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Test substance: sunflower seed treated with Gaucho 70 WS + Tufan 500
FS + Degranil

Control: sunflower seed traeted with Tufan 500 FS + Degranil

The test field of 1.25 ha was sawn with sunflower seed (variaty: Flenry)
traeted with Gaucho 70 WS (0.7 mg as/seed) + Tufan 500 FS + Degra-
nil. The seed of the control field of 1.25 ha was treated with Tufan 500
FS (98 % thiram) + Degranil. The distance between the  est and the
control field was 4 km to avoid a foraging diversion from one field to
the other. 4 honeybee colonies were set up at one field edge of each field
at the time of flowering.

The assessment criteria were:
- changes in hive weight
- foraging activity
- fligth activity at the hive entrance
- activity in pollen collection
- mortality
- residues of the test substance and its metabolites in honeybees and
   honey stomachs

Test duration: 27.07.1998 ? 06.08.1998

No treatment related impact of the test substance Gaucho 70 WS on the
development of the honeybee colonies could be observed during the
testing procedure. All assessment criteria were on the same level in both
fields. In all samples of dead bees and honey stomachs the residues were
below the limit of quantification.

b)

Schuld, M. (2002): Field test: Side effects of oil-seed rape grown from
seeds dressed with imidacloprid and beta-cyfluthrin FS 500 on the
honey bee (  L.). 99398/01-BFEU. GAB Biotechnologie,
Niefern-Öschelbronn, Germany.

BIE2003-226

EPPO-Guideline No. 170.

Deviation: The test product was applied to the seed, but not sprayed to
the flowering crop.

yes

yes

Test substance: imidacloprid + beta-cyfluthrin FS 500 (100 kg rape
seeds dressed with 1051.17 g imidacloprid + 187.31 g beta-cyfluthrin
and additionally with thiram)

Control: rape seed only dressed with thiram.

Test design:

Test procedure:

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Apis mellifera
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The test field of 2.34 ha was drilled with oil seed rape (variaty: Lirajet)
treated with imidacloprid + beta-cyfluthrin + thiram.      ontrol field of
2.59 ha was drilled with oil seed rape only dressed with thiram. The seed
of the test field was dressed with 1051 g imidacloprid per 100 kg seed,
corresponding to 73.57 g imidacloprid / 7 kg seed or 31.4 g imidacloprid
/ha.

The distance between the fields was 4 km. 3 honeybee colonies were set
up at the test and the control field.

Testing period was from 27.04. ? 12.05.2000.

Assessment creteria: mortality, brood development, behaviour, fligth
intensity and colony strength

No treatment related impact by the test substance to the colonies re-
garding mortality, behaviour, brood development and colony strength
was observed.

After flowering time all colonies were transferred from the test and con-
trol field to the bee research institute in Celle (about 40 km from the test
field) and remained there under control. Up to the end of the season all
colonies developped normally and were of a similar strength.

Samples of pollen, nectar and honey taken from the frames of the colo-
nies were investigated regarding residues of imidacloprid and its me-
tabolites. Only in two samples of nectar residues were detected below
the limit of quantification (< 0.005 mg/kg).

c)

Schulz, A. (2000): Field trials with Gaucho in sunflowers - experiences
from the region of Rheinhessen in 1999. MO-03-011595. Bienen und
Chemie, Freund und Feind, 81. Congress of German Beekeeper 2000 in
Tramin, Südtirol pp. 19-25.

BIE2003-227

following EPPO-Guideline No. 170

no

test substance: Gaucho
control: untreated

A 4 ha field was drilled with Gaucho dressed sunflower   ed and a 3.5
ha field was drilled with untreated sunflower seed as control. In both
fields the variety ?Sanluca? was used. The distance between the fields
was more than 5 km. At the beginning of the flowering   riod 9 bee
hives with 30 combs each (Zander shape) were set up at both fields.

Testing period was from 05.07. ? 22.07.1999

Assessment criteria were mortality, foraging behaviour, fligth activity,
colony development, residue ananlysis and aphid infest  ion.

yes

Test procedure:

Findings:

Report:

Testguideline:

GLP compliance:

Test design:

Test procedure:

valid:
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No impact of the test substance on mortality, foraging behaviour, flight
activity and colony strength in the test field was observed.

As aphids are much more susceptible to imidacloprid than honeybees
(factor ~ 7000), the number of aphid colonies was recorded at the begin-
ning of the flowering period: nearly 50 % of the sunflower plants were
infested by aphid colonies.

For residue analysis samples of honeybees, pollen, nectar and honey
were taken immediately on the test field and deep froz        residues in
the samples were below the limit of quantification.

d)

Scott-Dupree, C.D. et al. (2001): The impact of Gaucho and TI-435
seed-treated Canola on honey bees,  L. University of
Guelph, Guelph, Ontario, Canada; University of Minnesota, St.Paul,
Minnesota, USA; Enviro-Test Laboratories, Edmonton, Alberta, Can-
ada.

BIE2003-228

FIFRA 10

yes

yes

Three different sites fields of 1 ha were drilled with summer rape (
)

Site 1 (Ontario): seed treated with 2.25 mL/100 kg seed Vitavax RS
flowable (3.3 % carbathiin, 6.6 % thiram and 50 % lindan); site 1 served
as a control.

Site 2 (Ontario): seed trested with Gaucho (1000 g as/ 100 kg seed) plus
Vitavax RS

Site 3 (Minnesota): seed trested with AMS 13945 (TI-435 by  Bayer
Corp. with 600 g as/ 100 kg seed) plus Vitavax RS

When 20 % of rape blossoms were opened 4 two-super honeybee colo-
nies were placed at the easter side of each field. Col  ies had equal
strength regarding food stores, sealed brood and adult  ees.

Testing period lasted from 28 June to 28 July 2000.

Assessment criteria: mortality, foraging activity, behaviour, brood de-
velopment, honey yield and colony strength.

Moreover samples of nectar and pollen were investigated regarding resi-
dues of imidacloprid and its main metabolites.

No impact of the test substance on mortality, foraging activity, behav-
iour, brood development, honey yield and colony strength was observed.
Residues of imidacloprid were only detected in the pol  n samples of
site 3 (Minnesota) on a level of 7.6 and 4.4 ppm. In a   other samples the
residues were below the limit of quantification (LOQ < 1.0 ppb).

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Test procedure:

Findings:

Apis mellifera

Bras-
sica napus

������������������



- 947 -
Imidacloprid ? Annex B.9: Ecotoxicology 30 December 2005

e)

Stadler, T. (2000): Field evaluation in Argentina of possible risk for
honey bees from the product Gaucho on sunflowers. LPE-41/00. Labo-
ratorio de Parasitologia y Ecotoxicologia, Buenos Aire      entinia.

