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TOXIC EFFECTS OF NEONICOTINOID INSECTICIDES ON NON-
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ABSTRACT

The aim of this review 1is to explain toxic effects of
neonicotinoid insecticides on non-target organisms and to raise
awareness in this regard. It has become more important in recent years
to increase the yield in agriculture in order to meet the growing
population and accordingly the increased food requirement.
Accordingly, various protective substances called pesticides have begun
to be utilized in agricultural areas. Insecticides are among the most
commonly used pesticides. Neonicotinoid insecticides have been used
against harmful insects increasingly in agriculture for the last 30 years.
In addition to agricultural areas these insecticides are also used
extensively against harmful pests in homes, parks and gardens.
Neonicotinoid insecticides are widespread in the environment and have
many adverse effects on non-target beneficial organisms. It is
estimated that the harmful effects of these insecticides extend from
some beneficial insects to birds and even mammals.
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NEONIKOTINOID INSEKTISITLERIN HEDEF-DISI ORGANIZMALAR
UZERINDEKI TOKSIK ETKILERI
0z

Bu derleme neonikotinoid insektisitlerin hedef olmayan
organizmalar lizerindeki zararli etkilerini aciklamak ve bu konuda
farkindalik yaratmak amaciyla hazirlanmigtir. Son yillarda artan niifus
ve buna bagh olarak artan beslenme ihtiyacini karsilamak amaciyla
tartmda verimin arttirilmast énem kazanmigstir. Buna bagl olarak
tartmsal alanlarda pestisit adi verilen cesitli koruyucu maddelerden
yararlanilmaya baslanmustir. Insektisitler en sik kullanilan pestisitler
arasinda  sayilmaktadir. Zararli  boceklere  karst  kullanilan
neonikotinoid insektisitler tarimda son 30 yildir giderek artan bir
oranda kullanilmaya baslanmigstir. Bu insektisitler tarimsal alanlarin
yani sira evlerde, parklarda ve bahgelerde zararlilara karst da yaygin

* This review was prepared based on the notification entitled "Toxic effects of
neonicotinoid insecticides on non-target organisms " presented at the International
and Interdisciplinary Environment and Literature Symposium of Manisa Celal Bayar
University (1-3 November 2017).
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sekilde kullanilmaktadir. Neonikotinoid insektisitler cevrede genis
yayitlim gostermekte ve hedef olmayan yararli organizmalar lizerinde
bircok olumsuz etki gdéstermektedir. Bu insektisitlerin zararli
etkilerinin bazi yararl béceklerden, kuslara ve hatta memelilere kadar
uzandigi tahmin edilmektedir.

Anahtar Kelimeler: Neonikotinoid, toksik etki, pestisit,
insektisit.

1. Introduction

The most important problems of the world are the increasing
population and the production of foodstuffs to meet the needs of this
population. But due to the lack of sufficient agricultural land, this can
only be achieved by increasing the yield from the unit area. Thus, the
use of preservatives known as pesticides in the production of yields
has increased. Pesticides are chemicals used to control pests and they
can be natural or synthetic. Due to the many advantages, pesticides
are commonly used worldwide. However, it’s been proved that these
chemicals have harmful effects on non-target organisms. One of the
most frequently used groups among pesticides are insecticides
(Oztiirk, 1990; Van Der Sluijs et al., 2013).

Insecticides are a type of pesticides that are produced to
destroy harmful insects. Today, there are many insecticides with
different active ingredients. However, there is a constant need for the
development of new active insecticides, especially in the case of
insect resistance against the active ingredients of certain insecticides,
especially in high amounts and in extreme cases. Neonicotinoid
insecticides are new generation insecticides developed in response
to this need. Neonicotinoids are nicotine-derived insecticides that
have been in use since the 1980s. Neonicotinoids are mostly used to
control absorbent beetles and some butterflies and they are
frequently preferred due to their target selective properties (Oztiirk,
1990; Van Der Sluijs et al,, 2013).

