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Abstract: Reduction of environmental impact of biocides  

On behalf of the German Environment Agency, the Julius Kühn-Institute carried out large-scale 

drift measurements of biocide applications with a high drift potential to evaluate the 

environmental impact and potential risk mitigation in more detail. These applications include, 

for example, the control of the oak processionary moth, the control of flying and crawling insects 

and the removal of algae on terraces and paths. To measure drift during oak processionary moth 

control, studies in a previous and this project were conducted at different application areas, such 

as solitary tree, avenue and forest edge, and with different equipment, such as cannon sprayer, 

helicopter and UAV. The result was a list of recommended drift values. Initial investigations 

were carried out with a knapsack sprayer on a house wall and on a paved path to measure drift 

during the control of flying and crawling insects and during the removal of algae. Based on all 

results of the drift measurements, recommendations are given on values for the exposure 

assessment and drift mitigation of the respective products. These measures include the change 

from cannon sprayer with pneumatic atomisation to cannon sprayer with hydraulic atomisation 

with drift-reducing nozzles of the latest generation or the change from hollow cone nozzles to 

flat spray nozzles when using knapsack sprayers. The results of the run-off trials also showed 

that the recommended spray rates might result in significant losses of up to 50% that could 

easily be minimized by indicating appropriate application volumes during vertical application. 

The excursus at the end of the report includes a literature review of ultra-low volume devices 

that can be used for mosquito control, showing the differences to ULV equipment used in plant 

protection. 

Kurzbeschreibung: Verringerung der Umweltauswirkungen von Bioziden 

Im Auftrag des Umweltbundesamts führte das Julius Kühn-Institut großangelegte Messungen 

zur Abdrift von Biozidanwendungen mit hohem Abdriftpotential durch, um die Auswirkungen 

auf die Umwelt und mögliche Risikominderungsmaßnahmen zu evaluieren. Zu diesen 

Anwendungen gehören beispielsweise die Bekämpfung des Eichenprozessionsspinners, die 

Bekämpfung von fliegenden und kriechenden Insekten und die Entfernung von Algen auf 

Terrassen und Wegen. Zur Messung der Abdrift bei der Bekämpfung des 

Eichenprozessionsspinners wurden in einem vorhergehenden und diesem Projekt in 

verschiedenen Anwendungsbereichen, wie Einzelbaum, Allee und Waldrand, und mit 

verschiedenen Geräten, wie Sprühkanone, Hubschrauber und UAV, Untersuchungen 

durchgeführt. Heraus kam eine Liste von empfohlenen Abdrifteckwerten. Zur Messung der 

Abdrift bei der Bekämpfung von fliegenden und kriechenden Insekten und bei der Entfernung 

von Algen wurden erste Untersuchungen mit einer Rückenspritze an einer Hauswand und auf 

einem gepflasterten Weg durchgeführt. Basierend auf allen Ergebnissen werden Empfehlungen 

zur Expositionsbewertung und möglichen Maßnahmen zur Driftreduktion gegeben. Diese 

beinhalten einen Wechsel von Sprühkanonen mit pneumatischer Zerstäubung zu Sprühkanonen 

mit hydraulischen Zerstäubung mit drift-reduzierenden modernen Düsen oder den Wechsel von 

Hohlkegeldüsen zu Flachstrahldüsen bei der Verwendung von Rückenspritzen. Die Ergebnisse 

der Versuche zum Run-off zeigten zudem hohe Verluste von bis zu 50%, die minimiert werden 

könnten, indem bei vertikaler Applikation angemessene Aufwandmengen empfohlen werden. 

Der Exkurs am Ende des Berichts enthält eine Literaturrecherche mit Geräten, die zur 

Moskitobekämpfung eingesetzt werde können. Diese Recherche zeigt die Unterschiede zwischen 

Geräten zur Vektorbekämpfung und Geräten zum Einsatz von Pflanzenschutzmitteln. 
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2 Materials and methods 

2.1 Experimental investigations for the derivation of drift values 

Biocidal products are classified into 22 product types. For five of these 22 product types direct 

environmental pollution through drift is especially relevant, as the first project has already 

shown (Langkamp-Wedde et al. 2020). These are product type 2 (Disinfectants and algicides not 

intended for direct application to humans or animals), 3 (Veterinary hygiene), 10 (Building 

protection products), 18 (Insecticides, acaricides and products to control other arthropods) and 

19 (Repellents and attractants). The areas with the highest drift potential are the control of the 

oak processionary moth (OPM), the control of flying and crawling insects on house walls and the 

removal of green growth on paths. Biocidal products of these product types are sprayed with 

devices such as cannon sprayers, helicopters, unmanned aerial vehicles, motorised knapsack 

mistblower and knapsack sprayers. Table 1 provides a list of applications where direct 

environmental impacts from drift are of high relevance and shows the experimental areas where 

environmental impacts are measured. Some investigation were carried out in the previous 

project (FKZ 3716 67 404 0) and some investigation were carried out in the current project (FKZ 

3719 67 404 0). As the results of both projects will be taken up in the discussion, the main 

results from the previous project are also shortly summarised here. 

Table 1: List of areas and techniques which a direct environment exposure to drift may 
occur and will be measured in the previous and current project. 

Application Application technique Application area Project 

Control of oak  
processionary moth 

Cannon sprayer  
(pneumatic atomizer) 

Solitary tree previous project 

Avenue previous project 

Forest edge previous project 

Helicopter Avenue previous project 

Forest edge current project 

UAV Solitary tree previous project 

Motorised knapsack 
mistblower 

Solitary tree current project 

Cannon sprayer 
(hydraulic atomizer) 

Avenue current project 

Control of flying and  
crawling insects 

Knapsack sprayer Container (Simulation of 
house wall) 

current project 

Removal of green 
growth 

Paved path current project 

Source: own compilation, JKI 

For all applications, water with the fluorescent dye Pyranine was used as the spray liquid. 

