
Universiteit Utrecht 

Copernicus Institute 

Neonicotinoids 
risks to ecosystems and humans 

 Dr. Jeroen P. van der Sluijs, Utrecht University 

Beecome, Louvain la Neuve 9 Nov 2013 



Copernicus Institute 

Universiteit Utrecht 

1962 



Copernicus Institute 

Universiteit Utrecht 

Book by dr Henk Tennekes 
www.disasterinthemaking.com 
 

http://www.disasterinthemaking.com/
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The importance of pollinators 
• 90 major crops (35% world food production volume) 

depend on pollinators 
• Key nutrients: 90-100% from pollinator mediated crops (vit 
&��DQWLR[LGDQWV��O\FRSHQH��ǃ-tocopherol, vit A and folic acid) 

• Value in Europe: 14.2 billion Euro / yr 
• 87% of all flowering plants on earth depends on 25000 bee 

species for reproduction and evolution 

Presenter
http://www.bijensterfte.nl/node/20
http://www.bijensterfte.nl/node/19
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World wide: 25000 bee species 
In NL about 350 bee species, 181 of them  
are on the Red List / at risk of extinction 
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New pollinator emerging  
in China 



Copernicus Institute 

Universiteit Utrecht 

Pollinator decline: interaction of 
mutually reinforcing causes 

PPPP 
• Pollen 
• Pathogens 
• Pesticides 
• Places (for nesting) 

monoculture 
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Professor Shinzo Kagabu received the 2010 American 
Chemical Society International Award for Research in 
Agrochemicals in recognition of his discovery of imidacloprid 
(IMI) and thiacloprid, which opened the neonicotinoid era of 
systemic pest management.  

(Tomizawa & Casida, 2010, DOI:10.1021/jf103856c) 

Systemic insecticides: revolution in plant protection 

Systemic = crop takes it up into its plantsap: 
chemical makes plant toxic from inside 

http://dx.doi.org/10.1021/jf103856c
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Imidacloprid + Thiamethoxam 
+ Clothianidin in EU: 
>200 products 
>1000 allowed  
applications 
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Toxicity of neonicotinoids 
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Toxicity of insecticides to honeybees compared to DDT. The final column expresses the  
toxicity relative to DDT. (Source: Bonmatin, 2009)  
http://www.bijensterfte.nl/images/Bonmatin-conclusions-sentinelle-gb-2009.pdf 

http://www.bijensterfte.nl/images/Bonmatin-conclusions-sentinelle-gb-2009.pdf
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Corn coated with 
Gaucho (imidacloprid) 

75 gram imidacloprid / ha corn 
100000 seeds per ha 

0.00075 gram imidacloprid/seed 

3.7 nanogram = median lethal dose bee 

202702 LD50bee per corn seed 
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Imidacloprid 2010 
World production: 
20,000 tonnes 
 
(DDT peak-use  
80,000 tonnes  
in 1959) 
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Spray uses in Europe (70%) 

Uses:  
spray, seed treatment, other 
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Seed treatment uses in Europe (20%) 

Other uses in Europe 
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Neonicotinoids – the problems 
• Unprecedented scale of use: >1000 crops >120 

countries 
• High leaching potential: contamination of surface 

water 
• High persistence in water & soil: build up in 

environment 
• Broad spectrum toxicity - kills large range of non-

target invertebrates 
• Neurotoxic - bind irreversibly in nervous system 

causing cumulative and often delayed damage to 
non-target invertebrates (and vertebrates?) 

• Ecosystem services provided by pollinators, soil 
decomposers, foodweb, etc. are at risk 

• Most neonicotinoid use is unnecessary to reduce 
economic crop damage . Where action is needed, 
other strategies can be equally effective. 
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Exposure pathways:  
• direct contact with spray drift and dust drift 

during application;  
• intake of nectar, pollen, water, guttation, 

honeydew etc. that contain residues;  
• residue in nesting material (resin, wax, etc.);  
• contact with contaminated plants, soil, water;  
• residue in cooling water used in the hive; 
• inhalation of contaminated air  
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Field test in Padua 
Deadly dust cloud 
< 30 seconds 10m away: 
300 to 4000 ng imidacloprid 
per bee 

http://www.bijensterfte.nl/en/node/507 

http://www.bijensterfte.nl/en/node/507
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Krupke e.a. 2012 study 

Krupke e.a. 2012. Multiple Routes of Pesticide Exposure for Honey Bees 
Living Near Agricultural Fields. http://dx.doi.org/10.1371/journal.pone.0029268 
 

http://dx.doi.org/10.1371/journal.pone.0029268


Copernicus Institute 

Universiteit Utrecht 

Wild trees translocate  
imidacloprid from surface 
water into pollen & nectar 
 

In NL we took samples from willow 
trees (Salix) in polluted areas 

13/27 = 48% samples 
Contaminated 
5/27 = 19% two neonics 
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T. Seeley 
The wisdom of the hive 
Chapter 9 regulation of water collection 
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Chronic toxicity imidacloprid for 
bumblebees 

Micro colonies fed with imidacloprid at  
• 200 ppm  100% mortality few hours 
• 20 ppm  100% mortality 14 days 
• 2 ppm   100% mortality 28 days 
• 0.2 ppm 100% mortality 49 days,  
• 20 ppb  15% mortality (77 days) 
• 10 ppb  0% mortality (77 days) 
NOEC reproduction <2.5 ppb 

http://dx.doi.org/10.1007/s10646-009-0406-2 Mommaerts e.a. 2010 

http://dx.doi.org/10.1007/s10646-009-0406-2
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Sublethal effects 
• Navigation and orientation 
• Feeding behaviour 
• Memory and learning 
• Neurophysiology 
• Larval development 
• Task differentiation in the colony 
• Moulting 
• Adult longevity 
• Immunology 
• Fecundity 
• Sex ratio 
• Mobility 
• Oviposition behaviour 
• Groomig and alloogrooming 
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Presenter
The mean number of queens produced by colonies in the control treatment was 13.72 (5.70), whilst in the low and high treatments it was only 2.00 (1.13) and 1.4 (0.53) respectively

http://dx.doi.org/10.1126/science.1215025
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Yamada 2012 D= clothianidin 10, 50, 100x diluted 
S= dinotefuran 10, 50, 100x diluted 
Compered to recommended field rate 
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Required dose of neonicotinoid per bee till colony extinction 

