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1 BACKGROUND

&

On 16 September 2008, Bayer CropScience Deutschland GmbH received let \erom B (LQ\/NhiCh
communicated concerns about the potential impact on bees for |m|daclopr5}d\ roducts tg can be
applied as a foliar spray to outdoor plants. Because imidacloprid is knowh exhlblg\é\ystemlc
behavior following seed or soil treatments, questions have been ralsed&%qo& the oﬁe ial for
imidacloprid residues resulting from foliar sprays to move throughoasﬁ’ @ ant ng@? ngctar and /or pollen
for some weeks after pre-flowering applications are made. In add\{@t) *potenga osure to bees by
nectar and/or pollen of plants exposed by spray drift is also quo\é‘t\m@éd &z} <‘5§\

AQ}Q \0 18) \Q’ &'

2 OBJECTIVE F&e s & &
\(\

WS @ & s‘\
The objectives of this paper are: . ¢ o" 6‘2’ ¥ & ¢ 6
1) to summarize available information go%e\ @1@ t{k@syé\temlcny and trans@@ce\xﬁ%n of \ 5\\
imidacloprid in plants to demonstr, gahtg,fﬁlcta‘%lo&ld residues in necl%r g{ palle ‘Wlk[\(be
negligible following foliar spra;@orr@ﬁe 10 %Eﬁp%qu ornamental pIang)s aq&)r@@h%@o I@f)%l
directions and & \0 & 8
2) tosummarize key studies t@‘?gﬁ% Qé\usm @?rlsk assessment tqﬁ%@q@sa@ot@ht@‘qbee exposure
from off-crop drift. S © \\o \)& bo 0{\6 & \o S
R S S ef‘ & \6“ &

3 TRANSLOCAZﬁQN @I%YM‘] DACLOPRID m M‘ms

o‘ z*\ Q’Q} 3 Qf\ OC’QJ \>° &o o((\ &
3.1 THEORY Qy‘g b@‘b@g\(’ @@0 @06 g;z?;\)\\Qg o & @c ® ¢

&0; @ I ¥ & (\6 ¢

Systemic propelgL of ag ole\:u$é are mainly deter@hedfb \\ﬁs @jﬁt@t solubility, its octanol/
water- partltlos‘b%e igien <€ ow) and its acid @&1 &Q%Ig@? 5ollowmg the simulation
model of B 2 good membrane Qﬁ% l@ﬁ ahigh xylem mobility would be
predlctecg rmlgacLébrkd\L(log Pow = 0. 51)@91@@@& K Q@l\4 indicates that imidacloprid remains in
anon-: @ cﬁ thfé plant and theref h@é’t@é‘p | to diffuse within the plant transportation
systoﬁw pen@g % pH (pH value pr@e em=5.0). However, since bulk flow in the
xyfen&, ste ef% faster by a factor of 50 t cﬁQ@b‘th@ |r(¥ﬁe phloem tubes (Bromilow and Chamberlain

%9 |m| |d in leaves will Q)e%ome &tra@edﬁ)y the counter-current principle within the leaf,
@ wit

Q\S

onlm |gute amounts redlstg%unea geﬁh@?)lgﬁ stem.

Slrm@r@% P values have bge?] gaf%\abh*st&@ fér 4 known plant metabolites of imidacloprid which, like
paﬁe e%ubstance do not %é% amdnﬁp oton and therefore remain un-ionized in the plant. These data
&t)gg‘est the metabolite @Qf S0 ex| @c to be xylem but not phloem mobile. A fifth metabolite,

\Q}\ |m|daclopr|d olei’%‘?bes show %lt@dgﬁendency with respect to LogP values and has an acidic proton,

but the resulting ic prope(gt%sgize fairly weak, making potential phloem mobility rather unlikely
according to the model of I&lﬁ e55(1988)

