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3. Executive summary  

3.1.  Summary 

The EU Directive 2009/128/EC ‘Sustainable Use of Pesticides’ requires that all member states (MS) 

shall ensure that Pesticide Application Equipment (PAE) in professional use shall be subject to 

inspections at regular intervals. Only by way of derogation, following a risk assessment for human health 

and the environment including an assessment of the scale of the use of the equipment, MS may: 

- Apply different timetables and inspection intervals to PAE not used for spraying pesticides, to 

handheld PAE or knapsack sprayers and to additional PAE that represent a very low scale of use 

- Exempt from inspection handheld PAE or knapsack sprayers. 

Therefore, it is the aim of the SIRA-Apesticon I and II projects to develop a Decision Support tool based 

on a risk assessment of pesticide application equipment within the framework of EU Directive 2009/128 

and to develop specific inspection procedures where needed. 

Currently, 32 types of pesticide application equipment that are used in Belgium are defined. For each 

PAE type, a technical description is available together with an estimation of its scale of use (numbers 

of PAE and the amount of pesticide used) based on an enquiry filled in by almost 400 farmers and 

professionals and Belgian PPP use data. An inventory of existing test/inspection protocols and 

test/inspection equipment is available and continuously updated. 

For each PAE type, a list of inspection items is made including ‘new’ items like Pulse Width Modulation 

(PWM), magnetic and electrostatic spraying, boom height sensors, closed transfer systems, etc. This 

resulted in a total of 154 inspection items. For each inspection item and inspection method a risk 

estimation is made. By linking each PAE type with its corresponding inspection items, draft inspection 

protocols can be generated. 

A literature review showed that no suitable risk assessment method was available for PAE. Therefore, 

a dedicated risk assessment method was developed including the occurrence values and gravity 

values of defect inspection items before and after inspection and the human vs. technical contribution 

in the total risk. Occurrence and gravity values and human contribution were gathered based on available 

sprayer inspection data and expert opinions for the 154 items. As an output, risk values before and 

after inspection are calculated at different scales i.e.: on single items, one machine (= sum of items), 

the scale of Belgium (using ‘scale of use’). The risk assessment method was validated and further 

optimized running different scenarios (e.g. max. risk value for derogation, max. scale of use for 

derogation, etc.) using a decision dashboard. It is up to policy makers to decide which risk (reduction) 

values are used and what are the limit values 

The above-mentioned information and the risk assessment is gathered in a user friendly Microsoft 

Access tool with an integrated help function which is made available to FOD and FAVV. This tool 

remains useable and is able to generate inspection protocols and all the needed information to answer 

specific questions related to the directive. 

The presented results demonstrate that, in general, the PAE types with the highest risk values at the scale 

of Belgium are already inspected. Depending on the type of risk used, the actual inspection in Belgium 

already covers 95.3% (3th degree risk) or 92.4% (4th degree risk) by inspecting PAE types 1 (Field crop 

sprayers), 2 (Sprayers for bush and tree crops), 3 (Sprayers for vineyards), 4 (Fixed and semi mobile 

sprayers), 6 (Spray train), 10 (Selective herbicide sprayers), 14 (soil disinfection equipment) and 15 

(Plot sprayers). These values will further increase when PAE types 11 (Foggers), 12 (Rotary atomisers 
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or CDA sprayers) and 13 (Cold atomisers) will be inspected in near future. By additionally inspecting 

‘Knapsack sprayers’ and ‘Lances and spray guns’, more than 99% of the total risk would be covered. 

Depending on the PAE type, an inspection reduces 6 to 12% of the technical risk involved using a single 

machine. These values are rather limited as the use of Plant Protection Products will always be 

associated with risks for the environment and human health, even when using PAE without any defects.  

3.2.  Samenvatting 

De EU Richtlijn 2009/128/EG over het duurzaam gebruik van pesticiden vereist dat de lidstaten ervoor 

zorgen dat alle apparatuur voor de toepassing van pesticiden (PAE) die professioneel worden gebruikt, 

op periodieke tijdstippen aan een keuring wordt onderworpen. Uitsluitend bij wijze van afwijking, na 

een risicobeoordeling (RA) voor de menselijke gezondheid en het milieu, waarin tevens de schaal van 

het gebruik van de apparatuur wordt beoordeeld, mogen de lidstaten: 

- Andere tijdschema’s en keuringsfrequenties toepassen op PAE die niet voor het spuiten van 

pesticiden wordt gebruikt, op handapparatuur voor de toepassing van pesticiden, op rugspuiten, 

alsook op aanvullende apparatuur voor de toepassing van pesticiden die op zeer kleine schaal 

wordt gebruikt. 

- Handapparatuur voor de toepassing van pesticiden en rugspuiten vrijstellen van keuring. 

De SIRA-Apesticon I en II projecten hebben daarom als doel om, in het kader van de EU richtlijn 

2009/128/EG, een beslissingsondersteunend instrument te ontwikkelen op basis van een 

risicobeoordeling van PAE, en om waar nodig specifieke inspectieprocedures te ontwikkelen. 

Momenteel zijn er 32 types apparatuur voor de toepassing van pesticiden die in België gebruikt 

worden gedefinieerd. Voor elk PAE-type is een technische beschrijving beschikbaar, alsook een 

schatting van de schaal van het gebruik (aantal PAE en de hoeveelheid toegepaste pesticiden), 

bekomen op basis van een enquête ingevuld door ongeveer 400 landbouwers en andere professionals, 

en op basis van Belgische gegevens van PPP gebruik. Een inventaris van bestaande test- en 

keuringsprotocollen en –apparatuur is beschikbaar en wordt voortdurend bijgewerkt. 

Per PAE-type is een lijst van keuringsonderdelen opgesteld, inclusief nieuwe items zoals Pulse Width 

Modulation (PWM), magnetisch en elektrostatisch spuiten, sensoren voor boomhoogte, gesloten transfer 

systemen, enz. Dit resulteerde in een totaal van 154 keuringsitems. Per keuringsitem en 

keuringsmethode werd een risico inschatting gemaakt. Door elk PAE-type te koppelen aan de bijhorende 

keuringsitems, kunnen eerste versies van inspectieprotocollen worden opgesteld. 

Uit een studie van de literatuur bleek dat er geen geschikte risicobeoordelingsmethode beschikbaar was 

voor PAE. Een geschikte risicobeoordelingsmethode werd daarom ontwikkeld. Deze omvat waardes 

rond het voorkomen en de ernst van defecte keuringsitems vóór en na keuring, en de menselijke vs. 

technische bijdrage aan het totale risico. Voor de 154 items werden waardes van voorkomen en ernst 

en van menselijke bijdrage verzameld op basis van beschikbare inspectiegegevens van spuittoestellen 

en experten meningen. Als output worden risicowaarden voor en na inspectie berekend op 

verschillende schalen, namelijk op één enkel item, één toestel (= som van items), en de schaal van België 

(door middel van ‘schaal van het gebruik’). De risicobeoordelingsmethode werd gevalideerd en verder 

geoptimaliseerd door het doorlopen van verschillende scenario’s (vb. maximum toegelaten risico voor 

derogatie, maximum schaal van gebruik voor derogatie, enz.) met behulp van een decision dashboard. 

Het is aan de beleidsmakers om te beslissen welke risico (reductie) waarden worden gehanteerd en wat 

de grenswaarden zijn. 

Alle informatie en de risicobeoordeling is verzameld in een gebruiksvriendelijke Microsoft Access 

tool met geïntegreerde helpfunctie, welke ter beschikking wordt gesteld aan FOD en FAVV. Deze tool 
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blijft bruikbaar en is in staat om keuringsprotocollen te genereren, alsook benodigde informatie om 

specifieke vragen met betrekking tot de EU richtlijn te beantwoorden. 

De resultaten tonen aan dat PAE-types met de hoogste risicowaardes in België al gekeurd worden. 

Afhankelijk van het type risico dekt de huidige keuring in België al 95.33% (3de graad risico) of 92.4% 

(4de graad risico) door PAE types 1 (veldspuiten),  2 (boomgaardspuiten), 3 (wijnbouwspuiten), 4 

(serrespuiten), 6 (spuittrein), 10 (selectieve onkruidspuiten), 14 (bodemontsmetters) en 15 

(proefveldspuiten) te inspecteren. Deze percentages zullen nog verder toenemen wanneer in de nabije 

toekomst foggers (type 11), schijfvernevelaars (type 12) en koude vernevelaars (type 13) worden 

gekeurd. Door bijkomend rugspuiten, spuitlansen en -pistolen te inspecteren, zou 99% van het totale 

risico bedekt worden. Afhankelijk van het types PAE reduceert een keuring 6 tot 12% van het technische 

risico bij het gebruik van één toestel. Deze waarden zijn eerder beperkt omdat het gebruik van 

gewasbeschermingsmiddelen altijd gepaard zal gaan met risico’s voor het milieu en de menselijke 

gezondheid, ook wanneer PAE zonder gebreken gebruikt worden. 

3.3. Résumé 

La directive européenne  2009/128/EC  « instaurant un cadre d’action communautaire pour parvenir à 

une utilisation des pesticides compatible avec le développement durable » demande que les états 

membres s’assurent que les équipements d’application de produits phytopharmaceutiques (EAP) 

utilisés de manière professionnelle soient soumis à inspection à intervalle régulier.   

Une dérogation peut être accordée, après une analyse de risques portant sur la santé humaine et 

l’environnement, le tout mis en perspective selon l’utilisation, au national, de l’EAP considéré. Selon 

les résultats les états membres peuvent :  

− Soit appliquer différents intervalles d’inspections pour les EAP n’utilisant pas de pesticides, 

ainsi que les EAP maniés à la main, les pulvérisateurs à dos ou les EAP avec une échelle 

d’utilisation faible. 

− Ou bien dispenser d’inspection les EAP maniés à la main ou les pulvérisateurs à dos. 

Par conséquent, les projets SIRA-Apesticon I et II ont pour but de développer un outil d’aide à la 

décision basé sur une analyse de risque des équipements d’application de pesticides telle que décrite par 

la directive EU 2009/128 et de développer des procédures d’inspection spécifiques aux besoins.  

Actuellement, 32 types d’équipement d’application de pesticides sont définis. Il existe ; les 

pulvérisateurs de grandes cultures, les pulvérisateurs à dos, « cold atomizers », etc. 

Pour chaque type d’EAP, une description technique est disponible avec une estimation de son échelle 

d’utilisation (nombre et quantité de pesticides utilisés) basé sur une enquête remplie par 400 agriculteurs 

et professionnels ainsi que sur la base de données des produits phytopharmaceutiques utilisés en 

Belgique. Un inventaire des tests et protocoles d’inspection ainsi qu’un inventaire des équipements pour 

réaliser ces derniers sont disponibles et continuellement mis à jour. 

Pour chaque type d’EAP, une liste des composants (ou défauts) a été réalisée et mise à jour. De nouveaux 

composants ont été ajoutés, parmi ceux-ci on peut citer : le « Pulse Width Modulation (PWM), la 

pulvérisation magnétique ou électrostatique, les capteurs de hauteurs de la rampe, etc.  Il y a en tout 154 

éléments à inspecter pour l’ensemble des EAP. Pour chaque élément, une méthode d’inspection et une 

estimation du risque qu’il représente a été faite. En liant chaque EAP à ses composants, une première 

version de protocole d’inspection est générée.   

Une révision de la littérature a montré qu’aucune méthode appropriée d’analyse de risque n’était 

disponible pour les EAP. Par conséquent, une méthode a été développée en incluant les valeurs 
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d’occurrences et de gravités des défauts inspectés avant et après inspection. La différence entre les 

causes humaines et techniques a également été prise en compte lors de l’analyse du risque total. Les 

valeurs d’occurrences, de gravité et de la part humaine du risque ont été produites et combinés, en se 

basant d’une part sur des donnés venant des services d’inspections et d’autre part de l’opinion d’experts 

(pour les 154 éléments). 

Comme résultat, le risque avant et après inspection sont calculés à différentes échelles. Par exemple : 

pour un seul élément, à l’échelle d’une machine (qui est la somme des différents éléments qui compose 

cette machine) et à l’échelle de la Belgique (en utilisant « l’échelle d’utilisation »).  

La méthode d’analyse des risques a été validée et optimisée pour différents scénarios (ex : la valeur 

maximale pour une dérogation, la valeur maximale à l’échelle de la Belgique pour une dérogation, etc.) 

via l’utilisation d’un Dashboard.   

Toutes les informations mentionnées ci-dessus ainsi que la logique utilisée pour l’analyse de risque sont 

rassemblées dans un même outil informatique (sous format « Microsoft Access »). Cet outil est facile 

d’utilisation et possède un bouton d’aide pour le SPF et l’AFSCA. Cet outil est capable de générer des 

protocoles d’inspections et de fournir toute information utile pour répondre à des questions spécifiques 

en accord avec la directive. 

Les résultats montrent qu’en général, les EAP avec la plus haute valeur de risque à l’échelle de la 

Belgique sont déjà inspectés.  

En fonction du type de risqué considéré, l’inspection en Belgique couvre déjà 95,33% (3 degré du risqué) 

ou (92.4% pour le 4ième degré) en inspectant le EAP : 1, 2, 4, 6, 10, 14 et 15. 

Ces valeurs augmenteront davantage lorsque les EAP n°11 (Foggers), n°12 (Rotary atomiser ou 

pulvérisateurs « CDA ») et n°13 (Cold atomiser) seront inspectés dans un futur proche. En ajoutant 

l’inspection « des pulvérisateurs à dos » et « les lances et spray guns », plus de 99% du risque total sera 

couvert.  

