“Risk assessment regarding pollinating bees and arable crops seed-treated with imidacloprid”
Executive Summary

The neonicotinoid insecticide imidacloprid (Trade names: Gaucho® and Chinook®) \e{\als a goo%@tﬁm
systemicity and is used as a seed dressing agent in various agricultural crops. Dug&o its high .in@ﬁnsic toxicity to
honeybees and strong allegations of some French beekeepers numerous specia]zt\gsiqlue and d‘)\(icity assays were
conducted to evaluate any potential risk posed to honeybees by the use of thi® yéﬁ%mic sq§§ difessing.

More than 15 studies with imidacloprid have been carried out concernin, tqﬁe, transl@qéa(&n and metabolism

in various plant species mainly after foliar, soil or seed treatment. Thg(ii}ptg&e afterQ}s%Qﬂ,&% seed treatment is (,\@
about 5% of the applied dose (20% in maize). Less than 1.4% of tg@\\a thed ag;%u{tf:&\s translocated into(y ({&
reproductive organs of crop plants. In pollen and nectar of oilse@,d’ crop qung{léfwgi‘) residues consisted@?' the (_)90

parent compound only. Field residue trials with imidaclopric}i&@\ﬁe&%% @&@Sﬁi]&g of sunflower, maize\‘&d oilseed 0{6
rape revealed no residues higher than 5 ppb imidacloprid ig%it{[}@(r' n\Q@ta\@\Sr 80\11en for the currentl@&egistered QJ{\&
European seed dressing rates. In nectar and pollen of sg@eg@\n‘& ‘*‘\1\@%@ crop plants no res\@ue\ghighero@n QQ}'
2 ppb imidacloprid were detected. Ag(\ N & ¥ GQ} {(\& 3 & \c)é ‘_)0$
As in pest insects, imidacloprid acts as a partial a %@%@ rk&sxcgb?eceptors in honeyb%@. @ acute &S\(i%i;f’?l
assays following EPPO 170, imidacloprid reveac};}d(,@q’li Qf@&%ﬁ@@ toxicity to honeybeé\wgﬂ\ﬁ\ oral I%D%ngalues
of > 3.7 ng/bee. In these acute laboratory a\i@gse\\% ng)% é@}v\@ﬁ“ effect dose of 1.2 %g‘%s(b%e@u@%ezﬁg’termined
which translates into a dietary concentrag\o?l Q@Q@gb& gd?tionlly, a high nurq\lg@qr %K‘&L\ws‘cohr%{gé\feeding
studies were conducted in the laboratotff aQbQ uld%r {ié\mfleﬁeld and field condigﬁns@g cyl\@tyér,@}lco\lénger—term safe
@%Ql@y@é"es:\*:%ased on studies Whéé%l ah%v@a r@s)}o@ﬁ\cible results and

. . .. M
dietary concentrations of imidaclopgid f0

based on endpoints which were Cc@\ﬁsiq%rqéﬁ’s \%\qﬁgt for honeybee perf@(‘;%&ﬁcgo‘iﬁ‘@@}ﬁsﬁ\, a no-observed-
adverse dietary effect concen@?i@%@%lﬁﬁ) 8@ 20 ppb was concludgd. @Q 0@ Q}O .;6&’
When the chronic dietary %{&% %¢2Q&9\p8\f‘t\)\ honeybees is comg&e&b\gi@h&@%@ed residue data of <5 ppb,
it becomes evident that @&%@&es\ﬁ% 0?xzi@lmidacloprid will \ggﬁ\% \&iﬁy @(?ie(gﬁgigle risk to honey bees. This
conclusion is strongl&gg’ugpor@ t@/?{hqqﬁndings of more thaéx; {s%mé’fﬁegpa %field studies which had been
ORI . o IR AR
conducted under Q/\énggs cb]gmag@ alad@soﬂ conditions in 2{ Knaif t\a\lgetoc)ﬁo +” No treatment-related adverse
effects on hong@%egjé\v@e obpeéryed in any of these stgd%es\.)(\f\h R&t\i\gi\?a%\éymptoms as reported by French
beekeepers &@re&é@req@rd&d during any of theseomnm;f el stQé\les.
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From rev@ve@%ﬁ%?&ﬁn bee species othe&&g(@g&%@%g&&?a higher susceptibility of wild bee species
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()){(\ @th ne oé(ﬁoid insecticide imig{@%?o ﬁi@@e@@}% ﬁfghly specific affinity to the insect acetylcholine receptor
& 4991, I 102 &13’9%, h 1993, [ 200D): Due to its excellent

sy\@ena/{é properties, imidaclgp‘}icb@(ffectiyﬁ ,c;@ltrols foliar pests even when applied as a seed dressing and,
&ﬂa‘ere‘fzbre, qualifies best fc{(@viqa% Vectcg‘é\o 0l. As a seed dressing agent imidacloprid was first launched in the
\O\\(fo early 1990ies in sugargqé\c}ts and cereél cg)ﬁ)s. Starting in 1994, imidacloprid was also marketed for use in
sunflower crops in Esance under@r‘é b@g’nd name Gaucho®. Due to its excellent pest control performance-
- 1991, @2, - 1994), the treated sunflower area increased strongly during
the consecutive years. In 1996 @%e suspicion already was made in 1994) a potentially novel bee malady was
reported from Central an@%‘&/estern France which aggravated in the following years. The characteristic
symptoms of this beeetﬁalady are given in Appendix I (as summarized in_ 1999). Due to the temporal
co-incidence of t] @@aucho® market launch and the appearance of this bee problem some beekeepers assumed

that this bee malady could be linked to imidacloprid or metabolites of this compound.



Introduction (cont.)

This allegation initiated extensive research activities in many countries worldwide. The present paper intends to
(1) summarize the outcomes of all relevant research activities, (2) evaluate all these ﬁng'gygs and (3) gome finally
to a scienctifically robust conclusion about the risks posed by imidacloprid seed dresgings to honeybees.
This review paper is divided into 4 parts. The first paragraph deals with the naturg&md the qqa@ﬁtity of residues
in pollen and nectar of crop plants which were raised from Gaucho®-treated se%&g.qj{ﬁhe secofid paragraph
examines the acute and chronic toxicity of imidacloprid and imidacloprid pl@ﬁ? Q‘fétabolitg& toponeybees and
other pollinating hymenopterans. This is followed by a risk assessment ig)‘t?le\ctﬁ'ird pap@?g'ra&l where all findings
of the exposure and toxicity investigations are comparatively evaluat'eg&\ T\l}% final Q‘ag&ph summarizes all
findings of field-based research where the response of bee colonies@@\ i@qﬁ—treatg@cr;\ojt% had been followe((ji..
0
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1.0 Nature and Quantity of Residues in Seed-Treated C@%pc){?ﬁ“ar;@ 05 & & &
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When foraging on arable crops seed-treated with 1mh@§018)45\r1(&ch01{§y S may be exposed t%@esb@al traces ofo
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the parent compound or its metabolites. Existing O@hg&?ﬁeq@o]&i@s}n@ﬁldies were reviewec{i\@% \{i\\&ntify ﬂgé\\ ng{ﬁ're
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of plant residues to which bees are potentially g@%@qﬂ g)u‘ri O@%ing. & & é\@' \}%Q, \(»\{v
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1.1 Uptake and Distribution of Imlq@ﬁ%@gi%ﬁ ge‘é%@"reated Crop Planta\ﬁs\ R &c’,\\_ 0‘&\.0\6‘
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Systemic properties of a molecul@@reﬁla{'éb%f @}em%?ned by its water so{l@giql/@y,t}g@ 0 T.Qfl @svater—partition
coefficient (log Pow) and its a&qﬁ Q_)&?S&Qﬁt (Q}Ka%@%ollowing the simu]@%iogﬁn({del 9 1982 a good

datTopfid (ow = 0.51). The high pK,
s&é?e@n%, therefore, diffuses freely

H

membrane penetration and {'i}xhi \}xgbn@qfogﬁl\ty can be predictedcfea)}r 3&%
. idad] X . . 07, O

of 14 indicates that 1m1({\a$ ogﬁd&mgn S @quhln the plants in a Q@&l@é&n

within the plant trans gﬁ%@s\a&&ﬁ gé\gpite varying pH enox’f?qg.ﬂ}eré@? (]% \%l%le phloem = 8.0 and xylem =

5.0). However, b (13 @6\/ Jg.??h\\?(yéeﬁ‘l system is faster b @ fa&i?)r\)(ﬁ’ 50) 0 4}@ than in the phloem tubes

((1@88\? Accordingly, onc%ﬁns@cl@r'ig\\ﬁa@é\ltered the leaves it remains trapped by

the counter-current prifici \6&1( in the leaf and onl&‘%ﬁ@ %\&\Hs&&n be re-distributed to the plant stem.

€
These thq@}%g(&qfl @n@‘e@ons fit well with&ﬁ}ldi@s&g\?ﬁ%%%letabolism studies || 2003
dzél

O
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Follow\fgfr% @e%Q@?%@‘%l%Q%r granular applica\t@%séb? a@u\ on cotton, eggplant, potato and rice, uptake
rategorang®d froms) 648 4.9% of the applicl radfoacfivity 1989, I 20

1993 1991, 1989). After seed treatment of maize an
Q/{\\lp@‘(e rate\@" Q%@A) was recorded (Vgg le@angQD '%e&r(& 89). The ratio of the radioactivity in the reproductive
(}){(\ &%ans'gi@@?\ g\&ds and fruits) corr{géregfﬁ) ‘gl;l% r\é%lgactivity of the whole plant was very low in maize, cotton,
.&60 eggplaht %&i rice ranging from{\&.7 \\&Q’ 10-'1\‘5% é\?al{.&l). The mobility and distribution of imidacloprid within the
O va@‘iﬁq{&system and the tissgé’s gf“plar%ts@@a.%6ﬁrther examined in translocation experiments where the as was
@ppli&({ to apple and tc{&g@@leaves ‘&(\7/ e the fruits were covered with plastic sheets to prevent their
\\(zo contamination. At hag&\}st, 14 days'@(i\t »the amount of radioactivity in fruits compared to the activity applied
QSO was 0.1% at maxir({\mn 1992, _ 1989). Based on residue findings and translocation
experiments it can/\be conclud t}@i&imidacloprid reveals a good acropetal translocation from the root system to
shoots and leaves (excellent&yk‘&ﬁ\é\l mobility) but only a poor basipetal translocation to sinks, i.e. storage organs,
roots and fruits (negligit&?“phloem mobility). Consequently, highest residues are expected to occur in the older

leaf parts of the plantqs/@
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1.1 Uptake and Distribution of Imidacloprid in Seed-Treated Crop Plants (cont.)

Conclusion: Crop plants adsorb a maximum of 20% of the applied seed dressing material. Leaves act as a sink
of the seed dressing material. Less than 0.25% of the applied seed dressing material eni@,s the reproguctlve

organs.
g 0&6\ Of&\
0 &
- idacloprid i F& &
1.2 Metabolism of Imidacloprid in Seed-Treated Crop Plants O %@ A
\0 \Q' &OQ/ \0®Q
Despite the wide variety of crops and application types having been mgést ted a @ﬁq&ﬁmfom picture of the <&
metabolic behavior of imidacloprid in plants was found consisting Q@\ﬁlggg prlncxp\hql Rﬁﬁlways (Fig. 1-3). In Fig. (’\&(\
1 the ethylene-bridge hydroxylation of the imidazolidine (dlhydrg#hlgh Qle) 1 gpthe as leads to the f@ﬁ‘natlon . (_)(,0
of the monohydroxy-metabolite, which mainly undergoes a st@/&s \g& nt 1@1&1 n of a water molem@é\ to form 06&

the olefine-metabolite. Secondly, as depicted in Fig. 2, an Q}o-@go @t\\:tlgﬁ takes place to fort%ﬁﬁe Q}\
nitrosimine compound. In a further step, after loss of thqu(%‘%r%d% b};@ @mdme and urea me@bo]&es are \)& &
formed. Starting with nitrosimine a cyclisation with ghdogk 8&u ap 1c acid (created in r 1r@¢\10n durlh% N
glycolysis) to the triazinone metabolite via a suppgéed Bu g@t f\(é}nqglmmoguamdme 1nte@e(ﬁh?e oc s\’\'
However, only minute amounts of this compour@ﬁo v;@?e Qg@é\n@(‘only in potato 1eave§)‘\ I\’&’ a@bprld is
oxidized to 6-chloropicolyl alcohol and in tu{ﬁQt \G- c}tﬁo \}c%tx‘fmc acid. In additi Q){% gii@ coh?‘hgates
with carbohydrates are also formed (Fig. i}? h@seq& %m@% of seed-treated cr ngl % onl Qelg\ﬁow amounts
of imidacloprid metabolites were detecé)%d Eﬁas@‘ﬁ %@\th@ﬁuantltatlve aspect tl’ké\ olgﬁrgk\y \éleﬁne—
dihydroxy-, urea- and 6-CNA- metalgéﬂltgﬁ V&@% @st é@mmonly found in t]&@se qurt@? sgséa @’éssed crop plants.
\g\&sé)’é‘)e@ @@&\Q’@
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Conclusion: Plant metabo{&es@? 1@da&\k)p((’®whlch may enter rg&ro@u t\@% ({(ézlrj@\ﬁ\n relevant amounts
include the monohydrm@lﬁ§ %&ﬁ]&@- ngYQ xy- urea- and 6- CI‘&I&\@}\%@@;@& ‘2
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1.3 Nature an%‘@ugﬁ*fﬂg ofﬁh@%cloprld Residues |g($%[}én\a d@@eqﬁér of Seed-Treated Sunflower Plants
A N * 6\
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The naturg%ngxﬁuaﬁtltxx‘b‘f {ﬁ%’ldacloprld remdues&(\r?pqﬂen&n of seed —treated crop plants was

sprem(ﬁal]g:fm@tl g@n sunflowers. Thi nﬂ@&w@%e@ m study was performed in a greenhouse with

pot p\%@'lts 1§l§9) The sunflower @ﬁd@%&reﬁ&d@se@wnh 0.7 mg radiolabelled imidacloprid/seed
\gﬁxc]&(l(s the cgﬁnm&mal seed dressing r@{% Htj’ra,ﬁbe \@u@ng flowering, the nectar was collected after sampling

