Henk Tennekes

Experimental Toxicology
Services Nederland

TheSystemidnsecticides
A Disaster in the Making

Dr. Henk Tennekes

HampshireBeekeepersAssociationConvention
10 November 2012




oKnowingwhat | do,
there would be no future peacefor me if | kept silentX a

Rachel Carson

HenkTennekegraduatedfrom the
Agricultural University of Wageningen, The
Netherlands in 1974ndperformedhisPh.D
v;/]ork at Shell Research Bittingbournen

the UK

Heworkedat the GermanCancer Research The systemic insecticides:
Centre inHeidelbergrrom 1980-1985,where a disaster in the making
renownedpharmacologisandoncologist
HermannDruckreybecamehis mentor

In 2009, Tennekediscoveredhat the dose
responsecharacteristic®f the toxicity of
widely usedneonicotinoidinsecticidego
arthropodswere strikinglysimilarto those of
genotoxiccarcinogensTheeffectsof these
compoundsare reinforced by exposuretime

Realisinghe dire consequencesf
environmentalpollution with these
insecticides Tennekeslecidedto write a
bookto warn thegeneralpublicaboutan
impendingenvironmentalcatastrophe
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German Translation: Sven Buchhdlbmas BriuckmanrPatriciaCameron FREUNDE DER ERDE

Das Ende der Artenvielfalt:
Neuartige Pestizide toten
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The Legacy of Rachel Carson

Silent Spring (1962

A In 1962, the Americahiologist
Rachel Carsopubllshedherbook R
af{ At SYyu whitlidhe vy 3 b By vl
describegapidly declining A ;
biodiversitycausedoy
widespreaduseof pesticides
suchasDDT

Aa{AtSyild { LiN&of3<MN
the most effective denunciations
of industrial malpractice ever C A@
written and is widely credited

with triggering popular ecological wfmﬂ m.df
awareness in the US adirope



The Legacy of Rachel Carson

Silent Spring (1962)

A Atthe Women's National Press
Club, Rachel Carson denounce
the links that had been
established between science a
Industry:

A "When a scientifiorganisation
speaks," she asked, "whose vo
do we heax that of science or ¢
the sustaining industf'

Rachel Carson

A Thequestion remains as
pertinent today as it did 1962 USA




The Legacy of Rachel Carson

Silent Spring (1962)

In seed dressing, have been
linked to colony collapse disord@
In honeybees, a condition that §
already in2007alone saw

800,000 hives wiped out in the




DDTBecomedLoncentratedn Food Chains

DDTis highlylipophilicand only
slowly metabolised andbecomes
concentrated as it passes through a
food chain

Thehazard of DDT toon-target
animals is particularly acute for
those species living at the top of
food chains

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

The useof DDT was banned (1972)
In the United States




NeonicotinoidsBreak Food Chaind&nd May HaveAdverse
Effectson HumanHealth, EspeciallyOn TheDevelopingBrain

Neonicotinoidinsecticideghat are currentlyin
useare water soluble biydrophilig and
permeatethe whole plant

Advantage:
Applicationratesare muchlower than for
traditionally usedinsecticides

Catastrophi®isadvantages
Nontargetinsectssuchas honeybeesor
butterflies that collectpollenor nectarfrom the
crop are poisoned

Moreover, neonicotinoidsmayleachfrom soils
threatheningnon-target invertebratesin
general Breakingone link on thefood chain
meansthat all of the organisms above that link
are in threat ofextinction

Neonicotinoidsas well as nicotine directly act

on mammaliamicotinic acetylcholine receptors
(NAChR)} and residues afeonicotinoidsin food
may have various adverse effects on the human
health, especially on the developing brain




Lethal Effect olmidaclopridon Honey Bees
ToxicityIs ReinforcedBy Exposurelime

SuchailS,GuezD, Belzunces LP, 20(Environ Toxicol Chem. 2024822486
Tennekes HA, Sanch&ayoF, 2012.]. Environment. Analytidoxicol S4 001

