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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Significant areas are sprayed globally by fixed wing and rotary aircraft in order to overcome serious
pest threats to agriculture and forestry. Aerial application is used where difficult terrain or crop
(forests) dictate as well as for timely application to large areas, in order to maximize efficient use of
crop protection products and minimize environmental impact. This document specifies requirements
and methods for verification, design and performance which are often unique from other sprayer
equipment. This does not cover aircraft safety and design criteria for air worthiness and aircraft
registration nor pilot or operator requirements all of which will be specified separately by countries or

reg

ons. Industry stakeholders such as the USA National Agricultural Aviation Association (

NAAA) and

the
dev|

Thi

Thi
maj

Ot
ab

Thd
pro

The
are

Wh
typ
the
thid

&

r partner National Agricultural Aviation Research and Education Fund have providedi
elopment.

5 document is a type-C standard as stated in ISO 12100:2010.

5 document is of relevance, in particular, for the following stakeholder,groups repre
ket players with regard to machinery safety:

machine manufacturers (small, medium and large enterprises);
health and safety bodies (regulators, accident prevention organizations, market surveill

rs can be affected by the level of machinery safety achievedywith the means of the docuf
e-mentioned stakeholder groups:

machine users/employers (small, medium and large‘enterprises);

service providers, e.g. for maintenance (small, medium and large enterprises);
consumers (in case of machinery intefidéd for use by consumers).

above-mentioned stakeholder groups have been given the possibility to participate at t
cess of this document.

machinery concerned and-the extent to which hazards, hazardous situations or hazard
covered are indicated i the Scope of this document.

en requirements of this type-C standard are different from those, which are stated in
b- B standards, the\wrequirements of this type-C standard take precedence over the requi

type-C standard.

machine users/employees (e.g. trade unions, organizations for people with special needs

hput to the

enting the

ance, etc.).

hent by the

o

he drafting

ous events

type-A or
rements of

other standards for machines that have been designed and built according to the requirements of
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Agricultural and forestry machinery — Environmental

re

quirements for sprayers —

Part 5:
Aerial spray systems
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Scope

5 document specifies requirements and the means for their verification, for the ¢
formance of aerial fixed wing and rotary aircraft spray systems for agriculture, forestr

potential risk of environmental contamination during use, including“misuse foreseeg

intended to be used with ISO 16119-1:2013, which gives general requirements commo
hyer types covered by ISO 16119. When requirements of this ‘document are different

b0 16119-1:2013 for machines within the scope of this do€ument.
5 document does cover safety of aerial spray equipmerit not covered by ISO 4254 series.

5 document is not applicable to sprayers manufactured before the date of its pub
hanned aerial vehicles (such as drones).

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest édition of the referenced document (including any amendmen

1401:2016, Rubber hosesfor agricultural spraying
5681:2020, Equipnrent for crop protection — Vocabulary

5682-1:2017-Equipment for crop protection — Spraying equipment — Part 1: Test methods
zles

5682-8:2017, Equipment for crop protection — Spraying equipment — Part 3: Test methc
performance of volume/area adjustment systems

lesign and
y, turf, and

btation control in transport access ways (such as gas and electric lines) with regard to minimizing

ble by the

h to all the
from those

ed in ISO 16119-1:2013, the requirements of this documerit take precedence over the requirements

ication, or

bir content
pplies. For
[s) applies.

for sprayer

d to assess

ISO

CEOD _A4.90001 D A Toct
[ ¥ (3

ethods for

I . VR Y £ ey C. L . £
JUOULTT.aVUL L, LlllullJlllCIlb le Cr UIJ ‘Jl ULCLLIUTI L)lJl Uyllly Cl{ul‘}lllcllb rur ITO

agitation of sprayer tanks

ISO 9357:1990, Equipment for crop protection — Agricultural sprayers — Tank nominal volume and filling
hole diameter

