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1. INTRODUCTION
This guide was prepared by the Spanish National Institute of Safety
and Health at Work (INSST) in collaboration with the Spanish Crop Protection Association (AEPLA), Universities of Almería and Córdoba and
trolley sprayer manufacturers IDM Agrometal and Carretillas Amate.
The rational use of plant protection products and protection of the
operator and the environment have promoted the development of new
techniques for the application of plant protection products in greenhouses.
A study carried out by AEPLA (Determination of Dermal and Inhalation Exposure of Applicators during application with Runner an
SC Formulation of Methoxyfenozide, 240 g/l resulting from Trolley
Application to High Crops in Greenhouses-Spain 2012) shows that
a reduction can be obtained in operator exposure to the plant protection product through the use of manually trailed application device, named the trolley sprayer, provided with a vertical boom that
generates a spraying cloud far from the operator and that moves
in the opposite direction to its advance. The study was conducted
in 2012 with 10 test subjects in greenhouses in Almeria, Spain. Dermal and inhalation exposure was determined for applying methoxyfenozide to indoor peppers using trolley sprayer (a four-wheeled
manually trailed sprayer). The trolley sprayer was connected to a
hose that was in turn connected to the main outlet placed in the
main corridor of each greenhouse. Operators had to connect and
disconnect the trolley sprayer to the main outlet several times during the application period to allow the hose to reach the end of
the rows. Once the hose was connected, the operator pushed the
trolley to the end of each row. When the spraying started, the trolley sprayer was switched on and the operator pulled the trolley
sprayer, avoiding any contact to treated foliage, towards the main
corridor. At the end of the row, the operator switched off the trolley sprayer, turned around and started again. Once the hose had
been extended to its maximum length, the operator disconnected
the hose and reconnected it to a nearer outlet of the main power
supply in order to continue the application.
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The trolley sprayer used was a four-wheeled manually trailed sprayer
connected to the main outlet placed in the main corridor of the greenhouse by means of a hose. It was equipped with vertical boom that
could be adjusted to the canopy width, had four flat fan nozzles with
an anti-drip holder on each side. It was also equipped with a pressure
gauge to control the working pressure (0-25 bar) fixed in the range of
10-15 bar. Trolley sprayer was designed and manufactured according to
the following dimensions:
• Distance between lower nozzles to the floor: 30 to 40 cm.
• Distance between nozzles: 50 cm. Nozzles might be closed according to the crop height.
• Distance between boom and the handle: at least 1.4 m.
The safe design of this new application device must take into account not only the risk of exposure to chemicals, but also all risks to
operator safety and health, as well as risks related to environmental
protection. This requires specific actions by the designer to eliminate or
reduce previously mentioned risks.
The inspection and calibration of the trolley sprayer carried out by
the user are necessary in order to detect any deficiency or improper
functioning due to its use (wear and tear), breakage or poor adjustment. In this way, the estimated dose will not vary from what is actually
applied and will be distributed uniformly, thus achieving effective treatment and a subsequent reduction in costs.
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2. PURPOSE
This guide establishes recommendations for the design and construction of trolley sprayers for the application of plant protection
products in greenhouses as an instrument to make it easier for manufacturers to comply with safety, health, and environmental protection
requirements. On the other hand, it has been deemed appropriate
for the guide to include some recommendations for the inspection
and calibration that shall make up the maintenance program for this
equipment.
The trolley sprayer is not included within the scope of Directive
2006/42/EC, on machinery. However, recommendations for marking
and instruction handbook content have been prepared, taking as a
reference the requirements established by said directive insofar as
they are applicable. In the absence of a specific EC marking directive, Directive 2001/95/EC, on general product safety is applicable.

3. SCOPE
This guide is applicable to trolley sprayers considered a manually
trailed application device provided with vertical boom and which is
connected by means of a hose to a separate pump-tank unit, thus allowing the application of plant protection products in greenhouses.
The trolley sprayer generally consists of vertical boom equipped with
nozzles, filter, distributor, pressure regulator, manometer and connection to the pump-tank unit. Compatibility between the trolley sprayer
and the pump-tank unit shall be guaranteed and recommendations
regarding the connection between the two units must be complied
with. Liquid pressure at the connection point between the trolley
sprayer and the pump-tank unit hose should not exceed 20 bar. The
connection will be made using ½” threads fitted with a rubber ring
seal to prevent any leakage.
The implementation of recommendations suggested in this guide
does not exempt the manufacturer from carrying out a complete risks
assessment on the type of application device to be manufactured.
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Characterization of the trolley sprayer according to EN ISO 16119-1
criteria
EN ISO 16119-1 includes a table for the characterization of the sprayers, which has been completed (see table 1) with the trolley sprayer
characteristics.
Table 1. EN ISO 16119-1 criteria applied to the trolley sprayer.
Part 4 of EN ISO 16119
Criteria
Fixed and semi-mobile sprayers
Type of sprayer/driving power
Application device in sprayer for greenhouses

X

Trailed by the operator

X

Type of outlet device
Vertical boom

X

Droplet production
Hydraulic nozzle

X

Droplet transportation
Non-air assisted

X

Form of application
Liquid droplets

X

Application targeting
Full spraying

X

Target
High crop

X
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Figure 1. Trolley sprayer descriptive images (front and side views).

