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INTRODUCTION

Crop protection treatments applied to nectar-producing plants in flower gan affect the
survival or behaviour of bees. In contrast to acute lethal effects, whichare QGQ’
investigated by means of toxicology tests before products are placed‘on the market,
there 1s currently no objective way of detecting the sub-lethal eff@%s of pestiqi%es on
bee behaviour or of evaluating their chronic toxicity. OQ‘Z/(\ & &
During the national study programme carried out in 1998 to&@va&@ﬁte the@‘%qﬁq’/@égfs of
Gaucho® sunflower seed dressing on bees we studied the ¢hroiic to Jbé?tég%f the

ucho® sunflower s  on bes we studied the dhrghic toy 6
active mgredient 1n this product (imidacloprid) and its .Qﬁ’e%& on tlgg@ @tory N

. . e N\ ¢

learnming capacity of worker bees, which is still a matfer c{cfxsome pute. Olfactory & O&
learning processes are vital in enabling bees to re.c@nis% %@wgs% g@qthey forage. S ¢

. X
At that time we observed significant mortality c@ﬁ%géfe@o.@q\é gontrol group at .@@ &
. XY G AN . » X,
concentrations of 8 and 40 ppb after 11 days &@%a@i’og%%@%@clopnd. Furthermgokre, o)

after the 11 days administration of concentrations %{Q}i\ and 40 ppb we obsergeﬁ. & 0}‘&\ Q@"
significant decline in learning perfonnargcé’ @1&&‘}%& treated individu%lé“\w@f@n .660 N
we performed a Pavlovian olfactory cgﬁdi | &]ﬁn%o%ure. However, weS 1duriot \,{0\ ;\'{@

find any concentration-response relgﬁoga\%jgs%r a?ly@@\b-effect concentraét;i%n\&‘ﬁ should ,@o

be noted that the concentrations o@Qu% a pgiﬁ\ used in 1998 were nat al\L?n&é\stggﬁtq@Q
on the same day. In addition, tgf&&l, é(ésl@g g&re based on only 5@0 {r&)?%s{\&\ ®@
The purpose of this investi gatio S E&érgl%\rq&o find out more al%&lto@hec'eﬁ X
eftects of imidacloprid oné&e@,“su‘@%g@% t¢ Pavlovian condit%éﬁn@é‘. I&QO{ r {0 do

. O . O : \ QP
this we attempted to dq@e Q%l’l@l‘((é(ﬁ}l -response relat10n§ﬁ1 ﬁn@th@&}bo d

: e o\ $ 0) : A

concentrations by usaﬁfg aQW1g@ ranige Of experimental cog@e%ﬁfat@‘l%&y@%lso
evaluated the possible gﬁ‘e ,Qﬂ?h\gx%wo main metabolifes R i@l‘\i@ﬁl@d (olefin and

hydroxy—imidac@rﬁtﬁ %&ﬁ@hwg ability. The acu@%o@er@@atééh@%sted on learning
were determi Q§ th¢’ @q acute toxicity te%éreg@(l\fs q&%{@,ﬁ we carried out

sof .
beforehand.in Q;(?e &\.\@@E’g@ the sensitivity Olz ST @@ﬁg\&%&oﬁ material.
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The@?a}}QLéDSO (lethal dosec}cﬁili@g ’%@% i@&ividuals) figures for imidacloprid,

gzﬁ\ch Biological Tesks\ﬁjqﬁnm%si@i %ﬁ'ApiS mellifera bees. This laboratory method

@&%@—imidaclomid angQB’lgd\?n& ) egﬁ'med according to method no. 95 of the
N\
&

“ eatabled us to evalug}@otlg)e‘oac@}e\\gé‘g(iéity of phytopharmaceutical products on adult
worker bees. ng}@%gb%ome@ﬂ] L})@&’leﬂts to this method were necessary.

