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Summary

As a result of the dressing process, storage conditions, handling, and transport before 
the drilling and breaking of seeds, differing amounts of dust particles can be produced 
during seed drilling. In this study, more information about the dust drift risk in Belgium 
and the chemical and physical characteristics of particles abraded from pesticide-coated 
seeds was gathered to better understand the complex phenomenon of dust drift and for the 
development of predictive dust drift models.
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Introduction

The dust drift topic received increasingly more attention due to acute honey bee poisoning events 
observed in several countries (Foqué et al. 2014). During an on-going 4 year project, the MASTER-
project, we want to assess the risk of dust drift from seed coating and develop dust drift reduction 
measures.
As a first step, measurements with the Heubach dustmeter were done. This method is widely 

accepted as being the most practical to determine the abrasion potential of seed treatment coatings. 
Furthermore and in addition to the machine characteristics (Foqué et al., 2014), physicochemical 
properties of dust particles abraded from treated seed batches are measured to better understand 
the complex phenomenon of dust drift and for the development of predictive dust drift models 
(Devarrewaere et al., 2014). The dust parameters taken into account are density, particle size 
distribution, particle shape and the amount of active ingredient (a.i.). This paper gives an overview of 
the methodology used and the results gathered so far. As for the machine properties, measurements 
and data processing are still on-going.

Materials and Methods

Heubach tests
As a first step, the risk on dust drift of several seed batches bought on the Belgian market was 

determined using the Heubach dustmeter. This method has been identified as the standard test 
(ESA STAT Dust Working Group, 2011) and has been included in many studies (e.g. Biocca et 
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al., 2011; EFSA, 2012; Marzaro et al., 2011; Nikolakis et al., 2009). Our protocol was based on 
this internationally accepted measurement method as described by the European seed association 
(ESA STAT Dust Working Group, 2011) and the parameters of the Heubach dustmeter were set 
accordingly (viz. 30 rev min-1, 20 L min-1 and 120 s).
In total, the abrasion potential of five sugar beet, 16 cereal (viz. one oat, one spelt, two barley and 

12 wheat) and 15 maize batches was assessed. In addition to the standard Heubach values (HV; 
viz. gdust 100 kg-1

seeds and gdust 100 000-1
seeds), dust drift risk was expressed as the amount of dust per 

sown hectare (gdust ha-1) by taking into account their seed rates (Table 1). In our opinion, expressing 
the HV as gdust ha-1 allows for a better comparison between different seed species applied to the 
field in different amounts.

Table 1.  Seed rates for the different seed species considered duirng the Heubach tests

Application rate Source
(kgseeds ha-1) (seeds ha-1)

Maize 75000 ± 2608 (Balsari et al., 2010; Biocca et al., 2011; Friessleben 
et al., 2010; Herbst et al., 2010; Marzaro et al., 2011)

Maize 22         User’s manual Kuhn Venta nc 3000
Wheat 225 ± 35

      } User’s manual Amazon D9 3000 Special + EFSA 
(2012)

Barley 165 ± 21
Oat 160
Sugar beet 1.50  ± 0.71 100 000 Online sources 

Physicochemical properties of abraded dust
Generating the dust for analysis
Besides the Heubach test, one maize (Methiocarb) and one wheat (Protioconazole) batch were 

processed in more detail to gather information about the physicochemical properties of the dust 
loads of different seed batches. To generate the dust needed for the physicochemical characterization, 
whole bags of seeds were sifted. A mechanical shaker (Edmund Bühler GmbH, SM-30) and two 
subsequent test sieves of 5 mm and 2 mm (305 mm × 40 mm, ISO 3310-1, Retch, Düsseldorf, 
Germany) were used. Each run, about 1000 g of seeds were put on top of the 5 mm sieve and sieved 
for 5 min at 250 motions min-1. To select the shaking frequency, the amplitude of the mechanical 
shaker was increased until the sound of the maize seeds was comparable to the one of manual 
sifting. Although the settings were chosen rather empirically, they assured the same treatment for 
all seed batches which cannot be guaranteed by manual sifting. The total mass of dust generated 
was determined using an analytic scale (Sartorius M-Pact AX224, S.A. Sartorius Mechatronics 
Belgium N.V., accuracy: 0.0001 g).
Additional dust samples were provided by Udo Heimbach of the Julius Kühn-Institute (viz. two 

maize, two wheat, one barley, one rye, one rapeseed), generated by sieving whole bags of seed 
(EFSA, 2012; Pistorius et al., 2009) and subdivided in two fractions by mechanical sieving (viz. 
<500 µm and ³500 µm).

