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With reference to D.M. 19735/7303/08 dated’ Z@ecember 2008, which grants the Agricultural
Research Council(CRA) a contribution to conduct riasearch project “APENET monitoring and
research in bee-keeping”, and upon the requestesg@d in the letter bearing the protocol nr. 611
dated 1% January 2009 in which the Decree itself is tratsmj to award priority to experiments
on the effects induced in bees by coated maizeprimsent survey outlines the first results obtained
in the framework of the research lines pertainiodghie above-stated project. Such a priority was
granted following suspension of use of the activgredients which are used against harmful soil
insects and sap-sucking insects: imidacloprid, h@woidin, thiamethoxam and fipronil for seed
coating (Ministerial Decree 17/09/2008).

1. The monitoring network

The Apenet Project provides for
the establishment of a nationZ&s
monitoring network, compose@ 4
of modules, each of whic
consists of five 10-hive stations
situated in  geographically#
differentiated areas of eacf.
Region of Italy. The function ofigs
the monitoring network is to
gather information on the healt
status of the bee colonies th
make up the modules, by mea
of periodic sampling and
laboratory analyses performe
on different colony matrices
(dead bees, live bees, broo
honey, wax, pollen).
In addition to routine analyses
in the case of any abnormal bg
die-off there will
supplementary sampling
carried out at times distinc
from the pre-establishe
sampling periods, and
laboratory analyses will be
performed for each case.
The national monitoring#&:

network, composed of at leagietse

one module for each Regiof"

and Autonomous  Province Figure 1 — Monitoring network: localisation of the Apengations
(Figure 1), was set up durinc (red dots) and of the stations belonging to théored networks of

the first semester of 2009. Othe Lombardy, Friuli Venezia Giulia and Piedm (pink dots).

national or local monitoring

bodies, either already established or under cortgdry also work closely with the national
network. Such bodies include the Protected Natw®R/e monitoring network, which is funded by
the Ministry of the Environment and managed by lisitute for Environmental Protection and
Research (ISPRA) and has now been set up in 4 @feasto, Emilia Romagna, Tuscany, Latium),
as well as the regional monitoring networks alreadfjve in Lombardy, Tuscany, Friuli Venezia
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Giulia and Piedmont. These networks may be expahgdbe establishment of a second module in
the Region of Umbria and by the cofinancing oftiedules in the Region of Basilicata.

By the end of the first semester of activity, thial two of the four planned inspections had been
carried out, and the third was ongoing; routindys®es of samples collected during the survey were
in progress and partially completed.

During the first semester of activity (March-Augi09) of the monitoring network, no unusual
die-offs or population losses were observed, eitdering the pre-established March-April
inspections or in those carried out during the oot June as part of the second round of
observations. Likewise, no adverse events werednogééween the first and the second sampling,
with the exception of station CLB 2 of Rossano Gadawhich borders on the citrus-growing area
of the Sibari Plane (Piana di Sibari): in this istata severe bee die-off occurred, due to the
utilization of neonicotinoids during citrus tre@\ering (monitoring carried out at delayed date in
the month of May).

Additionally, inspections of the regional modulasSicily, Sardinia and Campania were conducted,
with similar inspections in Marche, Puglia, Calabaind Bologna set for dates shortly thereafter.
The monitoring network and the field data managdndatabase are managed by the Bee Health
Reference Centre of the Animal Disease Preventimiitite of North-East Italy (1ZSV), in
collaboration with the Department of AgroenvironrtarSciences and Technologies (DiSTA) of
the University of Bologna.

1.1 Thereporting system

The monitoring programme is supported by a hightpartant tool in the form of the reporting
system, which makes it possible to record anomakuents in hives that do not belong to the
network. The reporting system asks bee-keepergpgortr any bee loss episode to the Veterinary
Service of the Local Health District (ASL) or toetlrollection centres specifically entrusted with
collecting such reports; the body in question win perform the necessary inspection and collect
samples, to be stored in appropriate condition8°G2 and sent to the laboratory of the Animal
Disease Prevention Institute for the required asesdy

In previous years, and above all in the springti& reports of colony loss or depopulation sent in
by bee-keepers proved to be of fundamental impoetdor identification and quantification of
honey bee die-offs caused by sowing of coated maize

The comparison between reports sent in spring 20@& Veterinary Services and to the collection
centres and those sent in the spring of 2009 iz@nagiiowing areas is summarized in Table 1.

Nr. of reports irmaize-growing areas Other reports during

Region Spring 2008 Spring 2009 spring 2009
Lombardy 40 1
Piedmont 8 2
Emilia-Romagna 7 1+1*
Veneto and Trentino 20 3
Friuli Venezia Giulia 110 1
Calabria 1
TOTAL 185 2+1 7

Table 1— Number of reports sent to the Veterinary Ses/aad the collection centres in the spring of 2008
and of 2009 in maize-growing and non maize-grovargns (Source I1ZS).
* non official report

In the spring of 2009 only two official report wesent to the Veterinary Service during the maize-
sowing period, plus one non-official report senedily to the Honey bee and silkworm Research
Unit of the Agricultural Research Council (CRA-APAII three were found to be linked to non-

authorized use of coated maize seed. The Lombasky concerned a bee-keeper from the province
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of Varese who reported an abnormal die-off 8rMiy 2009, subsequent to maize sowing on plots
close to the beehives. Analyses conducted on dead 8id not reveal the presence of residues,
whereas analyses of maize plantlets detected #sepce of 6000 ppb of clothianidin. The other

two cases will be described in the following seasio

During the spring of 2009 a further 7 samples lthkereports were sent to the Veterinary Services.
Of these, 5 were found to be positive for neoniemtls, and the event itself was found to be caused
by improper use of neonicotinoid-based productayss on orchards. For the other 2, no presence

of residues was detected by the tests.

1.2 The Emergency Action Team

An Emergency Action Team (SPI) was set up in cotioeavith the reporting system. The Team
intervenes directly at the location where damadectihg bees is reported by a bee-keeper. The
Team then proceeds to gather information and do#lamples for the laboratory analyses. It is
important to note that emergency action is underiakhenever the reported event is judged, on the
basis of an interview with the bee-keeper, to berginown origin. During 2009 particular attention
was paid to cases occurring concomitantly with maiawing.

The Emergency Action Team is composed of an expert CRA-API or from DiSTA - University

of Bologna and a skilled technician with experiisebee health, together with additional support
figures if necessary. Among the emergency intefgast conducted in early 2009, the two
concerning bee die-off during maize sowing are dlesd in detail here below.

In the first case an official on-site investigatioms performed on 22 March 2009 in Ozzano
Emilia (Province of Bologna) where, a few days mafteize sowing, a 39-hive apiary situated on
the border of a maize field was found to have bemrerely damaged. The bee population in the
hives proved to have been reduced by roughly 508&synof the bees had presumably died in the
field, while others were found dead in front of thiwes. The hives showed low or nil levels of
flying activity and the live bees displayed nervepssms, lack of energy, lethargy, disorientation,
tremulous and very slow movements, all of which@aveymptoms consistent with the effects of
neonicotinoid poisoning reported in the literatuuch symptoms were still evident at the
subsequent on-site inspection, carried out 6 datgs ht the new station to which the apiary had
immediately been moved.

