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e Centre National de la Recherche Scientifique (CNRS), Centre de biophysique moléculaire, 45071 Orléans Cedex 02, France   

A R T I C L E  I N F O   

Keywords: 
Pesticide 
Livestock 
Bees 
Ecotoxicology 
Environmental health 
Risk assessment 
Multi-use substances 

A B S T R A C T   

The One Health approach acknowledges that human health is firmly linked to animal and environmental health. 
It involves using animals such as bees and other pollinators as sentinels for environmental contamination or 
biological indicators. Beekeepers noticed intoxications of apiaries located in the vicinity of sheep and cattle 
farms, which led to the suspicion of bees’ intoxication by the products used for livestock: veterinary medicinal 
products (VMPs) and Biocides, confirmed by laboratory analysis. We review the legal context of VMPs and 
Biocidal products considering Europe as a case study, and identify shortcomings at the environmental level. We 
describe the possible ways these products could intoxicate bees in the vicinity of livestock farms. We also 
illustrate the way they may impact non-target species. The cases of ivermectin and abamectin as VMPs, delta-
methrin and permethrin as Biocides are considered as case studies. We show bees can be exposed to new and 
unrecognized routes of exposure to these chemicals, and demonstrate that their application in livestock farming 
can affect the survival of pollinators, such as bees. We conclude that: (1) figures on the marketing/use of these 
chemicals should be harmonized, centralized and publicly available, (2) research should be devoted to clarifying 
how pollinators are exposed to VMPs and Biocides, (3) toxicity studies on bees should be carried out, and (4) 
pollinators should be considered as non-targeted species concerning the environmental risk assessment before 
their marketing authorization. We propose the term “Multi-use substances” for active ingredients with versatile 
use.   

1. Introduction 

Approaches integrating interdisciplinary perspectives are required to 
address the current complex health and environmental challenges. 
Environmental issues such as global warming, pollution, emerging 
pathogens, and biodiversity loss are presently at the heart of today’s 
preoccupations. The One Health approach acknowledges that human 
health is firmly linked to the health of animals and the environment 
[1,2]. Its basis is grounded on the interdependence of humans with their 
natural systems. One Health fosters an interdisciplinary collaboration 

locally, nationally and globally to attain optimal health. The scope of 
One Health’s discipline includes using animals as sentinels for detecting 
environmental agents and contaminants [3]. Some animal species could 
be described as efficient “indicators” to assess infectious environmental 
hazards [4]. Bees and other pollinators are some examples of such in-
dicators [5–7]. 

Bees and other insect pollinators can serve as bio-monitoring tools. 
They ensure the function of pollination that is essential for the repro-
duction of a large proportion of plants, and is crucial for sustaining 
ecosystems [8]. They provide agricultural services through crop 
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pollination, estimated at approximately 351 billion dollars per year [8]. 
Additionally, bees and insect pollinators are sources of income, inspi-
ration, and of cultural value for many [8,9]. Unfortunately, they are 
subject to several anthropogenic pressures such as agricultural intensi-
fication (land use), the introduction of invasive species, climate change, 
pollution, emerging pathogens, and pesticides [10,11]. Without close 
regulation, the decline of pollinators might, consequently, introduce 
severe global health burdens [12], for example, leading to dietary 
change and micronutrient deficiencies, resulting from a decrease in 
pollinator-dependent crop yields. As a result, this can increase the risks 
of humans contracting diseases [13]. As Deem et al., (2018) state: “the 
loss of pollinators, with their ecosystem services, may result in a cost to 
human health and the environment” [14]. 

Anthropogenic pressures are affecting ecosystems worldwide. 
Human activities generate the release of chemical substances into the 
environment, affecting animals in a complicated way [15]. We can 
explore the link between human activities, animal health, and envi-
ronmental health from a One Health perspective. However, there is a 
lack of a systematic understanding of how VMPs and Biocides contribute 
to the decline of non-target species such as bees, particularly the Euro-
pean honeybee (Apis mellifera). In France, this problem has appeared in 
the Department of Ariège (winter 2008–2009), where over 4000 hives 
located in remote mountains, far from crops, suffered a sudden loss of 
honeybee colonies. 

Independent veterinary experts confirmed observing the intoxication 
of bees (Colin, 2020, pers. comm.). The affected hives were in the vi-
cinity of sheep and cattle farms which led to a strong suspicion of the 
bees’ intoxication from the products used for livestock [16]. Analyses 
performed in bee matrices (honey and bees) by a specialized laboratory 
of the Centre National de la Recherche Scientifique (CNRS) in France 
confirmed this suspicion. CNRS found 0.25 ng/bee of bifenthrin and 0.1 
to 0.5 ng/bee of permethrin in dead bees, and 17 to 57 ng/g of delta-
methrin in honey (CNRS – analysis report N◦ 09/00088, N◦09/00023, 
N◦09/00703). 