Selon le type de pulvérisateur considéré, une inspection réduit de 6 à 12% le risque technique impliqué 

lors de l’utilisation d’une seule machine. Ces valeurs sont plutôt limitées car l’utilisation des Produits 

de Protection des Plantes sera toujours associée avec un risque pour l’environnement et à la santé 

humaine malgré l’utilisation d’un EAP sans aucun défaut. De plus, le comportement de l’opérateur à un 

effet important sur le risque qui est indépendant de la qualité de l’EAP utilisé. 
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4. Introduction 

The EU Directive 2009/128/EC on the sustainable use of pesticides requires that Member States (MS) 

shall ensure that all Pesticide Application Equipment (PAE) in professional use shall be subject to 

inspections at regular intervals (Article 8.1 and 8.2). Article 8 of the EU Directive 2009/128/EC is 

presented in Annex 1. In this context, pesticides are defined as plant protection products and do not 

include biocides, veterinary medicines, etc. The inspection of the material requested by the Directive 

concerns all types of PAE for all types of pesticides formulations (liquid, solid, gas, etc.) without any 

distinction. However, Article 8.3 of the Directive allows the Member States to derogate from the 

mandatory inspection at regular intervals or to apply different timetables and inspection intervals for 

certain types of PAE based on a Risk Assessment for human health, food safety and environment and 

an assessment of Scale of Use. 

At this moment, Belgium has developed an inspection scheme for four types of PAE (field crop sprayers, 

orchard and vineyard sprayers, spray booms used in greenhouses and soil disinfection equipment) while 

other types of PAE are not yet considered (foggers, handheld sprayers, spray lances, granule spreaders, 

seed treatment machinery, etc.). 

Considering the Directive requirements, Belgium has to inspect all other types of PAE aimed in the 

Directive. PAE that are derogated should be presented in a separate list. The derogation must be based 

on a Risk Assessment process demonstrating the usefulness of the inspection to significantly decrease 

the risk of the use of these PAE. The problem is that currently no standardized inspection and risk 

assessment protocols are available for the other types of PAE which could be subject to derogation from 

the inspection.  
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5. Objectives  

In order to meet the requirements of the EU Directive 2009/128 related to PAE inspection, the projects 

SIRA-Apesticon I (SA I, 2014-2016) and SIRA-Apesticon II (SA II, 2019-2021) were carried out by 

CRA-W and ILVO. 

In SA I, a first risk assessment procedure for PAE was developed and reported within the framework 

of article 8 of the EU Directive 2009/128 was: 

Huyghebaert B, Defays G, Mostade O, Stas M, Nuyttens D, Declercq J, Dekeyser D,  Zwertvaegher I. 2016. 

Development of a risk assessment procedure for pesticide application equipment within the framework of article 

8 of the EU Directive 2009/128 and development of specific inspection procedures. Scientific final report, Funding 

by ‘FOD Volksgezondheid, veiligheid van de voedselketen en leefmilieu’ (RT 14/8 Apesticon 1), 45 pp.  

The main objectives of SA II were: 

• To validate, refine and update the SA I risk assessment procedure and make it operational. 

• To update the inventory of pesticide application equipment (PAE) types. 

• To inventorize and update the scale of use for each PAE type. 

• To list all possible inspection items for each type of PAE together with an inspection procedure 

and their consequences on human health and environment.  

• Define the impact of each technical defect on human health and environment and define the 

human part in the total risk. 

• To realize a user-friendly decision tool to take decisions with regard to Directive 

2009/128(derogations (a) and (b) of art. 8§1) based on the risk and the scale of use of all types 

of PAE. This tool will also be used to determine which PAE types should be inspected. 

• To realize a software tool generating inspection protocols for all PAE types where an inspection 

is needed following the risk assessment. 

In order to realize the abovementioned goals, SA II consists of five work packages (WP): 

• WP1: Data collection related to the different types of Pesticide application equipment (PAE) 

(see chapter 6). 

• WP2: Data collection related to Risk Assessment (RA) (see chapter 7). 

• WP3: Development of RA LOGIC: Define and calculate the types of risks and construct risk 

decision matrix (see chapter 8). 

• WP4: Development of a software tool for RA & inspection protocol development (chapter 9). 

• WP5: Implementation and decision making (chapter 10). 

A schematic overview of the WP’s is given in Figure 1.  

 

Figure 1: Overview of work packages in SIRA-Apesticon II. 
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6. WP1: Data collection related to the different types 

of PAE 

Data collection related to the different types of PAE includes: 

• Types of PAE and their technical description (6.1) 

• Inspection items for all PAE types (6.2) 

• Inspection procedure, possible effects for all inspection items (6.3) 

• Inspection equipment (6.4) 

• Inspection items vs. PAE types & new PAE types (6.5) 

6.1. Types of PAE and their technical description 

In SA I, 29 types of PAE used in Belgium were inventoried and technically described. This list included 

PAE types already inspected in Belgium as well as PAE types which are currently not yet inspected in 

Belgium, such as PAE types not used for spraying pesticides, handheld PAE, knapsack sprayers, and 

additional PAE that represent a very low scale of use. 

In WP1, the PAE types and their technical descriptions from SA I have been reviewed and updated. The 

addition of three ‘new’ PAE types (i.e. spray robots, granular soil disinfection machines, post-harvest 

grain storage treatment installations) resulted in a total of 32 PAE types listed (Table 1).  

Each PAE type is classified according to article 8 of the EU Directive 2009/128/EC (Annex 1) and the 

current Belgian legislation with the following color indications:  

− Green: PAE types already inspected in Belgium. 

− Red: PAE types which need to be inspected at 3 year intervals (no derogation), and are not yet 

inspected in Belgium. 

− Blue: PAE types for which different timetables and inspection intervals may apply, based on Article 

8.3 a from EU Directive 2009/128/EC (in software tool: EU directive classification possibilities), 

i.e. PAE not used for spraying, handheld PAE types, knapsack sprayers, and PAE that represent 

very low scale of use 

− Orange: PAE types for which exemption from inspection is possible based on Article 8.3b i.e. 

handheld PAE or knapsack sprayers. 

− Purple: PAE types that include both handheld (exemption possible) and stationary equipment (no 

exemption). 

− Underlined: PAE types that have to be inspected in near future in Belgium based on Belgian 

legislation. 

− italic: PAE types forbidden in Belgium. 

The list of PAE types is continuously updated in the software tool (PAE pesticide application 

equipment). For example, since the writing of this report, ‘autonomous drone for aerial spraying’ (PAE 

type 33) was added. Following feedback from the EC, seeders should not be considered as PAE and are 

therefore deleted, but in order to stay in line with the numbering of SA I, seeders remained in the list. 
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Table 1: List of 32 PAE types and their classification according to the EU Directive 2009/128/EC and the 

current Belgian legislation 

 PAE type and classification 

1 Field crop sprayers and similar 

2 Sprayers for bush and tree crops 

3 Sprayers for vineyards 

4 Fixed and semi mobile sprayers 

5 Knapsack sprayers 

6 Spray train 

7 Lances and spray guns 

8 Handheld sprayers 

9 Motorised portable mistblowers 

10 Selective herbicide sprayers 

11 Foggers 

12 Rotary atomisers or CDA (Controlled Droplet Application) sprayers 

13 Cold atomisers 

14 Soil disinfection equipment 

15 Plot sprayers 

16 Irrigating systems where pesticides are dosed to the plants by drippers 

17 Irrigating systems where pesticides are dosed to the plants by the sprinkler system 

18 Weed wipers 

19 Handheld weed wipers 

20 Potato seed duster 

21 Seed treatment machinery 

22 Granule spreaders 

23 Seeders (not considered as PAE, see SA I) 

24 Sulphur evaporator 

25 Tree trunk implantation/injection 

26 Tree painting 

27 Post harvest treatment system 

28 Post-harvest ripening systems using ethylene  

29 Aerial spraying (forbidden in BE) 

30 Spray robots  

31 Granular soil disinfection machines 

32 Post-harvest grain storage treatment installations 

 

For each of the 32 PAE types, a technical description is available in the software tool together with other 

relevant documents as illustrated in Figure 2 for knapsack sprayers.  

For PAE types 5 to 22, detailed technical descriptions are included containing brief descriptions, 

pictures, numbers in use, working principles, schemes and lists of parts relevant for inspection. PAE 
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types 1 to 4 were not considered as these types are already inspected in Belgium. Types 24 to 32 

comprise very low scale uses or PAE types that are forbidden in Belgium. 

The list of PAE types is kept up to date taking into account new developments. For example, 

‘autonomous drones for aerial spraying’ (PAE type 33) was recently added to the Access tool but was 

not yet included in the risk analysis. 

 

Figure 2: Screenshot of PAE type  ‘knapsack sprayers’ from the Access software tool, technical 

description + relevant documents.  
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Figure 3: Knapsack sprayer info sheet available in the Access tool 
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6.2.  List of inspection items for all PAE types 

Based on the 32 PAE types, a complete list of all relevant inspection items was made, using the following 

step-by-step approach: 

As a starting point, all inspection items from existing Belgian inspection protocols (field crop sprayers, 

orchard sprayers, greenhouse sprayers, soil disinfection machinery) were listed.   

Additional inspection items were added by reviewing the ISO16122 (2015) standards about the 

inspection of sprayers in use i.e., Part 2 - Horizontal boom sprayers, Part 3 - Sprayers for bush and tree 

crops, Part 4 - Fixed & semi-mobile sprayers and Part 5 - Aerial sprayers. Following this review, ‘new’ 

inspection items were added e.g., sprayer cleaning equipment, spray robots, border spraying units, 

forward speed control systems, rotary atomizer, etc. 

Finally, inspection items linked with ‘new innovative’ parts (not yet in the BE inspection protocol nor 

in the ISO16122 standards) such as pulse width modulation systems, GPS, magnetic spraying, 

electrostatic spraying, boom height sensors, closed transfer systems, autosteering, sensors and cameras, 

etc., were added 

This resulted in a list of 154 inspection items. Each item is linked with a sprayer item as shown in Table 

2. A complete list of all 154 inspection items can be found in Annex 2 and in the Access tool under 

‘PAE Parts base list (9.3.4)’. As an example, the 13 inspection items linked with sprayer item 

‘Horizontal boom’ are shown in Table 3. These include 11 inspection items from one of the BE 

inspection protocols (Id’s 08F up to 10K) and two newly introduced inspection items (10L and 10M). 

Table 2: Distribution of the 154 inspection items over different sprayer items. 

Sprayer item # inspection 

items 

Sprayer item # inspection 

items 

General condition 7 Flow meter 1 

Harness 3 Pressure distribution (boom) 6 

Tank 8 Compensative returns 3 

Filling and cleaning 9 Pressure drop in section 1 

Filters 10 Nozzles 1 

Filters pneumatic 2 Nozzles flow rate unmounted 6 

Coulters 2 Nozzles flow rate mounted (orchard 

sprayers) 

2 

Lance 4 Injector flow rate (soil disinfection 

machines) 

1 

Horizontal/vertical boom 3 Nozzle flow rate (foggers) 1 

Horizontal boom 13 Nozzle holders 6 

Vertical boom(s) 6 Control and regulation systems 19 

Pipes and hoses 2 Leaks 4 

Fogger exhaust pipe 3 Pump 5 

Fogging system 3 Compressor/blower/vacuum pump 4 

Obstacles 2 Closed sprayer cab 2 

Spray mix agitation 2 Rotary atomizer 1 

Pressure stability 6 Magnetic spray system 1 

Pressure indicator and/or 

flow meter 

1 Electrostatic spray system 1 

Pressure indicator 3 Total 154 
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Table 3: The 13 inspection items linked with sprayer item 10 ‘Horizontal boom’  

Id Sprayer item Inspection parameters 

08F Horizontal boom Boom curvature in the horizontal plane 

08G Horizontal boom Boom curvature in the vertical plane 

10A Horizontal boom Boom suspension/ too flexible 

10B Horizontal boom Boom suspension / too hard 

10C Horizontal boom Nozzle spacing on a horizontal boom 

10D Horizontal boom Vertical position of the nozzle holders (bad maintenance) 

10E Horizontal boom Vertical position of the nozzle holders (construction) 

10F Horizontal boom Presence of devices to protect the nozzles against damage 

(horizontal booms ≥ 10m) 

10G Horizontal boom Condition of the devices to protect the nozzles against damage 

(horizontal booms ≥ 10m) 

10J Horizontal boom Presence of a boom transport lock 

10K Horizontal boom General condition of the boom transport lock 

10L (New) Horizontal boom General condition of the shield of the spray boom 

10M (New) Horizontal boom Functioning of the sensors and regulation system for automatic 

boom height and slope compensation 

6.3.  Inspection procedure and possible effects of defects for all inspection 

items 

For each of the 154 inspection items, the following information was gathered: 

• Consequence: Possible effect of a defective item (hidden defects, punctual contamination, 

operator contamination, personal accident, poor distribution, etc.) 

• Extent of the risk: point, localized, global 

• Inspection method 

o Description of the inspection method + indication of visual test or a measurement 

o Specifications about the examined item 

o The inspection tolerance level or the limit values 

o Weighing (if applicable class 1/2/3 defects according to the BE inspection regulation) 

All this information is available in Annex 2 and in the Access tool under ‘PAE Parts base list (9.3.4)’ 

and ‘PAE Parts inspection protocol (9.3.5)’. As an illustration, the information of two randomly selected 

inspection items (08G, 10L (New)) related with the sprayer part ‘Horizontal boom’ are shown in Table 

4.  