Figure 2. Connecting the pump to the greenhouse hose.
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Figure 3. Greenhouse hose and connection
to trolley sprayer hose.

Figure 4. Connection to trolley sprayer hose.

Figure 5. Manometer, valves and connection located on the trolley
sprayer.
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4. METHODOLOGY
This guide has integrated technical standardization in the research
and development phases as a methodological principle to attaining the
safe design of an application device that sprays the plant protection
product using an innovative technique.
It is important to emphasize that the basic features of the application device coincide in many respects with those of horizontal boom
sprayers and atomizers currently on the market. However, this application device presents its own unique characteristics due to the uniqueness of its design and this is the reason for creating this guide.
The set of technical specifications contained in the guide shall be
taken into account in future revisions of the technical standards in order
to include this new application device design.
The working group established the following steps for the preparation of the guide:
• Identification of sprayers currently put on the market and whose
function is similar.
• Identification of EN standards for these machines.
• Creation of a comparison between the new design and current
machines using the current standards to learn about their differences and similarities.
• Identification of specific and common significant hazards to safety and the environment.
• Preparation of a safety and environmental protection requirements list, along with their verification methods, against identified hazards.
• Preparation of a recommendation for inspection and calibration
following the same procedure.
• Preparation of a recommendation for marking and instruction
handbook.
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5. RECOMMENDATIONS FOR THE PROTECTION OF
OPERATOR SAFETY AND HEALTH AND THE ENVIRONMENT
5.1. Purpose and scope
This section of the guide establishes safety requirements and protective measures for operator safety and health, general and specific
requirements for environmental protection and verification methods
applicable to the design and construction of trolley sprayers for application of plant protection products in greenhouses.
5.2. Technical standards for consultation
Standards referenced below have been considered for the preparation of this section of the guide:
Operator safety and health protection
• EN ISO 4254-1:2016 Agricultural machinery. Safety. Part 1: General requirements.
• EN ISO 4254-6:2010 Agricultural machinery. Safety. Part 6: Sprayers and liquid fertilizer distributors.
• EN ISO 12100:2012 Safety of machinery - General principles for
design - Risk assessment and risk reduction.
Environmental protection
• EN ISO 16119-1:2013 Agricultural and forestry machinery. Environmental requirements for sprayers - Part 1: General.
• EN ISO 16119-4:2015 Agricultural and forestry machinery. Environmental requirements for sprayers. Part 4: Fixed and semimobile sprayers.
• ISO 4102:1984 Equipment for crop protection. Sprayers. Connection threading.
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• ISO 5682-1:1996 Equipment for crop protection. Spraying equipment. Part 1: Test methods for sprayer nozzles.
• ISO 5682-2:1997 Equipment for crop protection. Spraying equipment. Part 2: Test methods for hydraulic sprayers.
• EN ISO 19932-1:2014 Equipment for crop protection. Knapsack
sprayers. Part 1: Safety and environmental requirements.
• ISO 8169:1984 Equipment for crop protection. Sprayers. Connecting dimensions for nozzles and manometers.
• ISO 10625:2005 Equipment for crop protection. Sprayer nozzles.
Colour coding for identification.
• ISO 19732:2007 Equipment for crop protection. Sprayer filters.
Colour coding for identification.
5.3. List of significant hazards
Operator safety and health protection
Table 2 specifies the hazards, hazardous situations and hazardous
events covered by this section of the guide that have been identified by
the risks assessment as being significant for this application device with
regard to operator safety and health, and which require specific action
by the manufacturer to reduce or eliminate the risk.
In addition to verifying the application of the safety requirements
and protective measures specified in this section of the guide, the manufacturer will validate that the risks assessment, whether or not included
in this guide, has been completed, taking appropriate actions for its
reduction or elimination.
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Table 2
List of significant hazards for operator´s safety and health.

Number

Hazard

Hazardous situation
Hazardous event

Section of EN ISO
4254-1 and EN ISO
4254-6

Guide
section

4.13 (EN 4254-1)
5.8 (EN 4254-6)

5.4.4

A.1 Mechanical hazards

A.1.1

High pressure fluid
ejection hazard

Hazardous event:
Rupture of pressurized
components (e.g. hoses)

A.2 Hazards generated by materials and substances

A.2.1

A.3

Hazards resulting
from contact with or
inhalation of harmful
fluids, gases, mists,
fumes and dust

Loss of stability /
overturning of
equipment

Hazardous event:
Contact with chemical
products
Hazardous situation:
spraying, handling,
accidental exposure

Hazardous situation:
parking and handling of
equipment

4.13 (EN 4254-1)
5.1, 5.8, 5.9, 5.12 (EN
4254-6)

5.4.1,
5.4.4,
5.4.5,
5.4.6,
5.4.7

6.2.1.1 (EN 4254-1)
5.2 (EN 4254-6)