Particle size distribution
As all particle size measuring techniques of dusts have their own advantages and limitations, 

three techniques were used.
Laser diffraction is highly suitable to estimate the particle size distribution of powders and dusts and 

can be done either dry or wet (Bittelli et al., 1999; Boac et al., 2009; Brümmer, 2008; Chandler et 
al., 2005; Gee & Bauder, 1986; Goossens, 2008). As less dust is required for wet analysis, wet laser 
diffraction was used as done before by Boac et al. (2009) and Parnell et al. (1986) to measure the 
particle distribution of grain dust of uncoated seeds. Analyses were done by an external lab (Ghent 
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University, Faculty of Bioscience Engineering, PaInT) with a Malvern Mastersizer S equipped with 
a pump dispersion system for small volumes and a 1000RF lens (measuring range from 4.88 µm 
up to 3473.45 µm). However, to avoid swelling and dissolving of particles, sunflower oil -a very 
non polar solvent- was selected as measuring liquid.
Sonic sieving (Sonic sifter; 223 V; 50 Hz; Endecotts Ltd, England) was used to measure particle 

size distribution as well as to separate the dust in different size classes. In contrast to mechanical 
sieving, particle separation is mainly caused by a vertical oscillating column of air and sieves up to 
5 µm are available. This technique has been used before to determine the particle size distribution 
of sediments and dusts (Chandler et al., 2005; van Donk & Skidmore, 2001). Sieving time was 5 
min (Chandler et al., 2005) with a maximum frequency of 30 Hz and with vertically tappers set 
to tap at 1 Hz. Dust samples were separated in 13 fractions ranging from <10 µm up to ³1000 µm. 
The total dust amount and the weight of the sieves before and after sifting were weighed with an 
analytic scale.
Using X-ray microtomography (Skyscan 1172, Bruker Micro-CT), 3D images of dust were 

obtained and processed with image processing. This technique allowed to gather information about 
the particle shape characteristics and to determine the size of particles ranging from10 µm up to 
more than 1 mm.

Density
The densities of dust were determined using liquid as well as gas pycnometry. Liquid pycnometry 

is a cheap method frequently used to determine the density of soil particles (Blake & Hartge, 1986; 
Goossens, 2008; Goossens & Buck, 2011; Heiskanen, 1992). Three 5 mL liquid pycnometers 
(Gay-Lussac, ISO 9001-14001 certified, Blaubrand®, Brand GmbH & CO.KG,Wertheim, Main, 
Germany) were used with non-polar rapeseed oil (0.91 ± 0.00 g cm-3) as measuring liquid.
In most cases, however, the true density of powders is determined with gas pycnometry as done by 

Boac et al. (2009) and Parnell et al. (1986) for untreated wheat and corn dust. Density of bulk wheat 
and maize dust samples was measured using a ULTRAPYC 1200e gas pycnometer (Quantachrome 
Instruments, Boynton Beach, FL, USA) by Quantachrome GmbH&Co. (KG, Odelzhausen, 
Germany). In addition, the density of some specific dust particle size classes (obtained with the 
sonic sifter; maize: <106 µm, <180 µm, <355 µm, <1000 µm and >1000 µm; wheat: <125 µm, 
<250 µm, <500 µm and >500 µm) was measured. From the rye and rapeseed samples provided by 
Udo Heimbach, density measurements were made on the provided dust fraction <500 µm as well.

Chemical content 
Pistorius et al. (2009) reported that coarse dust of seeds treated with Clothianidin (>500 µm) 

contained higher amounts of plant material and less a.i. than the fine dust fraction (<500 µm). 
This crude information suggests that finer dust contains a higher concentration a.i. More detailed 
information about the particle size distribution and the relation with a.i. concentration could help 
to better understand the dust drift problem. For this reason, the different fractions of maize and 
wheat dust obtained with sonic sieving were stored in labelled ISO-bottles (100 mL, Borosilicate 
glass 3.3) and the a.i. concentration (viz. Methiocarb for maize, Protioconazole for wheat) was 
measured by Fytolab (BELAC 057-TEST/ISO17025, Ghent, Belgium). 