Analyses conducted by the Animal Disease Prevenhsetitute of North-East Italy on the maize
seeds and plantlets gathered in the field detethed presence of residues of 3 different
neonicotinoids, at different concentrations (indseemidacloprid 30 ng/g, thiamethoxam 320 ng/g,
clothianidin 60 ng/g; in plantlets: clothianidir@®0 ng/n). Analyses on wildflowers and vegetation
bordering around the field, carried out at CRA-ABétected the presence of imidacloprid (470
ng/g) and thiamethoxam (1.060 ng/g) on flowerd/efonicasp.. Thus the tests demonstrated that
damage inflicted on the hives was caused by nomoaaed utilization of maize seed coated with
neonicotinoids (probably mixed batches of seedsaneimy from the previous season, coated with
different active ingredients).

In the second case, the report came from a beeskaepthe province of Reggio Emilia and
concerned a permanent apiary of 20 hives locatesecto a maize field (at a distance of 800
metres). Elevated mortality and low levels of flyiactivity were observed in the hives, as well as
abnormal adult bee behavior such as aggressionnantdbus spasms. Analysis on dead bees
conducted at CRA-API revealed 54 ng/g of clothiamiduggesting illegal utilization of seed coated
with this neonicotinoid.



2. Dust drift during coated maize seed sowing andsgmation of effects on bees

The research line involves:

- dustiness measurement of maize seed coated with4timeain active ingredients under
investigation;

- quantification of dust and active ingredients déedson soil and dispersed in the air during
sowing with a modified or unmodified pneumatic seeid;

- evaluation of the productive and agronomic utiifynaize seed coating;

- evaluation of persistence of active ingredientsaih and their translocation into different plant
parts.

Following the meeting held on"9February 2009 beween the Apenet project researciret the
representatives of the association of crop praiegiroduct companies (Agrofarma-Federchimica),
of the agricultural machine manufacturers uniors)federations and institutions (UNACOMA,
UNIMA, ENAMA, CONFAI) and of the seed productionropanies, it was decided that:
a) coated seed should respect a dust threshold neééixgy 3g/100 kg, measured according to the
Heubach method (ESA 09.125.1 method);
b) seeds drill tests should utilize the most widesprneacumatic seed drill model, subsequently
identified by UNACOMA and UNIMA as a six-row Mateanc model,
c) the seed drill should be equipped with a dual plpéector dust reduction system, and a
comparison between the modified and unmodified sedicshould be conducted.

These decisions were then illustrated and ratifredhe subsequent meeting convened by the
Ministry of Agriculture (MIPAAF) on the same datm the presence of representatives of the
Ministries of Health and Environment and the Tradsociations.

It is important to note, with regard to the seedl dielivered to the Agricultural Engineering
ResearchUnit of the Agricultural Research Council (CRA-IN®Y MaterMacc Srl on™ March
2009, that the selected model was set for seedirag anter-row spacing of 45 cm and was not
modifiable.

2.1. Seed dustiness test

The results of the seed dustiness test performtédthe Heubach drum method are given in Table
2, where a comparison with the results obtainethenmanufacturer’s test performed within 48 h
after seed coating is also shown.

The quantity of fine dust, i.e. that which is tredpin the Heubach filter and on which the
evaluation is performed, was found to be highentlize value declared by the manufacturer,
although levels remained below the established in8 g/100 Kg.

In addition to fine dust, emission of elevated giigs of coarse dust was also observed. The coarse
dust, which was not intercepted by the filter instent, constituted roughly 90% of the total
extracted dust.

Manufacturer’s
Seed coating declared dustiness| Dustiness detected by CRA-ING (g/100 Kg)

(g/100 Kg)

Fine dust Fine dust Coarse dust Total dust
Gaucho (imidacloprid | 0.9600 1.6664 14.9975 16.6639
Poncho (clothianidin) 1.7700 2.1668 33.3358 35.5026
Cruiser (thiamethoxam)1.3300 2.4999 16.6658 19.1657
Regent (fipronil) 1.1100 1.6663 18.3291 19.9953

Table 2— Dustiness of seed coated with the 4 active aigrgs, as measured by the Heubach drum method.



2.2 Dust drift during sowing

Field tests carried out by CRA-ING in th
Monterotondo and Tormancina experiment
fields involved sequential seeding ¢
experimental plots using maize coated with th¢
active ingredients; sowing was performed wi
the modified or unmodified seed drill. Trial
were planned to begin in mid March 2009, whi
is the maize sowing time generally recommenc
in many Italian regions. However, due to hea
rainfall, access to the fields was not feasit
before mid April and sowing began only in ear
May. Despite the late start, field tests we
completed for all 4 active ingredients with tt
modified seed drill, and for imidacloprid
clothianidin and thiamethoxam with th
unmodified seeder. Each trial plot was split in
three sub-plots (repetitions), which were seec
on the same day. Sampling of soil-dispersed ¢
was carried out by means of a series of P
dishes filled with a 50% acetonitrile/wate
solution, which fixes the active ingredien’
present in dust. Dishes were placed in each |
at increasing distances (5, 10, 20, 30, 50 m) fr
the sowing area, according to the diagram shc
in Figure 2. The mean active ingredie
concentration per surface unit in the Petri dist
was then calculated. Three Petri dishes w
placed at each distance in each of the
repetitions; thus the final value of dust dispasi
derives from the mean of 9 values for each of
distances. In addition, for each test the followii
environmental parameters were measur
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Figure 2 — Diagram of the dust drift field tests. For
sowing of each active ingredient, a given plot was
split into three plots. For each plot, a seriePeffi
dishes for dust trapping were placed at increasing
distances from the sowing area (5, 10, 20, 30, 50
m). Six hives were placed around the plot, three on
each side

temperature, relative humidity, wind speed and
mean hourly solar radiation. The environmental doors referring to days in which seeding was
carried out with the different active ingredients ahown in Table 3.

Active Deflector | Sowing T(CC) | R.H. | Wind speed Mean hourly solar
ingredient (yes/no) | date (%) (m/sec) radiation (KJ/m)
imidacloprid 16/04/09 18.74 47.20 3.07 -
clothianidin 04/05/09 1580 75.20 0.93 2918.50
thiamethoxam| ~ Y°° 12/05/09] 25.35  40.40 1.28 3407.00
fipronil 20/05/09 29.54| 36.80 1.60 3606.80
imidacloprid 04/06/09 26.74 73.00 3.90 3277.80
clothianidin o 11/06/09 27.40 33.00 2.52 3640.40
thiamethoxam 18/06/09 30.90 39.40 1.80 3696.00
fipronil - - - - -

Table 3- Mean environmental data recorded during the dagewing (source UCEA).

