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1. Introducti on

The amendment to the Machinery Directi ve 2006/42/EC for Pesti cide Applicati on Equipment 
(PAE) set out in Directi ve 2009/127/EC will make a signifi cant contributi on to the protecti on of 
the environment and human health. It will help European farmers and gardeners to reduce the 
quanti ty of pesti cides used, due to be� er more accurate applicati on technique. The sprayer must 
be designed so that pesti cides can be applied only where they are needed. At the same ti me, the 
use of the Machinery Directi ve avoids creati ng new burdens for the machinery manufacturers, 
since existi ng procedures can be used. The Machinery Directi ve already fi xes harmonized health 
and safety requirements for all new machinery sold in the EU.
According to the European Directi ve, sprayers can then be placed on the market only if they are 
provided with self-certi fi cati on protocol by manufacturer. This means that the sprayer has to fulfi l 
all the requirements, not aff ecti ng safe and health of humans, animals, property and environmen-
tal contaminati on by plant protecti on products and that have been taken all measures necessary 
to reduce the risk.  This process leads to Declarati on of Conformity (including CE marking) which 
offi  cially can be considered as an offi  cial guarantee of the accomplishment of all the requirements 
menti oned in the Machinery Directi ve.
This document has been developed by SPISE community with the main objecti ve to serve as a 
guide for potenti al customers of PAEs, giving practi cal informati on about the main features which 
shall be on a new modern sprayer. He must know what his new sprayer must have when to buy 
it. However, it must be considered that this document represents just a practi cal guideline, and 
its following will never substi tute the complete accomplishment of the Directi ve 2009/127/EC.
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2. Environmental and safety requirements for brand new sprayers

The accomplishment of all requirements established in Directi ve 2009/127/EC can be supported 
by a complete following of specifi c harmonized internati onal standards. EN ISO 16119 series es-
tablishes the specifi c environmental requirements to be fulfi lled by a new sprayer.
Part 1 of this ISO series includes the minimum requirements for brand new sprayers in order to 
avoid environmental problems during the pesti cide applicati on process. For that reason, a list of 
requirements has been defi ned as mandatory for new sprayers prior its placement into the mar-
ket. Table 1 shows a resume of the principal requirements for new sprayers.

Table 1. Main requirements of sprayers

Aspect Requirements according ISO 16119-1

Inspecti on of sprayers Sprayers shall be provided by adequate devices in order to facili-
tate the connecti on of special devices for the mandatory inspec-
ti on of sprayers in use (ISO 16122 series)

Adjustment of sprayer It shall be possible to adjust the sprayers for the intended vol-
ume applicati on rate. The sprayer shall be delivered with ad-
equate and reliable measuring systems.

Spray distributi on Characteristi cs of the sprayer shall allow to obtain a uniform 
distributi on of the sprayed liquid according the intended target, 
while minimizing losses and drift  and avoid contaminati on of 
non-target areas.

Informati on The sprayer shall contain a specifi c placement where operator 
will write the name and specifi cati ons of PPP in use

Filling, emptying and 
cleaning

All the sprayers shall be provided with reliable and safe systems 
for fi lling and emptying the tank without environmental risk. 
Sprayers shall incorporate devices for cleaning the whole ma-
chine (inside and outside) aft er the applicati on process.

Marking Specifi c spare parts as nozzles and fi lters shall be clearly identi -
fi ed (manufacturer, size, type…)

Instructi on handbook It is mandatory to provide a clear, precise and useful instructi on 
book with all the sprayers. Informati on about calibrati on, clean-
ing and maintenance shall be provided.
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3. Main aspects to be required to new sprayers

3.1 Required characteristi cs of the spray tank

Figure 1 shows the main characteristi cs to be requested on the tank of a new sprayer. Roughness 
of the tank walls (inside and outside) shall be as minimum as possible in order to facilitate the 
cleaning process.