Results and Discussion

Heubach values
The measured range of HV was from 0.00 to 4.50 gdust 100 kg-1

seeds  (Fig. 1). Only in some samples 
of cereals, a HV was found higher than the seed quality standards used in Italy/France (Nuyttens 
et al., 2013). The descriptive statistics of the HV of the different seed species, expressed in
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Fig. 1. The results of the Heubach measurements of all seed samples (mean ± ) expressed as gram dust per 
100 kilograms of seeds (g 100 kg-1).* = a recoated seed sample. Seed batches showing a different letter 
label are significantly different (F(82, 30)=553.1; P<0.05).

gdust ha-1, gdust 100 kg-1
seeds and gdust 100 000-1

seeds, are shown in Table 2. Cereal seeds have the highest 
risk on dust drift (expressed in gdust ha-1) because of their high seed rates and high dust load. Most 
likely this is a combined effect of the type of coating and the small seed size. Powder coatings 
are still often used for cereal, while slurry and liquid coatings are used for maize and beet seeds 
(Nuyttens et al., 2013).

Physicochemical properties of abraded dust
Generated dust
The total dust loads after mechanical shaking were 65.5 gdust 100 kg-1

seeds, 23.1 gdust 100 000-1
seeds 

or 15.9 gdust ha-1 for maize and 7.01 gdust 100 kg-1
seeds or 0.38 gdust 100 000-1

seeds or 15.8 gdust ha-1 for 
wheat. These values are much higher than their corresponding HV (×91 for maize and ×5 for wheat) 
indicating that the Heubach method only considers the fine dust fraction. Expressing total dust 
load in gdust ha-1, similar values are found for wheat and maize while clearly higher values were 
found for wheat based on the Heubach method. This is a first indication of the bigger particle size 
distribution of maize dust compared with wheat dust.

Particle size distribution
Cumulative particle size distributions are shown in Fig. 2 expressed as cumulative mass percentage 

for sonic sifter results and as cumulative volume percentage for the wet laser diffraction. Because 
the density seems to stay more or less stable for the different sieve fractions (see below), the 
particle distributions obtained with both techniques show a good agreement. Both techniques show 
a smaller particle size distribution of the wheat seed dust compared with the maize seed dust. As 
smaller particles are probably more driftable, this is an important conclusion.

Particle shape
The 3D images obtained with X-ray microtomography showed that the bigger particles in maize 
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Table 2. Heubach values for different seed species

HV in gdust ha-1 (F(156,2)=83.0; P<0.05)
 Mean SD CV% Min. Max.
Maize/Corn 0.18b 0.28 157 0.00 0.44
Sugar beet 0.01a 0.01 97 0.00 0.03
Wheat 4.36c 2.26 52 1.12 9.00
Spelt* 9.15c 1.84 20 7.88 10.1
Oat* 4.48c 0.42 9 4.00 4.80
Barley** 2.56c 0.74 29 1.81 3.46
 HV = gdust 100 kg-1

seeds (F(82,5)=90.0; P<0.05)

 Mean SD CV% Min. Max.
Maize/Corn 0.83B 0.54 66 0.00 2.00
Sugar beet 0.52A 0.26 50 0.00 1.10
Wheat 1.94C 0.96 50 0.50 4.00
Spelt* 4.07D 0.51 13 3.50 4.50
Oat* 2.80D 0.26 9 2.50 3.00
Barley** 1.55C 0.40 26 1.10 2.10
 HV in gdust 100 000-1

seeds (F(82,5)=54.8; P<0.05)
 mean SD CV% min. max.
Maize/Corn 0.31χδ 0.29 92 0.00 1.40
Sugar beet 0.01α 0.01 65 0.00 0.03
Wheat 0.10β 0.05 52 0.03 0.22
Spelt* 0.28δ 0.04 15 0.24 0.31
Oat* 0.11βχ 0.01 10 0.10 0.12
Barley** 0.09β 0.03 32 0.06 0.12

Species with a different letter are significantly different. * Only one batch; ** Only two batches.

and wheat dust are respectively flake like and rather cylindrical (Fig. 3). Furthermore, image
processing also showed that for both types of dust, the smaller particles become more spherical. 
As preliminary CFD sensitivity tests have shown that disks and rods drift further than spheres with 
the same volume, the difference in shape of the dust could mean that the threshold size values for 
the driftable dust fraction might be different depending on the seed species.