 

 



 

Table 4: Illustration of the information collected for two randomly selected inspection items related with sprayer part ‘Horizontal boom’ 

Id Inspection 

item 

Consequence 

E
x
te

n
t 

o
f 

ri
sk

 Inspection method 

V
is

u
a
l 

te
st

 o
r 

m
ea

su
re

m
en

t 

Examined 

element 

Tolerance level or limit values 

W
ei

g
h

in
g
 

08G Boom 

curvature 

in the 

vertical 

plane 

Over and 

underdosage at 

the end of the 

boom because 

of wrong 

overlapping or 

bad 

overlapping 

from nozzles 

localized Check the curvature of 

the horizontal boom in 

the vertical plane by 

fixing the working 

height of the boom at 

50 cm and by 

measuring the height 

difference at the boom 

tips 

M Curvature 

of the 

boom in 

the 

vertical 

plane 

Field crop sprayers, boom width ≤ 8m: 

- 15 cm < vertical curvature ≤ 30 cm (class 3) 

- vertical curvature > 30 cm (class 1) 
 

Field crop sprayers, boom width > 18m: 

- 25 cm < vertical curvature ≤ 50 cm (class 3) 

- vertical curvature > 50 cm (class 1) 
 

Horticultural sprayers ≤ 12m: 

- 10 cm < vertical curvature ≤ 20 cm (class 2) 

- vertical curvature > 20 cm (class 1) 
 

Horticultural sprayers > 12m: 

- 20 cm < vertical curvature ≤ 40 cm (class 2) 

- vertical curvature > 40 cm (class 1) 

1/2/ 

3 

10L  General 

condition 

of the 

shield of 

the spray 

boom 

Drift of 

pesticides 

global The condition of the 

shields is examined. 

Check whether all 

shields are adequately 

for drift control. 

V Shields 

on the 

spray 

boom 

The shields should be secure, undamaged (no 

holes, cracks, excessive wear, distortion, ...) 

and in working condition. 

n.a. 



 

6.4.  Inspection equipment 

In SA I, an inventory of existing test equipment was made based on a review of the literature and an 

internet search. This inventory is continuously updated in the tool (‘PAE test/inspection equipment’). 

Currently, 22 types of test equipment are available (Table 5) together with a short description and some 

info material. Figure 4 shows the example of the ‘Mobile laser sheet imaging system’. 

Table 5: Overview of different types of test equipment listed. 

1 Pressure gauge 12 Measuring cups 

2 Pressure test stand 13 Stopwatch 

3 Nozzle adaptors 14 Weighing scale  

4 Spray scanner 15 Anemometer 

5 Horizontal patternator  16 Digital tyre pressure sensors 

6 Mobile spray benches 17 Weather station 

7 Nozzle flow rate test bench 18 Spray track 

8 Portable nozzle flow rate tester 19 Total station theodolite  

9 Vertical patternator  20 Test bench for lances  

10 Orchard nozzle flow rate test bench  21 Water sensitive paper 

11 Pump tester 22 Mobile laser sheet imaging system (LSI) 

 

 

Figure 4: Mobile laser sheet imaging system (LSI) info sheet available in the Access tool. 
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6.5.  Inspection items vs. PAE types & New PAE types 

A cross table containing on one hand the 32 PAE types and on the other the 154 inspection items, was 

constructed. Per combination of PAE type and inspection item, one of the following options was 

indicated in the cells: 

• A1, A2, etc., …, B1, B2, etc.,… : inspection item already in BE current inspection protocols 

field, orchard, … sprayer, 

• x: always to be inspected for this PAE type, 

• v: only to be inspected if present (e.g. magnetic spraying on field crop sprayers), 

• o: not applicable for this PAE type. 

An example is shown in Figure 5. The complete cross table can be found in Annex 2.  

For the PAE types already inspected in BE (e.g. 1. Field crop sprayers and similar), two scenarios are 

possible. In the first scenario, only the inspection items from the current ‘basic’ inspection protocols are 

marked (grey columns in Figure 5) and a second scenario (= elaborated inspection protocol) where all 

possible inspection items are marked (orange headings in Figure 5). 

 

Figure 5: Example of cross table linking PAE types with corresponding inspection items. 

In the current Access tool and risk analysis, only the inspection items marked as ‘(x) always to be 

inspected for this PAE type’ or the current ‘basic’ inspection protocols are considered. This information 

is available in the Access tool under ‘PAE design’>’Parts per PAE’. For example in the current version, 

113 inspection items are selected for Field crop sprayers, 68 items for lances and spray guns, 46 items 

for cold atomizers, etc. Based on the selected items, an inspection protocol can be generated out of the 

tool for each PAE type. 

The selected items for each PAE type can be changed by the user. Similarly, in case a new PAE type is 

introduced, the corresponding items can be selected and – if needed – new items can be introduced. 

Item Parameter 1. Field crop 

sprayers and 

similar 

current 

inspection 

protocol

1. Field crop 

sprayers and 

similar 

'all relevant 

items'

2. Sprayers for 

bush and tree 

crops

current 

inspection 

protocol

2. Sprayers for 

bush and tree 

crops

'all relevant 

items'

3. Sprayers for 

vineyards

4. Fixed and 

semi mobile 

sprayers

current 

inspection 

protocol

4. Fixed and 

semi mobile 

sprayers

'all relevant 

items'

5. Knapsack 

sprayers

6. Spray train 7. Lances and 

spray guns

8. Handheld 

sprayers

9. Motorized 

portable mist 

blowers

10. Selective 

herbicide 

sprayers

FILLING AND CLEANING Functioning of the tank level sensor and 

automatic filling control
V V V V O V V O O V

FILLING AND CLEANING Presence and condition of the clean water 

tank
V V V V O V V O O V

FILLING AND CLEANING Presence and condition of the hand wash 

tank
V V V V O V V O O V

FILLING AND CLEANING Functioning of the closed transfer system V V V V O V V O O V
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7. WP2: Data collection related with Risk Assessment  

As described in detail in the SA I report, various data are needed as input for the Risk Assessment 

method developed by Huyghebaert et al., 2016 which are: 

- The Occurrence of a defect, during a complete inspection cycle of three years, expressed as a 

percentage of the total number of PAE inspected (7.1). 

- Gravity of a defect on different targets (operator, consumer, environment) ‘before’ and ‘after’ 

inspection (7.2). 

- Scale of Use of the different types of PAE at the scale of Belgium (7.3 ) 

- Partition between the Operator vs. technical part of risk (7.4)  

Data input sources include expert surveys, the sprayer inspection database,  phytoweb PPP numbers of 

use, and data from SA I. Compared to SA I, the input data was updated and adapted to the optimized 

risk assessment method and integrated in the Access tool and Excel dashboards. 

7.1.  Occurrence of defects 

7.1.1.  Belgian sprayer inspection 

In 2021, 8 PAE types are inspected in Belgium (See also Table 1): 1. Field crop sprayers, 2. Sprayers 

for bush and tree crops, 3. Sprayers for vineyards, 4. Fixed and semi mobile sprayers, 6. Spray train, 10. 

Selective herbicide sprayers, 14. Soil disinfection equipment and 15. Plot sprayers. 

The inspection started in 1995 with 3 year inspection cycles which are numbered as shown in Table 6. 

Only the first cycle consisted of 4 years. The coding of the inspection cycles is different for Flanders 

and Wallonia (Table 6).   

The first years of inspection were organized differently than today. Consequently, the inspection 

database from cycles 1 to 5 are less reliable and applicable and not considered in this study. An Excel 

dashboard was made in this study (as presented in 7.1.4) to group and visualize sprayer inspection results 

such as the occurrence values of defects and numbers of machines.    

Table 6: Overview of the inspection cycles in Belgium since the start of inspection in 1995. 

Cycle n° Year 1 Year 2 Year 3 N° cycle 

Flanders 

N° cycle 

Wallonia 

1 1995 1996 1997 + 1998 A1 A2 

2 1999 2000 2001 A3 A4 

3 2002 2003 2004 A5 A6 

4 2005 2006 2007 A7 A8 

5 2008 2009 2010 A9 A10 

6* 2011 2012 2013 A11 A012 

7 2014 2015 2016 A13 A014 

8 2017 2018 2019 A15 A016 

9  2020 2021 2022 A17 A018 

10 2023 2024 2025 A19 A020 

11  2026 2027 2028 A21 A022 

*first inspection cycle considered in this study 
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7.1.2. Number of PAE in Belgium 

Analyzing the sprayer inspection database, following the methodology explained in Annex 3 (in 

English) and Annex 4 (in French), resulted in the number of PAE inspected in Belgium (Table 7) for 

cycles 5, 6 and 7. These numbers are used for the calculation of the occurrence values of defects (see 

7.1.3).   

Table 7: The number of PAE inspected for the different PAE types and inspection cycles.  

PAE Type 
Cycle 

n° 

Number of 

PAE in 

Flanders 

Number of 

PAE in 

Wallonia 

Number of 

PAE in 

Belgium  

1. Field crop sprayers 
6 

 

11398 6119 17517 

2. Sprayers for bush and tree crops 1458 146 1604 

4. Fixed and semi mobile sprayers 696 15 711 

1. Field crop sprayers 

7 

11052 5836 16888 

2. Sprayers for bush and tree crops 1537 133 1670 

4. Fixed and semi mobile sprayers 817 31 848 

14. Soil disinfection equipment 16 0 16 

1. Field crop sprayers 

8 

10070 5429 15499 

2. Sprayers for bush and tree crops 1388 170 1558 

4. Fixed and semi mobile sprayers 916 31 947 

14. Soil disinfection equipment 16 0 16 

 

7.1.3. Occurrence definition 

Per inspection item, the occurrence percentage (% occurrence) was calculated by dividing the total 

number of rejections/remarks of an item coming from the sprayer inspection database by the number of 

the corresponding PAE (Table 7), and multiplying by 100 to obtain a percentage value, as expressed in 

the following formula: 

 

In addition, per PAE type and inspection cycle, the occurrence of a defect item (������� � 	 was calculated 

following formula: 

 

With  


��� � Number of counted defects for item i for PAE type x at Cycle x (Cx) 


������ � Number of machines of PAE type x at Cycle x (Cx) 
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7.1.4. Occurrence results and presentation 

All the data obtained were introduced into an Excel Dashboard. This dashboard is available in the Access 

tool (Under help function – SAII final report and annexes-Annex 5) and in Annex 5. It allows to study 

the occurrences of defects globally (Figure 6 bottom) or focusing on one defect (Figure 6 right) for both 

regions separately and at the national level. The graph on the left (Number of PAE by region) informs 

about the repartition of the PAE among the different regions and their evolution. The bottom graph in 

Figure 6 presents the evolution (from cycle 6 to 8) of the occurrence values of the 63 items already 

inspected in Belgium. 

 

Figure 6: Illustration of the dashboard used for analysis of the occurrences of the defects from cycle 1 to 

cycle 8, and the reference values used for the risk calculations. The bottom graph represents all the items 

inspected for the cycles selected.  

7.1.5. Occurrence values for RA TOOL 

The occurrence values of the 63 items already inspected in Belgium are used for the risk assessment by 

calculating the mean of all inspected PAE from cycle 6 to 8. In addition,  these values were also used to 

estimate the missing occurrence values of items not yet inspected in Belgium. This estimation was made 

by the experts directly involved in the project and can evolve within the next years based on new data 

and experiences. The occurrence values of the 154 inspection items (presented by their ‘code SA II’) 

are presented in Annex 6 (code SA II + occurrence) and in the Access tool (> PAE parts gravity and 

occurrence list). These reference values are used for the risk calculation. More information about each 

inspection item (presented by their ‘code SA II’) is found in Annex 2. 
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Figure 7: Occurrence values (%) of the 154 inspection items used for the risk calculation.    

7.2.  Gravity 

7.2.1.  Enquiry 

To calculate the risk of defective items on PAE, the gravity of a defect (on different targets: operator, 

consumer, environment) ‘before’ and ‘after’ inspection is needed as input. To obtain gravity values, an 

enquiry was submitted to experts. This enquiry consisted of 86 items to be scored (Annex 7). The 

instruction submitted to the experts are given in Annex 8.  

In this enquiry, each expert had to score the impact of a defective item on a target (operator, consumer, 

environment) in two situations: ‘Before inspection’ and ‘After inspection’. ‘Before inspection’ means 

that the defect is above the tolerance or threshold (as defined in Annex 2) and presents the situation 

before inspection. “After inspection” means that the defect is below the tolerance level after repair of 

the defect or no defect was present, and refers to the situation after inspection. The gravity was expressed 

on a scale from 0 (no impact) to 10 (maximum impact) as shown in Figure 8.  

In general, one question stands for one inspection item/defect (see list of items in Annex 2), but some 

questions cover more than one item. The link between the questions and the corresponding items can be 

found in Annex 9. In this way, the list of 154 inspection items was reduced to 86 questions in order to 

limit the survey as much as possible.  

 

Figure 8: Example of the first two question of the gravity enquiry. 
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7.2.2. Gravity enquiry results and processing 

In total 15 experts answered the enquiry. For every item/defect the mean value from all expert opinions 

was taken. The mean gravity values on consumers, environment and operator is shown in Figure 9. A 

complete overview of the data can be found in Annex 10 (i.e. 154 items x 3 targets  x 2 situations 

(before/after) = 924 gravity values). These gravity values are also available in the Access Tool (>PAE 

parts gravity and occurrence list) and in an Excel dashboard for gravities (Annex 12) . 

 

Figure 9: Mean gravity of the 154 inspection items ‘before’ and ‘after’ inspection based on the experts 

enquiry. 

The methodology followed to process the gravity data is described in detail and can be found in Annex 

11. The tools used for the data processing are Excel and Access.  

7.2.3. Possible enquiry improvements 

The results of the enquiry could be improved by a higher number of respondents. The main criticism 

from the participants was that the enquiry was too long and too specific. Possible future improvements 

are: 

1. Target a specific public, e.g. one specialist for one PAE type (manufacturer, user of a not 

widespread PAE, …). The items of this specific PAE should then be selected. 

2. Make a Dutch and French version of the enquiry because not all PAE experts are used to 

English. 

3. Do not specify three targets but just enquire about one overall gravity value.  

7.3.  Scale of Use 

7.3.1. Database of quantities of PPP sold in Belgium 

Calculation of the scale of use in Belgium is based on the quantities sold of each active substance. This 

set of data has to be updated for every cycle. This confidential information was provided by the 

competent authorities (FOD Food Safety, Health & Environment). 
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7.3.2. Data processing 

The methodology for processing the scale of use data can be found in Annex 13. The Access is used for 

the processing of the data. To estimate the scale of use numbers for each PAE type, each PPP (from the 

database of quantities of PPP sold, see 7.3.1) was assigned to a selection of  PAE types as described by 

Huyghebaert et al. (2016) for PAE types 1-13 and 15-22. The missing values for PAE 14 and 24 until 

32, were added in SA II by estimating their PPP use based on an expert enquiry.  