VMPs and Biocides can affect terrestrial and aquatic environments 
due to their broad applicability [17]. Products such as permethrin are 
also harmful to human health. They are classified as carcinogens, 
endocrine disruptors, or neurotoxicants [18]. Therefore, VMPs and 
Biocides have shown their ability to affect biodiversity, wildlife and 
human health [19,20]. Numerous papers have been published on how 
wildlife and other ecosystems could be exposed, either directly or 
indirectly, to pharmaceutical products [19,21,22]. Furthermore, VMPs’ 
residues found in sheep and cattle dung have a sublethal effect on the 
community of dung arthropods [23], which provides numerous 
ecosystem services, including the decomposition of fecal matter. Addi-
tionally, the decline of the dung beetle species also affects the upper 
trophic level [24]. Dung beetles are resources for various bird species, 
mammals such as bats, skunks, badgers and hedgehogs, some amphib-
ians and reptile species [24]. However, only a few studies have inves-
tigated the ecotoxicological effect of VMPs on wildlife. To date, this 
issue has received scant attention from the scientific community. 

To our knowledge, no study has evaluated the impact of chemicals 
used in livestock farming practices such as VMPs and Biocides, espe-
cially their effect on bees and other insect pollinators under the scope of 
the One Health concept. We explore the available knowledge regarding 
the potential links between the use of VMPs and Biocides, and their 
impacts on pollinators. In the following, we will describe a new route 
where bees come to be exposed to such chemical products. Additionally, 
we list the main knowledge gaps regarding this matter. 

The first section of this paper reviews the legal context of VMPs and 
Biocides in the EU and the identified shortcomings at the environmental 
level in the current regulatory framework. Considering Europe as our 
case study, the following section elucidates the possible way bees can be 
exposed and contaminated by VMPs and Biocidal products in the vi-
cinity of sheep and cattle farms. The third part illustrates how these 
products can also impact non-targeted species (such as dung beetles) and 

insect pollinators (such as bees);. scientific literature exists on the eco-
toxicological impact of pharmaceutical products on dung beetles 
[25,26]. We describe notable examples of VMPs such as ivermectin and 
abamectin and Biocidal products such as deltamethrin and permethrin. 
We then consider the legal context of VMPs and Biocides identifying 
shortcomings at the environmental level in the current regulatory 
framework. Finally, we briefly highlight the knowledge and data gaps 
that exist regarding risks to pollinators from using these products. 

2. Legal framework of VMPs and Biocides; Europe as a case 
study 

The International Cooperation on Harmonization of Technical Re-
quirements for Registration of Veterinary Medicinal Products (VICH) 
defines the methodology for performing risk assessments of VMPs in 
Europe, Japan, and the United States [27,28]. VICH is a program made 
for the regulatory authorities and aims to harmonize the technical re-
quirements for veterinary drug registration [29]. For VICH signatories, 
among the requirements before the marketing authorization of VMPs, is 
the mandatory performance of an environmental risk assessment (ERA) 
consisting of 2 phases [29]. 

In Europe, the regulation of VMPs is managed by the European 
member states and the European Commission, assisted by the risk 
assessment of the European Medicine Agency (EMA). Before the mar-
keting authorization (MA), active substances of VMPs must be subject to 
a benefit/risk analysis in conformity with the European Regulation 
2019/6 that has repealed the Directive 2001/82/EC [26]. Among the 
requirements for authorization, it is mandatory to perform an ERA 
following the VICH guidelines. 

According to the VICH GL6 guidelines, Phase-I consists of an envi-
ronmental impact assessment (EIA) that studies the exposure scenario of 
non-targeted species to VMPs [28]. The exposure scenario depends on 
the application and properties of the VMPs. An estimation of the Pre-
dicted Environmental Concentration (PEC) is calculated from the dose 
and application frequency [28]. The PEC represents the estimated 
parent compound and its metabolite concentrations in each environ-
mental compartment (water, soil and sediment). Phase-II, Tier A is an 
EIA set of guidelines for aquatic, terrestrial and pasture animals, and 
assesses the impact that VMPs have on non-targeted organisms. As few 
species are selected as indicators or models, they represent the essential 
taxa in the studied ecosystem, or those most notably sensitive to eco-
toxicity risks when exposed to VMPs. The Predicted No Effect Concen-
tration (PNEC) is estimated using acute and subacute toxicity studies for 
each chosen species [30]. The PNEC represents the active substance 
concentration below which the VMPs have no observable effect on the 
indicator species. 