BIE2003-229

based on BBA-Guideline No. VI, 23-1 and EPPO Guideline No. 170

The Laboratorio de Parasitologia y Ecotoxicologia (Buenos Aires) does
not have a GLP-certificate. But the investigations have been performed
and the study was prepared in accordance with the resolution 350/99 for
reevaluation of chemicals in Argentina, which is following GLP-
prescriptions.

yes

Test field: 22 ha drilled with sunflower treated with Gaucho 600 FS
(0.426 cm3/ 1000 seeds ~ 0.2458 mg imidacloprid /seed)

Control field: 22.4 ha drilled with sunflower not trea  d with Gaucho

Seed density was 60000 seeds/ha.

Seeds of both fields were treated with captan and metalaxyl.

Distance between the fields was 7.7 km.

Both fields (treatment and control) were of similar soil quality, which is
very important for the growth of sunflowers.

At the beginning of flowering 8 honeybee colonies of about 20000 bees
were placed in the middle of each field. Colonies were of similar level
regarding brood and stores of honey and pollen.

Testing period lasted 24 days.

Assessment criteria included mortality, flight and for ging activity,
brood development, colony strength, honey and pollen stores and resi-
dues of imidacloprid and its main metabolites in honey, pollen, sun-
flower wax and soil.

Mortality in both fields was on the same level. Fligth and foraging ac-
tivity in the treated field were significantly higher than in the control, so
after the test period the stores of honey, nectar and     en in the test
colonies were also significantly higher than in the control colonies. No
impact on brood development in the test colonies was observed and after
the test period the colonies in the treated field had significantly more
brood than the control colonies.

No residues of imidacloprid and its main metabolites could be detected
in the pollen, honey and sunflower samples. Residues of imidacloprid
were detected in the wax samples (below LOQ, concentration between
1.5 and 5 µg/kg) and in the soil sa mples (below LOQ, concentration
between 2 and 6 µg/kg).

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Test procedure:

Findings:
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f)

Szentes, C. (1999): Field test of Gaucho 350 FS seed-dressed sunflowers
on honeybee colonies. 3103/99. Ecotoxicological Laboratory, Facankert,
Hungary

BIE2003-234

EPPO Guideline No. 170; US. EPA, Pesticides Assessment Guidelines,
Subdivision L, Series 141, Nontarget Insect Testing Po linators 141-5

yes

yes

test field: 45 ha drilled with sunflower treated with     ho 350 FS
(3.0 L/150000 seeds)

control field: 35 ha drilled with untreated sunflower

Plant density was 53953 sunflowers/ha. Distance between the fields was
5 km. Both fields (treatment and control) were of similar soil quality,
which is very important for the growth of sunflowers.

At the beginning of flowering (15 ? 20 % flowers open) 15 honeybee
colonies were placed at each field for the whole flowering period. Colo-
nies were of similar status regarding brood, stored food and strength
(40 frames). 6 colonies at each field were equipped wi        d bee trap.

The experimental phase lasted from 05 to 20 July 1999

Assessment criteria included mortality, foraging activity, behaviour,
input of nectar and pollen, colony strength, egg laying activity, and
brood development.

Mortality of worker bees and drones in the treated field was signifi-
cantly lower than in the control field, but pollen collection was on the
same level in both fields. While the brood share in the colonies at the
treated fields increased the brood share in the control colonies de-
creased.

On the other hand the weigth increase of the test colonies was signifi-
cantly lower than in the control colonies what is related to a greater
share of stored food.

No abnormal behaviour of the bees in the treated field was observed.
Egg laying of the queens of both the test and control colonies was nor-
mal as well as the brood development.

g)

Kemp, J.R. and Rogers, R.E.L. (2002): Imidacloprid (Admire) residue
levels following in-furrow application in potato field  in Prince Edward
Island and New Brunswick. MO-02-006773. University of Prince Ed-
ward Island, Charlottetown, Prince Edward Island, Canada; Wildwood
Labs, Kentville, Nova Scotia, Canada.

BIE2003-181

EPA-FIFRA section 4-CFR part 160 (Appendix A)

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Test procedure:

Findings:

Report:

Testguideline:
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yes

yes

The aim of the investigations was to detect residues of imidacloprid and
its metabolites in replanted crops in honey and pollen of honeybee colo-
nies foraging on the replanted crops and the possible impact of these
residues on the foraging colonies. Therefore the test design was deviat-
ing from the standard: For these investigations in Prince Edward Island
18 and in New Brunswick 5 field locations were chosen. Regarding the
application of imidacloprid respectively the development of imidaclo-
prid residues the fields can be devided into 3 categories:

year 1 fields: potato fields with an Admire 240 F in furrow application
(850 mL/ha) in spring 2001

year 2 fields: underseeded grain fields with seed treatment of Admire
240 F (850 mL/ha, respectively 1300 mL/ha) in spring 2000

The fields were underseeded with a mixture of , 
 and .

year 3 fields: first and second flowering clover fields with a foliar appli-
cation of Admire 240 F in spring 1999

The design included 2 untreated fields as control fields.

At each of 4 second bloom clover fields 8 honeybee col    s were
placed and another 8 colonies were placed at the control field. At the
first assessment (25 ? 27 July) all colonies were equalised (i.e. similar
strength, quantities of food stores, brood and adults  overing at least 10
frames).

sampling:

soil: From each of 11 fields composite samples consisting of 160 soil
cores were taken. Additional from 7 run off fields composite samples
consisting of  20 soil cores were taken.

clover flowers: From each of 8 fields composite samples consisting of
80 clover flowers were collected in Prince Edward Island and on 5 fields
in New Brunswick.

clover leaves: From each of  8 fields in Prince Edward Island composite
samples of 400 leaves were collected. In New Brunswick composite
samples of  160 leaves were collected in 5 fields.

wild flowers: From 7 run off fields composite samples of 20 soil cores
were taken near the base of wild flower plants. Moreover from these
wild flower species (

) flower samples of  40 g were taken in each field.

honeybees: On each of the second bloom treated and control clover
fields honeybees were collected from late July to early September. Bees
were immediately deep frozen on dry ice for transporting to the labora-
tory. There the bees were sorted according to nectar a d pollen loads.

