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Preface 

The effective, economic and safe use of pesticides for vector control is 
dependent on many factors including knowledge of the susceptibility of 
the vector to the various pesticides available, selection of an appropriate 
formulation, judicious timing of applications, adequate precautions 
against toxic hazards to man and animals, and the availability of properly 
designed equipment for the application and dispersal of the formulation 
selected. The WHO Expert Committee on Vector Biology and Control 
(and previously, the WHO Expert Committee on Insecticides) keeps all 
these aspects of vector control under constant review. As the need arises 
and sufficient information is accumulated, it recommends specifications 
for pesticides and for the equipment used in applying them. 

In 1956, WHO published the first edition of Specifications for pesticides 
which contained all the specifications established by the WHO Expert 
Committee up to that date. A second, enlarged edition was published in 
1961. 1 Only a small section of that publication was devoted to specifica
tions for equipment, all of which had been established prior to 1956. Since 
that time, considerable attention has been paid to improving the effici
ency and safety of the spraying and dusting equipment used in mass 
campaigns, such as malaria control programmes. The experience gained 
in these campaigns showed up the weak points in design, and a number of 
innovations were introduced and evaluated in the field. It therefore 
became necessary to re-examine the equipment available for the appli
cation and dispersal of pesticides. 

The 1963 meeting of the WHO Expert Committee on Insecticides 2 

resulted in the publication in 1964 of the first edition of Equipment for 
vector control which provided information on a wide variety of equipment 
that could be used for the dispersal of pesticides and gave detailed 
specifications for the sprayers and dusters considered most important for 
vector control operations. 

1 Four further editions have since appeared, the third in 1967, the fourth in 1973, the fifth in 
1979 and the sixth in 1984. These no longer contain specifications for equipment used in public 
health, and have an amended title, Specifications for pesticides used in public health. 

2 WHO Technical Report Series, No. 284, 1964 (Application and dispersal of pesticides: 
fourteenth report of the WHO Expert Committee on Insecticides). 
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Preface 

A meeting of the WHO Expert Committee on Insecticides, convened in 
November 1970, 1 strongly recommended the revision of Equipment for 
vector control to reflect the new knowledge available. Consequently the 
second edition was expanded to include a discussion of the principles of 
vector control by chemicals and to provide information on the use of 
aircraft. 

In September 1976, a meeting of the WHO Expert Committee on 
Vector Biology and Control was held to discuss engineering aspects of 
vector control operations. The Committee revised the specifications for 
hand-operated compression sprayers, and recommended that WHO 
should produce interim specifications for motorized knapsack mist
blowers and vehicle-mounted motorized aerosol generators. At its 
meeting in April 1989, the Expert Committee produced revised specifica
tions for hand-operated compression sprayers, motorized knapsack mist
blowers, vehicle-mounted motorized aerosol generators, thermal fogging 
equipment, and vehicle-mounted mistblowers. 

In view of the considerable advances that have been made in this field 
over the past ten years-including: development of several new and 
promising types of ground insecticide application equipment; improve
ment in aerial spraying equipment and techniques; development of new 
types of nozzles; and improvement in other components of existing types 
of application equipment-revision and updating of the second edition 
was considered desirable. In October 1984, an informal consultation (see 
Annex 7) was held to prepare a first draft of this revision. 

In the preparation of this third edition, an attempt has been made to 
reflect the new knowledge available and to include more practical points 
of interest to those involved in vector control as well as to manufacturers. 

1 WHO Technical Report Series, No. 465, 1971 (Application and dispersal of pesticides: 
eighteenth report of the WHO Expert Committee on Insecticides). 
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Introduction 

The control of public health pests and vectors ofhuman disease requires a 
number of different strategies. The use of pesticides has produced 
spectacular control of certain vectors, but the development and spread of 
resistance to pesticides, concern about environmental contamination and 
increased costs of chemicals have re-emphasized the need to use several 
control techniques simultaneously or sequentially in integrated vector 
control programmes. The essential requirement for integrated control is 
the availability of more than one method of control which can be utilized 
in a cost-effective manner. The methods used must, of course, be 
compatible with one another, for example use of a selective pesticide that 
does not have detrimental effects on naturally occurring biological control 
agents. 

Source reduction of a vector and improved sanitation through health 
education are fundamental means of environmental management to 
control several vectors; other control methods serve as a supplement. In 
recent years, control measures have involved several types of environ
mental management, such as drainage of mosquito breeding sites or 
promoting personal protection through the use of screened windows and 
bednets. Environmental management for vector control was reviewed at a 
meeting of the WHO Expert Committee on Vector Biology and Control 
in November 1979. 1 Detailed descriptions of certain environmental 
management measures are given in a 1982 WHO publication, Manual on 
environmental management for mosquito control, with special emphasis on 
malaria vectors (WHO Offset Publication, No. 66). 

Biological control of vectors, through the use of bacterial agents and the 
introduction of fish and other predators and pathogens, is now a 
component of some programmes for the control of vector-borne diseases. 
The greatest potential of these agents lies in their ability to augment the 
effect of natural enemies and in their use in combination with limited 
amounts of chemical pesticides. 

r WHO Technical Report Series, 1\o. 649, 1980. 
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Equipment tor vector control 

The role of chemical control in the integrcted 
approach 
In many parts of the world, particularly in developing countries with few 
resources, where relatively small numbers of people may be scattered over 
a large area, permanent environmental management for vect.or control 
becomes prohibitively expensive in relation to the short-term benefits 
that may be derived from it. Moreover, permanent control measures may 

\not be practical because of the wish to preserve agricultural practices or to 
avoid changes to the natural environment. As a result, the control of pest 
and vector species has generally been dependent on the use of temporary 
measures, particularly the application of pesticides. 

Chemical control methods should be considered as a supplement to 
basic sanitation, even when they must be employed as the principal means 
for obtaining rapid and maximum control of a vector. Where the vector is 
exophilic, exophagic and periqomestic, space spraying of insecticides has 
been found useful, especially during epidemics of dengue haemorrhagic 
fever and Japanese encephalitis. 

The aim is to use integrated control. However, the success of many 
environmental management programmes requires favourable conditions, 
adequate financing and considerable time, so that chemical control 
measures will remain an essential component of most vector control 
programmes for the foreseeable future. More efficient and economic use 
presents a challenge-fixed schedules and dosage of treatments are now 
replaced wherever possible by flexible programmes of chemical treatment 
aimed at specific targets for disease control or prevention. 
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Principal methods of pesticide 
application 

Most pesticides used in vector control are applied in liquid form. 
Determination of the optimum droplet size of sprays and use of equip
ment producing droplets within narrow size-ranges for a specific target 
will increase the biological effectiveness of pesticides, reduce the doses 
required, and thereby minimize environmental contamination. The 
appropriate droplet size-range depends on whether the pesticides are 
aimed at controlling larvae or adult vectors and, if the latter, on whether 
they are to be delivered by a space application (mist or aerosol) or by 
residual treatment of preferred resting sites. Thus the choice of appli
cation method will depend largely on the behavioural characteristics of 
the target vector. 

When applying larvicides, granules, pellets and dusts may be used, as 
well as sprays. The particles in these formulations vary widely in their size 
range. Particle and bulk density and rate of release of the active ingredient 
will also differ, so that the rate of application has to be checked carefully 
for each product. 

The need for more economical use of pesticides has led to modifications 
in methods of application and formulations. In this connection, recent 
WHO publications concerned with chemical control contain recommen
dations on the pesticides to be used and methods of application, a guide to 
specifications for pesticides, precautions considered desirable when 
handling or applying commonly used pesticides, and a review of current 
legislation on the use of pesticides in different countries throughout the 
world (see Bibliography, page 219). 

Factors to be considered for effective application 
of pesticides 

Target areas 

Pesticides may be applied in breeding areas where immature stages are 
found and at the resting and feeding sites of the adult vector. Different 
techniques and pesticides will be needed for application of larvicides, 
treatment of interior surfaces of buildings, and exterior and/or interior 
space treatments where the vector is found. 
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Equipment for vector control 

The extent and accessibility of the target area, the presence of 
vegetation or forest, and the layout of buildings have a bearing on the 
effectiveness of applications, whether ground or aerial dispersing equip
ment is used. 

Selection of pesticides 

In selecting a pesticide, consideration should be given to its biological 
effectiveness against the pest concerned, its likely effect on target and 
non-target organisms, its hazard to humans, the threat to the environment 
posed by its proposed use, its cost, transportation requirements, and the 
availability of suitable application equipment. Determination of costs 
should be based on the expense of the material as applied and not on the 
purchase price of the chemical only. 

Pesticide formulations 

Where alternative pesticide formulations are available, the least toxic to 
humans and the least hazardous to the environment should be given 
preference. 

Liquids may be applied in dilute or concentrated form. Dilute spray 
mixtures are most frequently used for high-volume applications using 
large droplets to achieve a complete wetting of the treated surface. On the 
other hand, extremely low volumes of more concentrated chemicals may 
be used in the form of fine sprays, mists or aerosols-a technique known 
as ultra-low-volume (UL V) application. 

The aim ofULV techniques is to apply the minimum amount ofliquid, 
usually less than 5 litres per hectare, to achieve control of a specific 
organism. When such small volumes are applied the liquid has to be finely 
atomized in order to maintain a sufficient number of droplets per unit area 
or per unit volume; such small droplets are very susceptible to air 
disturbances. Where applicable, UL V application has resulted in sub
stantial savings to vector control programmes through speed of operation, 
reduced labour requirements and lower handling costs. UL V cold 
aerosols and thermal fogs 1 may be equally effective against a vector, but 
the latter use a higher volume of diluted spray per hectare. A further 
advantage of cold aerosol application is that it does not produce a dense 
fog, which may constitute a traffic hazard. 

1 The term "fog" may be used to describe an aerosol spray having a distribution of droplets with 
a volume median diameter (VMD) in the range s-rs Jlm, and where the number of droplets per unit 
volume is such that visibility is reduced. 
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Part 1: Principal methods of applying pesticides in integrated vector control 

Dust materials are generally made up of particles ofless than 25 J..lm in 
diameter (or longest dimension). Their characteristics are similar to those 
of liquid droplets of a similar size and density while between the 
applicator and the target. 

Droplet size characteristics of sprays r 

An important factor in the effective application of sprays is the size of 
droplets produced by the spraying equipment during normal use. The 
size is described by reference to the droplet diameter, measured in 
micrometres (J..lm). 

Sprays may be classified according to droplet volume median diameter 
(VMD) as follows: 

fine aerosols < 25 f.-liD 

coarse aerosols 25-50 f.-liD 

mists 50-100 f.-liD 

fine sprays 100-200 f.-liD 

medium sprays 200-300 f.-liD 

coarse sprays >300 f.-liD 

The droplet size produced by spraying equipment is important from a 
biological point of view. When flying insects are to be controlled, aerosols 
are used to produce a "space spray" which will persist in the air for an 
appreciable length of time. Alternatively, when a pesticide is employed 
for its residual effect on resting insects, a coarser spray may be used. The 
various types of nozzle used in the production of sprays are discussed in 
Part II. 

