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Abstract
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Honey bees are insects of great biological, ecological and economic importance. They are characterized by high sensitivity 
to environmental pollution and are therefore successfully used for biomonitoring studies. This study presents primary data on 
the presence of pesticide residues in honey bee samples and food stocks in the honey bee colony – honey, wax and pollen, 
collected from territories in Bulgaria on signals of high mortality and severe loss of bee colonies. The collected samples have 
been subjected to chemical chromatographic analysis (via RESID 19/04 LC-MS / MS methods) to determine pesticide residues 
in the Central Laboratory for Chemical Testing and Control at the BFSA (Sofia, Bulgaria) and in the international laboratory 
PRIMORIS, Belgium). The performed chemical analyzes provide information on the presence in the tested samples of residues 
of a total of 27 pesticides, including insecticides, fungicides, acaricides, herbicides and growth regulators, which is a signal for 
objective danger of high mortality and severe weakening of the honey bee colonies in some areas in Bulgaria. The presented 
results reveal the need for future detailed studies of risk factors for the health and viability of honey bees, among which are the 
various chemical nature and mechanism of action of agrochemicals.
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Introduction

Honey bees are species of insects with enormous bio-
logical, ecological, agricultural and economic significance. 
They are producers of various products – honey, wax, pol-
len, propolis, royal jelly and bee venom, used for food and 
human treatment. Apis mellifera species is characterized by 
high environmental pollution sensitivity and is therefore 
used for biomonitoring studies in many regions of the world. 
Studies have shown that the genetic richness of honeybee 
populations in Europe is threatened by the uncontrolled in-
troduction of genes from other subspecies into adapted lo-
cal populations, stress from the changing environment and 

agrochemical pollution, the emergence of new pathogenic 
species and global climate changes (Meixner et al., 2014; 
Büchler et al., 2014; Ivanova, 2018). It was reported that the 
lack of united efforts and targeted activities to prevent these 
processes would have a detrimental effect on honey bees and 
wildlife, with a staggering effect on the pollination of wild 
flora and agricultural plants. 

Various environmental factors that have a negative impact 
on the viability on honey bees are: intensive agriculture with 
long-term use of pesticides, the shortage of suitable food, the 
loss of habitats, new pathogens and pests. Ullah et al. (2021) 
express their vision for a unified health approach worldwide 
in support of beekeeping and its management in the future.
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The harmful effects of pesticides are generally based on 
their accumulation as residual quantities in the ecological food 
chain and their toxic effect (including cytotoxic and genotox-
ic) on living organisms. In recent years, agricultural practice 
has taken into account the trend of widespread use of neonic-
otinoids as a new generation of pesticides, which are applied 
in modern agricultural production to protect crop plants from 
various pests. Although this class of insecticides is current-
ly being applied in many countries around the world, there is 
increasing evidence of their toxic effects on honey bees and 
other pollinators in nature. This is also the reason for restrict-
ing or totally banning their use in some European countries. 
These agrochemicals are characterized by high water solu-
bility, easy penetration in the plant organism, environmental 
resistance and strong neurotoxic effect on insects that feed or 
come into contact with the treated plants. In addition to di-
rect toxic effects, they also affect the normal functioning of 
the honey bee colony. A number of studies (Bonmatin et al., 
2003; 2005; Straub et al., 2019) are aimed at clarifying the 
relationship between the mortality of bee colonies, decreasing 
numerosity of bee populations and increased use of pesticides, 
including neonicotinoids, preferred by agricultural producers 
because of their high efficiency, in particular when treating 
seeds and areas with corn, sunflower and rape. 

To date, studies on the negative impact of pesticides on 
the health and vitality of honey bees in Bulgaria have not 
been done, although for the period 2018-2020 reported a to-
tal of up to 19% losses of bee colonies in different parts of 
the country, and some beekeepers report mass poisonings of 
bees in the regions of their apiaries (Ilieva et al., 2020; 2021).