$\
\A\
3.2 REGULAT%&W PLANT METABOLISM AND RESIDUE FINDINGS REPORTED IN
THE 91/41\\

The systemic behawor of imidacloprid has been studied in numerous crops after different types of
application: foliar, soil and seed treatment (for an overview see ||| 2003). The studies show
that imidacloprid is mainly acropetally transported in the xylem and rapidly metabolized; therefore
significant residues would not be expected to move into nectar or pollen.
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In addition, a number of studies have also been conducted to quantify parent and 2 metabolite residue
levels in flowering crops and plants grown in fields previously treated with imidacloprid as well as

planted during the test year with treated seeds (see table below). The lack of siggificant resé}i}lgues in
nectar and pollen further supports that neither imidacloprid nor its metabolit%\& re highlydp loem
mobile. & o
& ¥
Aged Residue concentrafions’ (mg/kd) .- | Reference
soil residue Limit of quantification Imidacloprid  _}© (*Metabglites™
mg/kg Parent | 5-OH | Olefin | Nectar | Pollens ], ¢Nectara¥ #Pollen .
Sunflower crops i© (&7 @ & H Y\Q}\y‘
0.0157 B B A n.d. d” ] ndot ] nd. F N
0.0127 B B A nd. [ nd o] Ond” n.d. (1999)
0.0143 B B A n.ds né“&naw.‘gﬁ"o&\ﬁd. n.d. Q%XR/AM §9‘7
Seed rate B B A ndy [o ad.o [ nd. n.d. BIE2003¢218
52 g/ha ,\Q/&AE}O< ,\\Q}@. \(\\(\0 &('\ A{}OQ ; & 00}(3% (\Q]f B
0.0178 B B A [ Ondd & ndy n.d. od.,
<0.006 B B A & ads k((\uigﬁi. n.d. Ké\%@" § 999)
Seed rate B B A O O & @nd. nd. P d.d |SXR/IAM 006
45 g/ha \@OQ&\\QLA&@QE&‘) ) o ‘Q,@f@} BIE2003-219
& & CRape crops & & e |
0.0157 B B & A & nd n.d. NdO° LY md. o0
0.0127 B B o] & A 31 dd. <LOQ [¥ nd. & &®nd (1999)
0.0143 B E;{&*“\ﬁ“ (q,@&(\é"\q,@‘ n.d. <LOQ&°‘n{ﬁ1bg>°.‘,§ﬁ&ﬁ.d. SXR/AM 008
Seed rate B B L & A7 2] <LO nd® £ nd. € [ nd BIE2003-222
33.5 g/ha SIL N ? A&g N 6‘0&&&(&‘0 _
0.0178 B F 8BS [0 A nd. | .ond” & dde® n.d.
<0.006 Bm‘b\o 6”\_\8‘\&* LA n.d. ;b@\gﬁﬁ(&\o@\m& n.d. 999);
Seed rate > P S A <LOQ | . S @nd. n.d. SXR/AM 010
72glha | & &(\,,jﬁg}%i@ &3\\ 0? g\%ﬁ@é BIE2003-223
€lover crops‘andnearby wildflowets (soil residie aging period approx. 28 months) |
0.025 & & ¢ J8C c I nd. S Ongd n.d. n.d.
0.014" ' oCo & C C Clong P . n.d. n.d. (2002)
0,045 [ €. 0] ¢ C 2d. & [0 nd, n.d. n.d.
007 | O™ C Y nd ] nd n.d. n.d.
- N
@&ﬁﬁga;w;%&égm mg/kg; B—O.?ogégtﬁlolég, 8@‘%@9\2 mg/kg
@ ¢ = nopfeie Q& &
(JQ .6\0 Qf\ & Q,(\ \(\Q’_ U2
¥ e & FEFE
& @ PRI
3@} S ANSLOCAqu(/gN@ PE{E{\%LME(NTS AFTER FOLIAR APPLICATION
'\Q" < N\ o
-\\o&ln three publicatio (oNafhen et\@‘ q}ﬁe translocation of imidacloprid in three diverse crops, cotton,

¥
Q¥ cabbage and hop/s\,x\

In two studies in cotton (JOQQ%\\Q%

upper sides of the first

by autoradiography

T%ﬁzwing %{ﬁl!@&

¥

\

f

on to leaves is examined.

d 2001), radiolabelled imidacloprid was applied in droplets to the

e Ieaf of a two to three leaf stage cotton plant and its translocation examined

‘Well as measured by combustion analysis of different plant fractions 1 day

(both studies) and Z'tlays (2001 study) after application . In the first study, the translocation behavior
of the olefin metabolite was also investigated.

