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MAKALE BILGiSi/ ABSTRACT:
ARTICLE In this study, it was aimed to investigate the toxic effects of biocidal and nano silver-containing disinfectants, which were
INFORMATION: used in beekeeping, on bees. Biocidal and nano-silver-containing preparations used in disinfection of hives were obtained
from commercial companies. Syrup (1/1 sucrose-water) was given to the control group (Group 1; n = 10). Biocidal
Gelis / Received: preparation (Group 2; n = 10) and nano-silver containing preparation (Group 3; n = 10) were given to one of the
4 Ocak 2021 experimental groups via an automatic pipette, orally 2 pl per bee. 24 hours after the application, the bees that died in all
47 2021 groups were counted and the midgut tissues of the bees that survived in the groups were taken for histomorphological
anuary analysis. No application was performed in the control group (Group 1). Different disinfection solution was used in the
group 2 (biocidal ingredient) and Group 3 (nano silver contents). The preparations were applied to the groups by spraying
Revizyon / Revised: and bee deaths were recorded. Two disinfectants applied to the hives under field conditions, were found to cause more
26 Mart 2021 bee deaths than the control group. The highest bee death was in the nano silver group. In laboratory trials, the nano-silver-
26 March 2021 containing preparation was observed to cause high number of bee deaths and serious damage to the midgut epithelium in
are histomorphological examinations. The results of the study showed that direct application of disinfectant substances on
bees caused serious deaths in the colony. Biocidal and chemical based preparations and hive disinfection should be
Kabul / Accepted: applied in the empty beehives.
16 Nisan 2021
16 April 2021
Farkli dezenfektan soliisyonlarinin bal arilart (Apis mellifera )iizerindeki etkilerinin
Anahtar Sozciikler: arastirilmasi
Ari sagligi
Bal aris1 OZET:
Biyosidal
Dezenfektan Bu ¢aligmada aricilikta kullanilan biyosidal ve nano giimiis igerikli dezenfektanlarin arilar iizerine toksik etkilerinin
o arastirilmas1 amaglanmigtir. Kovanlarin dezenfeksiyonunda kullanilan biyosidal igerikli ve nano giimils igerikli
Nano giimiis

preparatlar ticari firmalardan temin edildi. In vivo denemeler i¢in 3 grup olusturuldu. Kontrol grubuna (Grup 1; n=10)
sadece surup (1/1 oraninda sakkaroz-su) verildi. Deneme gruplarindan birine biyosidal igerikli preparat (Grup 2; n=10)
Keywords: ve digerine nano giimiis icerikli preparat (Grup 3; n=10) oral yolla ar1 basina 2 pl olacak sekilde otomatik pipet ile verildi.
Uygulamadan 24 saat sonra tiim gruplarda 6len arilar sayild: ve histomorfolojik analizler i¢in gruplarda canli kalan arilarin

B.ee },lealth mideleri alind1. Saha denemeleri Ordu Aricilik Enstitlisii Miidiirligii ariliginda gergeklestirildi. Herhangi bir uygulama
Biocidal yapilmayan kontrol grubu (Grup 1) ile birlikte biyosidal igerikli (Grup 2) ve nano giimiis icerikli (Grup 3) preparatlarin
Disinfectant uygulandigi iki uygulama grubu olusturuldu. Preparatlar gruplara piiskiitme seklinde uygulandi ve ar1 6liimleri kaydedildi.
Honey bee Saha kosullarinda kovanlara uygulanan iki dezenfektan, kontrol grubuna gore daha ¢ok ar1 6liimlerine sebep oldu. En

fazla ar1 6liimleri Nano giimiis igerikli dezenfektanin uygulandig: kovanlarda goriildii. Laboratuar denemelerinde nano
giimiis igerikli preparatin yiiksek oranda ar1 6liimlerine ve histomorfolojik incelemelerde mide epitelinde ciddi hasarlara
neden oldugu belirlendi. Calisma sonuglari, dezenfektan maddelerin arilar tizerine dogrudan uygulanmasinin kolonide
ciddi oliimlere neden oldugunu gostermistir. Biyosidal ve kimyasal tabanli preparatlar ile yapilacak kovan
dezenfeksiyonu, arilarin bulunmadig1 donemde gergeklestirilmelidir.