Q
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»  Worker \\b‘ee&‘%ere t er{oﬁom three hives rather than a single hive in order to
assesg&ny colony: fo&} on the results and 1n order to avoid depopulating the
experimental c@ nié"s too severely.

" ]t should be \}te@\that method no. 95 recommends using “summer bees”. We
obtained our hée samples between August and October 1999. As a result, the
acute tq\.ﬁt‘:ity tests with imidacloprid and hydroxy-imidacloprid were carried
out \@}Qén the hives were outside and the tests with olefin were carried out after

th(e)gﬁives had been taken indoors to a heated environment.
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Pathological examinations conducted on adult worker bees from the three
experimental hives revealed no acariosis, nosemosis, chronic paralysis, A.P.V.
(AFSSA Sophia Antipolis) or spiroplasm (INRA Bordeaux). The blolog;)cal material

can therefore be considered to be in good health. \QQ QE}Q’
& °
Agrochemical products \000 6.\\00)
N &
The main properties of the agrochemical products (technical @é’)& usedg%re&@
summarised 1n table 1. \@*\O)&Q,&% < \\Q\’O\Q
Properties Imidacloprid Hy@?o ka @ Olefin J:&.
Imj agkgg\&'dﬁ iée” & &
Total formula C9H10CIN502 @} 5 3 \\QQ‘ CgHgCIN502 &Q’ &0&
Molecular weight 255.7 g/mol @Q/ 2. Q%/ Lo 253.6 g/m@j{?\ @Q'Q
Origin Bayer Division yer 15i6n Bayer Diyision' | o $Q<z§
Agro, Leverkuseg&iqﬁg& Ié@V% usen, | Agro, Lg@er 1sen, 5. O
Germany O 0 é\ ﬁ\g@\aﬂy g@%®y N 5\{&
Purity 99, 4%0)_60 @9 4% | N 98%e
50{0 NS
Table 1: Properties og%%@c:l{éhg\cgl p?roducts \&@ \\{\0)\00\. OQO&%\
Q/ o > R O
Data processing 0&0’ &0 Q@ - “0 {\0& ’&O& 6(' @Y‘Q/ \é@é&\o
WO O \\ NS 0 ol AN &
O O \Y 0

The mortality result%@e@e‘ @%yg@d @3/ linear regressmng@n@ \Xﬁl @L@ofﬂvare

\
(version 2.0 C Q}\ 6 %@QSQ & \@Q &&Ooé\ S
& 07 X
Q \o\ O & O
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Imldaclgﬁr{d agﬁ @e m\ re equally tOXIC\Q&bIé *\}{&3 &y—mudacmprld is
abou%ﬁv times {Léés toxic than the oth%ﬁw p{*ﬁc{g@tsg&‘ee appendices for the log-

prog}? Qﬁh@ cxﬁal@y curves and the resu r Lgs%ﬁx:&a 43& J‘i\\:ﬁ.malyses
60

S e{é’ O S’“ o~ 6&\0’
A & Product < LD50 (4¢ h - qﬁs ﬁ;mwser limit Upper limit
> 1 & Imidacloprid 30.58 ag/bee, 0 | .:26.7 ng/bee 36.2 ng/bee
A gzydt%xy- 15347 nglbed ] 5\ 126 ng/bee 197 ng/bee
@6\ ™ ﬂmd}hcloprld @Q " & O < é |
N R [.O SGQ;Oleﬁn @@i&%@ S 17.88 ng/bee 43.13 ng/bee
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INVESTIGATION INTO SUB-LETHAL EFFECTS ON
OLFACTORY LEARNING ABILITIES

EQUIPMENT AND METHODS 3;\“0’ &
¢ L
\
Biological material \000 \&\0’
NN &
. . . . \ \(’\& & Q"
The experiments were carried out with Italian bees, Apis me@?e;@sz ligustica, Between