5.4.2

Environmental protection
Table 3 specifies the significant hazards, significant hazardous situations and significant hazardous events covered by this section of the
guide, which have been identified by the risks assessment for this type
of application device with regard to environmental contamination and
require specific action by the designer or manufacturer to eliminate or
reduce the environmental contamination.
Attention should be paid to the need to verify that the environmental requirements specified in this section of the guide apply to each
significant hazard present in a specific application device and to verify
that the risks assessment has been completed.
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Table 3
List of significant environmental hazards.
Number

Hazard

Hazardous situation
Hazardous event

Guide section

1

Leakages

Application

5.6.2.1, 6.5.2.2

2

Dispersal of spray
mixture residues or plant
protection products

Cleaning

5.6.2.11

Adaptation to the crop

5.6.2.8

Sprayer adjustment/control

5.6.2.5, 5.6.2.6,
5.6.2.7

Sprayer maintenance/service

5.6.2.4

Unintended deposition

5.6.2.7

Deposition outside the
target area

5.6.2.8

Spraying stop control

5.6.2.10

3

4

Over-dosing

Unintended deposition
outside the target area

5

Dispersal of spray
mixture

Intervention on the sprayer during
application or service

5.6.2.3

6

Dripping

Spraying stop control

5.6.2.7

5.4. Safety requirements and protective measures
5.4.1. General
The trolley sprayer shall meet the safety requirements and the protective measures established in this section 5.4.
In addition, the trolley sprayer shall be designed in accordance with
principles established in EN ISO 12100: 2012 for those hazards not included in this section of the guide.
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Compliance with safety requirements and protective measures shall
be verified as established in section 5.5 of the guide.
The trolley sprayer shall meet requirements of EN ISO 4254-1 and
EN ISO 4254-6, when applicable.
The trolley sprayer shall allow the operator to wear adequate personal protective equipment during handling and operation, including
product filling and maintenance.
The design of the trolley sprayer shall facilitate its running between
the crop lines.
To facilitate the operator’s work, the trolley sprayer shall be provided
with components to prevent twisting the supply hose.
5.4.2 Stability
The trolley sprayer shall be designed to remain stable while parked
on firm ground, with a maximum inclination of 8.5° in any direction.
The trolley sprayer shall be designed so that it does not tip over
during handling. To do this, the trolley sprayer shall be placed on a
horizontal and flat surface and pushed in any direction so that it rolls at
a speed of 1 m/s against a fixed rectangular obstacle 50 mm high and
located at a right angle to the direction of travel. The trolley sprayer
shall not tip over.
5.4.3. Pressure indicator (manometer)
The trolley sprayer shall have a manometer.
The working pressure shall be clearly readable from the operator’s
position. The operator turning their head and upper body is acceptable.
In the case of analog pressure gauges, 63 mm is the minimum diameter of the pressure gauge dial plate.
The indicator case shall be isolated from the spray mixture.
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Pressure exceeding the maximum working pressure shall be specified (for example, on the analog pressure gauge by a red marking and
on a digital instrument by an optical or audible indication that is initiated when the pressure reaches the maximum working pressure).
5.4.4. Spray liquid carrying hoses
Hoses shall be designed with sufficient strength to avoid tear as
much as possible.
The maximum working pressure of hoses and the maximum working
pressure of connecting devices shall be at least 20% upper to the maximum working pressure of the circuit.
5.4.5. Spraying activation
Spraying activation shall be designed so that it requires the operator’s voluntary action to start spraying. In the event that the operator
stops acting on the activation control, spraying should stop automatically. Installation of a device that locks the activation control in its activated position is not permitted.
When the activation control stops spraying, dripping shall be minimized so that the dripping volume at each nozzle shall be no more than
2 ml within a 5 minute period. The measurement shall be performed 8
seconds after the flow cut-off in the boom.
5.4.6. Servicing and maintenance
It shall be possible to carry out servicing and maintenance operations on filters without causing leakage from the tank when it is
filled to its nominal volume and avoid return from the trolley sprayer
hoses.
5.4.7. Minimum distance from the holding point to the spray boom
The distance from the holding point to the spray boom shall be at
least 1.5 m.
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5.5. Verification of safety requirements and protective measures
Verification of safety requirements and protective measures established in section 5.4 of this guide may be carried out by visual inspection, performance test or measurement. Verification methods are specified in Table 4.
Table 4
Verification methods for safety requirements and protective
measures.
Guide
section