{\%eb‘?émale ﬂ%re@from the mfloresceq@% t&\%@%zg@ a@@ extracting the nectar using glass capillaries. Pollen
6\ Q?nple W(érq\éollected in plastic bgé(e 16Q<7v the inflorescences before flowering. The total radioactive

resid \("léﬁ:R) in pollen and ne &r @ d \{} chemical composition using '“C-chromatographic
Sb;%lqﬁgs e.g. TLC and HP,{.»‘C &lﬁi total,,§~4 g(‘nectar and and 9.6 g pollen were harvested from the sunflower
@bant@ The TRR was eng&a Qtf to 0. O(ii‘(@ ég»fg/kg and 0.0039 mg/kg for nectar and pollen, respectively. From

\0\\0 pollen samples, 85.8% gf the TRR c.@(ﬁ? be extracted. The TRR in nectar and in the pollen extract consisted

Q\)

completely of 1m1da§1>opr1d No k \Q&or unknown imidacloprid metabolites were identified in these bee-
relevant sunflower matrices. h\l\-@ léﬁnt of detection in these studies was 0.1 ppb which makes it very unlikely
that any relevant metabolite Q%Illgﬁ'ned undetected.

(\\ﬁ‘
Conclusion: Based og?a greenhouse study with radiolabelled imidacloprid, only the parent compound is
expected as I‘esidl(l}%(l‘ﬁ nectar and pollen of seed-treated crop plants.



1.4 Imidacloprid Residue Levels in Pollen and Nectar of Seed-Treated Crop Plants

Field-residue trials with non-labelled imidacloprid on sunflower, maize and rape were carried out in various

countries to examine the imidacloprid residue levels which honeybees may encounter ungler realistic éﬁeld

conditons (N > | 195 L 195901
O

I oo I o' [ >0, I 200>, [ 00 Mos

samples of these studies were not only analysed for imidacloprid but also for thg\?ngnohydro@- and the olefine-
metabolites, as these metabolites revealed a relevant toxicity to honeybees (g@? @Qégrapl};&.ﬂ)@”fhe results of the
reviewed field residue trials are compiled in Tab. 2. In all but two sampl@%qcﬁqﬁantiﬁ@bqia&%idues of

imidacloprid and the two toxicologically relevant metabolites were recc@}(zl@%\l)n pollgﬁeq&%ectar samples of <&
maize, sunflower and rape crops. &\\ 8\0 006% &(\9 (,\@Q
In two pollen samples from spring canola and summer rape, ma)%ﬁ%'u@\re@dug\kvqgﬂs of 7.8 ppb S(JO

- 2001) and 10 ppb imidacloprid-, personal @%@n&@%@ wete detected. Howey\ , these 0{{&

residue levels were detected in rape crops seed-treated witlgzﬁ) gf'(mt&tc@\%ri@ kg seeds which is éo‘ﬁmes highe@{\&

than th tl istered E d dressi tein 'C)Qfé\\\(@zt \% tl ist seed d Eé(\
an the currently registered European seed dressing rate; @\s Py the currently registeredsegd dressi 2

& .
O
rate of 2 g imidacloprid / kg rape seeds, no residues X@re@@éte&%\gdgn\ l})@ﬁqéy samples from 13 d‘i\fgg%%nt lopce)ﬁ)?on§
N\

(-, personal communication). 906 Q/Q/ Q,(\“) <0 40&\ . : (s\\o \{.\\& . < é\\
A pollen sample from sunflower crops (0.7 mg a$/sged) w\asg&%%ﬁed to contain 15 ppl:b‘ﬁmoﬁ{hclqprl gm-

I (099)- However, this .y@?ugx‘?r(é )g&t?%@r\%aq’}nvalid since the veg@@ Was 1e c{(pﬁpaﬁ%le with

the analytical result of a second laborato &I&I&yh ,Sncdlgsed the same sample and {éu d\%%@gc&gvgﬁf@< LOQ (i.e.
<10 ppb). Of the examined imidaclo Q\&tagﬁﬂi&@ﬁ\, @monohydroxy—metab&i&e%@é&\d,e\@gtsé& qualitatively
(i.e. below 10 ppb) in 12 of 31 sun\f.@v%@g%{&%&%&n s 1 @‘%hese detects are,
however, difficult to interpret sig@é lfdeiéﬁct erénot confirmed by i@pgﬁﬂa@@@a&@n analyses (< LOD)
and (2) no monohydroxy—metgb‘bg%t& cg@f]d be .dgfgcted in the greenhouSe Q@d&(ﬁ @ch\gt%wer detection limits
(radiolabelled compound). k&lsg‘ho&éy&@.é@s &?é}e analysed but revgé?ec&n% \@teg&%l@\?esidues except in one
study 1 .oel%n this analysis, 2 0u§:8f é}%@ﬁbyyge\sa%lples showed a total residue

— : o 2\ _
level (i.e. imidacloprid and all fetabolites with the 6-CNA nidiety) o Sa @\ b, respectively.
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Conclusion: Q\ﬁ%gﬁngé%ﬂ FegiStered European see@*ﬁr@n@ag@%&&uch@ honeybees will not encounter
imidaclopri&%%s&dﬁ%@e]@ \iéher than 5 ppb in necgir \%(’50&1;&% Q@sg@ﬁ-treated crop plants.
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1.5 Imidacloprid Residue Levels in Pollen and Nectar of Succeeding Crop Plants

No soil metabolites > 2% were detected in 4 aerobic soil metabolism studies with radiolabelled imidacloprid
1990 a & b; _ 1990 a & b). Therefore, it can be assumed that soil residues left
from previous imidacloprid treatments consist predominantely of parent compound. A{_& own in th¢’sunflower
metabolism study, only residues of the parent compound must be anticipated in nectgf} and polle &f seed-treated
crop plants. Accordingly, it is reasonable to assume that nectar and pollen of suc d1ng crop {llgnts growing in
imidacloprid-contaminated soil will also contain, if any, only residues of the p t@loleculq&\ ertheless, the
analytical method employed in the field residue studies allowed to identify al@% t;@%es of s&wcturally related
and toxicologically relevant monohydroxy- and olefine-metabolites. \0 QZ/(' %
Ations \@‘th%‘s\f)gnlﬁcantly different

soil characteristics, imidacloprid soil residue levels and climate g&ﬁ\ - 2001 -
- 2002). Residue levels of imidacloprid were found in i@fl S Q‘f 1l tre@dqﬁ%lds In contrast, noo
residues of imidacloprid and the imidacloprid metabolites mon d(oqﬁc %%nsb%le&ne- were detected 11'5&:ctar
pollen or honey from rape, clover or maize planted as succee{c?ﬂ;%‘bro ('{@olq‘é\) In sunflower crogé - &0&
(2001) reported detectable residues in 1 of 4 nectar (1.6 p@% @{i @ﬁ@%llen (1.5—2 ppb) g&%\gles but 11{@% &
unclear from the study report whether the positive det%@gé @&ex&ta@e@fl‘om seed-treated or Qﬁtr&&ed cropS §\

Q
plants. From a comparative measurement in sunfl vs&%r e%d{giags\r (2001) recorded&é\4g@old hlglﬁer ,\fo
imidacloprid adsorption rate in seed-treated suntlo\\zve%@crgp% CQ’}‘np d to sunflower plq{l\ ggé\)vn as géﬂmg

Q & Q,O’ @ Q, ((\ 0,

O \Q/ ((\ \
Conclusion: Succeeding crop plants do ®t @(}nk’ﬂ rg@dl{gj}evels of 1m1daclopri(} (1@}u«éﬁlg&he yonohydroxy-
and olefine-metabolites) higher than é%‘p@% a;,?c n@ollen

Specifically designed succeeding crop studies were conducted on dlfferqﬁl

crops.
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2. Toxicity of Im|dac|opr|%@9nqd°mkdac{ofjr{sfMetabol|tes to Hogg?/bgé) 00&* &
b‘b{\ ¥ \ & y&o O é\

o
The toxic mechanism Q&m@&ack&pr@an@%s insecticidally ac‘g@% %)%tagbqhgcﬁ t%ﬁoneybees have been
investigated and rea@%e@gy (2001). In prmmgx th@ tog@:lt;g@)of;‘g&ldacloprld and it insecticidally
active metaboliteggito kgz)ne&?)e@ isBased on an interfere Qf Qsé eo@%s with the bee nicotinic
aceytlcholine fﬁcegﬁﬁri\%s@f‘ﬁlg% an overstlmulatlo@gndycoq&%\@ng@ discoordination of the neuronal signal

transmission'sy; N \@ . I\
g X Qe@gz, O o8 0&@ & \O\QO &
\0>Q' & & 6\ é\ \\Q’ @6‘& 0(9(0 0‘\6 50('
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Six q@ffe&nt laboratories fromjﬁleoyﬁlt&ﬁ K@hgd&n the Netherlands and Germany examined the acute oral and
cohtagb\\toxwlty of techmca&/(@r fgémulat m;ﬁacloprld to honeybees (Tab. 4) with the majority of tests
(J’\berformed according to @ﬁo\%o 1 e@é studies, the oral LDs, ranged between 3.7 and > 70.3 ng and

SO\\ between 5.3 and 53. O(jﬁ)g a.s per ho&é’yt@% for the technical and formulated material, respectively. The lowest
no-observed effect‘iﬂbse (NOED)QV@@’Q? 2 ng/bee (Table 1) with mortalities recorded at doses of > 1.5 ng as/bee.
The contact LDs, was betweeth %(9 and 104 and between 42.2 and 245 ng imidacloprid per honeybee for the
technical and formulated gaterl&] respectively, with a good fit of the resulting dose-response curves. The
lowest no-observed effgﬁ dose (NOED) was < 2.5 ng/bee (Table 1) with mortalities recorded at doses of > 2.5
ng as/bee. SQ’

o



2.1.1 Lethal Effect Thresholds (cont.)

Similar toxicity data are reported from other apiaries. Contact LDsq-values of 44, 30, and 12-24 ng as/bee were

repf)r.ted by-l (1991), _.(1999), and_ (2000), respec%@ly. For the oral
toxicity LDsy-values of 151 _ 1999) and approximately 5 ng as/bee W%@k reported _
N

2000). &
Whereas the contact LDs, values were rather comparable between laboratories é&i@%qtﬁzr of < 3&tween lowest and
highest value for technical grade material), the oral LDs, values showed a cQ@&q;éable Vgﬁ bitity between
laboratories (factor of 19). The contact LDs, values are considered more S)é?ig\b‘lqé than {,hqé Qﬁé\l LDs, values since
the topical application of a definite volume of the test compound is r;clgﬁ%gl& easy é{)&t@ﬁardize while the dose
applied to an individual bee in the oral toxicity assay is difficult to Q@*telé‘gﬁne as c{@’\é}y. Oral dosing is
typically done by offering compound-containing sucrose solutiog/s\qfo ups %beg&which share this fo%(?aby
trophallaxis. The following factors could influence the doses é&ie@(\a&g\\gﬁ&eﬁt%d%y the individual bc\g§ g
(1) Trophallaxis may be reduced if a compound is toxic to gft%s@ ig@e @\?irég‘\he test many bees &Oﬁlot directl)@&
Qﬂ’%nce on the doses ggeiz\gd by the@é;k\é

C)
feed on feeding tubes a suppressed trophallaxis will ha\é/@% g@u nt¥n
AN 3P
§)

2

individual bees & & & e
’ . NIRC IR SRS . O © 5O

(2) A homogeneous solvation of test compounds l@gh&lb\% (ﬁgrQélf%%ult to obtain in the g@ge \@b&ume of é\{\'

. . O oV @ N O, )
aqueous sucrose solution than in the small volunje ((l{t{zac@bn @?e%ded for the contact te@, gﬁs 1@1glg7t,?e§§ﬂt in

unequal doses for the replicate cages and cav.ééQ sQ,QYne& v&iggb)lli@g’}of mortality ﬁguregcb%t;g{ee% p&&c\}elggé\oés
& O 0o N

frequently observed in oral toxicity tests wit t\é%(iqegog‘\ipo S. & OO o
. VIV Ncati RPN I O A
(3) The nutritive status of the honeybe%% at&ﬁ’e @%e&@ﬁ" apﬁ ication may be im a{&a@@ql\&m&@ toxicity is
likely correlated with the rate of di%gé&tiqg&(.) \\(\0’ N & 6& RO Qf\
N O &P & & LA

. O ST . . RO : .
(4) There is an age-related dlfge?elgﬁe 13%@&;:&%?%% of imidaclop @c@al@ng%éuc@"se solutions (antifeedant

response) and the age of th@&es&éﬁ %e)ss ishotWell standardized irb&%s@?o\@%e&é\x(&y tests (- 1999).

