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Potential external contamination of pneumatic seed drillsduring

sowing of dressed maize seeds

Abstract

BACKGROUND: The use of pneumatic drills in maize cultivatauses dispersion in the
atmosphere of some harmful substances normally fasebtessing maize seeds. Some of the dust
particles may be deposited on the machine’s boelyoiming dangerous for the environment and for
operators. The aim of the present study was toyaedhe amount of dust deposited on the frame of
drills during maize sowing operations. Tests wesdgymed with different drills and in different
operating conditions.

RESULTS: Data analysis showed that a significant amount ug06) of the tracer can be deposited
on the drill body. When the wind was not preseighér quantities of tracer were collected and the
forward speed did not influence significantly thracer deposit on the seed drills. The use of
different devices that were designed to prevent dispersion were able to limit up to 95% but was
not able to eliminate the external contaminatiothefdrill

CONCLUSION: The particles present on drills could become alpraldfor the operator during the
filling of the drill. Additionally, the environmentan be contaminated if pesticide remains on the

drill, generating point source pollution when thélas parked outside.

Keywords. pneumatic drills, maize, dressed seeds, extermaagonation
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1. Introduction

The use of pesticides in agriculture has demorestnatany advantages in terms of abundant
production and a low-cost food supplput has caused problems with environmental poiGtand

human healtf:*

The use of pneumatic drills in maize cultivatiors elped raise the quality of sowing and ensure
higher productivity’ On the other hand, it has caused dispersion iatthesphere of some harmful

substances (neonicotinoids) normally used for dmggwaize seed§’’

In recent years, this phenomenon has been thecswbjdiscussion regarding the deaths of bees.
These chemicals, when deposited on the crops andtonal vegetation adjacent to maize fields,
could be harmful for the be&sn fact, during a sowing operation, the airstredawn out from a

pneumatic drill fan - necessary to create a vacuaanm carry a portion of the dust detached from

the seeds into the atmosphére.

In recent years, various type of devices have blegeloped to direct air from the pneumatic drills
toward the soff** or into the furrows used for seed distributtén? These devices can reduce the
dust drift effect by approximately 95% comparedeference equipment;*®but the residual

pesticide emitted into the atmosphere is still @aags for bee¥’

Some of the dust particles released in the ainstfieam the fan may also be deposited on the
machine’s external surface, becoming dangerouth&environment (point source pollution) and
for operators, similar to those dangers presentwpesticides are applied with spray&rn fact,
potential point source environmental contaminatian be observed in the area used to wash the

seed drill at the end of the sowing season betsr&aorage or in the outdoor parking area due to
2
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rainfall. The operator can be contaminated by tieacal products while filling the seed hoppers

and during normal operations, such as when comgeoti disconnecting the machine to the tractor.

Moreover, the danger may be even more worryingngutie ordinary or unexpected maintenance
operations of the seed drill that are sometimeopaed by workers (external to the farm) who
may be unaware of the external contamination optieumatic drill and its toxicity and, therefore,

might not wear proper protective clothing or prewesly wash the seed drill.

With the aim of increasing knowledge about this¢ppd hoc experimental trials were conducted to
guantify the amount of dust deposited on the ealesurface of three maize pneumatic seed drills

in standard and modified configurations.

2. Materials and M ethods

2.1. Seed drills used

Tests to assess external dust contamination ohwhines were made using three pneumatic drills
(1 - 2 - 3), representative of Italian drills. Atlls showed a similar frame structure and similar
design elements, but they differed in the typeiofimection outlet fan used (downwards, lateral, o
upwards) (Table 1).

Each machine was tested either in its standardgroation or in modified configurations designed
to limit the dispersion of dust. A distance of Ori%between rows and the application of 75,000
maize seeds per hectare was assuimed.

Drill 1 was tested in its standard configurationl &m a modified one where the air was conveyed
between the wheels of each seeding element. Tleadaseeding machine (drill 2) was tested, in

addition to the standard configuration, in two @iddial configurations aimed at reducing the dust
3
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dispersion. One configuration featured the presehéeur 100 mm diameter air hoses conveying
the air towards the soil, and the second was eqdippth one 55 mm diameter air hose for each
seeding element, conveying the air close to thd &eeow-share. Drill 3 was tested in its standard
configuration and in a modified one where the fairoatlet was conveyed towards the soil by two
hoses of 125 mm diameter.