Colony assessments: Two colony assessments were perfor ed, the first

GLP compliance:

valid:

Test design:

Test procedure:

Trifolium pratense Tri-
folium hybridum Phleum pratense

Solidago canadensis, Epilobium angustifolium,
Aster novi-belgii
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on 26. ? 27. July 2001 and the sec ond on 14. ? 15. September 2001. The
assessment included colony strength, brood status, honey storage, be-
haviour of the bees, diseases (American foulbrood, European foulbrood,
sackbrood, chalkbrood, Varroa).

All colonies placed in the treated clover fields developed normally and
did not show any impact of the test product on colony strength, brood
status, honey storage and behaviour. Few colonies showed symptoms of
chalkbrood, Varroa and European foulbrood.

Residues of imidacloprid were detected in the soils of all treated fields.
The edges of sloped fields in the first year rotation (i.e. potato fields)
exhibited only one case of residue in soil. Metabolites were not included
in the soil analysis because honeybees are not exposed to them in the
soil. These fields had residue levels of imidacloprid in clover leaves at
just above the LOD. Otherwise all clover flowers, wildflowers pollen,
nectar and uncapped honey did not have any detectable levels of imida-
cloprid or its hydroxy and olefine metabolites.

h)

Kirchner, W.H. (1998): The effects of sublethal doses of imidacloprid
on the foraging behaviour and orientation ability of honeybees. MO-03-
000206. Konstanz University, Biology Faculty, Konstanz, Germany.

BIE2003-182

no standard guideline available

no

yes

The tests have been performed in two steps: indoor in a beeflight room
between April and June and outdoor from June to the end of August.
Two honeybee populations of about 5000 bees were used. With regard
to the observations of the behaviour of the bees the populations were
kept in twin-comb observation hives (described by von Frisch 1965).

Indoor tests: Groups of individually marked bees were fed 1 m from the
hive on sucrose solutions mixed with imidacloprid (100 ppb). Assess-
ment regarded the frequency of trembling dances, the t    needed by a
forager bee to hand over the harvested food to a hive bee and the num-
ber of trophallactic contacts.

Outdoor tests: Tests were continued with the same colony. In a distance
of 10 m from the hive the colony was offered sucrose solution contain-
ing imidacloprid at concentrations ranging from 10 ppb to 100 ppb. As-
sessment regarded additional to the indoor experiments number and fre-
quency of waggeling dances. The second colony was used for  investi-
gating the impact of imidacloprid on the precision in the communication
for direction and distance as given by the waggeling b es. The food
source was offered in a distance of 500 m from the hive. The tested imi-
dacloprid concentrations ranged from 10 ppb to 100 ppb.

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design and
procedure:
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In concentrations of 20 ppb and more imidacloprid has a significant im-
pact on the behaviour on foraging honeybees: The frequency of trem-
bling dances is increased, the number of visits at the contaminated food
is decreasing, corresponding to increase of concentrat    and time the
frequency of waggeling dances is decreasing and also the precision in
the informations (regarding distance and direction) given by the wagge-
ling bees is decreasing. The combination of these changings in the be-
haviour of the bees at concentrations of 20 ppb and more may lead to a
total suspension of foraging, but it is not likely to cause a damage in
honeybee colonies.

i)

Kirchner, W.H. (2000): The effects of sublethal doses of imidacloprid,
dihydroxy-imidacloprid and olefine-imidacloprid on the behaviour of
honeybees. MO-03-000205. Ruhr-Universität Bochum, Fakultät für Bi-
ologie, Bochum, Germany.

BIE2003-183

no standard guideline available

no

yes

For the tests two honeybee colonies have been used, on  of about 5000
bees kept in a two frame observation hive (according to von Frisch
1965) for the field experiments and one colony of about 20000 ? 30000
bees for providing bees for laboratory experiments on olfactory learning.

Field experiments: Groups of individually marked bees were trained to
visit an artifical food source in a 500 m distance from the hives, con-
taining a sucrose solution contaminated with olefine-i  dacloprid at
concentrations of 10, 20, 50 and 100 ppb. Trembling and waggeling
dances in the observation hive were recorded by using an infrared video
camera under dim light.

Laboratory experiments: Groups of 20 bees were used to study the pro-
boscis extension reflex as paradigm for learning performance. The bees
first were trained to learn an unconditioned reflex wi   uncontaminated
sucrose solution. Only bees that showed an unconditioned response were
used for the test. The short tests on olfactory learning were performed
with imidacloprid, dihydroxy-imidacloprid and olefine-imidacloprid.
Imidacloprid was tested at concentrations of 10, 20, 5  and 100 ppb,
dihydroxy-imidacloprid at concentrations of 100 ppb and 2 ppm and
olefine-imidacloprid at concetrations of 100 ppb and 500 ppb.

Long term effects were only tested with imidacloprid. Groups of 50 in
an incubator hatched bees were fed ad libitum with a sucrose solution
containing 10 ppb imidacloprid for 10 ? 12 days. Additionally water and
pollen were supplied ad libitum.

Afterwards the bees were tested for unconditioned and conditioned re-
sponses by the proboscis extension reflex.

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design and
procedure:
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Sublethal effects of imidacloprid and its metabolites dihydroxy-
imidacloprid and olefine-imidacloprid were noticed, but in a high level
of concentrations in the tested substances. Olefine-imidacloprid has
similar effects as imidacloprid itself, but much less pronounced. Effects
on the frequency of waggeling dances were not observed at concentra-
tions       < 100 ppb. Even the precision of information (regarding dis-
tance and direction of the food source) given by the waggeling dances
was not influenced by olefine-imidacloprid at concetrations < 100 ppb.
Short term effects of imidacloprid on the learning process was only re-
corded at concentrations of  > 100 ppb. With olefine-imidacloprid the
effect is much less pronounced at 100 ppb and dihydroxy-imidacloprid
had no effect at 100 ppb. However the learning performance was signifi-
cantly reduced at 500 ppb with olefine-imidacloprid and at 2 ppm with
dihydroxy-imidacloprid. The ad libitum feeding of sucrose solution with
a concentration of 10 ppb had no effect on the learning performance.

j)

Faucon, J.-P. et al. (2004): Etude experimentale de la toxicite de l' imi-
daclopride distribue dans le sirop de nourrisseurs a des colonies d'
abeilles ( ).

BIE2004-141

no standard guideline available

No, but it is assumed that the study and its results are valid.

yes

For the test 4 groups of 8 respectively 9 (in total 33) colonies were used.
All colonies consisted of 10 frames and included an inside feeder. To
each of the test groups one colony was added for investigations on pol-
len collected during the experimental time.

