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αKnowing what I do,  
there would be no future peace for me if I kept silentΧά 

Rachel Carson 

 
 

Å Henk Tennekes graduated from the 
Agricultural University of Wageningen, The 
Netherlands in 1974 and performed his Ph.D. 
work at Shell Research in Sittingbourne in 
the UK.  

Å He worked at the German Cancer Research 
Centre in Heidelberg from 1980-1985, where 
renowned pharmacologist and oncologist 
Hermann Druckrey became his mentor 

Å In 2009, Tennekes discovered that the dose 
response characteristics of the toxicity of 
widely used neonicotinoid insecticides to 
arthropods were strikingly similar to those of 
genotoxic carcinogens. The effects of these 
compounds are reinforced by exposure time   

Å Realising the dire consequences of 
environmental pollution with these 
insecticides, Tennekes decided to write a 
book to warn the general public about an 
impending environmental catastrophe 



DŜǊƳŀƴ 9Řƛǘƛƻƴ ƻŦ Ψ! 5ƛǎŀǎǘŜǊ ƛƴ ǘƘŜ aŀƪƛƴƎΩ 
Preface by Professor Hubert Weiger, Chairman, Friends of the Earth Germany 
German Translation:  Sven Buchholz  Tomas Brückmann  Patricia Cameron 



The Legacy of Rachel Carson 
Silent Spring (1962) 

 

Å In 1962, the American biologist 
Rachel Carson published her book 
α{ƛƭŜƴǘ {ǇǊƛƴƎϦΣ ƛƴ which she 
describes rapidly  declining 
biodiversity caused by 
widespread use of pesticides, 
such as DDT 
 

Å ά{ƛƭŜƴǘ {ǇǊƛƴƎέ ǊŜƳŀƛƴǎ one of 
the most effective denunciations 
of industrial malpractice ever 
written and is widely credited 
with triggering popular ecological 
awareness in the US and Europe  

  



The Legacy of Rachel Carson 
Silent Spring (1962) 

 

Å At the Women's National Press 
Club, Rachel Carson denounced 
the links that had been 
established between science and 
industry: 

 

Å "When a scientific organisation 
speaks," she asked, "whose voice 
do we hear ς that of science or of 
the sustaining industry?"  

 

Å The question remains as 
pertinent today as it did in 1962 

 



The Legacy of Rachel Carson 
Silent Spring (1962) 

 
Å Nor have matters improved. 

Neonicotinoids, insecticides used 
in seed dressing, have been 
linked to colony collapse disorder 
in honeybees, a condition that 
already in 2007 alone saw 
800,000 hives wiped out in the 
US 

 



DDT Becomes Concentrated In Food Chains 
 

Å DDT is highly lipophilic and only 
slowly  metabolised, and becomes 
concentrated as it passes through a 
food chain 

Å The hazard of DDT to non-target 
animals is particularly acute for 
those species living at the top of 
food chains 

Å Carnivores at the ends of longer 
food chains (e.g. ospreys, pelicans, 
falcons, and eagles) suffered 
serious declines in fecundity and 
hence in population  

Å The use of DDT was banned (1972) 
in the United States 

 



 
 

Neonicotinoids Break Food Chains And May Have Adverse 
Effects on Human Health, Especially On The Developing Brain 

  

  
Å Neonicotinoid insecticides that are currently in 

use are water soluble (hydrophilic) and 
permeate the whole plant 

Å Advantage:  
Application rates are much lower than for 
traditionally used insecticides 

Å Catastrophic Disadvantages:  
Non-target insects such as  honey bees or 
butterflies that collect pollen or nectar from the 
crop are poisoned 

Å Moreover, neonicotinoids may leach from soils, 
threathening non-target  invertebrates in 
general. Breaking one link on the food chain 
means that all of the organisms above that link 
are in threat of extinction 

Å Neonicotinoids as well as nicotine directly act 
on mammalian nicotinic acetylcholine receptors 
(nAChRs), and residues of neonicotinoids in food 
may have various adverse effects on the human 
health, especially on the developing brain  



 
 

Lethal Effect of Imidacloprid on Honey Bees 
Toxicity Is Reinforced By Exposure Time 

Suchail S, Guez D, Belzunces LP, 2001. Environ. Toxicol. Chem. 20: 2482-2486 
Tennekes HA, Sánchez-Bayo F, 2012. J. Environment. Analytic Toxicol. S4- 001 

 
 
 
 

 
 
 
 

Å The lower the exposure concentration,  
the longer the latent period up to a lethal 
effect,  
the lower the lethal dose 
 

Å The dose : response relationship is a 
Druckrey-Küpfmüller equation 
 
Ln T50 (hrs) = 5.11 ς 0.22 Ln C (µg. L-1 or kg-1) 
 
or 
 

C x T50 4.5  = constant 
 
 
 

  

Concentration 
C 
(µg/L) 

Latent Period 
 T50 (hours) 

Lethal Dose 
(µg/L x hours) 

57 48 2,736 

37 72 2,664 

10 173 1,730 

1 162 162 

0.1 240 24 



Lethal Effect of Imidacloprid on the Ostracod Cypridopsis vidua 
Toxicity Is Reinforced By Exposure Time 

Sánchez-Bayo F. 2009. Ecotoxicology 18: 343-354 
Tennekes HA. 2010. Toxicology 276, 1-4. 