The findings 1 day after application for parent compound were consistent across both studies. Between
65 and 70% of total radioactivity was recovered from the leaf surface, and more than 30% was found
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in the first true leaf tissue at or above the application site. After 7 days, nearly 50% of total applied
radioactivity was still unabsorbed, with almost 46% in the first (treated) leaf.

The findings for imidacloprid olefin one day after application were similar to th@ke found gQr parent

see table below NI
( )- & &

o o i & O .
Distribution of radioactivity in cotton after leaf application of 14-C- m@éﬁ@prld or @f-c-olefln

% of total applied radioactivity 0 & & 0
Experiment 1 (1999) @xg@?’ ment(’&'(ZQO\i)
Fraction Olefin Imidacloprid | Fraction «\0’ > midgeloprid | Imidacloprid
1 DAT 1 DAT \.65\ (\S‘ £ &DAT 7 DAT
Leaf surface 67.7 65.0 Leaf surfate, o & @ 683 48.8
Application site 28.8 27.9 AppliationSite- 0" 5f" 1838 4.9 5
Leaf above appl. site 2.94 5.12 1% trte leaf O O o7 12.2 f210 LV
Cotyledons 0.03 0.05 Ré%qtﬁbq@fg‘i‘anﬁ 07 K 53 &
2" |eaf 0.06 0.18 O & & Mo &4
New shoot tip 0.05 020 J & ¥ & & L d o
Stem 0.47 1.46 40 -o% & S F S P oo
Root 0.03 0Q$‘ RIS S T L&D

0)\)“'6\‘((\0 6\6\‘2’%@@
It is clear from the distribution of radio cﬁv&y ttfgféﬁer \\% very little basipet ¢l @c@or@? either
imidacloprid or the olefin metabolite ‘tmf’c o @ @91 imidacloprid a da‘i‘t fe I@\ tge nﬁor part of
the radioactivity taken up by the pI@?a \@ﬁhlﬁ\l @y@émamed at the sit ® @ﬁblgé‘a éh nd of the
fraction of radioactivity that was Q,s?oga Ah@?najorlty moved a I %dgﬁlon it was seen
that most of the radioactivity |ch®vg§“ g@écgeﬁ away from the sité ofa ﬁ ondwas related to
slower moving metabolites W‘h Qﬁa e nao?e polar than the com ngJ§ ct\based onTLC
analysis (Nauen 1999). Lgp ake qﬁnu@laoté\pnd into cotton IeéVe@ﬁo @sg with time; at 7 days
after application almos\g O%@ & ngﬁatlon was observe@c yﬁay after application.
However, ca. 90% ofgthe&aadzkba@i&/ lyotaken up after 7 d@}s éﬁ I 5ém§ﬁ1gg°|n the treated leaf.
*& A&\ & Y

Also in the zoog«st dy, géh@q@ ‘étratlon and short lxé}mQ? mﬂ o;?t Was examined in cabbage.
Radlolabelle%&?n@%c&br applled as dropl 5t surface of the first true leaf of a Savoy
cabbage pI twio néarly expanded true&‘e % a°t approxmately a quarter of its final
size. Al gﬁ\ Q}e‘é’r ?w{@e as much imida rldop(-}ﬁe %q&nto cabbage leaves as into cotton,
translq&nq@*b&‘h \aor Was similar, with EOpQ I é@ﬁon indicating imidacloprid’s good xylem

Q@ﬁtx&@Even %yﬁ after application, gq‘o Qj@ntﬂcqpt quan tities of radiolabel were detected in other
plefntbéarts (s§e°tat§§ie below). @\" \) N 6& &