For each environmental compartment, a comparison of the PEC and 
PNEC of the non-targeted organisms is made. The ratio PEC/PNEC is 
calculated as a Risk Quotient (RQ). If the value of the RQ is less than 1 
for a species, the concentration of the active substances used is not 
considered harmful for the studied organism. Otherwise, the VMP under 
consideration presents a risk for this species in this environment and 
needs further assessment. Phase-II, Tier B is then performed, including a 
chronic exposure assessment [30]. Should a product exceed its trigger 
value in Tier B, further testing may be required, or risk mitigation 
measures need to be implemented to obtain an MA. For Phase-II, Tiers A 
and B, dung beetles are among the non-target model organisms tested in 
the ERA of VMPs used for pasture animals [27,30]. However, there is no 
assessment planned for pollinators (including managed honeybees). 

The approval of the Biocidal active substances and their manage-
ment, is coordinated by the European Commission, which is assisted by 
the risk assessment of the European Chemical Agency (ECHA). Its ERA 
follows the ECHA guidelines [31]. As is the case for the ERA of VMPs, a 
tiered approach is applied, starting with the PEC’s estimation and is 
followed by an ecotoxicity assessment (PNEC). Then, an RQ for each 
non-targeted organism has to be evaluated [31]. Similar to the 
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assessment of VMPs, neither bees nor other pollinators are currently 
covered in the Biocides’ risk assessment [31]. Nonetheless, the European 
Commission has mandated the ECHA to start developing guidance 
measures to assess the risk to bees and other arthropod pollinators from 
the use of Biocides [32]. 

3. Environmental fate of VMPs and Biocides 

Animals treated with antiparasitic compounds can excrete non- 
metabolized products in their urine and feces. Up to 98% of macrocy-
clic lactone released through feces remains unmetabolized or is excreted 
as active metabolites [17]. Due to the broad applicability of VMPs and 
Biocides, they can affect terrestrial and aquatic environments [17]. 
Environmental contamination of non-target species from VMPs probably 
occurs through slurry and manure or dung and urine from grazing ani-
mals on pasture. This pathway could end in the contamination of soil 
and surface water by leaching, run-off or drainage [22]. However, few 
studies are addressing the concentration of anthelmintic in the envi-
ronment [17]. Recent contaminations were evidenced in ribwort 

plantains growing on artificial media contaminated with ivermectin 
[33]. 

Concentrations of 199,2 ppb were detected in plants growing close to 
ivermectin-contaminated feces 60 days after deposition [34]. Therefore, 
it may be deduced that pollinators get exposed to environmental pol-
lutants through diverse pathways. While they are out of the hive looking 
for resources like water, nectar, pollen or resin, honeybees can come into 
contact with pollutants dissolved in the air [35], or conveyed by wind 
through dust particles [36,37]. Both metabolized and unmetabolized 
VMPs excreted by cattle in urine and feces can be transported outside the 
pasture boundaries [38]. Peterson et al., (2020) studied the aerial 
transport of VMPs via particulate matter (PM) from beef cattle feed 
yards in America. The resulting PM (669,000 kg) contained sufficient 
insecticides enough to kill more than a billion honeybees (Apis mellifera) 
per day. Permethrin was the most commonly identified molecule in PM 
(67.6%), with the highest concentration of 28,929 ng/m3 having been 
aerially propagated from feed yards. Also, ivermectin (49%) and neon-
icotinoid (<27%) were found in all PM samples taken from feed yards 
[38]. 

Fig. 1. Environmental fate of VMPs (veterinary medicine products) and Biocides by which pollinators can be exposed.  
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Residue found in environmental matrices like water and soil, and 
vegetal matrices like nectar, pollen or resin may either affect the forager 
bees directly or be brought to the colony, thereby exposing all the in- 
hive bees and larvae as well. Also, honeybees prefer to collect water 
from different sources, such as rainwater gutters containing decaying 
organic matter, and puddles that form on the top of cow dung and 
sewage effluent [39]. Additionally, water-foraging honeybees are often 
observed collecting brackish water, and they could be directly affected 
by the contaminated excreta because of their attraction to water 
enriched with mineral salts [40] (Fig. 1). Butler, (1940) studied the 
preferences of honeybees among forty various solutions containing 
different substances and concentrations, including cow dung and urine 
distillate [39]. They showed a higher degree of preference for cow dung 
water distillate, cow dung water, and urine distillate compared to 
distilled water. Therefore, bees foraging water in cattle excreta may get 
contaminated by residual VMPs. Another route of exposure is possible 
since the plants growing close to these excreta are contaminated more 
than two months after the deposition of feces, which raises questions on 
the safety of the foraging activity of pollinators (vide infra) [39]. 