Pyranine is a green-yellow powdered sodium salt (trade name: Pyranine 120%, colour index: 

Solvent Green 7) and has a recovery rate of almost 100% (Herbst & Wygoda 2006). The 

recording of weather conditions during the trials was done with the weather station WENTO-

IND (Lambrecht, Göttingen, Germany). This weather station measures air temperature, wind 

speed, wind direction and relative humidity with a frequency of 1 Hz. All applications were 
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carried out at temperatures below 25 °C, wind speeds between 1 and 5 m s-1 and a wind 

direction of no more than 30° deviation from the mean wind direction according to the JKI 

guideline (JKI 2013b). For the assessment of drift mitigation, only trials where the wind speed 

was between 2 and 5 m s-1 were considered (JKI 2013a). To measure direct drift as ground 

sediment, Petri dishes were placed on wooden slats or earth spikes on the downwind side of the 

treated area. The Petri dishes had a diameter of 145 mm. The orientation of the Petri dishes 

depended on the treated area (see below). Petri dishes were also placed outside the 

measurement area to determine the blank value. Five minutes after each treatment, the Petri 

dishes were sealed, placed in a light-protected location and taken to the laboratory for tracer 

extraction and quantification. Tank samples were taken during the trials to check the application 

rate and to ensure that the tracer concentration was stable throughout the application. 

2.1.1 Tested application technology for the application of biocidal products 

2.1.1.1 Cannon sprayer with pneumatic atomiser 

The cannon sprayer used was the tractor-mounted KWH B 612 cannon sprayer (KWH Holland 

BV, Rhenen, The Netherlands). The tank had a capacity of 600 L. The pump capacity of the 

sprayer was 150 L min-1 at a power take-off speed of 540 rpm. Eight pneumatic nozzles (size: 

3 mm) in a 270 mm diameter spray tube were used (Figure 1). The working speed was approx. 

1.5 km h-1, the flow rate was 8.7 L min-1 for the eight nozzles and the working pressure was 

1.5 bar. These device settings correspond to the settings in the practical use as made by the 

contractor. This cannon sprayer was used to measure the environmental exposure on the trial 

areas "solitary tree", "avenue" and "forest edge". 

Figure 1: Tractor-mounted cannon sprayer KWH B 612 (left) with pneumatic atomiser (right). 

  

Source: JKI 

2.1.1.2 Cannon sprayer with hydraulic atomiser 

The second cannon sprayer was the Dragone AZ2 (Dragone, Castagnole Lance, Italy). The tank 

had a capacity of 1000 L. The pump capacity of the sprayer was 88 L min-1 at a power take-off 

speed of 540 rpm. Eight nozzles were placed outside the air flow to spray the liquid into the air 

flow (Figure 2). AirMix 110-05 and ID-120-05 POM nozzles were used to determine their 

influence on drift behaviour. The working speed was 1.6 km h-1, the working pressure was 

8.0 bar, the flow rate was 3.22 L min-1 per nozzle, resulting in a total flow rate of 25.76 L min-1. 

These device settings correspond to the settings in the practical use as made by the contractor. 

This cannon sprayer was used to measure the environmental exposure on the trial area 

"avenue". 
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Figure 2: Tractor-mounted cannon sprayer Dragone AZ2 (left) with hydraulic atomiser (right). 

  

Source: JKI 

2.1.1.3 Helicopter with a simplex spraying system 

The helicopter used was the Eurocopter AS350 "Ecureuil" with an attached simplex spray 

system (Figure 3). The spray boom was used as a "long boom" with extensions and as a "short 

boom" without extensions. The "long boom" was 13.20 m long with 84 nozzles and the "short 

boom" was 10.80 m long with 68 nozzles. The dynamic working length was specified by the 

contractor as 30 m in both cases. When using the helicopter on the trial area "avenue", only the 

"short boom" with the right boom section of 5.40 m with 34 nozzles was used. The working 

pressure was 2.0 bar on the trial area "avenue" and 2.5 bar on the trial area "forest edge". The 

working speed was 60 km h-1 for all trials. Different nozzles were also used in these trials to 

determine their influence on the drift behaviour. The ID-120-05 POM and AirMix 110-05 nozzles 

have a flow rate of 1.61 L min-1 at 2.0 bar and 1.80 L min-1 at 2.5 bar. 

Figure 3: Eurocopter AS350 "Ecureuil" (left) with attached simplex spraying system (right). 

  

Source: JKI 

2.1.1.4 Unmanned aerial vehicle (UAV) with a spaying system 

The UAV used was the Agras MG-1 from DJI (Shenzhen, China). This UAV has eight rotor arms 

and the spaying system was mounted under four rotor arms. In the middle, under the technical 

units of the UAV, was the tank with a volume of 10 L (Figure 4). The nozzle used was AirMix 110-

05 and the flow rate was 1.61 L min-1 at a pressure of 2.0 bar. These device settings correspond 
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to the settings in the practical use as made by the contractor. The UAV was used to measure the 

environmental exposure at the trial area "solitary tree". 

Figure 4: UAV Agras MG-1 from DJI (left) with attached spray system (right). 

  

Source: JKI 

2.1.1.5 Motorised knapsack mistblower with pneumatic atomiser 

The motorised knapsack mistblower used was the SR 430 model from Stihl (Dieburg, Germany). 

This system used pneumatic atomisation (Figure 5). The spray liquid settles on the ribs in the 

spray tube and is atomised and applied by the air flow generated. The tank had a capacity of 

14 L, although only 10 L were used for reasons of comparability with the other trials. The dosing 

device of this sprayer was set to level 3. This corresponds to a flow rate of 1.78 L min-1. The 

maximum spraying range was 14.5 m. Therefore, a lifting platform was used to treat the tree 

crown. The motorised knapsack mistblower was used to measure the environmental exposure 

on the trial area "solitary tree". 

Figure 5: Motorised knapsack mistblower (left, centre) with pneumatic atomizer (right). 

   

Source: JKI 

2.1.1.6 Knapsack sprayer with hydraulic atomiser 

A REC 15 AC1 (Birchmeier Sprühtechnik AG, Stetten, Switzerland) was used as the knapsack 

sprayer. This knapsack sprayer is a pressure-controlled battery knapsack sprayer with CAS 

system. The pressure range is manually adjustable from 0.5 to 6.0 bar and the tank has a 

capacity of 15 L. In addition, the lance can be extended with an extension tube (Figure 6). Two 

different nozzles were used to determine the drift behaviour. A brass hollow cone nozzle 

included in the scope of delivery and the nozzle ID 90-015 C were used. Both nozzles were used 
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with a working pressure of 2.0 bar. This knapsack sprayer was used to measure the 

environmental impact of direct drift on the trial area "container" and “paved path”. 