Verified requirement

Visual
inspection

Performance
test

5.4.1

General

X

X

5.4.2

Stability

X

5.4.2

Tipover

X

5.4.3

Manometer

X

5.4.4

Spray liquid carrying hoses

X

5.4.5

Spraying activation

X

5.4.6

Servicing and maintenance

X

5.4.7

Minimum distance

Measurement

X

X

X

5.6. Environmental protection requirements
5.6.1. General considerations
UNE-EN ISO 16119-1 includes general requirements, which are not
directly related to the significant hazards described above, related to
design and operation of sprayers to minimize the potential risk of environmental contamination during use. This section applies these general
requirements for trolley sprayers.
General
The trolley sprayer and its components shall be reliable and designed in such a way that they can be used in accordance with the in-
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tended use as described in the instruction handbook, in order to minimize the potential risk of environmental contamination.
They shall be designed so that they can be operated safely, taking
adequate control of the processes carried out. It shall be possible to stop
the application of pesticides immediately from the operator’s position.
Inspections
It shall be possible to connect the necessary measuring instruments
to the trolley sprayer to check its correct operation, for example, by
providing adapters that facilitate the connection of test instruments. At
the end of the spray boom section, there shall be a coupling to measure
the pressure and another coupling where the manometer is located.
Distribution and deposition
Trolley sprayer shall be designed so that suitable distribution and
deposition can be achieved. This condition is characterized by:
• Evenness in flow rate to the means of distribution.
• Evenness in distribution in the driving direction (longitudinal distribution).
• Evenness in distribution in the vertical direction (vertical distribution).
• Minimization of losses to non-target areas.
Losses
The trolley sprayer shall be designed and constructed in order to
minimize losses of plant protection product during application and after the application function has been switched off.
Indication of plant protection product in use
The information about the plant protection product in use shall be
located in a place visible to the operator, near the tank where the mixing and loading process takes place.
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Emptying, cleaning and service
The trolley sprayer shall be designed and constructed in such a
way as to allow it to be emptied completely and easily and thoroughly
cleaned without causing environmental contamination.
The trolley sprayer shall be designed and constructed to facilitate
the replacement of worn parts without causing environmental contamination.
5.6.2. Specific environmental protection requirements
This section includes specific requirements to reduce or eliminate
the risk based on the significant environmental hazards listed in Table 3.
Static leakages
There shall be no leakage from any part of the trolley sprayer.
Lines (hoses and pipes)
The bending radius of hoses shall be within the limits recommended
by the hose manufacturer.
Pipes and hoses shall not have any deformation that could obstruct
liquid flow.
Pressure lines shall be equipped with quick-acting shut-off devices
(for example, a tip-over lever valve).
The maximum working pressure of the hoses and connecting devices shall be at least 20% higher than the maximum working pressure
of the circuit.
Filters
The size of the filters shall match the size of the nozzles installed in
the trolley sprayer.
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Filters shall be easily accessible and filter inserts shall be removable.
In order to perform a quick cleaning, the filter tissue of the insert shall
be easily accessible.
When the spray tank is full to its nominal volume, it shall be possible
to clean the filters without any spray liquid leaking out, other than the
liquid contained in the filter casing and connected pressure lines.
Provisions for connecting test equipment
The necessary means to test the manometer shall be provided by
placing a connection with a ¼ or ½-inch inner thread in accordance with
ISO 4102 or allowing the manometer to be removed without having to
dismount other parts of the trolley sprayer.
Measuring systems
The trolley sprayer shall be fitted with a manometer complying with
section 5.4.3 of this guide.
The manometers’ accuracy shall be:
• ± 0.2 bar for working pressures between 1.0 bar (included) and 8
bar (included);
• ± 0.5 bar for working pressures between 8 bar and 20 bar (included); and
• ± 1 bar for working pressures more than 20 bar.
The manometer shall be clearly readable. Pressure indication shall
be stable. The scale of the manometer shall be marked as follows:
• every 0.2 bar when the working pressure is less than 5 bar;
• every 1.0 bar when working pressures range from 5 bar (included)
to 20 bar (included); and
• every 2.0 bar when working pressure is more than 20 bar.
The manometer shall have a maximum measurement error of ± 5%
of the measured value.
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Pressure drop
The pressure drop between the measuring point for spraying pressure on the trolley sprayer and at the most distance nozzle (including
the anti-drip device) shall not be greater than 10% of the pressure on
the trolley sprayer.
Pressure shall be measured with a calibrated manometer.
Verification shall be carried out by measurements performed at the
maximum flow rate specified by the manufacturer in the instruction
handbook.
Nozzles
It shall be possible to fix nozzles in predetermined positions to ensure that the spray is aimed properly, using appropriate means such as
markings, locking devices or mouldings.
Dripping will stop once the control to stop spraying has been
activated. Verification of this requirement is performed by the test
described below. When the control to stop spraying has been activated, dripping shall not be greater than 2 ml per nozzle within
5 min, measured 8 s after the control to stop spraying has been
activated.
It shall be possible to measure the flow rate of each individual nozzle.
Each individual nozzle’s flow rate, measured according to ISO 56821 specifications, shall not deviate by more than 5% with respect to the
data included in the manufacturer provided nominal flow rate tables.
Adaptation to the crop
It shall be possible for one person to adjust the spray boom setting depending on crop type, crop height, and street width. The boom
opening system shall allow them to be adjusted to street width, keeping fixed the opening angle established for each treatment.
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It shall be possible to switch off each nozzle and to adjust the spray
direction independently.
In the case of multi side application, it shall be possible to switch off
the spray of each side independently.
Distribution of liquid
For each nozzle of the same type and size, when mounted on the
spray boom, the flow rate shall not deviate by more than 10% from the
data given in the flow rate tables provided by the sprayer manufacturer.
Flow rates shall be measured when the nozzle has been mounted
on the boom and the flow rate requirements have been checked with a
measuring error of less than 2.5% of the measured value.
Flow rate shall be checked in accordance with ISO 5682-2.
Spraying activation
The trolley sprayer shall be provided with a quick-acting start-stop
valve positioned so that the operator can easily reach it when in normal
working position.
Mounting a locking device to hold the spraying control in the activated position is not allowed.
Compliance with this requirement shall be checked by visual inspection and performance test.
The shut-off device shall be designed for reliable work. It shall open
and close properly and shall not leak after 25,000 duty cycles. Compliance
with this requirement shall be tested in accordance with EN ISO 19932-1.
It shall be possible to adjust the spray characteristics to different application conditions to minimize the use and/or environmental impact
of plant protection products by mounting nozzles whose dimensions
are in accordance with ISO 8169.
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Cleaning
It shall be possible to flush the lines and hoses as well as the trolley
sprayer with clear water when the spray tank is not empty.
5.7. Verification of specific environmental protection requirements
Verification of specific environmental protection requirements
established in section 5.6.2 of this guide can be carried out by visual inspection, performance test or measurement, as summarized
in Table 5.
Table 5
Verification methods for specific environmental protection
requirements.
Guide
section