Analysis of residues, performed by the Plant PathplResearch Centre of the Agricultural

Research Council (CRA-PAV) in

Rome,

was carried oby means of liquid
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chromatography/tandem triple-quadrupole mass speetry (tandem HPLC-MS MS) using
Waters 4 micro instrumentation, interface ESI P@& BSI NEG in MRM modality. All methods
were validated according to standard CLP proced@emplete results of analyses on Petri dishes
were obtained for all active ingredients involvadhe tests carried out with the modified seed.dril
With regard to the unmodified seed drill tests,adah fipronil were not available at the time of
writing. The results of ground-level dispersionaative ingredients are summarized in Figures 3a
and 3b.

45 —e—imidacloprid (R=-0,636; p=0,000) —
—&— clothianidin (R=-0,623; p=0,000)
thiamethoxam (R=-0,564; p=0,000) [
fipronil (R=-0,448; p=0,002)
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Figure 3a — Ground-level dispersion of the four active irdjemts during sowing with the modified seed

drill. Each point on the graph represents mearatidstrd error for n=9. Differences between distaneere
statistically significant for all active ingredientSpearman’s rank correlation coefficient).
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Figure 3b — Ground-level dispersion of the four active irdiemts during sowing with the unmodified seed

drill. Each point on the graph represents mearatidgtrd error for n=9. Differences between distaneae
statistically significant for all active ingredientSpearman’s rank correlation coefficient).



In all trials, both with the modified and unmoddieeed drill, ground-level concentration of the
active ingredient was found to decrease with irgirgpdistance from the edge of the seeded plot.
This decrease was statistically significant for afitive ingredients tested (Spearman’s rank
correlation test).

The values recorded and the abatement percentétgser with the deflector are listed, for 3 of
the 4 active ingredients, in Tables 4a, 4b andM\pplication of the dual pipe deflector modification
to the seed drill led to highly variable abatemg@tcentages, as a function of the active ingredient
involved.

Distance from Ground-level concentration of Abatement p

sowing point imidacloprid (ug/nf) percentage | (Mann-Whitney's

(metre$ (mean % standard error) U test)
Unmodified seed drill Modified seed drill

5 4.20+0.59 3.63+0.56 13% 0.344563

10 2.60£0.32 2.48+0.25 4% 0.964784

20 2.81+0.56 2.16x0.27 23% 0.630428

30 2.77+0.90 1.89+0.16 32% 0.791082

50 1.45+0.13 1.64+0.16 -13% 0.452913

Table 4a— Comparison between ground-level concentratidnth® active ingredient imidacloprid

resulting from use of the modified versus the uniined seed drill (mean + standard error, n=9).
Differences between the two treatments were ndisstally significant for any of the distances
(Mann-Whitney’s U test).

Distance from Ground-level concentration of Abatement p

sowing point clothianidin (ug/n") percentage| (Mann-Whitney’s

(metreg (mean * standard error) U test)
Unmodified seed drill Modified seed drill

5 4.45+1.21 2.25+0.38 49% 0.665

10 1.67+0.29 1.46+0.25 12% 0.791

20 1.73+0.54 1.18+0.33 32% 0.402

30 1.37+0.25 0.61+0.11 56% 0.018

50 1.40+0.24 0.57+0.11 59% 0.005

Table 4b — Comparison between ground-level concentratidnth@ active ingredient clothianidin
resulting from use of the modified versus the unifed seed drill (mean + standard error, n=9).
Differences between the two treatments were Statibt significant (p values in red) for the distas

of 30 an 50 metres (Mann-Whitney’s U test).

Distance from Ground-level concentration of Abatement p

sowing point thiamethoxam (ug/n) percentage| (Mann-Whitney’'s
(metre$ (mean % standard error) U test)

Unmodified seed drill Modified seed drill

5 4.85+0.60 2.53+0.34 48% 0.005

10 3.29+0.28 1.42+0.11 57% 0.000

20 2.84+0.29 1.40+0.10 51% 0.000

30 2.34+0.23 1.36+0.12 42% 0.004

50 1.72+0.11 1.09+0.20 37% 0.017

Table 4c— Comparison between ground-level concentratidrihe active ingredient thiamethoxam
resulting from use of the modified versus the unifiedi seed drill (mean + standard error, n=9).
Differences between the two treatments were statibt significant (p values in red) for all distzes
(Mann-Whitney’s U test).



Dust drift during sowing was also measured by samptomposed of aspirator pumps equipped
with a 45 mm fluoropore membrane filter. Each & lumps, positioned at distances of 5 and 10
m, at a height of 1700 mm from the ground, hadmapdiag capacity of 100 L of air. Calculations
based on the air samples thereby obtained shoveedatficentration of the four active ingredients
deriving from sowing with the modified seed drillhe results are shown in Figures 4a and 4b.
Differences in concentration of dust trapped byghamplers at the two distances were statistically
significant only for imidacloprid in sowing with ¢hmodified seed drill (Mann-Whitney's U test, p
values in the figure).
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Figure 4a — Air concentration of dust from the 4 active dients, as detected by samplers at 5 and 10
metres from the plot seeded with the modified sirédld Bars represent mean * standard error, f@.Bars

marked with an asterisk indicate statistically ffigant differences between the 2 distances (Mann-
Whitney’s U test).
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Figure 4b — Air concentration of dust from two of the 4 aetimgredients, as detected by samplers at 5 and
10 metres from the plot seeded with the unmod#ieeld drill. Bars represent mean * standard ewwon=3.

The difference in concentration between the 2 dista was not statistically significant (Mann-WhiytiseU
test).
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For imidacloprid and clothianidin, the comparisdnao dust concentration after sowing with the
modified or unmodified seed drill is shown in Tabka and 5b. For both distances, differences in
concentration of dust emitted in sowing with the dified and unmodified seed drill were
borderline statistically significant for p<0.05 (MaWhitney’'s U test, p values in the table).

Distance from Air concentration ofmidacloprid (ppb) Abatement p

sowing point (mean * standard error) percentage | (Mann-Whitney’s
(metre$ Unmodified seed drilll Modified seed drill U test)

5 0.50+0.05 0.41+0.01 18.13% 0.050

10 0.41+0.02 0.79+0.17 -93.31% 0.050

Table 5a- Comparison of air concentration of imidaclopafier sowing with the modified or unmodified
seed drill (mean + standard error, n=3). Differenbetween the two treatments were borderline staiily

significant for p<0.05 (Mann-Whitney’s U test).

Distance from Air concentration otlothianidin (ppb) Abatement p

sowing point (mean * standard error) percentage | (Mann-Whitney’s
(metre$ Unmodified seed drill| Modified seed drill U test)

5 0.2286 0.1388 39.29 |0.050

10 0.1714 0.2585 -5.79 0.275

Table 5b - Comparison of air concentration of clothianidifter sowing with the modified or unmodified
seed drill (mean + standard error, n=3). Differenbetween the two treatments were borderline staiily
significant at 5 metres and non significant at Hres for p<0.05 (Mann-Whitney’s U test).