Figure 6: Knapsack sprayer with a normal lance (left) and long lance (right). 

   

Source: JKI 

2.1.2 Trial areas to measure direct drift 

2.1.2.1 Trial area “solitary tree” 

The trial area "solitary tree" included a solitary oak as the treated area and the area next to the 

tree as the measuring area. The solitary tree was located in Langelsheim (51°57'22.9"N, 

10°17'11.5"E), Lower Saxony, Germany. The solitary tree was 20 m high and the crown was 

23 m long and 22.5 m wide, so that the total projection area was 517.5 m². The spray liquid was 

water with Pyranine (CAS number 6358-69-6) as a tracer dye at a concentration of 5 g L-1. 

Using a cannon sprayer with pneumatic atomisation, the application time was averaged 

5:20 min and the application rate averaged 46 L per tree. This corresponds to a liquid rate of 

890 L ha-1. The track of the tractor was close to the tree trunk on the windward side, and the 

cannon sprayer sprayed the liquid directly into the crown.  

When using a UAV, an application rate of 10 L per tree was used as a basis for the application 

time. This corresponds to a liquid rate of 193 L ha-1. The UAV flew directly over the tree and 

sprayed the liquid into the crown. At that time, it was not yet possible to control the UAV via GPS 

and other automated air traffic controllers, so the UAV was controlled manually and flight path 

was guided directly over the tree regardless of the wind direction. Using a motorised knapsack 

mistblower, application time was also based on the application rate of 10 L per tree. The 

maximum spray range of this system was 14.5 m, so a lifting platform was used to treat the tree 

crown. The lift was on the windward side and the operator sprayed the liquid horizontally into 

the crown. Figure 7 shows the treatment of the trial area “solitary tree” with the three different 

application devices.  
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Figure 7: Use of a cannon sprayer with pneumatic atomisation (left), a UAV (centre) and a 
motorised knapsack mistblower (right) on the trial area “solitary tree”. 

   

Source: JKI 

The measurement area was based on the mean wind direction of the day. Petri dishes were 

placed on earth spikes on the downwind side of the treated area as collectors. According to the 

JKI guideline for direct drift measurements, the treated area must be at least 50 m long and 20 m 

wide. However, in these trials, a kind of point application was carried out and the treated area 

was relatively small compared to the measuring area. Therefore, the guideline was optimised to 

capture as much of the total drift as possible. For this purpose, the collectors were distributed in 

a V-shape on the measuring area.  

For the trials with the cannon sprayer, the distances from the crown edge were 5, 10, 20, 30, 50, 

75 and 85 m. For the distances 5 m and 10 m 16 collectors were set up, for the distances 20 m, 

30 m and 75 m 24 collectors, for the distance 50 m 28 collectors and for the distances 85 m 32 

collectors. The distance between the collectors in the row was 2 m for the distances from 5 m to 

50 m and 4 m for the distances of 75 m and 85 m. For the trials with a UAV, the measuring area 

was slightly optimised. The distance from the crown edge was 5, 10, 20, 30, 50, 75 and 100 m. 

For the 5 m and 10 m distance 16 collectors were set up, for the 20 m and 30 m distance 20 

collectors, for the 50 m distance 22 collectors, for the 75 m distance 28 collectors and for the 

100 m distance 24 collectors. The distance between the collectors in a row was 4 m for the 5 m 

to 75 m spacing and 6 m for the 100 m spacing. For the trials with a motorised knapsack 

mistblower, the measuring area had the same orientation as for the trials with a UAV. The 

distance to the crown edge was 5, 10, 20, 30, 50, 75 and 100 m. However, due to the wind 

direction on the measurement day, the measuring area for these trials was limited by a 

neighbouring forest area. Not all collectors could be set up at a distance of 75 m and 100 m. 

Therefore, only 17 collectors were set up for the 75 m distance and only 14 collectors for the 

100 m distance. The distance between the collectors in a row was 4 m for a distance of 5 m to 

75 m and 6 m for a distance of 100 m (Figure 8). 
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Figure 8: Schematic illustration of the trial area "solitary tree" during treatment with a 
cannon sprayer with pneumatic atomisation (left), an UAV (centre) and a motorised 
knapsack sprayer (right). 

   

Source: own illustration, JKI. 

2.1.2.2 Trial area “avenue” 

The trial area "avenue" included an oak avenue as treated area and the area next to the avenue 

as measuring area. The avenue was a single row of oaks in Langelsheim (51°57'09.7 "N 

10°16'14.2 "E) in Lower Saxony, Germany. The trees in the avenue were about 20 m high, the 

avenue was 125 m long and 23.5 m wide. The total projection area was 2937.5 m² (Figure 9). 

The spray liquid was water with Pyranine (CAS number 6358-69-6) as tracer dye at a 

concentration of 2 g L-1. 

For the trials with a cannon sprayer with pneumatic atomisation, the application time was on 

average 10:30 min and the application rate per tree on average 10 L. This corresponds to an 

average amount of liquid of 317 L ha-1. The track of the tractor was on the windward side next to 

the trunk of the trees and sprayed the liquid from below into the crown. The cannon sprayer 

treated the avenue twice and was not equipped with a gap detection system.  

For the trials with a cannon sprayer with hydraulic atomisation, the application time averaged 

3:40 min. The working pressure was set to 8.0 bar and the avenue was treated once. This 

resulted in an average application rate of 403 L ha-1. In addition, the trials were repeated four 

times with the AirMix 110-05 nozzle and four times with the ID-120-05 POM nozzle. Since the 

spray tube of the cannon sprayer with hydraulic atomisation could not be adjusted vertically by 

90°, the contractor could not drive in the same track as the contractor with the cannon sprayer 

with pneumatic atomisation. The track of the tractor with the cannon sprayer with hydraulic 

atomisation was 15 m away from the avenue and sprayed the liquid from the windward side in 

the crown (Figure 9). The service providers explained that both methods correspond to the 

settings in practical use, as carried out by the contractor. This is also in line with the objective of 

these trials, the service providers should treat the trial areas with the current state of the art. 