Neonicotinoid insecticides work as agonists of nicotinic
acetylcholine receptors (nAChR), they affect the nervous system by
binding to postsynaptic nicotinic acetylcholine receptors. It is known
that the structure of nicotinic acetylcholine receptors in mammals is
different from that of insects. It is thought that the neonicotinoids
have a low relevance to the receptors in the mammals and therefore
the toxicity of the neonicotinoid insecticides on the mammals is low.
However, neonicotinoid insecticides have been increasingly being
used instead of other insecticides in the control of pests due to their
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ease of application and storage, their low costs, their destruction and
their lack of lipophilic properties in contrast to other insecticides
such as organophosphorus and pyrethroids. Imidacloprid,
thiamethoxam, dinothifuran, clothianidine, acetamiprid, nitenpyram
and thiacloprid are some of the currently active neonicotinoid
insecticides (Table 1.) (Tomizawa and Casida, 2003; 2005; Casida
and Quistad, 2004).

Table 1. Widely used agricultural neonicotinoids
Some of Widely Used Agricultural Neonicotinoid
Insecticides

Acetamiprid

Clothianidin

Dinotefuran

Imidacloprid

Thiamethoxam

Thiacloprid

Nitenpyram

2. Distribution in the Nature

Neonicotinoid insecticides are used at high levels against
pests in agricultural areas, homes, parks and gardens (Figure 1.)
(Bredenberg, 2012). They are also used on pets to control parasites
(Mencke and Jeschke, 2002).

Neonicotinoids are insecticides with high solubility in water.
Under appropriate conditions (20°C, pH:7), solubility of
neonicotinoid insecticides ranges from 184 mg/L to 590,000 mg/L
and there is a continuous mixing of water sources (Wood and
Goulson, 2017). For this reason, they mix with surface and ground
waters in intense amounts (Figure 2.) (Gurur, 2013) and are
absorbed by the applied plants. Researchers have also reported that
these insecticides have been detected in some sources of drinking
water (Kathryn et al., 2017). The pollution of the water resources on
the earth means that the entire environment is contaminated
indirectly.

In the Netherlands, since 2004, the concentration of
imidacloprid, a neonicotinoid insecticide, in surface waters has been
found to be 25,000 times higher than the ecotoxicological limit (13
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ng/L) (Van Dijk et al,, 2013). Imidacloprid was detected in 89% of
samples taken from surface waters near agricultural areas in
California in 2010 and 2011, and 19% of these samples exceeded the
USEPA limit of 1.05 pg/L (Starner and Goh, 2012; Van Dijk et al,,
2013). In a study conducted in Canada in 2014, neonicotinoid
insecticide concentration was found to be maximum 256 ng/L
(mean: 15.9 ng/L) for imidacloprid, 1,490 ng/L (mean: 40.3 ng/L) for
thiamethoxam, maximum 3,110 ng/L (mean: 142 ng/L) for
clothianidin and 54.4 ng/L (mean: 1.1 ng/L) for acetamiprid in the
analysis of samples taken at different times from water sources and
sediments (Main et al, 2014; Bonmatin et al, 2015). In the
underground waters in Spain, the concentrations of neonicotinoids
were found to be more than 20 times the limit amount (Gonzalez-
Pradas et al, 2002). In Australia, five different neonicotinoid
insecticides were found in 27-93% of the samples taken after rainfall
from rivers drained from farmland and the concentrations of
imidacloprid and thiacloprid from these insecticides were reported
to be 4.6 ug/L and 1.4 pg/L, respectively (Sanchez-Bayo and Hyne,
2014; Morrissey et al., 2015).

It is known that insecticides are absorbed by plants and
accumulate especially in their pollen. In addition to leaf residues of
plants, the presence of these group of insecticides has been detected,
especially in nectars and pollen. Insecticides are known to reach
beneficial insects, bees, frogs, birds and even mammalians in this
way (Goulson, 2013).

Figure 1. Agricultural areas Figure 2. Water sources
3. Toxic Effects

The harmful effects of neonicotinoid insecticides, which were
initially thought not to cause harmful effects on non-target
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organisms, have begun to attract attention in recent years (Figure 3.)
(Smitley, 2016). Neonicotinoids cause many adverse effects such as
growth retardation, behavioral and reproductive disorders,
teratogenic effects and even death in useful organisms in the
ecosystem.