Nano silver
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1. Introduction

Bees are extremely important to humanity. In addition to the production of honey and other bee products,
honey bee (Apis mellifera L) is the world's most important pollinator type in natural ecosystems and therefore they
contribute significantly to the natural ecosystems. Honey bees enable plants to reproduce and contribute to food safety
which is indispensable for the conservation of biological diversity. Honey bees allow plants to reproduce and contribute
to food safety that is required for the conservation of the biological diversity (1, 2, 3). The pollinator crisis threatens
global and local food security, which leads to increase hunger problems, erodes ecosystem resistance and causes the
ecosystems that make the support system worse (4).

Turkey takes the lead in terms of having about 8 million colonies per barrel, however, it remains below the
world average with 15 kg of honey production (5). Our country has an extremely advantageous position for beekeeping
as it has 12,000 species of plants, which 3000 of them are endemic (6). Although the number of colonies and honey
production increases year by year, there is a decrease in productivity (5). Turkey cannot reach its optimum honey
production levels due to a variety of different reasons (7). The most important underlying reason behind this is due to
honey bee diseases and pests. Bee diseases might be classified as bacterial (American and European Foulbrood
Septicemia), fungal (Lime and Stone disease), viral (Bee Paralysis), parasitic (Varroa destructor, Acarapis woodi) and
protozoon (Nosema and Amoeba). Also, it might be classified as an adult and juvenile bee disease according to the
hosts that they are stemmed (8). Fighting methods of Bee diseases consist of physical, biological and chemical methods.
However, the complete elimination of the disease or parasite is not possible with the currently available methods. The
use of chemicals carries great importance in the fight against bee diseases. Up to now, misusage of effective chemical
drugs in fight against varroa caused resistance against these chemicals and these chemicals leave residues in bee
products (9, 10).

Previous research shows that bee health is threatened by various pathogens (11, 12). Colony management in
beekeeping can greatly affect the vitality and health of bees, but also plays an important role in spread and control of
disease. Bee diseases were found higher in the ones that are grown in common hives (13). In addition to the damage
caused by the chemicals used in the treatment of bee diseases and pests, these chemicals also have negative effects on
bees and other species in nature. For this reason, organic materials with less harmful effects should be used in terms of
bee health (10). Recently, preventive medicine comes to the forefront due to the resistance related concerns (14).

Disinfection is a method that is used to stop or destroy the reproduction of microorganisms on living or non-
living materials in microorganisms. It is generally used to prevent infections that might occur after microbial
contamination (15, 16). Some disinfection materials are also used to prevent contamination of various microorganisms,
including bacteria, fungi, viruses, protozoa and parasites in the hives (17). Hydroxides (KOH, NaOH, Ca (OH) 2 and
alkaline salts, sodium carbonate, inorganic (mineral) acids, organic acids, oxidizing agents, halogens, metals and
compounds, aldehydes, alcohols and ethers are also used in chemical disinfectants (16, 18).

Daglioglu et al (19) investigated the effect of metal and metal oxide nanoparticles on bees (Apis mellifera) for
48 and 96 hours by using PVF + (Polyvinyl ferrocene) K2PdCl4 and Pt / PVF + nanoparticles. They found that the
LC50 dose for all those three materials was decreased by exposure time. They also noted that the toxic effect increased
due to the duration of exposure. In another study, Daglioglu et al (20) compared the acute toxicity of nano-boron and
non-nano-boron particles on Apis mellifera, they calculated LC50 values for 0.001, 0.01, 0.1 and 1 mg concentration
of nano and non- boron particles at 48 and 96 hours. These values were 229.0 mg/L, 0.339 mg/ L and 62.3 mg/L, 4.6
mg/L respectively. They found that nano boron was found toxic at 96 hours.

Ozkan et al (21) found that the toxic effects of TiO2, ZnO-TiO2 and Ag-TiO2 nanoparticles increase by the
concentration and duration of exposure. LC50 values for 96 hours were calculated as 5.865 mgL-1 for TiO2, 6.315
mgL-1 for ZnO-TiO2 and 312.845 mgL-1 for Ag-TiO2.