Furthermore, to assess the influence of the fegtilhopper on the tracer dust deposit on the

machine, drill 1 was also tested while equippedhthe fertilizer hoppers.

2.2. Tests made

For each drill tested, the amount of dust depositasl determined under three different working
conditions to evaluate the influence of two diffgrparameters: wind speed and drill forward
speed. Because there was not a specific stand&stlae for these tests, the authors carried oat th
trials according to the 1ISO 22368-2 set-up for gooptection equipment. This standard was applied
because the seed drills, while distributing theipiete to the soil, was comparable in general terms
to crop protection equipment. The use of TartraEfh62 as tracer for the simulation of equipment
contamination was recommended by this standardueef this yellow tracer dust was supported
by its physical characteristics, which are simitathose of the dust dispersed by the fans of
pneumatic seed drills distributing dressed s€ddsble 2). Furthermore, the use of this traces als
allows testing to be done without specific preaansi

In all tests, the Tartrazine tracer was introduicetthe fan air inlet at a rate of 3 g riifor 10

minutes by means of a volumetric metering systeHhiT@® BD20)° This amount is approximately
300 times greater than the potential amount ofddatalust, when considering a worst case scenario
(Heimbach values of <3 g per 100 kg of treated sgéd he external drill contamination was
determined with a major dust rate to better hidttlgventual differences in values. So that the

vacuum systems of the drills could be fully openadil, the drills’ fans were run for 5 minutes
4
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before and after the addition of the tracer. Segedperations were simulated using untreated maize
seed (FAO 500); each seed hopper was loaded witto@mately 25,000 seeds, corresponding to
the amount present in a commercial package in. lfdlytrials were carried out with the seeding

elements inserted into the soll.

To evaluate the incidence of wind and forward spetie seed drills on the external
contamination, different tests were carried oue@rally, the seed drills were tested in a) dista
position without wind presence, b) in a static posiwith wind presence and c) in dynamic trials in

the absence of wind.

a) In a static position without wind presence,sbwing operation was simulated in the field by
keeping the seed drill at one spot in the fielcdhwtiite seeding elements inserted in a sandy sail at
depth of 60 mm (usually sowing depth). The powedhthe machine was provided by the tractor
PTO. For the entire test period (20 minutes), tirdwelocity, which was measured with a sonic
anemometer (Gill Windsonic) at the height of 2 metdid not exceed 0.5 it §an air velocity
lower than 0.5 mShas been considered negligible). Instrument acyuras + 0.1 m’§ and the
data were acquired at 1 Hz frequency. The air wlewas determined on the basis of arithmetical
averages. Tests in which the wind velocity was &ighan 0.5 mSwere considered failures and
were not used in data processing. For each machimmeguration, the data included the values of

three valid tests (3 replications).

b) The trials held in the presence of wind wereiedrout in a specific wind tunnel maintained by
the DISAFA of the University of Turin, where thendliis generated by a fan able to guarantee an
even airstream of 3 ni's/elocity, according to the methodology establishgdvanzone et df’

The tunnel, 5 m wide, 3 m high and 50 m long, islenaith a modular iron structure covered with

nylon film. The airstream is produced by an axaad 6f 490 mm diameter equipped with 9 blades
5
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inclined at 50°. To guarantee a uniform airstretima,tested drills were always positioned at a
distance of 22.5 m from the axial fan outlet incatihogonal position in comparison to the artificial

wind direction (Figure 13°

c) In dynamic trials, the sowing operation was dated using a forward speed of 6 kih The
areas chosen for this test had a surface of O(5(hen width and 100 m length). Each time the
tractor arrived at the headland, it performed tugmanoeuvres as in normal practice, without
turning off the fan. The soil of this area was adsamatrix with a moisture content of 4-8% when

harrowed before the trials.