[SO 12100:2010, Safety of machinery — General principles for design — Risk assessment and risk reduction

ISO 13440:1996, Equipment for crop protection — Agricultural sprayers — Determination of the volume of
total residual

ISO 16119-1:2013, Agricultural and forestry machinery — Environmental requirements for sprayers —
Part 1: General
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ISO 22368-3:2004, Crop protection equipment — Test methods for the evaluation of cleaning systems —
Part 3: Internal cleaning of tank

3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 5681:2020, ISO 12100:2010
and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Or

IEC Ele

31
fixed wing

aircraft with fixed wings approved by local or national authority equipped for the application of p

protection

3.2

rotary air
helicopter

application

3.3

global nav
GNSS
generic tet
global cove

[SOURCE: ]

4 List of significant hazards

Table 1 spe
event(s) co
this type o
the designg

Attention i
ISO 16119-
to validate

1. 1 H ) Y lalal dotodede LL H Lol
HITICT DT UWOSITG PldUtiUNILL avdalldUIT dt LIttpPS. /7 VW W W.15U.UL 5 /UUD

ctropedia: available at https://www.electropedia.org/

aircraft

products and fertilizers on crops, including forestry and grasslands

craft
(rotary propelled) aircraft approved by local or national ‘authority equipped for
of plant protection products and fertilizers on crops, including forestry and grasslands

igation satellite system

m for satellite navigation systems that provide autonomous geospatial positioning
rage

SO/TS 11356:2011, 3.2]

cifies the significant hazards;the significant hazardous situations, and significant hazard
vered by this document that have been identified by risk assessment as being relevant
[ machine with regard te.énvironmental contamination, and which require specific actios
er or manufacturer té_eliminate or to reduce environmental contamination.

s drawn to the.necessity to verify that the environmental requirements specified in |k
1:2013 and this\document apply to each significant hazard presented by a given machine
that the risk-assessment is complete.

Table 1 — List of significant hazards

ant

the

vith

ous
for
h by

oth
and

Hozard Hazardous Clause/subclause of
Hasdtd situation/event this document
4.1 Spillages Filling, filters 5.2;5.2.6; 5.5
Mixing of plant protection 5.2.6;5.11.1
product
4.2 Contamination of the water supply Filling 5.2.6; 5.11
4.3 Leakages Transport and application 5.2.6;5.6; 5.2
4.4 Overfilling Filling 5.2;5.2.4;5.2.6
4.5 Dispersal of spray mix residues or plant |Drainage 5.2.3;5.2.4;5.11.1
protection products
Cleaning and rinsing 5.2.3;5.5;5.11
2 © IS0 2023 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=b86a92f7a0b7b055fc46ff86a72e96b5

ISO 16119-5:2023(E)

Table 1 (continued)
Hazard Hazardous Clause/subclause of
situation/event this document
4.6 Accidental leakages Accidental opening of tank 5.2.4;5.4;
outlet
Hose leaks 5.2
4.7 Over-dosing Heterogeneous mixing 5.2.5
Overlapping 5.10; 59
Sprayer adjustment/control |5.10
Sprayer maintenance/service |5.8.2; 6
Unintended deposition 5.5
4.8 Unintended spraying outside the target |Deposition outside the 5.5; 540
area target area
Spraying stop control 5.7
4.9 Drift Spraying 5.10
4.1p Dispersal of spray mix Intervention on the sprayep |5.9, 5.10,
during application or sefvice
411 Dripping Spraying stop control 5.7
4.1R Aircraft collision (wire strikes) Aircraft working 5.5
5 [Requirements
5.1 General
General requirements common to all sprayer-types are covered by ISO 16119-1:2013.
5.2| Sprayer tanks
The total tank volume shall be at least 5 % more than its nominal volume for open top filling] to prevent
spillage as a result of overfilling:For filling via hose connections, such as auto closing fill [valves and

clos

Compliance shall be checkeéd by inspection and measurement.

