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Abstract: Neonicotinoids are one of the newest groups of systemic pesticides, effective on a wide range of inverte-
brate pests. The success of neonicotinoids can be assessed according to the amount used, for example, in the Czech 
Republic, which now accounts for 1/3 of the insecticide market. The European Union (EU) has a relatively interesting 
attitude towards neonicotinoids. Three neonicotinoid substances (imidacloprid, clothianidin and thiamethoxam) 
were severely restricted in 2013. In 2019, imidacloprid and clothianidin were banned, while thiamethoxam and 
thiacloprid were banned in 2020. In 2022, another substance, sulfoxaflor, was banned. Therefore, only two neo-
nicotinoid substances (acetamiprid and flupyradifurone) are approved for outdoor use in the EU. Neonicotinoids 
enter aquatic ecosystems in many ways. In European rivers, neonicotinoids usually occur in nanograms per litre. 
Due to the low toxicity of neonicotinoids to standard test species, they were not expected to significantly impact 
the aquatic ecosystem until later studies showed that aquatic invertebrates, especially insects, are much more 
sensitive to neonicotinoids. In addition to the lethal effects, many studies point to sublethal impacts - reduced 
reproductive capacity, initiation of downstream drift of organisms, reduced ability to eat, or a change in feeding 
strategies. Neonicotinoids can affect individuals, populations, and entire ecosystems.
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INTRODUCTION

Pesticides play an important role in ensuring a sus-
tainable food supply all over the world. Their use can 
reduce the agricultural losses and also improve the 
affordability and quality of the food (Hedlund et al. 
2019; Umetsu and Shirai 2020; Tudi et al. 2021). Pest 
management is part of agriculture since it started 
about 10 000 years ago. The development and use 
of pesticides can be divided into several stages, 

depending mainly on the origin of the pesticide 
substances. Until about the middle of the 19th cen-
tury, the used substances were mainly of natural 
origin, derived from plants, animals, or minerals. 
The second half of the 19th century and the begin-
ning of the 20th century were associated with the 
use of inorganic substances or by-products of in-
dustrial production. During the Second World War 
and subsequently until about the 1970s, syntheti-
cally produced organic substances were widely used 
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(Umetsu and Shirai 2020). The discovery of dichlo-
rodiphenyltrichloroethane (DDT) and subsequent 
warnings about its negative effects can be consid-
ered a turning point. Therefore, since the 1970s, 
the emphasis has been placed on the development 
and use of synthetic organic pesticide substances 
with lower risk to humans and non-target organ-
isms (Jarman and Ballschmiter 2012; Harada et al. 
2016; Sharma et al. 2019; Umetsu and Shirai 2020).

Pesticides are widely used even though could 
potentially be a risk to the water quality, biodiver-
sity, and also human health. About 64% of global 
agricultural land is at risk of pesticide pollution 
by more than one active ingredient of pesticides 
(Tang et al. 2021). In 2020, 2.7 million tonnes of ac-
tive ingredients were globally applied, which rep-
resent 7.2 million tonnes of formulated products 
with a value of 41.1 billion USD. About 18% of those 
substances were insecticides. The major contribut-
ing countries in pesticide usage are the USA, fol-
lowed by Brazil, China, Argentina, and the Russian 
Federation (FAO 2022). Generally, pesticides are 
categorised, according to the target organism, into 
herbicides, insecticides, fungicides, bactericides, 
rodenticides, etc. (Abubakar et al. 2019; Hassaan 
and El Nemr 2020). According to the Food and 
Agricultural Organization of the United Nations 
(FAO 2022), the most common insecticides that 
are used worldwide are chlorinated hydrocarbons, 
organophosphates, carbamates–insecticides and 
pyrethroids. One of the most rapaciously develop-
ing group of insecticides are nicotinic insecticides 
(Umetsu and Shirai 2020).