The repartition of the PPP among the different PAE can be found in Table 8, and also, within the Access 

Tool (‘PAE scale of use’). For example, based on this exercise it was estimated that PAE 1 (Field crop 

sprayer) uses around 85% of all the active substances in Belgium. 

Table 8: PPP scale of use in Belgium allocated to the different PAE types 

Id PAE type PPP use (kg/year) % of total 

1 Field crop sprayers and similar 12896440,5 85,498% 

2 Sprayers for bush and tree crops 522039,7 3,461% 

3 Sprayers for vineyards 33507,8 0,222% 

4 Fixed and semi mobile sprayers 475999,7 3,156% 

5 Knapsack sprayers 777372,9 5,154% 

6 Spray train 36136,5 0,240% 

7 Lances and spray guns 156295,1 1,036% 

8 Handheld sprayers 40561,6 0,269% 

9 Motorized portable mist blowers 51847,8 0,344% 

10 Selective herbicide sprayers 4609,7 0,031% 

11 Foggers (thermal fuel and electrofog) 476,4 0,003% 

12 Rotary atomisers or CDA (controlled droplet application) 3391,4 0,022% 

13 Cold atomisers (LVM/ULV) 329,8 0,002% 

14 Soil disinfection machines 11000,0 0,073% 

15 Plot sprayers 23820,9 0,158% 

16 Drip irrigation systems 3122,0 0,021% 

17 Sprinkler systems 11759,7 0,078% 

18 Weed wipers 2832,9 0,019% 

19 Handheld weed wipers 2134,1 0,014% 

20 Potato duster 120,3 0,001% 

21 Seed treatment machinery 1328,5 0,009% 

22 Granule spreaders 541,3 0,004% 

23 Seeders Not Considered NC 

24 Sulphur evaporator 1033,3 0,007% 

25 Tree trunk implantation/injection 366,7 0,002% 

26 Tree painting 366,7 0,002% 

27 Post harvest treatment systems 6833,3 0,045% 

28 Post harvest ripening systems using ethylene 14666,7 0,097% 

29 Aerial spraying 16,7 0,000% 

30 Robot sprayer 166,7 0,001% 

31 Soil disinfection machines for granulates 2500,0 0,017% 

32 Post harvest grain storage treatment installations 2333,3 0,015% 

  Total  15083951,9 100% 
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7.3.3. Scale of use issues 

The evolution of the PPP use, legislation and market impact the scale of PPP use. Therefore, the 

repartition of the PPP should be updated regularly. Indeed, sometimes an active substance can become 

unauthorized, whereas others can be applied by other PAEs than predicted in the SA I estimations, etc.  

7.4.  Operator and technical part of risk 

7.4.1. Expert survey operator vs. technical part of risk 

Pesticide application can lead to situations or events that cause risks for human health and environment. 

Most risks are related to pesticide under- or overdosages and some can cause harm to the operator or 

bystanders. PAE risk can be attributed to technical dysfunctions or a bad quality of the equipment but 

also to the operator behavior (human part of risk).  

Total risk = % operator + % technical = 100 

The total PAE risk can thus be divided in a technical risk caused by malfunctioning of the equipment 

and the risk caused by the operator. For example, the operator part compared to the technical part of 

the risk is higher for a handheld sprayer (PAE 8) than for a field crop sprayer (PAE 1) (Table 9) 

.  

During the SA I project, a survey was submitted to experts to determine the distribution of the operator 

part and the technical part in the total risk. The hypothesis in this survey was that the equipment is used 

following the best practices and in optimal conditions. Based on their opinion, experts had to answer the 

following questions for each PAE type:  

- Which part of the total risk for the environment is dedicated to operator behaviour?  

- Which part of the total risk for the environment is dedicated to potential technical defects?  

- Which part of the total risk for human health is dedicated to operator behaviour?  

- Which part of the total risk for human health is dedicated to potential technical defects?  

7.4.2. Results operator vs. technical part of risk 

During SA I, an expert group consisting of sprayer inspection specialists from 11 countries evaluated 

PAE types 1 to 29. In total, 17 answers were received, including 8 from Belgian inspection experts and 

9 from other European experts (SPISE members). Therefore, the results remain the same for PAE types 

1-29 as presented in SA I. The PAE types 30, 31 and 32 were evaluated in SA II by five Belgian sprayer 

inspection experts. The overall summary of the results is presented in Table 9 and is also available and 

used in the Access tool (> PAE technical vs Human part of the risk). Despite the great variation in 

answers from the experts (shown by the standard deviations in Annex 14) some clear trends appear: 

− For nine PAE types, the contribution of the human or operator part to the total risk is higher 

than 60%, both to the environment and human health: 4. Fixed and semi mobile sprayer, 5. 

Knapsack sprayers, 7. Lances and spray guns, 8. Handheld sprayers, 9. Motorized portable 

mistblowers, 15. Plot sprayers, 19. Handheld weed wipers, 25. Tree trunk implantation/injection 

and 26. Tree painting.  

− For only four PAE types, the contribution of the technical part in the total risk is distinctly 

higher than 60% (to the environment and/or to the human health): 6. spray train, 10. Selective 

herbicide sprayers, 16. irrigating system where pesticides are dosed to the plant by drippers, 26. 

Robot sprayer and 32. Post harvest grain storage treatment installations. 
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Table 9: Human part vs. technical part of the risk for the different PAE types. 

PAE type 

Risk to the 

environment 

Risk to the human 

health 

% human 
% 

technical 
% human 

% 

technical 

1. Field crop sprayers and similar 58,2 41,8 54,7 45,3 

2. Sprayers for bush and tree crops 59,1 40,9 53,8 46,2 

3. Sprayers for vineyards 57,1 42,9 55,0 45,0 

4. Fixed and semi mobile sprayers 64,7 35,3 65,9 34,1 

5. Knapsack sprayers 79,7 20,3 72,4 27,6 

6. Spray train 38,2 61,8 37,4 62,6 

7.  Lances and spray guns 70,9 29,1 68,2 31,8 

8. Handheld sprayers 80,9 19,1 71,5 28,5 

9. Motorized portable mistblowers 69,6 30,4 66,2 33,8 

10. Selective herbicide sprayers 40,0 60,0 53,2 46,8 

11. Foggers 51,3 48,8 56,2 43,8 

12. Rotary atomisers or CDA (Controlled Droplet 

Application) sprayers 
52,9 47,1 55,9 44,1 

13. Cold atomisers 48,7 51,3 52,1 47,9 

14. Soil disinfection equipment 46,6 53,4 57,8 42,2 

15. Plot sprayers 70,3 29,7 66,3 33,8 

16. Irrigating systems where pesticides are dosed to 

the plants by drippers 
31,2 68,8 37,1 62,9 

17. Irrigating systems where pesticides are dosed to 

the plants by the sprinkler system 
42,9 57,1 41,8 58,2 

18. Weed wipers 52,1 47,9 50,3 49,7 

19. Handheld weed wipers 68,7 31,3 66,5 33,5 

20. Potato seed duster 47,3 52,7 60,9 39,1 

21. Seed treatment machinery 46,5 53,5 55,6 44,4 

22. Granule spreaders 44,4 55,6 47,1 52,9 

23. Seeders 51,8 48,2 53,2 46,8 

24. Sulphur evaporator 57,3 42,7 66,7 33,3 

25. Tree trunk implantation/injection 73,8 26,3 75,3 24,7 

26. Tree painting 75,0 25,0 76,6 23,4 

27. Post-harvest treatment system 39,7 60,3 45,9 54,1 

28. Post-harvest ripening systems using ethylene 56,0 44,0 60,0 40,0 

29. Aerial spraying 45,6 54,4 41,2 58,8 

30. Robot sprayer 13,8 86,3 53,8 46,3 

31. Soil disinfection machines for granulates 47,5 52,5 65,0 35,0 

32. Post-harvest grain storage treatment 

installations 
32,5 67,5 48,8 51,3 

 

 



30 

8.  WP3: Development of RA LOGIC: Defining and 

calculating the risk types and risk decision matrix 

8.1.  Definitions and concept 

8.1.1. Risk reduction after inspection  

The risk reduction after inspection is the risk reduction directly induced by inspection. The direct impact 

of inspection results in a reduction of the risk as the operator is assumed to correct the defect(s) 

immediately after the inspection. So, the item goes from being above the tolerance level before 

inspection to an item below the tolerance level after inspection. Therefore, its gravity decreases. The 

risk at the scale of a defect is defined by its gravity multiplied by the probability of occurrence of that 

defect.  

 

With 

� ° � ��������� � 1st degree risk of defect i (atl=above the tolerance level) for PAEx at cycle x 

����� � Gravity of defect i (atl = above tolerance level) 

������� � ��� = Occurrence of defect (atl = above tolerance level) i for PAEx at cycle x 

PAEx = Pesticide Application Equipment n° x 

Consequently, the direct risk reduction induced by the inspection for a complete machine can be 

expressed by the following formula and is illustrated in Figure 10:          

    

With 

∆� �° ����������� � 2nd degree risk reduction after inspection for PAE x at cycle x 

������� � ��� = Occurrence of defect (atl) i for PAEx at cycle x 

����� � Gravity of defect i (atl)  

����� � Gravity of item i (btl	 
The advantages of using risk reduction after inspection are:  

• It shows a direct impact of inspection on a PAE risk. Items are immediately repaired.  

• It does not over-evaluate not wide spread items.  

• A direct comparison between PAE types is possible. 

(Situation) Before Inspection (= without inspection):   

One of the objectives is to estimate the risk reduction after inspection, by comparing with a situation 

without inspection. Without inspection refers to a situation where no inspection has ever been 
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performed. In this study, the reference occurrence values of defects (Figure 7) are used to represent this 

situation. The methodology used to determine these reference occurrence values is described in 7.1.  

(Inspection) items: An (inspection) item is a part of a PAE type. It can be seen as an elementary part 

of a PAE (which can be defect) but it can also be a direct defect such as “leaks”. In both cases and if it 

is below the tolerance level (= before inspection) they are still called items. In total, 154 items are listed 

for all PAE types as described in 6.2 and listed in Annex 2. Of course, not all items are used for all PAE 

types and each PAE type consists of different items although some PAE share the same items. In the 

formulas, the item considered is represented by the letter “i”. For each of the 32 PAE types, the 

corresponding inspection items are presented in Annex 2 as described in 6.5. 

Tolerance level (tl): is the threshold value or the limit value (see Annex 2) of a defect of an item, as 

illustrated in Table 4. If the item is below the tolerance level it is categorized as “non-problematic” or 

“functioning normally” during the inspection. Tolerance levels are mentioned in the Belgian inspection 

protocols. For example, the tolerance level for leaks is 30 ml/min. Above this value, the defect is 

considered as a major leak, and below 30 ml/min it is considered as a minor leak.  

Some tolerance levels are quantified numerically (e.g., nozzle flow rate), others based on a visual 

assessment (e.g., condition of the sprayer).  

• Items Above Tolerance level (atl) (= before inspection): Items categorized as defective during 

the inspection, did not meet the tolerance level expressed by the Belgian inspection protocol. 

These defective items can have a high impact on targets. The impact is translated into a high 

gravity value (G) (as described in 7.2). The reference occurrence values (  ) of these 

defects originate from the sprayer inspection database and are shown in Figure 7. A defective 

item (“atl”) is called a “Defect” or “defective item” (>< item). The term “before inspection” 

can also be used to refer to ‘defective’ items with gravity above the tolerance level (

). Gravity values before and after inspection were described in 7.2. (Figure 9).  

The risk calculated for the defects is called the “partial risk” (Figure 10): 

   

With 

� ° � ��������� � First degree risk of defect i (atl) for PAEx at cycle x 

����� �Gravity of defect i (atl) 

������� � ���  = Occurrence of defect (atl) i for PAEx at cycle x 

PAEx =Pesticide Application Equipment n° x 

After the inspection, the detected defects must be repaired. Therefore, the defects (atl) are no 

longer considered as defective. Their gravity value is reduced to the gravity below the tolerance 

value (btl) or after the inspection: ( ) resulting in a direct risk reduction as expressed 

by the formula above. 
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• Items below tolerance level (btl) (= after inspection): These items are not considered as 

defective. If an item is not considered as defective during the inspection, then it presents a level 

of disfunction under the tolerance level (“btl”) and is considered as ‘functioning normally’. The 

hypothesis is that also “btl” items have a potential but lower impact on targets, even if spraying 

is done following good agricultural practices. This is translated by a lower value of gravity (

) than defective items ( ). A “btl” item is called an “Item” 

(><Defect). The term “after inspection” can also be used to refer to items with gravity below 

the tolerance level. Because after the inspection, the gravity of all the items is at its lowest value 

( ) . 

  

The occurrence of the “btl” items is called the “co-occurrence” and is obtained by taking the 

“inverse” of the occurrence of the defect (see formula below). 

  

After inspection, the “btl” remain untouched. Nothing is repaired or changed. Therefore, their 

gravity value remains the same. 

The risk calculated for the “btl” items is called the “residual risk” (Figure 10). You have both 

the residual risk before inspection (blue in Figure 10) and after inspection (blue + red in Figure 

10). The residual risk after inspection is equal to the total risk (after inspection) as visualized in 

Figure 10. 

Residual risk before inspection:  

     

Residual risk after inspection: 

   

Figure 10 visualizes the different risks. On the right part of the graph (after inspection) you see 

the residual is risk is composed of the blue and red part. 

 

Figure 10: Schematic of the repartition of the risk before and after the inspection.  
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8.1.2. Pesticide application equipment and sprayer inspection 

A Pesticide Application Equipment (PAE) is a sum of items. PAE types are defined by a list of 

corresponding items as described in 6.5 and Annex 2. Some PAE types are already inspected (e.g. field 

crop sprayers, greenhouse sprayers, etc.) and the occurrence values of all their items are already 

available, whereas other PAE are not yet inspected and ‘new’ items have undetermined occurrence 

values. These missing occurrence values were estimated as described in 7.1.4. One goal of SA II is to 

make a risk assessment to see if these new PAE would be inspected, what the risk reduction would be. 