2.3 Assessment of effects on bees caused by dust drift during sowing

To assess the effects induced in bees by dustdinifihg sowing, six hives were positioned on the
edge of the trial field during seeding of the thpets (see diagram in Figure 2). Colony vitality
parameters (mortality and colony strength) werduatad up to three weeks after sowing.

Dead bees were collected in purpose-placed undegbeages, counted and, in the case of elevated
mortality, taken to the laboratory for analysisli®ug collected by means of purpose-designed traps
mounted on the hives, was submitted to analyseshmivere in progress at the time of writing.
Control hives were maintained in the same conditiamd the same environment, but at an
appropriate distance from the seeded trial plots.

Mean mortality rates of bees collected in the ubdsket cages after sowing are shown in Figures
5, 6, 7 and 8. Statistically significant differeacare marked by an asterisk (Mann-Whitney's U
test).

Dead bees removed from two hives 4 days after gpwiith imidacloprid-coated seed were
subjected to analyses. The quantity of active iigre detected was 0.04 ng/bee and 0.14 ng/bee
respectively.

Dead bees removed from two hives the day afterrepwith clothianidin-coated seed were found
to have active ingredient levels of 0,02 ng/bee @0d ng/bee respectively.

Analyses of dead bees removed from colonies exptmssasdwing with thiamethoxam-coated and
fipronil-coated seed were in progress at the timerding.

11



Imidacloprid
sowing 16™ April

T -O  Imidacloprid
=& Control

100
= 30 r
©
k=)
~
8 50
o %
o D .
— ..
> e RPN )
= el L eeeeseo=e=-=
= - - - o T S
g 40 r Sel
o Ss.
= - T -

20 T -l Sl ‘i
0 P —— ——
20-Apr 23-Apr 30-Apr 7-Mag
Date

Figure 5 — Mean mortality (+ standard error) of bees co#ldcin underbasket cages of hives exposed to
sowing of imidacloprid-coated seed versus contriokdr No statistically significant differences were
observed (Mann-Whitney’s U test; p<0.05).
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Figure 6 - Mean mortality (+ standard error) of bees cd#ecin underbasket cages of hives exposed to
sowing of clothianidin-coated seed versus contiad Values marked with an asterisk indicate stiatlly
significant differences (Mann-Whitney’s U test ,0od5).
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Thiamethoxam
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Figure 7 - Mean mortality (+ standard error) of bees cdbédcin underbasket cages of hives exposed to
sowing of thiamethoxam-coated seed versus contiash Values marked with an asterisk indicate
statistically significant differences (Mann-Whitrey test; p<0.05).

Fipronil
sowing 20™ May
50 T T
_ =O  Fipronil
=< Control

40 +
% D
D 30} P.
(9} N
e 4 ‘ M ~
> . ‘ S
= 201 ’ s
g . "
) . if - * N
= ’ * i

4 -
S
10 LY ..
4 ~
4
4
............. I"""""--------~-~
O 1
22-Mag 28-Mag 4-Giu
Date

Figure 8 - Mean mortality (+ standard error) of bees cd#ecin underbasket cages of hives exposed to
sowing of fipronil-coated seed versus control hivéalues marked with an asterisk indicate staadc
significant differences (Mann-Whitney’s U test, p8®).
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The results on colony vitality, evaluated in teraighousands of bees and brood cells before and
after sowing, are given in Table 6.

The difference between pre-sowing and post-sowimgber of brood cells in hives exposed to
thiamethoxam drift versus control hives was foundbe statistically significant (ANOVA for
repeated measures, p<0.05).

Thousands of bees Thousands of brood cells
Prior to 7 days after| Percent Prior to 7 days after| Percent
sowing sowing variation sowing sowing variation
Imidacloprid 14.63+0.63 | 15.33+0.69 +4.78 40.53+3.54 42.00+£1/{33 3.63
Control 15.94+0.30| 16.75+0.31 +5.08 39.20+1.03 a12445 +5.61
p=0.276 p=0.961
Clothianidin 19.96+£1.43| 18.17+1.06 -8.97 42.67+4.10 48.93+3/55 14.67
Control 16.56+0.60| 18.56+0.19 +12.08 45.00+2.52 0@£2.83 -11.11
p=0.085 p=0.290
Thiamethoxam | 16.06+1.84 | 18.21+1.49 +13.39 33.47+3.09 33.00+3}28 -1.40
Control 18.56+0.19| 23.13+1.20 +24.62 40.00+2.83 0683.83 +45.00
p=0.052 p=0.008*
Fipronil 22.46+1.37 | 22.71+1.39 +1.11 51.47+2.15 56.67+2{17 10.30
Control 23.13+2.15| 25.13+2.17 +8.65 58.00£3.83 681015 0.00
p=0.483 p=0.372

Table 6 - Vitality of colonies, evaluated in terms of thonda of bees and thousands of brood cells, prior to
sowing and one week after sowing. The table showanmt standard error (n=6) and percent variation
between before and after sowing. Values markedrbpserisk indicate a significant difference betwee
exposure to the active ingredient versus cont@ldgVA for repeated measures, p values in the table)

2.4 Estimate of the productive and agronomic utility of maize seed coating

Trials were undertaken by the Maize Research Unihe Agricultural Research Council (CRA-
MAC) in Bergamo in order to compare the yield ofineacrops deriving from seed treated with
fungicide alone (Celest) versus maize crops degiftiom fungicide-coated seed that is additionally
coated with the 4 active ingredients forming thgeob of the present study (imidacloprid,
clothianidin, thiamethoxam and fipronil).

Accordingly, within the framework of the Network #digronomic-Varietal Experimentation in the
Italian environment, 17 localities were chosentritigted mainly in traditionally maize-growing
areas (Lombardy, Piedmont, Veneto, Friuli, Emiliankagna) and in Tuscany. The distribution of
the localities is shown in Table 7.

In each locality, 30 faplots were set up (length 10-12 m, 4 rows). Pleése sown with seeds
prepared from a homogeneous lot of a commerciatenaybrid (PR31N27- FAO 700) provided by
AIS (Italian Seed Association) and coated eithéhwhe four active ingredients plus the fungicide,
or with the fungicide alone (control) (Table 8).€TB treatments were replicated 4 times in each
locality.