30 November 1999 and 26 January 2000 worker bees Wer@;t&a@é’}l as they <E@querged

from brood frames in the various hives of a lheated apia@‘? g\ifé hives were s:u‘ppliec-l Q/Q’C’
with syrup and fresh pollen. The bees were in a genegﬁ\lxgsatlsfa@‘gr)(vﬁ’ondltlon with >

° \
no visible pathological symptoms. The bees takerk@é S E@Les gz%rgqjﬁept In a warming{&\cz}’\é9 &
cupboard (33°C, 55% relative humidity) in batc@'é\s\gif\ 6@111(\1@&@@&15 In rearing cages, &
supphed with unhimited amounts of sugar, alg@‘é yﬁh@a&@? fqgr“the first three da}\@? Qf\“
and pollen for the first eight days. After three days %& 3ﬁgaé\\vas replaced witha o C}‘Q QQ}'
contaminated or uncontaminated sugar sgi%lt@% (@%@,‘s @i%se) in a2 ml feegé} 0(&\ .660 N
(accurate to 0.5 ml). Mortality and comﬁn@ﬁ’igﬁq’ﬁ gs%)vere recorded e d@ﬁ The ;\'{&(’
bees subsequently used in tests (20 &&% @%@%d@&ﬂ@@\ged between 13 ang é&}a&, S O

were taken from among those Wl’%@hﬁc’l& @%gé&%@xpo sure to the prg((i%@?. Q,é}@ 6\56 (\C\f

N\ \Q/ 6 . A\ 4 O ,
Details of treatment NFOI 3 DIEOIEITAS
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During the expenment.sg@% &ﬁc@ﬁ\b&\lﬁ we did not obseg@e Qﬁ% gi%i'gﬁcgﬁ
. ¥ O . SISV .
difference between tlg’@\l%@mgi% ﬁgﬁi‘fgxﬁlance of 1nd1v1dug{% ri*%ﬁpos%d 10 1@daclopr1d
by contact and coQﬁ%kéﬁdiﬁd\Q s,even at the highest @%sg\? For this reason
- &,

00'ppb)
in the experimelgsg arrigd out 1 6%99 and presente%&h@e@\wg\%oggi@ated solely on
the oral toxic{xl%’gjgl @ﬁqgﬁd and its metalg@ﬁ Qgﬁnﬁ%s@h%atments Were

¢

carried out everd 1 @%y@eans of contamina @jh% £50 &Qﬁpply. Six doses of
the threéﬁ‘gﬁg g@é;ér Wdministered by nﬁ?&??iévg}@nqéys by means of
conta@i%a@%%{s thﬁ% sucrose food supply ‘g@\% \q@%%@aass). Feeders containing
the c&lt@i%lig%te@(%o@ Syrup were repla&@d ,@,V"e @\tg‘g%nsure that the bees received
ﬂ%@%@qf’ﬁ‘(@\ﬁ%@ g&%ry day. Control b@%s Q@grgxg on.a"50% sucrose solution. The
.O)é?:t{\k% &c&)%ﬁmg@soluﬁons were maée Qﬁig@ce{\téng, he acetone concentration of
Q tami%)ﬁ @@nd uncontaminatg\(’i{\ fg\@(d g@fuéggvgﬁs 10 ml per litre. The range of the
$ix dosﬁ\s imidacloprid, in@easl”ng\% & e\’ﬁ(\metrical progression of 2, was
selggf%&g% cover the dose%wqésg@fi in 1 %é .13; 0.25 and 1.30 ng/bee). The highest
.dQ@,se 18 equivalent to the @wg(@%@r%)\%ivided by 20. The LD350 figures for
é/\@ly\g@%xy-inﬁdaclomid (ﬁ%&ﬁ‘?@‘?g/@ee)@&d olefin (30.11 ng/bee) divided by 20 were
&é?ected as the high,\c;;fxfD d@‘é%&ﬁl {@% réige of doses tested and a geometrical
pro gres_sion was %}gpli@&? tod @ﬁj@iﬁe the other five doses (table 3). In preparing the
contaminated sg:@roﬁ% solutio s&ﬁ?e assumed that a bee would consume 33 ul of
solution a dagoc’l”he S1X dg@%s@ each product were tested in sets of three doses. Each