For the trials with a helicopter, the application time averaged 8 s and the application rate per 

tree averaged 1.5 L for the same area. As the avenue consisted of a single row of oaks, the 

helicopter flew over the centre of the row of oaks and sprayed the liquid only with the boom on 

the side facing the wind. The boom was 5 m long and had 34 nozzles. The helicopter application 
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was repeated ten times with the Airmix 110-05 nozzles and five times with the ID-120-05 POM 

nozzles to see if different nozzles resulted in different drift values.  

Figure 9: Use of a cannon sprayer with pneumatic atomisation (left), a cannon sprayer with 
hydraulic atomisation (centre) and a helicopter (right) on the trial area “avenue”. 

   

Source: JKI 

The day for the measurements was selected according to the main wind direction. Thus, the 

measuring area was oriented at a 90° angle to the avenue, provided this corresponded to the 

mean wind direction. Petri dishes as collection containers were placed on wooden slats on the 

downwind side. According to the JKI guideline, it is sufficient to record a representative section 

of the entire drift. The distance between the collectors in the row was 2 m. Using a cannon 

sprayer with pneumatic atomisation, the distance from the crown edge was 5, 10, 20, 30, 50, 75, 

100 m. For the trials with a helicopter and a cannon sprayer with hydraulic atomisation, the drift 

was measured up to 85 m instead of 100 m, as trees at the end of the measuring range 

influenced the results (Figure 10). The influence of these trees was determined after the 

analyses of the collectors, so that these collectors were not taken into account in the evaluation 

of the data. 

Figure 10: Schematic illustration of the trial area "avenue" during application with a cannon 
sprayer with pneumatic atomisation (left) with hydraulic atomisation (centre) and 
with a helicopter (right). 

    

Source: own illustration, JKI. 
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2.1.2.3 Trial area “forest edge” 

The trial area "forest edge" included an oak forest edge as treated area and the area in front of 

the forest edge as measuring area. A cannon sprayer with pneumatic atomisation was used at a 

forest edge in Meine (52°21'31.8 "N, 10°36'15.1 "E) in Lower Saxony, Germany. The forest edge 

was treated over a length of 60 m. For the subsequent calculation of the ground sediment, a 

working width of 30 m was assumed, so that the total projected area was 1800 m². The 

application time was 5 minutes on average and the application rate per tree was 5 L on average. 

This corresponds to an average liquid rate of 241 L ha-1. The tractor's track was on the 

downwind side and the cannon sprayer sprayed the liquid into the crown against the wind 

(Figure 11). The spray liquid was water with Pyranine (CAS Number 6358-69-6) as tracer dye 

with a concentration of 2 g L-1. 

For the trials with a helicopter at the forest edge, a forest edge in Rennau, Lower Saxony 

(52°18'06.2 "N, 10°55'49.1 "E) was treated. The forest edge was treated over a length of 200 m 

and the dynamic working width was 30 m, so that the total projected area was 6000 m². Three 

application variants were tested to investigate the drift behaviour. In the first variant, the forest 

edge was treated with a "long boom" of 13.20 m and 84 nozzles. In the second variant, the forest 

edge was treated twice with half a "long boom" and in the third variant, the forest edge was 

treated with a "short boom" of 10.80 m and 68 nozzles. In the third variant, two nozzles were 

additionally examined for their drift behaviour. For this purpose, three repetitions with the 

AirMix 110-05 nozzle and three repetitions with the ID-120-05 POM nozzle were carried out in 

this variant. The application time was 14 s on average. The distance to the forest edge was half of 

a dynamic working width of 15 m. The spray liquid was water with Pyranine (CAS number 6358-

69-6) as tracer dye at a concentration of 2 g L-1. 

Figure 11: Use of a cannon sprayer with pneumatic atomisation (left) and a helicopter (right) 
on the trial area "forest edge". 

  

Source: JKI 

The measuring area was aligned at a 90° angle to the edge of the forest, provided this 

corresponded to the mean wind direction, and was designed identically to the measuring area of 

the trial area "avenue". For the trials with a cannon sprayer with pneumatic atomisation and 

with a helicopter, the collectors were placed at distances of 5, 10, 20, 30, 50, 75 and 100 m from 

the edge of the crown. In each series of measurements, 10 collectors were placed on wooden 

slats at a distance of 2 m (Figure 12). 
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Figure 12: Schematic illustration of the trial area "forest edge" during application with a 
cannon sprayer with pneumatic atomisation (left), a helicopter with one full 
working width (centre) and a helicopter with two half working widths (right). 

   

Source: own illustration, JKI. 

2.1.2.4 Trial area “container” 

The trial area "container" is an overseas container and simulates a house wall. The long side of 

the container was 7.55 m long and 2.45 m high and was covered with a ribbed plexiglass pane to 

simulate the structure of the house wall. 

The container was used to study two scenarios for insect control by spraying based on the OECD 

ESD: wall application for flying insects and chemical barrier for crawling insects. For flying 

insect control, the entire wall was treated; for crawling insect control, a foundation was sprayed 

at a height of 50 cm. In order to be able to measure the direct drift up to 1.80 m in front of the 

container, trials have been carried out with two walking paths for the user (Figure 13). For path 

"a" the user stands directly in front of the container and uses the "normal" lance and for path "b" 

the user stands behind the measuring area and uses the "long" lance. When treating the entire 

wall, the user used the "long" lance and it was thus not possible to use path "a". Therefore, only 

path "b" was used when treating the entire wall (Figure 14). During all trials, the user walks 

backwards and treats the container with up and down movements of the lance. Petri dishes used 

as collectors had a diameter of 145 mm and were placed close together. 10 collectors per row 

were used and placed in 8 rows. For the evaluation of the data, the collectors of both pathways 

were subsequently combined. 
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Figure 13: Schematic illustration of the trial area "container" during application with a 
knapsack sprayer with pneumatic atomisation for path "a" and "b". 

 

Source: own illustration, JKI. 