5.2

1 Materials

ed transfer dry-breaks, the total tank volume shall be at least 1 % more than its nomimnal volume.

Materials used shall be resistant to plant protection products (PPP) and approved by the manufacturer

for

5.2

ntended, usé-Compliance shall be certified by the manufacturer of the tank material.

2 Tank openings

Th

anks with

[s)
a nominal volume smaller than 300 | and preferably greater than 450 mm for bigger spray tanks.
Alternate means to inspect tanks may be used for tanks with smaller fill openings. To limit the risk of
access into the tank, any tank opening greater than 400 mm in diameter — or, if it is rectangular, of
more than 400 mm x 300 mm — shall be provided with a grating which can only be removed by the
use of tools. The openings in the grating shall not exceed the above-mentioned dimensions. Compliance

sha

1l be checked by inspection, functional testing and measurement.

Filling hole lids and inspection openings shall seal sufficiently to avoid spillage.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b86a92f7a0b7b055fc46ff86a72e96b5

ISO 16119-5:2023(E)

5.2.3 Emptying

5.2.3.1 Tank emptying device

An emptying device shall allow the complete emptying of the residual in the tank when the aircraft is
parked in a horizontal position. Complete emptying of the residual is considered to have been achieved
when there are no visible puddles at the bottom of the tank after 5 min drainage. Compliance shall be
checked by inspection and functional testing.

The tank outlet shall be guarded against accidental opening.

5.2.3.2 Residual volume

The volum¢ of total residual volume as defined in ISO 13440:1996, 2.1 shall not exceed 2 % of the'nom
tank volume. The volume of total residual shall be determined in accordance with 1SO 43440:1
for the hoifizontal position only as it is readily available for aircraft. Compliance shall be checkec
measurement in accordance with ISO 13440:1996.

5.2.4 Tapk contents indicator(s)

The indicaftion of contents shall correspond to ISO 9357:1990. It shall be compatible with PPP

readable f1
acceptable

Other mea
are readab

5.2.5 Ag

Tanks shal
of mixture
accordancg
in accordal

5.2.6 Fil

A ground p
pre-mixing
equipped

measu|
produ

atank

equipy
operat

om the pilot or operator’s position and from where the tankis filled. Turning of the heg

hs of checking the contents of the tank are allowed,if‘they achieve equivalent accuracy
le from the same positions. Compliance shall be checked by inspection.

itation

be designed (e.g. including recirculation/agitation systems) to ensure an even concentra
. The maximum allowable mixture “concentration deviation is *15 % when testec

1ce with ISO 5682-4:2021.

ling pre-mix tank
laced filling supply shallbe available at the flight site (mixing/loading site) to enable prd
yith:

Iring equipmeht’like scale or flow measurement device for metering the plant protec
t.

with apappropriate shape and filling opening suitable to mix the spray liquid without spill
ed’with a tank content indicator corresponding to ISO 9357:1990, clearly readable from
r’s position

inal
D96
| by

and
d is

and

fion
| in

with ISO 5682-4:2021. Complianceshall be checked by functional testing and measurengent

per

of the spray liquidzand filling of the aircraft spray tank. The ground filling supply shall be

Fion

hge,
the

when tested in accordance with ISO 5682-4:2021);

device

filling

tank, hoses and valves that tightly close and do not leak;

(s) for collecting accidental leakages;

supply, e.g. include vacuum break design or air gap separation.

Compliance shall be checked by inspection, functional testing and measurement.

© IS0 2023 - All rights rese

a tank agitator providing a uniform concentration of PPP in the spray liquid (max *15 % deviation

non-pressurized filling devices shall be designed to avoid any return of liquid from the tank to the

rved


https://standardsiso.com/api/?name=b86a92f7a0b7b055fc46ff86a72e96b5

ISO 16119-5:2023(E)

5.3 Hoses and lines

The bending radius of hoses shall be within limits recommended by the hose manufacturer. Hoses fitted
or supplied with the sprayer shall be in accordance with Type A of ISO 1401:2016. Compliance shall be
checked by inspection and measurement according to ISO 1401:2016 (Type A).