Verified
requirement

Visual
inspection

5.6.2.1

Static leaks

X

5.6.2.2

Lines

X

5.6.2.3

Filters

X

5.6.2.4

Provisions for
connecting
testing equipment

X

5.6.2.5

Measuring systems

X

5.6.2.6

Pressure drop

5.6.2.7

Nozzles

X

5.6.2.8

Adaptation to the
crop

X

5.6.2.9

Distribution of
liquid

X

5.6.2.10

Activation

X

5.6.2.11

Cleaning

X

Performance
test

Measurement

Remarks

X
X

X

X

ISO 5682-1

X

ISO 5682-2

X

ISO 19932-1
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6. INSTRUCTION HANDBOOK RECOMMENDATIONS
Preparation of instruction handbook recommendations is based on
information available in sections 1.7.4 and 2.4.10 of annex I of Directive 2006/42/EC (section 2.4.10 was added by Directive 2009/127/EC
amending Directive 2006/42/EC with regard to machinery for pesticide
application), in section 7.1 of EN ISO 4254-6: 2010 and in section 8 of
EN ISO 16119-4: 2015.
6.1. Consult Directive 2006/42/EC
Although Directive 2006/42/EC does not apply to the trolley sprayer,
it is determined that the manufacturer shall supply an instruction handbook with each unit containing the following information at a minimum:
a) manufacturer’s business name and complete address;
b) the designation “trolley sprayer”;
c) a general description of the trolley sprayer;
d) the drawings, diagrams, descriptions and explanations necessary
for the use, maintenance and repair, and for checking its proper functioning;
e) a description of the workstations likely to be occupied by operators;
f) a description of the intended use;
g) warnings concerning ways in which the trolley sprayer must not be
used that experience has shown might occur;
h) connection instructions to pump-tank unit;
i) instructions for the putting into service and use of the trolley sprayer and, if necessary, instructions for the training of operators;
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j) information about the residual risks that remain despite the inherent safe design measures, safeguarding and complementary protective
measures adopted;
k) instructions on protective measures to be taken by the user, including, where appropriate, personal protective equipment to be provided;
l) the essential characteristics of additional equipment which may be
fitted to the trolley sprayer;
m) the conditions in which the trolley sprayer meet the requirement
of stability during use, transportation, assembly, dismantling when out
of service, testing or foreseeable breakdowns;
n) instructions with a view to ensuring that transport, handling and
storage operations can be carried out safely, given the mass of the trolley sprayer;
o) the operating method to be followed in the event of accident or
breakdown; if a blockage is likely to occur, the operating method to be
followed so as to enable the equipment to be safely unblocked;
p) the description of the adjustment and maintenance operations
that should be carried out by the operator and the preventive maintenance measures that should be observed;
q) instructions designed to enable adjustment and maintenance to
be carried out safely, including the protective measures that should be
taken during these operations;
r) the specifications of the spare parts to be used, when these affect
operator health and safety;
Furthermore, section 2.4.10 of Annex I to Directive 2006/42/EC (section added by Directive 2009/127/EC amending Directive 2006/42/EC
with regard to machinery for pesticide application)) establishes additional requirements that shall be met by the instruction handbook for
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a machine used for the application of plant protection products. Based
on these requirements, it is considered that the trolley sprayer instruction handbook shall contain the following additional information:
a) precautions to be taken during mixing, loading, application, emptying, cleaning, servicing and transport operations in order to avoid environmental contamination;
b) detailed conditions of use for the different operating environments envisaged, including the corresponding preparation and adjustments required to ensure the deposition of pesticide on target areas
while minimizing losses to other areas, to prevent drift to the environment and, where appropriate, to ensure an even distribution and homogeneous deposition of pesticide;
c) the range of types and sizes of nozzles, strainers and filters that
can be used with the trolley sprayer;
d) the frequency of checks and the criteria and method for the replacement of parts subject to wear that affect the trolley sprayer’s proper functioning, such as nozzles, strainers and filters;
e) specification of calibration, daily maintenance, winter preparation
and other checks necessary to ensure the trolley sprayer’s proper functioning;
f) types of pesticides that may cause the trolley sprayer’s improper
functioning;
g) an indication that the operator should keep updated the name of
the pesticide in use in a place visible, near the tank where the mixing
and loading process takes place;
h) the connection and use of any special equipment or accessories,
and the necessary precautions to be taken;
i) an indication that the trolley sprayer may be subject to national
requirements for regular inspection by designated bodies, as provided
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for in 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;
j) the trolley sprayer’s features which must be inspected to ensure its
proper functioning;
k) instructions for connecting the necessary measuring instruments;
l) the necessary preparation for different conditions of use;
m) the trolley sprayer’s conditions of use and appropriate adjustment;
n) recommended procedure and intervals (e.g. time units, sprayed
area or sprayed volume) for checking the trolley sprayer by the user;
o) criteria and method for the replacement of parts subject to wear
that affect the proper functioning of the trolley sprayer, e.g. nozzles,
filters;
p) the need to ensure that the correct filters, complying with the
nozzle manufacturer’s recommendations, are used with replacement
nozzles;
q) indication that national or regional laws may require regular inspection of the sprayers in use;
r) operating limits of the trolley sprayer, e.g. maximum working pressure;
s) additional equipment or attachments for the trolley sprayer according to the intended use;
t) possibilities of connecting to other equipment and the necessary
precautions;
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u) regarding health and safety instructions, the need to follow the
recommendations given by pesticide manufacturers on the product label;