Another chemical disinfection used that is used in bee hive coating was nano-silver. It is found that protection
of fungi and bacteria can be ensured by covering the hives with nano-silver (22). Physical disinfection methods are
generally more environmentally friendly than the chemical methods. They are based on the use of heat and radiation in
dry or wet condition. These physical methods are burning, applying Ultraviolet (UV) Radiation, hot water disinfection,
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hot air disinfection, pasteurization (85-90 °C), steam disinfection (16).

Disinfection of the hives and the used equipment in beekeeping are very important in preventing the diseases.
Disinfectants action spectrum, their toxic on target and off-target organisms should be investigated. However, there
need to be more research about the optimum dose for beekeeping disinfectants, their toxic effects on bees and the
determination of residual levels in bee products. The aim of this study is to investigate the toxic effects of two different
disinfection preparates that are used as disinfection of bee equipment in our country.

2. Material and Methods
Chemicals and equipment:

In the studies, the bees of the Black Sea ecotype (Apis mellifera L.) obtained from the province of Ordu
Apiculture Research Institute were used. Biocidal content and nano silver content preparates which were used in
disinfection of hives and beekeeping materials were obtained from the commercial company. Cages (70 mm x 80 mm
x 120 mm) that will be used for in-vitro trials were specially made. Bees, which will be used in cage experiments, were
obtained from Sedat Sevin's honey bee apiary in Kahramankazan district of Ankara province of Turkey. The cages
were kept in a thermostatically controlled environment with the temperature of 32 °C and humidity at 55%. The hives
to be used in field studies were obtained from Ordu Apiculture Institute. For histomorphological examinations,
microsurgery set, slide, coverslip, chemical dyes and stereomicroscope, glass jars with different volumes, micropipette,
freezer, vortex mixer, centrifuge were used for plant extraction. In vitro trials, Syrup (1/1 sucrose-water) was used for
bee feeding.

Preparation of experimental groups and implementation:

In vivo trials: Suitable living conditions for bees were provided by using air-conditioning cabinets. Honey bees
were kept for 3 days to adapt to the environment before the experiments. The bees were fasted for 1-2 hours before
starting the application. Application was made considering the maximum daily water consumption volume of bees
(0.047 ml per bee) (23). Three groups were formed, one for the control and two for the trial group. Syrup was given to
the control group (Group 1, n = 10). Biocidal preparation (Group 2, n = 10) was given to one of the experimental groups
and the preparation with a nano-silver content (Group 3, n = 10) was given orally, with an automatic pipette of 2 ul per
bee. 3 repetitions were done in each group. 24 hours after the application, the bees that died in all groups were counted
and the midgut and hindgut tissues of the bees that survived in the groups were taken for histomorphological analysis.

Field Trials:

Field trials were done in the apiary of Ordu Apiculture Institute. Three trial groups were applied, the first
control (Group 1, the group without any application), the second with biocidal preparation (Group 2) and the third with
nano-silver-containing preparation (Group 3). While the bees were in the hive, two commercial preparations were
applied by spraying them into the hives. Zero (never used), Langstroth type beehives were first disinfected with
disinfectant materials in a level that a total wetness would occur, and the trials were set by transferring the bees to the
homogeneous seven-framed beehives having same-aged sister queen bees. No additional feeding was made to the bees
during the trial and on the following days. The bees thrown in the cloth, which were laid in front of the hive at the same
hours on the 1st day and the 2nd day, were counted and deaths were determined. Bee deaths were determined in 24
hours and 48 hours following the application.

Histomorphological analysis:

To expose the midgut and hindgut the thorax and last abdomen parts were pulled in opposite directions with
the help of sterile forceps. All samples were fixed in 10% neutral buffered formalin for 24 hours. Then, samples were
passed through graded alcohols and xylol respectively and embedded in paraplast. Crossmon’s trichrome staining was
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performed on sections of 5 pm thickness in order to reveal the morphological structure. For the microscopic analysis ,
the slides were examined and photographed (Leica DFC450) using a Leica DM 2500 light microscope (24).

Statistical analysis:

Before proceeding with statistical analysis, the appropriateness of the data to normal distribution was evaluated
with the Shapiro Wilk Test. Data were summarized as mean + standard deviation. Change in the number of dead bees
on consecutive days, the statistical importance of this change in the control group, Nano-silver and biocidal groups
were analyzed with Repeated Measures ANOVA. The viability status of bees and the statistical difference between the
groups, after being evaluated with the Chi-Square Test, Bonferroni method was put into use in the correction of p values
in further analysis to determine the difference between the groups. Statistical limit of significance was accepted as
P<0.05. SPSS 14.01 package program was used in all statistical analyses.