They shall be recommended for agricultural crop protection product use. All pressurized hoses shall
be directly and durably marked with the maximum working pressure. Pressure (spray boom) lines
shall be equipped with quick-acting shut-off devices that allow suction back return to the spray tank for
instant de-pressurization of the spray boom, unless liquid flow is controlled by starting and stopping

the
5.4

5.4

Spr
aird

For
dist
For
ord
for

and
sur

Thd

atomizers (including anti-drip device) or the orifice plate for the last open nozzle shall not e

of t
ind
med
spr
abo|

5.4

It s
dist

5.5

Spr
aer
the
the

pump. Compliance shall be checked by functional testing and inspection.

Spray boom

1 Design and location

hy booms shall have the option for non-uniform location of nozzles on propeller driven
raft to adjust for propeller wash and fuselage air turbulence on the spray.

fixed wing aircraft the spray boom location shall be located inZa position providing
ance from the trailing edge of the wings to avoid air turbulence for normal operationd

br to minimize rotor wake effect. Nozzles shall be positioned to avoid wing tip or rot
gricultural applications. Deep canopy spraying, such &s forestry spraying, may requ
boom be positioned to utilize wake turbulence to achieve penetration and deposition
faces. Compliance shall be checked by inspection.

pressure drop between the measuring pointion the spray boom and hydraulic pressu

he pressure shown on the pressure indicater. This test shall be performed at maximum f
cated by the manufacturer. For non-pressure-based nozzles/atomizers the pressure dr
isured to the inlet of any flow restrictor determining flow. These tests may be conducte
iy boom dismounted from the aircraft. Compliance shall be checked by measurement
[ve.

2 Adjustment

hall be possible te ‘adjust the number and location of nozzles to optimize the spr
ribution. Compliahce shall be checked by inspection.

Safety measures

hy systemsS shall have an emergency stop with immediate accessibility to the pilot. In
al spraying, the forward movement of the aircraft cannot be instantly stopped nor the |}

fixed wing

b sufficient
| spraying.

rotary aircraft the boom should preferably be forward of{the rotor axis or equivalenft design in

pr vortices
re nozzles
on interior

‘e nozzles/
kceed 10 %
low rate as
pp shall be
d with the
to method

py pattern

the case of
bressure in

system instantly changed. The emergency stop procedure is to divert away from the hd

zard using

JITCraftSComtrot Stick and Tudder arnd turT the Spray-otf using the spray ftandte.

Fixed wing aircraft shall be equipped with wire strike cutters, or deflectors or equivalent protective
scheme, to reduce probability of loss of aircraft and spray operation control.

All operational controls shall have ergonomic considerations for location and ease of use from the
normal position of the pilot and/or operator. If an emergency dump valve control is present, it shall
have significantly different look and feel from other controls and shall have two dissimilar actions to
initiate to prevent unintended operation.

Installed radio communication and avionics shall conform to necessary local or national air traffic
regulations for transit to and from the flight site as well as the spray location.

Compliance for safety measure requirements shall be checked by inspection.

© IS0 2023 - All rights reserved
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5.6 Filters

A strainer shall be included in the filling system and shall have a mesh size less than 2 mm. Compliance
shall be checked by inspection and measurement.

On the pressure side, the liquid going to the nozzles shall be filtered by means of central filter(s) or
filters in the lines of boom sections. The size of filters shall correspond to the size of nozzles fitted
on the sprayer. The pilot or operator shall be able to detect blockages, for example by an appropriate
positioning of the central pressure filters and pressure indicator(s). Compliance shall be checked by

inspection.