A wide range of knowledge exists on the exposure pathways to 
pesticides of social bees, such as bumblebees, honeybees and stingless 
bees [41,42]. Here, caste, developmental stage, climatic conditions, and 
seasonality determine the level of exposure [43]. 

From over 20,000 species of bees worldwide, most of them solitary, 
65% of them excavate their nests underground [42]. The exposure of 
wild bees to agricultural pesticides has been explored in several studies, 
revealing that soil is a relevant route of exposure for bee species nesting 
underground [42,44]. Among the non-social bee species, we find some 
either living underground, or using soil for building their nests (e.g. 
Osmia spp., Megachile rotundata, Nomia malanderi). As a result, they are 
more exposed to the terrestrial compartment [42,45]. For example, 
Osmia cornuta can collect 2.2–4.4 g (dry weight) of mud for the con-
structing of their nests [46]. In this way, they can be exposed to residue 
of VMPs and Biocides in contaminated soil (Fig. 1). Other insect orders 
play an important role in pollination, such as Diptera. Among them, 
hoverflies (Syrphidae) are one of the largest families and can be exposed 
to contaminated animal excreta and manure. Adult Rhingia campestris 
feed on pollen and nectar or honeydew, but their larvae are copropha-
gous. As a result, adults lay their eggs on the grass around cow manure 
[47,48]. For other pollinators such as Lepidoptera, besides air and water 
contamination, the soil compartment can be a means of exposure. 
Indeed, during the spring, the larvae of moth species dwell in the upper 
layer of the soil surface [49]. 

Furthermore, residue in soil has proved to be absorbed by plants, 
making them available to pollinators as they appear in the pollen or 
nectar of flowers [50]. The persistence or solubility in water of VMPs can 
lead to the contamination of flowers in the meadow where animals 
graze, or contaminate wild flowers in the surroundings. For example, 
Gassner et al., (1997) assessed the persistence of ear-tags permethrin 
(40:60 cis-trans-permethrin) in the environment after treatment. In the 
grass where the animal rested, 1 μg/g of permethrin was measured six 
weeks after treatment, and 0.5 μg/g in the bark of a pine two weeks after 
the animal had left the pasture [51]. In this way, other organisms can 
come to be exposed for an extended period to low doses of insecticide 
still present in the grass. In another example, 19 residual pesticides 
along with fipronil sulfone compound (1.7–3.6 μg/kg) and imidacloprid 
(1.1–5.7 μg/kg) were found in pollen loads collected by honeybees in 
France [52]. 

Finally, pharmaceutical-laden dust loaded with antiparasitic sub-
stances can arise from feces contaminated with products [53,54], which 
may drift, deposit, and accumulate on flowers foraged by bees. By way of 
illustration, Peterson et al. (2017) show how VMPs can contaminate 
wildflowers near cattle feeding yards through dust [55] (Fig. 1). 

4. Ways in which pollinators are exposed to chemical products 

Bees are exposed to multiple stressors in fluctuating environmental 
conditions. As for pesticides, the exposure pathways of pollinators to 
chemical products, VMPs, and Biocides depend on their biology and 
social behavior [56]. Residues of VMPs and Biocides can generate a 
range of effects which depends on the characteristics of the active sub-
stance, its concentration, pharmaceutical preparation, mode of admin-
istration, and the species tested. These chemical products can be 
distributed in different environmental compartments depending on their 
physicochemical properties, application quantities and pattern, and 
environmental characteristics. Biocidal risk assessment includes 
aquatic, terrestrial, and atmospheric compartments, while VMPs’ risk 
assessment includes soil, water and sediment compartments [30,31]. As 
previously stated, pollinators are exposed to three environmental com-
partments (terrestrial, aquatic, air). The sediment compartment remains 
a reservoir of residues that could eventually release chemical com-
pounds in the aforementioned three [57]. It is fair to consider that 
pollinators are exposed to all environmental compartments considered 
in the risk assessment of VMPs and Biocides considering the large dis-
tribution, biology, and biotopes of different pollinator species. The 
relevance of the exposure will depend on the considered species 
(Table 1). 