NEONICOTINOIDS

These compounds are synthetically produced, 
originating from nicotine, and were launched 
on the market in the 1990s. Neonicotinoids are 
highly effective against a wide range of pests. They 
accounted for nearly 23% of the global insecticide 
market in 2016 (Morrissey et al. 2015; Casida 2018; 
Klingelhofer et al. 2022). The tobacco leaf extract 
was used to control garden plant pests as early 
as the end of the 17th century.

The active ingredient in these extracts is the al-
kaloid – nicotine; however, pure nicotine was not 
isolated before 1828 (Cremlyn 1978). In the 1970s, 
there were attempts to increase the usage of nicoti-
noids – natural substances with a similar structure 

to nicotine. Still, these compounds were not very 
practical to use commercially for plant protection 
due to their ease of photo degradability. After stud-
ies on the structural activity and the replacement 
of some components, highly effective and, at the 
same time, a photostable analogy of natural nico-
tine-neonicotinoids were formed. The first one, ni-
thiazine, was synthesised in 1977. Nithiazine was 
followed by other heterocyclic compounds – imida-
cloprid (1985), thiacloprid (1985) and thiamethoxam 
(1992). At the same time, acyclic compounds were 
produced – nitenpyram (1988), acetamiprid (1989), 
clothianidin (1989) and dinotefuran (1994). A sig-
nificant difference between nicotinoids and neonic-
otinoids is the absence of the ionisable basic amine 
or imine substituent (Tomizawa and Casida 2005).

In 1991, imidacloprid was launched, becoming 
the best-selling insecticide worldwide. This suc-
cess was followed by nitenpyram and acetamiprid 
in 1995 and thiamethoxam in 1998. After 2000, 
three other compounds were launched on  the 
market – thiacloprid (2000), clothianidin (2001), 
and dinotefuran (2002) (Bass et al. 2015). All those 
compounds are called “second-generation neo-
nicotinoids”. Nicotine and the other compounds 
synthesised before imidacloprid are considered 
the first-generation. Nicotinic insecticides devel-
oped or launched after 2010, such as sulfoxaflor, 
f lupyradifurone, f lupyrimin, trif lumezopyrim 
or dicloromezotiaz are considered third-gener-
ation neonicotinoids (Umetsu and Shirai 2020). 
The Insecticide Resistance Action Committee 
(IRAC) classifies nicotinic insecticides as Group 4 – 
Nicotinic acetylcholine receptor agonists. Group 4 
includes nicotine, neonicotinoids, sulfoximines, 
butenolides, mesoionics and pyridylidenes (IRAC 
2023). A detailed classification of the different nico-
tinic insecticides is shown in Table 1. All the insec-
ticides from this group principally share the same 
binding site on the nicotinic acetylcholine receptors 
(NAChRs) and are therefore considered as sharing 
the same mode of action. The sub-classification 
is based on structural differences in the insecti-
cide molecules (IRAC 2015). However, the Pesticide 
Action Network Europe (PAN Europe 2016) coun-
ters that, although the structures of flupyradifu-
rone and sulfoxaflor are different, they are still 
neonicotinoid insecticides. For this reason, flupyra-
difurone should be treated accordingly by the regu-
lator, considering its systemic nature and the harm 
it could cause to non-target organisms.

https://www.agriculturejournals.cz/web/vetmed/


315

Veterinarni Medicina, 68, 2023 (08): 313–336	 Review

https://doi.org/10.17221/78/2023-VETMED

Mechanism of the toxic effect 
of neonicotinoids

Neonicotinoids are classified as systemic insecti-
cides and as neurotoxins acting on the central ner-
vous system of organisms (Wang et al. 2018a). They 
work in insects and mammals as nicotinic acetyl-
choline receptor (nAChRs) agonists, especially the 
subtype α4β2 (Tomizawa and Casida 2005).