Filters sha
tank filled
that which
functional

5.7 Nozj

It shall be

equipped ¥
the flow f1]
closing ant]
with ISO 5
data of the
measurem

Nozzle/ato
from the n

I be accessible and filter insets shall be removable or tlushable. It shall be possible, wit
to its nominal volume, to clean central filters without any spray liquid leaking out excep
may be present in the filter casing and any connected lines. Compliance shall be checke
testing.

rles /atomizers

vith a fast closing anti-drip device (e.g. a check-valve). It shall be (possible to easily shu
om each nozzle immediately during an operational stop or emérgency stop, e.g. with a
i drip device or nozzle valve. The flow rate of each individualnozzle, measured in accordd
b82-1:2017 when demounted from the sprayer, shall not déwiate by more than 5 % from
manufacturer’s published flow rate tables. Compliance‘shall be checked by inspection
Ent.

mizer spray quality (drop size) category shall be'available for nominal operational spe
hzzle manufacturer’s published material or otherpublications (see Annex A).

5.8 Measuring systems

5.8.1 Ge

Aerial spra3
if present,
inspection

The worki
setting sh
Complianc

Sprayers s
and, the ac

+0,2b

neral

yers shall be equipped with indicators for volume application rate, the control setting
for the rotational frequeney.(RPM) of rotary atomisers. Compliance shall be checked

i1l be readable from the pilot or operator’s position. Turning of the head is tolers
e shall be checked-by inspection.

curacy efithe pressure indicator shall be at least:

hr for Working pressures between 1 bar (included) and 8 bar (included);

hlthe

i

for
by

bossible to fix nozzles/atomizers in predetermined positions. Each nozzle/atomizer shalll be

off
fast
nce
the
and

eds

hind,
by

hg pressure, atomisér RPM (where relevant), the volume application rate and the conjtrol

ble.

hall be fittéd-with a pressure indicator of 63 mm minimum diameter for analogue devices,

+0,5b

+1 bar

T TOT WOTRITIg PTESSUTES Detwee 8 bar and 20 bar(inciuded);

for working pressures more than 20 bar.

Compliance shall be certified by manufacturer of the pressure indicator.

The pressure indicator shall be readable. The pressure indication shall be stable. The scale or resolution
of the pressure indicator shall be:

— every 0,2 bar for working pressures less than 5 bar;

every 1,0 bar for working pressures between 5 bar (included) and 20 bar (included);

every 2,0 bar for working pressures more than 20 bar.
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Compliance shall be checked by inspection.

Unless otherwise specified in this document, each measuring system of the sprayer, e.g. flow rate, flight
speed, pressure, except for the tank contents indicator(s) shall measure within a maximum error of
+5 % of the true value. Compliance shall be certified by manufacturers of measuring systems.

5.8.

2 Provisions for connecting test equipment

Means shall be provided to test the pressure indicator, either

on the sprayer with a connection of a 1/4” (13,157 mm) or 3/8” (16,662 mm), pitch 1,337 mm, or

Med
wit

metric, M12 or M18, pitch 1,5 mm inner thread, or

it shall be possible to demount the pressure indicator from the aerial sprayerywitho
demount other parts of the sprayer

ns shall also be provided to connect a flow meter between the pump and'the pressur
hout damaging any hoses or removing the couplers from the hoses. Compliance shall be

inspection.

5.9
Floy

Pre
the
ope
pre

Volume/area adjustment system

v adjustment is required, at minimum, to compensate for changes in aircraft flight speed.

ksure adjustment devices shall maintain a constant working pressure at constant rev

ut need to

e regulator
Checked by

olutions of

spray pump. After switching off/on the spray boom)and its individual sections during spraying

ration, the working pressure shall return to its oniginal value within #5 %. This applies
ssure has been adjusted in the meantime.

Volyime/area adjustment systems shall meet théfollowing requirements.

a)

b)

The

After 3 s of variations in operating conditions, the measured volume application rate sha
*10 % of the mean volume application rate in the new constant operating conditions.