Tennekes HA, Sánchez-Bayo F. 2012. J. Environment. Analytic Toxicol. S4- 001 
 

Å The lower the exposure 
concentration,  
the longer the latent period up to a 
lethal effect, 

the lower the lethal dose  

  

Concentration 
(µg/L) 

Latent Period 
(days) 

Lethal Dose 
(µg/L x days) 

4,000 0.9 3,600 

250 2.3 575 

64 3.3 211.2 

4 5.2 20.8 



Induction of Liver Cancer In Rats By Diethylnitrosamine 
Toxicity Is Reinforced By Exposure Time 

Druckrey, H., Schildbach, A., Schmaehl, D., Preussmann, R., Ivankovic, S., 1963. Arzneimittelforsch. 13, 841ς851 

Å The lower the exposure 
concentration,  
the longer the latent period up to 
a carcinogenic effect,  
the lower the carcinogenic dose  

 

Daily Dose 
(mg/kg) 

Latent 
Period 
(Days) 

Carcinogenic 
Dose 
(mg/kg) 

9,6 101 963 

1,2 238 285 

0,3 457 137 

0,075 840 64 



The Dose:Response Characteristics Of Genotoxic Carcinogens 
(Right) And Neonicotinoids (Left) Are Strikingly Similar 

Druckrey-Küpfmüller Equations C x T50 n = constant, with ƴ җ м 
 

Tennekes, H.A. (2010) Toxicology 276, 1ς4. 
 



Risk Assessment of Neonicotinoids 
C. Maus & R. Nauen (2011) Toxicology 280: 176-177 

H.A. Tennekes (2011) Toxicology 280: 173ς175 

Å Drs Christian Maus and Ralf Nauen of 
Bayer CropScience asserted that 
άthere is no substantiation for 
concerns that effects like described by 
the DruckreyςKüpfmüller equation 
might entail a higher chronic toxicity 
than currently determinedέΦ  

Å They refer to numerous studies 
providing evidence that άthere is 
under realistic conditions no 
correlation between exposure of 
honey bees to imidacloprid-treated 
crops and increased colony 
mortalityέΣ 

Food Source 
 

Imidacloprid 
Content (ppb) 

Expected 
Lethal Effect 
(days) 

Nectar 1 6.9 

Neonicotinoids are lethal to 
honeybees at infinitesimal exposure 
concentrations:  
 
Ln T50 (hrs) = 5.11 ς 0.22 Ln C (µg. L-1 or kg-1)  
or  

C x T50 4.5  = constant 



Current Toxicological Risk Assessment Can Lead To Serious Underestimates Of Actual Risk  

Neonicotinoids Are A Case In Point 
Tennekes HA, Sánchez-Bayo F (2011) J Environment Analytic Toxicol S4:001. doi:10.4172/2161-0525.S4-001  

Å The traditional approach to toxicity 
testing is to consider dose 
(concentration)-effect relationships 
at arbitrarily fixed exposure durations 
ǿƘƛŎƘ ŀǊŜ ǎǳǇǇƻǎŜŘ ǘƻ ǊŜŦƭŜŎǘ ΨŀŎǳǘŜΩ 
ƻǊ ΨŎƘǊƻƴƛŎΩ ǘƛƳŜ ǎŎŀƭŜǎΦ  

Å This approach measures the 
proportion of all exposed individuals 
responding by the end of different 
exposure times.  

Å Toxicological databases established in 
this way are collections of endpoint 
values obtained at fixed times of 
exposure. As such these values 
cannot be linked to make predictions 
for the wide range of exposures 
encountered by humans or in the 
environment.  

 

Å An increasing number of researchers 
are using a variant of the traditional 
toxicity testing protocol which 
includes time to event (TTE) 
methods.  

Å This TTE approach measures the 
times to respond for all individuals, 
and provides information on the 
acquired doses as well as the 
exposure times needed for a toxic 
compound to produce any level of 
effect on the organisms tested.  