Following the infestation of maize crops with thee$tern Corn RootwornDfabrotica virgifera
virgifera) in various parts of Italy during the 2009 produetseason, CRA-MAC carried out
specific surveys in the Network of Agronomic-VaakeExperimentation localities to verify the
relationship between the lack of seed coating wabnicotinoids and the Western Corn Rootworm
infestation. The results of these surveys are tedon Table 9.
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Region Localities Sowing date Harvest date
Lombardy Bergamo 07/04/2009 18/09/2009
S.Angelo Lodigiano (LO) 15/04/2009 28/09/2009
Luignano (CR) 12/05/2009 28/09/2009
Caleppio di Settala (M) 9/05/2009 29/09/2008
Castenedolo (BS) 24/04/2009 23/09/2009
Pudiano (BS) 25/04/2009 24/09/2009
Piedmont Vigone (TO) 15/04/2009 2/10/2009
Chivasso (TO) 10/04/2009 28/09/2009
Castelceriolo (AL) 07/05/2009 7/10/2009
Cigliano (VC) 8/04/2009 24/09/2009
Veneto Castelnovo Bariano (RO) 14/04/2009 2/099200
Villadose (RO) 12/05/2009 12/09/2009
Emilia Romagna Ambrogio (FE) 17/04/2009 10/09R00
Fognano (PR) 17/04/2009 24/09/2009
Friuli Mortegliano (UD) 08/04/2009 11/09/2009
Palazzolo della Stella (UD) 06/05/2009 9/10/20098
Tuscany Marciano della Chiana (AR) 12/05/2009 2&009

Table 7 -List of the 17 localities in which trial plots weset up.

Group Fungicide Insecticide
(active ingredient)
1- CONTROL Celest* none
2 - Cruiser Celest* thiamethoxam
3 - Gaucho Celest* imidacloprid
4 - Poncho Celest* clothianidin
5 - Regent Celest* fipronil

Table 8 —Kind of seed treatment in the 5 experimental gsoup
* The fungicide Celest contains fludioxonil and alakyl.

None of the typical symptoms of Western Corn Rootmncsuch as “goose-necking” or lodging of
more mature plants (root damage caused by larvamcompletely filled ears (damage caused by
adults clipping corn silks) were observed for afyhe experimental groups in any locality (Table
9). No clear differences in agronomic performan@enobserved among any of the experimental
groups.

The presence of adult beetles caused silk clippimgto an extent that did not appear to hinder
development of the ear. Damage to the roots wasneaisured directly because non of the plants
showed signs of lodging. At the moment of surveynoticeable differences in kind and level of
damage among the 5 groups were recorded.

It must be noted that Western Corn Rootworm wasequein the experimental plots during the
surveys, although in vast maize growing areas i@ pmovinces of Cremona and Brescia
(Lombardy), including the experimental fields pat the Network of Agronomic-Varietal
Experimentation, specific treatments against thédtddrms were carried out between mid-June and
mid-July. All the agronomic performance trials iarhbardy are monoculture maize out of rotation.
In Piedmont no adulticide treatment was perfornmdahy of the agronomic performance trials.

In Tuscany neither juvenile nor adult forms of WestCorn Rootworm were observed.
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0
Region Locality Survey date Noticeable differences % lodged incompletely
among groups plants filled ears
Lombardia| Bergamo 17/07/2009 NONE 0 0
S.Angelo
Lodigiano (LO) 28/07/2009 NONE 0 0
Luignano (CR) 29/07/2009 NONE 0 0
E:I\fl‘l')epp'o di Settala »5/06/2009 NONE 0 0
Castenedolo (BS) 20/07/2009 NONE 0 0
Pudiano (BS) 22/07/2009 NONE 0 0
Piemonte | Vigone (TO) 23/07/2009 NONE 0 0
Chivasso (TO) 23/07/2009 NONE 0 0
Castelceriolo (AL)] 30/07/2009 NONE 0 0
Cigliano (VC) 30/07/2009 NONE 0 0
Castelnovo
Veneto Bariano (RO) 31/07/2009 NONE 0 0
Villadose (RO) 10/08/2009 NONE 0 0
=mia | Ambrogio (FE) | 08/09/2009 NONE 0 0
omagna
Fognano (PR) 06/08/2009 NONE 0 0
Friuli Mortegliano (UD) 05/08/2009 NONE 0 0
Palazzolo della
Stella (UD) 05/08/2009 NONE 0 0
Marciano della
Toscana Chiana (AR) 11/09/2009 NONE 0 0

Table 9 Symptoms of Western Corn Rootworm infestatiortni@ 17 chosen localities of the Network of
Agronomic-Varietal Experimentation.

For each of the experimental groups, the follownigservations and the standard agronomic
measurements were performed on samples of theatifferent phenologic stages:

- grain humidity (%)

- yield (t/ha)

- hectolitric weight

- plant height

- ear height

- percentage plants with split stalk

- percentage lodged plants

The data from the agronomic performance trialssai@marised in Table 10. Statistical analysis
performed with ANOVA showed that there are no digant differences among groups for the
measured parameters.

In some of the network localities maize soil ins@sfireworms) risk maps were drawn up, in
collaboration with DISTA - University of Bolognahe¢ Department for Valorisation and Protection
of Agroforestry Resources (Di.Va.P.R.A.) of the Wmsity of Turin and the Department of
Environmental Agronomy and Plant Production-Entargygl of the University of Padua. The
collected data show variability between localities presence of adult forms d@fgriotes brevis,
Agriotes sordidus, Agriotes litigiosii$able 11).

The average yield data for each experimental grauphe 5 locations where the agronomic
performance were accompanied by the Wireworm syraey reported in Table 12. No significant
differences among experimental groups were obsemthih any of the test locations.
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Yield Grain Hectolitric Plant Ear hiaht % Plants % Lodaed
Group | Insecticide (tha- humidity weight height (Cmg)’ with split | *° Iantgs
15.5%u.r.) (u.r. %) (kg/hl) (cm) stalk P
1 - Control none 13.541 22.3 75 268 119 4.44 0.06
2 - Cruiser [thiamethoxam 13.245 22.1 75 269 121 3.80 0.08
3 - Gaucho | imidacloprid 13.373 22.1 75 267 121 5.25 0.19
4 - Poncho| clothianidin 13.667 22.1 75 271 121 5.28 0.06
5-Regent| fipronil 13.379 22.3 75 268 123 4.19 0.06

Table 10 - Mean data from 17 agronomic performance trials \{idet of

Experimentation)

Agronomic-Varietal

Adults Captured larvae
Region Locality (survey: total/trap per site)
Agriotes Agriotes
Agriotes brevis | sordidus litigiosus
Lombardy Bergamo 54.5 15 0 0
Piedmont Vigone (TO) N.D. 512.5 524 N.D.
Castelnovo Bariang
Veneto (RO) 0 137 21 N.D.
Villadose (RO) 120 1613 116 N.D.
Marciano della
Tuscany Chiana (AR) 0 0.5 451 N.D.
Table 11-Data from 2009 Wireworm survey in 5 agronomic parfance localities.
N.D.: not determined
Region Locality YIELD (t/ha-15.5%U.R.)
1 - Control | 2 - Cruiser 3 — Gaucho 4 — Poncho| 5 - Regent
thiamethoxam .~ . .| clothianidin|  fipronil
imidacloprid
Lombardia Bergamo 15.320 15.703 15.508 15.588 06.2%
Piemonte Vigone (TO) 16.845 17.055 17.103 17.380 210
Castelnovo | 15 g3 15.370 14.648 14.613 15.105
Bariano (RO)
veneto Villadose
(RO) 10.085 10.055 10.423 10.068 10.238
Marciano della
Toscana Chiana (AR) 12.239 11.283 11.876 9.936 12.063

Table 12 - Yield data in the 5 agronomic performance trialset{dbrk of Agronomic-Varietal
Experimentation) in which the 2009 Wireworm survegs carried out.
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Finally, a study was performed to evaluate therextie which the active ingredients used for seed
coating persist in the various stages of maizetpli@velopment. Tests were thus undertaken to
analyse residues of the four active ingredienfdats sown with maize and in different plant tissue
(leaves, roots, stalk, male and female infloresesnconsidered at different plant developmental
stages, starting from plants germinated in triatgbr in a controlled environment.