This study provides primary data on the presence of pes-
ticide residues in samples of honey bees and of food stocks 
in the bee colony, collected from territories in Bulgaria after 
reports of high mortality and strong reduction in the bee col-
ony strength and number.

Material and Methods

For the period 2018 - 2020, samples of bees and food 
stocks (honey, pollen, wax) were collected in the bee col-
onies from apiaries located on the territory of Ruse (Ruse), 
Burgas (Voden, Zhelyazovo), Sliven (Sliven), Stara Zagora 
(Dimovtsi) and Plovdiv (Plovdiv – AU) districts – Fig. 1. 
The honey bee samples were collected from apiaries in the 
area of Gurkovo and Plovdiv, and the samples from honey, 
wax and pollen – from apiaries in the areas of Ruse, Burgas 
and Sliven.

The collected samples were subjected to chemical chro-
matographic analysis (using RESID 19/04 LC-MS / MS 
methods) to determine pesticide residues in mg/kg. The test 

results with values lower than 0.01 mg/kg were reported 
against a calibration curve with a linear range from 0.01 mg/
kg to 0.100 mg/kg in bees and from 0.01 mg/kg to 0.150 mg/
kg in honey and are defined as “traces of pesticide residue 
levels” present.

The analyzes were performed and reported in the Central 
Laboratory for Chemical Testing and Control (Sofia, Bulgar-
ia) and in the International Laboratory PRIMORIS (Gent, 
Belgium).

Results and Discussion

The performed chemical analyzes provide information 
on the presence in the tested samples of residues of a total of 
27 pesticides: insecticides, including acaricides; fungicides; 
herbicides and growth regulators (Table 1).

As could be seen from the presented data, residual 
amounts of 13 insecticides, 6 acaricides, 8 fungicides, 3 
herbicides and 2 growth regulators were found in the tested 
samples.

Tables 2 and 3 present data on the detected amounts of 
pesticides in the samples of honey bees and of food stocks 
by region.

The results showed that in the collected samples from 
the individual settlements the identified pesticides varied in 
number, composition and quantities (Table 2 and Table 3).

As could be realized from the data obtained, the presence 
of different types of pesticides was found in all of the tested 
samples. The higher values of two fungicides – Carbendazim 
and Tiofanat-metil in the honey bee samples (Table 2), as 
well as the higher values of Coumaphos and Cyhalothrin in 
some of the tested samples from food stocks (Table 3) were 
impressive.

Fig. 1. Sampling locations
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It should be noted that acaricides used in beekeeping to 
control Varroa destructor together with pesticides for plant 
protection, were found in our pilot study. The presence of 
acaricides was found in 66.7% of the collected samples (both 
in the food stocks of disadvantaged or dead bee colonies and 
in the carcasses of bees died during the winter-spring pe-
riod). Three different acaricides (Coumaphos, Amitraz and 

Tau-fluvalinate) were found in the samples, and the most 
common were Coumaphos and Amitraz.

The presence of pesticides for plant protection was sig-
nificantly higher – 24 pesticides from different classes. The 
most common pesticides found for plant protection in the 
studied samples were insecticides (N = 10) and fungicides 
(N = 8). From the other groups, three acaricides, three herbi-
cides and two growth regulators have been identified, one of 
which was for insects. Only one pesticide was found in one 
of the samples from food stocks (from the village of Zhel-
yazovo), while the largest number of pesticides were found 
in the samples from Plovdiv-1 and 2 (respectively 8 and 12 
pesticides) in the carcasses of honey bees from dead bee col-
onies.

Although the concentration of most pesticides detected 
was very low (ppb), mixtures of pesticides may have a cu-
mulative and synergistic effect and to lead to an unexpected 
increase in toxicity compared to that found for individual ac-
tive substances (Pilling & Jepson, 1993; Mullin et al., 2010). 

It is important to note that in some of the studied samples 
three neonicotinoids were found – Imidacloprid, Clothiani-
din, Flonicamid.