Droplet densities 

Another factor that influences the effectiveness of sprays is the distribu
tion of droplets, that is, the number of droplets per unit area or per unit 
volume. Improved control is achieved by good coverage with a high 
droplet density. When space-sprays are applied, there has to be a 
compromise between the biologically optimum droplet size spectrum
that which achieves maximum kill-and that ·which allows maximum 
dispersal within the target area. 

1 Definitions of measures of droplet size, including volume median diameter (VMD), are given in 
Annex r. 

7 



Equipment for vector control 

Meteorological conditions 

The effects of meteorological conditions are of considerable importance 
when spray applications, especially aerosol applications, are made out of 
doors. High winds can render spraying ineffective and rain falling during 
or shortly after an application can considerably reduce its effectiveness. 

Ideally, wind speeds should be in the range 1-5 mfs with turbulent 
conditions to achieve the desired impact of droplets on surfaces. Down
wind drift is often greatest during conditions of atmospheric temperature 
inversion, when the air temperature a few metres above the ground is 
higher than at ground level, so aerosols are usually applied in the early 
morning or late evening, when temperature inversion conditions are 
found. During the heat of the day, convectional air movement may 
prevent aerosol droplets from penetrating vector habitats. 

Climatic conditions (wind, temperature and humidity ) also affect the 
persistence of pesticides when applied as residual sprays inside buildings. 
The effect will vary with the different materials used on the surface of 
walls and the pesticide formulations applied. 

Dosage applied 

Dosage of pesticide is usually expressed in terms of the amount of active 
ingredient applied per unit area or per unit volume, according to the type 
of treatment. The amount of product used is governed by the concentra
tion of the formulation. Optimum usage of chemicals to maximize their 
effect requires an even and continuous dispersal of the recommended 
dosage over the target area in the prescribed time. The rate of emission 
and speed of application, therefore, must be carefully calibrated at the 
start of a job to ensure that the correct dosage rate is applied. 

Selection of suitable equipment 

Choice of equipment must be consistent with the recommended method 
of control, and is dependent on the physical nature of the formulation of 
the recommended pesticide. Properly designed equipment is needed and 
can be selected from the wide range available, from small hand-carried 
machines to aerial equipment. Ideally, droplet size should be controlled 
within relatively narrow limits to apply pesticides in the most economical 
way. Furthermore, the operational characteristics and various adjust
ments of the equipment must be understood if it is to be used effectively. 

Preference should be given to equipment that is easy to use and that 
does not contaminate the operator with pesticide. Power requirements, 
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Part 1: Principal methods o1 applying pesticides in integrated vector control 

loss of pesticide, and subsequent contamination of the environment 
should be minimal. 

Table I. 1 provides information to assist in the selection of the most 
suitable item of equipment for applying the recommended chemical for 
vector control. The first step in using the table is to identify the vector 
problem. For each problem, recommendations for control measures and 
equipment are listed. The item of equipment to be used should be 
selected using the information given in Parts Ill, IV and V. 

Operation of equipment 

The selected equipment must be correctly adjusted and operated. Lack of 
training in how to use and maintain application equipment, and how to 
supervise spraying teams, is an important cause of poor application of 
pesticides. 

Maintenance of equipment 

Preventive maintenance procedures are essential to obtain the best service 
from any kind of mechanical equipment. Provision of facilities and of the 
necessary personnel and training in maintenance should be an integral 
part of any vector control programme in order to ensure effective and 
uninterrupted operation of equipment. Experience has shown that, in the 
absence of proper preventive maintenance, even equipment of the finest 
quality may have a drastically limited effective life, and badly maintained 
equipment may even lead to the failure of control measures. 

All equipment should be inspected immediately on receipt for any 
damage and any loose or missing parts. Damaged equipment should be 
repaired immediately or replaced. Replacements for missing items should 
be obtained and installed. 

Operation and maintenance manuals for each piece of equipment 
should be kept available for consultation. When necessary such manuals 
should be translated into local languages. Supervisory personnel should 
accept responsibility for the maintenance of all equipment assigned to 
them. 

Each individual piece of equipment should be tested under simulated 
operating conditions, and any necessary adjustments should be made in 
advance of storage or issue to field units. After testing, the equipment 
should be dried and cleaned and a stock record made of its availability 
along with any spare parts that will be required in the field. Spare parts, 
which should be ordered at the same time as the equipment, should be 
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Table 1.1 Guide to equipment suitable for application of insecticides for some vector control operations 

Vector 

MOSQUITOS 
Anopheles spp 

Aedes aegypti and Aedes albo
pictus 

Aedes simpsoni 

Recommended control method 

Interior residual treatment 

Interior space spraying 

Exterior space spraying 

Larviciding 

Bed nets 

Space spraying 
Larviciding 
As for Anopheles spp except that dusters and 
granule applicators are seldom used 

Exterior space spraying 

Exterior space spraying 

Equipment used for control 

Hand compression sprayers, stirrup pumps 

Intermittent or continuous hand-operated aerosol 
dispensers, portable aerosol generators or mist
blowers, mosquito coil 

Power-operated mistblowers, aerosol generators, 
aircraft ULV equipment 

Hand- or power-operated granule applicators, 
hand compression sprayers, knapsack sprayers, 
aircraft spray and granule equipment 

Impregnated netting 

Ground-operated small aerosol dispensers, port
able power aerosol generators or mistblowers 

Power-operated m istblowers, aerosol generators, 
aircraft ULV equipment 

Power-operated mistblowers, aerosol generators, 
aircraft ULV equipment 



Other Aedes and Psorophora 
spp 

Culex spp 

Mansonia spp 

SYNANTHROPIC FLIES 
Musca spp, Stomoxys spp, 
Chrysomyia spp, and Calliphora 
spp 

Lucilia spp 

Glossina spp 

Simulium damnosum complex 

As for Anopheles spp except that interior residual 
spraying is not used 

As for Anopheles spp except that interior residual 
spraying is of limited use 

Interior residual treatment 

Vegetation control 

Interior (cattle sheds and pig sties) and exterior 
(waste dumps) residual treatment 

Interior space spraying 

Interior trap 

Exterior space spraying 

Larviciding 

Exterior residual treatment 

Exterior space spraying 

Traps, screens 

Larviciding 

Hand compression sprayers, stirrup pumps 

Hand- or power-operated sprayers for herbicide 
application 

Hand compression sprayers, power-operated 
sprayers, stirrup pumps 

Intermittent or continuous hand sprayers, aerosol 
dispensers or generators 

Sticky baits 

Power-operated mistblowers, aerosol generators, 
thermal foggers 

Hand- or power-operated sprayers 

Hand-operated compression or knapsack 
sprayers, power-operated vehicle-mounted 
sprayers 

Power-operated mistblowers, aerosol generators, 
aircraft spray or ULV equipment 

Monoconical or biconical impregnated traps, 
screens 

Aircraft spray equipment 



..... 
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Table 1.1 (continued) 

Vector Recommended control method 

Other Simulium spp Exterior residual spraying 

Phlebotomus spp Interior residual treatment 

Exterior residual treatment 

Culicoides and Leptoconops spp Interior residual treatment 

Chrysops and other tabanids 

FLEAS 
Xenopsylla spp and Pulex spp 

Ctenocephalides spp 

BEDBUGS 
Cimex spp 

Exterior space spraying 

Larviciding 

Exterior space spraying 

Larviciding 

Interior residual treatment 

Interior and exterior residual treatment 

Interior residual treatment 

Equipment used for control 

Ground aerosol generators, power-operated mist
blowers, aircraft spray equipment 

Stirrup pumps, hand compression sprayers 

Power-operated vehicle-mounted sprayers 

Stirrup pumps, hand compression sprayers 

Aerosol generators, power-operated mistblowers 

Hand- or power-operated sprayers and granule 
applicators, aircraft spray and granule equipment 

Aerosol generators, power-operated mistblowers, 
aircraft spray and ULV equipment 

Hand- or power-operated sprayers, aircraft spray 
equipment 

Hand-operated dusters and sprayers 

Hand-operated dusters and sprayers 

Hand-operated compression sprayers 



..... 
(.> 

REDUVIID BUGS 
Domestic spp Interior residual treatment 

LICE 
Pediculus humanus capitis Hair treatment 

Pediculus humanus corporis and Clothing and body treatment 
Phthirus pubis 

COCKROACHES Interior residual treatment 

TICKS AND MITES 
lxodids 

Argasids 

Trombiculids 

CYCLOPS 

MOLLUSCS 

Interior residual treatment 

Exterior residual treatment 

Interior residual treatment 

Exterior residual treatment 

Larviciding 

Larviciding 

Hand- and power-operated sprayers 

Hand shaker dusters and shampoos 

Hand-operated dusters and sprayers 

Hand-operated dusters and sprayers 

Hand- and power-operated sprayers 

Hand and power-operated dusters and sprayers, 
ai re raft spray equipment 

Hand- and power-operated sprayers and dusters 

Hand- and power-operated dusters and sprayers, 
power-operated mistblowers, aerosol generators, 
aircraft spray equipment 

Hand compression sprayers, hand- or power
operated granule applicators 

Hand compression sprayers, continuous drip dis
pensers 



Equipment for vector control 

similarly checked and inspected. Both equipment and spare parts should 
be well protected to prevent deterioration or loss during storage. 

All personnel using, or supervising the use of, equipment in the field 
should be fully trained in the routine techniques required for proper 
preventive maintenance and replacement of worn parts. 

Field operators should be responsible for certain maintenance pro
cedures after each day's operation, especially prior to storage for the night 
or transport to another location. Such maintenance should include: 

( 1) The removal and safe disposal of any pesticide remaining in the 
equipment. 1 

(2) The thorough flushing of equipment at least three times with clean 
water so that all the component parts through which the pesticide passes 
or with which it comes into contact are cleaned. The rinsings can be 
stored in a container and used subsequently to dilute pesticides. 

(3) The careful inspection of the equipment and the reporting of any 
damaged, defective or missing part. Any equipment not suitable for repair 
in the field should be immediately returned to the nearest depot and a 
replacement obtained. 

Each field operating unit should be provided with appropriate tools and 
adequate supplies of the spare parts necessary to repair or replace those 
items shown by experience to be a frequent cause of breakdown. 
Personnel should be trained to perform such minor repair duties. 

At least one depot should be provided with appropriately trained staff 
for the repair or replacement of equipment that has suffered more serious 
damage. 

Field units using hand-operated equipment should be equipped with 
one complete spare unit wherever possible in order to avoid interruption 
of operations or delay while a unit is undergoing major repairs. 

Safe handling of equipment 

Improper handling of pesticides increases hazard. The basic safety rules 
must be known, understood, and followed fully by all the parties involved. 
Operators should receive basic and practical training in safe handling of 
equipment, techniques of proper use and safety precautions. 