3. Results

In field trials, higher number of bee deaths were observed in the experimental groups compared to the control
group (Table 1). When the effect of the groups was ignored, it was determined that there was a statistically significant
increase in the average number of dead bees observed on the 2nd day compared to the 1st day (P = 0.014). When the
change in the average number of dead bees from the first day to the 2nd day was examined, it was determined that this
change did not create a statistically significant difference between the groups (P = 0.166). When the effect of time
(days) was ignored, it was determined that there was no statistically significant difference between groups in terms of
average number of dead bees (P = 0.187) (Table 2).

Table 1: Bee deaths observed in the first two days in field trials

Tablo 1: Saha denemelerinde ilk iki giinde gozlemlenen art oliimleri

Group Group 1 Group 2 Group 3
Hive 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
24th

4 10 10 11 15 24 7 19 30 31 12 11 30 25 21
hour

48th
10 21 20 20 21 13 14 14 41 29 19 28 16 25 20
hour

Table 2: The differences among the groups of bee deaths in field trials

Tablo 2: Saha denemelerinde ari 6liimlerinin gruplar arasindaki farkliliklar

Number of dead bees P
1th day 2th day Day Day *Group Group
Control 10.00+1.76 18.40+2.11
Group Nano-Silver  17.00+2.66 24.4042.16 0.014 0.166 0.178
Biocidal 22.204+4.37 22.20+5.56

The dead bees in groups in the laboratory trials are shown in the Table 3.
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Table 3: The dead bee numbers after the oral application

Tablo 3: Oral uygulama sonrasi ari oliim sayilart

Group Group 1 Group 2 Group 3

Cage 1 2 3 1 2 3 1 2 3
Total Bee Number 10 10 10 10 10 10 10 10 10
Dead Bee Number 0 0 0 2 4 1 3 8 9

There is a statistically significant difference between the groups in terms of the survival status of bees (P
<0.001) (Table 4). While the bees were alive in the control group, the percentage of bees died in the Nano silver group
was 66.7%. The proportion of bees dead in the Biocidal group is 23.3%.

Table 4: The death rates in groups in in-vitro trials

Tablo 4: In vitro denemelerde gruplarin éliim oranlart

Control Nano-Silver Biocidal Total P
The survival Dead 0(0.0%) * 20 (66.7%) ® 7(23.3%) ¢ 27 (30.0%)
status Alive 30 (100.0%) ® 10 (33.3%) ° 23 (76.7%) ¢ 63 (70.0%) <0.001
Total 30 (100.0%) 30 (100.0%) 30 (100.0%) 90 (100.0%)

abc. The different letters in the lines indicate the statistical difference between the groups in the columns.
Histomorphological Evaluations:

The gastrointestinal system of bees which were randomly selected from each group was removed in a sterile
way. The removed midgut and hindgut are shown in Figure 1. Afterwards, midgut samples were used for
histomorphological evaluation. In histomorphological evaluation, it was determined that midgut epithelium integrity
was significantly impaired, cell membranes were damaged especially in Nano-silver group when compared to the
control group. In addition, it was observed that the peritrophic membrane also disappeared significantly, especially in
the Nano-silver group. It was concluded that although the peritrophic membrane was still present in the Biocidal group,
the membrane thickness was not sufficient. Beside that midgut epithelium showed a better morphology in terms of
shape and integrity. Histomorphological changes in the midgut are shown in Figure 2.

Figure 1: Removal of the digestive tract using sterile technique (A), Sections of the digestive tract (B).

Sekil 1: Sindirim sisteminin steril teknik kullanilarak ¢ikarilmast (4), Sindirim sisteminin boliimleri (B).
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Figure 2: A. Control group. Peritrophic membrane (bi-directional arrow) B. Biocidal disinfectant group. Peritrophic
membrane (bi-directional arrow) C. Nano-Silver group. Scale bars represent 50 um.