KQ“ \0 Qf

@ @Qstrlbuj;mn &f radloact|V|ty in cgﬁi)‘a@e @Fter a@%ppllcatlon of 14-C-imidacloprid

X RO % of total applied r@ﬁ’oa@‘i"m@/
& Fragtion2” ImidaclopridIDAT ¢ Imidacloprid 7 DAT
Leéf stirface & 231 .80 22.4
Application site A 1599 7.4
SL true leaf ] B ¢ 69.3
Q¥ | Remainder of plantv;\fo Q\@O,}{\Q/ 1.0
Y

In a third study (2003), th@@ys&mlc properties and translaminar bioavailability of imidacloprid SL
formulation with or without ﬁddltlve was investigated in hop leaves 1 and 7 days after droplet
applications to the u %o%r surface of 2 leaves of 3 week old (ca. 30 cm high) plants. Even with additives
that enhanced folla;b ptake to more than 90%, translocation of radioactivity to other leaves or plant
parts remained QP inor importance with typically less than 1% found in the fraction called rest of
plant (see table below).
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Distribution of radioactivity in hops after leaf application of 14-C-imidacloprid SL with or without
additives
9% of total applied radioactivity

Fraction No additive Hasten Amulsol GPC10®y | L1700

1day [ 7day | 1day | 7day | 1day | 7day | 1day [d7day | 1day | 7 day
Leaf surface 96.9 | 90.8 8 120 | 132 | 7.8 | 21.8] 182 | .321 | 365
Application site 2.1 45 | 801 | 71.8 | 605 | 66.3 | 687 | 655 {856.1 | 50.7
1% true leaf 095 | 45 | 117 | 158 | 248 | 256 | 920 155°] 117 | 12.2
Remainder of plant 008 | 013 | 03 0.6 2.3 05 .4 054 | 145 P 022 | 094

S L &

Based upon the results of the studies described in this section, 1@‘5 g\L@ar thagglt QUgh the foliar uptake Q
of imidacloprid can differ significantly between plant speme& ngheven e\e?lqtfes as addltlonally 53'
described |n- 2003) and be enhanced by judicious se&écu@ |on additives, theé\ 500

distribution pattern is consistent, indicating acropetal ra@r tha &asg@eg@f’transport Across a,‘ﬁ studies, \
translocation of foliar applied imidacloprid to other le ’\Y7e§qbr gharg‘b tS'was of minor im tance Q&\

There is no likelihood that imidacloprid sprayed o Qbr ornamental plants will \)é\ Q§
systemically move throughout the treated plants Q{%O @sqj[ﬁ g@r‘%ct&r or pollen readue@%f S%Sncerrgl s

bees. L & N & Q N D NI

8 & & N N \(\\ N

0§ @ & \ & (,)Q, \((\

(' O A 0>

4 EXPOSURE CONS|D@RA@U@N§$“OR POTENWA@ R%s
ARISING FROM OF¥- ﬁi_éﬁNqb@\PlFT ONToﬁé@w‘EﬁgﬁG
WEEDS OR PL “r@ SO L L

@g‘ St & (\Q' &\ *d &;‘0 &ér ¢

41 EXPOSURE CONQBERN@QF@Luﬁwme FouAR&\R ‘L\g@@ﬁq@s

¥
Concerns have been e<$<p|%§ss @85 may be at risk Q@ t@QSp ceedlng an exposure level
equivalent to 0.6 & A@ a&*\/h@%\ or because I‘ESIdUQG mt@ lz;be [éeieﬁt for several weeks depending
upon the rate angi n@ﬁba@ o@%pghcatlons {\ \\\\

\ (, O
<, N BN ‘\
8\ve indicate there is no likelihood that

(Q
Both pIant@et@bo{&% a%(@‘?anslocatlon studles°s m@? z{?ﬁ
r{g@ rom systemic movement of

bees ml@Be é5|dues in nectar a
(Q Iy concerns related to bee exposure to

|m|daqupﬁ in\d R&% treated before flowgﬂngf‘
res@ue@eh or o&%c&,ﬁarget plants contaiwg@&ecb? r@quospray drift must be addressed.