set was regé’ated three\;&‘%n&@&(z’on separate groups of bees.
T P



M&t@ respenses. The odour we'ils

Q
N

Sets Treatments Dates of the
Imidacloprid Hydroxy- Olefin three repeats
imidacloprid
Set 1 48 ppb = 1.6 ng/bee | 240 ppb = 8 ng/bee | 45 ppb = 1.5 ng/bee . \@1 3-14/12/99,,
12 ppb = 0.4 ng/bee | 60 ppb = 2 ng/bee 112 ppb=0.37 4F 01-02/02/6
3ppb=0.1 ng/bee | 15 ppb = 0.5 ng/bee | ng/bee 0@ 22-23/02700
control control 2.8 ppb = 0.0%@) \&\0’
control , O% N2
Set 2 24 ppb = 0.8 ng/bee | 120 ppb =4 ng/bee | 22.5 pgét&@k% &, Q’% /99-
6 ppb =0.2 ng/bee | 30 ppb =1 ng/bee | ng/bee &Q/\\ 2 | 81712/99
1.5 ppb = 0.05 7.5 ppb = 0.25 f\.\é%igo: 0.187&2} 18-19/01/00
ng/bee ng/bee he N @(’ 07-08/02/00 .
$% _ 2 X
control control o] 1 b= 8‘{6’46@«\, Q
& | e O O S|
O < Q& X
& S eantrol” & S
. ¢ & &0 NS
Table 3: treatments admmlstere(@fa%@sg& g@x‘p%rlments & &
& . 9 N QI
e __ 3> oD 07 & ?6 0&\. @Q N
Olfactory conditioning procedure: pr O%G%Ei‘te@ﬁqp eflex \Q‘\ Q &
O & & Q > & IO ’
. . . . . » AN \
The proboscis extension reflex @?ﬂ ed\%ybﬂie\@phcatlon of a sugar ; ti@’l 8@0 A

sucrose by mass) to the antennae. a this it\iﬁlulation (Uncon i@f’og

US) 1s associated with the P@s@%e& g@olﬁctory stimulus (Cgn 1@%

CS) and a food solution ié%f&?e@ s@&ew\%rd bees subsequ%ﬁ%tlx\‘gx %d@e'g“\
> 0 ’ ? PR

proboscis 1n response {&pr@‘se@pag@gl o@?he olfactory stimgﬁﬁs@‘l%g@
Response = CR). Th@Qnugﬁb@@* of g'that an insect pres@hts@%’

parameter by wh@\gﬁ) i%s‘%%@ﬁ%‘?ﬂ/ge%\ming abilities ar &s§géqg~9 s fast for four
hours before thg@p{&e@tlr@ hgcomplete set of s@u@%@, @@-R, form a

N\
conditionin%t%st.h%a@ﬁ bee Lgﬁergoes three concbl%lqg}\i%l d%st@%t&?tervals of 15 to 20
. O . N .
minutes. E’lﬁs p‘haeé%@%wgﬁnvestl gators to det\@ngﬁeo&% e(ﬁ%e treatment has any
etfect Qg,"thg\fzgg@ﬁsi@%li@f responses. Duri@g%kkeg ;%l\@se;%ees undergo five tests at
1

t
interlfgﬂs of g&oo&ﬁ minutes. A test com s@%.gp & %ﬁ)f the odour alone (CS) for
31%@?0@%5@%@% g@iﬁse allows mvestl%é?tog)ﬁq&dét@n%}&e whether the treatment is

I @3@? %@}e\lﬁlalol (95 to 97% pure; Sigma), a
LLnﬁ that induces effegﬁvgﬁ\co ti@”ni@@f’ In this experimental procedure.
RIS