In summary, the larger g eﬁéf/c%@?n *tih\z @ﬁ%’l toxicity values begpequ, i{&re@preébgrch facilities may be mainly
attributed to the appl&g&‘tig;ﬁ te {;1\1@145\2: Sa‘\t?ler than reﬂecting0 ! e&@%og@?&éﬁe sensitivity of tested bees. The
poor fit of the dos,g(-}e%gﬁn@‘ﬁ{&es&ﬁequently observed imﬁ)r@fo@&t Ct%s‘@‘zunderlines the assumption that
factors other th&‘ﬁ‘z’dq];(ifﬁrgmes(&l %‘ﬁsitivity/susceptibili@ c%ﬁqbigg\ t'l}jé\\%r%{\]‘:Dso—wlues.

In the oral t )é'i}ciqtly\t%séﬁ, ig@l{%@&)prid was diluted ilbéb ° s&ﬁo&e\\ so\l@tion per honeybee. Accordingly, the oral
doses car&\g@e %Q(ﬁvoqi‘t.eckﬁa‘t({\&l\gthal food concentre\@nixﬁsg@ %e%o&ﬁ%\ula a=[b/(20 uL x 1.3 mg/pL)] x 1000
with a.\ﬁfsu ar cxﬁlc\)qﬁn‘%%(ﬁg’n in mg/kg and b ?Qoragﬂ%s&ée 1%0@ 63@\} bee. At concentrations of 1 mg kg™ diet or
hig}%/erz Is@g’eybee@j Qé‘ed in a dose dependé&t \i?‘}i‘lel&)thé\i estion of the sucrose solution which may also

. G N
g&)ﬁ%ﬁ(’the po&q}\ﬁt&}l the dose response ‘g&ﬁ'vg?’ e c@%centrations corresponding with the no-observed

e(\\gf@t dose i@r in‘iﬁlacloprid of 1.2 n, Al@ge 3&\81@? ¢ eg@finto a food residue concentration of 46 ppb.
& @ﬁeore icall e‘f’ethal concentrationg&eowld b é\a ciil téﬁ as well but these values would be biased by the
& R Q e
¥ antifeglaniffect which is obse@e%@%g > the NOED.
Y R XN . O NS
Q QQ} ("&' V0 \$\ . 0(\
Q@on&%sion: In acute diet@@ )e\u&icity te %’é@\ adverse effects to honeybees were observed at sucrose
\0\\00 concentrations of 46 pgﬁ)or less. ;00(\ ¢
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2.1.2 Sublethal Effect Thresholds

In addition to lethality, also sublethal effects of imidacloprid were investigated, e.g. on the learning capacity of
the honeybee. The most simple modes of learning are non-associative learning feature_s\{\spch as habi&uation and
sensitization. The next higher mode represents the conditioning where an associationdys made betw@en an event
\ L
and a response_1989,_ 1995). kS O
-. (2001) examined the effects of a single thoracal application of imid@(\ﬁo id on }(i\e(b\ltuatlon of
incubator-bred honeybees to a repeated feeding stimulus. They found signiﬁegngﬁeatme%ﬁ»r%@ted alterations on
the habituation response at sublethal doses of imidacloprid between 0.1 ag)ﬁ?l Q,‘%g/bee%ﬁo@gver, although
response patterns changed significantly in relation to the length of th@@%t\g&%atmetl@%qg%d no dose relation was
found for the observed effects (except 1 hr post-treatment in 7-day g@é‘ tb%‘sgs) T%&Q@’\é\sing response patterns
between 7- and 8-day old honeybes were explained by distinct s@&ty@é of t}g)g\‘l%@hR which differ in té/té?r .
affinity to imidacloprid and its metabolites and which are exp\aé‘ss%se@ﬁog@iqff\gﬁn gvels in the two age \ingsseS' A 0&{&
kinetic consideration, however, seems to be not in support g&‘th@ X@»t&@%is@@‘%nce responses in 7-@3‘3/ old QJ{\&
honeybees did not differ between 15 minutes and 4 houé@%gg? a@‘l\!%ﬁo(z@hich would be exp\gctegf—jn case éﬁgt QQ,\.
imidacloprid and its metabolites evoke different res%%ﬁse ant%/ej;gst)QI\I %@értheless, imidaclopg@ d@ﬁ\és bet‘\gé%n%o$
0.1 and 10 ng/bee clearly affected the habituation {\ésp\gﬁ\seg}}l ,‘Q&lgéﬂ')ees. The key questi\& c\@mernss{ﬁ% (s)\"\\'
biological significance of this finding. As discwﬁge@%y Ozﬁ% géiﬁl&@ bees reared in an i@,ﬁ for diff 2O O
significantly in their learning performance ﬁc@% 5&%%}[&0 g&*\s\ré/a%red in a full hive C%@%
1997). Also, handling procedures of hone@%e&e\é a{{e? ségniﬂ&ntly behavioral fe ib(i’. laoqe e%&Q In the study
_ (2001), bees were subjec&%g icé%%t&)t{@ﬁ%ion before testing. .. @98g§;\investigated
the effects of carbon dioxide and lo@er&ge(@ﬁir§‘nar¢§tisation on the beha@ﬁ&oroo h&ﬁe%e@e @%rkers and found
. . RN . O
strong impacts of these handhng(:@%o&c\;cﬁu{@ o(g,\%%hﬁ'vmral performance%O%a@l %v eg%r not the reported
effects may have a relevant i@‘ég}t}&n i&\w@%gg\@under realistic exposfire @n@tlog&\ c_%'ﬁgbe examined by studies
of increased complexity as @oss‘pegﬁ)rrgéqﬂ Rﬁ'\\e. g. - (190 \“@@999) and reported below.
L. Q' ¢ @ ” 3
Olfactory conditioning 295*1 of\tﬁ\e %{QV]@@ type (conditioned \Sb@ls’%l%&tg{isl%ﬁ/ eflex tests) were conducted
by- (1998&3&‘1 @ 9@’% using 12-15 daysoigii? éﬁis@qﬁélg@@&n these tests a conditioned
proboscis (bee mqﬁl’l%@ﬁ) e{&og\«%ﬂex was triggered bj/ s‘ré'ix\lul)a%n \{e\'@‘&htennae with a 50% sucrose
solution (stimukéfﬁ'o&@(%f §hem@qfe€é})tors) while simultag%o%éq‘y Qﬁ\p}jﬁct&ﬁ/ stimulus (conditioned stimulus) was
directed over\ﬁ}le{ahti@a ¥ia an air-stream (50 ml/s) n %%e\\ctQﬁed their proboscis they received a

droplet 0%&1cso<§eogblu®h g&reward. When re%z@ing\% ié\"p %cgd&?g several times then ultimately the proboscis
is exte N whet 01 a%qfory stimulus alone 5 p e (¢ oned reflex), i.e. due to the Pavlov-type
Q0 Q&S oL QO . .
conga’tlo g ). Durir\g\y\ﬂl\@\%e‘:iﬁ;%e\g% v\xi\egfe placed in glass tubes and fixed by two adhesive
t Q’s dOnly th€antetinae and the mouth "a\’t Were'f ‘Ty Joveable. The bees were subjected to a 4 h starvation
P IR Y
Q etivd beford testing. Three to 5 con itio %f‘c )1 .\olfactory stimulus associated by a reward, were
¢ 2 Q éé AN
& &)%duc tdntervals of 15 to 20 teé\. en} thedolfactory stimulus was presented alone during five
& g 2 LI NN Y
~\.bo occa: i@\nsq\/é? intervals of 15 to 2@%&@% géingﬁqo Rumber of bees responding with a proboscis extension were
Q co&Qﬁieg\\QIn the acute test, th@'\‘?:o@ound Q(\Qs applied either with the reward feeding solution (oral exposure) or
8 N
the héheybees were expo Iter paﬁgr paked with the test solution (contact exposure) before conditioning.
S o
W No significant differe Q&X in the assoQ@lagz earning performance of honeybees was recorded_
N 1998) between the gontrol and the'ireated bees up to the highest test concentration of 300 ppb for both routes of
R e
exposure. After oral exposure tg? i@iﬂaoloprid no effect on the conditioned proboscis extension reflex were
reported by- (2000)0?0@:0ncentration of 50 ppb while a significant impact was reported at 100 ppb
(LOEC). N
0})@

. Q . . . .
Conclusion: At tlbﬁcacute dietary NOEC of 46 ppb as found in EPPO 170 toxicity assays also no acute sublethal
effects were obsel("ved, e.g. on the learning performance of honeybees.



2.2 Chronic Toxicity of Imidacloprid to Honeybees

2.2.1 Lethal Effect Thresholds

&
Imidacloprid and its insecticidally active metabolites are rapidly metabolized in the Sﬁeybee 2001).

Accordingly, no striking differences were expected between the acute and the chrgsic toxicity Qfxthis compound
to honeybees. However, _ (2001) reported an unexpectedly high c]a(@ni@. dietary@g(icity of
imidacloprid to honeybees with an approximative LCsy of 0.0001 ppb in 50%@gu€i=§'se sol%&me/A comparably
high dietary toxicity was reported in the same paper for six imidacloprid B)}grg\cji%'etabol@%s \(ﬁ(l\onohydroxy-
imidacloprid, olefine-imidacloprid, 4,5-dihydroxy-imidacloprid, desq%}gﬁbﬁ\—igﬁdaclo ﬁf{, ufea metabolite, 6-CNA)
of which some had already lost the toxophor. _ (2001) {@ tg& the sigﬁ%@@ of the observed d%je.tary
toxicity between metabolites with and without the toxophor to th@*%h@;o(gyrigéﬁe g&ucture which all theé}é&plant
metabolites had in common. However, data from binding ant%ﬁqg&%gb s\@\) {cgl studies 2001) 05&
were not in line with this hypothesis. Accordingly, the resgﬁ)s& YBSQ(@C(\{&\%’ (2001) cgncerning th

K @%&
. . P . . . . . &-
chronic dietary toxicity of imidacloprid and its plant m%@b%g&sécé\ h(gﬁe%@%es were corroboratq@‘b&%wo & &

N

: . N \ &
approaches. Firstly, a survey of all available data wi@na@é t%‘ex%ml ¢ Whether other resea e(r}gﬁyhad fq\gb%i go
comparably high chronic dietary toxicity of eithereﬁle Qﬁ}el%\é%n&iéé Réﬁnt metabolites to h({\@\y@bs Se éﬁd(l)g\;/’\}
dietary toxicity tests were performed at four dif&?e@Qre Q’r (}néﬁtutes with the urea @étaé{%{iit@.(uggg 'N) and
the 6-chloro-nicotinic acid (6-CNA). These@% Q\,L&(e'tgrtfo 16@% &e chosen since thegé&qghogz’dg§ I%b?ngﬁ*ﬁ’
increment) is already cleaved off in these @e&a@%l\i@% al (2001) pgé&.\lg\té‘dog%l%a\ﬁnacological
mechanism related to the chloropyridir& st@%wé@ (kﬁ%eﬂqﬁolecules. Any chloolqé y@‘al{@y“\rgi@t\e_(&ﬁ%xicity should
be most clearly expressed in these t@% r&@#?al@?‘ltﬁsir{& an interference Wi@%l@%ti&?&r&?\owﬁhor can be
excluded for these plant metabo(;h\&‘sb\$ &%Q' 0)@0\ Q/Q/(\ ®0° Q}d 6&0' &Q?\" N
The review of chronic dietas 1glzty Q@a of }gﬁﬁacloprid to honey‘geﬁs tﬁm&ari@@s,\\gﬁqblications revealed
reproducible NOLEC Valug&og\l‘a ]%p(b. @ﬁ lgﬁler (Tab. 5). This %Jﬁrorgcg%\@i@é\vgﬁe is only slightly lower
than the acute dietary N((\}LEQ@}VQID&\G 8§\4Q§Z’pb as concluded abQ}@e. Q}S% O refatign’between acute and chronic

values is to be antic)i&@%e%@?vi%i@?a@ff metabolism of imi@&l@i%&l%ﬁ%s{g@ecﬁcidally active plant

metabolites in the nqy% 2001). Accordingly,{iﬁe&%r&(ﬁ h@@qnic dietary toxicity of imidacloprid
reported by ) %}&\Suld not be conﬁrme@\b:i@d @a{j@ﬁ\r\é& of literature information from
published and‘inplt liﬁhe@é%gq*ces. oﬁ\é & O So\\ &

SO
.. . S . AN Q .
In addm% ) &d&: Q&ra\(ﬁ)’e $earch, no-choice chr@c (ﬁ'et%q’fy tgs?s &?ere conducted with the urea NTN and the 6-

CNA @a@lﬁ@%ot \g&?f \@#ferent independent&a%%{'ﬁ?osgé\s t@b}ei?)%e hypotheses 0_. (2001) of a
seconda Q‘toxicitg@mqé’ianism of imidaclo;@‘i}l s@% é)‘@om\gfa?qg@l es which is related to the chloropyridine part of
,t\lg@q’n@fecule Q&Qbo&y\) Tests starting wi@‘%l@éf Wor Qf%egs\(22—45 days) do not appear to give reliable results as
Q/{\‘sh@’%fn by th@hqi;g‘h mortality in the co@?o]@@%&h%é). g&\ the tests with older honeybees mortality did not follow
(}){(\ 9%osejr§e%bql/¢§e relation and ﬂucﬂ@e%&\(@%@%e&@zeen replicates (controls: 10-60%) and dose groups (34-
.&bo T7% Qb%&]g the test, older begé‘wgﬁ% &%a\s}i&g{@ classified as being knocked down or stumbling but in these
Q tei@‘% igtsame number of afo&e%G&becime\ﬁg were recorded in the control as in the treatment groups. It appears
&@z\at ¥ tests with older beeisé\t,@%y be Vﬁ‘fﬁf(') icult to distinguish between natural mortality at the end of the life
\\(zo cycle of the honeybee @8 compoun@oge d lethal effects. In contrast, younger bees remained vital over the
QY entire test period anéf‘tests with th e,g@es ended in more reliable results as revealed by reasonably low mortality
rates in the controls (< 10%). N% %&tistically increased mortality rates relative to the control were noted for
young bees, except of the lab%ri’gb\{}y Germany II (Tab. 6).
o@(\&
&
§
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2.2.1 Lethal Effect Thresholds (cont.)