Experimental plots with a length of 50 m were sgatthe CRA-MAC experimental farm, in which
the same seed used in the agronomic trials was,saeaording to the 5 experimental groups
described in Table 8. In each experimental plotdasof different plant tissues at different
phenological stages were collected, as shown iteTkh

Sampling date Days after sowing Leaf tissue/ pheramical stage
18/06/09 15 L2 " |eaf
18/06/09 15 % leaf
18/06/09 15 & leaf
26/06/09 23 &' leaf
01/07/09 28 &'leaf
06/07/09 33 7' leaf
10/07/09 37 8 leaf
14/07/09 41 9 leaf
17/07/09 44 18 leaf
20/07/09 47 11" leaf
24/07/09 51 1% leaf
29/07/09 56 1% leaf
05/08/09 63 14 leaf

NOTE: 14 " |leaf envelops the tassel

Male inflorescence

06/08/09 64 Tassel
06/08/09 64 MIX anthers and pollen
07/08/09 65 Only anthers
07/08/09 65 Only pollen
Female inflorescence
06/08/09 64 Bracts
06/08/09 64 Silks
06/08/09 64 Spikelets
29/09/09 117 Grain

Tabella 13 -Sampling of maize plant tissues.

The information to be obtained from these testgetiver with that deriving from the productivity
comparisons, is designed to help clarify whetherzengeed dressing is genuinely necessary and
appropriate in the trial areas.
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3. Effect of maize guttation on bees

In plants that are affected by root pressure, #uglation of droplets of fluid from the leaf margins
known as guttation, is frequently noticed. The “d#nops” visible on the leaf tips of grasses in the
early morning may actually be guttation dropletsvidénce of guttation is most visible when
transpiration is weak and relative humidity is hi@uttations are present in the morning during the
spring period; they may be produced and remainhendaf lamina of maize plantlets for several
hours, except in the case of dry wind (bora). Bndhlyx, guttation may remain throughout the day.

3.1 Activeingredient residuesin guttation fluid of container-grown maize plantlets

Analyses were carried out at the Department of Bnwental Agronomy and Plant Production-
Entomology of the University of Padua, to test tbe possible presence of active ingredient
residues in leaf guttation fluid and in dropletdlexied from the calyx of container-sown maize
plantlets grown from seed coated with the 4 acimvgredients that form the object of the
suspension. Results are shown in Tables 14 and 15.

. . Concentration a.i. (mg/L
Seed dress Active ingredient >4 March 6 Marc% d )30 March
Gaucho 0.5 imidacloprid 89.16 56.91
Gaucho 1.25| imidacloprid 292.23 345.76 102.91
Poncho clothianidin 101.72 89.06 76.15
Cruiser thiamethoxam 16.22 40.85 25.31

Table 14— Variation in active ingredient concentratiorieaf guttation fluid of neonicotinoid-
treated maize plantlets, on different days of tleekv

o : Concentration a.i. (mg/L
Seed dress Active ingredient 56 March 26 Marc(h )30 March
Gaucho 0.5 imidacloprid 134.66
Gaucho 1.25| imidacloprid 59.17 120.35 8.23
Poncho clothianidin 46.99 41.50 7.33
Cruiser thiamethoxam 21.34 25.54 2.93

Table 15- Variation in active ingredient concentratiorguttation droplets collected from the
calyx of neonicotinoid-treated maize plantlets different days of the week.

Active ingredient concentration in guttation fluwlas found to be very elevated for plantlets
obtained from seed coated with the 3 neonicotinorddacloprid, clothianidin and thiamethoxam.
These concentrations were notably above thellibhit established for these molecules, and also
exceeded allowable doses of the same molecules udehas leaf spray. In contrast, presence of
the active ingredient fipronil was not detected.

Bees that were submitted to a simple laboratory iteshe form of oral ingestion of guttations
containing residues of the three above-stated netinoids died within a few seconds. Bees that
were given guttation droplets from maize plantswgrdoy sowing fipronil-coated seed remained
unaffected.

The complete results concerning tests on activeedignt residues in guttation droplets and their
effects on bees have been published in: GirolamiMazzon L., Squartini A., Mori N., Marzaro
M., Di Bernardo A, Greatti M., Giorio C., Tapparo,,A2009. Translocation of Neonicotinoid
Insecticides From Coated Seeds to Seedling Guitddimps: A Novel Way of Intoxication for
Bees. J. Econ. Entomol. 102 (5): 1808-1815.
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3.2 Clothianidin residuesin guttation droplets of field-grown maize plants and tests on bee

foraging activity

Field trials were conducted at the Experimentalche®s Centre of the Agricultural Faculty of the
University of Bologna to test for the presence edidues in guttation fluid of maize grown from
clothianidin-coated seed and to assess the exdemhich bees may effectively come into contact
with the guttation droplets.

Sowing took place on I6April and guttation droplets were collected froiffetent points of the
maize plantlets on 3 dates:"™1®ay, 2F' May and 4 June. Results of analyses of the droplets
collected on 18 May are shown in Table 16. Values were found tertaekedly lower than those
recorded for container-grown plantlet guttationsalided in the previous section. Analyses of
droplets collected on the two following dates, adl\as the laboratory tests on bees to determine
the effects of guttation, were in progress at time tof writing.

In order to assess bee foraging activity on guttatiroplets, the number of bees present on the
maize field grown from clothianidin-coated seed wasinted, along a transept constituted by a
route of three 180 m rows, during the early morr{ingm 6.30 to 8.00 h) on pre-established days.
Bees on the untreated field were analogously coluftkee results are listed in Table 17. Along the
transepts a total of 3 bees were seen in the ceated maize field: one resting on the ground, one
in flight and one on the leaves but without collegtguttation droplets.

Origin of guttation droplets Clothianidin residues (mg/L)
Droplets collect from leap tips 0.415
Droplets collected from leaf lateral margins 0.086
Droplets exudated from leaves following breakage 128.

Table 16— Clothianidin residues detected in guttation tetspcollected from different points of the plant.

_ Sampling date
Field 15"May | 26"May | 29"May | 4"June
Coated maize 1 2 0 0
Non coated maize 0 0 0 0

Table 17— Number of bees observed in the maize field grivmm coated and non coated seed.
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4. Lethal and sublethal effects on honey bees indlaboratory exerted by the
active ingredients used in maize seed coagjn

4.1 Sublethal effects: PER test to assay the ability to learn and recognize odors

The Proboscis Extension Reflex (PER) test waszetillito evaluate the extent to which sublethal
doses of the molecules utilized for maize seedimganfluence learning and memory of odors in
adult honey bees.