There are 32 PAE types studied in this project. Each PAE corresponds to a value ([1:32] indicated by 

the x (PAEx)). 

The sprayer inspection cycle can be considered as a “picture” of the condition of the PAEs. A picture 

we can take only every three years. This picture shows how many PAE have defects (item above the 

tolerance level). The inspection cycle is a period of three years during which inspectors inspect all 

machines of the relevant PAE types. They apply the legislation to decide which items are good (btl) and 

which items are considered as a defect (atl). The direct results of this work are the occurrence values of 

different defects. The defects are the result of the actions of the operators during the three years before 

the inspection (=inspection cycle considered). This last sentence is important for the consideration of 

the risk. 

8.1.3.  Risk degrees 

The degree of the risk describes the type of risk considered as illustrated in Figure 11. 

The 1st-degree risk (1°) represents the risk of only one item (i) on one machine. 

  or    

The 2nd-degree risk (2°) represents the risk at the scale of one machine. It is the sum of all the first degree 

risks of the items belonging to this machine. 

   OR     

The 2nd-degree a risk only considers the partial risk related with the defects (orange part in Figure 11). 

The 2nd-degree b risk includes both the partial (orange part) as the residual risk (blue part). 

The 3rd-degree risk (3°) represents the total technical risk for one PAE at the scale of the nation. It’s the 

second-degree risk multiplied with “scale of use (SofU)” (  ) bringing into account the number 

of machines for this PAE type and the amount of PPP used.  

 

The 4th -degree risk represents the total risk (including both human part + technical part,  
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Table 9) at the scale of the nation. For example, in case the contribution of human and technical part is 

50% each, than the 4th degree risk is twice the 3rd degree risk.    

 

 

 

Figure 11: Different degrees of risk (screenshot from the RA tool). 

8.2. Risk calculation example 

8.1.1.  Risk of defects for one machine 

In order to better understand the risk calculation methodology realized for the risk assessment, a 

simplified example is given. In reality, all risk calculations are performed using the Access Tool. The 

example below is also implemented in the RA tool (Risk calculations switchboard -> PAE50) to make 

it possible to follow the different steps in the tool.   

Imagine PAE 50, a “test sprayer” that is composed of only two items i.e., item Z30B (presence of a 

major leak) and item Z23A (non-homogenous nozzles). In the RA tool, item Z23A and Z30B were 

created in the “PAE parts base list” and the “PAE parts inspection protocol list”. Afterwards the two 

parts were assigned to PAE 50 in “Parts per PAE” design. 

The results of the inspections from the cycle X show that for 20% of the inspected “test sprayers” item 

Z30B was defective (= above the tolerance level). It also means that 80% of the “test sprayers” did not 

have any remarks about item Z30B (= below the tolerance level). Similarly, 5% of the inspected “test 

sprayers” had a defective Z23A item. whereas 95% of PAE 50 did not have any remarks about this item. 

The occurrence values are resumed in Table 10. Those occurrence and gravity values were also created 

in the RA tool “Gravity and occurrence base file”, and then assigned to the parts in the “PAE Parts base 

list”. 
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Table 10: Occurrence values and gravity values of items Z30B and Z23A from risk calculation example 

  Item Z30B Item Z23A 

Defective items occurrence 20% 5% 

Non defective items occurrence 80% 95% 

Gbtl  2 1 

Gatl 5 8 

  

To estimate the direct risk reduction caused by the inspection, the risk before and after the inspection 

needs to be calculated. The risk is obtained by multiplying the occurrence of the defect/item by its 

corresponding gravity. Every defect and item have their own gravity value as presented in Table 10. An 

item (even without being a defect) is considered to always represent a ‘residual’ risk.    

We want to see, if we repair the defects, how much the risk will decrease. So, we will go from the defect 

(above the tolerance level) to the item (below the tolerance level). Therefore, the occurrence (O) remains 

the same, only the gravity (G) will change as presented in the formulas below.  

 

The first formula represents the orange part while the second formula represents the blue part in Figure 

12. With the third formula the pink part or the risk reduction is calculated. Later, this value is compared 

to the partial or total risk (orange part or orange + blue part of “before inspection). 

 

Figure 12: Schematic of the repartition of the risk before and after the inspection 

The next equation is the comparison of the “pink” part relative to the orange part. 

 

 



36 

Adding the values to the formulas gives the following:  

For the defect Z30B: 

 

The results show that the 1st-degree risk related to Z30B defect is reduced by 60% after the inspection. 

You can also find this value back in the RA tool under “Risk calculations” and “Risk of every 

defect\Z30B”. Of course, it’s a small absolute value, but when you consider all the defects and items 

present on a PAE, this number naturally increases.   

For the defect Z23A: 

 

Summation of the values of the two items gives 2nd-degree a risk (risk at the scale of the machine): 

 

 

The risk created by the defects (20% for 30B and 5% for Z23A * gravities atl) has a value of 1.4. If the 

defects are repaired, a risk reduction of 0.95 is obtained resulting in a value of 0.45. At the scale of the 

machine, the 2nd-degree risk is thus reduced with 67.8% after the inspection. These values can be found 

in the RA tool under “Risk calculations” and then “Defects 1 machine” on the last page. 

 

After these calculations, some new vocabulary can be added. The formulas show the word “partial”. It 

simply represents the risk created only by the defects that appeared before the inspection (occurrence * 

gravity atl). 
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In addition, a non-problematic item (with no detected defect or a defect below the tolerance level), 

always represents a residual risk. The value of this risk can be calculated using one of the formulas 

below where we consider the gravity of the item below tolerance level (btl) and the “co-occurrence”, 

which is “100%” minus the occurrence. 

   OR   

In case of item Z30B, the co-occurrence is 80%. Logically, if 20% of the PAE have the defect Z30B, 

then 80% do not have it. But 80% still represent a risk.  Let’s calculate the value from our example.  

 

 

The risk we just calculated is called the residual risk before inspection. If you sum up the residual risk 

(2.55) with the partial risk (1.4) you obtain the “Total” 2nd degree b risk before inspection (3.95) 

(formula below). 

 

We use this data to see the risk reduction realized by the inspection in relation with the total risk 

produced by the machine.   

 

The formula above, gives the percentage the “pink part” represents compared to the orange + the blue 

part before the inspection.  Before continuing the calculi, let us resume the data we already have (Table 

11). 
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Table 11: Overview of the data calculated for each item and the sum of them.       

Items/defect Z30B Z23A Z30B + Z23A 

Occurrence of defect 20% 5%   

Co-occurrence 80% 95%   

Gravity 

Atl (G before) 5 8 5+8 = 13 

Btl (G after)  2 1 2+1 = 3 

Partial Risk (2nd 

degree a risk) 

Atl (G before) 5*20% = 1 8*5%=0.4 1+0.4 = 1.4 

Btl (G after) 2*20%= 0.4 1*5%=0.05 0.4+0.05= 0.45 

Δ 1-0.4= 0.6 0.4-0.05= 0.35 0.6+0.35= 0.95 

%Δ 0.6/1 = 60% 0.35/0.4 = 87.5% 0.95/1.4 = 67.8% 

Residual Risk before inspection 2*(1-20%) =1.6 1*(1-0.05) = 0.95 1.6+0.95= 2.55 

Total 2nd degree 

b Risk 

Before 

inspection 
1.6+1 = 2.6 0.95+0.4=1.35 2.6+1.35= 3.95 

After inspection 

(only residual 

risks remains) 

1.6+0.4 = 2 0.95+0.05=1 2+1=3 

Δ 2.6-2 = 0.6 1.35-1 = 0.35 3.95-3.0 = 0.95 

%Δ 0.6/2.6 => 23% 
0.35/1.35=> 

25.9% 

0.95/3.95=>24.1

% 

 

The terms before and after the inspection translate the action of the reparation of the defect(s). Before 

the inspection the defect Z30B was present on 20% of the PAE. After the inspection the same 20% are 

no more considered as a defect (=atl). They are only items (=btl). The correction is induced by the 

change of gravity values of items (from atl to btl). 

The two last lines give the value of the total 2nd degree b risk reduction for the machine and its percentage 

compared to the total risk. You can also find those values in the RA tool under “Risk calculations” and 

“Risk for one machine”.  
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Figure 13: Schematic repartition of the risk for the example 

The orange part is the partial risk. The blue part is the residual part of the risk (not affected by the 

inspection). The red part is the remaining risk right after the inspection (it is the reduced orange part). 

And finally, the pink part is the actual risk reduction which is the value obtained by the inspection and 

equal to the orange part minus the red part. 

The pink part is either divided by the orange part to obtain the partial risk or 2nd degree a reduction 

percentage (67.8%) or by the orange plus the blue part to obtain the total risk reduction percentage 

(24.1%) or the 2nd degree b reduction percentage. 

You will notice that the residual parts of risk after inspection (red + blue part) are not used in the calculi. 

Only the pink part is interesting for us at the moment.  

8.1.2.  Risk at the scale of Belgium (technical / technical + human) 

In order to calculate the risk at the scale of Belgium, we need to incorporate the scale of use for each 

PAE type (7.3) into the calculations. The scale of use for the hypothetical PAE50 considered is 1 000 

resulting in a total risk before inspection of 3 950 (3.95 x 1 000) and a total risk after inspection of 3 

000 (3.00 x 1 000). The total risk reduction at Belgium scale is equal to 950, which represents a 24.04 

% risk reduction. This information is also available in the tool under ‘risk calculations’ and ‘third-

degree risk (total Belgium technical only). 

 

A last parameter to be considered is the risk induced by the operator (7.4). A certain part of the risk 

calculated above is added. The contribution of the human and technical part of risk is expressed in  

Table 12. For this PAE, the operator has an impact of 10% of the risk on the environment and 90 % on 

the risk human health. 
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Table 12: Contribution of the operator vs. technical part in the total risk for the hypothetical PAE50  

 Operator % Technical % 

Risk to the 

environment 
10 90 

Risk to human health  90 10 

Mean 50 50 

 

Within the tool, the entire risk is calculated as one value, not specifying the risk for environment and 

human health. Therefore, we take the mean value resulting in 50% operator % and 50% technical %. As 

a result, the total risk for Belgium (technical + human) (fourth degree risk) for PAE50 is 7900 before 

inspection (3950 x (1 + 50/50). Assuming that the inspection reduces both the technical and the operator 

risk, the total risk after inspection is 6 000 (3 000 x (1+50/50)) corresponding with a total risk reduction 

of 1900 or 24.05%. This information is also available in the tool under ‘risk calculations’ and ‘fourth-

degree risk (total Belgium, technical + human part)’. 

In this specific case of PAE50, the total risk value at Belgium scale including the operator part of risk 

considered is twice the total technical risk at Belgium scale. 
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9. WP4: Development of a software tool for RA & 

inspection protocol development 

9.1. Introduction 

The main goal of the project was the development of a user-friendly Risk Assessment (RA) software 

tool with specifications according to the call. As requested by FAVV/AFSCA the tool was developed 

in Microsoft Access, because most people have basic MS Access knowledge and importing-exporting 

functionalities are easy. This should allow for smooth future updates. 

The tool will also be used in future to gather and keep up to date all relevant data on different PAE types. 

Furthermore, it’s developed in such a way that other EU member states or stakeholders could use the 

tool for their specific situation. 

The data limit for the tool is 2 Gb. 

The tool will be updated regularly by ILVO. An updated version will be shared with FAVV/AFSCA 

and FOD every year or on request. The most recent version of the tool at the moment of publishing this 

report, can be found in Annex 15. 

9.2.  General functioning of the tool 

When the RA tool is opened, the “Main switchboard” is automatically entered (Figure 14). From here 

on you can choose each option out of the tool by clicking on the different function buttons. 

 

Figure 14: Picture of the main switchboard of the RA tool 

The tool is divided into three main blocks. The block Base files (9.3) contains all the basic data necessary 

to get the results out of the tool. These base files have been discussed in the previous chapters. The 

second block concerns PAE designing (9.4) and the third is used for reporting (9.5). A help button 

(9.7) containing all needed information about the RA tool is foreseen as well.  
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9.3.  Base files 

The base files contain all necessary “basic” information important for the functioning of the tool as 

described in detail in the previous chapters. These files should be completed and updated carefully in 

order to obtain the correct results. 

It is also possible to export each base file to Excel or another data format by using the upper menu button 

“External data” (“Externe gegevens”) and then selecting the desired format under export (do not confuse 

with import!).  

9.3.1.  EU directive classification possibilities 

This base file contains all PAE classification possibilities according to the EU Directive 2009/128/EC 

(Annex 1). 

Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a 

framework for Community action to achieve the sustainable use of pesticides (Text with EEA relevance). 

It is used to link and situate the different PAE types with regard to the EU Directive to facilitate decision 

making. The different possibilities are shown in Figure 15. 

- Classification: brief but clear description of the classification possibilities according to the EU 

Directive. These descriptions cannot be changed because it contains fixed terminology used 

for certain reports. 

- Related EU directive text: Complete text out of the EU Directive. 

 

Figure 15: Screenshot ‘EU directive possibilities’ from the RA tool 

9.3.2.  PAE pesticide application equipment  

This base file contains information on the 34 PAE types that are used or could be used in Belgium as 

described in 6.1. All fields should be completed carefully and especially the choice of a unique and 

suitable name is important. 