A more detailed analysis of this test (-2000 b and 2000c) revealed that it was not conducted according
to standard experimental practices (e.g. no randomization procedure) and the recorded sa@grose mgestéon rates of

bees indicated a strong starvation stress. Honeybees in these tests showed an overall R§wer sucrosg.intake rate
than in other test runs (c. 5 g total consumption in the controls vs. 8 g in other testoéms) with a Qﬁong treatment-

related antifeeding response (consumption rates of 19-33% relative to the contrgﬁ <In the teth\\Vlth the urea
metabolite a significant variability in the mortality figures was observed bet,g@Qera&he threeg}&\ eplicates of the
highest treatment group (nominal dose = 3.57 ng as/bee) and no dose rela&‘bn@as foun@ IgZ}\hls treatment
group, mortalities of 90, 80 and 20% were recorded for actually mgestgé\ dg&es of 2 §> Wand 4.3 ng as/bee,
respectively. In these tests, honeybees and/or test boxes were not r o&ffy assi d@\é\ treatments as required

for good experimental practice. If the recorded mortality rates arg‘a ged mqﬂle gtder of the test box lgay‘amg,
the following picture is obtained: \\ ,&Q,(\ &Q' Q}* (\ & K
& Q/\\ 0> L N >
NP 6 \?Q o &QQ
Loading Sequence Test Varlagﬁ‘t (Q \Qé W X Mortality [%] &\0(\ &(y X S §\Q}
1 COm@l & & t& A 10 ¢ & ® 5
2 0.1 bu@ ta&BQf & & S
pp a‘z—’gie 1f¢ L . \(‘\\ QQ\& & %3\
3 1.0 pplm)\lrQa ¢iib @&teqf\ 34 & & & 65\&
4 10. O@%\tﬁ'e%ﬁl @B @fé éé(é\ & 9 RN
5 0, b?)pbt% Qﬁ%{meta%ohte S\&Q,Q’ 67> 0(\&‘ 0(\0 Q/‘&
6 0}» O&b 65\CI@9\ {m\étabohte Q 0% Q}’I&\ & &
O Vg8 & °
7 001 ((\b@ggb Q&NA\ metabolite R 9 .&\0 D

\Y @ Q/G)v Q/Q/ QQ}G 0’&, Q\Q/‘ 60

&(\
This obvious correlation betwgl;’n l;s»qad&,n% seﬁue{(fce and mortality rates 1n{b%at¢s6a @é‘[r@ﬁng artefact (the bees
sampled latest were the lea@w@l @heg\i’ a@'\a treatment-related ec@}%ﬁ@ér @$\ @ng these experimental

O
deficiencies, a repeat teg\t*}l g& sg@neégbo&tory- 20003;?e eQQﬁh g& m@‘tahty and data were

consistent with those\o%t
Several factors maééh ve éﬁase@

test run of labogcﬁogz(% g{@/ gq,
A@Of ﬁte\cﬁbe\e@ g&s shown by all rep

n\gé\dletary toxicity tess

()

v;\@‘

@m?c

T Qﬁeqﬁdependent researchg%st
posmve results i 1n stgfd

y 2000b ané, gﬁc)\

te
\@* (2001) and during the first
e g; ude

@?‘&est\s@fg& @g I@&eybees sampled from the flight board do not
g&o E ir @8 life span. A batch of honeybees randomly

Q/(\ s@f’npled f@}n éﬁe flight board has ar&vg@ageﬁ?fe@qg\‘of only 10 days -r pers. communication).
0) g}Oc'I"en da&% was the test period of t}@ﬁ%@ﬁng‘ﬁe%ﬁor@ucted by_ (2001).

& @‘3
O
<O

NN

& 40

Q,\
&0 o* &

'I%&Q’dg@hlzatlon procedure t@? a{toca&}ﬁ\g@eea@o treatment groups: As shown for various experiments,
\Qnoép\?'andomlzatlon can @n\gﬁy @)8 te@\ results. This could be demonstrated in the first test run of
Q}‘? \ﬁhe laboratory German}‘? H@(fhere @?taéi‘ty rates were strongly correlated with the sequence of the test

box loading.

0(/

6\ «\\

)00

9
Sucrose mgg@ﬁon rates: I%\ﬁlc&ﬁst test run of the laboratory Germany II, the reported sucrose ingestion
rate in the control grou

g%e lower than in all other laboratories. Treatment groups had an even greater

reduction in mgestloﬁﬁa&& (consumption rates were 19-33% relative to the control). Sucrose ingestion

rates as reported

(2001) are also at least 50% lower than rates obtained by other

researchers un@ﬁr comparable rearing conditions (Tab. 7).

(P&




2.2.1 Lethal Effect Thresholds (cont.)

Certainly, it cannot be finally concluded from this analysis which factor(s) might have influenced the results

reported by_ (2001). However, the data reported by_. (2001) hg);e at least t%be

considered with care since (1) they are not consistent with unpublished and publishe fata generat@ﬁ by other

researchers, (2) they could not be reproduced by four different independent resea&qh facilitie; @1Ch all had a

minimum testing experience of three years (Germany II had only 1 year testing&?&p@rience) dé\) the sucrose

ingestion rates reported by_ (2001) indicate some starvation strQQ? oftthese hgjaeyggees and (4) the

experimental methodology was not fully described in the paper of| qthOOIxOQlV%@%fomation on the
d

age of bees and the randomization procedure applied in this test are ingih g& rom é@q’p@@\gr. <&
W ¥ &
. Q}Q ) & &Q’g &' 0(’\&
Conclusion: Under laboratory conditions, no increased mortalit %ateg‘\)f ong&b%a% after chronic dietary® o
exposure to imidacloprid is anticipated for concentrations of %&p %R@Tog%r.&& chronic risk posed@@ plant OS’

(Xﬁ;l Qould not be conﬁm&ea\ (see also Q/(’\&

\)

. . . k .

\(138 {%’ﬁiromc dietary Noggé {gg)ZO pp‘%@&?ﬁ&
o)

metabolites of imidacloprid to honeybees as reported by
paragraph 2.3). Under semi-field and field conditions, g,@i‘i

found. N\ e @ 0
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2.2.2 Sublethal Effect Thresholds

Under laboratory conditions -e (1998) reported from proboscis extension reflex (PER) tests NOEC
values of 200 and < 4 ppb, respectively, after a repeated contact and a continous 10-da)<{\d)ietary exposure of
honeybees to imidacloprid. However, a more rigid review of the oral exposure test raised some concerns over
the validity of these study results since higher doses did not cause a poorer perfor@nce of trqzi\‘@l bees (no dose-
response relationship) and a subsequently conducted analysis of the raw data s}a@vgd that even during the
conditioning phases (= reward feeding) bees of all three treatment groups re,gp%n@t%d to thj irget feeding
stimulus with a significantly lower frequency than control bees *@9@% If, h@%eyé(r\, treated bees
already had a lower motivation to extend the proboscis prior to testin' ' e&&% is nokéqé%&)le to conclude <&
anything from the response pattern to the conditioned stimulus duri{%\ tlb‘q(}est. Ig@%h&@’& (2000) re-evaluated the &gf\

study of - (1998) on the impact of a chronic dietary ex@é%u@?‘ O@mga%lgﬁrid on the learning Q/(’\“? G)(,0
performance of foraging honeybees. In his tests, Kirchner COQ}'%L \%&(\f@zaeﬁ‘ngqg:t of imidacloprid p@@he 0{{&

learning performance of honeybees at a test concentration @Qq&p@%eﬁﬁ:%@nited to this concet&&gtion). Alsgf\&
_ (2003) repeated his PER test and foung@\lgg& @ﬁuﬁg@%&\%een 6 and 48 ppb dgp‘e;&ghng on Eh{g QQ}'
: N
physiological state of the tested bees (summer and V&@erdjéegvé\egéc%@\}ely). However, it h &}[% @% menti)ége% N
. . N\ . . .. N
that the 6 ppb NOEC value is based on an one—po@ n@@s@ngéﬁ r&@orded immediately g\éer \@bndm% %@d

lasting less than 20 minutes. It is considered hi@qxﬁl&&éﬁ}@a&ﬁuch a very transient éﬁot(*)t\—"\t%rm ef')@ ill

have a biological significant effect under ﬁel@%%&i‘igioﬁj?@ \QJ& Q,O(Q & 8 {\6\} @{\0)
From a cage study,_ 2@69&6@@%%& r\E@‘&nent—related effec s\q&l {Q‘?é%{r}go@r?d (gé%ding
behavior at residue levels of as low as 196 ppb. ﬁ@ﬁn g, however, is in coﬁga@& 19}1\ tofrepdrts from other

researchers 1998, 9 , 1999,
could not beﬁchronic d\i%tarfs‘u@ﬂxe kﬁ; semi-field or field @n({iﬁm@?
ORI . Q
1999d and 1999, °QQ§B).Q’QE1 the .,sgi?gles of @9 _\Qﬁand 1999¢), small bee
colonies which consisted o{&qu? 5&&) v&@)(qk bees of different ages‘an ne;&s@s @\en were fed exclusively
o O 3& Y Ynical imi . NP St .

with either nectar or pol&é‘}l %@tlf{eﬁ th E& nical 1m1daclopr1g/b&r\@)ps&&t1§ 1ed nectar received untreated
pollen and vice versa Q’F%@Q:(ig&&ﬁt@\% in the fortified mggﬁ)g QX@}IS ij%riglé\ g«franalysis before use. The
development of thé%rr&/@ﬁ béé} c@j&m\e% which were conﬁnaﬁ wgi\l %@t}mz (ﬁ\aL@% tunnels on oat-cropped plots, was

followed over %\&\Qda@% tgegq«t%reﬁle\%ords were made on@ti@y \tta(?gﬁ\ a&ﬁ\{l\e honey and pollen feeders, nectar

.2003) and

8 . . Q \ . . .
and pollen com%%mﬁa%gﬁ, wa gxoductlon (comb mC@‘gse(}; p@%{l\orké\f food stores, hive weight increase, egg

laying pe@n@cog‘yf \(l% Q@\é queen, the breedin@uq&?squ& %18 c@gny (nursing activity) and the development
of the ¢ 0@\1& sm@ﬂ%@)q g@qfh long-term smdi%@%%@r%d&ﬁaté&'%@1oprid residues up to at least 20 ppb (highest

Q7 Q. \ LS Y : . .
test gon tratlo@zl S)‘fher nectar orlp.oller@si.o \@St 2&%@&?}&(@ fect any of the testing endpoints. _
%})(fed co\]{qﬁles‘}\mth syrup contammg‘%‘ngﬁ’a

g@% ™ clép idat farious concentrations over a full year. Groups of
Q/{\‘c}i hives q?lcgﬁs\ere fed syrup alone@? i@ida@fﬁ a((zb.S or 5 ppb; a fourth, negative control group was unfed.
(})& e col \%&)ere fed on 13 occa%@ns(\(ﬁl ﬁ Q%s&d?x/week, 1 L/hive) and their summer development and
»\,bo winte&@ieg@opmem followed. @sg&@%{qﬁts \'gt)%lu\&%d mortality, colony weight, capped brood area and incidence
Q on @fée,&’g%s Population deve{(@prga(nt and,@ﬁ)}\@f brood area showed a similar development in all colonies with
RIY stdtistical differences Q&(\\V@Ofl the co\t&g@%’ even at the higher dose of 5 ppb (highest test concentration).
\\(zo Other parameters (e.g.bgﬁgrtality col&ﬁg\l gz}lght, diseases) also did not show any significant differences between
4

N - W
Q the treatments. /\\(\\‘v \30\\ &,Q{\
3o
& ®
Y
&
N
N
%
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2.2.2 Sublethal Effect Thresholds (cont.)