(Yamada, 2013) 
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Conclusions on pollinators 
 
• At field realistic concentrations, neonicotinoids produce wide range of 

adverse sublethal effects in bees, affecting colony performance through 
impairment of foraging success, brood, larval development, memory 
and learning, susceptibility to diseases, hive hygiene, etc. 

• Neonicotinoids synergistically reinforce infectious agents such as 
Nosema ceranae.  

• 85% reduction in bumblebee queen production could be a key factor 
explaining global trends of bumblebee decline.  

• Few studies assessed toxicity to other wild pollinators. Available data 
suggest that they are likely to exhibit similar toxicity to all wild insect 
pollinators.  

• Pollination is of vital importance both natural ecosystems and farming. 
• Insect pollinators require a high level of protection. 
• Transition to pollinator-friendly alternatives to neonicotinoids is 

urgently needed 
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Since 2004, 
Netherlands 
surface 
water is 
heavily 
polluted with 
Imidacloprid 
 
www.bestrijdingsmiddelenatlas.nl 
 

Only 1.6 to 20% 
of applied 
neonicotinoid is 
absorbed by the 
growing crop 
(Sur & Stork 
2003) 
80 to 98.4% 
leaches to soil & 
water!  

http://www.bestrijdingsmiddelenatlas.nl/
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• Species abundance data: 7381 locations (left)  
• Imidacloprid database: 801 locations (right) 
• Years 1998, 2003-2009 pooled 
• 18898 points with IMI data within 1 km radius & < 160 days 
• 4009 species from 92 orders included 
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 Macro-invertebrate decline in Dutch 
surface waters polluted with imidacloprid 
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Significant negative relationship 
between species abundance and 

imidacloprid concentration found for:  
- All orders pooled 
- Amphipoda (crustaceans) 
- Diptera (true flies) 
- Ephemeroptera (mayflies) 
- Isopoda (crustaceans) 
- Odonata (dragonflies & damselflies) 
- Basommatophora (snails) 
- All marcro invertebrates pooled  

 
For one order we found significant positive 

relation: Actinedida  
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log10 imidacloprid concentration (ng/l) versus log10 macro-invertebrate species 
abundance in surface water for a) Amphipoda, b) its most abundant species Gammarus 
tigrinus, c) Actinedida and d) its most abundant species Limnesia undulata.  
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Findings on aquatic ecosystems 
• 45% of all samples (n=9037) on 801 locations: 

imidacloprid exceeds MTR (>13 ng/l) 
• 70% reduction in macrofauna  

abundance in polluted water 
• Permanent leaching of  

Imidacloprid year round  
from fields to surface water 

• Meeting MTR requires  
reduction of use by at  
least 90% 
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http://www.abcbirds.org/abcprograms/policy/toxins/Neonic_FINAL.pdf 

http://www.xerces.org/wp-content/uploads/2013/09/XercesSociety_CBCneonics_sep2013.pdf 

http://www.abcbirds.org/abcprograms/policy/toxins/Neonic_FINAL.pdf
http://www.xerces.org/wp-content/uploads/2013/09/XercesSociety_CBCneonics_sep2013.pdf
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Risks for humans? 
• Neonicotinoids are not less toxic than 

organophosphates 
• Subacute poisoning of humans in Japan 
• ADI norms outdated (IMI 0.06 mg/kg = knowledge of 

2005) 
• Japanese research Kimura-Kuroda 2012:  

damage to developing brain in rats at 1173x lower dose 
imidacloprid than the thyroid effect on which present 
ADI is based. 

• Autism, Schizofrenia, ADHD??  
• invivo versus invitro 
• Parkinson (?) 
http://www.actbeyondtrust.org/wp-content/uploads/2012/10/kuroda.pdf 

 

http://www.actbeyondtrust.org/wp-content/uploads/2012/10/kuroda.pdf
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http://www.plosone.org/article/fetchObject.action?uri=info%3Adoi%2F10.1371%2Fjournal.pone.0032432&representation=PDF
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Research by dr. Kumiko Taira  
Subacute neonicotinoid poisoning humans 

1111 patients 2006/2007; 549 high fruit & tea diet 
- Most sensitive group: non-smoking females 
- Trembling fingers  
- Abnormal ECG (Heart rate abnormality tachycardia 

>100, bradycardia <60) 
- Loss of memory 
- Headache, shoulder pain, chest pain, muscle crump 
- 6-chloronicotinic acid (6CNA) in urine 
http://www.actbeyondtrust.org/wp-content/uploads/2012/10/taira.pdf 

MRL Imidacloprid  
5 mg/kg (berries) 
= 5000 ppb !!! 
1 mg/kg (citrus) 

http://www.actbeyondtrust.org/wp-content/uploads/2012/10/taira.pdf
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(Picture from: Japan Endocrine-disruptor Preventive Action) 

http://www.bijensterfte.nl/sites/default/files/Neonicotinoid_e.pdf
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www.bijensterfte.nl 
 

www.jvds.nl 
 

Twitter: @bijensterfte 
 

j.p.vandersluijs@uu.nl 
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