A Thelower the exposureconcentration
the longerthe latentperiodupto alethal

effect, Concentration | Latent Period | Lethal Dose
the lower the lethal dose C T50 (hours) (ug/L xhours)
(Hg/L)
A

The dose responserelationshipisa

DruckreyKiipfmiillerequation o7 48 2,736
LnT50 firs) = 5.11¢ 0.22L.nC (pg. 1 or kg-1) 37 72 2,664
or 10 173 1,730
C x T5@* = constant 1 162 162

0.1 240 24




Lethal Effect olmidaclopridon the OstracodCypridopsis/zidua

Toxicityls ReinforcedBy Exposurelime

SanchezBayoF. 2009 Ecotoxicologyl8: 343354
Tennekes HA. 2010oxicology276, 4.
Tennekes HA, Sanch&ayoF. 2012.J. Environment. Analyti¢oxicol S4 001

A Thelower the exposure Concentration Latent Period | Lethal Dose
concentration (ug/L) (days) (ug/L xdays

the longerthe latentperiodupto a

lethal effect, 4,000 0.9 3,600
the lower the lethal dose
250 2.3 575
M Cypridopsis vidua @ Apis mellifera
1 64 3.3 211.2
o
4 5.2 20.8

100 A
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T50 (days)

Induction of LiverCancer In RatBy Diethylnitrosamine
Toxicityls ReinforcedBy Exposurelime

Druckrey H., Schildbach, ASchmaeh| D.,PreussmannR., lvankovic, S., 196Brzneimittelforsch 13, 841851

A Thelower the exposure Daily Dose | Latent Carcinogenic
concentration Period Dose
the longerthe latent period up to (Days) (mg/kg)
a carcinogenieffect, 9,6 101 963
the lower the carcinogenic dose
@ 4-DAB B 4-DAST A DENA 1’2 238 285
1000 - 0,3 457 137

0,075 840 64

100 A

10
0.01 0.1 1 10

Daily dose (mg/rat)




TheDose:Respons€haracteristicOf GenotoxicCarcinogens

(Righ?) And Neonicotinoids(Left) Are Strikingly Similar
DruckreyKupfmullerEquationsC x T5@ = constantwithy” X ™

Tennekes H.A (2010)Toxicology 276, 44.
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Risk Assessment ddeonicotinoids

C.Maus &R. Nauen (20171)oxicology 280: 17477
H.A. Tenneke$2011)Toxicology 280: 17@L75

A DrsChristianMausand RalfNauenof
BayerCropSciencasserted that
dthereis no substantiation for
concerns that effects like described by
the DruckregKupfmullerequation LnT50 firs) = 5.11¢ 0.22LnC (ug. k1 or kg-1)
might entail a higher chronioxicity or
than currently determined ® Cx T50*> = constant

A Theyrefer to numerous studies

providing evidencéhat cthereis Food Source | Imidacloprid | Expected

under realistic conditions no Content(ppb) | LethalEffect
correlation betweerexposure of (CEVE)

honey bees tamidaclopridtreated
cropsand increaseaolony
mortalityé >

Neonicotinoidsare lethal to
honeybeesat infinitesimal exposure
concentrations

Nectar 1 6.9



CurrentToxicological Risk Assessment Can Lead To Serious Underestimates Of Actual Risk

NeonicotinoidsAre A Case In Point
Tennekes HA, Sanch&ayoF (201} J Environment AnalytidoxicolS4:001. doi:10.4172/2160525.54001

A The traditional approach to toxicity A Anincreasing number of researchers

testing is to consider dose _ are using a variant of the traditional
(concentrationjeffect relationships toxicity testing protocol which
at arbitrarily fixed exposure durations iIncludes time to event (TTE)

6 KAOK ' NB 8dzLJLJ2 & SR mgthodNE ¥t SOU Wl Odzii S
2NJ WOKNEBYAOQ UAYSA aridTiERppPach measurtse

A Thisapproach measures the times to respondfor all individuals
proportion of all exposed individuals and provides information on the
responding by the end of different acquired doses as well as the
exposure times. exposure times needed for a toxic

A Toxicologicatlatabases established in ~ compound to produce any level of
this way are collections of endpoint effect on the organisms tested.
values obtained at fixed times of A Consequentlyextrapolations and
exposure. As such these values predictions of toxic effects for any
cannot be linked to make predictions combination of concentration and
for the wide range of exposures time are now made possible

encountered by humans or in the
environment.