Figure 1

Filling hole

Total volumeTank content indicatorEmptying device

Mixer Roughness

Figure 1. Main aspects to be considered on a sprayer tank

The tank shall be provided with an adequate fi lling hole. Dimensions shall be according to the 
tank size. A lid shall be provided to prevent leakages or spillages when the tank is closed. Diame-
ter of fi lling hole shall allow a complete fi lling of the tank in a reasonable ti me.
Operator shall be able to empty completely the tank by acti ng a dedicated device placed on the 
bo� om part (Fig. 2) without any risk of contaminati on (environmental contaminati on or other 
equipment parts e.g. stays). This device shall be protected in order to avoid unintenti onal conta-
minati on

Figure 2. Emptying device examples
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Tank content indicator

A durable level indicator shall be included in the tank. This device shall be easily readable from 
the driver’s positi on and from the fi lling place where the sprayer is fi lled (Fig. 3). The acceptable 
tolerances are indicated in the fi gure.

Figure 3. Example of lever indicator in the tank and minimum requested tolerances

Residual volume

In order to avoid cross contaminati on and to easy the cleaning process, the residual volume of 
the tank shall be limited (Fig. 4). For boom sprayers the maximum value shall not exceed 0.5% 
of the nominal tank volume plus 2 l/m of the boom. For orchard sprayers, the maximum value 
of residual volume is calculated according table 2. Detailed informati on about residual volume 
shall be included by the sprayer manufacturer in the instructi on handbook.

C

A

B

D

A Exceed	volume: produced 
by an inadequate calibration 
process or due to an 
excessive filling of the tank.

B	Diluted	Volume: amount of 
liquid that can be returned to 
the main tank and, as a 
consequence, can be diluted.

C Dead	Volume: amount of 
liquid that cannot be 
returned to the main tank.

D Clean	water	tank: device 
for cleaning the sprayer

Figure 4. Defi ni� on of residual volume and other concepts, as established in ISO 13440
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Table 2. Maximum value of residual volume for orchard sprayers

Tank nominal volume N (l) Maximum residual volume (l)

N < 400 4% of the nominal volume (4% N)

400 ≤ N ≤ 1000 3% of the nominal volume (3% N)

N > 1000 2% of the nominal volume (2% N)

Following the previous requirements, tables 3 and 4 indicate some examples of how to calculate 
the maximum residual volume for boom sprayers and orchard sprayers, respecti vely.

Table 3. Examples of calcula� on of maximum residual volume for boom sprayers 

Maximum residual volume (l)

Tank boom Total (l)

Capacity (l) 0.5% Length (m) 2 l/m

400 20 12 24 44

600 30 15 30 60

800 40 18 36 76

1000 50 24 48 98

2000 100 36 72 172

Table 4. Examples of calcula� on of maximum residual volume for orchard sprayers

Tank capacity (l) Maximum residual volume (l)

400 12

600 18

1000 30

1500 30

2000 60

The nominal tank volume is the volume indicated by the maximum fi lling level marked on the 
sprayer tank of level indicator when placed on a level horizontal surface; it is diff erent than total 
volume, that should be at least 6% higher (additi onal volume) than the tank nominal volume (Fig. 
5).
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Figure 5. Main tank of the sprayer must be provided with an extra capacity for environmental reasons 
(spillage, overfi lling…).

Agitation system

Agitati on system on sprayers is one of the most important devices and its functi oning aff ects 
directly the quality of depositi on of PPP during the spraying process. In general, the agitati on sys-
tem installed on the sprayers is linked to a hydraulic circuit fed by the main pump of the sprayer 
(Fig. 6). A maximum of 15% of deviati on in the concentrati on is admi� ed (ISO 5682-2). The system 
must guarantee a uniform concentrati on of the tank content along the whole spraying process. 
Consequently, the capacity of the main pump of the sprayer should be checked to be able to gua-
rantee the maximum fl ow rate at the maximum working pressure recommended by the sprayer’s 
manufacturer, plus the requested fl ow rate for feeding the agitati on system.

Figure 6. Agita� on system is an important device to guarantee the quality during the spray applica� on 
process, by assuring a uniform concentra� on of the liquid during the whole process.
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3.2 Pump
The capacity of the main pump of the sprayer should be large enough to be able to guarantee the 
maximum fl ow rate at the maximum working pressure recommended by the sprayer’s manufac-
turer, plus the requested fl ow rate for feeding the agitati on system. During fi lling and mixing no 
pump capacity for spraying is needed.