At the end of each test, according to the requiremef the 1ISO 22368-2,seed drills were washed
in a catchment pool using deionised water and aysgpun with an adjustable nozzle working at 1
MPa (10 bar) pressure. The spray gun was connezgump fed by spray tank with a capacity of
50 litres. After each seed drill was cleaned, thieime of deionised water used was measured by
refilling the tank. The tank was refilled using@0® cnf glass pipe with 20 chrgraduations,
corresponding to the accuracy of our measuremaftes. each test, three representative samples
were taken from the collected rinsing liquid. Swssteely, the catchment pool was accurately and
completely cleaned and allowed to dry before the test.

The amount of tracer deposited on the machinesreat surface was determined in the laboratory
by spectrophotometric analysis. Samples were agalygth a spectrophotometer (Biochrom Lybra
S11) set up at a wavelength of 434 nm, correspgndithe peak of absorption of the dye. The
absorbance value read on the instrument enabletbthesponding amount of the tracer to be
calculated. The amount of tracer dust depositettherseed drills was determined as a function of

the tracer found in the samples and the amounttémused to clean the seeding machine.

All tests were carried out with an air humidity@8-75% and an air temperature of 15-20°C. These
6



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

environmental conditions are very similar to thpsesent during maize sowing in southern Europe.

Every test was performed with 3 replicates for edrdhconfiguration_in each working conditions

(63 experimental units)-{Fable 3). Experimentaksimiere randomized using the specific function

of Microsoft Excel Softwarérandom number generator”. In detail, each expenitaeunit was
identified with a number include between 1 and®8#n, the randomized number sequence created
by Microsoft Excel Software was followed for testsecutionln detail, a completely randomized
design (CRD), where the treatments are assignegletety at random so that each experimental

unit has the same chance of receiving any oneniexdt was adopted in this study.

All data collected were processed with Microsoft&xSoftware and analysed with the SSPS 20
(2014) advanced statistics software using GLM mofl@dINOVA. The statistical significance of
the eventual differences between the treatmentdeséesd with the REGW-F test because it has
high statistical power with this data distributidii.he REGW-F is a multiple step-down procedure
used when all simples means are equal. This tesbie powerful than Duncan’s multiple range

test and Student-Newman-Keuls (which are also plalstep-down procedures).

3. Results

When the drills were operated in the static posjttbe highest tracer deposit on the machine frame
(30% of the applied amount) was found using drikduipped with fertilizer hoppers, while the
lowest value (5% of the tracer applied) was obthinsing drill 3 in its standard configuration.
When devices for reducing dust drift were mountedtite seed drills, low tracer deposits were
generally obtained on the machines’ frames (leas 2% of the applied amount). The device used
to convey air towards the soil system, which wagdion drill 1, resulted in the lowest deposit

value (7% of the tracer introduced).
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Except for drill 3, the kits for the dust drift nection were guaranteed to reduce tracer deposits on
the external seed drill surface by 23% to 38% imparison to the standard configuration of the

machines on which they were mounted (Figure 2).

Similar trends were also obtained in the dynammsr(Figure 3). In fact, with these trials, the
lowest tracer deposit was obtained by drill 3 s1gtandard configuration, while the highest tracer
deposit was registered by drill 1 in the presentcéhe fertilizer hoppers. Unlike previous tests
(those carried out in a static position), the ubits allowed a limited reduction in the tracer
deposited on the frames of the seed drills. This tn@e especially for drill 2, where the use of the

kit facilitated a reduction of only 3% in the trackeposited (Figure 3).

Operating in the presence of wind, in absolute $erime tracer deposit on the seed drills is lower
for all drill configurations tested in comparisandther tests conducted in the absence of wind. In
particular, a reduction of approximately 60% wagistered for the kit “conv. Seeding elements”. In
this test, the use of the kit on the drills redutesl tracer deposit as much as 71%. Additionatly, i
these tests, the presence of fertilizer hoppersethan increase in dust deposit (approximately

70%) (Figure 4).

In general, data analysis showed that a signifiaamunt (up to 30%) of the tracer can be deposited
on the drill body. When the wind was not preseast@ carried out in the field in static positior an
in dynamic conditions), higher quantities of tragegre collected and the forward speed did not
influence significantly the tracer deposit on tkeed drills. In contrast, the presence of the wigal c
reduce the tracer deposit on the frames of the deksi(Tables 3 and 4).