In a field feeding experiment- (1999) investigated potential effects of different residue levels of
imidacloprid in nectar on foraging intensity, orientation and longevity of honeybees. Hg:),found no uédlcatlons
that imidacoprid at concentration of < 20 ppb reduced the foraging activity on a feedj ﬁﬁ bottle Whl@ﬁ was
positioned in a distance of 500 m from the bee hive. He also found that the prems&@n of mformg)ﬁon transfer
regarding direction and distance of the food source was not different between cg?trgl bees ar@ those bees fed
with a 10 ppb imidacloprid sucrose solution for up to 10 days. Furthermore&lsﬁreﬁner staéd igehis report that no
delayed effect could be found for any of the considered endpoints and an}é}:ffgb% obser;@:d Qﬁngher residue
concentrations (50-100 ppb) was fully reversible within 24 hr. In part@lag&up to tbéqhgqest tested residue

xo
levels of 100 ppb no increased mortality was observed for these bee@\%lggal Werecﬁlarg\gd and observed . (,\@Q
individually over up to 10 consecutive days. \&4 Q,(\\ & 0(\'” E)Q’/\'Q’ Q/{\" (_)(,0
&
N & & & \Q’& o*\

Conclusion: From the results of the reviewed studies, it is @nqhﬁ'de@xh@\un@%r field conditions ngﬁdverse Q/(\
effects are expected from a dietary exposure to 1m1dac10@ﬁl é‘t\ ler‘é\l 2@y]3pb or less. The defémtlgn of thli,Q
field-relevant NOAEC is based on the following ﬁnd&l‘gsé\ c.,é\ GQ’ ¥
\ \QQ’ 5\ &ﬂ(\ .\"‘)
e No chronic mortality occurred at cono}ent@gtl Qﬁ (g\k ?Q(S‘ppb (reported lowelb‘NO‘lg‘e \@lugs%\g\fn
laboratory trials were found to be.@ﬁa 5511 19%6 1@Qﬁndmgs from otheg se@?c @3 %‘é ot
supported by findings from hi b%r {K‘herxgtﬁ%és R

¢ No antifeedant effects occut&%@con@e@f\at@ﬁs of <20 ppb (repo&ti;i é@%@/ﬁ@fé%‘@dlues were not

supported by a welght-qg&lgéno&‘apéﬁaois 0 ﬁ
e Short-term behav10ra5é\lffi\q1% r@ﬁbr&e\% nﬁ%ne study for conceg&a@%&%%{% &/ere very transitory
(<1 hr, Decourtyexgﬂea c}%O@é} AN ¢ 0 @Q N &
X

e Hive developm@ vgjes not a@er&cﬁy affected at concerquét@s @@%26\\ I@@Q over 39 days
e No loss of fo§a$g 6@ 86% V\@% (b@%erved at concentrab@nx\qff <g¥8’0&§pb‘0

1
&
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\(,0 the rewarding sucrose t10n was f ndzjt

N
Q\)

2.3 Toxicity of Imidacloprid Plant Metabolites
2.3.1 Acute Toxicity of Imidacloprid Plant Metabolites

All imidacloprid plant metabolites which were recorded in reproductive organs of cr \{I;lants duri(\g@various
plant metabolism studies (see review of _ 2003) were examined for tl&g‘lr acute tox@\y to
honeybees. All metabolite toxicity tests were conducted in the same research la&)r@tory 1999b-g,
- 2000). The parent compound was tested in this facility in paralle],&t@Qf@'ﬁlate a Qbmg?aratlve
assessment of the metabolites. The reported approximated LDs, value fog}‘bﬁe@arent cQﬁ?n ind was 40.9 ng/bee
_) As shown in summary Table 8 four out of the seveg«\ldgﬂtlﬁed lént&x%tabohtes revealed
some effects to honeybees under laboratory conditions whereas the @a idfine- t]@ 6@‘1\\1A— and the 6- CPA—
metabolite proved to be non-toxic to honeybees. The 4,5- dlhydr%%/ e a@oht@ka@@ed a very strong antgﬁ%edant
response at doses higher than 49 ng/bees which did not allowgp\de& e @t o value. However, S{dge (1) no
lethal or sublethal effect was observed for this metabolite %Q}he&h(iglqéstém\%eitéd dose of 49 ng/be (2) this
metabolite could not be detected in nectar and honey dutﬁl%éﬁ\e Q}igﬂq%e@géhetabohsm study 0(&&(19995}%%@K
(3) the strong antifeedant response would act as a prqg%ctl@‘é 1@.@ gbe g@‘case of residues this et%bohte 1%)60
considered as not relevant to honeybees. Also the@trg@m@% Qétagbhte is considered as\@ot &?evangxs\ﬁlce&
has only been detected in trace amounts in planb}r &d %v or s but was not detecti 11(‘\$eqtar gg] ey
during the sunflower metabolism study of 5!2;9%? oadzingly, of the 7 1m1dg@<ﬁ)g§i'd Q&ﬁt metabodhtes
only the olefine- and the monohydroxy- m@%bﬂlte@e\tr "con&ered as relevant f

1ua\(§n}b’§8 honeybees.
These metabolites were considered in t\-lge r{@?{m@@ g(ﬂsgﬁl -)field studies with Qg}la{&%e%é&f pollen, nectar,
honey or honeybees. 00 & \\(\ N

Q:é\slgh?al
o
6 S LE
(\5\\0 $° o) & @ ,\OQ oF 60{\
Conclusion: Of the 7 1m1daclgi‘r &b aéqu C%giites only the olefin &n@e@or@hy@oxy -metabolites are
considered relevant for eva@i\atl@g tgé rlgéto ﬁ%neybees from a cr@&se@@tr@‘tn@ﬁt @\ﬁ\th imidacloprid.

k
SES +Q & g&“ & o o‘\
(\ Q

2.3.2 Subacute TQQiug?\%Bd‘?n@Fac{\aﬁond Plant Metabolq‘es & & & Q}é\

¢ NN \00’ O
The data of] O{\i}on the chronic toxmﬁ’y Qﬁm@xc&\pr@plant metabolites are considered invalid
(see para erefore not furth SSQQ\HQQ\I\HQ’%QCUOH

) o\f@% the sublethal effecﬁs‘“ d two of its metabolites, olefine-
imidag pE({’I and di dgl&y imidacloprid, on& eb’je a@&or hgheybees in laboratory as well as in field

@m’@‘ﬁts In&be fi€ld, sucrose solution 1Qé11m1daclopr1d were fed to honeybee foragers and
(S‘ss1 effec{]&on Es?%ragmg activity and ’b ni@a @&1 béhawor were analyzed. The behavioral effects of
\o efine-i 1m1 id were found to re e'parent compound. However, the effects were much
@@s prongtincgd. The only effect, v@ﬁch@va@é&gr@%e@l\t in the range of concentrations tested, was an increase in
the fre%gc&s?\ of tremble dances Qt\ﬁ OQQpp@\ I\B‘)\m ificant disorientation could be found in the dances of bees

fed olefine-metabolite acflcbﬁg s‘pg&n &an&effect was found on the foraging activity up to 100 ppb. The
efi?}:t%@ imidacloprid, the C?ﬁrtélmetab@ﬁite(é}ld the dihydroxy-metabolite on learning and memory of
lwnes?bees were studied u ﬁ@e probo& @;tensmn reflex paradigm. Imidacloprid fed to honeybees through

%reduce the learning performance at 100ppb, but not at 50ppb, 20
ppb or 10 ppb. Both the meta gﬁtes;;,%leﬁne and dihydroxy-, did not significantly affect the learning
performance at 10@15\})b Howev@? g(’i\ﬁl the olefine-metabolite effects were found at 500ppb, with the
dihydroxy-metabolite at 2 pp@q \{\

Conclusion: The 1m1dag§%r1d plant metabolites olefine- and dihydroxy- revealed a significantly lower subacute
toxicity than the parentcompound. A no-adverse-effect concentration of > 50 ppb can be concluded for the
oleﬁne-metabolite(:pdﬂo significant subacute toxicity could be found for the dihydroxy-metabolite



2.4 Toxicity of Imidacloprid to Other Pollinating Hymenopterans

Based on NOED values from acute toxicity tests- (1999a-d) found a somewhat lower species
susceptibility to imidacloprid for bumblebees compared to honeybees (see Tab. 4 and 9\2\(>,The observgd
difference in sensitivity can, however, at least partly be explained by weight differenges between I@%ey bees and
bumblebees. Average body masses of 100 and 150 mg are reported for worker h&ﬁeybees aq%@ﬁmblebees,
respectively (- 1993,-. 1999,-. 2000, 2002). When this average body weights are
accounted in the calculation, the relative NOED values for oral&wt expo\@%ﬁﬁ%@:MKé@?%&nd 67/347 ug as
per g body mass for honey bees and bumblebees, respectively, indicatiggé’ig 3&%iﬁcagl§ﬁi\§f§?ence in species

Q

susceptibility. \{\,\(\ R kb RS o
_. (1994) examined the relative susceptibility of 4 bees s@le&%Apls rg@ Izgjﬁ L. avg weight 126 mg, (’\&

Megachile rotundata F. avg weight 31 mg, Nomia melanderi Cogkqérqp ayg wgi’\gl%t\w mg, Bombus occigéntalis ®

: S .
Greene avg weight 168 mg) to foliar residues of imidaclopric{é}}‘fm&%k@%&j\ ‘éy),(\%ome 40 m? alfalfa, \Qzl‘gts were 0&("
sprayed with a FS 240 formulation and a rate of 0.168 kg agihac)@&sl\xéhd\%&\ ilé@water volume of 23Q§ﬁitre per Q}’\&
hectare. In the subsequent residual tests, bees were expg&a d‘ﬁ \AQ\‘F% c@%eg@j field-weathered fo@*ér residues QQf

: N
500 cm? chopped leaf samples taken from the upper @pr@%oﬁ%@ g@*ated plants (4 replic s Q?&&Ch)' Cj')&»% @$
£50 (A. mellifera), 20 (Megachile rotundata), 20 {Nonfi: landegf) and 12 (Bombus o ‘i is) i &‘F@ wal

of 50 ( ), 20 (Meg ) @“@@3 erf) and 12 ( \%@@@a )13\ igoals

- i N2\ M) . 5
were exposed to j[}?e foliar residues for 24 hourng) C& s o & &0 & & & \{,)Q, . 6)(‘\&
Recorded mortalities were as follows: @0 é\@ O 60(/ \QJAQ’ 606\ \6@ Q,o} Qb Q/&\
& & & [RONANER N
: 5\0 ¢® & LOQ : @\ &0(\ RN
Time from spray to harvest - J\Q)Q/ S . & 40_0 A&Q)Mortah-ty after 24 -hgu\rg L@g]‘qu 6&& N . -
[hr] A[\)igs)%%klﬁ*%r\@ al\é\iﬁ‘rg{@\melanderl Megag‘@e r@ﬁg Eﬁ“ Ig{g;ﬁbus occidentalis
2 '_)(\,{\\ & \\\Q' - \ Q/{\QI 28 < Q(?&3 ?\& b& _\)b 6
8 X\QJ ) \(_)\ '\12,9' ;&OQ/ 5\ 3 Q?\O Y&O 70ﬁ ({\Q,\ {\&0\ 24
Q/Q E}Q' \0 QO Qc) N\ O((\ \0

Q . v
In this study, no clear cgf%g% ?oggsaﬁ\?s&og%bemeen average b@&a\ \?@?@ Sq, ertibility. From these data it
appears that leafcutgigg i@ﬁ lz)gtth{ e€s are more susceptitzéa\ 0 \{ffﬂ af resﬁﬁu@ ‘than alkali and honeybees.
However, these dé)jé"eggpcegﬁn%?p‘%e@iqfributed to the spe @—spét{\fyﬁ\ g&i}/’g@*pattern and, hence, to the received
dose rather tha()@\‘t\o\élﬁ%ri@“ic c@\%bility as evidenced ®y ﬁn&i@"{\@d laboratory toxicity assays where
bumblebees{cr‘év%‘led{_ﬁ% highef susceptibility to imid%cl&prig@h%@%%né\ybees I (1999a-d). In addition,
at applicgb%n\g\;@[e&‘af K& zg\"as/ha or less as pro &%dﬂ‘%F@ﬁ“ (dmt(i%s mortality rates did not differ significantly
betwe@ﬁ%qgﬁeyb@e%@l < and leafcutter bee 3 1997) and were all below 50% after foliar
res&dﬁe&@ere ﬁg\l@gél&thered for2 and 8 }&Qs\r;@}%%@ve@? %\\"

X
O @ SR

N SN 0
SR . R ' (0° o . .
@QC@CIUSIO@Q’B@%d on reviewed datebi? c&@n@@‘b%@o@%ded that a Gaucho® seed treatment poses a higher risk

8wildgﬁn@% domestic bees. ¥ & \(\\ Q‘\ e

@ & F P
R ¥ TSSO
O 8 RN N
Q O &
¢ & 0 &0
¢ O & N

AR Q W\ a} \(—)
> & A \
O o O

3 ¥ § &
\(-\\g '\\(J \{\Q/
< MRS
ﬁQ <
& &
N
&
N
O
<
C)
\



3. HQ and TER-Based Evaluation of Risks Posed by Imidacloprid Seed Dressings to Honeybees

If a hazard quotient approach according to the EU directive 91/414 (CEU 1991) is followed using the proposed
per hectare rates of imidacloprid with LDs, values from laboratory assays (Tab. 4), a h_i%g)-hazard to honeybees
has to be concluded (HQ >> 50). NN Q&ZI