3.3 Spray boom (fi eld crop sprayers)
In this secti on are included the most important technical characteristi cs that shall accomplish the 
boom (Fig. 7)

Boom protections

Boom height 
adjustmentSection width

Figure 7. Boom sprayer’s main characteris� cs to be evaluated

For boom sprayers, the maximum spraying secti on widths will be designed according the total 
boom length. Requirements are presented in table 5.

Table 5. Maximum spraying sec� on widths

Boom length L (m) Maximum boom secti on length (m)

L < 24 4.5

L ≥ 24 6.0

Adjustment of boom height shall be possible within a range of at least 1.0 m. This adjustment 
can be executed either conti nuously or step by step, with intervals lower that 0.1 m. Also, the 
minimum boom height shall be 50 cm.

Boom height range 
adjustment: 1.0 m

Minimum distance 
between nozzles and 

ground: 50 cmBoom height adjustment must be 
continuous or, at least, at intervals of 

maximum 10 cm

Figure 8. Main requirement/func� onality for boom sprayer’s adjustments
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In order to avoid boom damages during accidental contact with obstacles, the sprayer’s boom 
shall allow a backwards movement. In case of boom length larger than 10 m, that movement 
should be possible backward and forward. Also, boom shall be provided with a self-return system 
to avoid irreversible damages when touching with any obstacle. The movement shall be only 
backwards for booms up to 10 m width, and backward and forward for booms larger than 10 m 
(Fig. 9). Last nozzle on booms over 10 m shall be provided with a protecti on device to avoid da-
mages in case of accidental hit on soil.

Figure 9. Boom must avoid irreversible damages when touching with obstacles

3.4 Filters
The sprayer shall be provided with a complete fi ltering system. Filters at the sucti on and pressure 
side of the pump must be provided. In this last case, either central fi lter or individual secti on fi l-
ters must be installed in the sprayer. Only sprayers without positi ve displacement pump (pistons 
or membrane) could be used without sucti on fi lter. Main fi lter of the sprayer must be removable 
for cleaning and maintenance, even with the full main tank of the sprayer. For this purpose, an 
isolate device shall be included in the fi lter chamber (Fig. 10). 
Mesh size shall be according the nozzle size. All the fi lters shall be mounted in an accessible place-
ment, allowing the user to dismount for maintenance and cleaning.

Figure 10. Isolated device allows to dismount the fi lter even with full tank
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3.5 Nozzles
Nozzles shall be clearly identi fi ed (manufacturer, type, size and material) and its nominal fl ow rate 
shall be clearly defi ned (Fig. 11). Nozzle placement and its relati ve positi on with the boom shall be 
easily adopted. It shall be possible to measure the individual fl ow rate of every nozzle.

Figure 11. Nozzles must be clearly iden� fi ed. It is recommended the use of ISO colour code nozzles.

4. Devices to avoid drift 

The sprayer shall be designed to reduce drift  as far as practi cable. Nati onal regulati on and ap-
provals in regard of drift  reducti ons needs to be followed.  In the case of mis� lowers, it should 
be requested the possibility to adopt simple measures for drift  control (use of anti -drift  nozzles, 
possibility to adjust air stream, individual control of air outlets…) (Fig. 12).

Figure 12. Device for individual side control of air assistance in orchard sprayers. By closing the outer side 
dri�  can be reduced
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For boom sprayers, the new equipment should be tested following the offi  cial standards for drift  
measurements (ISO 22866 or ISO 22401). In this case, drift  values obtained through whatever 
of the previously menti oned internati onal standards, should be equal or lower to that obtained 
with a reference boom sprayer at a reference working parameters, as defi ned in ISO 22369-3 (see 
table 6).

Table 6. Technical characteris� cs and working parameters for reference sprayer during dri�  tests, as estab-
lished in ISO 22369-3

Technical characteristi cs of reference sprayer (ISO 22369-3)

Type of sprayer Lift ed

Type of nozzles Flat fan 110º

Nozzle distance 50 cm

Nozzle size Fine/Media

Boom height 50 cm

Forward speed 6 to 8 km/h

5. Measuring systems

Pressure indicator shall accomplish the minimum requirements for a precise and profi table cali-
brati on. The scale, accuracy and other requirements of the manometer are shown in fi gure 13.

