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Summary

In Belgium, the mandatory inspection of "eld crop, orchard and vineyard sprayers was 

already started up in 1995[1]. The inspection of greenhouse sprayers and  soil-disinfection 

machines was implemented respectively in 2011 and 2014[11]. Speci"c Belgian inspec-

tion protocols are available for those four types of PAE[9]. The protocols are mainly based 

on EN 13790 standards, and are updated or adapted on a regular base.

According to the EU directive 2009/128/EC, all pesticide application equipment (PAE) 

used on the European territory needs to be inspected at least once before 14 December 

2016. To deal with Chapter III Article 8 of this directive, a dedicated project funded by 

the Belgian federal government was started up. Within this project 25 additional types of 

PAE were de"ned. For most them there is no appropriate inspection standard available. 

Because of the slow process of standardisation work, Belgium decided to develop new in-

spection protocols where needed. This was done, among others, for cold atomisers which 

are used for atomizing pesticides in closed environments (greenhouses, storage rooms, 

etc.), generally using a pneumatic method for ultra "ne - very "ne droplet generation.

In a "rst stage, an inventory was made of all available standards and inspection protocols. 

For cold atomisers no speci"c standard is available. On the other hand, Germany[8], The 

Netherlands[12] and the UK already have an inspection protocol for this type of machines. 

In a second stage, the German and the Dutch protocol were reviewed and a Belgian “trial” 

protocol was drafted. In a third stage, some dealers and manufacturers of cold atomisers 

were consulted and  the protocol was checked for di#erent types of cold atomisers. Based 

on their feedback, some changes were made. At this moment a complete trial protocol is 

ready for use and will be presented at the SPISE workshop. In a last stage, this trial protocol 

will be tested in the "eld on its accuracy and applicability, before implementing it into 

Belgian legislation. 
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Introduction

In many ways, the mandatory inspection of sprayers in Belgium di#ers from inspections 

in other European countries[2]+[4]+[5]+[7]. The FAVV/AFSCA (Federal Agency for Food 

Security) is responsible for the inspection but it delegates the inspection to two regional 

bodies: ILVO (Flemish region) and CRA-W (Walloon region). Both o$cial bodies are also 

BELAC accredited according to ISO 17020 which guarantees a maximum quality of the 

performed inspections. The inspection teams (3 in the Flemish region and 2 in the Wal-

loon part) are equipped with a test van that contains all necessary equipment to perform 

the inspections according to the Belgian federal legislation (Figure 1). The inspections are 

carried out at a neutral location where farmers/contractors are invited at an exact date 

and time, to present their sprayer for testing at this place. All over the country test lo-
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cations are hired in a way that farmers/contractors don’t need to travel distances above 

15 km with their sprayers. On demand inspection teams also perform inspections at the 

farmyard, but therefore an extra fee is charged. The inspection procedure is based on the 

analytical principle which means that all parts of the machine are tested separately. After 

the inspection the farmer/contractor receives a certi"cate con"rming the approval of the 

sprayer for the next three years or specifying all the items that need to be repaired in case 

of a rejection. No repairs are made to the sprayer during the inspection, so the farmer/

contractor needs to repair the defects himself or leave the repairs up to a workshop. Con-

sequently, the repaired sprayer has to be represented for a second passage. Recently, an 

inspection protocol for cold atomizers was drafted in order to ful"ll the requirements of 

the EU directive 2009/128/EC.

Fig.1 Inspection van with test equipment.

Usage and working principle

Cold atomizers or cold foggers are mainly used to control pests in closed environments 

such as greenhouses or storage rooms (Figure 2). In some cases, they are used for outdoor 

purposes and can therefore even be mounted on a vehicle. Cold fogging is also de"ned 

as ultra-low-volume (ULV) or low-volume-moisturizing (LVM) application. This technique 

produces extremely "ne droplets (1-50 µm) for optimal penetration and coverage.

Since the late 1980s, cold fogging technology has grown in importance in greenhouse 

cultivation[3]. Experience shows that suitable cold fogging machines will achieve an e$-
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cient pesticide use and savings of water and energy. With this technology, highly concen-

trated plant protection preparations are used with water as a carrier, and the application 

volumes range from 20-60 liter per ha. The optimal application volume depends on the 

crop, growth stage and the speci"c application situation, such as the degree of infestation. 