Overalls, shoes and hat provide sufficient protection once the pesticide 
has been diluted, but special protective clothing should be worn when 

1 For further details of safe handling of insecticides and application equipment see PLESTINA, R., 
Prevention, diagnosis and treatment of insecticide poisoning, unpublished WHO document 
WHOjVBC/84.889. 
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preparing and diluting the concentrated pesticide, for example an 
impermeable apron to avoid splashes of the concentrate on the overalls, 
rubber gloves and boots, and a face mask. Special respirators may also be 
required when opening containers, or weighing or mixing pesticide 
powder concentrates of high toxicity. Any pesticide contamination should 
be washed off clothing as soon as possible, as some formulations can even 
penetrate rubber gloves. 

Operators should always use a clean stick to mix pesticides in a 
container kept specially for that purpose. Bare hands should never be used 
to mix any pesticide, even that of the lowest toxicity. 

When preparing sprays, the formulated product should be diluted first 
with a small quantity of water. Particulate formulations, for example 
water-dispersible powders, must be mixed carefully to a paste and stirred 
continuously while being diluted to the desired volume of spray. The 
diluted spray mixture should be poured through a strainer (to avoid 
blocking of the nozzles) into the sprayer. However, there are now some 
formulations that are specially packaged in a water-soluble plastic, so that 
the whole packet is added to clean water in the sprayer. This reduces the 
problem of measuring out the correct quantity of pesticide and the risk of 
operator contamination. Hand or back-pack sprayers should be filled not 
more than three-quarters full. 

Operators carrying manually or power-operated sprayers on their 
shoulder risk contamination of their back. A piece of impervious material 
should be placed between the sprayer and overalls and should be washed 
whenever soiled. 

All equipment used to disperse pesticides should conform to general 
and specific WHO recommendations with regard to design and mainten
ance. Regular, systematic inspection of all equipment is essential to 
ensure that there is no leakage from faulty valves, gaskets, or hoses. 
Equipment must be adequately protected against damage during travel to 
and from the field. Fuel lines of motorized equipment should be checked 
regularly and replaced as necessary to reduce the risk of leakage and 
ignition of fuel. 

Summary 

Effective application of pesticides in a vector control programme requires 
use of the proper application techniques for the recommended method of 
control, and of suitable equipment for the local conditions. 

The type of coverage of the target area that is needed, whether for 
interior residual treatment against adult vectors, exterior space spraying 
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or application of larvicides, depends on the species of vector and its 
bionomics and on the level of disease control required. The duration of 
control measures should be limited to the disease transmission period to 
keep costs as low as possible. 

Proper pesticide application is attained by good planning and manage
ment, training of operators in recommended application techniques, and 
the efficient calibration and use of equipment. 
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equipment 

Effective application of pesticides requires an understanding 
of the individual components of equipment, and how they are 
used. Sprayers consist of one or more nozzles, a tank to contain 
the spray and a liquid pump, together with a number of 
ancillary components, including an on/off and a pressure 
control valve and hoses. 
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large droplets is obtained. The volume median diameter (VMD) of 
droplets emerging from the orifice is dependent on the design of the 
nozzle tip, but will decrease with higher pressures. The output through 
the orifice is related to the square root of the pressure, so that when the 
emission rate is incorrect, the nozzle tip should be changed rather than the 
pressure adjusted, to avoid changes in droplet size and spray angle. The 
spray volume applied can increase rapidly when the water used to make 
up sprays has abrasive sand or other particles suspended in it. The 
throughput should be checked regularly and the nozzle tip changed when 
necessary to avoid excessive discharge rates which waste pesticide. Nozzle 
erosion will also occur if a poor quality particulate formulation is used. 
The orifice of hydraulic energy nozzles is very small, so that careful 
filtration in the spray system is essential to avoid blockage due to foreign 
matter in the spray liquid. Ideally a filter or strainer should be fitted 
behind each nozzle tip (Fig. II.2). 

Fig. 11.2. Examples of strainers and filters used with hydraulic 
nozzles. 
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Fan nozzles 

The most commonly used nozzle for treating flat surfaces such as walls is 
the fan nozzle (Fig. II.3) which has an orifice that is elliptical or lenticular 
in shape. Liquid is fed to the orifice through a narrow bore that is 
specially shaped to curve inwards towards its axis, thus narrowing 
immediately behind the orifice. The size of the orifice governs the 
discharge rate at any given pressure. 

Fig. 11.3. Fan nozzle. 
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Normally, for spraying inside dwellings, fan nozzles with an angle of 
8oo are used with a pressure of 300 kPa, for example with a discharge rate 
of o.76ljmin (see Part V, Specification WHO/VBC/89·970, page III). 
If operated at too low a pressure, the spray angle becomes narrower, and 
more large droplets are produced. Conversely, if the pressure is too high, 
a larger number of small droplets are formed and when used inside 
buildings there is an increased inhalation hazard-where possible a 
regulating valve should be used to maintain a set pressure (see p. 34). 
When held at the correct distance from walls, normally 45 cm, fan nozzles 
can be used with an overlap of adjacent swaths to achieve a continuous 
uniform spray pattern. 

If a nozzle with a narrower angle is used, the operator has to treat 
surfaces with more swaths. Wider-angle nozzles produce smaller droplets 
for a given pressure. 

Deflector nozzles 

Certain types of deflector or impact nozzles can be used as an alternative 
to fan nozzles. These have a circular orifice through which a solid stream 
ofliquid emerges and is subsequently deflected and spread into a sheet by 
a flat surface positioned immediately in front of the orifice (Fig. II.s). 
These are normally used at low pressure (<zoo kPa) and produce very 
large droplets for minimum spray drift. Although principally used in 
agriculture for applying herbicides, they are also useful for applying 
larvicides. A. wide range of interchangeable deflector nozzle tips with 
different spray angles and discharge rates is available. Anvil-type impact 

Fig. 11.5. Deflector nozzle. 

(b) 
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nozzles with a full circular pattern (360°) are generally not suitable for 
pesticide application. 

Cone or swirl nozzles 

This type of nozzle produces a cone of spray droplets by imparting a 
tangential velocity to the liquid as it reaches a circular orifice. This is 
achieved by passage through tangential or helical slots in a swirl plate 
which may be separated from the orifice plate by a swirl chamber. A 
hollow cone is produced unless there is also a central hole in the swirl plate 
(see Fig. 11.6), in which case a solid cone is prodl}ced. 

Fig. 11.6. Hollow-cone and solid-cone nozzles and their charac
teristic patterns. 

(a) (b) 
WHO 40183 

A wide range of orifice sizes and swirl plates can be obtained for 
different discharge rates and spray angles. Alternatively, a variable cone 
nozzle in which the distance between the swirl plate and the orifice can be 
adjusted may be used. However, in this case, a special lance is also 
required so that the operator does not have to touch the nozzle while 
adjusting the angle. 

This type of nozzle has been used extensively for residual spraying of 
trees for tsetse fly control. When a particular spray angle has been chosen, 
the distance between the nozzle tip and the surface to be treated is 
adjusted so that the spray covers just the width of the tree trunk or 
branch. A 6oo cone or smaller angle is preferred for discriminative and 
selective spraying of resting sites. Cone nozzles are also used for applying 
larvicides. 
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Fig. 11.9. Metering valve. 
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DISCHARGE OR 
OPEN POSITION 

Reproduced by permission from: Matthews. G. A., Pesticide application meth
ods. 2nd ed. New York. Longman. 1982. 

Spray droplets are formed when liquid is thrown from a rotating 
wettable surface by centrifugal force which overcomes the surface tension 
of the liquid (Fig. II.Io). An increase in rotational speed decreases the 
droplet size. Droplet size is also affected by flow rate: at very low flow 
rates, individual droplets may be formed; but at higher flow rates 
ligaments (lines of liquid) are produced and these form smaller droplets 
for a given rotational speed. Further increases in flow rate can increase the 
thickness of ligaments and consequently droplet size will also get larger. 
When correctly adjusted, centrifugal energy nozzles will give a narrower 
droplet size spectrum than hydraulic energy nozzles, and so are often used 
when controlled droplet application is required. Care must be taken not to 
increase the flow rate beyond the maximum operating capacity of the 
nozzle, at which point ligaments will join up to form a sheet and droplet 
formation is then similar to that from a hydraulic nozzle. When these 
nozzles are mounted in an airstream, for example on aircraft, airshear will 
also affect droplet size (see page 86). 

Spinning discs 

Small plastic spinning discs may be dish- or cup-shaped. Grooves on the 
surface of a disc are designed to prevent slippage of liquid and provide a 
more uniform delivery to the edge. Droplet formation is assisted when the 
edge is serrated. One or more discs may be mounted on a shaft driven by 
an electric motor, the speed of which can be adjusted by a voltage control. 
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Fig. 11.1 0. Spinning-disc nozzle showing droplets produced from 
ligaments. 

In some cases, the discs are mounted on a hollow shaft through which the 
liquid is delivered, and rotation is achieved by fitting a fan or propeller 
driven by an airstream. 

A hollow cone spray pattern is produced unless part of the disc is 
shrouded. These devices can be used for applying larvicides with large 
droplets produced by using slow rotational speeds. 

Spinning cylinders 

Spinning cylinders are used for large-scale application of insecticides to 
control adult vectors. They are usually made with a wire mesh or porous 
material which provides a larger surface area than that obtained from 
individual spinning discs. These nozzles can accommodate a wide range 
of discharge rates and, driven by a windmill or motor, have been used 
extensively on aircraft (see page 86), especially at high rotational speeds, 
for aerosol production. Spinning cages with hydraulically driven motors 
can be fitted to vehicles, using the windmill to direct the spray droplets 
over a short distance. 
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Vortical nozzles 

A low-pressure (15-35 kPa) airstream from an air compressor or blower is 
directed over a series of fixed vanes to produce a rotary movement or 
vortex which increases its shearing action on a liquid (Fig. II. 13). 
Aerosols with a VMD of less than 25 Jlm are usually produced unless 
liquid flow is excessive in relation to the air flow, normally in the range 
o.6-6 m3 /min. Viscous formulations such as technical malathion can be 
applied in this way. Vortical nozzles have large orifices that seldom 
become blocked. The visibility through a ULV aerosol spray is not 
reduced as with fogs, so that vortical nozzles are preferred for urban 
mosquito control as there is less likelihood of creating a traffic hazard. 
This method also reduces the amount of carrier liquid used, which 
reduces costs. 

Fig. 11.13. Vortical nozzle. 
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Reproduced by permission from: Matthews, G. A., Pesticide application meth
ods, 2nd ed. New York Longman, 1982. 
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aerosol is referred to as a fog. Larger droplets may occur in the fog if 
liquid flow rates are too high for the volume of hot gas, and inadequate 
volatilization occurs. The insecticide is at a high temperature for an 
extremely short time, so there should be little or no breakdown of the 
active ingredient, but the activity of heat-sensitive products should be 
checked. 

Electrostatic charging nozzles 
Electrostatic charging nozzles are used to increase deposition of small 
droplets on surfaces, and are suitable for residual spraying. Spray droplets 
produced by hydraulic, gaseous and centrifugal energy nozzles can be 
charged electrostatically. 