6. Provisions for connecti ng test equipment

The sprayer (fi eld crop sprayers or orchard sprayers) shall allow a complete and easy mandatory 
inspecti on procedure according ISO 16122 (Fig. 14). Parti cularly, it shall be possible to connect a 
reference pressure gauge and it shall be possible to connect a fl ow meter between the pump and 
the pressure regulator. Those two devices will allow an easy and quick periodical evaluati on of the 
manometer and the pump of the sprayer, respecti vely.

Figure 13. Minimum requirements to be accomplished by the pressure gauge installed in a new sprayer.
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Figure 14. The sprayer shall be provided with a device for an easily connec� on of instruments used dur-
ing the mandatory inspec� on of sprayers in use according ISO 16122. Le� : easy adaptor for pump tester; 
right, easy plugging adaptor for tes� ng manometer. 

7. Air and liquid adjustment

It shall be possible to adjust in a proper way the intended volume rate according the canopy. For 
orchard sprayers, it shall be possible to open/close individually both sides of the sprayer. A cali-
brati on aids – jar of at least 1 l capacity and with a scale marked every 20 ml - shall be delivered 
with the sprayer (Fig. 15).

Figure 15. A simple but reliable calibra� on set shall be delivered with the sprayer

For orchard sprayers designed to apply symmetrically to both sides, air distributi on generated by 
the fan shall be symmetrical and balanced.
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8. Cleaning devices

The sprayer shall be provided with a rinsing water tank for cleaning purposes. The tank must allow 
the complete cleaning process (external and internal) and must be independent of the sprayer’s 
main tank. The clean water tank shall be operati ve even with the main tank fi lled (Fig. 16) and 
shall be totally independent of the clean water tank for washing hands (see Fig. 18). Clean water 
tank for cleaning purposes is not mandatory for orchard sprayers with main tank volume lower 
than 400 l. The sprayer shall be provided also with a connecti on device for external cleaning pur-
poses. It is also required an internal cleaning device (Fig. 17).

Figure 16. A rinse water tank for cleaning purposes is mandatory for all boom and orchard sprayers (ex-
cept for orchard sprayers with a main tank of 400 l or lower).

Clean water tank for cleaning purposes must be complemented by several devices for the internal 
and external complete cleaning of the sprayer (Fig. 17). Either, dedicated spray guns for external 
pressure cleaning, or devices for a quick plugging of appropriate devices, shall be included in the 
sprayer. Those devices shall allow to clean the pesti cide residues from the internal part of the tank 
in at least 80% of the total residues.
The manufacturer shall descript the procedure how to clean the sprayer in the instructi on manu-
al. Following this procedure, it shall be possible to clean the sprayer thoroughly. Aft er the com-
pleti on of the cleaning process following the procedure in the instructi on manual, one of the 
following requirements, a) or b), applies:
a) The concentrati on of the residue shall be reduced by a factor of 400 (or 99,75 %), compared 

with the concentrati on before starti ng the cleaning process, tested in accordance with ISO 
22368-1;

b) The concentrati on of the liquid drained from the main tank outlet shall have been reduced to 
2 % of the original concentrati on in the tank. 
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Figure 17. Special tool for external cleaning of the sprayer (le� ); device for automa� c internal cleaning of 
the sprayer’s tank (centre); special nozzle for internal cleaning of the tank (right).  

All sprayers must be provided with a clean water tank of minimum 15 l capacity (Fig. 18) for safety 
uses in case of spillage/contaminati on of the operator during the management process of PPP 
(Plant Protecti on Products). 

Figure 18. Clean water tank (minimum 15 l) shall be installed in the sprayers for safety purposes.
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9. Mixing and agitati on systems

An even concentrati on of mixture in the spray tank is important. Therefore, there shall be a good 
mixing system in the tank to guarantee an even concentrati on of plant protecti on products in 
the water. It is important that the products are solved proper and also that during spraying the 
concentrati on stays even.
A well-designed agitati on system allows to maintain the concentrati on of pesti cide constant du-
ring the whole applicati on process, independently of the amount of liquid into the tank.