VMPs and Biocides broadly used in livestock and affecting non- 
targeted species such as dung beetles and aquatic organisms can also 
affect bees. The VMPs considered in this study, being antiparasitic ani-
mal drugs used in livestock farming, pose a risk to bees. However, that 
does not exclude the potential impacts of other VMPs on pollinators. 

The term Biocides has many definitions. The first use of the term 
Biocides dates back to 1947 and describes substances that destroy or 
inhibit the growth or activity of living organisms [58]. However, the 
Regulation (EU) No. 528/2012 restricts the definition of Biocidal 
products to “active substances and preparation composed of one or further 
active substance assembled in the form in which it is supplied to the user, 
designed to render harmless, destroy, prevent an action, or else apply a 
controlling effect on any harmful organism by chemical or biological means” 
[59]. For our study, the term “Biocides” designates all product types 
with repellent and insecticidal qualities used on livestock premises and 
the equipment used to control flies and other insects [31]. This type of 
Biocides is classified by the European Chemical Agency (ECHA) as 
“product type 3 and 18” [31]. 

VMPs, such as ivermectin and abamectin, are among the most 
extensively used endectocidal drugs. In Europe, they are also authorized 
as Biocides and pesticides to treat plants against pests [60,61]. They 
belong to the group of avermectins used in agriculture [62]. Hence, 
ivermectin is a VMP, but due to its broad spectrum of biological uses, we 
consider it as a Biocide, even though it is not authorized as such in 
Europe because it does not conform to the legal definition (Table 2). 
Permethrin and deltamethrin are farm premise disinfectants and in-
secticides used to fight against biting midges (Culicoides spp.) [63], and, 
therefore these products are authorized as Biocides. Besides, permethrin 
and deltamethrin asVMPs are directly administrable on cattle and small 
animals as a pour-on insecticide as flea and tick control agents [63,64]. 

Some active substances such as those in Table 2 can be used as VMPs 
and Biocides, even as Plant Protection Products, and can have thera-
peutic, prophylactic or phytosanitary uses and are toxic to the targeted 
and non-targeted species. From a One Health perspective, we propose to 
use the term “Multi-use substances” for active ingredients with this 
versatility of use, whose residues end up in the environment endan-
gering non-target species. Table 3 shows some examples of insecticidal 
substances used in animal husbandry and some toxicological effects on 
bees as described in the literature. 
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5. “Multi-use substances”: case studies on their environmental 
impact and effect on bees 

5.1. Case study 1: ivermectin & abamectin 

Ivermectin and abamectin are active ingredients within the family of 
avermectin. They belong to the class of macrocyclic lactones, and are 
used in nematicidal, acaricidal and insecticidal activities [65]. They are 
the most broadly used compounds within the avermectin family [66], 
which can be one reason why there exists a large body of literature 
showing investigations of their ecotoxicological profile and impact on 
terrestrial and aquatic environments [26,66,67]. Abamectin (avermec-
tin B1) is a natural compound extracted from the fermentation of 
Streptomyces avermitilis [68]. Ivermectin is produced from a catalytic 
reduction of a 22,23-double bond of abamectin [67]. It is composed of 
80% of 22,23-dihydro avermectin B1a and 20% of 22,23-dihydro 
avermectin B1b [66]. Ivermectin and abamectin are classified as neu-
rotoxins. They alter the nervous system function of invertebrates by 
blocking the ion tropic α-aminobutyric acid (GABA), which may lead to 

paralysis [26,66,68]. As previously mentioned, they are used as endec-
tocides to control internal and external parasites of livestock [26]. They 
have injectable and topical formulations, the latter being poured along 
the grazing animal’s dorsal midline [67,69]. 

Ivermectin’s effect on non-targeted species such as dung beetles is 
well-documented [25,66,70]. As was shown in the Lumaret et al., (1993) 
study, the exposure of dung beetles (Euoniticellus fulvus) to dung from 
cattle treated with ivermectin (0.20 mg/kg b.w) caused a delay in the 
development of the beetles 30 days post cattle injection [70]. Pour-on 
cattle application of ivermectin affected the survival of adult dung 
beetles (Liatongus minutus) during the first two weeks post-treatment and 
possibly delayed their development [71]. 

Avermectins are highly toxic to Apis mellifera, with acute toxicity 
resulting in an average LD50 of 0.04 μg/bee [72]. Oral toxicity of bees to 
abamectin showed an LD50 of 0.009 μg/bee [73]. An LD50 of 0.002 and 
0.017 μg/bee at 24 and 48 h respectively resulted from contact toxicity 
to bees from foliage treated with abamectin. Acute oral toxicity of 
abamectin on bumblebees resulted in an LD50 of 0.014 μg/bee calcu-
lated at 72 h after ingestion. In comparison, the acute topical toxicity 

Table 1 
Potential exposure pathways of pollinators to VMPs and Biocides considering all environmental compartments (+: assumed low route of exposure, ++: assumed 
moderate route of exposure, +++: assumed relevant route of exposure, ++++: assumed high route of exposure).   