In a refined risk assessment, residue concentrations in nectar and pollen of seed—trgﬁt%d crop pl{g&% can be

compared with lethal, sublethal and no-observed-effect concentrations. L o \
OQQ' & & o
) . L o & &
The following TER values can be derived when using dietary NOEC Val%’e@fq,g\QVarlo @%lnts:
N Q,\)& E)Q’ N
OIS < & N
. NOEC Residue 1 (gﬁﬁ i ¢
Endpoint esidue e&?f \ ) in N &(’ TER value o &
(ppb) nectar Oaisfd/gq* pallen Y| ¢ & %(,0
RSN KU R A\
Acute lethal effects 46 )@\\ &/5 N ,\Q§ & 92 & &
(see paragraph 2.1.1) RSN A\Q 00\} Q}‘\&
—— AP\ N NS
Acute behavioral impacts 50 LQ’Q 606\ \\Q}<' &\\{\ &(‘J(\ >&§ &\Q,‘o 0@ $QQI
(see paragraph 2.1.2) 6\0(\ ) (\gf\ & ;\6‘2’ & &A\QGA& ) {_‘5 o
Chronic lethal effect P > & NN
ronic lethal effects 24 \00 Q}Q’ 4@{\% O \({\0@\5"'8 0& &
(see paragraph 2.1.2) QQ) O Q\Q/ \)@Q' Q:Q}\ & & \J\Q" \;‘g, Gf\@
: : X & S ; N O
. Chronl.c beha.\/lora.l NP & ® ‘0)‘& & &\b \(\Q}
impacts, including hive Q@ & o & » o X
& ZG@ IR <5 R N 0 Q&
development Q)Q/ & o((\ 400 @0 06 QOQ y&(’ '&0& O
$ OO OLY &7 00O
(see paragraph 2.1.2) \Q()o & Q}\Q ) X R P S _‘Q\O J\\é
TS I F 00

PR . ¢ 0
These TER values support thq)ecbng@us&,o% thit ,@%%acloprld seed tre%nﬁ\eq‘é?ato@% @Ei\r({@yb%an use rates do not pose

an unacceptable risk to hog@}’bgés. @hl% éb%gl@sion of safety to ho&,@.’ylf@gs \gi‘ir@é\aqlﬁ\prid crop seed treatments

. ) ) ¥ N O Q i
is finally demonstrated hy't Sesalts n@%erous semi-field an@\of studies‘asaeported in paragraph 4.
R et g s

AV NN 0
y\v& 040 o"oé\ @z\& Q‘o 06&\)(\6@ 0{\6 Q,ﬁé\
Q O O
4. Results of E&ﬁ'gq?}%@@%&ddbgﬁdies t>°° %05\ ﬁg\,\.}\\\(}\\o&@x
N &0 S
O O & S ¥ L
4.1 SunfigierSrops & NSRRI
S F T P
0) (’\\' QO \b 6\ a\:&' (;\) Q @)

J
In ra@ff\onQe to the@?l%p‘a\%ions of the bee—keqﬁ%ﬁ%&% V&%s'tsm? agﬁOCentral France, 2 tunnel and 2 field studies on
O Nt N N\ . .
sgﬁ?ﬁ-gé‘ated sg{iﬁod?er crops were cond%ét%\g@fm l,gé’SGgﬁd @7 (- 1999) to examine potential effects of
Q/&Ga@@ho@) omﬁoﬁbees under ﬁeld—re{e%agt\ exp S cgﬁditions. The tunnel tests were performed according to
(})ﬂ(\ i ofﬁ @?’F@%ch testing guidelilkg{l&?(@@ 1 %&%c‘i&’paﬁ? for a seed dressing product) with dressing rates between
. P 0.35 a@% Q@% mg as/plant (reco{r\@‘me@&eg\%\r S ate for sunflowers is 0.7 mg as/plant). The field studies were
Q{& co@iﬁc&&l on 1.5to 8 ha lar&a%ugﬂgwé Q@tsow?th 4-6 bee-hives per plot (dressing rates 0.7 mg as/seed =49 g
&@s?haty.'(' In the field studie%z&(l\lgqﬁqinimuri'}\(a{i(gt%\nce between the control and the treatment fields was 2.5 km to
\\(9 exclude an exchange %ﬁ)oneybees agﬁ\ fadd between the control and the treated plots. Both, the tunnel and field
QY tests were biased to\g{ards worst case gXposure conditions by late sowing of a fast growing sunflower variety and
a high planting der/léity. Both, tﬁ}e gt}mel and the field tests revealed no indications that honeybees reduced their
foraging activity on Gauchog\\trgé\%\ed sunflower plants. No treatment-related increases of mortality or

behaviorally affected be(g@%;/ere recorded in any of the four studies.
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4.1 Sunflower Crops (cont.)

In the field studies, no enhanced losses of foraging honeybees were noted which would indicate a potential
impact on the navigation capacity of the exposed honeybees. The hive weight developnl\ent which di&ectly

N . e

reflects the amount of sampled nectar was not adversely affected by the seed treatment: Likewise, fertilisation of
)

00)

sunflowers was good in both years on both sites. 0&
N\

0

I\
& O
Comparable findings are reported from the 1998 field research program of tll@%@#ch Mig?gzragof Agriculture

_ 1999). Four field studies were conducted o ’\?6—@\% ha larg% %Jéifﬂower fields in the
French departments ﬂ&\\ln all f@qﬁr&&ldies bee-hives on O
treated fields achieved the same honey yield as bee-hives on contro@ l& . Theo@%n&/%\qeld true for the Vit?}jl.ity of ,@Q
the bee-hives. The losses of foraging bees from the bee-hives o%ﬂ%e a S Q:oélere not higher than Q{t\ise
experienced in the controls. The principal investigators of al{ﬁﬁr@%&&%’n@ﬁts (sgme to the same con\@fgsion, ie. &
there were no indications for a massive depopulation of be iv@g’ e\g@osgﬁ tq\'ﬁlooming sunﬂower@(ﬁrhich had QJ{\&

< (-
bumble feeyand hogp§ &
e%ﬂur&@é the return flight. RL@ impaired ,’)6 0
R OO o S N

N2 X K\ Q \ \ 0
0§0 &\}Q/ Q,AQ’ @Q}\ Q \ s\\\s\ o Q/O \(\\\'(7
O 3 : Y

A further field study in sunflower crops (O.@%Qg 3%%5@%1 7@9\@& 3 y

Z

been seed-treated with Gaucho®. At two test sites
bees were marked while feeding on sunflower heads{@‘ﬁd &;Bsqg—i/
navigation performance was noted. > O

2 o o )
s/ha) was conduct%@(ﬁ'\n\qt@%@n @S}ngﬁ\%
_ 1998). At full blossom, Z@%a@@a@éﬁ} (&iiﬁl\gg? 4 bee hives each \(@?e @%{gd‘tood%a@a plots
(control and treatment site) and monit&%%d @ﬁ’ril@\ tllé\fol&ﬁwing 14 days. No @re@%@o&@i@@r reduced

\N\
foraging intensity was recorded at the trc@?né&?i\gﬁ‘e C(S;r%pared with the cog@&l&&e.@&t@&%@ﬁes, sunflower
pollen was intensively collectedé@\}' t{\léh({&y %Q,Qf\here was no increa@@ogh\ @&(e&é}la%ﬁuring the observation
period indicating a low nectaroﬂ’ovg&vkhiﬁl Q\/vﬁs_, g(%ced back to insufﬁ%i@(ht {n&%@itagﬁn@efore blooming. Some
100 honeybees were samp(l)@ﬁ' %@ﬁﬁe@g{g\t\l 6\1} sunflower inﬂore%g‘ém@}sQ. \@eobé\nqy\%ulbs were dissected and
analysed for residues ot;iﬁ)i(é&lqﬁ\idg\@le@onohydroxy- and t%@%{@ﬁnqﬂ%e@(bo@gs. No residues were detected

in these samples. Agx%@a%l&@%&@g\\b‘loom no residues ar@@p@e&g@ (1\8%2

g\gf“in the sunflower inflorescences
. N
and, therefore, no.éa"v%géetﬁffe(its@a%ﬁ%o be expected. \*Q‘ ® \\}(\ 0)0 \{\Q,@
" X Q RS
& && ORI

N
S Shgho” forsbapy 1) - -

A field stud anGal{gﬁ\o dfreafed sunflowers was also perfornedby the Federal Educational and Experimental

2000). Shortly before flowering there

Institute go? Aggcu‘f?ur@\,o’\/&i\gulture and Hortic%l(gi\ﬁe
B, O o Q. . .
were l@ﬁe @reo@ta&ﬁbn@%hlch strongly favoufed the tan rg&uctlon of the sunflower plants. The distance
¢ =g © g . .
betg&e&&e con @l @Qout 5 ha) and the treétegd‘%e a@t&éﬁla) was more than 10 km. Nine commercially
nﬁm@d bee {ﬁ%e@&\/ere placed on eachﬁélgszﬁ’artﬁ\llx\% ug‘pped with either pollen traps (2 hives) or bee scan
\\ X, Qi\ . ﬁ,\ o . .
Q}\coﬁ\ﬁers (3‘~h Vgﬁ No anomalies wer@obserye (Q)Jgel hr honeybees or simultaneously foraging bumblebees on
(}){(\ fhe trea@qﬁz&i. No differences w@‘i’e Q/(écqgéedqfér Qﬁ return frequency of honeybees either. Numerous aphid
N\ .
,{&50 coloq?&s Q‘ﬁ\othe treated sunﬂowQ&és& g@n@ﬁt{) 0d Cgﬁ\gt Gaucho® is no longer active during flowering. The honey
Q yigl}? Qﬁlst\)oth fields corresp@ﬁe(t@vell Wg‘h\ tkc}g"foraging activity and consisted to a large extent of sunflower
&ﬁ’éne&% An analytical evgkﬁqétiﬁﬁ/ of po&&\,@éctar and honey samples revealed no quantifiable residues of

\§0\\ imidacloprid during .thg)(ﬂowerlng‘ R&ﬁ%%

R

’\\(\\(j P &
- (1999) performed a ﬁ.gﬁl Q@de with Gaucho® seed-treated sunflowers (0.7 mg as/seed = 49 g as/ha) in
1999 in Hungary. Fifteen ‘th@%s each were moved to the treatment (45 ha) and to the control site (35 ha).
When compared with th@\\(mntrol field no reduced foraging or pollen collection intensity was recorded for the
treatment field. Foragi%g bees in the treated field displayed a normal behavior and so did honeybees around their
hives. Except for(/b ays at the control hives, bee mortality was always in the normal range of < 100 dead bees
per day and colony. The size of the brood area increased in the colonies at the treated field but decreased in the

colonies at the control site. The honey production of the bees was generally poor in 1999 in Hungary.

4.1 Sunflower Crops (cont.)



Under the conditions of the experiment the weight gain of bee hives at the treatment site was lower than at the
control site. The author related this difference primarily to a higher energy demand of the bee colonies at the
treated field which produced substantially more brood compared to control colonies. In summary, -

concluded that a Gaucho ™ seed treatment of sunflowers had no adverse ettect onthe forager bees, the
(1999) concluded that a Gaucho® seed f sunfl had no ad ffect onthe f k& h
NA
Q)
& &
S
Q)

In Argentinia, - (2000a) examined the effects of a Gaucho® seed treatme@‘l\%r}b(sunﬂow ..\&\Due toa
different target pest spectrum, the seed dressing rate in Argentinia is 0.25 Qgs/gé&ed cona;‘;arq&'to 0.7 mg as/seed
in Europe. The seed dressing favoured the health and, subsequently, th.e(\@frr%@ivity oqjﬁﬁheqﬁowers to honeybees.
Accordingly, bee foraging activity was higher in the treated than in thg@nt\g@ated caQs. @f'ortality measured in
front of the bee hives was statistically not significantly different betkw\'\eié\(s)ites. g@erg,@ere also no signiﬁ\g@nt

. . . . . & o
differences in the number of bees returning to hives with poller.l\.g/ﬁy the Q@}nd %@&xposure period incrg@ises

queens or the brood.

were recorded at both sites for the average hive weight, the q@\ht{&(\ogﬁ\o@ nectar in the top s upers and the 0\.\
quantity of pollen and brood in bottom supers. Increases V&é}ec}ﬁ(g}\e@as&?e éréated site. No resid&@\s) of &
imidacloprid or the monohydroxy- and oleﬁne-metabol&lé\s X&Q’e ul@fﬂr&’é‘amples of either poll¢h oghoney > QQf
NP F& PN
samples. L & O AN
IO ¥ e
¢ & &0 PR N

\ )
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The author extended the hive monitoring throufb} tIé@QpQgﬁh{bqer@mn period to hlghhgﬁ [&%e tial lon

R at@& %ug}l@‘zérs -ZOOOb)éo‘fh@@oﬁa@g%ﬁ\etween

effects of honeybees exposure to Gaucho® &
the hives from the treated and the controkp?o( ?es(ézale@tl\@ﬁ?he hives from the Q’te@ el cgu dqi\r(a\lintain
. ephighpedd s e Sag
stronger populations through the h1be{m%tlg§p od@ %%onsequently, had a&Be %x,os a\rzf’m{@ th\@\ ext season as
evidenced by a better brood index.\ooo 0& é\Q \\S& (\'\Q & ° & © _\9\0 (\64
S EEE & B 8720
! N VX
Conclusion: In total, 12 tent&%'ﬂzglq}%%udzf& Xﬁé\r%(s%nducted to investi%ﬁ% @&%ﬁ\al vq:%yé effects of a Gaucho®

< LN [N \ O .
seed treatment of sunflow e)c s tothoneybees. Adverse effects yeremot f€cordediih any of these studies.
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4.2 Rape and Ph@ééh@CSo‘ps\c S N S N
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\

& >
Honeybee r{gél%@ze%@%se\sﬁ (@Qsampling ne'ctar aI}gCI.S\_Oé)}(é'ﬁ
beta-Cy (ﬁp@: \i?aobg\%eds) in all res1dueéﬁdéé§ 0
(1999@&%&9%%.@%&% all sampling days

N
(e. %pz@tﬁy, exagge afed motility, discoor
) éqjéoc' é\gjg%tg\ Q}’g

e rape crops (10.5 g imidacloprid and 2 g
(1999a-c) and |||
,@%pé@%%@é({r\le&%er played treatment-related behavioral impacts
act)\@‘ \R\a@vgg]%ugs\‘? or an increased mortality.
W & & N "Q’Q@‘ & «°

Q,(‘ng\risk p&§e Q‘p& a seed treatment w@% Q@u S Qgé hghqéybees was further examined by Wallner (2001) in tent
O)é\ %d ﬁe@\?%s@ﬁ\ using seed-treated@%&eﬁa&&h%@e‘tl{@ﬁa as honey forage crop. In the tent, the bees (2 colonies
(')i&b With%Q‘QéQgRos) on the treated greg (&ﬁ% m{ .%@Sé&as/mﬁ showed no symptoms of intoxication or disorientation.