The colonies of each group were randomly treated by feeding as fol-
lows:

Group G 0:    saccharose syrup (50/50)
Group G 0.5: saccharose syrup with 0.5 µg/kg imidacloprid
Group G 5:    saccharose syrup with 5 µg/kg imidacloprid
Group G N0: no feeding during the experiment

In the time between 12  July 2000 and 14 August 2000 the colonies were
fed 3 times a week with 1 L of the test substances mentioned above. In
all each colony received 13 L of syrup. To prevent the colonies from
robbing the feeders were filled only in the evening after sunset. The as-
sessment regarded:

- flight activity of the bees
- mortality in front of the hives
- brood development
- residual analysis of syrup, wax, dead bees, pollen loads and honey
- bee diseases as Acariosis, Nosema, Varroa, American foulbrood
   European foulbrood, mycosis, chronic bee paralysis   rus.

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design and
test procedure:

Apis mellifera

������������������



- 953 -
Imidacloprid ? Annex B.9: Ecotoxicology 30 December 2005

The observation period lasted from 11th July to 21st March 2001.

No difference between the treated groups of colonies (fed with contami-
nated syrup of 0.5 and 5 µg/kg im idacloprid) and the untreated groups
(not fed and fed with contaminated syrup) regarding mortality and de-
velopment was observed. The only significant differences observed in
the treated colonies during the feeding period were a higher flight activ-
ity and a higher number of sealed brood cells. After the last inspection
after the winter on 21st March 2001 all colonies were nearly of the same
status: brood was present in all colonies and they were of comparable
strength, weight and health status.

k)

Pham-Delegue, M.-H. and Cluzeau, S. (1999): Effects of crop protection
products on bees, effects of GAUCHO seed dressing on losses of forag-
ing bees. MO-03-011487. Laboratoire de Neiurobiologie Comparee des
Invertebres, INRA, Bures-sur-Yvette, France.

BIE2003-198

no standard guideline available

no

yes

In 1998 the French Ministry of Agriculture and Fisheri   founded a
committee for the investigation of the causes of bee losses in France.
This committee developed a programme for field experiments and ex-
periments under controlled conditions in laboratory an   unnels.

Field experiments: In three departments, in which the use of imidaclo-
prid was suspended, 4 experimental zones were selected consisting of 2
sites each drilled with sunflower (treated and untreated). In each site an
experimental plot of 8 ha was selected. For each site 10 hives for obser-
vation were chosen. The selected sites, plots and colonies were of simi-
lar status.

Assessment: Assessments were performed as far as possible at all plots
at the same time. They included for sunflowers growth stage, treatment
with plant protection products and development of pests. The observa-
tion of the populations regarded mortality, fligth activity, health status,
brood development, colony strength and yield of honey and pollen.
Samples were taken for residual analysis of seeds, leaves, flowers, soil,
bees, honey and pollen.

No impact of the imidacloprid seed treatment on the test colonies was
observed at all sites. The observed parameters differed in an acceptable
range.

The residual analysis for imidacloprid gave the following results:

soil
-    not detected in any sample

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design and
test procedure:

Findings:
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leaves

not detected in samples of the control plots
< LOQ in 4 samples
in 3 samples residues between 0.007 mg/kg and 0.022 mg/kg 

pollen:

in 2 of 31 samples of the control plots at 0.008 mg/kg (in the other sam-
ples residues were not detected)
all residues in 31 samples of the treated plots: < LOQ

dead bees:

in 2 of 55 samples of the control plots residues < LOQ (in all other
samples residues were not detected)
in 1 of 45 samples of the treated plots residues detected of 0.015 mg/kg
(in all other samples residues were not detected)

fresh honey:

in 1 of 28 samples of the control plots residues were detected at a level
< LOQ (in all other samples residues were not detected)
in 2 of 24 samples of the treated plots residues were detected at levels
< LOQ (in all other samples residues were not detected)

harvested honey:

11 samples were taken in the 4 experimental sites. In   e laboratory no
residues were detected. 5 samples were re-analysed in  nother labora-
tory and in 2 samples residues < LOQ were detected.

Observation of symptoms in productive colonies:

In 3 colonies in each group of hives (Gaucho, control, untreated) a cer-
tain number of worker bees was marked. Daily counts of  returning bees
at the hive were performed through out the following period.

Result: There was no difference between the daily returning foragers in
the three colonies.

Effects of Gaucho used as a sunflower seed dressing on bumblebees:

10 colonies of individually marked bumblebees were placed each in the
Gaucho treated and in the control site for observation of visits on sun-
flower during the flowering period.

Results: There was no difference between the Gaucho treated and the
control site regarding the visits of bumblebees on sunflowers, the losses
of worker bees and the colony development.

Effects of Gaucho on beneficial entomofauna present on sunflowers:

Insects were sampled from Gaucho treated and untreated plots to iden-
tify and evaluate the populations of the different species.

Results: There was no significant difference between t     ucho treated
and the control plot; however the Gaucho plot has a broader spectrum of
species and higher numbers of captured individuals.
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Experiments under controlled conditions:

Studies were performed in tunnels and laboratory regarding

- changes in behaviour when visiting imidacloprid contaminated food

- synergistic effects of imidacloprid and fungicides on honeybees
- effects on bumblebees
- acute toxicity and social behaviour
- chronic toxicity and learning
- metabolism of imidacloprid in bees
- effects of imidacloprid seed dressing on ladybirds

The results of the tests can be summerised as follows:

A concentration related change in the behaviour of the bees was ob-
served when foraging on contaminated food.
No impact on honeybees was observed when imidacloprid     used in
combination with fungicides for seed dressing.
No impact on bumblebees was observed when imidacloprid was used in
sunflowers for seed trestment.
A concentration related effect of imidacloprid on social behaviour and
food consumption was observed.
It was observed that imidacloprid offered in sublethal doses on the oral
and the contact way has concentration related effects    the learning
ability of honeybees.
It is assumed that imidacloprid is rapidly metabolised in the bee body
and it may be concluded that the active substance therefore can not be
detected in dead bees after intoxication.
It was observed that imidacloprid as seed treatment had no significant
effects on ladybirds ( ), but it is assumed that there
will be an effect on the fertility of  the females.
Further investigations in this study regarded residue analysis in different
matrices, the break down of the activ substance, the kinetics of the ac-
tive substance in plant material and other similar che   al investiga-
tions.

l)

Mayer, D.F. and Lunden, J.D. (1997): Effects of imidacloprid insecti-
cide on three bee polinators. Horticultural Science, Agroinform Pub-
lishing and Printing House Ltd. Hungary-1997.

BIE2003-147

special test design, no guideline available

no

yes

Field bioassay of residues on alfalfa with Imidacloprid 240 FS; syrup
feeding studies; effects of imidacloprid on honeybees foraging on dan-
delion; effects of imidacloprid applied to blooming apples on honey-
bees.