1
Q 5" O
Data ogé%sillg QQ}’C\\Q@C’ @:&‘\\ 6\\(’ ) -
NS Q\O 0’A 0& Q&O $(\Q/

é{@e @hta in each set of e&q@pe{gﬁ@?\s ((\ Q‘le/@ 3) were sent for independent statistical

@ma&fysis. During thesgo‘se @%{&@péﬁm@?ﬂs, the various data obtained for the three
depeats were added together. 3:ddl

Qﬁ " mortality 1n the treate&c’w@ﬁ\ a product and the control group and to compare

1-square tests were conducted to compare

the number of RCs obser}{@ﬂ‘ f@§ each test and each treatment. Where heterogeneous
results were\(ﬁ%tained, \(gﬁ?ous treatment details for a given product were compared
two by two'in a I-ddb@ S&E’quare test. The 5% significance threshold was divided by
n, with n being theg@n{g]?er of comparisons in which each piece of data was used.

N

RESULTS DISCUSSION
O\

2
Con_s_um%&\gn levels
In general, the hypothesis that each bee consumes 33 pl a day was confirmed (table
4). We can conclude from this that the treated bees were not undernourished.
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This could be due to hydroxy-imidacloprid being relatively unpleasargtﬁt these QGQ’
concentrations. & L
_ & &
| Products Concentrations Average volume Q@i&@tanda(ﬁleviaﬁon
consumed per bee and R
O & @
per day & S@ xO
48 ppb 30.0 55& 0 @Q/ 3.7l
12 ppb 30.§ 03“ O X 14.9 pl
3 ppb 3 %q& ¢ 144l x
Imidacloprid d% . Y 1474l 3
: , 134 ul | é@@_ S
X,
12.9 pl @@ B\
111 plh NS
11.84H ¥ RN
12 > . & 3
X q%} R
'.1‘ \o O‘\\
15.9 1 O v
Hydroxy-  d4.44] WV {\Q
imidacloprid O 187 1l O
(fi Joul Qz’é\
QO 2 1’@ | ‘z‘
1.4l
3.2 ul
«217.2 ul
14.2 pl
Olefin 3 13.4 ul
Q ; 13.4 ul
‘OQ/ 06 11.1 pl
oS (\@ ¥ | 13.0 pl
@ . 12.4 ul
S {&6 Q) > ‘\(\é'f\? S H
S el sa S O PO NN
o abl 4&9@%umptlon of food syrups RN
P § e Py & O &8 ¢
Q O O ¢ Cro & A\ o
é}o;?%gﬁa at (}(Q &\&\Q’.@C& o\ 0(\ 60
& O o B IS
.6032’ 60°Afte1%@ﬁ days of oral admir@ﬁrgﬁotpb%imi@yﬁcloprid and hydroxy-imidacloprid,
& & only'thehighest concentr 0@? (@8‘%@ imidacloprid and 240 ppb hydroxy-
&QQ' oN .i@i%a‘?cloprid) induce %Kt@liéj‘r\ rates ﬁgnificantly higher than the control group
60(’ @tff@%lre 1). It should bg&ﬁ;%@% gﬁtgﬁ\ﬁ%ﬁstraﬁon of 240 ppb hydroxy-imidacloprid
N &R Jeads to high morta@ﬁ/ ( %) sdndicates that these concentrations cannot be
| ﬁq’ @i\f\ considered sub-lq}tﬁakﬁ)r thet@pgﬁue period of 11 days. During the experiments
.(9’&\ carried out 1n L@S f&le lqg(es‘gét(t\)ncentration proving lethal was 8 ppb. This threshold
\;0\\ was not confirmed in thté\}eé@arch as concentrations of 12 and 24 ppb induced
R mortalityx(@?es equiva\ie\htﬁ; those observed in the control group. We did not observe