- Id: Unique identification number. This number may not be changed! Only new unique 

numbers for new PAE can be added. 
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- Name: Short common and clear name for the PAE type (will be used in generated listings and 

reports) 

- Classification: Classification according to the EU Directive (this is a fixed choice out of base 

file “EU directive classification possibilities (9.3.1)”) 

- Description: Brief but comprehensive description to describe the PAE type 

- Pictures: Some representative pictures 

- Complete description and relevant documents: All documents related to the PAE type can be 

added freely, no limits. This is an important function for gathering a wide range of documents 

related with the considered PAE type. Documents include: 

o The detailed description file from the PAE type that was established in SA I including 

Brief description / Sectors and estimated numbers / Usage / Possible items to inspect 

and Additional information 

o Other interesting documents concerning the PAE type e.g.: 

 Inspection protocols from other countries 

 Other test protocols 

 Instruction manuals  

 Pictures 

Figure 2 shows the example of PAE type 5. Knapsack sprayers. 

9.3.3.  PAE test/inspection equipment 

This base file contains all known test and inspection equipment that could be used for testing PAE as 

described in 6.4.  

- Id: Unique Identification number 

- Name: Brief name of the equipment 

- Description: Brief but comprehensive description to situate the equipment 

- Pictures: Some illustrative pictures 

- Attachments: Possibility to gather different information on the equipment: 

o Brochures, 

o Manufacturers and dealers, 

o User manuals, 

o Etc. 

Figure 4 shows the example of the Mobile laser sheet imaging system (LSI).  

9.3.4.  PAE parts base list (or inspection items list) 

This base file contains all known parts or items (154 in total) that could be inspected as described in 6.2. 

It was established starting with the inspection items from the existing Belgian protocols, updated with 

items from other countries’ protocols, ISO standards and completely new items. With this PAE parts 

base list, also referred to as inspection items list, it is possible to set up a basic inspection protocol and 

risk calculation for new PAE types as described in 6.5. The list contains the following information (see 

9.3.5): 

- Id: Unique id (e.g. 01A) where the number refers to the to the general part item (e.g. 

01=general condition, 02=Harness, etc.). This ID may not be changed, only new unique ID’s 

for new items may be added!  

- Item: General item where the part belongs to, limited to base file “Parts items (see 9.3.9)” 

- Parameter: The parameter-part that is considered for inspection 

- Consequence: Possible effect of a defective item (Hidden defects, punctual contamination, 

operator contamination, personal accident, poor distribution, etc.) 
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- Extent of the risk: To choose from limited list “Risk extents (9.3.10)” including point, global, 

localized 

- Gravity assigned:  A unique gravity/occurrence is assigned to each item selected out of the 

base file “PAE parts gravity and occurrence list” (see 9.3.6). Gravity and occurrence values 

were described in 7.1 and 7.2.  

A screenshot of the PAE parts base list is shown in Figure 16  

 

Figure 16: Screenshot of the ‘PAE parts base list’ from the RA tool 

9.3.5.  PAE parts inspection protocol (or parameters inspection protocol) 

This base file contains the same 154 items out of the “PAE parts base list”, and is used to assign an 

inspection method to each item as described in 6.3. The PAE part first has to be added to the “PAE Parts 

base list” before it can be called in the “PAE parts inspection protocol”. With this list it is possible to 

generate a basic inspection protocol for all PAE types, including new PAE types if all fields for each 

relevant items are completed. The base file ‘PAE parts inspection protocol’ contains the following 

information: 

- Id/Item/Parameter: To be completed from the “PAE Parts base list”  

- Inspection method: Description of the inspection method and checks 

- V/M/ M+V:  Test is Visual, Measurement or Visual and Measurement 

- Examined element: Description of the parts/parameters/elements that should be examined 

- Limit values or tolerance level: Values that define if a remark should be given or not 
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- Weighing: Score given to the remark (if any) defining the specific action required by the 

owner of the sprayer (used in Belgian inspection). .  

o 1 = remark should be repaired immediately = rejection of the sprayer,  

o 2 = remark should be repaired before the next 3 yearly inspection, 

o 3 = advisory remark. 

A screenshot of the PAE parts inspection protocol is shown in Figure 17. 

 

Figure 17: Screenshot of the ‘PAE parts inspection protocol’ from the RA tool 

9.3.6.  PAE parts gravity and occurrence list 

This base file contains the gravity and occurrences for the items. Occurrences are mainly based on the 

Belgian inspection database, and the gravities are determined by European experts as described in 7.1 

and 7.2. 

Those gravities and occurrences can be assigned to the different items in the parts base list, and are used 

to perform the risk calculations. The base file ‘PAE parts gravity and occurrence list’ contains the 

following information: 

- Gravity Id: Unique id with structure referring to the original part the gravity and occurrence 

values refer to. Gravity and occurrence values from existing items can also be assigned to new 

parts as described in 7.2. The existing Gravity Id’s may not be changed, and if new gravity 

values are added they should be unique! 

- Gravities and occurrences based on: Origin of the gravity and occurrence values 

- Operator, Consumer and Environment gravities before and after: Gravities before and after 

inspection based on expert enquiries (scored by the experts on a scale from 0 to 10) 

- Occurrence: Occurrence of the defects based on Belgian inspection database figures or expert 

opinions (range from 0-100%) 

A screenshot of the PAE parts gravity and occurrence list is shown in Figure 18. 
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Figure 18: Screenshot of the ‘PAE parts gravity and occurrence list’ from the RA tool. 

9.3.7.  PAE scale of use 

The scale of use for each PAE contains the estimated amount in kg of pesticides yearly used in Belgium 

for each PAE types based on the database of quantities of PPP sold in BE and expert opinions as 

described in 7.3. This figure is important for the risk calculations. The base file ‘PAE scale of use’ 

contains the following information: 

- Id Name: Unique id of the PAE type out of the “PAE pesticide application equipment” base 

list. 

- Scale: estimated kg of active substances yearly used in Belgium. These values correspond 

with the values in Table 8 

A screenshot of the PAE scale of use base file is shown in Figure 19. 
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Figure 19: Screenshot of the ‘PAE scale of use’ base file from the RA tool 

9.3.8.  PAE technical vs human part of the risk 

The contribution of the technical and human part in the total risk for each PAE type was determined 

by expert opinions as described in 7.4. Those percentage (Table 9) are used to determinate the total 

risk for the Belgian territory due to both operator misuse and technical disfunctions. 

- Id: Unique id of the PAE type out of the “PAE pesticide application equipment” base list. 

- Risk to the environment % operator: The % of the total risk to the environment related to bad 

operator handlings 

- Risk to the environment % technical: The % of the total risk to the environment related to a 

defective items 

- Risk to human health % operator: The % of the total risk to human health related to bad 

operator handlings 

- Risk to human health % technical: The % of the total risk to human health related to a 

defective items 

A screenshot of the PAE scale of use base file is shown in Figure 20. 
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Figure 20: Screenshot of the ‘PAE technical vs human part of the risk’ base file from the RA tool 

9.3.9.  Parts items 

The parts items base list is a description of the 38 general Items that could be inspected. All 154 items 

out of the PAE parts base list belong to a general Item. For example, a nozzle filter belongs to the general 

item “filters”. Assigning each of the 154 items to one of the 38 general items makes it possible to 

generate as structured inspection protocol. 

- Item: Description of the general item 

9.3.10. Risk extents 

Three different extents are considered. Those extents are used informative and are assigned to the 154 

items. 

- Risk extent: Brief description  

- Description: Complete description of the extent 

9.3.11. Contacts 

A small contact list was added to the database. This contact database contains all relevant contacts 

related to the tool. 

9.4.  PAE design 

9.4.1.  Parts per PAE 

With this option a PAE type can be chosen (the PAE has to be available in the “PAE pesticide application 

equipment” base file), and then corresponding parts from the “PAE parts base list” can be attached to 

the PAE. This is done for the 31 PAE types (not for seeders because not considered as PAE).  
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In case of a new PAE type, this task should be done carefully by experts familiar with the new PAE 

type. If there is a new PAE type, then it should first be entered into the base file “PAE pesticide 

application equipment”, and then it is possible to enter the parts for the new PAE in the “Parts per PAE” 

file.  

If some parts/items are not available in the PAE parts base list then the following base files should be 

updated to generate an inspection protocol in case of a new item/PAE type: 

- PAE Parts base list: Add the new part with a unique id that is in line with the existing Id’s. 

- PAE Parts inspection protocol: Add also the inspection protocol for the new part. 

For the risk calculations the following base files should be updated in case of a new item/PAE type:  

- PAE parts gravity and occurrence list: add gravity and occurrence values for the new item. Note: 

It’s also possible to link an existing gravity/occurrence from the PAE parts base list to the new 

item. 

- PAE scale of use and PAE technical vs human part of the risk 

Finally, if all parts are attached to the PAE and all the necessary data is available in the base files as 

mentioned above, several reports can be extracted (inspection protocol and risk calculations) (see 9.5). 

9.5.  Reports 

It is possible to generate a number of reports and data directly from the RA tool. Because Microsoft 

Access is not a suitable tool for making nice graphs and lay-outs it was chosen just to make some basic 

reports and to create an excel dashboard for Decision making based on the data output from the RA tool 

(see 10.2). 

The data out of the reports can be easily exported to Excel or other spreadsheets for further examination 

in different ways. Go to the report and: 

- Use the export option: In access you have an upper menu “External data” (“Externe gegevens”), 

there you can select export to excel, text, …. format under export (do not confuse with import!).  

- Use copy-paste: Choose “report lay-out” (rapportweergave) and select with left mouse button 

the row where you want to start to copy, keep left mouse button down and draw pointer down 

with mouse to select the rows that you want to keep. If selection finished, then copy (ctrl+c) and 

paste (ctrl+v) into Excel. 

The following reports and data output can be generated: 

• PAE classification (with/without picture) (9.5.1 & 9.5.2) 

• PAE test/inspection equipment (9.5.3) 

• Inspection protocol per PAE type (report/raw) (9.5.4 & 9.5.5) 

• Risk calculations with five possible output reports (9.5.6) 

9.5.1.  PAE classification report 

With this report you get a straight “one page” overview of all PAE types that are in the database and 

their classification according to the EU directive. 

9.5.2.  PAE classification report (with picture) 

Same as above but with including a picture of the PAE as shown in Figure 21. 
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Figure 21: Screenshot of part of the PAE classification report 

9.5.3.  PAE test/inspection equipment 

With this report you get an overview of all the test/inspection equipment in the “PAE test/inspection 

equipment” base file. Part of this report is shown in Figure 22. 

 

Figure 22: Screenshot of part of the PAE test/inspection equipment 
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9.5.4.  Inspection protocol per PAE type (report) 

This extensive report generates a full list of all PAE types in the database together with an inspection 

protocol for each PAE type according to the Belgian format. Figure 23 shows part of the inspection 

protocol generated for PAE type 4. Fixed and semi mobile sprayers. 

 

Figure 23: Screenshot of part of the inspection protocol per PAE type report  

9.5.5.  Inspection protocol per PAE (raw) 

Same as above but in raw format so that it’s easy to copy-paste the information into other applications 

for further usage. 

9.5.6.  Risk calculations 

The risk calculations button leads to a new switchboard (Figure 24) with the different risk calculation 

possibilities as described in Chapter 8. There is a brief description of how the calculations are made but 

for detailed information on the calculations we refer to chapter 8. There are five possible reports, and 

you can find for every report a screenshot referring to or including the hypothetical example of PAE50 

described in chapter 8. 
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Figure 24: Switchboard for risk calculations in the Access tool 

Defects only: Risk of every defect (1st degree risk) 

The risk of every defect is calculated based on the gravity and occurrence base file. Gravities are 

multiplied with the occurrence and summed. The results from the tool for PAE 50 (with two inspection 

parameters Z23A and Z30B) are shown in Figure 25. 

Risk before inspection = (Operator gravity before*occurrence) +(Consumer gravity before*occurrence) + 

(environment gravity before*occurrence ) or 
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Risk after inspection=(Operator gravity after*occurrence) +(Consumer gravity after*occurrence) + 

(environment gravity after*occurrence ) or 
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° � �� �  �� �������������
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Risk reduction= Risk before inspection - Risk after inspection or 
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Figure 25 : Screenshot 1st degree risk reduction for every defect from the RA tool (example PAE 50, 

chapter 8) 
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Defects only: Defects 1 machine risk (2nd degree a risk) 

The risk for one machine of a certain PAE type is based on the parts table for this PAE type (see 6.5). 

And each part/item is linked to a gravity (7.2) and occurrence value (7.1).   

The risk reduction for one machine is calculated by calculating the risk reduction for each defect as 

above, and taking the sum for the items linked to one machine. The example for PAE50 is shown in 

Figure 26.  

 

Figure 26 : Screenshot 2nd degree a risk (reduction) for each PAE out of the RA tool (example PAE 50, 

chapter 8) 

Defects + residual risk (correct parameters) Risk for one machine (2nd degree b risk) 

For this calculation the gravity after inspection is also included. So even when an item is inspected, there 

is still a residual risk (gravity before inspection and gravity after inspection). The example for PAE50 

is shown in Figure 27. 

Risk before inspection = (Operator gravity before*occurrence) +(Consumer gravity before*occurrence) + 

(environment gravity before*occurrence ) + ((Operator gravity after*(1-occurrence)) +(Consumer gravity 

after*(1-occurrence)) + (environment gravity after*(1-occurence )) or 
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Risk after inspection=(Operator gravity after*occurrence) +(Consumer gravity after*occurrence) + 

(environment gravity after*occurrence ) + ((Operator gravity after*(1-occurrence)) +(Consumer gravity 

after*(1-occurrence)) + (environment gravity after*(1-occurence )) or 
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Risk reduction= Risk before inspection - Risk after inspection or 

∆������° �� �  � ����������
�° �� − ����������

�° ��  

 

Figure 27 : Screenshot 2nd degree b risk (reduction) for each PAE residual risk included out of the RA tool 

(example PAE50 from chapter 8) 
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Defects + residual risk (correct parameters) Total Belgium technical risk only (3rd 

degree risk) 

This method calculates the technical risk (reduction) at the scale of use of Belgium for one PAE type 

using the scale of use. 

For this calculation the gravity after inspection is also considered (residual risk). So, when an item is 

inspected, there is still a residual risk. This residual risk is multiplied by the scale of use for each PAE. 