Induction charging results in the droplets having an opposite charge to 
the electrode on the nozzle. As a result, some of the spray is attracted back 
to the nozZle, which can short-circuit the charging system; this wetting of 
the nozzle is usually reduced when spray is projected in an airstream away 
from the nozzle. Other methods of charging give droplets with the same 
charge as the nozzle electrode, e.g. with spinning-disc nozzles, where 
each nozzle is fed from a separate liquid container (Fig. 11. 16). 

One system of producing droplets using electrical forces is referred to 
as electrodynamic spraying (Fig. 11. 17). The pesticide must be formula
ted as a semiconducting liquid, which is fed at very low volume rates 
through the nozzle charged at a very high voltage. Annular and linear 
nozzles can be used, and the pesticide can be prepacked in a container 
which incorporates the nozzle. Smaller droplets are produced by increas
ing the voltage and/or decreasing the flow rate. 

A cloud of charged droplets expands owing to the repulsion of adjacent 
droplets. The main advantage of a charged spray is improved deposition 
on earthed surfaces. Electrically charged droplets can be discharged to 
allow downwind drift of aerosol droplets if required. Electrostatic 
equipment for vector control is under development. 
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Pressure-regulating devices 

The performance of a nozzle is improved if spray liquid is delivered at a 
relatively constant pressure, so that a pressure-regulating valve is re
quired. The valve may be adjustable to provide a range of operating 
pressures. 

Pressure regulators 
Knapsack and compression sprayers are fitted with a spring-loaded valve 
or diaphragm, the movement of which can be adjusted and set for a given 
flow rate and pressure (Fig. 11.18). On this type of regulator, excess liquid 
is not returned to the tank, but where large tanks and engine pumps are 
used, opening of a spring-loaded valve (Fig. 11.19) allows the return of 
excess liquid to the tank and keeps its contents agitated. When the latter 
type of regulator is used, a pump is selected with a capacity 25% more 
than the maximum intended total output of the nozzles, so that there is a 
constant flow of liquid back to the tank. 

Disc flow regulators 
This type of regulator consists of a flexible disc with a shaped orifice, 
mounted in a brass housing (Fig. ll.zo), and is fitted directly behind a 
hydraulic energy nozzle. At high pressure, the orifice in the disc will 
partially close, but as pressure falls, the orifice opens allowing the flow of 
liquid to remain approximately constant. Discs of certain materials may 
swell during continuous use each day, and this will reduce the discharge 
rate. The discs should be removed, cleaned and allowed to dry before 
further use. The disc not only provides a more even discharge rate for 
compression sprayers, but also helps to protect the nozzle tip from 
abrasion. 

Diaphragm check valves 
Check valves containing a diaphragm made of rubber or a synthetic 
elastomer are widely used in conjunction with all types of nozzles 
especially on aircraft; they are iitlso used on ground spraying equipment 
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Fig. 11.18. Pressure-regulating valve. 
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Fig. 11.19. Exploded diagram of pressure-regulating valve for 
compression sprayer. 
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Reproduced by permission from ty~atthews, G. A, Pesticide application methods, 
2nd ed. New York, Longman, 1982. 
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Pumps for liquids 

In addition to pumping liquids to the nozzles, sprayer pumps may be used 
for filling the tank. Alternatively a separate pump and mixing facilities 
may be used. Different types of pumps are available, but all reciprocating 
pumps require an air vessel to maintain pressure between pump strokes 
and absorb pulsations. 

Piston pumps 
Liquid is positively displaced by a piston moving up and down a cylinder; 
thus the output is proportional to the speed of pumping and the length of 
stroke. The output is virtually independent of pressure. These pumps can 
be used for metering the delivery of spray, and when the rate of pumping 
is governed by the powered speed of the sprayer, volume rate is 
automatically adjusted. Small hand-operated piston pumps can also be 
used to measure pesticide formulations and transfer them from the 
container to the sprayer tank or mixing unit. Piston pumps can develop 
pressures as high as 7000 kPa, but for most vector control purposes, 
pressures up to 1 soo kPa are sufficient. An efficient seal between the 
piston and cylinder is essential. Abrasive particles in the spray liquid can 
cause sufficient wear to reduce the efficiency of the pump. Efficient valves 
are also required to control the flow of liquid. Large piston pumps usually 
have two cylinders arranged in parallel or several cylinders arranged 
radially around a central crankshaft. 

Diaphragm pumps 
These are well suited for applying particulate suspensions, since valves 
and diaphragms are the only moving parts that are exposed to the 
pesticide. Maintenance is therefore minimal, but care must be taken to 
avoid solvents that might affect the elastomers in the diaphragm and 
valves. 

Diaphragm pumps operate very effectively at the low pressures 
( < 100 kPa) used in vector control. Usually two or more diaphragms are 
arranged radially around a rotating cam to provide a more uniform flow of 
liquid. 
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Rotary pumps 
Rotary pumps (gear and roller vane) are frequently made with parts 
machined to a very close tolerance, so that erosion, which can occur with 
certain particulate formulations or if abrasive particles are present in 
water supplies, causes a rapid deterioration in pump performance. For 
this reason gear pumps are used less frequently except for UL V spray 
application on aircraft. Roller vane pumps are relatively inexpensive and 
quite commonly used on agricultural equipment. They consist of an 
eccentric case in which there is a rotor with between 5 and 8 equally 
spaced slots. In each slot a roller moves in and out radially and provides a 
seal against the side of the casing. The space between the rotor and casing 
varies so that liquid is forced in one direction as the rollers rotate. These 
pumps are usually designed to operate at 540-1000 revolutions per 
minute with outputs from 20 to 140 litres per minute. 

Centrifugal pumps 
Centrifugal pumps have no close metal surface contacts and do not wear 
as rapidly as the rotary type. Pressure is developed by the force of the 
liquid being thrown from the centre of the impeller to the periphery of the 
pump casing. These pumps are not self-priming and so should be located 
below the normal liquid level in the spraytank. An airlock in the system 
should be avoided. They are not positive displacement pumps and 
pressure can be controlled only slightly by the pump speed. These pumps 
are used for high-volume, low-pressure sprayers and are frequently fitted 
to aircraft or in separate mixing systems used for rapid refilling of sprayer 
tanks. 

Selection and maintenance of hydraulic pumps 
When considering the best type of pump to use, careful attention must be 
given not only to the output and pressure requirements but also to the 
types ofliquid to be pumped. The pump is a vital part of the sprayer and 
often the most expensive part, so care should be taken to prevent undue 
wear and to provide proper maintenance. Flushing with clean water after 
each use is desirable and running lubricating or diesel oil into the pump to 
protect it from corrosion during storage will add to its life. Suspended 
solids are particularly hard on rotary pumps but less so on reciprocating 
piston and diaphragm types and probably least harmful to centrifugal 
types using stainless steel impellers. However, even water-dispersible 
powders will erode a rapidly moving soft-brass centrifugal impeller. 
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The erosion rate from suspended solids is more rapid as the working 
pressure is increased. For this and other reasons, the cylinder bores of 
high-pressure pumps are lined with wear-resistant materials such as 
porcelain or stainless steel, and the plungers are also constructed of 
special materials. 

In general, gear pumps will not withstand the use of abrasive materials 
for any length of time, so clean water supplies are essential and 
suspensions of water-dispersible powder formulations should be avoided. 
Roller pumps show a better service life than gear pumps when water
dispersible powders are used, in which case rollers made of nylon and 

. other plastics are considered better than metal rollers. Reciprocating 
pumps are more resistant than rotary types but will also show excessive 
wear when used with thick suspension formulations or where dirty water 
from ditches, streams, rivers or ponds has to be used as the source of water 
for spraying. In these circumstances, it is best to use a diaphragm pump or 
a centrifugal pump with a stainless steel impeller if possible. The valves 
are usually of the disc or flap type and are easily and cheaply replaced. 
The flexible diaphragm is also easier and cheaper to replace than worn 
cylinders and pistons. Any new spray formulations should be tested for 
possible damaging effects on the pump. 

Hydraulic pumps should not be allowed to run dry. Both rotary and 
piston pumps require lubrication from the liquid being pumped. 
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Compressors and blowers 

Rotary compressors 
Rotary compressors may either be of the multistage turbine type or utilize 
the Roots device, which has intermatching rotary lobes and is similar in 
action to the rotary gear pump. The pressure generated by either machine 
seldom exceeds 100 kPa unless multistage turbine units are used working 
at very high peripheral speeds. Pressure storage vessels are used in 
conjunction with air compressors, and the system must be equipped with 
a pressure regulator, to limit the maximum pressure to a preset value, and 
with a spring-loaded safety valve on the storage vessel. This safety valve 
must be able to release the gas at a greater rate than the maximum rate of 
entry into the vessel. If the storage vessel is used in connection with a 
high-pressure gas cylinder, a compound pressure regulator must be 
provided between the high-pressure cylinder and the spray tank. Ordi
nary shipping drums and barrels used for pesticides should never be 
subjected to high internal pressure because they are not designed to 
withstand such stresses. 

Rotary blowers or fans 
Rotary .blowers or fans may be either of the axial flow propeller type (air 
flow parallel to the fan axis) or of the more elaborate radial-flow 
centrifugal type utilizing multivane or squirrel-cage construction. They 
are all low-pressure high-volume devices, supplying about 25m 3 of air 
per minute at a pressure of about 5 kPa. 
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Sprayer tanks 

Sprayer tanks can be fabricated from many different materials including 
stainless steel, but the trend is to use certain plastics such as poly
propylene or reinforced plastic. Tanks are particularly subject to damage 
from corrosive pesticide formulations. 

Adequate agitation of the liquid contents ofthe tank is often important, 
and care should be taken to ascertain that there are no regions (such as the 
corners in a rectangular tank) where mixing is insufficient. Where the 
hydraulic or jet method of agitation is used, the pump should have 
sufficient output to maintain pressure at the nozzles at the maximum 
output required and also to maintain adequate agitation under these 
conditions. If the liquid demand at the nozzles at any time equals the total 
output of the pump, no excess liquid will be returned and the result will 
be complete loss of agitation. The high-volume flow of the centrifugal 
pumps makes them especially suited to jet agitation. The paddle-type 
agitation system is direct and effective, but if air is mixed with spray, 
excessive foaming may occur. 

If some formulations are agitated too vigorously they may produce a 
foam that adversely affects sprayer performance. Formulations should 
therefore be checked for this property before use and the amount of 
agitation in the spray tank adjusted accordingly. 

Ready accessibility for both maintenance and cleaning of the tank is 
essential. There should be a drain plug in the bottom of large tanks to 
permit thorough drainage when cleaning, and all filters should be easy to 
remove for cleaning or replacement. 

The liquid capacity of the tank should be in proportion to the output of 
the nozzle(s) used at their operating pressure, so that frequent refilling is 
not needed. If the tanks are to be pressurized, the construction material 
and design must be such that they can withstand, without any change, at 
least double the recommended working pressure. 
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for vector control 





Equipment for the production 
of sprays 

Ground equipment for vector control is mainly of two types: sprayers 
used to apply residual deposits on surfaces or larvicides; and sprayers 
designed to produce aerosols or mists, principally as space sprays. 