However, we observed a marked variability in consumption volumes. We also
observed a slight reduction in consumption volumes when the food solution was

contaminated with hydroxy-imidacloprid at concentrations between 30 E&;ld 240 ppb.

any correlation b@;&f%@(ﬁ\ concentration and mortality in the case of olefin as
concentrations of ¥1.2'and 2.8 ppb induced significantly higher mortality rates than

the mortality rate induced by 45 ppb.
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IMIDACLOPRIDE
50 Khi-2 = 3,82 ; 3dd! ; p= 0,28

Khi-2 = 20,59 ; 3 dd! ; p= 0,000
45

8 & 3

% mortalité
N
-

12 ppb 3 ppb
Concentrations

Khi-2 = 67,90 ; 3 ddt ; p= 0,000

S 8 & 8

% mortalijté

-
=

&
a
240 ppb 60 ppb 15 ppb
Concentrations

o

Khi-2 = 40,53 ; 3ddi; p= 0,000
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45 ppb § 70 Q Q-
" 3& p@cquﬁtio; F’EOO O pPb .6@ g\@(ﬁ p@“‘ OQA g,:ﬁ)%%tc):mc:entratir.}r‘!é4 PO 0 ppod
O S W NI
) \\Q O Q
N
C &GN N N
F@ur&\{l\: M’br{ﬁ(ﬁ ates after 11 days i tiql?’og/&q?\pr@%ction products.
, @d@k@%q\@% s (p<0.05) were carri@%' q&\@to \.@m@ e (@}: treated groups and the control group
\0) Q : : : :
(\@ fop'each s of experiments. Where hetefo €neo ‘results Q}Qre obtained, the various experimental
& Oégups g/(é . @élnpared two by two i,l&gxl -&1 \gm-%q@areﬁést. The experimental groups with different
.(90) QO leﬁeri@vel@%gniﬁcantly different ®<%®?6)’& N 5\
SN ¥ ¢ Xy & O ¢
@Q’Q X @@gf{? conditionin vg& @?@;‘5\0 I@%@Q extension refle
. Iy C : 1S X
> S g&g@g %‘\0
¢ 0 0" 7 M X
Q/@Q \(\&g’emmder of the I % g,f.l}dy:<< R oo
.Q/‘“ ¢’ The analysis of leﬁmg'alg per%i?q@?ce observed during the 1998 experiments showed a
© decline 1n the gﬁ\mb%r of cgnditioned responses in the groups treated with
imidacloprjgbat 4, 8 and\(ﬁ‘b \(@‘BQB for 11 days compared with the untreated group (figure
2). Howexer, we did @t \gﬁbserve any relationship between the concentrations tests and
the response level; @ﬁg@ treated groups presented significantly lower response levels
without any hie@&hﬁof' effect. We were also unable to define a no-dose effect.
X
&
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Figure 2: 1998 experiments. Learni ?Sel@aqvi @% %?l%@gl’g ingestion of imid d@p@ 0} &
For the C2 to TS tests, the treated grg%sogﬁdi a

O
¢
he cg'{u oljgroup were compared 5}3} mg%s@f S‘ﬁddﬁ\
Chi-square test. The results of the éﬁh a@\tes(s arg\displayed in boxes th}é &@%né'&a ; K ence
between the groups was observed’(p<0.03)° her %terogeneous results were ' " various
e i :

ained,
experimental groups were ¢ o bydwo in a 1-ddl Chi-square ttigf.} The %thg\fﬁ?i;\ﬁ 1ed by
AN
» O

different letters were signiggi’mg@ d{ﬁﬁreo?\P @90.016). ®0 Q/{c\ 6& R
NN NN & Q N
S . ¢ O
1999 study: 6&\0 N @\Q’ N 0\(\ %@5 WS N