Stabilizers such as emulsi"able crop oil or polyethylene glycol are used to avoid droplet 

evaporation and to keep droplets airborne for a longer period.

In general, the following droplet sizes are relevant for:

*ying insects: 10-30 µm

leaf nematodes: 20-40 µm

fungal diseases: 30-50 µm

Fig.2 Typical cold atomizers.

During application, the greenhouse must be sealed to avoid any losses caused by leak-

ages or open vents. Cold atomizers that are technically up to date o#er many bene"ts. 

Fogging causes no dripping losses or spraying stains. Due to the long persistence of the 

fog, insects are exposed for a longer time compared with a conventional spray. The fog 

also achieves a good penetration, coverage and adhesion on the leave surfaces. Cold at-

omizers work fully automatic, so contact between operator and chemicals is minimized to 

"lling the tank. The workload of fogging is low compared with the time and labor required 

for conventional spraying, because the unit can be used after normal working hours in the 

greenhouse. The noise level is also limited compared to motor-driven sprayers or thermal 

foggers. 

Working principle of a common cold atomizer (LVM/ULV)

In order to clarify the trial inspection protocol for those machines, one "rst needs to know 

how this type of machines works. 

Most cold foggers use a pneumatic method of droplet generation. The overpressure is ob-

tained by an airstream produced by a blower, a compressor, or the outlet side of a vacuum 

pump. The fogging solution is conveyed at the nozzle system by this overpressure (venturi 

e#ect) and atomized into a "ne aerosol. Usually, the droplets are transported by a controlled 

airstream driven by an optional fan installed on the unit. The droplets are distributed even-



Sixth European Workshop on Standardised Procedure for the Inspection of Sprayers in Europe - SPISE 6

102 Barcelona, Spain, September 13 – 15, 2016

ly within the greenhouse by horizontal and vertical air circulation. For larger greenhous-

es extra fans are used to distribute the droplets, or multiple cold foggers are placed in the 

greenhouse. Main advantage of the system is that due to the very low underpressure at the 

nozzle, the nozzle has a relatively large ori"ce which avoids nozzle blockage.

In order to better understand the working principle, some commonly used types are dis-

cussed below. Figure 3 shows a “Wanjet”. This machine uses a nozzle with a *ow regulation 

valve integrated in the blower. Furthermore, the blower itself is integrated in the fan hous-

ing and placed before the fan. This makes a compact housing possible. Several of those 

LVM’s can be placed all over the greenhouses, and only an electrical supply is needed. 

Fig.3 Wanjet cold fogger.

Figure 4 shows the “Enbar” units. Those units exist out of a fan with an air/*uid mixing 

nozzle. The air supply is obtained by an integrated or external compressor. 

Fig.4 Enbar: left with !xed units, fed by a central compressor and right with an integrated 

compressor.

Figure 5 shows a typical scheme and parts list from a cold fogger with a blower and a *ush 

system. All relevant parts are numbered and are explained beneath[10].



Sixth European Workshop on Standardised Procedure for the Inspection of Sprayers in Europe - SPISE 6

103Barcelona, Spain, September 13 – 15, 2016

Fig.5 Scheme and parts list from a cold fogger using a blower.

The pesticide formulation tank (1) is a closed tank that is pressurized trough the blower 

(12). The pesticides in the tank are agitated using the pressurizing air from the blower, me-

chanically, hydraulically or a combination of former. In this particular scheme the agitation 

is obtained using pressurized air from the blower (12) in combination with an additional 

hydraulic agitation pump (3). An optional "lter (8) is sometimes present in the pesticide 

liquid line and in some cases a *uid sensor (4) measures and shows the actual *ow for 

control purposes. The pesticide solution is directed to the nozzle (7) in the air swirl head 

(14) using a 3-way solenoid valve (5). Di#erent systems are used to calibrate the liquid 

*ow. In this case a liquid metering valve (6) is positioned in the liquid line. In other cases 

the nozzle can be replaced by another nozzle with a di#erent ori"ce size to adjust the 

*ow. When the system uses a nozzle to calibrate the *ow, a nozzle table is supplied from 

the manufacturer. When a metering valve is used, a simple table indicating the *ow de-

pending on the number of turns from the metering screw (6) is supplied. Using the 3-way 

solenoid valve (5), clear water from the *ush tank (9) can be run through the liquid line in 

order to clean lines and nozzles. 