The test is based on evaluation of the reflex bielnaf proboscis (or ligula) extension performed
by bees when they perceive environmental stimdoeisted with the presence of a sugar source.
Neurotoxic insecticides, which bind to the receptof the neurotransmitter acetylcholine, can
negatively affect areas of the brain in chargeeafriing and memory formation. Imidacloprid and
fipronil have already been shown to compromise madierm and long-term memory respectively.
Trials carried out up to September 2009 in the &aork of the Apenet project concerned
imidacloprid, clothianidin, fipronil and thiametham, and were designed to assess the effects of the
active ingredients both on learning and odor reitagn

After isolating bees in a container in order tovkedhem free to extend the ligula, each bee was
administered the active ingredient diluted at sthislledoses in 3-aL of 40% sugar solution.

After 30’ the bees were then trained to extend libela in presence of the odor citronellol,
subsequently receiving sugar solution as a reward,not to extend it in presence of the odor of
mint, as mint, in contrast to citronellol, was phed by saturated saline solution.

After 60’, 180" and 24h, the ability to recognizeetodor was tested by submitting the bees both to
the correct and the incorrect odor (10 times eaath regular alternation of the two odors). The
response percentages were recorded, listing % atameponses (extension of the ligula only in
presence of the rewarded odor), % partially corresponses (responding to both odors or to
neither) and % incorrect responses (extensioneofigiula in presence of the wrong odor and failure
to respond to the odor rewarded during training).

The sublethal doses assayed up to September 20@ad¢h active ingredient and the comparison
with the corresponding values of kfare shown in Table 18.

Three hives were used, and each active ingredr@htiasage were administered to 10-12 bees per
hive, repeating the test 3 times for each hive.i#althlly, the same number of untreated bees were
assayed for each hive.

Active ingredient LDs048 hours Dose assayed
clothianidin 4.7 ng/bee 0.92 ng/be
imidacloprid 5 ng/bee 0.2 ng/bee
thiamethoxam 1 ng/bee 0.2 ng/bee

: : 1.2 ng/bee
fipronil 6 ng/bee 0.03 ng/bee

Table 18— Active ingredient doses assayed with the PER tes

For ease and conciseness of presentation, theoest@nted below refer to the percentage of correct
answers, disregarding the other response categories

Statistical analysis (two-way ANOVA, consideringetlactive ingredient and the hive as main
factors) showed no significant differences in bedavior between the 3 hives, while the active
ingredient induced a significant difference betwden3 treatments under comparison (Fig. 9).
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Figure 9 — Effect of interaction between hive and active ingredient bilitg to respond correctly to
presentation of an odor (citronellol) associaténlpugh preliminary training, with the reward of agar
solution.

Comparison of the behavioural effects at the difiétime intervals (two-way ANOVA considering
treatment and time as the main factors) in comgrolips versus each active ingredient-treated group
showed a significant reduction, for all active edjents assayed, in the ability to recognize tha od
at all time intervals considered (Figs. 10, 11,13, For fipronil an additional assay was perfaidme
at a much lower dose (0.03 ng/bee correspondink2@01of the LI3g), which revealed a certain
reduction in ability to respond to presentatiortled odor, although no clear statistically significa
differences were detected due to notable varigmong the data obtained (Fig. 14).

90

«f  f1
- 1 )

40
30
Dose per bee
20 1.2ng
=1/5 LDsq 48h
10 ® 60
0 " . B 180
CONTROL FIPRONIL ¢ 24h

Figure 10— Percentage of correct responses (extensiogufilin presence of the odor) at different time
intervals after treatment (60’-blue, 180’-red, ZyHeen), in controls versus the treatment groupdfiib).
Pairwise comparison differences were statisticgitiyificant for p<0.001.
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Figure 11 - Percentage of correct responses (extensiomguiflin presence of the odor)
at different time intervals after treatment (60#] 180-red, 24h-green), in controls
versus the treatment group (thiamethoxam). Pairwismparison differences were

statistically significant for p<0.001.
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Figure 12 - Percentage of correct responses (extension ofligubresence of the odor)
at different time intervals after treatment (60u#] 180'-red, 24h-green), in controls
versus the treatment group (imidacloprid). Pairwisemparison differences were

statistically significant for p<0.001.
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Figure 13- Percentage of correct responses (extensioguflin presence of the odor)
at different time intervals after treatment (60i&) 180’-red, 24h-green), in controls
versus the treatment group (clothianidin). Pairwisemparison differences were
statistically significant for p<0.001.
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Figure 14— Ability to recognize the odor used for trainirexiension
of ligula only in presence of the correct odor) different time
intervals (60, 180’, 24h).



Results of the sublethal effect tests thus shovirad the assayed neonicotinoids and fipronil,
administered 30 minutes prior to the training sessexerted a marked negative impact on odor
recognition ability, with a significant reduction correct responses to odor presentation at all the
chosen time intervals.

Administration of the active ingredient prior taaitning can influence two behavioural stages,
namely learning (ability to form an associationvitn recognizing an odor and obtaining the
reward), and memory formation, a process that regquhe transition from short-term to medium-
term and long-term memory.

All bees treated with imidacloprid, clothianidincathiamethoxam proceeded correctly throughout
the training (for all active ingredients, in 100%cases bees extended the ligula in presence of the
rewarded odor and received the sugar reward, awl“tdsted” the mint-flavoured salt, receiving
the punishment). For fipronil, only 78% of beesrieal out the training correctly.

It can thus be hypothesized that imidacloprid, fehotidin, thiamethoxam and fipronil do not
prevent bee memory formation with regard to odassthese active ingredients did not interfere
with training; however, it can further be specutatbat the effect is exerted at the moment of
recovery of memory, at different time intervals.

Our data highlighted a greater impact of the acingredients at the 24 h test, showing that the
most significant effect is exerted on long-term noeyn

In the case of the neonicotinoids, our data oniylypaonfirm data available in the literature ostse
conducted with imidacloprid and clothianidin, whiarere previously reported to induce effects
above all on recovery of medium-term memory.

By contrast, our results with regard to fiproniean agreement with data obtained in previous
studies, which highlighted a marked reduction inrect responses after 24 h.

4.2 Sublethal effects: labyrinth test for assessment of impact on orientation

Further investigations by means of the PER tesadsess the sublethal effects of the active
ingredients and their impact on spatial orientatiare conducted in the framework of this study;
detailed elaboration of the results was in progetske time of writing.

Preliminary results showed a reduction in orieptatability, partly due also to overall effects on
motor coordination (tremors, twitching, rolling)hieh are often transitory.

The above-mentioned motor effects were filmed hso the results can be codified and analysed by
means of specific behavioural analysis programmexder to provide a complete description and
quantify the effects. Data elaboration was in pesgrat the time of writing.