2008 May: The use of clothianidin and imidacloprid in
Germany has been determined to eliminate 50% of the honey bee
(Apis mellifera L.) population (EPA, 2008; Hopwood et al., 2012).

2013 June: 50,000 wasps died after the treatment of linden
trees with dinotefuran in the state of Oregon, USA (Black and Vaughn,
2013). Studies conducted under laboratory conditions also show that
neonicotinoid insecticides have significant toxic effects on honey
bees. These effects have been reported to result in loss of learning
and remembering abilities of the bees, communication disorders
within the hive, predisposition to immune system impairment,
decreased fertility and increased mortality (Maini et al., 2010; Uckun,
2013).

It is known that butterfly species and ladybugs, which are
necessary for pollination such as bees, are highly sensitive to these
group insecticides. Neurotoxic symptoms were detected in 72% of
the ladybug larvae (Hippodamia undecimnotata) found in the corn
crops which medicated with neonicotinoid insecticides. In addition,
it has been determined that neonicotinoid insecticides cause
reproductive disorders, cytotoxic, genotoxic effects, growth and
development problems and immun system disorders in fishes, non-
target insects, amphibians and some sensitive bird species
(Tegowska et al., 2004; Moser and Obrycki, 2009).

Lethal concentration (LC50) is the concentration of toxic
substance required to kill 50% of test animal populations under
controlled conditions. For many neonicotinoid insecticides, LC50
values were determined in different living organisms. The LC50 of
thiacloprid to zebrafish Danio rerio was 19.7 mg/L after 96h.
(Osterauer ve Kohler, 2008). According to a study conducted in 2004,
the 96 hour LC50 value of imidacloprid, which is a neonicotinoid
insecticide, on Rana nigromaculata was 129 mg/L and the 96 hour
LC50 value on Rana limnocharis was 82 mg/L (Feng et al., 2004).

When the neonicotine group insecticides are applied to the
seeds, they also kill the seed-consuming bird species. In particular, it
has been observed that insectivorous birds are severely damaged
and their mortality rate is increased by the use of this group of
pesticides. At the same time it is estimated that the application of
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neonicotinoid pesticides to soil can have negative impacts on
earthworms (Seagraves and Lundgren, 2012). The use of three
insecticides  (clothianidin, imidacloprid and thiamethoxam)
belonging to this group has been restricted on a continental basis as
of 1 January 2013 (EFSA, 2013; Goulson, 2013).

Figure 3. Examples of non-target organisms in the world

4. Conclucions
Every organism in the ecosystem has an important role in
ensuring ecological balance in the nature. The decline or increase in
the number of any living organism in the ecosystem causes the
degradation of this ecological balance. Pesticides can have serious
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negative impacts on the environment. Neonicotinoid insecticides are
increasingly used in agriculture and they are actively marketed
worldwide for the last 30 years (Tomizawa and Casida, 2003).

It's estimated that neonicotinoid insecticides have significant
toxic effects on many non-target beneficial organisms in the nature.
Although neonicotinoids are frequently used, studies on the
environmental effects of these pesticides are very limited. More
ecotoxicological studies are needed to demonstrate the risks
associated with the use of neonicotinoid insecticides.

Further investigations of the acute, chronic, genotoxic and
carcinogenic effects of these insecticides are ecologically important.
As well as the results of these studies use of pesticides should be
restricted and controlled worldwide. This rewiev aimed to assess the
adverse affects of neonicotinoid insecticides on non-target beneficial
organisms and to raise awareness about unconsciously usage of
these insecticides.

5. References

BLACK, Scott Hoffman and VAUGHAN, Mace (2013), Pesticide
causes largest mass bumble bee death on record, The Xerces Society
for Invertebrate.

BONMATIN, Jean M, GIORIO, C, GIROLAMII, V, GOULSON, D,
KREUTZWEISER, D, P, KRUPKE, C, LIESS, M, LONG, E, MARZARO, M,
MITCHELL, E, A, D, NOOME, D A, SIMON-DELSO, N and TAPPARO, A
(2015) Environmental fate and exposure; neonicotinoids and
fipronil, Environ. Sci. Pollut. Res., S: 22, ss. 35-67..