Adverse effects and cases of death among honey bees 
have been reported for Europe but without sufficiently de-
tailed analysis of their relationship to neonicotinoids (Has-
sani et al., 2008). High mortality among bees, impaired ori-
entation and their inability to return to their hive after impact 
of non-lethal thiamethoxam exposure has been demonstrat-
ed in Henry et al. (2012). Treatment with imidacloprid and 
other neonicotinoids has been shown to significantly reduce 
the growth rate and production of new queens, reduce the 
efficiency of natural feeding, increase mortality in worker 
bees and significantly reduce the number of offspring in 
colonies of other pollinators (Whitehorn et al., 2012; Gill 
et al., 2012). The toxic effect and mechanisms of action of 
such agrochemicals have not yet been fully and thoroughly 

Table 1. Type of pesticides detected in the samples collected from honey bees and of food stocks (honey, wax and pollen).
Insecticides Fungicides Acaricides Herbicides Growth regulators
Imidacloprid
Coumaphos
Сyhalothrin
Сhlorpyrifos (-ethyl)
Тau-fluvalinate
Fenoxycarb
Flonicamid
Methoxyfenozid
Amitraz
Aldicarb
Carbaril
Clothianidin
Dimetoat

Cyprodinil
Difenoconazole
Тhiophanate-methyl
Pyrimethanil
Tebuconazole
Ametocradin
Carbendazim
Fenamidone

Coumaphos
Тau-fluvalinate
Amitraz
Hexitiazox
Dimetoat
Fenbutatin oxide

Мetholachlor and 
metholachlor-S
Linuron
Prosulfocarb

Flumetralin
Fenoxycarb

Table 2. Detected amounts of pesticides (mg/kg) in bee 
samples

Location Name of the pesticide Amount of pesticide
Dimovtsi,
Gurkovo

Fenoxycarb
Flonicamid

Pyrimethanil
Linuron

Methoxyfenozid
Tebuconazole
Prosulfocarb

Amitraz

0.0012 
0.0028 
0.0020 
0.0045 
0.0036 
0.0035 
0.0041 
0.0015

Plovdiv-1 Flonicamid
Carbendazim
Tiofanat-metil

Linuron
Tebuconazole
Prosulfocarb
Hexitiazox

Amitraz

0.0013 
0.0011 
0.0019 
0.0023
0.0031 
0.0038 
0.0013 
0.0021

Plovdiv -2 Carbendazim
Tiofanat-metil

Flonicamid
Clothianidin

Dimetoat
Fenamidone
Fenoxycarb

Tebuconazole
Prosulfocarb
Hexitiazox

Amitraz
Fenbutatin oxide

0.035 
0.149 
0.0088 
0.0030
0.0012 
0.0013 
0.0019
0.0019 
0.0032 
0.0016 
0.0054 
0.0034 
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studied. Their lethal and sublethal effects on bees’ feeding 
behavior and orientation abilities have been described, but 
no specific side effects have been studied in field studies 
(Blacquiere et al., 2012). Possible synergies between widely 
the used pesticides and the drugs used to improve the health 
status of bees themselves have not been studied. On a global 
scale, the use of diverse insecticides has been shown to af-
fect not only honey bee populations, but also the population 
of birds, butterflies and other insects, which, according to a 
number of toxicologists, may cause environmental disasters 
(Tennekes, 2010). According to the author, after treatment 
of crop plants, these agrochemicals pass through the entire 
plant, reach nectar and pollen, permeate to the soil, fall into 
groundwater and act toxically to the living organisms that 
are in contact with them. They damage not only the insects 
feeding on the plant but also those that pollinate it. Even low 
concentrations of pesticides can be highly toxic due to their 
high persistence in soil and water (Tennekes, 2010; Stein-
hauer et al., 2018; 2021).