Harmonia axyridis

Report:

Testguideline:

GLP compliance:

valid:

Test design:
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Field bioassay of residues on alfalfa with Imidacloprid 240 FS: Plots of
alfalfa were treated with Imidacloprid 240 FS in the following doses:
0.028, 0.056, 0.112, 0.14 and 0.28 kg/ha. 2 and 8 h after application al-
falfa foliage was sampled at 12 sites (1 sample of about 500 cm2). Indi-
viduals of honeybees ( ), alkali bees ( ) and
leafcutting bees ( ) were exposed in cages to the
field weathered residues of imidacloprid 240 FS.

Syrup feeding studies: Plastic dishes containing a 50 % sucrose solution
mixed with honey (3:1 v/v) and a known concentration of imidacloprid
(0, 2, 10, 50, 100 and 500 ppm) were put in a line  in front of 12 honey-
bee colonies. The free flying bees were allowed to chose between the
feeders. The visits of the bees and  the feeders were recorded 4 times in
hourly interval.

Effects of imidacloprid on honeybees foraging on dandelion: Plots of
40 m2 with 289 dandalions per 5.1 m2 were treated with 0.05 kg/ha Imi-
dacloprid 240 FS respectively with 0.112 kg/ha Imidacloprid 240 FS.
Foraging bees were counted 0.5, 1 and 4 h after spraying by slowly
walking through the plots.

Effects of imidacloprid applied to blooming apples on    eybees:
2 plots of 0.8 ha were established at the opposite corners of a 9 ha or-
chard. 4 honeybee colonies were placed 2 days before spraying at each
plot. One plot was sprayed with Imidacloprid 240 FS (0.112 kg/ha)
when 10 % of the flowers were open. Application was performed at 8:00
h a.m. and recording of foraging bees was done at 11:00 h and 14:00 h.

Field bioassay of residues on alfalfa with Imidacloprid 240 FS: Ac-
cording to the increase of the applied amount of Imidacloprid 240 FS
mortality of the bees increased. Results showed that honeybees were a
little bit less sensitive than the other 2 species.

Syrup feeding studies: According to the increase of imidacloprid con-
centration the number of  visits decreased.

Effects of imidacloprid on honeybees foraging on dandelion: According
to the increase of amount of Imidacloprid 240 FS foraging activity de-
creased.

Effects of imidacloprid applied to blooming apples on honeybees: There
were no significant differences between the two plots regarding foraging
activity and mortality in the dead bee traps.

Due to these investigations it seems to be possible to use imidacloprid
containing products also in blooming crops without causing hazards in
honeybee colonies and that imidacloprid in lower rates is also nonhaz-
ardous for alfalfa leafcutting and alkali bees.

Test procedure:

Findings:

Conclusion:

Apis mellifera Nomia melandri
Megachile rotundata
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m)

Schur, A. (2001): Assessment of Side Effects of Confidor SL 200 on the
Honey Bee (  L.) in Apple Orchard Following Application
before Flowering (Mouse-Ear Stage) of the Crop. Study code:
20011099/01-BFEU. GAB Biotechnologie GmbH & IFU Umweltana-
lytik GmbH, Niefern-Öschelbronn, Germany.

BIE2003-150

Guideline on test methods for evaluating the side-effects of plant pro-
tection products on honey bees, Bulletin OEPP/EPPO Bulletin 22, 203-
215 (1992), No. 170 and Guidelines for testing of plant protection prod-
ucts - side effects of plant protection products on honeybees (BBA
guideline VI, 23-1 (1991))

yes

yes

test substance: Confidor SL 200 (194 g/L imidacloprid) at a rate of
0.105 kg as/ha in 500 L water

control: untreated

The test plot of 2600 m2 with about 925 apple trees was treated on
30.03.2001 at mouse ear stage (BBCH code 10). At 29.04.2001 4 colo-
nies were established in each plot. The colonies in both plots were as-
sessed regarding mortality, foraging activity, behaviour, condition of the
colonies, brood development and weight over a period of 7 days.

There was no difference between the colonies in the te   and the un-
treated plot regarding the assessed parameters.

n)

Cantoni, A (1998): Side effects of Confidor SL 200 on bees following
one application to apple trees at the mouse-ear stage. Report number:
ITA-98-901. Bayer S.P.A. Italia, Milano.

BIE2003-151

no guideline mentioned

no

yes

test substance: Confidor SL 200 applied at arate of 50   /hL

control:  untreated

2 isolated apple orchards were chosen for the test, each consisting of
about 1400 apple trees. The test plot was treated on 21.03.1998 at the
mouse ear stage with 50 mL/hL Confidor 200 SL + 500 mL oliocin hL.
On 09.04.1998 in each plot 12 honeybee colonies were established. The
observation period lasted to 22.04.1998. Assessment criteria  were for-
aging activity, colony weight, honey yield and number of returning bees.

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Test procedure:

Findings:

Report:

Testguideline:

GLP compliance:

valid:

Test design:

Test procedure:

Apis mellifera
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The colonies in the treated plot developed faster than in the untreated
plot. At the end of the test the hive weight of the test colonies was
higher than in the untreated. In all no significant difference between the
test and the control colonies regarding the assessment criteria was ob-
served.

Tests regarding the effect of honeydew on bees are not presented.

The calculation based on the highest amount of the active substance which is declared to be
150 g as/ha for spray application is calculated as follows:

Hazard Quotient = LD50
-1 x g as/ha

active substance

LD50 values from Cole, 1994 (BIE2003-138) were used for calculation:

HQ oral      =  40540

HQ contact =   1852

formulation

LD50 values from Schmitzer, 2001 (BIE2003-148) were used for calculation:

HQ oral      =  26786

HQ contact =   3554

These values indicate a high risk for bees and make the performance of tests under practical
conditions necessary according to the principles of the ICP-BR.

The Bee Protection Group of the International Commission for Plant-Bee Relationships (ICP-
BR, formerly ICPB) concluded on the 1980 meeting at Wagening the following definitions:

 is the inherent property of a chemical to cause adverse biological effects at ade-
quate dosages. The toxicity of pesticides to honeybees can be defined by laboratory tests.

 is the possibility of producing an adverse effect in specific circumstances. The
hazard of pesticides usage for honeybees can be assessed by cage and field tests.

The results of tests with spray applications show that application of imidacloprid containing
products in flowering crops will set honeybees at risk, but application before the flowering
period may be possible without risk for bees.