Q &
m@ig@esearch do not ?91'@}?\1 tﬁg L@%@Q%sults as far as
e

The results ob@n\ § !
imidacloprid;is ctﬁngérn@@. @%ly prolonged in@ t@fn %fngi\i@%prid at 48 ppb

induces a@@%njﬁc ,.g%clé}ﬁ(zé in learning per(&‘nﬁngé CG ed to the untreated
group \(&\J‘g\gu@%)@)@c&ﬁ?:@(@t\}atmm below 48 gp%\&ﬁﬁ@é\ R@erg&nance levels equivalent
to tho o@@e&o@og@roup. O ¢ L N
ge ¢ Q Q.6 \5 A\ _

Thg\ﬂlfgere@es obsetved between the 199 &(&n(i@ 3@ results may be due to various
fastors: (© ¥ & S O & &

) . " x0 . . .

Q'>0>Q’ Q’*} Qﬁlr\@}y@ﬁnhke the 1999 exg%nm%n&g‘ft]g%blgéﬁaclopnd concentrations used 1n

& & 1998were not all tested on the samecdlay“This means that variability in the
§ " response level of individuals abcondi f 1d partl
AN «response level of indiyi Rals %nﬁmé»to the day of the test could partly
X, Q} O : : ' 10 \
AN \ Q/&plam the difterences gbs@g(feg. &
\ N ‘\\5 [n addition, the %&r@s@% v&qérgogased on two repeats, as against three
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Figure 4: Learni Af)ercentages following ingestion of hydroxy-imidacloprid

For the C2 to T5{ests, the treated groups and the control group were compared by means of a 3-ddl
Chi-square test. The results of the Chi-square tests are displayed in boxes where a significant difference
between ﬂ@%roups was observed (p<0.05). Where heterogeneous results were obtained, the various

experimental groups were compared two by two in a 1-ddl Chi-square test. The groups identified by
different letters were significantly different (p<0.016).
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Irrespective of the concentration tested, learning performances among individuals
treated with olefin were equivalent to those observed in the control group (figure 5). It

should be noted that a low response level was observed in the control grgllp (ﬁgu:re
5A: 60% in C3 compared to around 70-80% for the control groups in tﬁe other se(s Sof

tests), but this does not undermine the comparison. &
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For the C2 to TS tests, thie mq% ag& the control group W%I@(\C % b@ﬁm iris of a 3-ddl
Chi-square test. The {&ulﬁ& (&*h%’ _sqUidre tests are displayed Qn ‘(é&\ g&mﬁcan‘[ difference
between the groupg@va ngle\%\’fp 5). Where heteroge mqls rﬁs % efe optained, the various
experimental groups g&ere&o ‘two by two in a 1- ddl&&%l a e%(\\\'l"l'@\%mups identified by
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Cﬁ\l conﬂﬁ’&pﬁ}n after 11 days gl:al aﬁq@‘i’m@t‘ra\tﬁm the NOEC (no observed effect

O
6 congé%tg}ltlon) of 1mdacl@?lg%Q@n0&alat§ and learning performance is 24 ppb

8h)/40) @Q \%(\
ydroxy-lmldacl({ Q&N@E@ IS 120 ppb (LD50(48h)/40) for mortality

60 ppb (LD50(4 l{ﬁ\O)gﬁ) Jearning performance.
‘&n the case of oleﬁﬁ we did n@‘t obgerve any effect on mortality or learning

‘Q' performance e‘&n@t a coa&n{ﬁ:’atlon of 45 ppb (L.D50(48h)/20) (table 5).
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Threshold concentrations Imidacloprid Hydroxy- Olefin

imidacloprid .

NOEC \5@)

(maximum 120 ppb &{5&

concentration

with no effect)
Minimum

concentration
with effect

Chronic
toxicity

24 ppb

NOEC
(maximum
concentration
with no effect)
Minimum
concentration
with effect

Learning
performance

Table 5: Summary of thresholchomz“e
performance after 11 days 1@5@3[@
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