v) Regarding application, the need to take into account recommendations included on the product label, as well as in any relevant
documentation; for example, national and/or local regulations or best
practice codes;
w) minimizing drift and other off-target deposition, taking into account various parameters such as nozzles, pressure, boom height and
operating speed.
6.2. Consult EN ISO 4254-6:2010
The instruction handbook shall include comprehensive instructions
and information regarding all aspects associated with the trolley sprayer’s maintenance and safe use, including appropriate clothing and personal protective equipment (PPE) requirements and, where appropriate, the need for training.
In particular, the following information (residual risks) shall be included:
• Methods for adjusting pressure.
• Details of adjustments to be carried out on the trolley sprayer
when using different nozzles.
• Procedures required for transport.
• Procedures to be followed for dealing with blocked nozzles and
other breakdowns in the field.
• Recommendations regarding precautions to be taken against
contact with and/or inhalation of dangerous chemicals during
spraying, adjustment or servicing (for example, wearing personal
protective equipment).
• The need to ensure that no other person is standing near the
trolley sprayer.
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• The procedures to be followed when parking the trolley sprayer.
• Precautions to be taken when cleaning the trolley sprayer (particularly to limit the propagation of contamination).
• Instructions for winter storage of the trolley sprayer.
Furthermore, it is strictly required for any maintenance intervention
to only be undertaken after cleaning all contaminated parts of the trolley sprayer.
6.3. Consult EN ISO 16119-4:2015
At a minimum, the instruction handbook shall include the following
information:
• The need to ensure that the correct filters, complying with the
nozzle manufacturer’s recommendations, are used with replacement nozzles.
• The use of any devices provided and the precautions to be taken
during mixing and filling to avoid environmental contamination.
The instruction handbook shall also include the following information:
• Information on trolley sprayer adjustment in terms of crop type,
size and height, in particular regarding avoiding pesticide drift
and crop damage.
• Instructions regarding the need to place the trolley sprayer near
clear water tap when no rinsing water tank is fitted.
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7. MARKING RECOMMENDATIONS
The preparation of the recommendations for marking is based on
information available in section 1.7.3 of annex I of Directive 2006/42/EC,
in section 7.2 of the UNE-EN ISO 4254-6: 2010 standard and in section
7 of the UNE-EN ISO 16119-4:2015 standard.
7.1. Consult Directive 2006/42/EC
Although Directive 2006/42/EC does not apply to the trolley sprayer,
it is considered that each unit must be marked in a visible, legible and
indelible manner, with at least the following indications:
a) the manufacturer’s business name and complete address,
b) designation “trolley sprayer”,
c) designation of series or type,
d) serial number,
e) year of construction.
7.2. Consult EN ISO 4254-6:2010
The following information shall be marked on the trolley sprayer as
a minimum:
• maximum circuit working pressure,
• mass.
Hoses shall be marked with the maximum working pressure.
7.3. Consult EN ISO 16119-4:2015
Regarding environmental protection, nozzles shall be marked in
such a way that they can be identified. Such identification shall include:
• manufacturer’s name or sign,
• type,
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• size, identified by a sign and a colour code conforming to ISO
10625 or by a specific sign on the nozzle with its matching explanation in the instruction handbook.
The meaning of marking on the nozzles shall be included in the instruction handbook.
Filters shall be marked so that they can be identified. This identification shall include mesh size specified by an sign and a colour code
complying with ISO 19732 or by specific sign on the filter with corresponding explanation in the instruction handbook.
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8. INSPECTION AND CALIBRATION
RECOMMENDATIONS
8.1. General considerations
User benefits obtained by the inspection and calibration of the trolley sprayer are:
• Plant protection product savings.
• Greater effectiveness in treatment.
• Protection of operator safety and health.
• Consumer safety and health guarantee (residue-free food).
• Reduction of environmental pollution.
This section of the guide contains the trolley sprayer inspection and
calibration protocol to be followed by users.
In order to carry out inspection, visual inspections are done on the
trolley sprayer components when not activated, and performance tests
when activated.
In order to calibrate the trolley sprayer, measurements are made of
manometer pressure (which is the pressure control point), of the flow
rate distribution in the nozzles and the pressure balance (pressure drop).
It is thereby possible to have a trolley sprayer that applies a homogeneous treatment and meets requirements for the protection of operator safety and health as well as the environment.
For trolley sprayer inspection and calibration, the protocol specified
in section 8.2 of the guide has been prepared, adapting the content to
EN 13790-1 (field crop hydraulic sprayers) and EN 13790-2 (sprayers for
bush and tree crops) to the particularities of these trolley sprayers. This
protocol specifies items to be examined, requirements to be met by
these examined items and the classification of failures (non-compliance
with requirements) to be detected. Each failure has been classified into
three levels (serious, mild and no failure) with an explanation that de-
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scribes each level and its conclusion (unfavourable inspection, failure
rectification, and fulfilled requirement, as shown in Table 6. For components different to those included in the specified standards, requirements recommended by manufacturers will be deemed essential for
the appropriate function of the equipment due to its design.
The inspection and calibration protocol can be part of a preventive
maintenance program, in accordance with paragraph 2 of article 4 of
Directive 89/655/CEE.
This protocol can be adapted to EN ISO 16122-1 and EN ISO 161224 once these standards are implemented.
Table 6
Classification of failures detected in a hydraulic sprayer.
FAILURE