Findings:

B.9.4.6 Tunnel test (Annex IIIA 10.5.5)

B.9.4.7 Risk assessment for honeybees

- Toxicity

- H azard

B.9.4.7.1 Side effects to honeybees by spray application
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Conclusion regarding the peer review of the pesticide risk assessment  

of the active substance  
 

imidacloprid. 
 

Finalised: 29 May 2008 
 
 
 

SUMMARY  

Imidacloprid is one of the 79 substances of the third stage Part A of the review programme covered 
by Commission Regulation (EC) No 1490/20021. This Regulation requires the European Food Safety 
Authority (EFSA) to organise upon request of the EU-Commission a peer review of the initial 
evaluation, i.e. the draft assessment report (DAR), provided by the designated rapporteur Member 
State and to provide within six months a conclusion on the risk assessment to the EU-Commission. 
 
Germany being the designated rapporteur Member State submitted the DAR on imidacloprid in 
accordance with the provisions of Article 10(1) of the Regulation (EC) No 1490/2002, which was 
received by the EFSA on 13 June 2005.  The peer review was initiated on 25 January 2006 by 
dispatching the DAR for consultation of the Member States and the sole applicant Bayer CropScience 
AG. Subsequently, the comments received on the DAR were examined and responded to by the 
rapporteur Member State in the reporting table.  This table was evaluated by EFSA to identify the 
remaining issues which were agreed during a written procedure in March - May 2007. The identified 
issues as well as further information made available by the applicant upon request were evaluated in a 
series of scientific meetings with Member State experts in October 2007. 
 
A final discussion of the outcome of the consultation of experts took place during a written procedure 
with the Member States in April 2008 leading to the conclusions as laid down in this report. 
 
The conclusion was reached on the basis of the evaluation of the representative uses as an insecticide 
seed treatment for sugar beet and as a foliar spray for apples and tomatoes. Full details of the GAP are 
in the attached list of end points. 
The representative formulated products for the evaluation were “Confidor”, a soluble concentrate 
formulation (SL) and “Gaucho” a flowable concentrate for seed treatment (FS). 
 
Only single methods for the determination of residues are available since a multi-residue-method like 
the German S19 or the Dutch MM1 is not applicable due to the nature of the residues. However it 
                                                 
1 OJ No L 224, 21.08.2002, p. 25, as last amended by Regulation (EC) No 1095/2007 (OJ L 246, 21.9.2007, p. 
19) 
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In addition to the standard acute toxicity tests also chronic tests and studies to investigate sublethal 
effects (bee behaviour) were conducted. The NOEC values for the dietary exposure were determined 
as 46 ppb (acute oral toxicity), 50 ppb sublethal effects (learning behaviour), 24 ppb chronic lethal 
effects and 20 ppb behavioural impacts including bee hive development. It was questioned during the 
peer-review whether effects on bee-brood are sufficiently addressed. No effects on bee-brood were 
observed in a number of field tests. The experts agreed that the available studies provide sufficient 
information to conclude on the representative uses evaluated.  
 
The HQ values for oral and contact exposure were far in excess of the HQ trigger value of 50 
indicating a high risk to bees from the use as a spray application in orchards and tomatoes.  
 
Imidacloprid has a distinct systemic mode of action. Therefore the uptake in plants from soil/seed 
treatment applications was investigated in different crops (maize, cotton, egg-plant, potato and rice). 
The plants absorbed up to 20% (maize) of the amount of imidacloprid applied as seed dressing. 
Imidacloprid is preferentially translocated to leaves and shoots and to a much lower extend to the 
reproductive organs. The concentrations of imidacloprid and its main plant metabolites were 
investigated in the nectar and pollen of sunflower where the seeds were treated with 0.7 mg 
radiolabelled imidacloprid/seed. Only imidacloprid was found in the study but no plant metabolites 
(limit of detection was 0.1 ppb). Imidacloprid concentrations measured in pollen and nectar of 
different crops from different locations in Europe suggest that it is likely that residue levels in nectar 
of pollen will not exceed 5 ppb for the seed dressing uses currently registered in Europe. It was noted 
by the experts that extrapolation of measured residues to other crops is uncertain and should be 
interpreted with caution. No major soil metabolites were detected in the soil degradation studies. Bees 
would therefore only be exposed to imidacloprid residues in succeeding crops.  
 
In order to assess the risk from application as a seed treatment the RMS calculated TER values on the 
basis of NOEC values from the available studies for the acute oral toxicity, sublethal effects (learning 
behaviour), chronic lethal effects and chronic behavioural impacts including bee hive development as 
46, 50, 24 and 20 ppb. These NOECs were compared to residue levels in nectar and/or pollen of <5 
ppb resulting in TER values of >9.2, >10, >4.8 and >4 indicating a low risk to bees from the 
representative use as a seed treatment. These findings were confirmed by the field tests where no 
adverse effects were observed where bees were exposed to flowering sunflowers, rape and maize 
treated as seeds with imidacloprid. Furthermore sugar beet is harvested before flowering hence no 
risk to bees is anticipated from the use as a seed treatment in sugar beet.  
 
In the expert meeting it was discussed whether adverse long-term effects to bees are sufficiently 
covered by the risk assessment since the duration of most of the studies was 4-6 weeks. Two studies 
with a longer duration were available and one study also investigated winter bees. No sublethal 
effects were observed in the studies below a concentration of 5 ppb. The experts considered the 
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esponse to the publication: Tennekes, H.A. (2010): The
ignificance of the Druckrey–Küpfmüller equation for risk
ssessment—The toxicity of neonicotinoid insecticides to
rthropods is reinforced by exposure time

eywords:
nsecticides
eonicotinoids

midacloprid
oneybees
isk assessment

In his paper “The significance of the Druckrey–Küpfmüller
quation for risk assessment—The toxicity of neonicotinoid insec-
icides to arthropods is reinforced by exposure time” (Tennekes,
010), the author refers to the Druckrey–Küpfmüller equation
nd postulates its relevance for honeybee risk assessments. The
ruckrey–Küpfmüller equation was established to explain the
hronic effect of low concentrations of chemical carcinogens to
ammals. Its essence is that for these substances the total dose

equired to produce the same effect decreases with decreasing
xposure levels, even though the exposure times required to pro-
uce the same effect increase as the exposure decreases. Therefore,
hen both the receptor binding and the effect are irreversible,

ncreasing the exposure time would enhance the effect. The author
laims likewise, that recently similar dose–response characteristics
ave been established for the toxicity of neonicotinoid insecticides
o arthropods. His conclusion is that the equation would explain
atterns of chronic effects of imidacloprid to honeybees and other
rthropods and that this phenomenon, so far, has not been suffi-
iently considered in the risk assessment.