The blower (12) with air "lter (11) moves a large amount of air through the air swirl head 

(14). Sometimes a compressor or vacuum pump is used to generate the air stream. The 

circular air forces at the swirl head (14) create an under pressure and dispense the liquid 

into small particles. Furthermore, the air also creates a negative pressure into the liquid 

lines. This liquid under pressure causes the liquid to be drawn from the formulation tank. 

Some systems only use this negative pressure to draw the liquid from the pesticide tank, 

but others also use the blower to pressurize the pesticide tank (see Figure 6), and some-

times an extra small liquid pump is installed to have su$cient *ow rate. An extra optional 

fan (10) blows the vapor into the closed environment. Sometimes extra fans are used to 

disperse the vapor. At last an electrical control box (15) can be foreseen to perform a com-

plete automatic treatment. With the control box it is possible to set a pre-vent time (to ob-

tain pre-circulation), an application time with intervals, a system *ush and an after-vent.
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Most machines are mainly based on the same principle. The main variations that were 

encountered are the type of nozzle body and the type of pressurization of the nozzle 

(compressor, blower or vacuum pump). There are also some types without a fan (10) on 

board. Those types are normally used in smaller rooms. (disinfection, potato sprout inhib-

iting, etc.).

Inspection method

Admittance rules

Before starting up the actual inspection, all admittance rules are overlooked. The ma-

chine needs to be presented in a clean state and all moving parts must be well protect-

ed. The pesticide tank has to be "lled for ¾ with clean water and the machine may not 

show any big leakages. Furthermore the owner is asked to present the *ow rate table 

for the machine. Depending on the type of machine this can be a nozzle *ow rate table, 

or a table presenting the *ow rate for the di#erent metering positions of the metering 

valve (Figure 6).

Fig.6 Example of nozzle "ow rate table (in Dutch) with liquid metering valve settings.

Part 1: Inspections performed before starting up the machine 

In a "rst stage some items are checked visually before starting up the machine. The gener-

al maintenance condition is evaluated, and the electrical installation is overlooked. Cables 

and plugs are checked visually and must be in a good condition and the grounding of the 

metal parts is checked. The hoses and pipes are also checked for cracks or wear.

Then the tank is inspected. The tank contents indicator is checked on its presence and 

readability. It is checked if the tank can be cleaned easily and if the lid and all connections 

to the tank are in a good condition. In most cases the tanks are demountable for easy 

"lling and cleaning.

As concerns "ltering, a "lling strainer and/or a "lter in the liquid line is advised. Because a 

lot of machines use standard jerry cans as a pesticide tank, a "lling device with a strainer 

(Figure 7) is a possible solution if there is no "lling strainer in the tank opening.
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Fig.7 Funnel with strainer.                                                  Fig 8 Fan with protective grid.  

In a next stage the state of the fan is evaluated (Figure 8). The fan needs to be well protect-

ed by a grid that should be in a good condition and properly "xed. The fan blades must 

have their original shape and the bearings of the fan motor have to be in good condition 

(abnormal noises).

Then the machine is overlooked for the presence of a measuring device to monitor the 

current *ow settings. Some machines have a manometer present to adequately set the 

nozzle air pressure, others have a *ow meter in the liquid line, but unfortunately in a lot 

of cases no measuring device is present at all. If a manometer is present, it is tested on a 

manometer test stand. Flow meters are tested in a later stage of the inspection. If there is 

no measuring device at all then it’s advised to install one, preferably a real time *ow meter. 

Concerning the pressurizing system from the nozzle, a compressor, a vacuum pump, or a 

blower is used. All three systems are basically checked for the same items. They have to 

be well maintained and pressure hoses and couplings have to be in a good state. Further-

more the air "ltering is overlooked, especially on the blower this is a very important item 

(Figure 10). If the nozzle body uses air swirl plates (Figure 9) to create the under pressure 

at nozzle height then those swirl plates are visually checked.