DESCRIPTION

CONCLUSION

SERIOUS

Failure that shall be repaired before
using the sprayer again. Severely affects
the quality of the spraying, operator
safety or environmental protection.

Unfavourable inspection.

MILD

Failure that shall be repaired as soon
as possible. Moderately affects quality
of the spraying, operator safety or
environmental protection.

Recommendation of
changes to correct failure.

NO FAILURE

No failure detected.

Fulfilled requirement.

8.2. Inspection and calibration protocol
8.2.1. Spray boom stability and symmetry
The boom shall be stable in all directions. There shall be no loose
joints. The right and left sections of the boom shall be of the same
length.
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Verification method: visual inspection.
Applicable normative: similarity to EN 13790-1, section 4.8.1.
Testing method
It will be checked that when handling the boom, it remains fixed,
with no loose joints and is joined to the trolley sprayer chassis. The
length of the sections will be measured to check that they are the
same length.
Verification results
TESTING RESULT

CLASIFICACIÓN

EFECTO

Boom is stable, is not loose and
the sections are the same length.

Sin defecto

Requisito satisfecho.
Inspección favorable

Boom is unstable, is loose or the sections are
not the same length.

Defecto grave

Inspección desfavorable

8.2.2 Nozzle spacing at the boom
Nozzle spacing and their orientation shall be uniform along the entire boom.
Verification method: visual inspection and measurement.
Applicable normative: similarity to EN 13790-1, section 4.8.4.
Testing method
It will be checked (measurement) that the nozzles are at the same
distance and oriented uniformly for homogenous application.
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Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

Nozzles are spaced the same distance apart and
their orientation is identical.

No failure

Fulfilled requirement.
Favourable inspection

Nozzles are not separated by the same distance
or their orientation is not identical.

Serious failure

Unfavourable inspection

8.2.3. Spraying interference
Liquid shall not be sprayed onto the trolley sprayer itself.
Verification method: visual inspection and performance test.
Applicable normative: for similarity to EN 13790-1, section 4.8.6.
Testing method
With the trolley sprayer functioning, it will be checked that the lines
and equipment parts do not interfere with the nozzle jets.
Verification results
ESTADO

CLASIFICACIÓN

EFECTO

No hay interferencias en la pulverización.

Sin defecto

Requisito satisfecho.
Inspección favorable

Las tuberías o algún elemento están mal
situados y se interponen al chorro de
pulverización, rompiendo su uniformidad.

Defecto grave

Inspección desfavorable

8.2.4. Sections
Switching on and off individual boom sections on the trolley sprayer
shall be possible.
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Verification method: visual inspection and performance test.
Applicable normative: for similarity to EN 13790-1/2, section
4.8.8./4.5.4.
Testing method
It will be verified that the different sections of the trolley sprayer can
be opened and closed, and that the equipment sprays properly.
Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

Opening and closing mechanisms work
properly.

No failure

Fulfilled requirement.
Favourable inspection

It does not work or does not have an opening
and closing mechanism.