In Bulgaria, the Food Safety Agency (BFSA) with the 
Risk Assessment Centre publishes periodic views and stud-
ies on the issue (including on its official site). In 2013, a par-
tial ban on the use of neonicotinoids clothianidin, imidaclo-
prid, thiamitoxam within the territory of the European Union 
(EU) has entered into force. At the same time, European leg-
islation allows for derogations to the ban in cases of “dan-
ger that could not be contained by other reasonable means” 

(Article 53 of Regulation (EC) No 1107/2009). In January 
2016, the BFSA took advantage of the right of derogation 
and allowed the imidacloprid and thiamethoxam prepara-
tions for plant protection in our country in 24 administrative 
districts, which is contrary to the regulated restricted use and 
poses a real danger to the health of the honey bees, other 
pollinators, many kinds of insects, birds. Since the beginning 
of 2018, the use of the three most toxic preparations from the 
neonicotinoid group has been banned for the application of 
open areas across the EU. Preparations could be used only 
for growing greenhouse fruits and vegetables. However, the 
danger of direct and indirect toxic effects for ecosystems 
exists. There is also the danger of a potential toxin effect 
on honey bees and in relation to veterinary medicinal prod-
ucts used in beekeeping to combat varroatosis (mainly cou-
maphos, synthetic pyrethroids and amitraz) and the risk of 
synergistic interactions between these medicaments and the 
used in the agricultural practice agrochemicals. 

Unfortunately, the practice shows, and in some media, 
agricultural and beekeeping forums, it is unofficially re-
ported about the possibility banned for the territory of the 
European Union agrochemicals to be imported from other 
countries outside the EU and to be used in our country. This 
assumption is confirmed by some of the results presented in 
the present study.

Currently, the International COLOSS Association con-
ducts annual monitoring studies on the loss of bee colonies 

Table 3. Detected amounts of pesticides (mg/kg) in food stock samples (honey, wax and pollen).
Location Tested product Name of the pesticide Amount of pesticide
Ruse Pollen Cyprodinil

Imidacloprid
Мetholachlor and 
metholachlor-S

0.047 
0.013 
0.015 

Voden,
Burgas

Honey 
Pollen
Wax 

Coumaphos
Сyhalothrin 

0.049 
0.39 

Zhelyazovo,
Burgas

Honey  Pollen 
Wax 

Flumetralin 0.26 

Sliven -1 Honey  Pollen 
Wax 

Cyprodinil
Difenoconazole

Тhiophanate-methyl
Сhlorpyrifos (-ethyl)

Coumaphos

0.050 
0.014 
0.13 
0.010 
0.74 

Sliven -2 Honey 
Pollen
Wax  

Сhlorpyrifos (-ethyl)
Coumaphos

Тau-fluvalinate

0.030 
0.93 
0.015 

Sliven-3 Honey Aldicarb
Ametocradin

Carbaril
Difenoconazol
Pyrimethanil

0.00395
0.00356 
0.00361
0.00476 
0.00348
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in Europe and the world, and Bulgaria is part of this network 
of monitoring activities over the past 4 years (Brodschnei-
der et al., 2018; Gray et al., 2019; 2020; Ilieva et al., 2020; 
2021). These comparative analysis worldwide show that our 
country is among the group of countries with the least losses, 
but also that over the years there has been a negative trend 
towards increasing these losses (Gray et al., 2019; 2020).

According to Johnson et al. (2010) the harmful effects 
of pesticides from the group of insecticides are expressed in 
acute poisoning, leading to the death of bees or an effect on 
their overall fitness and their cognitive abilities, which im-
pairs the integrity and viability of bee colonies. Our study 
highlighted the high levels of the pesticide Coumaphos, 
an organophosphorus insecticide and methicide that were 
often used to control varroasis. The researches of William-
son et al. (2013 a, b) show that organophosphate pesticides 
could adversely affect olfactory learning and memory in 
bees, with acute exposure to sublethal doses of coumaphos 
enhancing this effect. The same authors found that contam-
ination with organophosphates affects the movement and 
behavior of bees – they often clean the abdomen and def-
ecate.