To measure the influence of the wind direction, the trials were carried out in three wind 

directions: parallel wind direction (WSW), orthogonal wind direction (SSE) and wind shadow of 

the container (NNW). In addition, the influence of the included brass hollow-cone nozzle and an 

IDK 90-015 C nozzle on the drift behaviour was tested. The spray liquid used was water with 

Pyranine (CAS number 6358-69-6) as the tracer dye at a concentration of 5 g L-1. 

Figure 14: User treated a chemical barrier with a knapsack sprayer (left), the entire wall 
(center) and corridors of the three wind directions (right). 

   

Source: JKI 

In addition, a third fraction was measured, the runoff. The runoff is the fraction of the applied 

product that reaches the ground during a treatment. To measure runoff, an area 75 cm high and 

300 cm wide was treated. The liquid was collected with a 2 m long metal profile (Figure 15), 

prepared with a thin fleece. The measuring area was larger than the collection area to reduce the 

influence of the user. While treating the area, the user walked backwards and moved the lance 

up and down. To prevent the user from spraying directly into the profile, a V-shaped metal 

profile was used. This profile was positioned under the plexiglass pane so that the liquid could 

run off and fall onto the thin fleece, but the second side of the profile protected the fleece from 

direct splash water. A second measure to protect the fleece from direct splash water was to stop 
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the application 25 cm above the profile. Thus, only the area between the red, blue and white 

lines on Figure 15 was treated. 

After application and a short waiting time of one minute, the profile was removed and the fleece 

was placed in wide-mouth tubes for laboratory analysis. Two application rates were tested to 

investigate the runoff behaviour. The first application rate was 100 mL m-2 according to the label 

of an algaecide, hereafter referred to as “full application rate”, and the second application rate 

was 50 mL m-2, hereafter referred to as “half application rate”. After each application, the 

knapsack sprayer was weighed to determine the actual application rate. The spray liquid used 

was water with Pyranine (CAS number 6358-69-6) as the tracer dye at a concentration of 2 g L-1. 

Figure 15: Treated area and metall profile for measuring runoff. 

 

Source: JKI 

2.1.2.5 Trial area “paved path” 

A paved path was used as the trial area to measure drift during algae removal from paths. The 

user used a knapsack sprayer with a short lance and walked backwards. The treated area was 1 

m wide and 8 m long. There were 10 collectors close together on the measuring area. Each row 

had a distance of 50 cm to the next row. The spray liquid used was water with Pyranine (CAS 

number 6358-69-6) as the tracer dye at a concentration of 5 g L-1. 

Figure 16: User treated a paved path with a knapsack sprayer. 

  

Source: JKI 
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2.2 Laboratory experiments for the classification of nozzles 

The experimental investigations to derive drift values in the laboratory were carried out with 

different nozzles to compare their behaviour with regard to their drift potential.  

A new knapsack sprayer was invested for the trials on a container wall. The scope of delivery 

included a hollow cone nozzle made of brass with a nozzle size of 1.7 mm. Based on the flow rate 

of the brass nozzle, a comparison nozzle was determined. At 2.0 bar, the flow rate of the brass 

nozzle was 0.4 L min-1. Accordingly, the nozzle IDK 90-015 C with a flow rate of 0.46 L min-1 was 

selected using the knapsack sprayer at 2.0 bar (Table 2). The nozzle IDK 90-015 C is an injector 

flat spray nozzle with a nozzle orifice of 015. This nozzle is approved for orchards and vineyards 

with a pressure range between 2.0 and 20.0 bar. The droplet size distribution is very coarse to 

medium (JKI 2018). 

For the trials with cannon sprayer and helicopter with hydraulic atomisation, the two injector 

flat jet nozzles AirMix 110-05 and ID-120-05 POM were used. These nozzles have an identical 

nozzle orifice of 05, a flow rate of 1.61 L min-1 and a similar spray angle of 110° and 120° 

(Source: own compilation, JKI. 

Table 3). The AirMix 110-05 is approved for arable farming in associations at a pressure 

between 1.0 and 6.0 bar. The droplet size distribution is very coarse to coarse. The ID-120-05 

POM is also approved for arable farming in associations, but the approved pressure range is 2.0 

to 8.0 bar. The droplet size distribution of this nozzle is very coarse (JKI 2018). 

Table 2: Nozzles for examinations with a knapsack sprayer. 

Name Brass nozzle IDK 90-015 C 

 

 
 

Nozzle type Hollow cone nozzle injector flat jet nozzle 

Manufacturers Birchmeier Lechler 

Nozzle orifice/size 1.7 mm 015 

Spraying angle - 90° 

Flow rate at 2.0 bar using knapsack 
sprayer [L min-1] 

0.4 0.46 

Approved pressure range [bar]  2.0 - 20.0 
 

Source: own compilation, JKI. 

Table 3: Nozzles for examinations with a cannon sprayer and a helicopter. 

Name AirMix 110-05 ID-120-05 POM 

 

  

Nozzle type injector flat jet nozzle injector flat jet nozzle 
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devices at the same distance from the treated area (α = 0.05). In addition, different letters were 

used to indicate significant differences between the devices at the same distance from the 

treated area. 

In accordance with the recommendation of the FOCUS Surface Water Working Group, the 90th 

percentile was used for the calculation of the basic drift values. The 90th percentile has been 

shown to best represent the worst-case scenario (Rautmann et al. 2001; FOCUS 2012). An 

exponential least squares regression line (best fit) was used to determine the basic drift values 

and the regression function was used to calculate the basic drift values for each distance. In this 

way, the basic drift values were calculated for the trial areas "avenue", "forest edge", "container" 

and "paved path". For the experimental plot "solitary tree", the maximum drift values were used 

instead of the 90th percentile. This application area is not described in the JKI guideline 7-1.5 (JKI 

2013b) and was therefore optimised. To determine the maximum drift scenario, the measuring 

area was larger than the treated area. This resulted in very low drift values being measured even 

in the close range of the treated area, so that the 90th percentile was falsely lower than the true 

value. In order to better represent a worst-case scenario, the maximum value was chosen for 

this application area.  