Density
For the maize bulk dust, liquid pycnometry resulted in a density of 1.48 ± 0.17 g cm-3. Similar 

measurements with the wheat dust sample lead to incoherent and unrealistic density values. Gas 
pycnometry measurements showed no significant differences in density between the different size 
classes for maize sample as well as for the wheat. Therefore, mean densities per seed species were 
calculated (Table 3). For maize, a significant difference between the batches treated with Methiocarb 
and the once treated with Clothianidin was found, indicating that a.i., dose and formulation can 
affect density values. Dust from rape seeds has the highest density, that from barley the lowest. 
Values for maize and wheat are in the same range as those reported by Parnell et al. (1986) for dust 
<100 µm of untreated seeds (viz. 1.50 ± 0.06 g cm-³ for maize and 1.48 ± 0.12 g cm-³ for wheat).
  Like for shape, preliminary CFD sensitivity tests showed that particles with a lower density drift 
further. So, apart for shape, density is another important factor to determine the driftable dust 
fraction for each seed species. 
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Fig. 2. Maize and wheat particle size distribution obtained with the sonic sifter and wet laser diffraction.

Fig. 3. Detailed images of the image processing of (A) a maize and (B) a wheat dust batch.

Table 3. Density of the dust (g cm-3) obtained per seed species via gas pycnometrie

Dust density
Barley Maïze 

(methiocarb)
Maïze 

(clothianidin)
Rapeseed Rye Wheat

Median (g cm-3) 1.01 d 1.40 d 1.67 ab 2.56 a 1.51 c 1.59 b
Mean (g cm-3) 1.01 1.40 1.67 2.54 1.50 1.59
SD (g cm-3) 0.01 0.03 0.01 0.08 0.02 0.05
CV% 0.6 2.0 0.9 3.3 1.1 3.0

*Different letter labels are significantly different (H( 5, N = 267) = 237.83; P<0.05).

Chemical content
The results of the a.i. analysis is shown in Fig. 4. In general, the smaller particle sizes seem to 

contain higher concentration of a.i.

 

 

A B 
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Fig. 4. Amount of a.i. (expressed as a percentage of the total mass: % (M/M)) in different size classes of 
(A) maize (Methiocarb) and (B) wheat (Protioconazole) dust.

  Based on the information shown in Fig. 2 and Fig. 4 and the total amount of dust collected by 
sieving (see above), an estimation of the dust production per hectare and the amount of a.i. in 
this dust can be made. For this purpose, the particle size distributions obtained with the Malvern 
Mastersizer S, regrouped conform the size classes of the sonic sieving method, were used. 
Fig. 5 shows that the amount of a.i. that is potentially released in the environment is much higher 

for the maize seed sample than for the wheat sample. This, of course, is a consequence of the 
difference in a.i. and dose. The maize seed sample was treated with Methiocarb (500 g a.i. L-1 
formulation; 1 L formulation per 100 kg seeds; www.fytoweb.be) while the wheat seed sample 
was treated with Protioconazole (100 g a.i. L-1 formulation; 0.1 L formulation per 100 kg seeds).
A similar estimation for other a.i. used both in maize and wheat can be made if we assume that 

the particle distribution, the spreading of the a.i. between the particle size classes and the amount 
of dust produced remains the same. As Clothianidin is allowed for use in Belgium for both maize 
(50 g a.i. per 100 kg seeds) and wheat (143 g a.i. per 100 kg seeds), this a.i. was used as an example 
shown in Fig. 6. This figure again shows that the dust drift risk of wheat seeds could be just as high 
as the risk reported for maize, especially when applied with a pneumatic bulk drill. It is, however, 

Fig. 5. Calculation of the amount of a.i. potentially emitted by the maize and wheat sample per ha.

A B
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Fig 6. Prediction of the amount of Clothianidin potentially emitted by maize and wheat per ha.

well known that, amongst others, the a.i. and formulation used during seed treatment have an effect 
on the amount of dust that is produced and the size of the particles that are abraded (Nuyttens et 
al., 2013). Nevertheless, if the threshold particle size value for dust drift risk would be known, 
this type of graphs could be used to get an idea of the emission potential of a seed coating, which 
is viable information for risk assessments.

Conclusion

The results of these experiments illustrate that the dust drift risk of wheat seeds could be just as 
high as the risk reported for maize, especially when applied with a pneumatic bulk drill.
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