FL&%‘&I&:&tiVity (10 observatigr}s:ql §min./5 \@%y@?)f\honey crop, and the daily mortality (7 days) was not different

o*iff‘om\control colonies. R\§S\Q'drié\ analysis o&ﬁ@l"e honey bulb contents (40 bees pooled) showed traces of
\0\\(’ imidacloprid in the neg,ﬁ‘(fr of Phace@éo lQQﬁts and in the bee bread (< LOQ; LOQ = 10 ppb). In the field studies,
Q0 the attractiveness oﬁé%eed treatec&é\l(’l@é% ia to honeybees was not different from untreated Phacelia plants. A
negative effect on honeybees{\qu)]&@\r)lot be observed.
& R

S
Q)
&
&
N
(,0



4.2 Rape and Phacelia Crops (cont.)

-(1999) investigated the impact of Gaucho® seed-treated canola (8 g as/kg) in a tunnel study with 63 m?
study plots. In his study, - (1999) followed the larval development within the col%@‘es from a sgries of eggs
that were monitored until the cells were sealed. In addition, cohorts of 100 worker l%g%% were indiyvidually
marked with paint and their survival recorded every seven days. Foraging intensitéé\vas not diff@?ent between
study plots. Worker bee survival was similar in the control and the treatment g@@

Q
Y. Q/@ead wotker bees were not
hg& occurpéd. Mo difference in
Q Q

observed in front of the colony at levels that would indicate that bee poisoning

brood survival was recorded between the control and the treatment plot. (\0)\ \)@* QJ»@ \D\QQ‘
L Q) Q
X &, & \\.(\

. 5

A combined large-scale tunnel/field study with imidacloprid seed—tq&ﬁf %ummg@%@was conducted by 21.6
Federal German Agency for Agriculture and Forestry in Braun_sc%ﬁ%e@ﬁ%ﬁ‘l%). The colza seed @s "
dressed with 10.5 g/kg imidacloprid and 2 g/kg B-cyfluthrin (@éh(gﬂ(\sgs 1{4} re@:ted) and drilled with \@{ﬁg/ha on 0\\
a 1,250 m? plot on April 19, 1999. Rape plants started ﬂoxx‘é&rig)gf('oq%%g@, @1@99' On June 14, 1%&@ (=51 day@&
afte¥ drilling), bee hives with 5 combs w.ere placed w1tl¥§\0§§% ‘E@f\{;;gl\%oﬁﬁ’%ructlons which wer\sﬁpl@ﬁd on 6@)(}}12&K
of either control or treatment plots. During the next &i&l?‘&é\ %ée%

2
‘g@és&)}ere allowed to movg\%egfy& betwg@ﬂo 50“4
control and treatment plot and get accustomed to (t)@ {Eﬁy@&e& r&&hne 17, 1999, the b‘i\@i‘(& were‘{h\(‘e%s\(\'
confined to the respective plot (control or treated) beQ(:ovéri Qch@‘\‘tunnel constructions()%&itgﬁn@,gaw%.\(@n 5

C X .
occasions during the study, a total of 2,500 ‘?g@?g t@qh @Q(Vere collected fror%é%c;gfhi%e} 0@%8&@%&3
analysis. In spite of this sampling, both o8 I{l@%%@%t&ifol\@% treated) develop @%u&ﬁ%tg@él @81(8;&\68 that they
O

had to be transferred in larger hives Wé@ﬁl l@%or@@s&@ol&l@h sampling activity svhs @%ﬁg@i@ﬁp to 80% of

the returning bees which demonstratés t osg\b% '%re{\eﬂ\?ng activity of both(\@%eg@'l"@@ h&é@le{\gﬁ\lary was only 100

m apart from the study field and\él\‘f'ese\ﬁe@ re¢’access to both, the ‘r{(@dtr(@n%@%dtﬂe g@htrol part outside the

. O Q : & O e
tunnels. Counts of foraging agb(i’v\l}t}?“r%vgaéqﬁ jc,tgﬁ honeybees did no ch%c@%lg@‘te lgétvs@%n the control and the
treated part of the field. Nq%eha\/iq@l @)\no@r\\\alities were observg&. ]&e%l e Qné\\l &s of the honey bulb
O. A" & N g . . O 0 .
contents showed no qua@ﬁﬁ@@le,{@gl%&% gtig imidacloprid and 0@6\&%&10‘3&%&\%0?‘@?’“ and olefine-metabolites.
Pollen samples contai %déﬁnig&glqﬂ}\i%&sidues up to 10 ppb,i@. ’@ \0 60 o\Q’
SN e F S
X Q 0" (&) N . N

Two field studig‘%‘%%&% %51?%@%@%«%1 southern Ontario, @gnéﬁa &\d nnesota, USA by expert scientists of the

local univer&ﬁ?eé/ﬁté) Q_g?er@ne@v ether canola seed Efba{gd%vgeﬁ 1\@\3 {Iﬁdacloprid per kg rape seed, had any

effect onQQ& lso(ﬁe&(\brqﬁ%@\é ability, or on foraéii?g a;ﬁd &n’\le\@e%@?i%r of honeybees _

2000)6>Q?£t g{a\%m%st&@g’ s&& a 1 ha planting of ‘gprlrag’\ga(@]a&é ggs‘}ca napus, was established for the control and

the &ﬁeat\l)q‘z%nt plo@\’\éﬁgn 20% of the canol@s‘pl 9ts V%grecﬂoxgbring, 4 two-super colonies of honeybees

O SR . Ah N . .
@ta&ﬁmg s1%& ueens of approx1mate]$t @ Samg a \x(ése placed at each of the test sites. Prior to placement
Q/{\\at éhch site,\‘%ogﬁles were equalized &Qs@én Q;‘fsSd gfores, sealed brood and adult bees (covering at least 10

0(})((\ @gmes) \&‘?’(‘) Qeétermine whether clgﬁagqs n ({g&gjs&&ngth occurred over the course of the experiment, the total
o
S

amo \ogé%aled brood and fra@s S&@ a X\T(t\l\)}e%s (c)@gre again estimated prior to colony removal at the end of the
ca@(ia(\@z)om period. Over t@? cgu(i"se of t@% eXperiment all hives were weighed weekly. The number of dead
. N BRI .
&@ees found on white she%@esu(x&undln ‘Qa colony was recorded and removed every other day. To determine

\0\\@ honey bee foraging acg&ity, 6x1 n&%‘%o%@%tion plots were defined in each of the test fields. Honey bees were
QY also monitored for a@normal beh@ﬁo&%ggressiveness, convulsiveness, or other erratic behavior) while foraging
in the field and as they returngd}\?o g&: hive. For each hive, behavior of foragers (returning to the hive) was
monitored and recorded eveﬁy @\gr day for 2 minutes intervals. Although colony strength varied between the
US and the Canada sites(@ﬁ‘e results of both studies clearly showed that there was no significant difference in the
amount of sealed hon@}Q'bee brood in colonies exposed to the canola treatment with imidacloprid. There were
also no signiﬁcan(t}@lcfferences in the nectar and pollen foraging activity of these colonies.



4.2 Rape and Phacelia Crops (cont.)

The results indicated that bee mortality was not significantly increased or honey yields decreased of colonies
exposed to canola treated with imidacloprid by the seed treatment. No aggressive, con_\gh}sive, errati% or any
other kind of abnormal bee behavior was observed at any of the test sites in southern @‘}uario and Minnesota
throughout the entire duration of the study. 0&6\ .&\0’40

A field study winter rape seed-treated with 10.5 g imidacloprid and 2 g B\ﬁ%—@ﬂuthr@j{&@%kg rape seed was
conducted in Lower Saxony (Germany) to examine the effects of this seg}&otrgé%ment t@%qﬁgybee colonies. The
size of the treated and the control plot was approximately 2.5 ha anq Q&(\ Q}&%ives @Qfeaq&laced next to each plot.
No adverse effects of the treatment were noted on the foraging Q@f(fv&&:s of é&egéé\s, the colony Wei%ht and )&Q
development or mortality. Also, no behavioral impacts (e..\g%*Qép Yo €X g%%ﬁ'ted motility, discogrdinated ©
movements) were observed on the honey bees collecting rapg\he\oo&g gﬁ% @/&ﬁ emon the test substang\gzﬁeld. The 06&
development of bee brood was not affected by the test s@e}o@e gﬁd \;&gs Qﬁmparable between &tﬁ/es placedé\’t&

Q
the test substance field and at the control field. No regid og\‘?mi&ic@rid or the monohyewé)xqv;y or olecﬁﬁe(\q,\'
: 3\

) O
metabolites were detected in pollen or honey. Onl ’nq@éct@apss\%m\pg@@taken from the hi\(@ﬁ:%g;\bs resi}&?egﬁf
.. . AN < N .
imidacloprid (< LOQ) were detected. \O{\b \Q’Q/&& Q/&O 40(\ . \(5\\0 &\@) 0;\’&\5\ . é\\

Q
o O ) o, o X
Conclusion: In total, 12 tent/field studies V(&I%Q @9 Q%eéb‘t\}o {'@\%estigate potential a&;‘%r\isc’e{geﬁ%b?a@@éucho@)
seed treatment of rape crops to honeybee(gooA,\Iﬁongﬁ the QE@% dressing rate in a]{&qfug{ié%, was g\%r@gs\ higher than
N

N\
the typical use rate in Europe, no adveitge g@%cts((\w \ro@%rded in any of the‘s&g\‘ém@%g@f ‘,&0&\
0
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Honeybees occasionall%(\é% t {R@ﬁ?@%\g& maize crops. Stan@?%ﬁ%l&k@%{@%s é&?naize fields, however, are
technically not feasﬂ&&b i@beog&qug@dq?@ not provide nectar@& gﬁqé @ee%&?g{)ﬁis reason, pollen from Gaucho®
seed-treated maiz&%r@@s (&oﬁ‘n @s/@d =50 g as/ha) we{g‘ham‘és\{qﬁ.ag)& fg@to honeybees. In this feeding study,
small bee colo&@%s\gﬁﬁig&‘t@w&eﬁ\ of about 500—1,0ogﬁo‘sﬁgrﬁlsfée\s\%‘o\?(@f}erent ages and one sister-queen were
exclusively@?ox@e$%i& ! ize pollen harvested gg%@ag@&)@&eg;ﬁeated maize plants for protein supply
(_23@? A @%1%% agé‘lysis of the fed pollgti})reov%%lqﬁ ng&ie&@qtable residues of imidacloprid or its
metab@fhtea& U&?o{@n&ﬂ&ted sunflower hon@g‘wqgs&fg@ 0 gbvgo(fhe energy demand of these honeybees. The
de&z‘i\o;aﬁ\ent of g&,im%u bee colonies Wh%(fil\ vc)@}e \g@n%ﬂ%q&\(’sﬁthin 50 m? gauze tunnels on oat-cropped plots,

wg’.?‘&fb%owe%é%e{\@b days. Regular re%o(r& s&ve&(\é\&n@(é gtsi\activity pattern at the honey and pollen feeders,

