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Summary

The Federal Agency for Food Security is responsible for the sprayer inspection in Belgium, 

and the inspection is delegated to two regional inspection authorities. Each regional au-

thority has a central secretariat and several inspection teams. 

The Belgian inspection was started up in 1995, and at that time there were no uniform 

rules on how to guarantee and guard the general quality of the work performed by the 

two regional inspection services. After some years, experience showed that some prob-

lems occurred on a regular base due to a lack of tight rules. There were also minor di"er-

ences between the regional inspection services as concerns interpretation of the federal 

legislation. As a consequence, the Federal Agency required from the inspection bodies to 

have an ISO 17020 certi#cation in 2011. 

Starting up certi#cation demanded a big e"ort from the inspection authorities, but nowa-

days the quality assurance system is running with an acceptable amount of e"ort. Besides 

the extra work and costs, there are also a lot of advantages following out of the certi#ca-

tion. This will be illustrated by means of a practical example i.e.  The calibration and valida-

tion of the nozzle test benches used by the accredited inspection services.
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Introduction

The Federal Agency for Food Security is responsible for the sprayer inspection in Belgium, 

and the inspection is delegated to two regional inspection authorities, respectively:

the Institute for Agricultural and Fisheries Research (ILVO), Technology & Food 

Science Unit, Department of Agricultural Engineering, responsible for the Flem-

ish region and the Brussels capital region (Figure 1);

Agricultural Research Centre (CRA-W), Agricultural Machines & Facilities Unit, De-

partment of  Production and Sectors, responsible for the Walloon region and the 

German speaking region (Figure 1).

Each regional authority has a central secretariat and inspection teams. 

Fig.1 Geographical organisation of sprayer inspection in Belgium
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The Belgian inspection was started up in 1995 with the publication of a Ministeri-

al Decree (Belgian official journal, 1995). The Decree described the missions of the 

regional inspection services, appeal and conditions linked (definitions, organisation 

and financing, appeal, etc). Further directives were given in the annexes:

Concerning the technical aspects of the inspection, the list of the inspect-

ed points with brief descriptions of the methods, some numerical tolerances 

and finally a classification of the defects (“serious deficiencies”, “deficiencies 

to monitor”, etc.); 

Official forms (declaration form, report canevas).

At first, the Decree seemed to be well redacted, with enough precisions and rules to 

allow a uniform inspection in Belgium. But the experience showed that, due to region-

al differences and the need to add further precisions to the Decree, the two inspection 

authorities tended to develop minor differences in terms of organisation and method. 

The main differences faced by the two inspections are listed below:

More sprayers in the Flemish region (>12.000, and less than 7000 for the Wal-

loon region) 

More types of sprayers in the Flemish region (4 types, but 2 for the Walloon 

region)

Different equipment providers respectively for the ILVO and CRA-W

Different advantages/disadvantages to organise the inspection in each re-

gion 

The two teams evolved in parallel, facing different conditions, leading naturally to 

some respective adaptations and particularly some interpretations to fulfil all the ar-

ticles and annexes of the Ministerial Decree. Furthermore, the lack of “ring tests” or 

in-situ observations between the authorities didn’t help to detect all the divergent 

evolutions. At that time there were no uniform rules on how to guarantee and guard 

the general quality of the work performed by the two regional inspection services. 

After some years, some problems occurred on a regular base (repetitive demand of 

evolution of the Decree, discussions during steering committee and technical com-

mittee) due to a lack of tight rules. As consequences the Federal Agency required 

from the inspection bodies to have an ISO 17020 certification in 2011. In addition, the 

Decree is reviewed and adapted every cycle of inspection (3 years) on base of a bot-

tom-up approach (from the technical teams to the Federal Agency). 

Starting up certification demanded a big effort from the inspection authorities, but 

nowadays the quality assurance system is running with an acceptable amount of ef-

fort and time. Besides the extra work and costs, there are also a lot of advantages 

following out of the certification. This will be illustrated by means of a practical exam-

ple: the calibration and validation of the nozzle test benches used by the accredited 

inspection services (Figure 2).
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Fig.2 Example of one nozzle test bench in use with an inspection team in Belgium.

The nozzle test benches (“NTB”) used in Belgium for the sprayer inspection measure the 

$ow rate of the dismounted nozzles, regardless of the sprayer, and for a #xed pressure 

(Huyghebaert, 2001). The result is then compared to the nominal value of the nozzle 

(given by the manufacturer). Used with speci#c soft wares, it can also calculate the wear 

rate of a single nozzle or a whole set. The concept permits to avoid all external in$uenc-

es on the measurements (defects of the sprayer it-self, settings of the farmer, etc.) and to 

work under higher controlled conditions, what suits the best for an analytical approach 

of the inspection. 

A nozzle test bench is generally composed of an electromagnetic $ow meter and a 

piezo-resistive pressure sensor (or at least a dial pressure gauge). The automatic data ac-

quisition in the computer is optional and a manual data encoding can be used instead. 