The design of the kit intended for dust reductifieded the amount of dust deposits that collected

on the drills (Tables 5 and 6).
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4. Discussion

This experiment demonstrates that maize-sowing abipeis using coated seeds can result in a
significant portion of the dust that is abradedhfrthe seeds being deposited on the frame of the
drills either when the drill is in its standard @ignration or when equipped with devices designed
for dust drift reduction. Nevertheless, devicesdast drift reduction limited the tracer deposit on
the frame of the drill (in some situations up teefold), but were unable to fully eliminate drigi
dust. These last results are in line with thosaiokt in other studies using the same trdaerd

using the chemical product (seeds treated with igetinoids)!**"*?

When a seed drill is used in its standard configomaan important role is played by the direction
in which the air exits the fan. In fact, in thispeximent, greater tracer deposits on drill framesew
obtained with lateral air direction. This resulhdae caused by the airstream direction in relaion
the design of the frame. A recent study notedwwan an airstream exits the fan it can be subject

to turbulence and generate dust deposits if tleastiis intercepted by obstacfés.

The relatively better results obtained from thedséells equipped with a fan with an upwards air
exit should not be considered a viable alternatigeause, in this case, the dust drift is of great
magnitude. This latter situation is very dangerrosn an environmental pollution point of view
because the pesticide dispersed into the atmosptwrecontaminate the &ft,water® and

vegetatiorf°

Furthermore, the data processed show that fertiipppers can influence the amount of the tracer
deposited on the seed drill frames. This may béatable to both an increase in the frame surface

increment and to the air turbulence created bythsence of the fertilizer hopp@r.
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In this study, the wind may have played an impdrtarke because the tests conducted in the
presence of the wind showed a significant reduatiodust deposition on the seed drills. This is a
good result for “seed drill contamination”, butsta poor result for environmental pollution. Ictfa

wind enhances the drift effect of the dust exititg drill fan*

A comparison of the results obtained in this woithwther studies that measured dust drift for the
same drill models and in the same conditions (wunthel), a similar trend in terms of deposit
reduction (Figure 5) was observékhe drift values reported in the graph are thel td&posits
collected downwind for a distance of 22.5 metresnfithe machinerheonly exception is the dust
drift value that was registered by drill 3; the ddsft effect of this machine was higher because t

fan’s outlet directed air upwards?*3

The use of different devices enabling dust driftuction allowed a considerable decrement in the
tracer deposits on the machine frame (up to -718@)pared to the original drills’ configurations.
Furthermore, for drill 2, the results of the triglsowed that each kit for drift reduction provided
different amount of tracer deposit on the framéhef machine. Specifically, the kit that showed the
best results in term of drift reduction (Dual Pifeflector) also enabled lower machine

contaminatiort*?’

Finally, a comparison of the data obtained in &xperiment with those obtained by Balsari etl.,
who examined sprayer external contamination, hiyitéi a different value. In fact, the amount of
tracer deposited (Tartrazine E102) in tests caroedin the same conditions (forward speed of 6
kmh-1 in the absence of wind) showed approxime@&B6 greater value in comparison to the drills
tested in this work (approximately 15% of the @rilésted and 0.5% of the sprayers tested). That
difference can be related to the different fan fpmss (source of pesticide contamination) on the

machine. In fact, considering the forward directmnthe machines, the fan on the seed drills is
10
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difference may also be attributable to the difféfenm of contaminate materials (liquid and solid)

being used.

5. Conclusions

This study indicates that the different devicesigiesd for reducing dust dispersion can limit but
not eliminate the external contamination of thellglriDispersed dust could become a serious
problem when the driver fills the seed hoppersouptes or decouples the drill machine to a tractor.
Furthermore, it could be dangerous when, due teeakage in the field, the driver performs seed
drill repairs without first washing the equipmeiihe situation would be even more severe if the
maintenance of the drill is undertaken by a tedhAniovho is unaware of the presence of the
chemical products.

Moreover, contaminated seed drills can became &sai environmental pollution when the drills
are parked outside and subjected to rainfall. Ia tase, the rain could wash the dust from the
machine body, contaminating the soil under the skedld.