Å Consequently, extrapolations and 
predictions of toxic effects for any 
combination of concentration and 
time are now made possible. 
 



The Risk Of Imidacloprid For Honey Bees Is Underestimated 
Suchail S, Guez D, Belzunces LP, 2001. Environ. Toxicol. Chem. 20: 2482-2486 

Bonmatin JM et al., 2007. Environmental fate and ecological effects of pesticides. Pp. 827-834 
Mullin CA et al, 2010. PloS One 5, e9754 

 
Å Druckrey-Küpfmüller equation 

 
Ln T50 (hrs) = 5.11 ς 0.22 Ln C (µg. L-1 or kg-1) 
 
or 
 

C x T50 4.5  = constant 
 

 

Å The concentrations of 
imidacloprid detected in nectar or 
pollen cause lethal effects in 
honey bees within a week 

 

 

Food Source Imidacloprid 
Content C 
(µg/kg or 
ppb) 

Expected 
Latent 
Period 
(T50) 
(Days) 

Nectar 1 6,9 

3 5,4 

Pollen 0,7 7,5 

10 4,2 



Nicotine Is A Neuroteratogen 
Nicotine Alters The Developmental Trajectory Of The Brain 

Eppolito AK et al. (2010) Neurotoxicology and Teratology 32 : 336ς345 
Dwyer JB et al. (2009)  Pharmacol Ther. 122 : 125ς139 

Kimura-Kuroda J et al. (2012) PLoS ONE 7(2): e32432. doi:10.1371/journal.pone.0032432  

  
Å Nicotinic acetylcholine receptors 

(nAChRs) regulate critical aspects 
of brain maturation during the 
prenatal, early postnatal, and 
adolescent periods 

Å Nicotine disrupts the normal 
developmental influences of 
acetylcholine 

Å Neonicotinoids as well as nicotine 
directly act on mammalian 
nAChRs and, therefore, may have 
various adverse effects on the 
human health, especially on the 
developing brain. 



Neonicotinoids May Be Washed Out Of The Soil Into 
Waterways and Groundwater  

 

 

 

 

Å Not only are neonicotinoids water 
soluble and mobile in soil, they 
are also quite persistent in soil 
and water.  
 
 



Neonicotinoids Are Diffusing Through The Environment  
Breaking The Food Chain 

 

 

Å Imidacloprid is diffusing through 
the environment, killing or 
debilitating non-target insects 
and possibly other arthropods, 
and by doing so progressively 
reducing invertebrate prey for 
higher organisms 

 



 

Immune Suppression by Neonicotinoid Insecticides  
At The Root Of Global Wildlife Declines 

R Mason, H Tennekes, F  Sánchez-Bayo, P  Uhd Jepsen.  Journal of Environmental Immunology and Toxicology 2012; X:XX-XX (in press) 

 

Å There is experimental evidence of 
immune suppression in bees and fish 
by neonicotinoids 

Å There have been outbreaks of 
infectious diseases in honey bees, 
bumble bees, fish, amphibians, bats 
and birds in the past two decades 

Å The disease outbreaks started in 
countries and regions where 
neonicotinoid insecticides were used 
for the first time, and later they 
spread to other countries  

 



Nicotine Causes Many Adverse Effects  
On The Normal Development Of A Child 

Kimura-Kuroda J et al. (2012) PLoS ONE 7(2): e32432. doi:10.1371/journal.pone.0032432 

Å Perinatal exposure to nicotine 
is a known risk factor for  
sudden infant death 
syndrome,  
low-birth-weight infants, 
attention deficit/hyperactivity 
disorder (ADHD), 
autism  

Å¢ƘŜ DǊŀǇƘ ƻƴ ǘƘŜ wƛƎƘǘ ҦΥ  
The rise of autism in California 
since the introduction of the 
neonicotinoid insecticides in 
the early 1990s  

  
 



 A Generation in Jeopardy 
Iƻǿ ǇŜǎǘƛŎƛŘŜǎ ŀǊŜ ǳƴŘŜǊƳƛƴƛƴƎ ƻǳǊ ŎƘƛƭŘǊŜƴΩǎ ƘŜŀƭǘƘ ϧ ƛƴǘŜƭƭƛƎŜƴŎŜ 

 PESTICIDE ACTION NETWORK NORTH AMERICA ,  OCTOBER 2012 



The Widely Used Neonicotinoid Insecticide Imidacloprid  
Has Caused Major Contamination Of Dutch Surface Water  

Since 2004 
 

Red dots (right hand side) : Maximal Permissible Risk Level (MRL) Exceeded At Least Five Times 
In 2005, MRL Exceeded 25,000 Times at Noordwijkerhout (Flower Bulb Cultivation) 