Acetylcholine (ACh) is an endogenous agonist 
and excitatory neurotransmitter of  the cholin-
ergic nervous system. It occurs under the action 
of a nicotinic cholinergic synapse in two steps. 
Acetylcholine is  first released through the pre-
synaptic membrane and interacts with a localised 
binding site on the extracellular domain nAChR 
complex-ion channel. A conformational change 
in the receptor molecule leads to the opening of the 
ion channel, promoting the influx of extracellular 
Na+ and intracellular K+, disturbing the equilib-
rium membrane potential. In insects, most nAChRs 
are located in the neutrophilic areas of the central 
nervous system. They are responsible for fast neu-
rotransmission and are an important target for in-
secticides (Tomizawa and Casida 2005). Mammals 
have nAChRs mainly in the muscles, brain, and pe-
ripheral vegetative nerves. They work as chemically 
dependent ion channels, composed of five subunits 
forming vertical pores in the plasma membrane 
of cells (Yamamoto et al. 1998).

Vertebrates and invertebrates have different 
nAChRs, so neonicotinoids are thought to have 
a higher selectivity for invertebrate nAChRs than 
vertebrates. This phenomenon is the reason for the 
lower neurotoxicity of neonicotinoids for mam-
mals, fish, and birds. Vertebrate receptors have 
a different configuration in the receptor-forming 
subunits, and insecticide binding is weaker or takes 

less time than it does with the insects (Yamamoto 
et al. 1998; Tomizawa and Casida 2005).

Neurotoxicity is  not the only possible toxic 
effect of  neonicotinoids (Casida 2011; Casida 
2018; Thompson et  al. 2020; Mukherjee et  al. 
2022). Studies indicate that, for vertebrates and 
also invertebrates, they may be genotoxic (Hong 
et al. 2018; Senyildiz et al. 2018), immunotoxic 
(Di Prisco et al. 2017; Hong et al. 2018), hepato-
toxic (Wang et al. 2019), and have cytotoxic effects 
(Senyildiz et al. 2018; Wang et al. 2019). Some stud-
ies also (Bal et al. 2012; Lonare et al. 2014; Wessler 
and Kirkpatrick 2017; Ge et al. 2018; Raby et al. 
2018; Picone et al. 2022) point to the possible im-
pairment to the reproductive processes and abili-
ties of vertebrate and invertebrate animals when 
exposed to neonicotinoid substances.

European Union and neonicotinoids

In the mid-1990s, shortly after the first neonic-
otinoids’ launch, French beekeepers warned of the 
loss of bees caused by the newly introduced class 
of systemic insecticides, particularly by the com-
pound imidacloprid. Beekeepers reported exten-
sive damage to foraging hives on the crops treated 
with imidacloprid. However, poisoning symptoms 
indicated more of the parasitic mite Varroa and its 
associated viruses (Ndakidemi et al. 2016). At the 
European Conference on Bee Research in 2006, 
Italian scientists warned of the dangers of sowing 
dust treated with clothianidin and imidacloprid 
(Greatti et al. 2006). The risk of the dust from the 
infested seeds was confirmed by a massive bee poi-
soning incident in southern Bavaria in the Rhine 
Valley. More than 11 500 hives showed signs of in-
secticide poisoning. A chemical analysis of the dust, 

Table 1. Classification of nicotinic acetylcholine receptor agonists (IRAC 2023)

Group 4 – Nicotinic acetylcholine receptors agonists
neonicotinoids sulfoximines butenolides mesoionics pyridylidenes