Results from the RA tool are shown Figure 28 including the example PAE50 from Chapter 8. 

 

Risk before inspection = scale of use * [(Operator gravity before*occurrence) +(Consumer gravity 

before*occurrence) + (environment gravity before*occurrence ) + ((Operator gravity after*(1-occurrence)) 

+(Consumer gravity after*(1-occurrence)) + (environment gravity after*(1-occurence ))] or 
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Risk after inspection= scale of use * [(Operator gravity after*occurrence) +(Consumer gravity after*occurrence) 

+ (environment gravity after*occurrence ) + ((Operator gravity after*(1-occurrence)) +(Consumer gravity 

after*(1-occurrence)) + (environment gravity after*(1-occurence ))] or 
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/° �� �  ����������
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Risk reduction= [Risk before inspection - Risk after inspection] or 

∆����� (��-.��-��	/° �� � ∆������° �� ∗ 0123������   
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Figure 28 : Screenshot 3rd degree risk and risk reduction for each PAE scale of used included out of the 

RA tool (example PAE50 from chapter 8 included)  

Defects + residual risk (correct parameters) Total Belgium, technical + human part (4th 

degree risk) 

This method calculates the total risk (reduction) to the environment and human health at the scale of 

Belgium using the contribution of the technical and the human part of the risk (7.4) 

Pesticide application can lead to situations or events that represent risks for humans and environment. 

Most risks are related to pesticide under- or over-dosages and some can cause harm to the operator too. 

PAE risk varies with technical dysfunctions or a bad quality of the equipment. However, PAE risk is 

also linked with operator behavior. So, the total PAE risk can be subdivided in technical risk caused by 

malfunctioning of the equipment and risk caused by the operator. For example, the operator part 

compared to the technical part of the risk shall be higher for a handheld sprayer than for field crop 

sprayer. With this last calculation the total risk for environment and human health due to both operator 

and technical malfunctions is calculated. Results from the RA tool are shown in Figure 29 including the 

example PAE50 from Chapter 8. 

 

% 567ℎ9:7;< =;>? �  (% 567ℎ9:7;<��"����!��� + % 567ℎ9:7;<. !�� .����.	
2  

 

Risk before inspection = (scale of use * [(Operator gravity before*occurrence) +(Consumer gravity 

before*occurrence) + (environment gravity before*occurrence ) + ((Operator gravity after*(1-occurrence)) 
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+(Consumer gravity after*(1-occurrence)) + (environment gravity after*(1-occurence ))]) /(((Risk to human 

health technical part%)+(Risk to the environment technical part%))/2) or 

� ����������(��-.��-��A��������	
/° �� �  
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Risk after inspection= (scale of use * [(Operator gravity after*occurrence) +(Consumer gravity 

after*occurrence) + (environment gravity after*occurrence ) + ((Operator gravity after*(1-occurrence)) 

+(Consumer gravity after*(1-occurrence)) + (environment gravity after*(1-occurence ))] ) /(((Risk to human 

health technical part%)+(Risk to the environment technical part%))/2) or 
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Risk reduction=  [Risk before inspection - Risk after inspection] or 
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Figure 29 : Screenshot total 4th degree risk (technical and operator part) and risk reduction for 

environment and human health (example PAE50 from chapter 8 included) 

9.6.  Output summary from the RA tool  

The RA tool is able to generate a summary of the most important RA results in one overview table. 

This table can be generated in the RA tool using ‘Risk calculations’ and then ‘Recapitulation list main 

results’. The list can be used for exporting and decision making. In this project, this output table is 
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directly used as an input for the decision-making dashboard described in chapter 10 and is also shown 

in Figure 30 and Table 13. The 8 data columns represent the following information for each PAE type: 

• Column 1: 2nd degree b absolute risk reduction after inspection(0.95 for PAE50) - 2nd ° b absolute 

risk reduction 

• Column 2: 2nd degree b relative risk reduction after inspection (24.05% for PAE50) -  2nd ° b 

relative risk reduction (%) 

• Column 3: 3th degree absolute risk before inspection (3950 for PAE50) -  3th ° absolute risk 

• Column 4: 3th degree absolute risk reduction after inspection (950 for PAE50) -  3th ° absolute risk 

reduction 

• Column 5: Relative contribution of each PAE type in the total 3th degree risk (87.68% for PAE1) 

-  3th ° (% contribution) 

• Column 6: 4th degree absolute risk before inspection (7900 for PAE50) -  4th ° absolute risk 

• Column 7: 4th degree absolute risk reduction after inspection (1900 for PAE50) -  4th ° absolute risk 

reduction 

• Column 8: Relative contribution of each PAE type in the total 4th degree risk (84.26% for PAE1) 

-  4th ° (% contribution) 

9.7.  Help function 

A help button is available with short quick links to relevant info. For each field in the base files there is 

also a brief description that appears on the bottom bar of access when you click on the field (to be 

considered as an instant hint). Furthermore the state of the RA tool is also kept in het help switchboard 

and on top the complete reports from SA I and SA II are available in the help function. 



 

 

 

Figure 30 : Screenshot from the output summary of the RA tool (including PAE50 from chapter 8) 
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Table 13: Summary of the most important RA results for the different PAE types and hypothetical PAE 50 

PAE 

n° 
PAE 

2nd ° b absolute 

risk reduction 

2nd ° b relative 

risk reduction 

(%) 

3th ° absolute 

risk  

3th ° absolute 

risk reduction  

3th ° (% 

contribution) 

4th ° absolute 

risk  

4th ° absolute 

risk reduction 

4th ° (% 

contribution) 

1 Field crop sprayers and similar 33,4 7,5 5,75E+09 4,31E+08 87,68 1,32E+10 9,9E+08 84,26 

2 Sprayers for bush and tree crops 32,5 7,3 2,32E+08 16 976 887 3,45 5,32E+08 39 000 956 3,32 

3 Sprayers for vineyards 32,5 7,3 14 861 745 1 089 684 0,22 33799286 2 478 212 0,21 

4 Fixed and semi mobile sprayers 36,0 7,4 2,3E+08 17 130 850 3,49 6,64E+08 49 360 079 4,20 

5 Knapsack sprayers 20,5 8,2 1,95E+08 15 958 377 3,25 8,13E+08 66 574 822 5,67 

6 Spray train 32,0 7,9 14 725 539 1 157 370 0,24 23 672 261 1 860 547 0,16 

7 Lances and spray guns 26,6 9,2 45 267 913 4 155 589 0,85 1,49E+08 13 651 210 1,16 

8 Handheld sprayers 19,9 8,8 9 170 479 808 868 0,16 38 493 372 3 395 249 0,29 

9 Motorized portable mist blowers 17,3 8,5 10 504 287 896 205 0,18 32 705 656 2 790 383 0,24 

10 Selective herbicide sprayers 34,0 7,6 2 057 448 156 857 0,03 3 854 173 293 836 0,025 

11 Foggers (thermal fuel and electrofog) 20,7 9,4 104 533 9 877 0,002 225 837 21 340 0,002 

12 Rotary atomisers or CDA (controlled 42,9 9,6 1 518 236 145 468 0,03 3 330 325 319 090 0,027 

13 Cold atomisers (LVM/ULV) 19,3 9,7 65 865 6 380 0,001 132 744 12 858 0,001 

14 Soil disinfection machines 25,2 7,9 3 503 147 277 509 0,056 7 326 843 580 411 0,049 

15 Plot sprayers 38,6 7,6 12 146 097 919 001 0,19 38 293 114 2 897 345 0,25 

16 Drip irrigation systems 17,5 7,5 720 557 54 692 0,011 1 093 702 83 015 0,007 

17 Sprinkler systems 18,9 6,9 3 190 836 221 875 0,045 5 535 124 384 886 0,033 

18 Weed wipers 18,7 7,9 672 144 53 135 0,011 1 376 680 108 830 0,009 

19 Handheld weed wipers 11,3 9,3 260 342 24 114 0,005 803 234 74 399 0,006 

20 Potato duster 3,6 7,7 5 605 429 0 12 218 936 0 

21 Seed treatment machinery 7,7 9,7 105 446 10 215 0,002 215 326 20 860 0,002 

22 Granule spreaders 10,1 8,1 67 574 5 451 0,001 124 527 10 045 0,001 

23 Seeders         

24 Sulphur evaporator 9,0 12,5 73 984 9 257 0,002 194 695 24 360 0,002 

25 Tree trunk implantation/injection 14,4 8,7 60 926 5 302 0,001 239 217 20 816 0,002 

26 Tree painting 18,1 9,5 69 903 6 635 0,001 288 631 27 396 0,002 

27 Post harvest treatment systems 29,8 6,8 2 987 834 203 882 0,041 5 224 627 356 515 0,03 

28 Post harvest ripening systems using 12,5 9,7 1 885 189 183 467 0,037 4 488 544 436 827 0,04 

29 Aerial spraying by planes 32,6 8,3 6 586 545 0 11 633 962 0 

30 Robot sprayer 35,1 7,4 79 262 5 846 0,001 119 641 8 824 0,001 

31 Soil disinfection machines for 5,2 6,2 209 243 13 005 0,003 478 270 29 726 0,003 

32 Post harvest grain storage treatment 28,6 8,0 836 020 66 627 0,014 1 408 034 112 213 0,01 

33 Autonomous drone for aerial spraying.         

50 test sprayer (example out of ch. 8.2) 0,95 24,05 3 950 950 0 7900 1900 0 

 



 

10. WP5: Implementation and decision making 

10.1. Introduction 

There are different calculation possibilities available in the RA tool, giving different outputs as described 

in the previous chapters. The different outputs are situated at different levels (defect, machine, Belgium, 

etc.). Theoretically a final risk decision could be made straight-forward by fixing one limit value for one 

of the specific output values. This would give us a fast and simple result. On the other hand, all different 

RA tool outputs have their benefits, so we prefer to use all or as much as possible of the calculation 

results for final decisions. For this purpose, a decision dashboard (Annex 16) which visualizes the most 

important output from the RA tool and can help for decision making (10.2). 

The RA tool can produce the following lists: 

- Risk of every defect: This list is not relevant for decision making for different PAE’s. 

- Risk of the defects of 1 machine (2nd degree a risk) and Total Risk for one machine (2nd degree 

b risk): Those lists are already interesting in the way that it’s already possible to compare the 

risk of individual machines of different PAE types.   

- Technical risk values and reductions at Belgian scale of use for all PAE types (3rd degree risk). 

- Total risk values and reduction for Belgium (technical + human part of the risk) for all PAE 

types (4th degree risk). 

- The scale of Use for all PAE types. 

- .... 

 

There is also an output summary list available with the most important data out of the different risk 

calculations for the different PAE types  as presented in Table 13 and Figure 30. This list can be easily 

exported to excel and imported in the dashboard as described in 10.3. As an alternative, it is also possible 

to sort on each column in the tool to see the most relevant PAE for the risk (reduction) considered. 

10.2. Decision making with the dashboard 

In order to help though the decision-making process, a dashboard was made. It shows different graphs 

with the summary output data (Table 13) generated by the RA tool. The current dashboard generated 8 

graphs corresponding with the 8 data columns of Table 13 (see 9.6). Of course, at any time, additional 

graphs can be put into the dashboard. 

The red line in each graph represents the risk (reduction) limit value and can be set manually by selecting 

and moving it. This allows to make a visual selection of relevant PAE types. On the right you can write 

down the PAE standing out (above the line). All the choices made for all the graphs are automatically 

recapitulated at the bottom of the page within a summary section. 

It is up to the decision makers to decide which risk (reduction) values are used and what are the limit 

values. Below, the 8 different output graphs are presented and shortly discussed in order to demonstrate 

the possibilities and to assist decision makers.  

1) Graph n° 1: 2nd degree b relative risk reduction 

Data from RA tool: 2nd degree b relative risk reduction after inspection (Table 13, column 2)  

What? For each PAE type, the relative (%) total (partial + residual) risk reduction caused by the 

inspection for one single machine 

Conclusions & remarks:  
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• Depending on the PAE type, relative risk reduction values range from about 6% (PAE 31 

(granular soil disinfection machines) up to more than 12% (PAE 24: sulphur evaporator)  

• Highest relative 2nd degree risk reduction values are achieved by an inspection for the following 

PAE types (in descending order): 

o 24: sulphur evaporator 

o 28: Post-harvest ripening systems using ethylene 

o 13: Cold atomisers 

o 21: Seed treatment machinery 

o 12: Rotary atomisers or CDA (Controlled Droplet Application) sprayers 

o 26: Tree painting 

o 11: Foggers 

• Note that these values present relative risk reduction for one individual machine. Consequently, 

PAE types with a high absolute risk are not selected. Different conclusions can be taken from 

the absolute risk reduction values (graph 2). For decision making, it seems more interesting to 

use the absolute risk reduction values for one machine. 

 

 

Figure 31: Graph n° 1 from the decision dashboard - 2nd degree b relative risk reduction 

2) Graph n° 2: 2nd degree b absolute risk reduction 

Data from RA tool: 2nd degree b absolute risk reduction after inspection (Table 13, column 1)  

What? For each PAE type, the absolute risk reduction caused by the inspection for one single machine  

Conclusions & remarks:  

• Depending on the PAE type, absolute risk reduction values range from about 3 (20: Potato seed 

duster) up to more than 40 (12: Rotary atomisers or CDA sprayers)  

• Highest absolute 2nd degree risk reduction values are achieved by an inspection for the following 

PAE types (in descending order): 

o 12: Rotary atomisers or CDA (Controlled Droplet Application) sprayers 

o 15: Plot sprayers 

o 4: Fixed and semi mobile sprayers 

• Highest absolute risk reduction are generally achieved for the more complex PAE types. Besides 

the three PAE types mentioned before, also Spray Robots (30), selective herbicide sprayers (10), 

field crop sprayers (1), Aerial spraying (29), Sprayers for bush and tree crops (3), Sprayers for 

vineyards (2) and spray trains (6). Not surprisingly, most of these PAE types are already 

inspected in Belgium or will be inspected in future (12: Rotary atomisers or CDA). Aerial 

spraying is forbidden in Belgium. 
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Figure 32: Graph n° 2 from the decision dashboard - 2nd degree b absolute risk reduction 

3) Graph n° 3 - 3th degree absolute risk 

Data from RA tool: 3th degree absolute risk before inspection (Table 13, column 3)  

What? The total technical risk (3th degree absolute risk) for each PAE type at Belgian scale so accounting 

for all machines used in Belgium (using the scale of use). This graphs allows to rank the PAE types 

according to their total technical risk for Belgium. Note that the scale is a logarithmic one showing the 

huge differences between PAE types. The effect of inspection is not accounted for. 