Integration of the nozzle test bench to the quality assurance system ISO 17020

This chapter aims at scanning the ISO 17020 (ISO, 2012) and #ltering all the articles 

linked to the use of NTB as inspection equipment.  Various chapter of the ISO 17020 

standard are linked to the use of inspection equipment (and not only the chapter 6.2 

“Facilities and equipment”), directly or indirectly.  Information management like record-

ings (7.3.1, 6.2.15, 8.7.1) or use of informatics (6.2.13, 7.1.7, 7.1.8) and human resources 

(trainings) (6.1.5, 6.1.8) are involved. 

The present paper will focus on the metrology, and for every selected article of the stan-

dard, relevance and implementation will be presented. 

The very #rst article to be taken into account is the following:

“7.1.1 The inspection body shall use the methods and procedures for inspection which are 

de!ned in the requirements against which inspection is to be performed. […]”.
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It puts directly the obligation to de#ne well the relevant references to follow. It helps 

practically the technical team to decide which reference has priority in the de#nition of 

the technical needs of the inspection.  From the Belgian inspection point of view, the 

existing national legislation is the very #rst stage of de#nition of the inspection (articles 

and annexes). Since 1995, multiple revisions of the initial Ministerial Decree have been 

published, until the actual Royal Decree (Belgian o%cial journal, 2014). Obviously, this 

article also reminds the Quality Responsible to check that the procedures are always 

following the law and its changes from cycle to cycle.  In addition to national law, it is 

relevant to add other technical standards to quality scope, such as the EN 13790-1/2 

(CEN, 2003) for standardized inspection of sprayers. 

Following logical steps, the next article to read states the link between the references 

and the tools needed:

“6.2.1 The inspection body shall have available, suitable and adequate facilities and equip-

ment to permit all activities associated with the inspection activities […]”.

Considering the test method of the nozzles in the current Royal Decree (annexe 5, codes 

L2-L7), the NTB ful#ls completely the requirements and is able to detect the wear rate 

given as tolerances (from 5% to 10%).  The same exercise is done with the EN13790-1/2 

which recommends the nozzles output measurement. The limit of 2.5% of inaccuracy of 

the measurement cited (article 5.2.5) gives the opportunity to objectify the metrologi-

cal framework of the NTB. Trials with reference standards on the NTB were successfully 

done to validate this condition. 

As obvious as it seems, this article also understands that some kind of speci#cations 

must be redacted by the technical team. It leads logically to the following article: 

“6.2.4 All equipment having a signi!cant in"uence on the results of the inspection shall be 

de!ned and, where appropriate, uniquely identi!ed”.

Six NTB are used in Belgium. As they are sometimes transferred from a vehicle of inspec-

tion to another, a unique ID is given to each (sticker) to avoid any misunderstanding. 

The attribution of this ID creates automatically a whole “equipment #le” where the #rst 

document recorded de#nes the equipment itself, with speci#cations cited before and 

further descriptions of the NTB acquired for the inspection. Calibration reports, cali-

bration programme, calibration procedure and manuals will be added to complete the 

description of the equipment inside the quality system. 

Metrology

One of the primordial aspects of the ISO 17020 standard is the metrology, treated in the 

chapter 6.2. It is in the nature of the ISO to give trust to inputs of the inspection process 

at the unique conditions that all the checks were done following its own directives, and 

that is why the calibration and the intermediate check of the equipment concern multi-

ple articles. Only the most important articles will be discussed here. 

First of all, the “brand new” nature of freshly acquired equipment is never a guarantee of 

quality from the ISO point of view: 

“6.2.6 Where appropriate, measurement equipment having a signi!cant in"uence on the 

results of the inspection shall be calibrated before being put into service, and thereafter cal-

ibrated according to an established programme.”

In fact, every important stage in the life of equipment (purchase, storage, repair, etc.) is 
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considered as a high risk situation by the ISO, mostly because of participation of outside 

in$uences (delivery services, visits, subcontracting, etc.). It is so considered that a cali-

bration is inevitable to restore the con#dence in the equipment. It is an important clar-

i#cation in the case of NTB. They are long term equipment (some were put into service 

in 1995) more concerned by interventions due to their complex conception (repairs, 

update, etc.). 

The following programme of calibration need more technical analysis and must con-

sider quality of the equipment (is it fragile or naturally subject to deviation of measure-

ments?) and intensity of use. The interval between two calibrations must assure a high 

con#dence in results in normal conditions of use (no extreme events or accidents).  For 

example, it was calculated that a NTB is used for 11 sprayer per day, with 36 nozzles each 

to test (average width of boom is around 18m) (Defays, 2015; Declercq, 2015), so up to 

400 nozzles are tested every day of inspection by one NTB. The measuring time of each 

$ow rate is approximately 3 seconds, that is to say 20 minutes of use per day. Month-

ly it represents nearly 7 hours of use. In conclusion, a monthly calibration of the NTB 

should give a high con#dence in the measurement done during the month to come, 

considering that the components of the NTB are of an industrial type (non-stop use for 

long-term). 