Manually operated sprayers 
Compression sprayers 

Compression sprayers are the principal type of equipment used for vector 
control, especially for indoor residual spraying. Simple to use, these 
sprayers have also been widely used for applying larvicides and also 
molluscicides in schistosomiasis control programmes. Any of the range of 
hydraulic energy nozzles (seep. 19) can be used with this type of sprayer, 
thus providing considerable flexibility. 

The essential feature of a compression spray er (Fig. Ill. 1) is that the 
container also acts as a pressurized air-chamber and it is the air pressure 
that impels the liquid to the nozzle. Normally, the container is filled with 
liquid to about three-quarters of its total capacity through a filler hole in 
the top. This hole should be large enough to allow liquid to be poured in 
easily without spillage, and the inside of the container to be cleaned, if 
necessary, with a brush. The filler hole is closed with an airtight seal and 
air is compressed in the space above the liquid by means of an integral 
plunger-type air pump (Fig. III.z). The pump should be easy to detach 
from the tank and provided with a T -type handle. Ideally the sprayer 
should be fitted with a dip-tube so that the liquid leaves through an outlet 
on the top of the container. The outlet may be at the base ofthe container, 
in which case it should be recessed to avoid damage if the sprayer is 
dropped. A flexible hose resistant to chemicals and oil is fitted to the 
outlet and connects to a cut-off valve, lance and nozzle-tip assembly (Fig. 
III.J). 

The container, which is usually cylindrical, should be provided with a 
pressure gauge and some form of safety device to prevent an excessive 
build-up of pressure, which might lead to damage or rupture of the 
container or other components. Pressure gauges are often inaccurate, so it 
is useful to determine the number of strokes required to achieve a 
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Fig. 111.2. Compression sprayer being pumped up before use. 
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Fig. 111.3. Compression sprayer being used for residual treatment 
of dwellings. 

Various metals and plastics can be used for the construction of the 
container. Care must be taken to ensure that the materials will withstand 
both the pressure and the fatigue involved in being repeatedly pressurized 
and depressurized. 

These sprayers are available in various sizes, but those with a liquid 
capacity of 10 litres and a range of working pressures of 200---()00 kPa are 
most suitable for vector control operations. Larger equipment tends to be 
too heavy, while smaller containers, which are used extensively for 
cockroach control, require frequent refilling. The tank should be clearly 
and permanently marked to indicate the capacity of liquid in litres. 

A disadvantage of the compression sprayer is that, as liquid is 
discharged from the container, the air space increases involume and the 
pressure falls. The output and spray angle of the nozzle will decrease and 
droplet size increase, so that it becomes necessary to pump further air into 
the container to maintain a minimum working pressure and to ensure that 
all the liquid contents are discharged. Ideally, a pressure regulator (see 
page 34) should be fitted, but this must be kept clean, especially when 
water-dispersible formulations are to be used, to prevent a build-up of 
particles inside the valve. Disc flow regulators have also been used to 
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usually narrow, a funnel with strainer should be used when filling the tank 
to avoid clogging the nozzle. The sprayer should be cleaned carefully after 
each use and stored in a dry place. 

Lever-operated knapsack sprayers 

Various materials have been used to make lever-operated knapsack 
sprayers, but the trend is to use plastic, especially polypropylene, in 
which a pigment is incorporated to reduce the detrimental effects due to 
ultraviolet light. The capacity of the majority of sprayers is 15 litres. The 
tank is usually shaped and fitted with two straps so that it can be carried 
comfortably high on the operator's back and does not move unduly or 
rock from side to side during pumping. Sometimes a shield is provided so 
that it does not come into actual contact with the operator's back. A skirt 
is usually fitted to the bottom of the container to prevent it coming into 
direct contact with the ground and to provide a steady base on which it 
can stand. 

These sprayers have either a piston (Fig. III.s) or diaphragm pump 
(Fig. !11.6) which is operated continuously by a lever, positioned usually 
under the arm so that it can be moved up and down easily by hand. Some 
piston pumps may be operated by a lever over the shoulder, but the raised 
position of the arm tends to make its use more tiring. Provision for 
changing the lever so that it can be operated by the right or left arm is 
important. Piston pumps may be fitted with a cup or 0-ring seal, and may 
be positioned inside the container immersed in the liquid contents. Such 
sprayers usually have a paddle fitted to the pump mechanism to keep the 
liquid agitated. 

A large air vessel is always needed between the pump outlet and the 
nozzle to even out pulsations in pressure with each stroke. Sometimes the 
air vessel is fitted with a pressure-regulating valve which can be set either 
at a low pressure suitable for applying larvicides or a higher pressure 
(300 kPa) for treating wall surfaces. 

The lance and nozzle assembly can be the same as those used with a 
compression sprayer. The pressure developed by lever-operated piston or 
diaphragm pumps will vary according to the size of the nozzle and the 
pump and the leverage provided, but if the operator maintains a steady 
pumping rate using the full stroke, a pressure of up to 300 kPa can be 
maintained without undue effort. Piston pumps are preferred when high 
pressures ( > 300 kPa) are required. The diaphragm pump is more 
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direct the spray with the other. Some mental concentration is required for 
the different motions and speeds at which the two hands have to be 
moved. In consequence, the lever-operated sprayer is less suitable for 
residual spraying when the operator has to direct the lance carefully to 
ensure even spray coverage of a surface. They have been used for applying 
larvicides, molluscicides and herbicides. 

A specially adapted lever-operated knapsack sprayer (Fig. Ill. 7) with a 
piston pump positioned outside the tank has been designed to disperse 
premeasured quantities of molluscicide into water at a single downwind 
stroke of the pump. The sprayer has a solid stream nozzle, with a 
diaphragm check valve with a strong spring incorporated into the nozzle 
body. 

Fig. 111.7. Knapsack sprayer with lever-operated piston pump 
specially adapted for molluscicide application. 
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Alternative sprayers 

On occasions the recommended sprayer for vector control operations may 
not be available so that alternative equipment has to be used. 

Side-carried sprayers 
These are generally smaller versions of the knapsack sprayer which are 
carried by a single strap over one shoulder. A solid piston pump is 
operated by pushing downwards against the support of the shoulder strap. 
They are more tiring to operate. 

Syringe-type or slide pumps 
These are relatively cheap and simple to use, but are extremely tiring to 
operate for any extended period. Their main disadvantage is that both 
hands are required for operating the pump and it is impossible to achieve 
precision of application with these sprayers. They are not recommended 
for general use in vector control, but they can be useful in emergency 
situations. 

Stirrup pumps 
Stirrup pumps have a piston pump, the lower end of which has to be 
immersed in a separate open bucket, so care must be taken to avoid 
spillage (Fig. 111.8). They should not be used with highly hazardous 
materials, owing to the risk that insecticide might be spilt from an open 
bucket inside houses. Usually one person is employed to pump while a 
second person directs the lance which is at the end of a hose up to 6 m in 
length. Their use in vector control programmes is not generally re
commended and compression sprayers are preferred. By removing the 
lance from the hose, a stirrup pump can be used to transfer liquids from 
one container to another. 

Intermittent hand sprayers 
A simple piston pump is used to draw liquid from a container, with a 
capacity of o.s-1.0 litre, on the backward stroke and to force it through 
the nozzle on the forward stroke (Fig. III.g). They are useful for small
scale spot treatments. 

In some emergency operations it is possible to use other types of 
manually operated sprayers, such as those mounted on a stretcher or 
wheelbarrow. 
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Equipment for the production of mists 

In some vector control programmes a residual deposit is required, but 
some sites are not easily accessible for residual treatment with the 
equipment described in the previous section. In particular, spray droplets 
may have to be projected up into the eaves of buildings, through doorways 
when removal of furniture or other obstructions is not possible, and into 
dense foliage. Aerosol droplets tend to follow airstreams around obstacles 
so that deposits on surfaces are inadequate for residual treatment. Larger 
droplets are needed to impact on surfaces, but if droplets are too large, 
gravitational forces result in their fallout from an airstream. In these 
circumstances the optimum droplet size range is 50-100 J.lm, that is, a 
mist application. Several types of nozzle are used on equipment for the 
production of mists. 

Hand-carried sprayers 1 

A small piston pump can be used to blow air over the opening of a tube 
which dips into a small container of pesticide, usually with a capacity of 
o.s-1.0 litre (Fig. III.II). This type of sprayer may be used for small
scale treatment inside houses. 

Hand-carried sprayers with centrifugal energy nozzles 

Small hand-carried equipment is available with a small 12-volt DC motor 
to drive a small plastic disc (Fig. Ill. 12). Power for the motor is provided 
by dry-cell batteries carried in a long tubular handle or separately in a 
shoulder-slung carrying case. Liquid from a o.s-I.o-litre bottle is fed to 
the discs through an interchangeable restrictor. The restrictor should be 
selected to give the recommended flow rate depending on the viscosity of 
the formulation and the speed of the disc. Disc speed is dependent on the 
number and quality of batteries used. On some machines there is no 
on/off valve, so spraying is stopped by inverting the whole machine. 
Spray droplets thrown from the disc are dispersed by natural air 
movement, so the equipment should be held downwind from the 

1 See Part V, Specification WHOIEQPj2.RI, page 137. 
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Fig. 111.12. Spinning-disc sprayer. 

be slightly pressurized by an air bleed from the fan housing to ensure 
constant delivery of liquid through a narrow-bore flexible tube to the 
nozzle. The tank opening should be large enough for easy refilling, but the 
lid must fit tightly to ensure that the pressure is maintained, otherwise 
liquid will not reach a nozzle projected vertically upwards and above the 
level of the tank. Instead of a pressurization system, some sprayers have a 
small centrifugal pump driven from the fan shaft, to ensure delivery of 
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spray even when the nozzle is held high. Flow rate is controlled by a 
variable restrictor or one of a series of fixed restrictors, the latter being 
preferred so that output is constant and cannot be changed by the 
operator. With either type of restriction, the flow rate will vary with 
changes in viscosity; thus changes in temperature can affect the output of 
some formulations. Small restrictors to apply ultra-low volumes of 
insecticide are normally used for mosquito control. A high air-to-liquid 
ratio is needed at the nozzle to achieve good atomization. 

Knapsack mistblowers will project spray horizontally for 9-12 m and 
vertically for 6--9 m, but the performance of individual machines varies, 
depending on engine and fan size and the efficiency of the design. The 
machines are heavy (usually more than 10 kg when empty) and noise 
levels exceed 90 decibels, so that ear protection is recommended for the 
operator. 

Two-stroke engines are often difficult to start, and it is essential that 
the correct petrol/oil mixture is used. The ratio is usually indicated on the 
fuel tank as well as in the operating manual. To stop the engine, the fuel 
tap should be closed and the engine allowed to stop when starved of fuel; 
this will avoid the oily residues caused by volatilization of petrol in the 
machine. Fuel should not be left in the tank for prolonged periods. The 
spark plug should be cleaned regularly and replaced after 250 hours of 
operation. Good maintenance of the engine is vital, as the performance of 
the spray depends on delivery of the correct volume and velocity of air at 
the nozzles. In general, the spray should be directed downwind from the 
operator, as the velocity of air discharged by the nozzle is rapidly 
dissipated, making it impossible to treat surfaces against a wind. 