Fig.9 Nozzle with swirl plates. 10 Blower air !lter.
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Part 2: Starting up the machine and inspection of the general functioning 

In a second stage the machine is started up and it is checked if all controls are working 

properly. Special attention is given to the pressure valve (Figure 11) if a compressor is 

used, and to the *ow regulating valve (Figure 6) if a blower is used. The correct functioning 

of both valves is checked, by varying the pressure or the *ow during normal functioning 

of the machine.

Fig.11 Air pressure valve (air pressure type).

Then the owner is asked to set the equipment in its normal usage settings and the pres-

sure stability and/or *ow stability is evaluated. No stability di#erences (pressure or *ow) 

bigger then 10% are allowed. At the same time the fog is visually evaluated. The fog needs 

to be evenly dispersed and there may not be any obstacles in the fog range. During fog-

ging it is also checked if the tank agitation system does its work. At last the machine is also 

overlooked for leakages.

Part 3: Nozzle "ow check. 

As one knows a good functioning from a cold fogger is obtained by generating the correct 

droplet spectrum. One of the main characteristics directly related to the droplet spectrum 

is the liquid *ow. If the actual liquid *ow corresponds with the nominal liquid *ow what 

the machine was designed for, one can assume that the machine generates the correct 

droplet spectrum and the machine is well functioning.

Most cold foggers use a pneumatic method of droplet generation and there are mainly 

three di#erent ways to calibrate the liquid *ow. 

At "rst there are machines with a constant and "xed overpressure, using di#erent nozzle 

sizes to calibrate the *ow. A table should be available with the di#erent *ow rates for the 

di#erent nozzles (Figure 12).
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Fig.12 Cold fogger with the possibility to install di#erent nozzles.

Secondly there are machines using a "xed nozzle size and a possibility to vary the over-

pressure (Figure 4 and Figure 11). Varying the overpressure in the nozzle body gives a dif-

ferent *ow rate, so a table indicating the *ow rate in relation with the air pressure should 

be supplied. 

At last there are the types using a "xed overpressure in combination with a "xed nozzle 

body and a metering valve in the liquid line to change the *ow. The liquid *ow rate table 

for di#erent metering valve settings should be supplied (Figure 6).

The most simple test method to test the actual *ow is to measure the amount of liquid 

actually used for a certain time. For machines using small removable tanks, the tank is 

"lled with ¾ of clean water and weighed. After fogging over a certain period, the tank 

is weighed again and based on time and weight di#erence the actual *ow can be calcu-

lated. The result is compared with the table, and at this moment, the tolerance is set at a 

maximum di#erence of 15%. On machines with larger tanks, accurate weighing shall not 

be possible. One of the possibilities is to put a mark on the tank at the actual water level 

height and then add with a measuring cup a calibrated amount of water to the tank. At-

omizing shall be started and when the tank level reaches the level mark, timing is stopped.

Fig.13 Cold fogger large tank, and using of a marking.
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Despite the fact that this method gives an accurate result on the real actual *ow rate, the 

main disadvantage of this test method is its duration. As one can see in the presented 

tables, volumes vary from 2 to 10 liter per hour. This means that if a machine with a large 

tank must be inspected and the machine atomizes only 2 l/h it takes quite a long time to 

have an accurate measurement. 

This is one of the reasons why we foresee to use a small *ow meter with digital read out[6]. 

This *ow meter should be plugged into the liquid end line, somewhere before the nozzle. 

Because most of the equipment uses standard silicone tubes in most cases this should 

not be a problem.  Furthermore it’s important that the *ow meter is not a paddle-wheel 

type or similar, because those will give a slight resistance with a pressure drop as a conse-

quence. This could in*uence the results so there should be looked for an electromagnetic 

or ultrasonic type.

Conclusions

Because of their speci"c construction there was the need to develop a complete new in-

spection protocol for cold atomizing machines. A "rst inspection protocol is ready to use 

to perform the "rst actual inspections of those type of machines in Belgium. The only 

disadvantage of the actual method is the long duration of the *owrate test. The conse-

quence will be a high pricing for relatively small machines.