As is well known, honey bees are also exposed to plant 
protection products during spraying by collecting and accu-
mulating contaminated food supplies of honey and pollen in 
the hive. According to Johnson (2015), surface and guttation 
drops (dew) are also sources of pesticides. In addition, Oruç 
et al. (2020) also add the direct exposure to dust particles 
with pesticides during seed sowing. The authors found that 
bee losses could reach between 30% and 80% during the 
sowing of maize in the spring, as dust particles contaminated 
with pesticides released from seeders and blown away by the 
wind can infect bee colonies located 15 – 25 km from the 
areas sown with corn.

In general, the studied samples identified particularly 
dangerous for bees pesticides from the group of insecticides, 
especially those of the class of neonicotinoids – Imidaclo-
prid, Clothianidin, Flonicamid, synthetic pyrethroids – Сy-
halothrin, Тau-fluvalinate, organophosphates – Сhlorpyrifos 
(-ethyl), Coumaphos, Dimetoat and carbamates (Carbaril, 
Fenoxycarb).

In addition to the data and analysis of this study, it should 
be noted that the following changes were found during its 
implementation period:

• In the contaminated bee colonies, a demographic ef-
fect was observed, leading to their weakening and 
their death during the winter and spring seasons. 
Mortality of bee colonies in winter and spring (Jan-
uary-April) of 2021 varies from 24.0% (Plovdiv) to 
45.6% (Dimovtsi) and 94.1% (Sliven) and in other 

living honey bee families there was a strong weaken-
ing of their strength from 60-70% to 80-90%; 

• In the spring and summer there was a strong viola-
tion of the age composition of the family – mostly 
young hives remained, most of the flying bees died 
outside the hive, and on the site in front of the hive 
was constantly exported dead bees with obvious 
signs of poisoning throughout the active period;

• In bee colonies contaminated with pesticides, unusu-
al behavior of live bees was observed on the sani-
tary site in front of the hive – bees showed paralytic 
chaotic movements, accompanied by paralysis and 
death. The perishing bees were not as many as acute 
poisoning, but these effects were detected every day;

• As a result of violations of temporal polyethism, age 
and the number of bees in the hive, they failed to 
meet the needs of the family to maintain 34-35°C, 
which leaded to the manifestation of ascospherosis 
(Plovdiv) and European foulbrood – EFB (Sliven);

• In the colonies there was a spotty brood, as well as 
the death of larvae of different ages;

• There was found increased frequency of loss and re-
placement of queens;

• In artificial breeding of queen bees (Plovdiv) a de-
crease in the number of accepted larvae and in the 
number of newly hatched queens was observed. 
When the queen cells were opened, it was estab-
lished that either the larvae have died at different 
stages of their development, including the pre-pupae 
and pupae, or the queens in the queen cells were ful-
ly formed, but were blackened and dead in them;

• Variations in the worker bee behavior in the bee col-
ony and a tendency for increasing the level of ag-
gressiveness was reported.

The results obtained and the observations on the condition 
of honey bee colonies give reason to summarize that, unlike 
acute poisoning, which is easy to diagnose, chronic poison-
ing (due to exposure of honey bees to sublethal doses of pes-
ticides) could have a delayed and long-lasting effect on the 
growth and survival of honey bee colonies. There is a loss of 
adult bees and brood, as a result of which colonies are grad-
ually but severely weakening. Subsequently, they are looted 
by other bees, or die during the winter-spring period. In our 
opinion, chronic poisoning with long-term effects is one of the 
main reasons for the loss of bee colonies during this period.

The findings of the present study are evidence of the need 
for targeted monitoring, taking into account the relationship 
between levels of pollution with agrochemicals and mortali-
ty of bee colonies by region in Bulgaria.
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Conclusion

The established data on the presence of residual pesti-
cides in bee samples and food stocks in bee colonies is a 
signal of an objective danger of high mortality and severe 
weakening of bee colonies in some regions of Bulgaria.

The presented results reveal the need to develop mea-
sures for conservation of the national genetic resource of 
Apis mellifera and to conduct activities for detailed studies 
of risk factors for the health and viability of honey bees, in-
cluding the various agrochemicals and their mechanism of 
action in nature.
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