Conclusions & remarks:  

• The 3th degree absolute risk before inspection ranges from 5605 (20: Potato seed duster) up to 

5,75.109 (1: field crop sprayers). 

• Highest 3th degree risk values are found for the following PAE types (in descending order):: 

o 1: Field crop sprayers 

o 2: Sprayers for bush and tree crops 

o 4: Fixed and semi mobile sprayers 

o 5: Knapsack sprayers 

o 7: Lances and spray guns 

• Highest total technical risk values are found for the PAE types with the highest scale of use. 

Most PAE types with the highest total technical risk at Belgian scale of use are already inspected 

except knapsack sprayers (5) and lances and spray guns (7). It is known that this last PAE type 

is already inspected in some other neighbour countries like The Netherlands and Germany. 

 

Figure 33: Graph n° 3 from the decision dashboard - 3th degree absolute risk 
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4) Graph n°4 - 3th degree absolute risk reduction after inspection 

Data from RA tool: 3th degree absolute risk reduction after inspection (Table 13, column 4)  

What? For each PAE type, the absolute 3th degree risk reduction caused by the inspection at Belgian 

scale  (using the scale of use). It shows the absolute technical risk reduction obtained by inspecting the 

different PAE types. Note that the scale is a logarithmic one. 

Conclusions & remarks:  

• The 3th degree absolute risk reduction after inspection ranges from 429 (20: Potato seed duster) 

up to 4.31.108 (1: field crop sprayers). 

• Highest absolute technical risk reduction in Belgium can be obtained for the following PAE 

types (in descending order): 

o 1: Field crop sprayers 

o 2: Sprayers for bush and tree crops 

o 4: Fixed and semi mobile sprayers 

o 5: Knapsack sprayers 

o 7: Lances and spray guns 

• Not surprisingly, total technical risk reduction at the scale of Belgium can be achieved by 

inspecting the PAE types with the highest 3th degree absolute risk values. The ranking of PAE 

types from Figure 34 is very similar to Figure 33 indicating the important effect of scale of use 

values on total risk (reduction) values. 

• Similar to above, most PAE types with the highest 3th degree absolute risk reduction are already 

inspected except knapsack sprayers (5) and lances and spray guns (7).  

 

Figure 34: Graph n° 4 from the decision dashboard - 3th degree absolute risk reduction after inspection 

5) Graph n°5 - Relative contribution of each PAE type in the total 3th degree risk 

Data from RA tool: Relative contribution of each PAE type in the total 3th degree risk (Table 13, column 

5)  

What? This graph expresses the contribution of each PAE type in the total technical risk for Belgium. 

Note that the scale is a logarithmic one indicating the huge differences between PAE types.  

Conclusions & remarks:  

• The relative contribution (%) in the total 3th degree risk ranges from less than 0.001% (20: Potato 

seed duster) up to 87.86% (1: field crop sprayers). Logically, the ranking of the PAE types is 

similar to Figure 33. 

• Highest relative contribution in the total 3th degree risk: 

o 1: Field crop sprayers (87.86%) 
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o 2: Sprayers for bush and tree crops (3.45%) 

o 4: Fixed and semi mobile sprayers (3.49%) 

o 5: Knapsack sprayers (3.25%) 

o 7: Lances and spray guns (0.85%) 

• The actual inspection in Belgium already covers 95.33% of the total 3th degree technical risk by 

inspecting PAE types 1, 2, 3, 4, 6, 10, 14 and 15. In near future, PAE types 11 (Foggers), 12 

(Rotary atomisers or CDA sprayers) and 13 (Cold atomisers) will be inspected which will 

slightly increase this percentage up to 95.36%. 

• By additionally inspecting Knapsack sprayers (3.25%) and Lances and spray guns (0.85%), 

99.46% of the total 3th degree risk for Belgium would be covered. Finally, also PAE types 8 

(Handheld sprayers, 0.165%) and 9 (Motorised portable mistblowers, 0.182%) have a 

significant contribution in the total 3th degree risk and are not inspected. 

 

Figure 35: Graph n° 5 from the decision dashboard - Relative contribution of each PAE type in the total 

3th degree risk 

6)  Graph n°6 - 4th degree absolute risk before inspection 

Data from RA tool: 4th degree absolute risk before inspection (Table 13, column 6)  

What? The total 4th degree risk for each PAE type at Belgian scale including both the technical and 

human parts.  The scale is a logarithmic one, the effect of inspection is not accounted for.  

Conclusions & remarks:  

• Graph n°6 is derived from graph n°3 by bringing into account the ‘technical vs. human part of 

the risk’ as described in 7.4. Consequently, the relative importance of PAE types with a high 

contribution of the human part in the total risk increases. For example PAE5 (Knapsack 

sprayers) is now ranked as the 2nd most important PAE type based on 4th degree risk while it 

was ranked 4th based on 3th degree risk (Figure 33). The opposite is true for PAE types with a 

low contribution of the human part in the total risk. PAE6 Spray train was ranked 7th based on 

the 3th degree risk and is ranked 9th based on the 4th degree risk 

• Highest 4th degree risk values are found for the following PAE types (in descending order): 

o 1: Field crop sprayers 

o 5: Knapsack sprayers 

o 4: Fixed and semi mobile sprayers 

o 2: Sprayers for bush and tree crops 

o 7: Lances and spray guns 
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• Conclusions are similar as already mentioned before. Highest total risk values are found for the 

PAE types with the highest scale of use and most PAE types with the highest total risk in 

Belgium are already inspected except knapsack sprayers (5) and lances and spray guns (7).  

 

Figure 36: Graph n° 6 from the decision dashboard - 4th degree absolute risk before inspection 

7) Graph n°7 - 4th degree absolute risk reduction after inspection 

Data from RA tool: 4th degree absolute risk reduction after inspection (Table 13, column 7)  

What? For each PAE type, the absolute 4th degree risk reduction caused by the inspection at Belgian 

scale  (using the scale of use). It shows the absolute total (technical + human) risk reduction obtained 

by inspecting the different PAE types. Note that the scale is a logarithmic one. 

Conclusions & remarks:  

• The 4th degree absolute risk reduction after inspection ranges from 429 (20: Potato seed duster) 

up to 4.31.108 (1: field crop sprayers). 

• Highest absolute technical risk reduction in Belgium can be obtained for the following PAE 

types (in descending order): 

o 1: Field crop sprayers (9.9.108) 

o 5: Knapsack sprayers (66 574 822) 

o 4: Fixed and semi mobile sprayers (49 360 079) 

o 2: Sprayers for bush and tree crops (39 000 956) 

o 7: Lances and spray guns (13 651 210) 

• Not surprisingly, total risk reduction at the scale of Belgium can be achieved by inspecting the 

PAE types with the highest 4th degree absolute risk values. The ranking of PAE types from 

Figure 36 is very similar to Figure 37. 

• Similar to above, most PAE types with the highest 4th degree absolute risk reduction are already 

inspected except knapsack sprayers (5) and lances and spray guns (7) and, eventually, handheld 

sprayers (8) and motorized portable mist blowers (9).  
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Figure 37: Graph n° 7 from the decision dashboard - 4th degree absolute risk reduction after inspection 

8) Graph n° 8 - Relative contribution of each PAE type in the 4th degree risk 

Data from RA tool: Relative contribution (%) of each PAE type in the total 4th degree risk (Table 13, 

column 8)  

What? This graph expresses the contribution of each PAE type in the total risk (technical + human) for 

Belgium. Note that the scale is a logarithmic one indicating the huge differences between PAE types.  

Conclusions & remarks:  

• The relative contribution (%) in the total 4th degree risk ranges from less than 0.001% (20: Potato 

seed duster) up to 84.26% (1: field crop sprayers). Logically, the ranking of the PAE types is 

similar to Figure 35. 

• Highest relative contribution in the total 4th degree risk: 

o 1: Field crop sprayers (84.26%) 

o 5: Knapsack sprayers (5.67%) 

o 4: Fixed and semi mobile sprayers (4.20%) 

o 2: Sprayers for bush and tree crops (3.32%) 

o 7: Lances and spray guns (1.16%) 

• The actual inspection in Belgium already covers 92.4% of the total 4th degree risk by inspecting 

PAE types 1, 2, 3, 4, 6, 10, 14 and 15. In near future, PAE types 11 (Foggers), 12 (Rotary 

atomisers or CDA sprayers) and 13 (Cold atomisers) will be inspected which will slightly 

increase this percentage  

• By additionally inspecting Knapsack sprayers (5.67%) and Lances and spray guns (1.16%), 

99.2% of the total 4th degree risk for Belgium would be covered. Finally, also PAE types 8 

(Handheld sprayers, 0.29%) and 9 (Motorised portable mistblowers, 0.24%) have a significant 

contribution in the total 4th degree risk and are not inspected. 
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Figure 38: Graph n° 8 from the decision dashboard - Relative contribution of each PAE type in the total 

4th degree risk  

9) Summary section 

This part of the dashboard allows you to see the results of the choices made based on each 

graph. By comparing the results, you can see which PAE stands out the most. According to the 

importance given to each graph (each information) by the decision makers, it is possible to 

choose which PAE types should be finally selected.  An example is shown in Figure 39.  

 

Figure 39: Summary section of the decision dashboard 

10.3. Creating and updating the dashboard 

To create the dashboard, the output summary from the RA Tool (9.6, Table 13) has to be imported into 

an Excel file as shown in Figure 40. Next to this output summary, also other data could be exported 

from the RA tool and merged into the Excel document (e.g. data out of the “Base file” section or “Risk 

calculation” section). Only one board for each excel sheet makes the process easier. 



68 

 

Figure 40: Screenshot from the RA Tool, to show how to export the risk analysis results 

When all the data is present into an Excel document, a pivot table has to be made for each board. The 

creation of the graphs as shown in the previous section is the following step. A logarithmic scale for 

graph n° 2, 3 and 5 has to be set up. 

Figure 41 is a screenshot of the pivot table of the risk analysis results, and one of the graphs associated. 

 

Figure 41: Screenshot of one of the pivot tables of the Decision making dashboard. 

To update the dashboard, you can either insert the entire data set, but there is a risk the data are not 

recognized by the previous pivot table. In that case a new one can be made. Or it can be directly written 

into the data of the corresponding pivot table (The data must be updated, so that the pivot table knows 

new data has been incorporated).  
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11. Conclusions 

- 32 types of pesticide application equipment (PAE) that are used in Belgium were defined. For each 

PAE type, a technical description is available together with an estimation of its scale of use (numbers 

of PAE and the amount of pesticide applied)  

- An inventory of existing test/inspection protocols and test/inspection equipment was generated and 

continuously updated. 

- For each PAE type, a list of inspection items was made including ‘new’ items like Pulse Width 

Modulation (PWM), magnetic and electrostatic spraying, etc. This resulted in a total of 154 

inspection items. For most inspection items an inspection method was developed. Each of the 32 

PAE types were linked with their corresponding inspection items, so that  basic inspection protocols 

can be generated. 

- A dedicated risk assessment method was developed including the occurrence values and gravity 

values of defect inspection items before and after inspection and the human vs. technical 

contribution in the total risk. Occurrence and gravity values and human contribution were gathered 

based on available sprayer inspection data and expert opinions for the 154 items. As an output, risk 

values before and after inspection are calculated at different scales i.e.: on single items, one machine 

(= sum of items), the scale of Belgium (using ‘scale of use’). The risk assessment method was 

validated and different scenarios were run (e.g. max. risk value for derogation, max. scale of use for 

derogation, etc.) using a decision dashboard. It is up to the decision makers to decide which risk 

(reduction) values are used and what limit values will be selected.  

- All the above-mentioned information and the risk assessment logic is gathered in a user friendly 

Microsoft Access tool with an integrated help function which is made available to FOD and FAVV. 

This tool remains useable and is able to generate inspection protocols and all the needed information 

to answer specific questions related to the EU directive. 

- The presented results demonstrate that, in general, the PAE types with the highest risk values at the 

scale of Belgium are already inspected. Depending on the type of risk used, the actual inspection in 

Belgium already covers 95.33% (3th degree risk) or (92.4% 4th degree risk) by inspecting PAE types 

1, 2, 3, 4, 6, 10, 14 and 15. These values will further increase when PAE types 11 (Foggers), 12 

(Rotary atomisers or CDA sprayers) and 13 (Cold atomisers) will be inspected in near future. By 

additionally inspecting ‘Knapsack sprayers’ and ‘Lances and spray guns’, more than 99% of the 

total risk would be covered. 
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Figure 42: 4th degree risk reduction with the 5 most important PAE types highlighted. 

- Depending on the PAE type, an inspection reduces 6 to 12% of the technical risk involved using a 

single machine. These values are rather low as the use of Plant Protection Products will always be 

associated with risks for the environment and human health, even when using PAE without any 

defects.  

- And at last, it is also important to mention that the operator behavior has an important effect on the 

risk of using professional PPP, which is mainly independent of the quality of the PAE used. So one 

could therefore conclude that a good functioning PAE (inspected) and a well-trained operator 

(fytolicence) are the basis for a correct treatment. So an additional way to partly guarantee this chain 

could be the coupling of the fytolicence to one or more inspected PAE(‘s) whatever the type is (on 

top of the PAE’s that are already mandatory inspected).  

 

Figure 43 : Closed loop system for the correct use of professional PPP. 
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