Nicotine

acetamiprid (ACE)
clothianidin (CLO)
dinotefuran (DNT)
imidacloprid (IMI)
nitenpyram (NTP)
thiacloprid (THA)

thiamethoxam (THM)

sulfoxaflor (SFX)
flupyradifurone 

(FLU)
triflumezopyrim
dicloromezotiaz flupyrimin
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plant samples, bee samples and pollen confirmed 
the poisoning was derived from clothianidin treated 
corn seeds (Pistorius et al. 2008). Four major studies 
were published in 2012 (Gill et al. 2012; Henry et al. 
2012; Lu et al. 2012; Whitehorn et al. 2012), sug-
gesting that neonicotinoids are dangerous for bees. 
Even though the studies contained shortcomings 
in the form of unrealistically simulated laboratory 
conditions or excessive doses of the administered 
pesticide, the studies made a significant contri-
bution to  the European Commission’s decision 
on a moratorium on the use of three neonicotinoids 
(imidacloprid, clothianidin and thiamethoxam) 
on crops attractive to bees from December 2013. 
The moratorium was based on laboratory studies 
that do not match the natural environment and bee 
behaviour, confusing, especially for beekeepers, 
who have long moved bee colonies close to flow-
ering oilseed rape (Brassica napus subsp. napus), 
from whose nectar they can obtain prised honey. 
The moratorium is  also problematic for farm-
ers who use funds to replace the prohibited sub-
stances thus causing financial difficulties (Carreck 
2017). In 2013, with Regulation No. 485/2013, the 
European Commission severely limited the use 
of plant protection products and seed treatments 
containing clothianidin, imidacloprid, or thiameth-
oxam. Measures based on a risk assessment by the 
European Data Protection Supervisor Food Safety 
Authority (EFSA) in 2013 were concerned with 
bee-attractive plants, such as maize, oilseed rape 
or sunflowers. Using pesticides containing the three 
substances was only possible in greenhouses, treat-
ing certain crops after flowering, or treating win-
ter cereals. In 2017, the competent services of the 
European Commission submitted a proposal for 
a total ban on the use of these three active sub-
stances in the outdoor environment. Implementing 
a regulation amending the conditions for the ap-
proval of the active substances imidacloprid, clo-
thianidin, and thiamethoxam were published in the 
Official Journal of the EU on 30 May 2018. The use 
of all three substances in the outdoor environment 
is prohibited and remains valid as only possible 
in permanent greenhouses. Other neonicotinoid 
substances were also evaluated – acetamiprid and 
thiacloprid. Acetamiprid is considered as having 
low toxicity to bees, and its use is approved in the 
EU until 28 February 2033. National authorities can 
assess whether there are more favourable alterna-
tives to the used product, including non-chemical 

methods. The use of clothianidin and imidacloprid 
was definitively restricted in 2019 and thiameth-
oxam and thiacloprid were restricted in 2020. From 
2020, some European Member States have repeat-
edly granted emergency authorisations for the men-
tioned banned substances for their use on sugar 
beets, but the European Commission and EFSA 
are analysing and monitoring these steps and dis-
cussing possible wider implications of the ruling 
(European Commission 2023). Only 7 years after its 
authorisation, the use of sulfoxaflor was restricted 
by a European Commission decision in April 2022. 
Member States withdrew or amended authorisa-
tions for plant protection products containing 
sulfoxaflor as an active substance by 19 November 
2022 at the latest [Reg. (EU) 2022/686]. Therefore, 
only acetamiprid and flupyradifurone are approved 
for use in the EU. Although most active substanc-
es from the group of neonicotinoids are banned 
in the EU, these substances, mainly imidacloprid 
and thiacloprid, are still among the most widely 
used insecticides in the world, especially in China 
and the USA (Klingelhofer et al. 2022).

Neonicotinoids in aquatic ecosystems

Neonicotinoids are soluble in water, making them 
easier to use, such as a systemic insecticide. They 
also have different half-lives in the soil and water, 
where they are under anaerobic conditions and 
at neutral or slightly acidic pH resistant to hydro-
lysis (EFSA 2008; Morrissey et al. 2015). Persistence 
is  affected by  environmental conditions, such 
as an increased pH, and the turbidity increases the 
persistence (Sarkar et al. 2001). Neonicotinoids may 
be subject to shallow water with high transparency 
photodegradation. Physical-chemical properties, 
especially high solubility, and low soil adsorption 
support the movement of these pesticides through 
the surface and subsurface runoff (EFSA 2008).