Q}’\\n%&\ar andospbg%eﬁoconsumption, wax 5&% Atm@ﬁ‘ (&@%@ﬁ%’crease), production of food stores, hive weight increase,
N Qgg layi@% g@i’ ormance of the be‘s&ql'l%&, Q@.b(eedi@% success of the colony (nursing activity) and the

deve%@%r\{\ﬁ%lt of the colony str.engtl%’&ﬁ"@\lj\%@—tgﬁh feeding study clearly demonstrated that maize pollen from
Ga@ch@fbg seed-treated maize(\"e\(rjo do no@ﬁﬁ\g@%ely affect any of the measured endpoints.
' (Jo‘i)%(‘ second study using a I(‘J@%Cé&d te.stoges'@}? was performed with pollen also harvested from Gaucho® seed-
§ treated maize crops (laﬁlg as/seed @Q%ge%s/ha; _ 2001). A residue analysis of the fed maize
R pollen revealed im'\&ﬁ%cloprid res\@\m@elow the limit of quantification (Table 2). As in the previous study, no
treatment-related effects on a&;yQ_‘gi@mg endpoint (foraging activity, honey and pollen consumption, comb cell
production, honey storag%\h(fve@veight increase, population development, mortality, breeding activity, and
breeding success) wereg gbserved.
&
Conclusion: In t@ﬁ long-term feeding studies using maize pollen from Gaucho® seed-treated maize crops no
adverse effects were recorded to the development of expanding honeybee colonies.
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Tab. 1: Plant uptake rates, compartimentalization and main metabolites of imidacloprid
after soil application/seed treatment
(TRR: total radioactive residue, 6-CNA: 6-chloronicotinic acid, 6-CPA: 6-
chloropicolyl alcohol)

o ®
ot J &
Time to Uptake of :e;vrlgi . 0&& (\°>
hi t lied
Crop arves app 1.e organsrel to  Nature of the remdUQQé\C@%poung@gl% of TRR)
[days after activity RS
treatment] [%] whole plant \'0 :.}Q' 0 0
(%] ROOR, S i
o Nt CNA CPA N
Imi N OQﬁ bﬂi} Q@l i (\&
_5 ® Q’(\\ -Di Qﬁf “op -6 \4\67 o
Maize 134 20 12 x QY Wk & qu’ X X @Q’x &
AR & &
Cotton 211 49 1.4 x & &8 ()\gj N Q@x x o ox &
AN Q 2
Eoo- Y& W I\
g8 69 1.6 o & a0 & x Sxg x L&
plant RN (_)(‘J(\ 6‘2’\ Q/& N 0{0 © o$
Potato 129 2.5 n.a. b* Q’/\% ‘;oq’x & )Q\b X 0&\ GQ X &(\\‘9\ ©
Rice 79 45 1.10’@“ S & & x g\\&\&@\\ x O \55\
Rice 124 44 07 & (@x&@ ¢ x x Q00 RO
* Nitrosimine <<1% of TRR in reproductg&' Qgﬁngf\ o \“’ & \C‘b\\ (\\Q’ 00 ¢

Imi = Imidacloprid, OH-5 = 5-Hydrox (@E @Hgﬁge 3§H Di= D1hydroxy %} Q‘; amﬁng@Gua r-op =

ring-open Guanidine, Nit = Nitrosimifie, @ Q&f? 13 Qb{loromcotmyl CPAbgv_ @b %m%(gyP

n.a. = not applicable due to subsoj rl@setﬁ'n%o ’6 &0
5(\5\ & Q & Q/(\ (\6\ ¢ <>
¥ & & o O & ¢ ‘0\



Tab. 2: Residue Levels of Imidacloprid and Relevant Imidacloprid Metabolites in Nectar and
Pollen of Seed-Dressed Crop Plants under Field Conditions.
Study Limit of Quantification’ Residue Concentration [mg/kg] & R@ference
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Tab. 2: Residue Levels of Imidacloprid and Relevant Imidacloprid Metabolites in Nectar and
Pollen of Seed-Dressed Crop Plants under Field Conditions (cont.)

Study Limit of Quantification® Residue Concentration [mg/kg] | \Qo; R@ference
Location Imidacloprid Imidacl Metapolites' 0(\6
Dressi Nect Nectar & .
[Dressing b rent 5-OH Olefine oo™ Pollen " & Pollen

rate] or Honey or Hon%&\ Q&
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. &\/ 0‘/
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. & Q& Q
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Germany B B A - ,@,\ﬁ.\{*\@ RS 1.1\@@ & nd
X O o N
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RN L
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. OV W T Y W %
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2. . . . A _ 9 Q, . _ . — {é\ '&Q/
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Tab. 2: Residue Levels of Imidacloprid and Relevant Imidacloprid Metabolites in Nectar and
Pollen of Seed-Dressed Crop Plants under Field Conditions (cont.)

Study Limit of Quantification” Residue Concentration [mg/kg] Q\Q" R%ference
Location Imidacloprid Imidacl Metabdlites' &
Dressi Olefin  Nect Nect \ .
[Dressing Parent 5-OH e ectar Pollen ectar oPo]len \00)
rate] e or Honey or Hone%\ o K
‘ Rape Crops &OVA&&V ] 4@\ ¥ ‘
Conches, <
France A A A <LOQ
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Tab. 3: Residue Levels of Imidacloprid and Relevant Imidacloprid Metabolites in Nectar
and Pollen of Succeeding Crop Plants under Field Conditions

Soil Residue  Limit of Quantification” Residue Concentration [mg/kg] o Reference
Level Imidacloprid Imidacl Metab' S@ (\5@
[mg/kg] Parent 5-OH Olefine Nectar Pollen  Nectar Poll@x‘iQ o

o(\\o O
‘ Sunflower Crops KoQ (\&q’
0.0157 B B A n.d. n.d. nd. & #fd.
0.0127 B B A n.d. nd. g @ nd
N &
0.0143 B B A nd o ond o @40 ng
00178 B B A nd  nd Ind . @do
W R4
<0.006 B B A n.d. ndgd \@ﬁ & 6‘3&
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0.0127 B B A O S boh\?d\@q’ nd n.d.
0.0143 B B A QS w1 g n.d 2
C& FIE S
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F F S L S
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Tab. 4: Acute Toxicity of Imidacloprid to Honeybees as Deteremined According to EPPO
Guideline No. 170

Test Oral Toxicity [ng a.i./bee] Contact Toxicity [ng a.i./bee] o Literature
Material LD50 NOEL' LD50 NOEL' ¥
techn. grade 3.7 <15’ 81.0 <2. 5; ¢ ﬁ1990
>40.9 :
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8 [13%] ' (91—714&% (\\ oo é‘ 2000b &
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Table 5:

Results of the Literature Survey on the Chronic Dietary Toxicity of Imidacloprid to

Honeybees

Laboratory Studies

. Feeding duration Syrup Mortality @%’s W
Location / | Age of bees' /
ocation geo .ees [n=number of ingestion rate | [%, correcteQ(@r control |&" Reference
Season strain .. . +
repetitions] [uL/bee/day] mjgft%hty] J.\\Q\o)
Q@\p,gﬁ: 3 &
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i . [50% sucrose, | .o 0 pg/Iéqf% 0 .
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£ P 'LE\(\JVD A&& 4 pg/L] &
@@ & &l .&gcp%& 1
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udul, ) [, mellifoga” | o o« (@éqé%@\ [50% sucrosgP'| 3% & S (repetition of
2000 hgust@@{] NN NN {86115@2 6
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Table 5:
Honeybees (cont.)

Cage and Field Feeding Studies

Results of the Literature Survey on the Chronic Dietary Toxicity of Imidacloprid to

& ¥
Initial no. ingesti Mortality'Fat o
Location / nitial no Exposure Syrup ingestion orta 1t§<\ ates 1
of bees / . rate [%, corre%‘éﬁ for contr@ Reference
Season . duration
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Table 6: Dose-related mortality of honeybees during the repeat chronic feeding tests

compared to values reported ||| - (2001

Urea-Metabolite

O .
A P
Test Facility Young Honeybees Okﬁ—loneybeeg&\
[Testing Period] [1-17 days] 12245 daysh
Dose Mortality Dosé" é\{\ Mortality
. o R K e\ 1o
[ng a.i./bee/day] [%] [ygaulziﬁee/dag} Aé [%]
0 0 QO 0 QO 20°
Germany [l 20002 0.004 8 S5 oo 34 ©
' A\ 4\0 & ,@0
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I Q ¢
G & QA N X
ermany ||| 0.005 B3¢ 10 0.004 &0 ¢
(2000b) & & &K e AOS
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O L&\
G i 2000b R & @ ¢ NI O
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Table 6: Dose-related mortality of honeybees during the repeat chronic feeding tests
compared to values reported by [Jjij et a. (2001)

6-Chloro-Nicotinic Acid

A\i_\\\q‘ 6‘2'
Test Facility Young Honeybees Q@HoneybeegOQ
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Table 7: Sucrose (50% wi/v) ingestion rates of honeybees in the repeat chronic feeding tests
compared to rates reported by Suchail [JJjjjj (2001)

Test Facilit Average Temp Control Young Bees . Old Bees
v [°C] [ul/bee/day] [ul/bee/day] &(.\Q [ul/beg{&y]
Germany I, &((\ N
Il (2000a, 2000b, 2000¢ 24-28 39.1-47.1 43.2-564 %@%—33.3
(PN
z}nd 2000d) \OQ 3@2’ ‘;@é\ o
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23-27 38.9-40.2 8.6537.1 J Q271 -38.6
I (20005 and 2000c) RSN P .
o X
Germany II1 N Q) (\f\\ &
24-26 58.4-63.5 ¢ \$H37.5- % ¢ 56.6-66.3 N
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) E ST Iy
DRI N
N Q NS 0 $Q
& &L s" a& A QP 3
b“ Q>0, D <° e)Q & y\s
Tab. 8: Acute Oral Toxicity of |gaclgﬁ éqL‘PIQﬁt Metabolites to I—gqﬁex&eé asdﬁét@%wmed
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Tab. 9: Acute Toxicity of Imidacloprid to Bees Other Than Honeybees
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Appendix I: Characteristic Symptoms of the ,,French Bee Syndrome*
According to information from concerned commercial bee-keepers in Western and Central France and to written
reports - 1998) the French bee problem is characterized by the following symptoms:

Symptoms of individual bees & o

- impaired sense of balance, bees missed the board when they return to the hive. N (\6

- bees are incapable of flying, honeybees crawl on the ground in front of the hhﬁés and form@}usters
6‘

é\

- bees appear to be weak, they are unable to climb up hive posts or grass steéi% &
- bees are of a black shiny appearance (abdomen) and show loss of fur. OQ (, GQ’

- hive guards prevent trembling and apparently hectic foraging bees frgi’n @%erlng t&: h@@e
- some honeybees show sudden cleaning attacks (up to 5 minutes) yﬁﬂg&%ragmg%lk@nﬂower heads.

C)
- honeybees remain sometimes apathetic at the outer edge of the@hn& wer h &Q,(\»(\ o (\&&
- honeybees respond with trembling when touched while rest&ﬁg ofi'the. sugﬂo%\érs Q/(‘\\' 590
- disorientation, honeybees fail to return to the hive. \\ ‘Z/Q 4&\% . & b . kq,((\ 0&'
$Q:<} ('}Q/(\'Q \(\o) QQ;(\\ Q,QA Q’Q\\)\ Q,él
Symptoms of affected bee-hives Qf‘ 0@ Q} \QO g}&“ (\& & 0\& Qq}'
- about one third of the honeybees of affected hlvgﬁe %g_,‘? %ab%ué described symptmg@ &“\ '6)60 60$
- affected hives have no or only minor 1ncreas@1n&%pklﬁtlgﬁ st&éngth s\o‘ 6 s\){(\\ 6\"\\'
- there is a massive loss of foraging bees. 0,0 \)Q' * & (s)\ 0 ‘()\@
- nectar is stored in an unusual pattern wktﬁ? \ﬂﬁe hﬁ%eéo‘)c 60((\ ij(\ g\é ®
- honey yield is substantially reduced 00 \\Q @ 6{& R & 0’ (\‘ S ¢ @
& 6\ oz Q\@Q '0&\\0

e
The concerned beekeepers reported @ﬁat @he gb%vg\&syqﬁ%toms became appalght 8&) 3 t%\% d@?s after the peak

blossom of the sunflower fields. (@hey&li@st kd ‘dﬁ'gt the situation had x&rsgﬁe%’@ra&ﬁca&@ over the last two
years. The affected bee- hlvesowi'f‘er Qregeﬁted}‘to J;k weakened up to S%Idé (‘(@%1%& e @?V@Jbsses Honey yields
from the surviving hives w@;é sg gg,*be ‘n &\Blly low. However cﬁotgﬁ h{&%s@\?an apiary were affected.
On average, one of four B%e—é@vc\@%v ed to be free from Wn@oﬁ Qﬁds\gb%ervatlon was explained by
healthy colonies fora; %igoo% ?\&%dzﬁragé and crops other tha@%u&ﬁ X:(Qrsb

According to publ{@ied\\ﬁ%gﬁw@%%@&ste 1994-97) the h«ﬁle;@yle\k(ﬁ i rag&e were higher in 1994 and 1995,
similar in 19962 and g&%ﬁca@ﬁ’y dower in 1997 than the o@%a v e@é\geyleld

Honey yiel dgt 30 %_é\rof@ss@lal French bee—keep@%v‘@e i @9%& aQé\ 1995, i.e. after Gaucho® was launched on
the markeéoraﬁed\"@etwgelk\ and 76 kg per be&@qu@)h@{l@{@ h&?ley yields decreased to 45 kg/bee-hive.
Howe\@ﬁ‘ @a&‘ﬂo h\?é {“%rom the reported d@t’a sgéet t‘& gg%se data reflect the annual honey yield or only

the @mo\g@t hawq:ﬁe@q(fom sunflowers. 6\ \Q\ (_) 0(\ \{\\‘—)
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