Larger versions with the 7o-cc engine are heavier and more expensive 
to use, and are normally required for vector control only if spray has to be 
directed more than 6 m vertically. Stretcher or wheelbarrow mistblowers 
are cumbersome to operate and, in most circumstances, a knapsack is just 
as effective. 

Vehicle-mounted mistblowers 
Centrifugal fans with a larger capacity requiring a more powerful engine 
can be mounted on a vehicle, tractor or boat for exterior space treatment 
and larvicide applications. They are not extensively used for vector 
control. Cone-type hydraulic energy nozzles, spinning discs or rotary 
cages may be mounted in the airstream. Hydraulic energy nozzles pointed 
into an airstream produce smaller droplets. 
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Equipment for the production 
of aerosols 

Small machines with either vortical, high-pressure airshear or thermal 
nozzles are manufactured which can be carried manually for indoor 
treatment and outside areas that are not accessible to vehicles. When large 
areas require treatment, vehicle-mounted machines are used to apply 
larger volumes of insecticide while maintaining production of aerosol 
droplets of similar size. Machines of intermediate capacity, usually 
trolley-mounted, are also available, but their use is usually confined to 
treatment inside large buildings. Most engine-driven aerosol generators, 
including thermal foggers, emit noise at levels above 90 decibels, so ear 
protection is required for operators working in close proximity except 
when inside the closed cab of a vehicle. 

A respirator should be worn by the operator of these machines, 
especially inside buildings, to ensure that aerosol droplets are not inhaled. 
Outside, the aerosol cloud should be directed downwind, away from the 
operator. 

Engines powered by a liquefied petroleum gas such as propane are 
available for use where the exhaust gases from a petroleum-powered 
engine are unacceptable. Electric motors can also be used inside dwellings 
where adequate power supplies are available, but the supply cable can 
restrict movement. Such units can be used in conjunction with a portable 
electric generator for emergency treatments outside buildings. 

Small hand-carried aerosol generators 
A two-stroke internal combustion engine is used to drive a small rotary 
compressor to provide at least 0.5 m 3 /min of air to a hand-directed 
vortical nozzle. An air flow sucks the spray from a 1-litre plastic container 
to the nozzle via a metering restrictor. The volume of insecticide liquid 
applied can be up to 350 ml/min. The distance between the air supply and 
the nozzle can be increased by a flexible hose, so that the power unit can 
be kept outside a treated area. This may be important where access is 
restricted, for example on aircraft. 

Vehicle-mounted aerosol generators 

A four-cycle internal combustion engine, usually of 4-12 kW, is used to 
power a high-performance, high-volume air blower to deliver air at a rate 
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of approximately 6 m 3 /min at low pressure (so kPa) to one or more 
vortical nozzles, the position of which can be adjusted to direct the spray, 
or widen the spray cloud. Air may be used to pressurize a pesticide 
container to force liquid to the nozzle, but positive-displacement 
(metering) pumps linked to the forward speed of the vehicle permit the 
dosage to be varied more accurately in relation to road conditions. The 
pump should also be linked to electronic controls sited inside the vehicle 
cab, so that the operator can monitor the spray output while driving. A 
supplementary tank should be provided to flush cleaning liquid through 
the spray lines and nozzle after spraying is completed. Machines with an 
airshear nozzle require a low-volume high-pressure compressor to deliver 
air to a pressurized air cylinder. Vehicle-mounted machines are used for 
mosquito control. 

Aerosol dispensers 
Pressure-pack aerosol dispensers are described on page 25. 

Selection of aerosol equipment 

Aerosol equipment is only suitable for space treatment of vectors. The 
size of equipment used will depend on the area to be treated and its 
accessibility. Some of the smaller machines may be needed in conjunction 
with vehicle-mounted equipment to treat narrow pathways and other 
areas inaccessible to a vehicle. Similarly there may be areas sheltered from 
a prevailing air movement which will require separate treatment. Care 
must be taken in some built-up areas, as air turbulence around buildings 
can remove an aerosol too quickly. 

Non-thermal aerosol equipment is recommended where a fog may 
cause a traffic hazard. The purchase of new equipment should ideally be 
based on previous experience with a particular type of equipment, 
especially if careful records of the amount of use and extent of mainten
ance required have been kept. Programme managers who do not have 
such experience should seek advice from experts. Routine cleaning and 
calibration reduce the risk of nozzle blockage or breakdowns during 
treatment. 
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Equipment for the production 
of thermal fogs 

Hand-carried thermal foggers 
These foggers (Fig. Ill. 14) usually have a pulse-jet engine, the exhaust 
from which provides the heat and airstream for the thermal nozzle. The 
pulse jet is powered by petrol only, unlike the two-stroke engine. An air 
pump is used to pressurize the fuel and spray liquid containers. Petrol is 
forced past a one-way valve to a carburettor, mixed with air and ignited, 
initially by a spark from a plug. Subsequently, the hot exhaust gases 
automatically ignite successive charges of fuel and air. A microswitch, 
sometimes incorporated in the air pump, is used to connect the spark plug 
to batteries while starting the engine. The flow of insecticide liquid is 
controlled by an on/off valve, and a pressure-sensitive safety valve to a 
restrictor at the nozzle. The machines can be carried by hand but a 
shoulder strap is often used. During operation, there isa fire hazard, so 
they should be operated only by well-trained personnel using the correct 
formulations and following the manufacturer's instructions, especially if 
they are used near flammable structures or materials. A fire extinguisher 
should be available. 

Some foggers that use heat from the exhaust of an engine, e.g. a two
stroke engine, may be used inside buildings. 

Vehicle-mounted thermal foggers 
Larger versions of the pulse-jet engine may be used, but the alternative is 
to have a four-stroke engine to operate an air compressor and two pumps 
(Fig. Ill.15; see also Fig. 11~15, p. 31). Air from the compressor is fed 
into a specially constructed combustion chamber where a large volume of 
air can be heated by igniting petrol. The hot gas is directed to the nozzle to 
which insecticide liquid is pumped. This system allows much larger 
volumes of liquid to be fogged with some control of droplet size. The 
nozzle outlet can be adjusted for direction and can be mounted on a 
flexible hose to facilitate treatment of drains and sewers. 
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Fig. 111.14. Hand-carried thermal fog generator. 

Fig. 111.15. Vehicle-mounted thermal fog generator. 
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Equipment for the application 
of solid materials 

The essential components of equipment to apply dusts and granules are 
some form of container or hopper to hold the pesticide, a means of 
metering the dust or granules, and a discharge outlet. An air blast may be 
used to project the particles a short distance from the outlet. In general 
the use of dusts has declined owing to the risk of inhaling the very small 
particles, and the difficulty of keeping dust formulations dry during 
storage so that they remain free-flowing. Granules and special slow
release pellets are frequently used for the application of larvicides. 

Hand-carried dusters 
In an emergency, simple dusters can be improvised from readily available 
materials, such as a tin can with holes punched in the lid, or a loosely 
woven fabric bag filled with dust which may be shaken or struck with a 
stick. 

Small bellows or piston pumps (Fig. 111.16) can be used to inject a puff 
of air into a container of dust so that a small quantity is expelled through 
an opening as a cloud of particles. 

Knapsack dusters 
Larger hoppers may be mounted as a knapsack on the operator's back. 
These have a manually operated, simple, paddle-type fan to blow dust, 
metered from the hopper, continuously through a discharge tube. Some 
machines are mounted in front of the operator, resting on the chest, 1 but 
these are less suitable as there is an increased risk of the operator being 
contaminated. Alternatively, equipment may be fitted with a large 
bellows pump which is useful for intermittent treatments. 

The hopper should have some form of agitation to prevent dust 
bridging across the outlet and preventing delivery to the metering system. 
A rotary blade is sometimes connected to the drive mechanism of the fan. 
A rotary metering wheel is better than a fixed orifice which can easily 
become blocked. 

1 See Part V, Specification WHO/EQP/s.RI, 1page 133. 
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Fig. 111.17. Motorized granule applicator. 

with care to ensure that the mechanism does not break the granules into 
dust, which may increase the hazard with certain more toxic insecticides. 

Shoulder-slung applicators 

One hand-carried applicator is an adaptation from simple seeding 
equipment, the horn seeder (Fig. Ill. 18), which is usually shoulder
slung. A pliable container or hopper made of rubberized or neoprene
treated cloth is fitted at its lowest point with a tapered tube. A variable 
opening is fitted inside the tube to control flow rate. In use, the tube is 
held in the hand and is swung from side to side in a figure-of-eight 
pattern, producing a remarkably even distribution of granules over a 
swath of up to 7 m. 

Power-operated granule applicators 

These machines are identical to the motorized mistblowers adapted for 
the application of dusts. Several different types of outlets can be fitted to 
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Equipment for vector control 

Fixed-wing aircraft (Fig. IV. I) are cheaper to operate but helicopters 
(Fig. IV.z) enable ground surveys to be carried out to decide where and 
when control measures are needed and assess results, as in the WHO 
Onchocerciasis Control Programme in West Africa. A large-scale oper
ation may involve several aircraft of each type. 

Sites for aerial application of pesticides may include vegetation on 
which adults or larvae feed, water bodies in which eggs, larvae and pupae 
are located, and places where the adult stage of the insect is found, either 
in flight or resting. Penetration of pesticide through the crop or forest 
canopies to the target surface may be difficult to obtain and the selection 
of the correct droplet size is, therefore, of considerable importance. 
Experiments to determine the optimum application parameters may be 
required before commencing a control programme with aircraft. 

Large droplets may be used to treat open bodies of water, provided the 
pesticide is properly formulated so that the chemical is dispersed 
satisfactorily over the surface or within the water as required-small 
droplets may be carried by air currents across the water surface depositing 

Fig. IV.2. Helicopter being used for residual spraying of trees in 
tsetse control. 
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Table IV.1. Guide to recommended methods and suitable equipment for the control of disease vectors using 
aircraft 

Recommended control 
method 

MOSQUITOS 

Larviciding 

Space spraying 

TSETSE FLIES 

Residual spraying 

Space spraying 

BLACKFLIES 

Larvicidingb 

FLIES 

(Musca spp) 
Space spraying 

Residual spraying 

Equipment for control 

Fixed-wing aircraft, he I icopter 

Fixed-wing aircraft, helicopter 
Fixed-wing aircraft 

Helicopter 

Fixed-wing aircraft (helicopter 
for treating riverine species) 

Fixed-wing aircraft, helicopter 

Fixed-wing aircraft, helicopter 

Fixed-wing aircraft, he I icopter 

Type of spray 

Coarse spray 

Aerosol 
Fog 

Medium spray 
150-250 pm 
Aerosol 30 pm VMD 

Single, 
measured dose 

Aerosol 
Fog 
Coarse spray 

Nozzlesa 

Diaphragm and hollow cone 
nozzle 
Rotary atomizer 
Thermal exhaust system 

Rotary atomizer 

Rotary atomizer 

Specialized vide vite 
(rapid release) system 

Rotary atomizer 
Thermal exhaust nozzle 
Boom and nozzle 

a Nozzle sizes should be chosen, with reference to the manufacturer's specifications, to give the required flow rate and droplet size. 
b Includes the application of Bacillus thuringiensis H-14 by helicopter. 