NOTE Changes in operating conditions are effected for instance by varying the aircraf
switching off sections of the spray boom.

During repeated adjustments of the same volume application rate (1/ha), the coefficient
calculated from 7 meastirements shall not exceed 3 % using the CV calculation in ISO 5
Clause 6.

The acceptablé deviation from the measured volume application rate (1/ha) or respectiv

also if the

I be within

speed and

fvariation
82-3:2017,

e flow rate

(1/min) frofrthe values required shall be +6% for the mean deviation using the A calculation in

ISO 5682-3¢2017, Clause 6.

test ofithe volume-area adjustment system shall be carried out in accordance with ISO 5¢82-3:2017.

Co
Re

d

pliance of requirement a) and b) above, shall be checked according to ISO 5682-3:2017,

b.1, and 5.2

lniramﬂnfc r‘) shallbe checked :\r‘r‘nrding ta ISO ';697_2-7017’ C A4

These tests may be conducted with the spray boom dismounted from the aircraft.

5.1

0 Distribution and control of spray drift

5.10.1 Distribution

The flow rate of each nozzle/atomizer of the same type and size, when mounted on the spray boom,
shall not deviate by more than 5 % from the mean flow rate of all the nozzles on the boom. Compliance
shall be checked by inspection, functional testing and measurement.
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ISO 16119-5:2023(E)

The distribution and pattern uniformity for different nozzles/atomizers and/or flying speeds can be
checked with, for example, methods ASTM E642 or ASABE S386.2 or similar methodology to determine

uniformity of spray deposition.

NOTE

and minimize off target deposition (see Annex A).

5.10.2 Control of spray drift

AGDISP or AgDRIFT are examples of models to select nozzles and parameters that maximize on target

The sprayer shall be designed considering the need to reduce spray drift as much as practicable. Open

nozzle/ato

mizer locations should be less than 75 % of each wing semi-span or rotor diameter to ax

roid

wingtip vq
checked by

5.10.3 Sw

The aircra

rtices or helicopter rotor down wash for agricultural applications. Compliance shal
inspection.

athe marking/mapping

ft shall be equipped with either swathe GNSS-based electronic indication or auto flag

be

rger

swathe mdrking equipment to eliminate the need for ground-based swathe marking personnel that
could be exposed to plant protection products during application. Compliarice shall be checked by
inspection

GNSS swat

[t is strong
aircraft pa

include a display to indicate whether the application is on linexFhe system should be compatible ¥

appropriat

5.11 Cleaning

5.11.1 Clg

Aerial spra
system shg
rinsing. Co

The tank
the tank a
measurem

he displays shall be easily readable by the pilot in normal operational position.

ly recommended that aircraft should be equipped with)a*GNSS system capable of logg
sition and capable of visually displaying and logging spray on/off. This system sh

e mapping software to facilitate viewing of spatial'spray records.

aning devices at the sprayer

1l be provided at the flight mixing/loading site or when suitable with the aerial spraye
mpliance shall be checked by\inspection.

[leaning system shall remove plant protection product adhered to the inner surface
b specified on the plant protection product cleanout label. Compliance shall be checkeq
ent in accordance with 1SO 22368-3:2004.

ping
uld
vith

yers shall have available an integnal'or external tanks cleaning system. A water tank cleafing

for

5 of
| by

the rinsing of the pipes as well as the dilution of the residual in the tank is possible without spillage.

An “on-board” internal tank shall have a volume of at least 3 % of the spray tank. Compliance shall be
checked by inspection.

6 Instruction handbook/Operator’s manual

In addition to the applicable requirements given in ISO 16119-1: 2013, the operator’s manual for aircraft
spray systems shall, as minimum, include:

— any applicable local or national guidelines for Best Application Practices, e.g. National Aerial
Applicators Association (NAAA),[8] Professional Operating Guidelines or FAO aerial guidelines (see
Annex A);
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