Potential compartments of exposure 

Pollinator groups Water (including animal excreta) Soil Plants Air References 
Hymenoptera Social bees (honeybees, bumblebees, stingless bees) +++ + +++ +++ [42,101] 

Ground-nesting bees (mining bees, sweat bees) ++ ++++ +++ +++ [42–45] 
Other Hymenoptera (wasp) ++ + +++ +++

Diptera (hoverflies, flies, dagger flies) ++++ ++++ +++ +++ [47,48,102] 
Lepidoptera (butterflies, moths) ++ +++ +++ +++ [49] 
Coleoptera (beetles) ++ ++++ +++ +++ [25,66,70]  

Table 2 
Chemical products and their main use.   

VMPs Biocides Phytosanitary and Plant protection 
product (PPP) 

References 

Ivermectin Endectocides* Biocide in the antifouling system, pre-registered substances as 
Biocides at the ECHA 

– [69,82,103] 

Abamectin Endectocides insecticides, acaricides, arthropod control (Product type 18**) PPP [69,104,105] 
Permethrin Flea and tick controls insecticides, acaricides, arthropod controls (Product type 18) – [63,106,107] 
Deltamethrin Ectoparasites control in 

ruminants 
insecticides, acaricides, arthropod control (Product type 18) PPP [63,81,108,109] 

* Against internal and external parasites; ** Product type – 18: pest control product approved by the ECHA. 

Table 3 
Examples of active substances authorized as VMP, Biocide and pesticide, and their sublethal effects and acute toxicity values on bees (LC50 and LD50: lethal con-
centration and lethal dosage leading to the death of 50% of the studied population).  

Active 
substances 

Families Authorization 
framework 

Sublethal effects Acute toxicity Species References 

Ivermectin Macrocyclic 
lactone 

VMP Inhibition of long-term olfactory memory LC50 = 570 ng/mL 
(24 h, oral) 
LD50 = 1.316 μg a. 
i/bee (topical) 

Apis mellifera [76,77] 

Abamectin Macrocyclic 
lactone 

VMP/Biocide/ 
Pesticide 

Digestive disorder affecting colonies’ health and vitality LD50 = 0.011 μg a. 
i/bee (oral) 
LD50 = 7.8 μg a.i/ 
bee (topical) 

Apis mellifera [75,110,111] 

Deltamethrin Pyrethroid VMP/Biocide/ 
Pesticide 

Neurotoxic symptoms, decreased foraging activity, 
alteration of learning performance, disorientation, 
decreased fertility 

LD50 = 0.850 μg a. 
i/bee (oral) 
LD50 = 0.0016 ng/ 
bee (topical) 

Apis mellifera  

Megachile 
rotundata 

[94,111–114] 

Permethrin Pyrethroid VMP/Biocide Lower learning response, 
Disruption of odor perception 

LD50 = 0.057 μg/ 
bee (topical) 

Megachile 
rotundata 

[94,115,116] 

Imidacloprid Neonicotinoid VMP/Biocide/ 
Pesticide 

Disruption of olfactory learning, decreased foraging 
activity, reduced climbing ability, neurotoxic symptoms 

LD50 = 5.4 ng/bee 
(24 h, oral) 
LD50 = 6.7 ng/bee 
(24 h, topical) 

Apis mellifera [113,117,118]  
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showed an LD50 of 0.07 μg/bee (within 72 h) [74]. Toxicity studies with 
abamectin (at 0.1 ppm) and deltamethrin (at 2.50 ppm) on the forager 
species Apis mellifera jementica showed lethal times (LT50) of 21.02 h 
and 72.01 h, respectively [74]. These chemicals also alter the midgut 
cells, possibly leading to digestive disorders and malnutrition, thus 
impacting honeybee colonies and their vitality [75]. 

The study carried out by Hassani et al., (2008) shows that a low dose 
of ivermectin (0.01 ng/bee) impaired the glutamate-mediated long term 
olfactory memory of honeybees, while a higher dose of 0.05 ng/bee had 
no effect [76]. The potential interaction of several compounds (fuma-
gillin, pristine, quercetin) with specific enzymes (multidrug resistance 
transporters) can raise Ivermectin’s toxicity to honeybees, thus 
increasing their mortality [77]. Nonetheless, ivermectin alone is falsely 
considered by Guseman et al., (2016) as a non-significant threat to 
honeybees because it is not considered by them as a crop pesticide, even 
though it is a widely distributed VMP. 