TheRiskOf Imidacloprid ForHoneyBeesls Underestimated

SuchailS,GuezD, Belzunces LP, 20(Environ Toxicol Chem. 20: 2482486
Bonmatin JM et al., 2007. Environmental fate and ecological effects of pesticides8Pp834
Mullin CA et al, 2010RPloSOne 5, e9754

A DruckreyKupfmiillerequation

LnT50 firs) =5.11¢ 0.22LnC (ug. 1L or kg-1)

or d Imidacloprid | Expected

Cx T50%° = constant

Nectar 1 6,9

A Theconcentrationsf
Imidaclopriddetectedin nectaror
pollencausdethal effectsin Pollen 0,7 7,5
honeybeeswithin a week 10 42



Nicotine Is ANeuroteratogen
Nicotine Alters The Developmental Trajectory Of The Brain

Eppolito AK et al. (2010Neurotoxicologyand Teratology32 : 33@345
DwyerJB et al(2009) PharmacolTher 122 : 12139
KimuraKurodad et al.(2012)PLoSONE 7(2): e32432. doi:10.1371/journal.pone.0032432

Nicotinicacetylcholine receptors =
(nAChRgregulate critical aspects

of brain maturation during the )
prenatal, early postnatal, and 3weeks  4weeks 5 weeks

adolescenperiods

Nicotine disrupts thenormal
developmental influences of
acetylcholine -

Neonicotinoidsas well as nicotine 0
directly act on mammalian
NAChR&nNd, therefore, may have
various adverse effects on the
human health, especially on the

developingbrain. -




NeonicotinoidsMay BeWashedOut Of TheSollInto
Waterwaysand Groundwater

A Notonlyare neonicotinoidswater
solubleand mobile insoil, they
arealsoquite persistent insoil
andwater.




NeonicotinoidsAre Diffusing Through The Environment
BreakingThe Food Chain

A Imidaclopridis diffusingthrough
the environment killingor
debilitatingnon-targetinsects
and possiblyother arthropods
andby doingsoprogressively
reducinginvertebratepreyfor
higherorganisms




Immune Suppression bieonicotinoidInsecticides
At The Root Of Global Wildlife Declines

R Mason, H Tennekes, F SancBegq P Uhd Jepsen Journal of Environmentaimmunology andToxicology 2012; X:XXX (in press)

A There is=xperimental evidencef
Immune suppression in bees and fish
by neonicotinoids

A There have been outbreakd
infectiousdiseases in honey bees,
bumble bees, fishamphibians, bats
and birds in the past twdecades

A Thedisease outbreaks started in
countries and regions where
neonicotinoidinsecticides were used
for the first time, andater they
spread to othercountries



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

KimuraKuroda J et al. (201BLoSONE 7(2): e32432. doi:10.1371/journal.pone.0032432

1

A Perinatal exposure to nicotine  ¥-
IS a known risk factor for
suddeninfant death
syndrome,
low-birth-weight infants,
attention deficit/hyperactivity
disorder (ADHD),
autism

ACKS DNJLK 2y I
The rise of autism in California
since the introduction of the
neonicotinoidinsecticides in
the early 1990s
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TheWidely UsedNeonicotinoidlnsecticidelmidacloprid
HasCausedMajor ContaminationOf Dutch SurfaceWater
Since2004

Reddots (right handside) : MaximalPermissibleRiskLevel (MRLEXceededAt LeastFiveTimes
In 2005, MRIExceeded®5,000 Timesit Noordwijkerhout (FlowerBulb Cultivation)