BREDENBERG, Al (2012), “Online ‘Cool Farm’ Tool Helps
Farmers Calculate Their Carbon Footprint”,
(https://inhabitat.com/online-cool-farm-tool-helps-farmers
calculate-their-carbon-footprint/) (10.10.2017)

CASIDA, John E and QUISTAD, Gary B (2004), Why
insecticides are more toxic to insect than people, the unique
toxicology of insects, Journal of Pesticide Science, S:29, ss. 81-86.

EFSA (European Food Safety Authority) (2013), Conclusion
on the peer review of the pesticide risk assessment for bees for the
active substance clothianidin, EFSA Journal, S: 11(1), ss. 3066.

EPA (Environmental Protection Agency) (2008), “EPA acts to
protect bees”, (www.epa.gov/pesticides), (08.10.2017)

FENG, S, KONG, Z, WANG, X, ZHAO, L and PENG, P (2004),
Acute toxicity and genotoxicity of two novel pesticides on amphibian,
Rana N. Hallowell, Chemosphere, S: 56, ss. 457-63.

Cevre ve Edebiyat Ozel Sayisi | 193


https://inhabitat.com/online-cool-farm-tool-helps-farmers-calculate-their-carbon-footprint/
https://inhabitat.com/online-cool-farm-tool-helps-farmers-calculate-their-carbon-footprint/
http://www.epa.gov/pesticides

Ilknur DULGER

GONZALEZ-PRADAS, Emilio, URENA-AMATE, Maria D,
FLORES-CESPEDES,  Francisco, FERNANDEZ-PEREZ, Manuel,
GARRATT, James and WILKINS, Richard ] (2002), Leaching of
imidacloprid and procymidone in a greenhouse of southeast of Spain,
Soil Science Society of America Journal, S: 66, ss. 1821-1828.

GOULSON, Dave (2013), An owerview of the environmental
risks posed by neonicotinoid insecticides. Journal of Applied Ecology,
S: 50, ss.977-987.

GURUR (2013), “Su Kaynagi Nedir?”,
(http://www.nkfu.com /su-kaynagi-nedir/) (10.10.2017)

HOPWOOD, Jeniffer, VAUGHAN, Mace, SHEPHERD, Matthew,
BIDDINGER, David, MADER, Eric, BLACK, Scott Hoffman and
MAZZACANO, Celeste (2012), Are Neonicotinoids Killing Bees? The
Xerces Society for Invertebrate Conservation, p. 33.

KATHRYN, Klarich L, NICHOLAS, Pflug C, EDEN, DeWald M,
MICHELLE, Hladik L, DANA, Kolpin W, DAVID, Cwiertny M and
GREGORY, LeFevre H (2017), Occurrence of neonicotinoid
insecticides in finished drinking water and fate during drinking
water treatment, Environ. Sci. Technol. Lett,, S: 4, ss.168-173.

MAIN, Anson R, HEADLEY, John V, PERU, Kerry M, MICHEL,
Nicole L, CESSNA, Allan ] and MORRISSEY, Christy A (2014),
Widespread use and frequent detection of neonicotinoid insecticides
in wet lands of Canada’s prairie pothole region, PLoS One, S: 9,
€92821.

MAINI, Stefano, MEDRZYCKI, Piotr and PORRINI, Claudio
(2010), The puzzle of honey bee losses: a brief review, Bulletin of
Insectology, S: 63, ss.153-160.

MENCKE, Norbert and JESCHKE, Peter (2002), Therapy and
prevention of parasitic insects in veterinary medicine using
imidacloprid, Curr Top Med Chem., S: 7, ss. 701- 715.

MORRISSEY, Christy A., MINEAU, Pierre, DEVRIES, James H,
SANCHEZ-BAYO, Francisco, LIESS, Matthias, CAVALLARO, Michael C
and LIBER, Karsten (2015), Neonicotinoid contamination of global
surfacewaters and associated risk to aquatic invertebrates: a review,
Environ. Int,, S: 74, ss. 291-303.