The solution to this problem lies in the developbbetter techniques for reducing dust drift. For
example, a system that is able to filter the aestr exiting from the seed drill fan by means of air
dust separators (sweep-air}° could minimise dust deposits on the machine fraexertheless,
the dust deposited could be reduced as much ash99%ing a modified seed drill in combination

with improved seed coat quality.

11
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Figure captions

Fig. 1. Placement of equipment in the wind tunnelrdy the test

Fig. 2. Tracer deposits measured on the frameseaf drills in static position without wind.

Fig. 3. Tracer deposits measured on the frameseaf drills in dynamic trials.

Fig. 4. Tracer deposits measured on the framesedf drills in static position in the wind tunnel in
the presence of an airstream (Tunnel).

Fig. 5. Comparison between the values obtaineaath&r experiment (Manzone et al, 2014) and

those obtained in this work.
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Table captions

Table 1. Main technical features of the fans presarthe pneumatic drills tested

Table 2. Physical characteristics of the dust fdyassed seeds and Tartrazine E102 tracer
Fable-3-—Festscarried-out-inthe-experimentalsiria

Table 3. Tracer deposit (% of applied) collectedltmmachine frames in different tests
Table 4. ANOVA table for dust deposits

Table 5. Dust deposits (% of applied): significdifterence between the tests

Table 6. Dust deposits (% of applied): significdifterence between the drills and devices tested
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Drills 1 2 3
Seeding elements (n°) 6 6 6

Fan diameter (mm) 440 410 420

Fan width (mm) 45 60 80
Blades (n°) 10 10

Blade inclination (°) 30 31

Blade width (mm) 30 30 45

Air outlet size (mm) 105 x 45 230 x 60 135 x 80
Air direction lateral downwards upwards
Fan rotation speed (rev niin 5,000 5,400 4,500
Air velocity (m s 3.2 2.2 4.4

Air flow rate (n? h'%) 240 210 210

Table 1
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Size particles

Dressed seed

Tartrazine E102

D1c (M)
Dsc (Mm)
Doc (Lm)
Density (g cri?)

34.1
84.1
180.9
0.41

42.6
80.1
172.3
0.44

Table 2
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Machine-tested

” —

, o o Loritbroind , i

Seeder1-Airdirection-downwards
Seeder-1-Mod—(Conv.towards-the-solil)
Seeder-1-Mod—(Conv-Seeding-elements)
Seeder2-Mod.{Presence-of fertilizer-hoppe
Seeder2--Airdirection-lateral
Seeder-3-Mod{(Conv.Dual-pipe-deflector)
Seeder-3--Air-direction-upwards

W w W W W W b

W w W W W W b

W W W W W w W

Fable3
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mean min max
Static tests 14.37 5.08 30.52
Dynamic trials 14.46 7.03 29.33
Wind presence (Tunnel  10.07 3.73 26.37

Table 3
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2

3

SS DF % F Sig. Power
Test 306.758 2 8 592.185 < 0.0001 1.00
Machines 3284.183 6 89 2115.578 < 0.0001 1.00
Interaction 81.301 12 2 26.186 < 0.0001 1.00
Residual 10.866 42 1
Note: Statistically significant level = 0.05

Table 4
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Ryan-Einot-Gabriel-Welsch

Subset
Test type N
yp 1 5

Tunnel 21 10.07
Static 21 14.37
Dynamics 21 14.46
Sig. 1.00 0.59
Note: Statistically significant level = 0.05

2 Tableb

3
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Ryan-Einot-Gabriel-Welsch

Subset
Machines N
1 2 3 4 5 6 7
Presence of fertilizer hoppers (Mod. drill 2) g 5.277
Air direction lateral (drill 2) 9 8.522
Air direction downwards (drill 1) 9 9.466
Conv. Seeding elements (Mod. drills 1-2) 9 10.255
Conv. Dual pipe deflector (Mod. drill 3) 9 12.855
Conv. Towards the soil (Mod. drill 1) 9 17.188
Air direction upwards (drill 3) 9 28.744
1.00 100 100 100 100 1.00 1.00

Sig.

Note: Statistically significant level = 0.05

2 Table6

3
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