5.2. Case study 2: deltamethrin and permethrin. 

Deltamethrin and permethrin belong to the family of synthetic py-
rethroids (SPs), which are synthetic derivatives of natural pyrethrins 
from the plant Chrysanthemum cinerariaefolium [78]. They have neuro-
toxic insecticidal properties and can disrupt nerve function [79]. How-
ever, these SPs have been widely classified as two types based on the 
symptomatology of insects and mammals exposed to the products [80]. 
Permethrin belongs to type I pyrethroids which causes tremor type 
symptoms in mammals (T). In contrast, deltamethrin belongs to type II 
pyrethroids, which contain a moiety of α-cyano-3-phenoxybenzyl 
alcohol and generally induce choreoathetosis/salivation (CS) [78,80]. 
Deltamethrin is the active substance found in different Biocidal com-
mercial products in Europe [81]. ECHA classifies it as Biocides Product- 
Type 18, i.e. all chemical products used as acaricides, insecticides and 
products to control other arthropods [82]. Permethrin is also a Biocide 
used in insecticides, acaricides, and for arthropods control [83]. 

Deltamethrin and permethrin are approved insecticidal substances 
used on livestock premises as disinfectants (Biocides) [63], animal 
treatments (VMPs) [84,85], or plant treatments (pesticides) [86]. As 
Biocides, they have been used on ruminants to control the “Bluetongue 
disease”, which is a vector-borne disease caused by the bluetongue virus 
(BTV), and transmitted to ruminants through the bite of midges (Culi-
coides spp.) [87]. 

Deltamethrin and permethrin are used topically as VMPs (spray, dip, 
pour-on or ear-tags) to control sheep and cattle ectoparasites. Between 
96 and 98% of deltamethrin residues used as pour-on treatment in cattle 
are excreted in the feces. With 0.1 g deltamethrin poured, a concen-
tration of 0.44 μg/ml feces was found three days after treatment [88]. A 
deltamethrin residue of 0.02–0.1 ppm (mg per liter of dung) can 
significantly decrease the number of beetles (families: Hydrophilidae, 
Scarabidae and Staphilinidae) that feed off the dung [89]. A single 
treatment of cattle (10 ml/100 kg live weight) may cause up to a 75% 
reduction of dung beetle activity by the end of a season [90]. Similarly, 
permethrin has shown to be extremely toxic for dung beetles [91]. 

The acute oral toxicity of deltamethrin in honeybees is an LD50 of 
0.08 μg/bee, and its acute contact toxicity is an LD50 of 0.001 μg/bee 
[92]. Sublethal doses of deltamethrin on honeybee foragers proved to 
have a detrimental behavioral effect on their learning, memory, and 
homing behavior by inducing an exacerbated phototropism and ther-
moregulation of the exposed workers [93]. Piccolomini et al., (2018) 
studied the effect of synthetic pyrethroid on alfalfa leaf-cutting bees 
(Megachile rotundata) by measuring their respiration rate to indicate 
stress response [94]. Deltamethrin showed to be more toxic than 
permethrin, with an LD50 of 0.0016 μg/bee compared to 0.057 μg/bee, 
respectively. Likewise, the acute oral toxicity of permethrin to honey-
bees resulted in an LD50 of 0.3 μg/bee, and its acute contact toxicity led 
to an LD50 of 0.1 μg/bee [92]. Considering sublethal toxicity, Cox and 
Wilson (1984) studied the sublethal effects of permethrin on free-flying 

honeybee foragers inside an insect-proof tunnel. After being exposed to 
9 ng/bee, most of the foraging bees could not return to the hive. At the 
dose of 1 ng/bee, their social activities were reduced, and signs of 
poisoning were noticed on some individuals [95]. 

6. Uses of VMPs and Biocides in vector control – environmental 
impacts 

It is required to treat animals and disinfect livestock premises, their 
surroundings and means of transport with insecticides to prevent 
“Bluetongue disease” outbreaks (Council Directive 200/75/EC, Article 4, 
d) iii). Council Directive 200/75/EC is implemented by Regulation 
n◦1266/2007, which states that “the treatment with authorized insecticides 
of animals, premises and their surroundings in infected holdings should only 
be carried out following a defined protocol based on the positive outcome of a 
case-by-case risk assessment which takes into account geographical, epide-
miological, ecological, environmental, entomological data and a cost/benefit 
assessment”. Thanks to the progress made with vaccines, disease control 
is today less dependent on chemical VMPs and Biocides. BTV vaccines 
have been developed since 2005, first with a modified live virus, and 
later, inactivated vaccines for livestock were made available [96]. 
Vaccination strategies were set up depending on the epidemiological 
situation of the affected area and the purpose of its possible use, such as 
decreasing BTV circulation to prevent clinical disease and allowing for 
safe movement of animals between BTV-affected zones to BTV-free 
zones [96]. 