References

[1]BRAEKMAN P., HUYGHEBAERT B., SONCK B. (2004). The Belgian way of organizing a 

compulsory inspection of sprayers. Julius-Kühn-Archiv. 1st European Workshop on 

Standardized Procedure for the Inspection of Sprayers in Europe – SPISE I, 27-29 April 

2004, Braunschweig, Germany 397: 97-100.

[2]HUYGHEBAERT B., MOSTADE O., BRAEKMAN P., (2004). Overview of the sprayer in-

spection in Belgium. 1st European Workshop on Standardized Procedure for the In-

spection of Sprayers in Europe – SPISE I, 27-29 April 2004, Braunschweig, Germany 

397: 90-94.

[3]MEYER T. (2009). Cold fogging for the future. www.gpnmag.com, Greenhouse product 

news magazine, April 2009:page 22-24

[4]DECLERCQ J, HUYGHEBAERT B., NUYTTENS D. (2009). An overview of the compulso-

ry inspection of sprayers in Belgium. Julius-Kühn-Archiv. 3th European Workshop on 

Standardized Procedure for the Inspection of Sprayers in Europe – SPISE 3, 22-24 Sept 

2009, Brno, Czech. 426: 122. 

[5]DECLERCQ J, HUYGHEBAERT B., NUYTTENS D. (2009). An overview of the defects on 

tested "eld sprayers in Belgium. Julius-Kühn-Archiv. 3th European Workshop on Stan-

dardized Procedure for the Inspection of Sprayers in Europe – SPISE 3, 22-24 Sept 2009, 

Brno, Czech. 426: 157-163. 

[6]DECLERCQ J, NUYTTENS D. (2012). Inspection method for spray rate controllers in Flan-

ders (Belgium). Julius-Kühn-Archiv. 4th European Workshop on Standardized Proce-

dure for the Inspection of Sprayers in Europe – SPISE 4, 27-29 March 2012, Lana, Italy. 

439: 117-121. doi 10.5073/jka.2012.439.016

[7]DECLERCQ J, NUYTTENS D, HUYGHEBAERT B. (2012). An overview of the defects on test-

ed orchard sprayers in Belgium. Julius-Kühn-Archiv. 4th European Workshop on Stan-



Sixth European Workshop on Standardised Procedure for the Inspection of Sprayers in Europe - SPISE 6

109Barcelona, Spain, September 13 – 15, 2016

dardized Procedure for the Inspection of Sprayers in Europe – SPISE 4, 27-29 March 

2012, Lana, Italy. 439: 180-185. doi 10.5073/jka.2012.439.036

[8]BUNDESANZEIGER, (14 Februar 2013). Julius Kühn-Institut Bundesforschungsinstitut 

für Kulturp*anzen, Elfte Bekanntmachiung über Merkmale für P*anzenschutzgeräte 

Vom 24. Januar 2013, Teil 5, Richtlinie 3-1.0 Merkmale für die Kontrolle von in Gebruch 

be"ndlichen P*anzenschutzgeräten: page 21-29 

[9]BELGISCH KONINKLIJK BESLUIT, (15/01/2014, BS12/02/2014). Bijlage 1:voorschriften 

waaraan de spuittoestellen dienen te voldoen, Bijlage 5:Keuringsmethoden.

[10]CURTIS DYNA-FOG (Rev 6-2-2014). Nightstar manual model 2985 Series 1 Aerosol ap-

plicator: page 19

[11]DECLERCQ J, DEFAYS G, NUYTTENS D, HUYGHEBAERT B. (2014). The inspection of 

soil-disinfection equipment in Belgium. Julius-Kühn-Archiv. 5th European Workshop 

on Standardized Procedure for the Inspection of Sprayers in Europe – SPISE 5, 15-17 

October 2014, Montpellier, France. 449: 55-62. doi 10.5073/jka.2015.449.0010

[12]STICHTING KWALITEITSEISEN LANDBOUWTECHNIEK SKL (2015). Werkvoorschrift peri-

odieke keuring vernevelapparatuur 15 September 2015 (versie2): page 1-8