The approach to extrapolate the pattern of long-term effects of
arcinogenic substances to the effects of pesticides to arthropods
as a certain degree of novelty. However, the concerns of the author
bout potentially underestimated long-term toxicity of imidaclo-
rid to honeybees are unfounded as the approach chosen cannot
e applied to evaluate neonicotinoid chronic toxicity to insects
which is based on reversible receptor binding), and moreover, as
he risk assessment of imidacloprid to honey bees is based on data
n which a chronic exposure of bees to imidacloprid is already fully
onsidered. This is outlined in detail below:

. All commercial neonicotinoid insecticides bind to insect nico-
tinic acetylcholine receptors and cause the same effect as the
natural neurotransmitter acetylcholine, i.e. agonistically acti-
vating the receptors resulting in a transient inward-current

leading to the generation of action potentials. Similar to acetyl-
choline, a neonicotinoid is binding to the nicotinic acetylcholine
receptors, and the binding of neonicotinoid insecticides is
reversible as shown by their rapid desensitization/recovery
during short-term exposure in electrophysiological whole-cell

300-483X/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.tox.2010.11.014
voltage clamp assays on isolated insect neurons (Nauen et al.,
2001; Tomizawa and Casida, 2003; Jeschke and Nauen, 2005).
Radio-ligand binding studies conducted with tritiated imidaclo-
prid also revealed saturatable, specific and reversible binding
with fast kinetics (Liu and Casida, 1993). The synaptic action of
acetylcholine under normal physiological conditions is termi-
nated by acetylcholinesterase, which hydrolyzes the transmitter.
Neonicotinoids cannot be hydrolyzed by the enzyme, i.e. they
persist at the binding sites leading to over-stimulation of cholin-
ergic synapses, resulting in hyperexcitation and paralysis of the
insect (Yu, 2008). However, due to the reversible nature of bind-
ing of neonicotinoids, their toxic action strongly depends on
the pharmacokinetics including the rate of metabolic detox-
ification as shown in aphids recovering from imidacloprid
intoxication under discontinuous exposure conditions (Nauen,
1995). Therefore, the basic conditions for the applicability of the
Druckrey–Küpfmüller equation (i.e. both receptor binding and
the effect are irreversible) are not fulfilled in this case.

2. The author’s conclusions regarding an underestimated risk
caused by chronic exposure to imidacloprid are based on the
assumption that the assessment of risk employs an extrapola-
tion from short-time to long-time toxicity of a compound. In
the EU, the risk assessment for honeybees has for many years
been conducted according to a tiered, hierarchical system (out-
lined by Alix and Lewis, 2010). In the framework of this system,
each compound that displays a potential for intrinsic toxicity to
honeybees in an acute toxicity test in the laboratory, will auto-
matically be tested in additional studies with a more realistic
design, (so-called higher-tier studies) which also includes longer
testing periods. Therefore the key hypothesis of the author that
“Traditional approaches that consider toxic effects at fixed expo-
sure times are unable to allow extrapolate from the measured
endpoints to effects that may occur at other times of expo-
sure”, is unfounded and does not reflect the facts of regulatory
practice.

3. In particular, there are extensive data available on the chronic
toxicity of imidacloprid under laboratory conditions. These data
were summarized by Schmuck (2004). In these studies, the
chronic effects of imidacloprid were directly measured over
longer times (e.g. in 10-day feeding studies) and not extrapo-
lated from short-time exposure studies. This therefore excludes
an underestimation of chronic toxicity based on the phenomena
described by the author.

4. There are studies available where whole bee colonies have been
chronically fed with diet spiked with imidacloprid at practi-
cally relevant exposure levels under realistic conditions (e.g. the
study of Faucon et al., 2004), where bee hives were exposed

to field-relevant concentrations of imidacloprid over 34 days
(which covers very well the normal lifespan of an adult worker
bee which is two to four, at maximum six weeks (e.g. Free and
Spencer-Booth, 1959; Lie big, 2002; Amdam and Omholt, 2002;

dx.doi.org/10.1016/j.tox.2010.11.014
http://www.sciencedirect.com/science/journal/0300483X
http://www.elsevier.com/locate/toxicol
dx.doi.org/10.1016/j.tox.2010.11.014
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Dukas, 2008) and were monitored for several months. No effects
on mortality or adverse effects on other endpoints were seen in
these studies.

. There have been numerous higher-tier (tunnel and field) stud-
ies conducted where honeybee colonies were exposed to
imidacloprid-treated crops under realistic conditions (see for
instance Schmuck, 1999; Curé et al., 2001; Maus et al., 2003;
Schmuck et al., 2005). These studies, likewise, include the obser-
vation of chronic effects, as their duration is normally covering
several generations of honeybees. In none of these studies,
increased chronic or acute mortalities were seen with longer
term exposure.

. As evidence for his hypothesis of an underestimated chronic tox-
icity of imidacloprid, the author cites the study of Suchail et al.
(2001), which claimed to have found a chronic toxicity of imi-
dacloprid to bees which is, by far, in excess to the measured
acute toxicity. The results of this study, however, were found to
be flawed, and could not be reproduced by several independent
research institutions (Schmuck, 2004).

Therefore, it can be concluded that potential chronic effects
f imidacloprid to honeybees are appropriately covered by the
tudies that have been conducted and the ecotoxicological risk
ssessment on which the registration of the respective products
re based and that there is no substantiation for concerns that
ffects like described by the Druckrey–Küpfmüller equation might
ntail a higher chronic toxicity than currently determined. In
ontrast, recent studies provide evidence that there is under realis-
ic conditions no correlation between exposure of honeybees to
midacloprid-treated crops and increased colony mortality (e.g.
guyen et al., 2009, 2010; Chauzat et al., 2009; Genersch et al.,
010).

onflict of interest

There are none.
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and insect nervous tissue is one of the richest sources of neuronal
nAChRs (Gauthier, 2010).
The effect is proportional to TR/TA, i.e., to the quotient of the time
constant for dissociation TR and the time constant for association
TA. If TR/TA is high, the poison may induce pronounced toxicity at
very low concentrations at the site of action C.
If both time constants (TR and TA) are low, equilibrium will be
established quickly but the toxic effect will also regress quickly.
If TR is low, the time course of the effect will be the same as the
time course of the concentration of the poison at the site of action
C and the maximum effect will occur when C is at its maximum,
while TA will determine the fraction of the poison that reacts with
the specific receptors R.
If the time constant for dissociation TR is quite high (which must
be the case with neonicotinoids bound to insect nAChRs because
the enzyme acetylcholinesterase cannot remove these com-
pounds from the binding sites), the time to maximum effect will
be delayed, and the (toxic) effect will also be slowly reversible.
As a result, there will be a latency period up to a defined effect,
and the only way to shorten this latency period is to increase the
concentration of the poison at the site of action C (which is the
essence of Haber’s rule).