Similarly, the FOCUS Surface Water Working Group has recommended that a 90th percentile 

cumulative drift probability be used for all drift applications carried out during a single 

application season (multiple application). The basic concept of this approach is to select 

appropriate drift values such that the cumulative drift for the entire application season is equal 

to the 90th percentile of drift probabilities. It is assumed that the drift amounts for a single 

application are normally distributed with a mean μ and a standard deviation σ. Thus, for a series 

of n applications, the mean of all experimental observations is μ and the standard deviation is 

σ/n. For a single application, the cumulative 90th percentile drift amount in a normal distribution 

has a value of μ + 1.282 σ, this means that 90% of the values in the distribution are below the 

value that is 1.282 standard deviations above the mean. For a series of six applications, the 

cumulative 90th percentile of the drift quantity has a value of μ + 1.282 σ / 6 or μ + 0.523 σ. The 

cumulative percentile, which in a normal distribution corresponds to a value 0.523 standard 

deviations above the mean, is the 70th percentile. Therefore, a series of six individual spray drift 

events, each with a probability of 70th percentile, has an overall probability of 90th percentile for 

the entire application season. For rapidly degradable active substances, this rule ensures that 

multiple applications do not result in a lower risk in the assessment than a single application. In 

this study, the drift values for a twice and triple application for the trial areas "avenue" and 

"forest edge" were included. The single event percentiles for different numbers of applications 

per season are tabulated in Table 4. 

Table 4: Percentile of individual spray drift events for n applications which are equivalent to 
cumulative 90th percentile spray drift for the season. 

Number of applications Drift percentile of a single Event 

1 90 

2 82 

3 77 

4 74 

5 72 

6 70 
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3 Results 

3.1 Drift values for the trial area "solitary tree" 

The trials with the pneumatic cannon sprayer and the UAV were carried out in the previous 

project (FKZ 3716 67 404 0). The trials with the motorised knapsack mistblower were carried 

out in the current project (FKZ 3719 67 404 0). As the results of both projects will be taken up in 

the discussion, the main results from the previous project are also shortly summarised here. 

Meteorological conditions during the application 

In the valid trials on the trial area "solitary tree", the average wind speed was between 2.34 m s-1 

and 3.33 m s-1 and the average air temperature was between 19.1 °C and 20.7 °C. When using the 

pneumatic cannon sprayer and UAV, the average relative humidity ranged from 65.0% to 71.8%. 

When using a motorised knapsack mistblower, the relative humidity was significantly lower at 

43.6%. The average meteorological conditions during the application are shown in Table 5. 

Some measurements were excluded because the deviation from the ideal wind direction was 

more than 30° or was outside the guidance values for mean wind speed of 1 m s-1 to 5 m s-1. The 

number of valid measurements to generate drift mitigation measures is given in brackets, the 

wind speed must be at least 2 m s-1. 

Table 5: Mean values of meteorological conditions during the application on the trial area 
“solitary tree”. 

Parameters 
Cannon sprayer - 

pneumatic 
UAV 

AirMix 110-05 
Motorised knapsack 

mistblower 

Temperature [°C] 20.2 ± 0.80 19.1 ± 0.63 20.7 ± 0.37 

Relative humidity [%] 65.0 ± 1.47 71.8 ± 2.81 43.6 ± 2.25 

Wind speed [m s-1] 2.34 ± 0.62 2.60 ± 0.63 3.33 ± 0.90 

Wind direction [°] in relation  
to the ideal direction 

10.1 ± 13.5 -14.7 ± 10.1 4.44 ± 22.9 

Valid measurements 8 (6) 6 (5) 6 
 

Source: own compilation, JKI 

Measured drift values and recommended basic drift values 

When using a pneumatic cannon sprayer, a motorised knapsack mistblower or a UAV, the drift 

decreased with increasing distance when applied a solitary tree (Figure 20). However, the 

variance of the drift was very different, especially at the same distance. When using a motorised 

knapsack mistblower and a UAV, the scatter of values was so large that the median of the values 

is not in the middle of the box but at the end of the box. Especially when using the UAV, the 

variance of the measured drift was sometimes extremely high. For a better understanding, 

Figure 21 shows the distribution of drift on the measuring area based on the median of the drift 

values. As described in chapter 2.1.2.1, the measuring area of the trial area ”solitary tree” was 

adapted for the applications with motorised knapsack mistblower and UAV so that the entire 

drift can be recorded. At the same time, this adjustment also led to the variance of the data being 

very scattered. The variance of the drift values for the application with the cannon sprayer, on 

the other hand, does not scatter as much; here the measuring area was smaller and the entire 

drift was not captured. Due to the high scattering of the data, which is also due to the 
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experimental design, the 90th percentile does not represent the worst-case scenario. Therefore, 

the basic drift values were derived based on maximum values. 

Figure 20: Measured drift values in percent of the application rate on the trial area “solitary 
tree” (Median.Test, α = 0.05). 

 

Source: own illustration, JKI 

Figure 21: Surface distribution of the ground sediment in percent of the application rate on 
the trial area “solitary tree” based on median values. 

 

Source: own illustration, JKI 

The maximum drift values as ground sediment in percent of application rate per distance are 

shown in Figure 22. The highest drift values were observed with a UAV. At a distance of 5 m, a 

drift value of 93.24% was determined. At a distance of 10 m, the drift was reduced by half to 

45.54%. At a distance of 100 m, a drift of 0.04% was observed. When using a pneumatic cannon 

sprayer and a motorised knapsack mistblower, the drift values were significantly lower. At a 

distance of 5 m and 10 m, the drift values when using a motorised knapsack mistblower were 

12.5% and 5.73%, respectively, higher than the drift values when using a pneumatic cannon 

sprayer, at 4.59% and 3.5%, respectively. However, this changed at the distances of 30, 50, 75, 

and 85 m (100 m). At these distances, drift of 1.18%, 0.35%, and 0.11% was observed when 

using a pneumatic cannon sprayer, and drift of 0.62%, 0.18%, and 0.05% was observed when 

using a motorised knapsack mistblower. 
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Figure 22: Maximum drift values in percent of the application rate on the trial area “solitary 
tree”. 

 

Source: own illustration, JKI 

The coefficient of determination is 0.91 when using a motorised knapsack sprayer, 0.99 when 

using a pneumatic cannon sprayer and 0.98 when using a UAV. Values like these show a "perfect 

model fit". Therefore, the basic drift values were derived from the measured drift values using 

the exponential regression equation in Figure 22. Table 6 shows these determinate basic drift 

values as recommended basic drift values for exposure calculations in percent of the application 

rate on the trial area "solitary tree".  