Note: rotary atomizers should not be wind-driven on helicopters . 



Equipment for vector control 

little on it. When the water is protected by vegetation, an unacceptable 
amount of chemical may collect on the vegetation cover. Under these 
circumstances it may be preferable to use a granular formulation. 

Air-to-air or space spraying techniques with aerosol droplets with a 
diameter of less than so Jlm were first developed for the control of locust 
swarms and, if properly executed, can be a very efficient form of pesticide 
application. Aerosols are used extensively in tsetse fly control. 

The various types of aerial application, the target vectors, and the 
equipment used are shown in Table IV.1. 

80 



Types of aircraft used in vector control 

Local commercial or government organizations may own and operate 
their own aircraft for vector control operations, or if the appropriate 
expertise is lacking, aerial spraying contractors may be employed to 
undertake the work. In emergencies, military aircraft and aircraft 
equipped for agricultural pest control in the country concerned may be 
called upon to provide rapid vector control services. 

Aircraft have been specially designed for pesticide applications, but 
some specific small or medium-sized utility aircraft may be modified, 
especially in emergencies, by fitting custom-designed pesticide appli
cation equipment kits. These are designed to be attached or removed 
quickly, but the modifications are usually expensive to carry out. 
Furthermore, suitable application equipment that can be used with the 
available aircraft may not be obtainable or fitted in time. The aircraft 
must be examined and approved by a licensed aircraft engineer before it is 
ready for vector control operations. 

Modern spray aircraft incorporate many safety features not usually 
found on other types of aircraft. These include a short take-off and 
landing capability, good visibility for the pilot, manoeuvrability, and 
rugged construction to carry heavy payloads and to protect the pilot in the 
event of a crash. The aircraft should also be resistant to corrosion so that 
the inevitable occasional spillage of pesticide does not damage the 
structure. An airframe that is designed to allow easy access and inspection 
of all structures, components and controls is also desirable. 

When selecting a fixed-wing aircraft, important features that should be 
considered include chemical load, manoeuvrability at low flying speeds, 
physical size in relation to the type of work to be undertaken and, if the 
aircraft is to be used in remote areas, its suitability for operation from 
rough, unprepared airstrips. If the aircraft is to be operated by the vector 
control agency itself, rather than contracted from an outside aerial
spraying company, then the direct operating costs, including fuel con
sumption, will be important (see also p. g6). 

Large-engined aircraft may be suitable for use where large, relatively 
flat, areas are to be blanket-sprayed, as in the control of savanna species of 
tsetse fly, where the principal objective is to cover a large area as quickly 
and efficiently as possible. 
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If populated areas are to be treated from the air it may be considered 
desirable to use a twin-engined aircraft for the added safety that two 
engines can provide. Under such circumstances, the aircraft must be able 
to climb and manoeuvre safely at the required altitude on one engine. 
Spray aircraft with turbine engines now have greatly increased reliability 
and provide an alternative with similar safety advantages to twin-engined 
aircraft. 

A helicopter can generally perform all the tasks undertaken by a fixed
wing aircraft, and its unique manoeuvrability and slow-flying character
istics enable it to make pesticide applications with considerable precision, 
and also to land and take off vertically from unprepared ground or from a 
platform mounted on a road vehicle. If appropriate, the helicopter can be 
taken to the site of operations by trailer, and the cost of ferry-flying is thus 
avoided .. A helicopter can land at a point close to the target area for 
refuelling and to take on more pesticide, again reducing the amount of 
flying required to complete a particular operation. Some tasks, such as 
larviciding against Simulium damnosum in narrow winding streams or the 
control of riverine tsetse flies in similar areas, cannot be undertaken by a 
fixed-wing aircraft because of the difficult and precise nature of the 
application. 

Important features that should be considered when selecting a heli
copter for vector control operations include chemical load, flight range 
with various chemical loads, ferry speed, suitability for operation in 
difficult or dusty conditions, hover ceiling at maximum all-up weight, 
passenger and equipment carrying capability and, if the helicopter is to be 
operated by the vector control agency itself, the overall cost of operation. 
If the aircraft is to be operated in rough terrain, high-lift skids should be 
·fitted, and a particle separator will be required for turbine-engined 
aircraft used in dusty conditions. 

Limited operations close to a suitable base can be undertaken with a 
small, piston-engined helicopter but for larger-scale work or when long 
ferry flights are required, a larger helicopter will be needed. Whatever the 
size of the area to be sprayed, small helicopters are unsuitable if several 
passengers or drums of fuel or pesticide are to be carried. When 
operations require the carrying of relatively heavy loads, for example up 
to 8 passengers or 1000 litres of pesticide or fuel, a larger, twin-engined, 
helicopter may be needed, but these are usually extremely expensive to 
operate. If the helicopter is to be transported to the site by road, a twin
bladed rotor might be preferred so that it can be aligned fore and aft to 
reduce the overall width on the vehicle. However, helicopters fitted with 
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4- or 5-bladed rotors have a smaller disc diameter and are thus more 
manoeuvrable when flying in restricted areas. 

Transportation of staff and equipment by air, including fuel and 
pesticides, from base to the site of operations can save considerable time 
and effort, in comparison with road transport, and can completely 
revolutionize the logistics of a vector control operation. The ability to 
carry survey staff to potential target areas to determine when, and if, 
pesticide application is required is of considerable importance. 

The down-draught produced by the main rotor when the helicopter is 
hovering or flying slowly may be of value in forcing pesticide droplets into 
dense foliage, as in, for example, the control of Haemagogus spp in dense 
forest areas. Similarly, the air flow produced by the tail rotor may be 
utilized to propel droplets sideways into vegetation, if this is required. 

When a large-scale vector control operation requires a mixed fleet of 
fixed-wing aircraft and helicopters, it will be desirable to ensure that both 
types of aircraft have the same form of engine, either piston or turbine, so 
that only one type of aircraft fuel is needed. If either type of aircraft is to 
be used regularly for the transport of passengers, the ease and rapidity 
with which it can be converted from the spraying to the passenger 
configuration, and the reverse, will be of importance, as will its cruise 
speed. 
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titanium tanks have been used, as this metal combines the desirable 
qualities of resistance to corrosion, lightness and strength. It is possible to 
attach specially designed tanks under the wings of certain aircraft for 
emergency vector control operations (Fig. IV.4). 

The tank should be filled with pesticide using an auxiliary pump and a 
closed transfer system to prevent spillage, especially within an aircraft. 
Many aircraft have a permanently installed pipe connecting the tank to 
the exterior of the aircraft. 

The size of the pesticide tank is determined by the size and lifting 
capacity of the aircraft. There is little point in providing a tank that is so 
large that the aircraft will be unable to become airborne if the tank is full 
and, equally, if the tank is too small, the full potential of the aircraft will 
never be realized. In selecting a suitable tank size, a balance has to be 
made between fuel and pesticide to obtain maximum productivity. The 
tank in fixed-wing aircraft is usually within the range of soo-Iooo litres, 
although larger aircraft may carry up to 2500 litres of chemical. In 
helicopters, tank capacity is usually some 3o-4o% less than that of fixed
wing aircraft of equivalent engine power. Large tanks are fitted with 
baffles to minimize surging. 

Fig. IV.4. Rotary nozzle attached to spray tank, which can be 
fitted to an aircraft for emergency operations. 

i 
G-Bf 
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Pumps 
Pumps, which are similar in kind to those fitted to ground-based sprayers, 
may be powered by different energy sources, including the air flow past 
the aircraft (which drives a windmill), electricity from the aircraft's 
electric system, or air or hydraulic pressure taken directly from the 
aircraft's engine. In emergency ,operations, the spray system may be 
entirely independent of the aircraft's systems and powered by a battery
driven electric motor. 

Liquid atomizers 
Atomizers for use in aerial spraying are similar to those used on ground
based sprayers. Hydraulic energy nozzles, rotary atomizers and thermal 
exhaust systems are used, as summarized in Table IV. I, p. 79· Hydraulic 
energy nozzles should be mounted with diaphragm check valves on a 
boom so that they can be positioned pointing towards or away from the 
direction of flight. The smallest droplets are produced if nozzles face at an 
angle of 45° downwards towards the direction of flight, whereas larger 
droplets are formed when nozzles point away from the direction of flight. 
Rotary atomizers on aircraft (Fig.IV.s and IV.6) may have a spinning 

Fig. IV.5. Windmill-driven atomizer. 
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' 
Fig. IV.6. Electrically driven rotary nozzle for use on helicopters. 

disc, cup, cage or metal foam and be rotated by an air-driven windmill or 
an electric, air, or hydraulic motor. Windmill-driven atomizers have been 
used especially for applying aerosols (30 pm VMD) in tsetse fly control. 
The pitch of the propeller blades can be adjusted to provide a selected 
droplet size range in relation to aircraft speed and flow rate. The aircraft 
has to be flown at a fast constant speed to produce the correct droplet size 
from wind-driven atomizers, so these are less suitable for use on 
helicopters, for which electrically driven atomizers are recommended. 
With turbine-engine helicopters, an air bleed from the engine's com
pressor can be used to operate an air-motor-driven atomizer. 

Instrumentation 

Various instruments have to be provided in the cockpit to enable the pilot 
to monitor the functioning of the application equipment during flight. 
These include a pressure gauge to show the pressure at which spray liquid 
is being fed to the atomizers, a flow meter to indicate the emission rate of 
the chemical from the aircraft and, for rotary atomizers, a revolution 
counter to show their speed of rotation. The pilot should also be provided 
with controls for switching on and off the various components of the 
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system and making adjustments during .Oight. All such instruments and 
controls should be readily accessible to the pilot and suitable for use 
during flight. 

Dispersal of .solid materials 
Spray tanks can also be used for solid formulations if the spray equipment 
is replaced by a venturi system or spinning plate for distribution of the 
solid material. A mechanical device is fitted to prevent blocking or 
bridging in the tank and to feed the material to an adjustable gate which 
controls the amount of pesticide being fed to the distributor. Swath 
widths with solids are less than those obtained with liquids and, because 
the size of particles is heterogeneous, their distribution tends to be less 
uniform. A fixed-wing aircraft can be fitted with equipment for the 
application of solid pesticides. 

Recently developed equipment for aerial 
application 
Specialized application equipment is required in certain vector control 
programmes to provide for different application needs. Thus, for the 
WHO Onchocerciasis Control Programme, a system has been developed 
for applications to large rivers during the wet season in which an 
emulsifiable concentrate is applied without atomization, relying on the 
movement of the river water to disperse. the chemical. In this rapid
release system, a measured quantity of chemical is drawn from the tank 
into a smaller container, the contents of which are released rapidly over 
the target area. The output rate required may be as high as so litres per 
second with fixed-wing aircraft. When treating small rivers in the dry 
season, a helicopter is used to place a ribbon of chemical across the entire 
width of the stream, directly above each breeding site to be treated. With 
such applications, the flow rate and the speed of the helicopter are critical 
if overdosing and misses are to be avoided. 
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Operational requirements 

The person in charge of aerial operations must ensure that the specifi
cations of the pesticide application equipment as defined by the vector 
control staff are met. These will include such items as the type of 
equipment to be provided, the capacity of the tank, the emission rate of 
pesticide from the atomizer or solids distributor, the size range of droplets 
produced in liquid applications and the desired swath width. The type 
and accuracy of the instrumentation may also be specified. 