Neonicotinoids enter aquatic ecosystems main-
ly through surface runoff from treated cultures 
(Armbrust and Peeler 2002) by leaching into the 
groundwater (Kreutzweiser et al. 2008), by treating 
cultures and sowing infested seeds in water forma-
tions, such as in rice fields (Lamers et al. 2011). 
During the sowing of seeds treated with neonic-
otinoid preparations, dust is  formed, obtained 
as a solid fraction into the recipients in the form 
of fallout (Morrissey et al. 2015). Significant con-
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tamination of the surface water occurs after heavy 
precipitation (Chiovarou and Siewicki 2008) and 
during snow melts, which can carry both dissolved 
and solid fractions (Main et al. 2014).

Neonicotinoids have become relatively commonly 
detected substances in aquatic ecosystems world-
wide. In surface waters, they are generally detected 
in the tens to hundreds of ng/l, with exceptional 
concentrations in the tens of μg/l (Main et al. 2014 
Morrissey et al. 2015; Pietrzak et al. 2019; Sjerps 
et al. 2019; Lu et al. 2020; Mahai et al. 2021). The lim-
iting concentrations for the occurrence of pesticides 
in drinking water in the EU are set by Directive (EU) 
2020/2184 at 0.1 μg/l for each individual pesticide 
or its metabolite and at 0.5 μg/l for the sum of the 
individual pesticide concentrations set (European 
Commission 2020). An overview of the detected 
concentrations of neonicotinoids in water is given 
in Table 2. In general, the most widespread neonic-
otinoid in surface waters is imidacloprid, with data 
also available for acetamiprid, thiacloprid, possibly 
clothianidin, and thiamethoxam. The concentrations 

and abundance in surface waters may be influenced, 
to some extent, by using the surrounding landscape 
or the time of year when the sampling is carried 
out. Higher concentrations of neonicotinoids can 
be expected in agricultural areas and during periods 
of insecticide application. Neonicotinoids are also 
detected in sources of drinking water. If a chemical 
is present in the water or its residue, aquatic organ-
isms have a minimal possibility to escape. The way 
how the substance affects the organism depends 
on its concentration, kinetics, mechanism of action 
and the detoxification ability of the species (Escher 
et al. 2011). Pesticides can enter the bodies of organ-
isms, for example, by inhalation, together with food 
or passage through the epidermis (Pisa et al. 2015).

Effects of selected neonicotinoids to aquatic 
organisms

Neonicotinoids can have significant sublethal 
and lethal effects on many aquatic invertebrates 

Table 3. Basic thiacloprid, acetamiprid and flupyradifurone characteristics

Characteristic Thiacloprid Acetamiprid Flupyradifurone

Chemical name
[3-[(6-chloropyridin-3-yl)

methyl]-1,3-thiazolidin-2-yli-
dene]cyanamide

N-[(6-chloropyridin-3-yl)
methyl]-N'-cyano-N-methyle-

thanimidamide

3-[(6-chloropyridin-3-yl)
methyl-(2,2-difluoroethyl)
amino]-2H-furan-5-one

Molecular formula C10H9ClN4S C10H11ClN4 C12H11ClF2N2O2

CAS 111988-49-9 160430-64-8 951659-40-8
Molecular weight (g/mol) 252.72 222.67 288.68
Colour yellowish white  –
Form crystalline powder crystals, crystalline solid –
Odour odourless odourless –
Solubility in water (g/l) 0.185 4.2 –

Soluble in

water, dichloromethane, 
n-octanol, n-propanol, ac-

etone, ethyl acetate, polyethyl-
ene glycol, acetonitrile, DMSO

water, acetone, methanol, 
ethanol, dichloromethane, 
chloroform, acetonitrile, 

tetrahydrofuran

–

log Kow 1.26 at 20 °C 0.80 at 25 °C –
Date of approval in EU 01.01.2005 01.01.2005 09.12.2015
Expiration of approval in EU 03.02.2020 28.02.2033 09.12.2025