The reasoning by Druckrey and Küpfmüller (1949) thus shows
hat the mechanism of action of neonicotinoids put forward by

aus and Nauen is not inconsistent with Haber’s rule. In fact,
heir definition of imidacloprid’s insecticidal action strikes me as
eing very similar to Abbink’s conclusion that “imidacloprid is the
rst highly effective insecticide whose mode of action has been found
o derive from almost complete and virtually irreversible blockage
f nAChRs in the central nervous system of insects” (Abbink, 1991),
ecause that is exactly what neonicotinoids will ultimately do. Like
icotine, imidacloprid mimics the action of acetylcholine, which is
he major neurotransmitter in the insect nervous system, but nico-
ine and imidacloprid are not deactivated by acetylcholinesterase
nd thus persistently activate nAChRs (Thany, 2010). Chronic expo-
ure of insects to neonicotinoids therefore leads to cumulative and
irtually irreversible blockage of nAChRs in their central nervous
ystem. Maus and Nauen then infer that “due to the reversible nature
f binding of neonicotinoids, their toxic action strongly depends on
he pharmacokinetics including the rate of metabolic detoxification
s shown in aphids recovering from imidacloprid intoxication under
iscontinuous exposure conditions”. I agree that pharmacokinetics
etermine the time course of the concentration of the poison at
he site of action C. Upon continuous exposure to a poison, C is the
nly variable determining the effect (in equilibrium), as shown in
q. (5). Foraging as well as hive worker bees and brood are likely to
e continuously exposed to imidacloprid when contaminated food

s collected and stored inside the hive (Decourtye and Devillers,
010). Moreover, as a result of ground- and surface water con-
amination with imidacloprid, as recorded in western provinces of
he Netherlands, which exposes wild plants to imidacloprid, many
ther non-target insect species may also face chronic exposure to
midacloprid (Tennekes, 2010b). The inference made by Maus and
auen that, under discontinuous exposure conditions, imidaclo-
rid will only be available at the site of action for a limited period
f time, is certainly true, although they do not mention that imi-
acloprid metabolism in honey bees generates two metabolites
olefine- and 5-OH-imidacloprid) with very high binding affinity
or nAChRs (Nauen et al., 2001). However, even after short-term
xposure, blockage of nAChRs by imidacloprid and its metabo-

ites may persist long after these poisons have been eliminated
rom the body, because dissociation from these receptors will be

very slow process (TR is high). Persistent blockage of nAChRs
xplains impaired honey bee foraging and learning, as induced
y imidacloprid at sub-lethal doses (Guez et al., 2001; Decourtye
y 280 (2011) 173–175

et al., 2004; Colin et al., 2004). A honey bee during a foraging
flight must learn and recall many complex visual patterns (Menzel
et al., 1998; Capaldi and Dyer, 1999). These cognitive functions may
be perturbed when nAChRs, necessary for the formation of long-
term memory and involved in acquisition and retrieval processes,
are persistently blocked (Gauthier, 2010). These observations are
entirely consistent with the theorem of Druckrey and Küpfmüller
(1949). Both receptor binding and the effect of receptor binding
are virtually irreversible, and exposure time will therefore rein-
force the effect. This is why the Druckrey–Küpfmüller equation
dtn = constant (where d = daily dose and t = exposure time to effect,
with n ≥ 1), indicating that the total dose required to produce the
same effect decreases with decreasing exposure levels, even though
the exposure times required to produce the same effect increase
with decreasing exposure levels, characterises not only chemical
carcinogenesis (Druckrey and Dischler, 1963; Druckrey et al., 1963;
Littlefield et al., 1980; Peto et al., 1991) and photocarcinogenesis
(Sterenborg et al., 1988; de Laat et al., 1997) but also the toxicity
of neonicotinoid insecticides to arthropods (Sanchez-Bayo, 2009).
Therefore I consider the claim made by Maus and Nauen that “the
basic conditions for the applicability of the Druckrey–Küpfmüller equa-
tion (i.e., both receptor binding and the effect are irreversible) are not
fulfilled in this case” to be unfounded.

The British pharmacologist Clark unwittingly pointed to a cru-
cial additional aspect of Haber’s rule when he expanded Haber’s
rule to characterise the action of a number of drugs (Clark, 1937):

(c − cm) (t − tm) = constant (6)

where cm = a threshold concentration, and tm = a minimum time
of response. Clark commented at the time (Clark, 1937):

“The formula ct = constant is indeed an impossible one in the case
of drugs acting on biological material because it implies that an
infinitely small concentration of a drug will produce the selected
action in infinite time, and conversely that a sufficiently high con-
centration will produce an instantaneous effect. In some cases
ct = constant gives an approximate fit, but this merely implies that
cm and tm are so small as not to produce a measurable error”.

So, an approximate fit of Haber’s rule to the action of a poison
indicates not only cumulative blockage of critical receptors but also
that the threshold concentration (cm) is very small. For genotoxic
carcinogens it is now commonly accepted to apply the regulatory
default based on the assumption that if “one hit” could cause a
mutation and eventually result in cancer, then any exposure level
could be associated with a finite cancer probability. With this in
mind, the U.S. EPA evaluates carcinogens using a low-dose, linear
model (EPA, 2005). In stark contrast, Maus and Nauen assert “that
there is no substantiation for concerns that effects like described by the
Druckrey–Küpfmüller equation might entail a higher chronic toxicity
than currently determined”. They refer to numerous studies provid-
ing evidence “that there is under realistic conditions no correlation
between exposure of honey bees to imidacloprid-treated crops and
increased colony mortality”, but they discredit the results of a study
conducted by Suchail et al. (2001), which are consistent with the
theorem of Druckrey and Küpfmüller (1949), and completely ignore
the authoritative French STC (Scientific and Technical Committee
for the Multifactor Study of the Honeybee Apiaries Decline) report
as well as a significant number of other studies showing harmful
impacts to both honey bees and bumblebees at environmentally

relevant levels, mainly in studies of chronic toxicity and sub-lethal
impacts of imidacloprid, as recently reviewed by Kindemba (2009).
I could not disagree more with Maus and Nauen. In my view, neon-
icotinoids are destroying the web of life and should be banned
(Tennekes, 2010b)