Sekil 2: A. Kontrol grubu. Peritrofik membran (¢ift yonlii ok) B. Biyosidal dezenfektan grubu. Peritrofik membran
(¢ift yonlii ok) C. Nano-Giimiis grubu. Bar50.

4. Discussion and Conclusion

Considering its richness of flora, climatic weather conditions, the honey bee genetic diversity, and its
geographical location, despite being a major beekeeping country, Turkey has not reached the desired level in colony
productivity. The biggest reason for that is the diseases seen in bees and the pests common in Turkey Rapid
transportation in the world, trade of bees, bee products and beekeeping materials between countries and continents
caused the spread of bee diseases to all countries in a short time. Unconscious and wrong fight practices cause economic
losses and lead to the diseases to spread to healthy colonies (25). In the fight against bee diseases, unconscious long-
term medication resulting from the wrong practices and overdosing should be considered as an important problem. As
a result of the use of unlicensed drugs, bee disease factors and pests that have developed resistance against related
active substances have occurred (10, 26, 27). In addition, although drug use is prohibited in beekeeping for many years,
illegal practices are still being carried out, which causes residual problems especially in bee products (28, 29, 30).

Honey bee colonies are exposed to infection or infestation by various pests and diseases. It is important that
beekeepers not only recognize the symptoms of such pests and diseases, but also know how to reduce their effects in
colonies, beehives and the region. The key factor in preventing the spread of infection is good hygiene (31, 32, 33).
Before transmitted to the animal and infect it, the destruction of the pathogens causing the disease both contributes
economically and reduces the use of veterinary medicinal products that will be applied in need. In addition, developing
resistance of bee pathogens against drugs used in beekeeping can be prevented. There are many disinfectant materials
used for cleaning beekeeping equipment (especially hives). However, the study investigating the effects of these
chemicals on bees is very limited. Disinfectants used in beekeeping should be acceptable, without toxic effects on bees
and not leave any residue in bee products.

In this study, on both field and laboratory conditions, the effects of biocidal and nano-silver-containing
disinfectant preparates used in the field of beekeeping in our country were evaluated. According to the results of the
study, both disinfectant preparations applied to the hives in the field conditions caused more bee deaths than the control
group and the deaths were more common in the hive applied with disinfectant containing nano-silver. In in vitro trials,
the nano-silver-containing preparation caused high mortality and serious damage to the midgut epithelium in
histomorphological examinations. Besides, it was concluded that disinfectants used in the trials lead to malnutrition in
the bees probably. Malnutrition is considered to be happened due to the negative effect of both products used in the
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study and their effect on the peritrophic membrane.

By many researchers, Ag-Ti02, ZnTiO2, TiO2 (21), ZnO (34), PVF + (Polivinil ferrocene) K2PdCl4 and Pt /
PVF + (20), CdO and metal nanoparticles. PbO (35, 36) toxic effects on honey bees were investigated. Similar to the
results of our study, it was determined that nanoparticles cause death in honey bees depending on the dose and time in
all studies.

Extracts of parts of some plants such as root, aboveground parts or active substances obtained from these plants
have long been used as antiviral, antibacterial (Paenibacillus larvae), fungicidal (Ascosphaera apis) and antiparasitic
(against Varroa destructor) (37, 38, 39). The fact that the existing medicines used in the treatment of diseases have
started to lose their effects over time caused researchers and drug companies to search for new types of drugs against
these pathogens. Nanoparticles have emerged recently due to their unique physical and chemical properties and high
surface / volume ratio as new antimicrobial agents (40, 41). Among the different types of nanoparticles, it has found
use in various biomedical applications, especially silver nanoparticles, bactericidal, fungicidal, antiviral and
antiprotozoal (42, 43, 44, 45, 46).

Application of disinfectants should be performed while no bees are present in the hives. Otherwise, this can
cause oral consumption of disinfectants leading to higher death rates of bees. The emptied hives should be soaked with
the disinfectants for a while. Thus, the negative effects of disinfectants on bees will be eliminated. If disinfectants will
be used against bee pathogens, proper dosing should be made with in vitro and in vivo studies and their toxic effects
on the bees should be examined as well. With the determining the toxic dose of the disinfectants used in hive cleaning,
bee deaths resulted from excessive use of disinfectants and residue problem in the bee products can be prevented.
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