& &
«A %& AD@}‘?@?E EFFECT CONE% R&\;M REPEAT APPLICATION

é‘\«

ults from photod Qg&l udi
y dissipate

\‘%he photodegradatlon @Slf‘ﬁ\fe of ’deacloprld applied onto tomato leaves (Scholz 1997) under
0\\ field conditions is dependent or@%d&@?on intensity, but even the normal conditions of northern
R Germany in Septgtﬁber and (%c\i‘oQéT led to DT50 values of 0.7 to 1.4 days. Clearly during the average
growing season for crops anfl oriiamental plants, UV intensity and temperature will both be higher
which would further acce@r@t% degradation.

60“ Base

S le\&a

of imidacloprid on or in plant foliage, surface residues
2002, 2003,).

In a study by* (2002), the magnitude of residues of imidacloprid and total residues of
imidacloprid infoRryegrass green material, were measured over a period of 15 days after a single
spray applicatioiqowith Confidor 200 SL in Germany. On day 0 after treatment parent compound and
total residues of imidacloprid amounted to 3.6 and 3.5 mg/kg, respectively. At the last sampling date,
15 days after the last application, parent compound and total residues of imidacloprid had decreased to
0.01 and 0.07 mg/kg, respectively. The half-lives of the decline curves obtained for the degradation
behaviour both for imidacloprid and total residues of imidacloprid were well below one day.

6
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Another study conducted by [JJlj (2003) in Germany examined the the magnitude of residues
in/on grass on two plots over a period of 14 days after a single spray application with Confidor 200
SL. Maximum measured imidacloprid residues were determined on day 1 with.\@ol mg as/kg fresh
weight in the first run and 2.06 mg as/kg fresh weight in the second run. The((kﬁlf-life wagcalculated

to be 2.6 and 2.5 days, respectivel & .

y p y. \)o : \(\0)
Even considering the longest half-life value of 2.6 days, foliar appllcaﬂ%ng\?hade Qﬁ/g@k or more apart
should not result in significant additive residues. Q" oQ' &

\QQ) (2,&(7 E)Q/\' \0\0
'\(\’é 0& ¢ ‘(’\&
5 CONCLUSION S &L )
X
<z,A (\Q/Q & &\% & &

Translocation experiments examining the mobility and s@ar@bom% {ﬁugﬁcloprld foIIOW|n%a§)I|catlon o‘
to leaf surfaces show that there is good translocatloniﬁst;&o r@ Q\@Ves (excellent xyle{aﬁ’"moblllty)é\
but poor translocation to sinks i.e., storage organs, Q%s glble phloem mOQ:ﬂlt@’ Basw s
upon the results of numerous studies, it can be @’hc g,(thgt«e h though the follaiﬁ ake of .
imidacloprid can differ significantly between @k@%p@? a@ﬁ even varieties) am\dK q&b han
formulation additives, the distribution patte&? L@%or@?s t, mdlcatlng acropeta!) ti{é than @‘és@etal
transport. There is no likelihood that m@%l@rl egi/onto plant follageownl:s%/%é‘?% l@move
throughout the treated plants and resu %111 o@%n residues of congéf nito S
according to label directions, which gpe *fy@ha dhcloprld products s{‘rbtg@ nngQ%R@ded onto
flowering plants, there is no risk t@g’( @ﬁewwlj:begﬁ)me intoxicated ngﬁl%&tlg}ﬁ Qf)ﬁ'esjﬁue containing
pollen or nectar in a primary c 5@ 6 &0 0&\
& é\ \ © 0 6
Other potential exposur Q’bgé‘s yeérls@%rom off crop drlfg&) Q@a @f or flowering weeds.
Because of the rapid phg%b r dfau@h mldacloprld on the Ig&f %ﬁf%éé gﬁbre is no likelihood for
significant re5|due m Hggf @91%0 applications are g@\ag\& omﬁh@gé ddys apart.

&
0
Q‘}Q/x
N\ .0)\\
"&Q,((\ 0&(\5\&\\0{&
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