Table 6: Recommended basic drift values for single applications derived from the measured 
drift values in percent of the application rate on the trial area “solitary tree” based 
on maximum values. 

Distance from the  
treated area [m] 

Motorised knapsack 
mistblower 

y = 7.1816 e-0.06 x 

Cannon sprayer,  
pneumatic 

y = 5.5339 e-0.051 x 

UAV, 
AirMix 110-05 

y = 86.316 e-0.083 x 

5 5.32 4.29 57.0 

10 3.94 3.32 37.7 

20 2.16 2.00 16.4 

30 1.19 1.20 7.16 

50 0.36 0.43 1.36 

75 0.08 0.12 0.17 

85  0.07  

100 0.02  0.02 
 

Source: own compilation, JKI 

Drift mitigation classes 

Considering the pneumatic cannon sprayer as the standard method, Figure 22 shows the 

maximum values and drift mitigation classes of the pneumatic cannon sprayer compared to the 

maximum values of a UAV and a motorised knapsack mistblower. Over the entire measurement 
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Table 7: Mean values of meteorological conditions during application with a pneumatic and 
hydraulic cannon sprayer and with a helicopter on the trial area “avenue”. 

Parameters 

Cannon Sprayer Helicopter 

pneumatic 
AirMix  
110-05 

ID-120-05 
POM 

AirMix  
110-05 

ID-120-05 
POM 

Temperature (°C) 20.2 ± 0.85 21.8 ± 0.52 23.9 ± 0.54 19.3 ± 1.37 21.3 ± 0.31 

Relative humidity (%) 68.6 ± 2.19 63.2 ± 1.37 45.9 ± 4.50 47.7 ± 4.45 39.2 ± 0.99 

Wind speed (m s-1) 3.22 ± 0.56 4.78 ± 0.95 4.90 ± 0.88 3.92 ± 0.98 2.80 ± 0.71 

Wind direction (°) in 
relation to the ideal 

direction 
-17.7 ± 10.6 -6.78 ± 11.4 -5.81 ± 22.3 2.22 ± 22.3 16.0 ± 17.2 

Valid measurements 9 4 4 10 (9) 4 (3) 
 

Source: own compilation, JKI 

Measured drift values and recommended basic drift values 

When using a pneumatic and a hydraulic cannon sprayer or when using a helicopter, the drift 

during the treatment of an avenue decreased with increasing distance (Figure 24). At a distance 

of 5 m to 20 m from the treated area, the measured drift is at a high level, but with clearly 

significant differences between the devices. At a distance of more than 30 m from the treated 

area, the differences between the devices become greater. Especially the pneumatic cannon 

sprayer shows the highest drift values. Furthermore, at a distance of 10 m to 30 m from the 

treated area, the AirMix 110-05 nozzle shows significantly higher drift values than the ID-120-

05 POM nozzle, and this is independent of the device used. At a greater distance from the treated 

area, the drift values of the AirMix 110-05 decrease to the level of the ID-120-05 POM. 

Figure 24: Measured drift values in percent of the application rate on the trial area “avenue” 
(Median.Test, α = 0.05) 

 

Source: own illustration, JKI 

The 90th percentile of the measured drift values is consistent with the observations in Figure 24. 

Figure 25 shows the 90th percentiles of a pneumatic and hydraulic cannon sprayer and that of a 
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helicopter, both equipped with AirMix 110-05 and ID-120-05 POM. At a distance of 5 m to 30 m 

from the treated area, no differences are observed between a pneumatic cannon sprayer and a 

hydraulic cannon sprayer or helicopter, both equipped with the AirMix 110-05 nozzle based on 

the 90th percentile. After 30 m from the treated area, the drift values of the AirMix 110-05 

dropped to the level of the ID-120-05 POM for both devices. In contrast, the ID-120-05 POM 

nozzle shows the lowest drift values over the entire measuring area, regardless of the device 

used. For the application with a helicopter, the values from the report of the previous project 

differ, as the values had to be recalculated due to an incorrect flying speed. 

Figure 25: 90th percentile of drift values in percent of the application rate on the trial area 
“avenue”. 

 

Source: own illustration, JKI 

Derived from the function of the regression curve, the basic drift values were calculated and are 

shown in Table 8. The very low basic drift values of the ID-120-05 POM nozzle are striking, 

regardless of the device. With the ID-120-05 POM, the base drift values are up to three times 

lower than with the AirMix 110-05 or with the pneumatic cannon sprayer. If an application was 

to take place two or three times in the season, Table 9 and Table 10 show the drift values based 

on the 82nd and 77th percentiles for the risk assessment of the respective products. 

Table 8: Recommended basic drift values for single application derived from the measured 
drift values in percent of the application rate on the trial area “avenue” based on 
90th percentile. 

Distance 
from the 
treated 
area [m] 

Cannon Sprayer Helicopter 

pneumatic 
y = 17.852e -0.036x 

AirMix 110-05 
y = 27.599e -0.062x 

ID-120-05 POM 
y = 8.559e -0.054x 

AirMix 110-05 
y = 24.733e -0.053x 

ID-120-05 POM 
y = 9.188e -0.047x 

5 14.91 20.24 6.53 18.98 7.26 

10 12.45 14.85 4.99 14.56 5.74 

20 8.69 7.99 2.91 8.57 3.59 

30 6.06 4.30 1.69 5.04 2.24 

50 2.95 1.24 0.58 1.75 0.88 
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Distance 
from the 
treated 
area [m] 

Cannon Sprayer Helicopter 

pneumatic 
y = 17.852e -0.036x 

AirMix 110-05 
y = 27.599e -0.062x 

ID-120-05 POM 
y = 8.559e -0.054x 

AirMix 110-05 
y = 24.733e -0.053x 

ID-120-05 POM 
y = 9.188e -0.047x 

75 1.20 0.26 0.15 0.46 0.27 

85  0.14 0.09 0.27 0.17 

100 0.49     
 

Source: own compilation, JKI 

Table 9: Recommended basic drift values for twice application derived from the measured 
drift values in percent of the application rate on the trial area “avenue” based on 
82nd percentile. 