Consequently, Commission Regulation n◦1266/2007 was amended 
by Regulation n◦456/2012, which states that the use of authorized in-
secticides or repellents should not be required as it provides limited 
additional safety. Still, treatment is required for the animal in transit. 

As previously stated, insecticides such as deltamethrin and 
permethrin are extremely toxic to pollinators [97], which may induce 
adverse consequences to the environment and non-targeted species. 
However, no specific evidence has been found regarding the efficacy of 
these insecticides on Culicoides midges control [63]. Therefore, 
decreasing the use of these insecticides can drastically limit environ-
mental contamination, provided that Bluetongue spread is controlled 
through other methods. 

7. Data/Knowledge gap 

The present study describes the uses, potential exposure and impacts 
of chemicals used in livestock farming, such as VMPs and Biocides, on 
bees and other insect pollinators. Based on the One Health approach, 
since several active ingredients could be considered in this paper as 
“Multi-use substances”, we highlight critical knowledge gaps:  

• To the best of the authors’ knowledge, harmonized and centralized 
statistics of consumption or use of VMPs or Biocides at the national 
and EU levels are not publicly available. Member States and phar-
maceutical industries may have the data, but due to commercial 
secrets, the data are not accessible to the public. Kools et al., (2008) 
have reviewed some of the available sources and did an estimation of 
some families of VMP consumption in Europe [98]. Still, the data per 
active ingredient is not available.  

• Considering the multivalent purpose of many active substances, the 
overall exposure level and impact of the chemicals released on the 
environment is unknown. Indeed, the logic surrounding the current 
regulatory framework involves an in-silo approach to the risks of 
molecules authorized as VMPs, Biocides or pesticides. 

• We know little about the fate of the residues of these active in-
gredients in the environment and the subsequent levels of exposure 
of non-target organisms, such as bees.  

• Interaction of the multivalent active substances considered in this 
study with other stressors such as diseases, other pesticides and their 
potential synergistic effects on bees are rarely studied. 
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• The research on long term cumulative toxicity, not only for honey-
bees but also for wild bees and other insect pollinators, is lacking.  

• The sublethal effects of active substances approved as VMPs and 
Biocides on bees and other non-targeted insects are poorly studied. 

8. Conclusion 

This study highlights that the application of VMPs and Biocides in 
livestock farming may involve health risks to pollinators, such as bees, 
which remain unconsidered to date. As a result of their broad applica-
tion and versatile use, we propose the term “Multi-use substances” for 
active ingredients authorized as VMPs and Biocides, even Plant Pro-
tection Products, that can contaminate the environment and threaten 
human, animal, and environmental health. Thus, this study is intrinsi-
cally linked to the One Health approach. 

The EFSA has already carried out a thorough work on risk assessment 
of pesticides on bees [99]. A new methodology for risk assessment was 
proposed, including improvements to exposure, toxicity and risk 
assessment, such as integration of exposure through dust, guttation, 
water, succeeding crops, and the evaluation of acute, chronic, lethal and 
sublethal toxicity on adult bees and larvae [100]. We have shown that 
the regulatory framework of VMPs and Biocides have their shortcomings 
and how these products affect bees with even a low dose (e.g. an LD50 
0.0016 ng/bee of deltamethrin is inducing neurotoxicity symptoms in 
Apis mellifera [90,107–110]). Therefore, our study has significant im-
plications for understanding how bees face new and unrecognized 
exposure routes to these chemical products and their potential effects. 

Finally, we give an account of the knowledge gaps regarding the 
matter. Based on our analyses, we conclude that: (1) figures on the 
marketing/use of these chemicals should be harmonized, centralized, 
and publicly available, (2) research should be devoted to clarifying the 
ways of exposure of pollinators to these chemicals, (3) toxicity studies on 
bees should be carried out, and (4) pollinators should be considered as 
non-targeted species for the environmental risk assessment before the 
marketing authorization of VMPs and Biocidal products. We propose the 
term “Multi-use substances” for active ingredients with versatile use, i.e. 
authorized as VMPs, Biocides or even Plant Protection Products. 
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