Chemical structure depiction

References PubChem (2023a) PubChem (2023b) PubChem (2023c)
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(Morrissey et al. 2015; Pagano et al. 2020). Aquatic 
invertebrates are a crucial component of ecosys-
tems and form an essential link for energy flow 
between trophic layers. Invertebrates are important 
predators, parasites, and decomposers; they form 
the food base for many organisms from higher lev-
els of the food chain (Covich et al. 1999). For their 
susceptibility to water contamination, invertebrates 
are excellent bioindicators for evaluating the pres-
ence of pollutants and the state of the ecosystem 
(Borges et al. 2021).

Acute and chronic toxicity of neonicotinoid insec-
ticides significantly vary between species; the most 
sensitive orders are mayflies (Ephemeroptera), cad-
disflies (Trichoptera) and some species of Diptera, 
especially larvae of some midges (Chironomidae). 
Some species of  these orders of  insects already 
show a lethal effect at concentrations below 1 μg/l 
(Morrissey et al. 2015). With an increased exposure 
time, the LC50 (concentration that causes the 
death of 50% of tested organisms) value decreases 
(Sanchez-Bayo and Tennekes 2020).

Until it was banned, thiacloprid was one of the 
most widely used pesticide substances in the EU. 
Currently, acetamiprid and flupyradifurone are 
the only authorised substances for outdoor use 
in  the  EU. There are a  relatively large number 
of studies on the toxic effects of acetamiprid and 
thiacloprid on aquatic organisms. However, there 
are few studies on the effects of flupyradifurone. 
Most of the available studies deal with the effects 
of the active substance, but only a few studies deal 
with the effects of  the pesticide product itself. 
The basic characteristics of  thiacloprid (THA), 
acetamiprid (ACE) and flupyradifurone (FLU) are 
presented in Table 3. The acute toxicity of THA, 
ACE and FLU for the selected aquatic organisms 
is presented in Table 4. The chronic toxicity of the 
same solutions for the selected aquatic organisms 
is presented in Table 5. Acute and chronic exposure 
to neonicotinoids has been shown to affect a range 
of aquatic organisms. During acute exposure, the 
larvae and adults of mosquitoes, freshwater am-
phipods, mayflies and other invertebrates appear 
to be the most sensitive. Lesser effects were then 
observed on Bivalvia, fish and amphibians. The 
chronic exposure of invertebrates usually affects 
the hatching, larval development, and mortality. 
Altered feeding strategies have also been observed. 
The chronic exposure of fish usually affects the 
hatching, development, growth, reproduction, 
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enzymatic antioxidants biomarkers and oxidative 
stress. However, a shortcoming of many studies 
is the unclear methodology and the use of concen-
trations that are unrealistic to occur in the envi-
ronment.

The initiation of downstream drift may be a sub-
lethal effect of neonicotinoids, especially in running 
water organisms (Beketov and Liess 2008). Another 
observed phenomenon of organisms during expo-
sure to neonicotinoids is a reduced ability to eat, 
even after being relocated to a clean environment 
(Alexander et al. 2007). When evaluating neonicoti-
noids and other substance effects, not only the lethal 
and sublethal effects to organisms should be evalu-
ated, but also community-wide effects, the interac-
tions between the organisms and the functionality 
of the whole ecosystem should also be addressed 
(Hladik et al. 2018). The individual components 
of ecosystems are closely interconnected, although 
neonicotinoids do not cause vertebrate mortality 
directly, they act on them through their food base. 
The reduction in invertebrate abundance correlates 
with the reduction in the abundance of animals 
whose food base consists mainly of invertebrates 
(Sanchez-Bayo et al. 2016). As stated by Hayasaka 
et al. (2012), the recovery of populations affected 
by neonicotinoids is very challenging and slow, 
so it can be assumed that the return of aquatic in-
vertebrate predators will also be slow. One of the 
basic functions of ecosystems is the decomposi-
tion of organic matter, which, among others, the 