Distance 
from the 
treated 
area [m] 

Cannon Sprayer Helicopter 

pneumatic 
y = 15.343e -0.035x 

AirMix 110-05 
y = 14.976e -0.05x 

ID-120-05 POM 
y = 6.151e -0.054x 

AirMix 110-05 
y = 16.062e -0.055x 

ID-120-05 POM 
y = 7.736e -0.048x 

5 12.88 11.66 4.70 12.20 6.09 

10 10.81 9.08 3.58 9.27 4.79 

20 7.62 5.51 2.09 5.35 2.96 

30 5.37 3.34 1.22 3.08 1.83 

50 2.67 1.23 0.41 1.03 0.70 

75 1.11 0.35 0.11 0.26 0.21 

85  0.21 0.06 0.15 0.13 

100 0.46     
 

Source: own compilation, JKI 

Table 10: Recommended basic drift values for triple application derived from the measured 
drift values in percent of the application rate on the trial area “avenue” based on 
77th percentile. 

Distance 
from the 
treated 
area [m] 

Cannon Sprayer Helicopter 

pneumatic 
y = 13.711e -0.034x 

AirMix 110-05 
y = 13.187e -0.05x 

ID-120-05 POM 
y = 5.303e -0.054x 

AirMix 110-05 
y = 13.298e -0.057x 

ID-120-05 POM 
y = 5.868e -0.046x 

5 11.57 10.27 4.05 10.00 4.66 

10 9.76 8.00 3.09 7.52 3.70 

20 6.95 4.85 1.80 4.25 2.34 

30 4.94 2.94 1.05 2.41 1.48 

50 2.50 1.08 0.36 0.77 0.59 

75 1.07 0.31 0.09 0.19 0.19 
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Meteorological conditions during the application 

The meteorological conditions during the treatment of a forest edge largely corresponded to the 

JKI guideline (JKI 2013b). The mean wind speed during the trials ranged between 2.26 m s-1 to 

3.63 m s-1, the mean air temperature ranged from 16.4 °C to 21.3 °C and was below the critical 

value of 25 °C. The mean relative air humidity ranged from 52.0% to 73.7% (Table 11).  

Table 11: Mean values of meteorological conditions during the application with a pneumatic 
cannon sprayer and with a helicopter on the trial area “forest edge”. 

Parameters 

Cannon 
sprayer, 

 
pneumatic 

 

Helicopter 

AirMix 110-05 
long and 
full boom 

AirMix 110-05 
long boom, 

2x half section 

ID-120-05 POM 
short and 
full boom 

AirMix 110-05 
short and 
full boom 

Temperature  
[°C] 

16.4 ± 1.04 19.7 ± 0.69 21.0 ± 0.27 21.0 ± 0.05 21.3 ± 0.81 

Relative  
humidity [%] 

73.7 ± 4.22 60.0 ± 1.77 54.3 ± 0.66 53.9 ± 3.19 52.0 ± 3.42 

Wind speed  
[m s-1] 

3.63 ± 1.03 2.48 ± 0.86 3.43 ± 0.97 3.17 ± 0.48 2.26 ± 0.41 

Wind direction 
[°] in relation to 
ideal direction 

4.56 ± 19.5 -0.39 ± 24.7 17.7 ± 27.2 11.4 ± 0.92 11.0 ± 0.26 

Valid 
measurements 

7 3 2 2 2 

 

Source: own compilation, JKI 

Measured drift values and recommended basic drift values 

The measured drift values as ground sediment on the trial area "forest edge" are shown in 

Figure 27. In all measurements with the helicopter, the drift decreases with increasing distance. 

Thereby, the values of AirMix 110-05 long and full boom and ID-120-05 POM short and full 

boom decreased faster than AirMix 110-05 long and two half sections and AirMix 110-05 short 

and full boom. With the pneumatic cannon sprayer, the drift initially increases up to a distance of 

20 m and then decreases with increasing distance. As already explained in the report of the 

previous project, this is related to the wind direction and the application direction. In order to 

represent a worst case situation, the maximum value of the 90th percentile of the three distances 

5 m, 10 m and 20 m was taken into account as drift value in the subsequent calculation of the 

basic drift values. In the next step, the 90th percentiles were calculated and the devices, nozzles 

and application variants were compared with each other (Figure 28). 
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Figure 27: Measured drift values in percent of the application rate on the trial area “forest 
edge” (Median.Test, α = 0.05) 

 

Source: own illustration, JKI 

Comparison 1: pneumatic cannon sprayer vs. helicopter AirMix 110-05 with long and full boom and 
with long boom and 2x half boom sections 

When treating the forest edge with a helicopter and a full boom (red line), lower drift values 

were found over all distances than with a pneumatic cannon sprayer (Figure 28). When treating 

a forest edge with half a boom twice (blue line), drift values similar to those of a pneumatic 

cannon sprayer were found at a distance of 5 m from the treated area. With increasing distance 

from the treated area, the drift values of the helicopter with half boom decreased more and 

approached the 90th percentile of the helicopter with full boom. 

Comparison 2: pneumatic cannon sprayer vs. helicopter AirMix 110-05 with long and full boom and 
with short and full boom 

In these studies, too, the measured drift values decrease with increasing distance from the 

treated area. Both helicopter variants, long and full boom (red line) and short and full boom 

(yellow line), also show significantly lower drift values than the pneumatic cannon sprayer 

(Figure 28). It is noticeable that the 90th percentile of the two helicopter variants differs only 

slightly from each other in these studies. The influence of the boom length on the drift can thus 

be assessed as low. 

Comparison 3: pneumatic cannon sprayer vs. helicopter AirMix 110-05 short and full boom and with 
ID-120-05 POM short and full boom 

The treatment of a forest edge with a helicopter and ID-120-05 POM nozzles (purple lines) 

showed by far the lowest drift values (Figure 28). Compared to a helicopter with AirMix 110-05 

nozzles (yellow line), the drift with the ID-120-05 POM nozzles was significantly lower, 

especially in the close range up to 30 m from the treated area. From a distance of 50 m to the 

treated area, the AirMix 110-05 approached the drift level of the ID-120-05 POM nozzle. 

However, both variants show significantly lower drift than a pneumatic cannon sprayer. 