4.3 Lethal effects

As the trials were conducted by administering 1f5the LDso 48h calculated for each active
ingredient on the basis of data available in tkerdiure, lethality of the doses administered was
tested according to the EPPO/Council of Europe aiskessmenprotocol, in which the dose is
administered in 200L of sugar syrup to groups composed of 10 bees.

Additionally, tests were conducted to ascertaini¢higality of the same quantity of active ingredien
administered according to the procedures enactethéo PER test and the labyrinth test, which
require the active ingredient to be diluted in gk5(depending on the active ingredient in question)
and submitted to bees.

The lethality tests were still in progress at timeet of writing, with only the tests on imidacloprid
having been completed.

All tests were carried out on 3 hives, with 3 regtions.

Results obtained up to September 2009 indicatedtiieatheoretically sublethal doses used in our
tests led to significant bee mortality, with a hiependent significant interaction.

In addition, data on mortality recorded for admiragon of the dose with highest concentration (3-
5 uL) compared to mortality with the most diluted d¢g6 uL) showed greater toxicity of the 3-5
uL than the 2QuL dose (Fig. 15).
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Figure 15— Mortality recorded at increasing time intervals.

4.4 Effects on the brood
The protocol drawn up by Aupinet d. at INRA (France) was applied. This protocol aoin

vitro bee rearing without the aid of nurse bees@tassess the response to different stressdactor

Toxicity (expressed as Ldg at 48h) of the molecules in question on larvae axaduated through

administration of 5 increasing doses of the actigredient to a sample of 48 larvae and the

controls. Preliminary results are illustrated irbTEal9.

Results for the first two ingredients assayed,hitotidin and fipronil, suggested that the brood was
considerably less susceptible to poisoning comp#éoeddult bees. For clothianidin it was not

possible to calculate larval lsg) as the highest dose that could be administerase(bon active

ingredient solubility), namely 3000ng/larva, led1b.4% corrected mortality. Larval toxicity tests
for the other two active ingredients (imidaclopaiad thiamethoxam) were in progress at the time of

writing.

Active ingredient

LDso (24h) adult bees

LD 5o (24h) larval

clothianidin

4 ng/bee

>>3000 ng/larva

fipronil

4 ng/bee

39¢g/larva

Table 19— Comparison between lardaD 5 of clothianidin and fipronil and that of
adults at 48 h (data obtained from the literature).
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5. Conclusions

Data obtained from the trials conducted up to Seper 2009, albeit incomplete in some parts and
requiring repetitions in certain sections, allowngopartial conclusions to be drawn.

The Apenet monitoring network, activated throughibaty, recorded no phenomena of die-off or
depopulation linked to maize sowing during the yeadrt of the year. In none of the monitoring
stations were serious cases observed, with thepBaneof apiaries situated in the plane of Sibari,
where extensive poisoning occurred, linked to useeonicotinoids in spray formulation (Actara,
active ingredient thiamethoxam) during the flowgrperiod.

The reporting system, which in the spring of 2088orded 185 cases of die-off with 132 samples
collected during the maize sowing season, rouglaly of which tested positive for the active
ingredients used in maize seed coating, receivietahof 10 reports in the first semester of 2009.
Of these, only 3 pertained to the maize sowinggokerand the samples revealed unlawful utilisation
of coating products that are currently suspenddédh®other 7 reports, 5 were found to be caused
by neonicotinoids applied in spray formulation, lehihe presence of residues was not detected in
the remaining 2 cases.

The trials pertaining to sowing of maize coatedhwiiie 4 active ingredients investigated gave the
following results:

- dustiness of coated maize seed was lower tharsthblished limit of 3g/100 Kg;

- dust emitted in the field during sowing with theepmatic seed drill varied between 0.5 and
3.5 ug/n? with the modified seed drill and between 1 angghn’ with the unmodified seed
drill. Emissions showed a significant decrease witlheasing distance from the sowing area;

- air concentrations of dust emitted during sowingedbetween 0.1 and 0.8 ppb, with these
values increasing when distances were increased 5r@o 10 m in trials with the modified
seed drill, but decreasing in the trials with timenodified seed drill;

- our data suggest that although the system involgpication of the dual pipe deflector for
dust abatement allowed a notably variable reduatioground-level dust concentrations, it
contributed to greater dust dispersion in thewaiitty drift spreading over greater distances and
thereby increasing the probability of contact wodes in flight and with hives situated in the
surrounding countryside.

In colonies directly exposed to sowing of seed edatith the four active ingredients, use of the
seed drill equipped with deflectors was found ortate days to result in higher adult bee mortality
rates compared to the control hives. No depopulabenomena were detected. The analyses
conducted up to September 2009 (for only 2 actidgedients) showed that the active ingredient
concentrations observed in dead bees remained lik&lethal threshold. With regard to sowing of
thiamethoxam-coated seed, colony vitality and dgwalent was found to be lower in hives exposed
to sowing as compared to the control group.

Active ingredient concentration in guttation drdplproved to be highly variable, depending on the
plant phenologic stage and the mode of propagdtiontainer- or field-grown), but values were
consistently greatly above or close to the beectgxihreshold. No bee foraging activity on the
droplets could be observed during the first fidddervations.

The first results of tests assessing sublethatiffen adult bees showed that recovery of medium-

term and long-term memory was compromised. Suckceffwere detected at much lower doses
(roughly 1/5) than the LE stated in the literature.
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Results of the first brood toxicity tests indicatédt the larvae were markedly less sensitive ¢o th
active ingredients assayed up to September 200¢hig@hidin and fipronil) than was the case for
adults. This is in line with the damage typologgoeed for phenomena of poisoning during coated
seed sowing, in which the main effect is loss ailabees. Any damage to the brood is usually
indirect, due to absence of nurse bees.

In conclusion, the first partial results undersdoseveral elements demonstrating that the active
ingredients used in maize seed coating have aircattgree of toxicity towards bees. Although
improvements in the coating process have limitex éktent of dust emission from coated seed,
some damage to hives was still detected duringridie described in this study.

Furthermore, although the quantities of active edliggnt emitted during field sowing fell below the
lethality threshold for bees, the magnitudes detketere close to those shown by the first restlts o
laboratory tests to be capable of inflicting damageadult bee learning processes and memory
formation.

Finally, it is important to note that the climationditions of the spring of 2009, characterized by
heavy rainfall, did not favour dust drift into treemosphere and the environment. Since it is
generally believed that climatic factors strongifluence the impact of coated maize seed sowing
on bees (and in the past this phenomenon was ftubeé highly variable across the years), it is
considered advisable to replicate the trials ifeast one subsequent season and in other localities
having different soil and climate characteristiosprder to acquire more clear-cut data.

It can likewise be recommended, before drawingnitéfe conclusions, to await the final results of
the ongoing laboratory tests, both lethal and gbblein order to integrate the present data with t
results of analyses on the active ingredientshbdtnot been completed up to September 2009, and
to allow replication of the tests with coated sekt obtained by means of the Heubach drum
rather than with the pure active ingredient. Tria8ng the Heubach drum method will allow
simulation of a situation closer to real field egpce.
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