Figure 19. New sprayers shall be provided with a well-designed agita� on system

10. Inducti on hopper

If the sprayer is provided with a device for a safe introducti on of plant protecti on products (in-
ducti on hopper), it shall functi on properly according the specifi cati ons provided in ISO 21278-
2. It must be provided with a cleaning system, either for cleaning the empty PPP cans, and for 
cleaning the inner walls and hoses of the inducti on hopper itself. Protecti ve net shall be installed 
at the bo� om of the inducti on hopper in order to avoid inclusion of undesired objects over 20 
mm through the feeding hole (Fig. 20). Then, devices for acti vati on and control the whole process 
shall be placed in a correct and comfortable positi on considering the placement of the operator 
during the fi lling process.
Inducti on hopper is not mandatory for new sprayers. However, it is really recommended to avoid 
risk of contaminati on, both for the operator and for the environment, during the risky phase of 
mixing and feeding of PPP.

Figure 20. Induc� on hopper
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11. Special requirements for band sprayers

Nozzles must be placed on a band sprayer must allow a uniform maintenance of the relati ve 
height over the target. Individual adjustment of every single nozzle must be possible. Nozzle 
height, nozzle distance and spray angling shall be adjustable according the specifi c requirements 
of the intended target (Fig. 21).

Figure 21. Nozzle height, nozzle distance and spray angle must be adjustable parameters in a band sprayer

The spray liquid distributi on, measured according the sprayer’s manufacturer, shall allow to ob-
tain the desired working width. The maximum distance between the fi rst point without liquid and 
the point with 100% of the expected volume shall be less than 50 cm (Fig. 22).

Figure 22. Method for measurement the horizontal distribu� on with a boom sprayer.
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12. Instructi on handbook

Manufacturer shall provide the customers with a complete instructi on handbook. Clear informa-
ti on about calibrati on process, maintenance and adjustment, and safety aspects. For boom spray-
ers, informati on about residual volume, diluti on process, cleaning process and recovery process 
shall be included. For orchard sprayers informati on about sprayer’s adjustment according the 
canopy structure and air fl ow rate adjustment process shall be included as well. Table 7 shows the 
mandatory informati on to be included in the instructi on handbook.
Other than the mandatory contents of the instructi on’s book that shall be delivered together with 
the sprayer, here is enclosed an additi onal list of informati on that the manufacturer should be 
include in the instructi on’s book.

Table 7. Main aspects to be included in the instruc� on handbook

Subject Informati on to be included in the instructi on handbook

Adjustment and 
calibrati on pro-
cess

Detailed explanati on about how to adjust the working pressure

Complete calibrati on procedure informati on

Folding/unfolding method of boom sprayer

How to proceed in case of blocked nozzle, or other problems during the 
spraying process in the fi eld.

Maintenance Maintenance and updati ng process of the sprayer aft er the Winter break

Practi cal informati on about how to prepare the sprayer for the winter 
break

Precauti ons to be considered during the cleaning process, especially those 
concerning to environmental contaminati on

Detailed informati on about maintenance procedure and safety measure-
ments before dismounti ng pieces.

Practi cal informati on concerning pump substi tuti on

Safety Practi cal recommendati ons to avoid direct contact with plant protecti on 
products, or inhalati on dangerous vapours.

Practi cal informati on about safe use of front spray boom (if applicable)

Informati on about risk of a complete entry on the sprayer’s tank

Check the presence of other persons close to the sprayer before starti ng; 
special concerns must be indicated about blower

Informati on about potenti al accident with high electrical lines.

Informati on about maximal working pressure of the circuit
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For boom sprayers, the additi onal informati on will include:

• Residual volume able to be diluted
• Practi cal method to clean the internal part of pipes/hoses of the boom, without any unin-

tended diluti on of the tank mix. 
• Procedure for a complete diluti on of residual volume in the tank.
• Procedure for recovery process of liquid from sucti on/pressure fi lters, without environmental 

contaminati on. 
• Clear relati onship between nozzle fl ow rate and the established marks for regulati on purpos-

es, in case of spray guns or lances. 

Additi onal informati on should be included in the instructi on’s book in case of orchard sprayers:

• Informati on concerning the calibrati on process of the mistblower, in order to adapt the spray 
distributi on to the canopy characteristi cs (type, size and height of the trees), including infor-
mati on about fan adjustments, in order to avoid unintended drift  or damages to the crop. 