MOSER, Susan E and OBRYCKI, John ] (2009), Non-target
Effects of Neonicotinoid Seed Treatments; Mortality of Coccinellid
Larvae Related to Zoophytophagy, Biological Control, S: 51, ss. 487-
492.

OSTERAUER, Raphaela and KOHLER, Heinz R (2008),
Temperature-dependent effects of the pesticides thiacloprid and

194 | Manisa Celal Bayar Universitesi Sosyal Bilimler Dergisi - Cilt: 16, Say1: 1/2 May1s 2018


http://www.nkfu.com/su-kaynagi-nedir/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mencke%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12052186
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeschke%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12052186
https://www.ncbi.nlm.nih.gov/pubmed/12052186

Toxic Effects Of Neonicotinoid Insecticides On Non-Target Organisms

diazinon on the embryonic development of zebrafish (Danio rerio),
Aquatic Toxicology, S: 86, ss. 485-494.

OZTURK, Saffet (1990), Tarim lIlaglar;, Hasad Yaymclik,
Ankara, s. 523.

SANCHEZ-BAYO, Francisco and HYNE, Rose V (2014),
Detection and analysis of neonicotinoids in river waters—
development of a passive sampler for three commonly used
insecticides, Chemosphere S: 99, ss. 143-151.

SEAGRAVES, Michael P and LUNDGREN, Jonathan G (2012),
Effects of neonicotinoid seed treatments on soybean aphid and
natural enemies, J. Pest. Sci. S: 85, ss. 125-132.

SMITLEY, Dave (2016), How to protect pollinators in urban
landscapes and gardens, Michigan State University Extension,
Department of Entomology.

STARNER, Keith and GOH, Kean D (2012), Detection of the
neonicotinoid insecticide imidacloprid in surface waters of three
agricultural regions of California, USA, 2010-2011. Bull. Environ.
Contam. Toxicol, S: 88, ss. 316-321.

TEGOWSKA, Eugenia, GRAJPEL, Barbara, WOREK, Krzysztof,
WIOLCZYNSKA, Bogdana and PIECHOWICZ, Bartosz (2004),
Effect of acetamipride on development and consumption of iodine by
tadpole of Rana temporaria (Amphibia: Anura), Zoologica Poloiniae,
S:4ss.181-190.

TOMIZAWA, Motohiro and CASIDA, John E (2003), Selective
Toxicity of neonicotinoids attributable to specificity of insect and
mammalian nicotinic receptors, Annual Review of. Entomology, S:48,
ss. 339-364.

TOMIZAWA, Motohiro and CASIDA, John E (2005),
Neonicotinoid insecticide toxicology: Mechanism of selective action,
Annual Review of Pharmacology and Toxicology, S:45, ss. 247-268.

UCKUN, Mirac, Xenopus laevis Iribaslarina Thiakloprid ve
Trifloksistrobin’in Akut Toksik Etkilerinin Arastirilmasi, Doktora
Tezi, Inoni Universitesi Fen Bilimleri Enstitiisii, 2013.

VAN DER SLUIJS, Jeroen P, SIMON-DELSO, Noa, GOULSON,
Dave, MAXIM, Laura, BONMATIN, Jean-Marc and BELZUNCES, Luc P
(2013), Neonicotinoids, bee disorders and the sustainability of
pollinator services, Curr. Opin. Env. Sus., S: 5, ss. 293-305.

VAN DIJK, Tessa C, VAN STAALDUINEN, Marja A, VAN DER
SLUIJS, Jeroen P (2013), Macroinvertebrate decline in surface water
polluted with imidacloprid, PLoS One, S: 8, e62374.

Cevre ve Edebiyat Ozel Sayisi | 195



Ilknur DULGER

WOOD, James T and GOULSON, Dave (2017), The
environmental risks of neonicotinoid pesticides: a review of the
evidence post 2013, Environ. Sci. Pollut. Res., S:24, ss. 17285-17325.

196 | Manisa Celal Bayar Universitesi Sosyal Bilimler Dergisi - Cilt: 16, Say1: 1/2 May1s 2018