Serious failure

Unfavourable inspection

8.2.5. Appropriateness for treatment. Uniformity in the nozzle set
A suitable selection of the most efficient nozzles shall be made depending on the treatment.
Identical nozzles (type, size, and other components such as filters
and drip stoppers) shall be checked all along the boom or symmetrically
on both sides of the vertical boom. Exceptions are made for special
functions, such as spraying on one side.
Nozzles shall be identifiable by type, using standardised colour and
nomenclature.
Verification method: visual inspection.
Applicable normative: for similarity to EN 13790-1/2, sections
4.9.1./4.8.2.
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Testing method
It will be verified that in the trolley sprayer, the nozzles are the same as
a whole or symmetrical (therefore, they are the same number in both
sections); the same distribution is sought.

Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

The nozzles are the same or symmetrical in
terms of type and number, depending on trolley
sprayer and treatment.

No failure

Fulfilled requirement.
Favourable inspection

The nozzles are different or asymmetrical, so
spraying is not consistent.

Serious failure

Unfavourable inspection

8.2.6. Individual nozzle closure
Switching off each nozzle separately shall be possible. For multihead nozzles, this requirement applies to each multi-head nozzle.
Verification method: visual inspection and performance test.
Applicable normative: similarity to EN 13790-2, section 4.8.4.
Testing method

It will be verified that it is possible to switch each nozzle on and off
individually, without leakage or dripping, in order to adjust the spraying to the required height crop.

47

Verification results
ESTADO

CLASIFICACIÓN

EFECTO

Sin defecto

Requisito satisfecho.
Inspección favorable

Defecto grave

Inspección desfavorable

Las boquillas tienen la posibilidad de cerrar
el flujo de caldo, individualmente, por algún
mecanismo de giro o interrupción adecuado, sin
que se produzca goteo.
Las boquillas no pueden interrumpir
individualmente el flujo de caldo sin que se
produzca goteo.

8.2.7. Adjusting the nozzle position
It shall be possible to adjust the position of the nozzles in a symmetrical and reproducible way.
Verification method: visual inspection and performance test.
Applicable normative: by similarity to EN 13790-2, section 4.8.5.
Testing method
It will be verified that the position of the nozzles can be oriented
towards the best direction of the crop, for the best possible coverage.
Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

Nozzles have the appropriate mechanism
that allow them to be oriented in the optimal
direction that covers the largest crop area.

No failure

Fulfilled requirement.
Favourable inspection.

Nozzles do not have the mechanism oriented
towards the crop.

Serious failure

Unfavourable inspection.
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8.2.8. Nozzle flow rate
The deviation of the flow rate of each nozzle of the same type shall
not exceed the specified values in the table below:
Deviation (%)

Reference value

Under +15%

Nominal flow rate (manufacturer specified)

Under +10 %

Mean flow rate of all nozzles of the same type

If the goal is to obtain symmetrical spraying (vertical boom), the difference between the left and right hand sides mean flow rate shall be a
maximum of 10%.
Verification method: flow rate measurement, for similarity to the
EN 13790-1/2, sections 5.2.5/5.2.4.
Applicable normative: by similarity to EN 13790-1/2, sections
4.9.2./4.10.2.1.
Testing method
Each one’s flow rate measurement is checked with the nozzles removed from the equipment at a reference pressure, by placing them
on a nozzle test bench.
Alternatively, the measurement can be performed without disassembling the nozzles, using calibrated graduated cylinders or calibrated
electronic flow meters.
Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

Deviations from the measured flow rate for
each nozzle and the difference in flow rate
between the left and right sections are under
the established limits.

No failure

Fulfilled requirement.
Favourable inspection

Deviations from the measured flow rate for
each nozzle and/or the difference in flow rate
between the left and right sections are over the
established limits.

Serious failure

Unfavourable inspection
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8.2.9. Pressure drop
Pressure drop between the point where the trolley sprayer pressure
is measured and the end of each boom section shall not exceed 10%
from the manometer reading.
Verification method: measurement of pressure differences similar
to the EN 13790-1/2, sections 5.2.6/5.2.5.
Applicable normative: by similarity to EN 13790-1/2, sections
4.9.3./4.10.2.2.
Testing method
A calibrated manometer will be put in place of the trolley sprayer manometer or, if it cannot be removed, a connection for remote pressure
measurement. A calibrated manometer will also be put in place of a
nozzle at the end of each section of the boom, ensuring that spraying
can be performed in order to maintain working conditions. At least
two reference pressures must be established on the equipment pressure indicator, depending on the type of trolley sprayer. The specified values will be compared with those obtained on the manometer
placed at the end of the section.
Verification results
TESTING RESULT

CLASSIFICATION

CONCLUSION

The pressure drop between the manometer
located at the measuring point of the trolley
sprayer and the manometer at the end of the
section is less than 10%.

No failure

Fulfilled requirement.
Favourable inspection

The pressure drop between the manometer
located at the measuring point of the trolley
sprayer and the manometer at the end of the
section is over 10%.

Serious failure

Unfavourable inspection
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