• Clear criteria to adjust the air assistance (fan) in order to achieve a symmetrical distributi on 
(left  and right). 

This last informati on refers to certain specifi c adjustments that must be applied over certain 
sprayers in order to compensate the rotary sense of the fan, and the consequent asymmetrical 
distributi on generated.

13. Look for a certi fi ed/inspected sprayer

Inspecti on sprayers in use became mandatory since the publicati on of the European Directi ve 
for a Sustainable Use of Pesti cides. In order to avoid unexpected problems, it is recommended 
to check that new sprayer has been manufactured following the offi  cial requirements. So, it is 
important to guarantee a high-quality during manufacturing and assembling process.
This aspect is clearly identi fi ed in sprayers provided with “CEMA Inspecti on Seal” (Fig. 23). This 
sti cker will never substi tute the offi  cial sti cker, but it will guarantee a high quality of the sprayer 
and of the single components. The Inspecti on Seal helps customers to save ti me and money: 
when seeing the Seal on a sprayer, they can rest assured that the machine – if properly used and 
maintained – will pass the in-use inspecti on (EN ISO 16122). Additi onal informati on is available at 
h� p://www.cema-agri.org/cema-inspected.

Figure 23. “CEMA seal” together with a regional/na� onal offi  cial s� cker guarantee the quality of the 
sprayer and the accomplishment of ISO 1622. The presence of the CEMA seal do not mean that the spray-
er has pass the mandatory periodical inspec� on if not there is also the offi  cial……
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14. ENTAM: guarantee for new sprayers

ENTAM, the European Network for Testi ng Agricultural Machines, is consti tuted by the offi  cial 
testi ng stati ons in several countries in Europe. The tests protocols for pesti cide applicati on equip-
ment are based on nati onal, European or internati onal standards, and can provide the manufac-
turer with useful informati on on ways on which to improve its machinery. An ENTAM approval 
implies a complete fulfi lling of the requirements for new sprayers. See additi onal informati on at 
h� ps://www.entam.net/index.html.

Figure 24. EN TAM recognized sprayer. Sprayers with ENTAM logo will accomplish all the offi  cial require-
ments 

15. STEP-WATER: on-line advice on sprayer technology

A new on-line advice, STEP-WATER (Fig. 22) has been developed by ECPA and CEMA with the 
objecti ve to off er a practi cal and friendly tool to select the opti mal sprayer’s se�  ngs in order to 
achieve a safe and sustainable use of pesti cides. Detailed informati on can be found at: h� ps://
step-water.org

Figure 25. Main screen of STEP-WATER on line-tool, a useful pla� orm to protect water during the spraying 
applica� on process



SPISE ADVICE  | DOI: https://doi.org/10.5073/20230112-112848 | February 2023

22

16. References

European Union. 2009. Directi ve 2009/128/EC of the European Parliament and of the council of 
21 October 2009 establishing a framework for Community acti on to achieve the sustainable use 
or pesti cides. Offi  cial Journal of the European Union L309, 24 November 2009, pp 71-86.

European Union. 2009. Directi ve 2009/127/EC of the European Parliament and of the Council of 
21 October 2009 amending Directi ve 2006/42/EC with regard to machinery for pesti cide applica-
ti on; 2009 [Of. J. EU, 25.11.2009, L 310/29].

ISO 2015. Agricultural and forest machinery – Inspecti on of sprayers in use. Parts 1, 2, 3 & 4.

ISO 2014. Agricultural and forest machinery – Environmental requirements for sprayers. Parts 1, 
2, 3 & 4.

CEMA. 2017. The CEMA Inspecti on Seal for Sprayers. Available at: h� p://www.cema-agri.org/
cema-inspected



SPISE – Standardized Procedure for the Inspec� on of Sprayers in Europe
Established in 2004 by founding members from Belgium, France, Germany, Italy and the Nether-
lands, the SPISE Working Group aims to further the harmonisati on and mutual acceptance of 
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advice about the items taken into account by the
EU Directi ve 128/2009/EC but sti ll not considered in the actual ISO/CEN Standards. The present 
document is intended to provide technical instructi ons and describes
a procedure which is not mandatory but can be voluntary adopted in the course of inspecti on or 
calibrati on.

Further informati on can be found at h� ps://spise.julius-kuehn.de
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