larvae of mayflies (Ephemeroptera), caddisflies 
(Trichoptera) and stoneflies (Plecoptera), are also 
sensitive, which are also considered as bioindica-
tors of water quality (Morse et al. 1993). If these 
organisms are reduced by neonicotinoids, a reduc-
tion in their deterrent activity also occurs. This 
phenomenon can also materialise as a sublethal 
effect (Kreutzweiser et al. 2008; Bundschuh et al. 
2020). The decomposition of organic matter affects 
the water quality in its recipients. The deteriora-
tion in the water quality can, thus, be one of the 
indicators of the presence of pollutants in the en-
vironment (Sanchez-Bayo et al. 2016).

Neonicotinoids in the Czech Republic

The success and use of neonicotinoids in agri-
culture can be demonstrated by their usage in the 
Czech Republic. In 2007, they accounted for less 
than 4% of the total usage of  insecticides in the 
Czech Republic. Even though the total consumption 
of insecticides in the Czech Republic has decreased 
since 2018, the share of neonicotinoids in the con-
sumption is on the contrary increasing. While it was 
less than 18% in 2018 and less than 19% in 2019, 
from 2020, the neonicotinoid consumption covers 
1/3 of the total insecticide consumption in the Czech 
Republic. The ratio of neonicotinoid consumption 
to insecticide consumption in the Czech Republic 
is shown in Figure 1. Since the beginning of neonic-

Figure 1

Figure 1. The ratio of neonicotinoid consumption to insecticide consumption in the Czech Republic (in %) (CISTA 2023)
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otinoid use, acetamiprid and thiacloprid have been 
the most used neonicotinoid substances, followed 
by imidacloprid and thiamethoxam to a lesser ex-
tent. The changing EU legislation and gradual bans 
of the selected substances are highly evident in the 
trends of neonicotinoid use. The trend in consump-
tion of individual neonicotinoid substances regis-
tered in the Czech Republic is shown in Figure 2. 
Up to 85% of the neonicotinoids consumed in the 
Czech Republic are applied to oilseeds and around 
10% are applied to cereals (CISTA 2023).

CONCLUSION

As one of the most progressive groups of insec-
ticides, neonicotinoids are also one of the most 
detected pesticides in global waters. Their suc-
cess and popularity can be demonstrated by the 
example of the Czech Republic, where they cur-
rently occupy more than 1/3 of the total insecticide 
market. Although they appeared to be of low tox-
icity to non-target organisms and invertebrates 
in  general when they were introduced, several 
studies have shown that these claims are not en-
tirely true. A number of neonicotinoids are highly 
toxic to pollinators and, for this reason, the EU 
has taken measures to restrict the use and even 
ban certain neonicotinoids altogether within the 
EU. Acute and chronic exposure to neonicotinoids 

has been shown to affect a range of aquatic organ-
isms. During acute exposure, the larvae and adults 
of mosquitoes, freshwater amphipods, mayflies and 
other invertebrates appear to be most sensitive. 
Lesser effects were then observed on Bivalvia, fish 
and amphibians. The chronic exposure of inverte-
brates usually affects the hatching, larval develop-
ment, and mortality. Altered feeding strategies have 
also been observed. The chronic exposure of fish 
usually affects the hatching, development, growth, 
reproduction, enzymatic antioxidants biomark-
ers and oxidative stress. However, a shortcoming 
of many studies is the unclear methodology and the 
use of concentrations that are unrealistic to occur 
in the environment. However, threats to individual 
species of organisms can pose a problem for their 
entire populations, even for entire ecosystems.
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