It is normal that such programme, #rstly made on estimation, evolves with retrospec-

tion (after some time and analysis of the recordings) to #nd the right balance between 

the con#dence and an acceptable amount of work and time in calibration. 

All the work done in calibration and analysis is useless if the work is not done on solid 

foundation: “6.2.7 The overall programme of calibration of equipment shall be designed 

and operated so as to ensure that, wherever applicable, measurements made by the inspec-

tion body are traceable to national or international standards of measurement, […]”.

A NTB may be considered as a sum of sensors (pressure and $ow rate) but the #nal 

output of the NTB is a measured $ow rate and it is the parameter to calibrate. In conse-

quence, the standards of measurement must be/produce a perfectly de#ned $ow rate. 

ILVO produces such standards with an ISO 17025 certi#cate. One typical standard con-

sists of a set of 4 nozzles of di"erent size (orange, yellow, red, grey) browsing the range 

of measurement of the NTB $ow meter. The Figure 3 presents an example of calibration 

report. The method is simple and consists in the comparison of the reference nozzle set 

values (given by the ISO 17025 certi#cate) and the measurements produced by the NTB 

for the same nozzle set. The conclusion of the calibration depends on the deviation after 

correction of each nozzle of the set. 
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Date: 31/03/2014 Opérateur: L. Lor

Set N° : 3

Mean Strd deviation

orange 0,38 0,001

yellow 0,769 0,001

red 1,589 0,001

grey 2,375 0,003

NTB N° : SIP 2

rep 1 rep 2 rep 3 Mean Strd deviation

TeeJet XR 80 01 VS orange 0,390 0,390 0,389 0,390 0,001

Albuz API 110 02 yellow 0,775 0,776 0,773 0,775 0,002

TeeJet XR 80 04 VS red 1,601 1,601 1,601 1,601 0,000

Albuz API 110 06 grey 2,363 2,368 2,369 2,367 0,003

a b R²
1,007171 -0,013950 0,999942

TeeJet XR 80 01 VS orange 2,544 -0,392

Albuz API 110 02 yellow 0,737 -0,355

TeeJet XR 80 04 VS red 0,755 0,600

Albuz API 110 06 grey -0,351 -0,224

Mean deviation 0,921 -0,093

< 2,5%                    

Calibration validated

Flow rate of set measured at 3 bars on the NTB (l/min)

TeeJet XR 80 01 VS

Albuz API 110 02

TeeJet XR 80 04 VS

Albuz API 110 06

NTB CALIBRATION REPORT

Size and model

Standard of measurement nozzle set at 3 bars (l/min)

After 

correctionSize and model
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Regression coefficient
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Fig.3 Example of calibration report of a NTB, using a nozzle set with ISO 17025 certi!cate as 

measurement standard.

Concerning the accidents and extreme events or unpredictable dysfunction that can hap-

pen on a random basis, the ISO propose regular checks as a #rst defence line in-between 

two calibrations:
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“6.2.9 Where relevant, equipment shall be subjected to in-service checks between regular 

recalibrations.”

“In-service” means that the check must be done in real conditions, most preferably during 

the inspections, to take into account all the parameters faced by the NTB during its activi-

ties.  A check is not a calibration and can be resumed to the measurement of one nozzle of 

reference (not an international standard of measurement, reserved solely to calibration).  

A simple nozzle with a well determined $ow rate (tested multiple times directly after cali-

bration) is enough. It must be at the disposal of the inspection team and reserved for that 

speci#c check in the vehicle.

This simple action presents, fast and simple, presents multiple advantages: 

Give the assurance that the future inspections are still realised with enough con-

#dence

Detection of deviation, demonstrate the need to proceed a calibration. 

Reduce the number of inspections impacted if a deviation is detected. This point 

should not be underestimated: if a monthly calibration in the middle of the year 

shows deviation out of tolerance, the inspection authority must consider the 

risk that all the sprayers inspected in the past month can be subject to wrong 

measurements and conclusion (accepted/refused). The checks must be seen as 

an opportunity to avoid great problems (re-inspection below cost, discredit of 

inspection, extra work for the teams): the more checks are done between calibra-

tions, the more the consequences of deviation will diminish. 

Once again, an inspection team in Belgium inspects an average 11 sprayers/day. This 

amount is enough to justify a daily check of the NTB.  The tolerance used for the check is 

still the one given by the EN13790-1 (2.5%).

To conclude this chapter, the article 6.2.3. of the ISO reminds the global politic of the me-

trology and the speci#cations of the NTB:

“6.2.3 The inspection body shall ensure the continued suitability of the facilities and the equip-

ment mentioned […].”

Conclusions

Starting up certi#cation demanded a big e"ort from the inspection authorities, but now-

adays the quality assurance system is running with an acceptable amount of e"ort and 

time. Besides the extra work and costs, there are also advantages following out of the 

certi#cation. The example of the integration of the nozzle test benches (NTB’s), for the 

metrological aspects, shows that the ISO 17020 helps to organize and secure the process 

of inspection. The current management of the NTB’s permits the Belgian inspection au-

thorities to have high con#dence in the results given.
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