance with the norms of good agronomic and veterinary practice reduces 
the possibility of pesticides coming into contact with the bees, i.e., side eff ects. 
Systemic insecticides are particularly dangerous and therefore it is necessary 
to work on the constant development of pesticide risk assessment for bees and 
follow modern legislation in the fi eld of pesticide toxicology.

Furthermore, farmers and beekeepers need to be continuously educated 
in order to raise awareness about the ecological and economic importance of 
bees, harmfulness of various chemicals used in agriculture and beekeeping, 
with the aim to preserve and develop bee communities, i.e. the biocenosis.  
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