The application equipment should be calibrated and adjusted to ensure 
that it meets performance criteria before operations commence. This 
work, which should be undertaken jointly by vector control staff, the pilot 
and the aircraft or equipment engineer, may require special equipment to 
measure flow rate, droplet size, liquid pressure and speed of rotation of 
the atomizer. The engineer will require this equipment for periodic 
recalibration of the application system during the course of operations. 
The aircraft should not commence work until the vector control staff are 
satisfied that the application system is working satisfactorily. Vector 
control staff may wish to carry out spot checks on the aircraft and spray 
equipment to confirm that they are still meeting the programme's 
requirements. A check on the amount of pesticide applied for a given 
operation time is one way of detecting problems with calibration. Any 
serious defect or deficiencies should be reported to the engineer and the 
aircraft grounded until the fault is corrected. 

The correct maintenance of aircraft and application equipment is a 
primary consideration, as the lives of many people, both programme staff 
and others, will depend on it. Aircraft maintenance procedures are laid 
down by the aircraft's manufacturer, the aeronautical authorities in the 
country in which the aircraft is registered, and by the aircraft operator. All 
aerial spraying contractors should draw up an aerial operations manual, 
containing the operational and maintenance requirements of the spray 
aircraft and its application equipment. This manual should be made 
available for inspection and approval by vector control staff before 
contracts are drawn up; the staff should be aware that a significant period 
of time will be required for the proper maintenance of the operator's 
aircraft. The total amount of time required, in terms of person-hours of 
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work for aircraft maintenance per hour of flying time is greater for piston 
engines and for helicopters. 

Aircraft type 

Fixed-wing 
Turbine engine 
Piston engine 

Helicopter 
Turbine engine 
Piston engine 

Person-hours of maintenance 
per hour of flight 

0.25 

o.so 

1.00 

2.00 

Programme staff and the contractor should work out a maintenance 
schedule that will allow sufficient time for maintenance without restric
ting the availability of aircraft for vector control operations. 

Maintenance of application equipment is also of vital importance to 
successful vector control operations .. It will include inspection, cleaning, 
servicing, repair and calibration. Pilots should not be expected to do this 
work as their role is to fly the aircraft safely and efficiently and carry out 
the applications as required by vector control staff. An aircraft engineer 
should maintain the application equipment and, if the operation is of 
sufficient size, an equipment engineer should be appointed whose 
primary responsibility is to ensure that the equipment is working safely 
and efficiently. A maintenance schedule should be drawn up for the 
application equipment and records kept of the work undertaken. A typical 
maintenance and inspection schedule is shown in Table IV.2. 

The pesticide application equipment should be inspected before each 
day's flying and, if feasible, spr;lying systems should be tested with water 
to ensure that all the components are functioning correctly. For this 
purpose, a ground test rig may be constructed, for example, to operate a 

Table IV.2. Maintenance and inspection schedules for appli
cation equipment 

START OF SEASON 

Take application equipment from store and examine all parts for deterioration 
during storage. Replace parts as necessary. 

Fit application equipment to aircraft and carry out ground and aerial functional 
tests using water. 

Calibrate application equipment with formulation to be used to ensure correct 
functioning, pressures, flow rates, etc. 
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Table IV.2. (continued) 

DAlLY CHECKS 

Preflight 
Ensure that the correct nozzles, atomizers, etc. are fitted. 
Carry out any routine maintenance and servicing operations that may be 

required. 
Check security of attachment of all application equipment. 
Check that hose and pipe connections are secure and locking devices intact. 
Ensure that all external adjustments to the application equipment (for example, 

windmill blade angles, flowmeter settings, valve positions) are correctly made. 
Ensure that all the application equipment cockpit controls, especially the on-off 

switch and the jettison device, are functioning correctly. 
Ensure that the pilot has the correct protective clothing and equipment for the 

application to be made and that this is in good order. 
Brief the pilot on the adjustments that have been made to the application 

equipment. 

After the day's work 
Determine from the pilot that the application equipment is working correctly. 

Make any repairs or adjustments necessary. 
Clean out the hopper and the application system. (NB. Never leave chemicals in 

the system overnight.) 
Store or dispose of left-over chemical in a safe manner. 
Make a visual check of the application equipment and carry out any repairs 

required. 

WEEKLY CHECKS (in addition to daily checks) 

Examine the inside and outside of the aircraft's structure for corrosion, paying 
particular attention to load-bearing members and control wires. This may 
require the partial or complete removal of the application equipment. Report 
any damage. 

Carry out calibration tests of the application equipment to make sure that it is 
functioning properly and that pressures, flow-rates, etc. are correct. 

MONTHLY CHECKS 

In combination with a weekly check, dismantle all moving parts of the application 
equipment, including the pump, valves, atomizers, etc., to check for wear. 
Replace all worn parts. 

Order spare parts to replace those used during the previous month. 

END OF SEASON 

Remove all application equipment from the aircraft and examine aircraft struc
tures for physical or chemical damage. Report all actual or suspected damage. 

Dismantle and clean all parts of the application equipment and store in a safe 
place, away from the risk of damage or theft. Label parts as necessary. 

Order spares for the next season's work. 
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wind-driven pump while the aircraft is on the ground. An inspection 
should also be carried out after the flight is completed and the pilot should 
report any faults to the engineer on arrival back at base. 

It may be impossible to inspect properly the application equipment 
without partially dismantling some of its components, particularly if they 
are fitted inside the aircraft. Obviously, the inspection process should not 
be allowed to interfere unduly with operations, but adequate time must be 
set aside, perhaps in the evening after the day's work is completed, for this 
important work. Where a significant part of the system is located inside an 
aircraft, maintenance is facilitated if the equipment is mounted on a pallet 
so that it can be removed as a unit. 

The cleaning of equipment for the application of solid formulations 
requires a special procedure. Firstly, as much as possible of the material 
should be removed from the hopper and feed mechanism. The whole 
system should then be thoroughly flushed out with water. Care should be 
taken to ensure that the equipment is completely dry before any further 
material is placed in the hopper. 

Routine servicing should take place at predetermined intervals, de
pending on the type of formulation being used, the amount of work 
undertaken and the type of system operated. Some components, such as 
washers, gaskets and seals, should be replaced regularly, and lubrication 
points should receive daily attention. Plastic or rubber pipes are particu
larly liable to wear and may become weak or brittle owing to the effects of 
pesticides, solvents or bright sunlight. Weakening of the pipe can be 
detected by a swelling where the pipe is attached to another component 
and by a tendency to kink rather than bend. Suspect pipes should be 
replaced immediately. 

All nuts, bolts and clips should be checked regularly for tightness, and 
the points where the equipment is attached to the aircraft must be 
inspected. The release mechanism, by which the contents of the tank can 
be jettisoned in case of emergency, should also be tested regularly with 
water, both on the ground and in the air. 

Major servicing of the application equipment should be undertaken at 
the end of each season's work, or more frequently if it has been extensively 
used. This will involve the removal of the system from the aircraft, when 
it should be completely dismantled, examined for faults and any damaged 
or suspect parts replaced. A comprehensive supply of spare parts should 
be available and a suitably equipped workshop provided for the engineer's 
use. As a guide, the supply of spares carried should be approximately 10% 

of the cost of the whole system in value and, following the manufacturer's 
advice, the initial supply of spares should be ordered at the same time as 
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the spray equipment itself. It is the responsibility of the engineer to 
ensure that additional spares are ordered to replace those used, so that 
they will be available on site when required. 

Repairs to equipment during treatment should seldom be required if 
proper servicing is carried out. However, an adequate supply of spares 
and tools should be carried by the ground crew in case equipment fails 
away from base. Someone in the group who is familiar with the 
functioning of the application equipment may be able to make temporary 
repairs so that operations can continue without lengthy delays. However, 
such emergency measures should be inspected by the engineer as soon as 
the aircraft returns to base and a proper repair to the system carried out if 
necessary. Temporary repairs to the aircraft's application equipment 
away from base should not be made if there is any doubt concerning the 
safety of the aircraft or of any person in the target area. This is especially 
so if there is any risk of leakage of pesticide, if the jettison mechanism is 
damaged or not functioning correctly, or if the attachment of the 
equipment to the aircraft is involved. Under such circumstances the pilot, 
who is ultimately responsible for the safety of the aircraft, should return 
to base so that proper repairs can be carried out by the engineer. 
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Safety 

Safety should be of primary concern to all staff and, in an operation 
involving more than one aircraft, consideration should be given to 
allocating the responsibility for safety procedures to a particular officer. 
In most accidents involving the crash of a spray aircraft, the pilot can 
survive provided that the aircraft is properly designed and that he or she is 
fully protected. The pilot should wear a safety helmet and full seat 
harness at all times. Since the aircraft may be carrying highly toxic 
chemicals, the ground support should have adequate facilities for treating 
accidental poisoning, either of the pilot or of the ground staff. 1 The pilot 
must take full responsibility for the aircraft and should never be involved 
in either mixing or loading the pesticide as this may lead to a level of 
exposure sufficient to impair physical and mental abilities and hence 
competence to fly safely. 

Since ground staff involved in the mixing and loading of pesticides are 
at greater risk of being affected by pesticide poisoning, they should always 
be properly supervised and be fully trained in the use of the protective 
clothing necessary for a particular operation. Where several different 
pesticide formulations are in use, some more hazardous than others, staff 
should be trained and equipped to handle the most potentially hazardous 
of the formulations involved. In larger-scale operations, local medical 
practitioners should be alerted to the potential dangers of the aerial 
spraying operation, and appropriate medical checks should be carried out. 
They should ensure that they are familiar with the chemicals being used 
and have supplies available of any suitable antidotes. In the event of an 
accident involving pesticide poisoning, the patient should be taken to a 
doctor as soon as possible and supervisors should make certain that they 
know which particular chemical was involved in the accident. Pesticide 
containers should carry details of the chemicals they contain and of action 
to be taken in the event of poisoning, either through ingestion or by 
contamination of the skin. 

Wherever possible, equipment for the mixing and loading of pesticides 
should be of the closed-system type, in which the ground staff is never 

1 For details see: Plestina, R., Prevention, diagnosis and treatment of insecticide poisoning, 
unpublished WHO document WHOjVBCj84.889. 
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exposed to the pesticide concentrate. Measurement of the concentrate and 
solvents should take place in enclosed containers and the final formulation 
pumped to the aircraft tank through a non-drip coupling. All washings 
from the aircraft or pesticide application equipment should be disposed of 
safely in a soak-away or other place where there is no danger to people, 
crops, water supplies or wildlife. Unless a recycling programme has been 
organized, empty pesticide drums should be destroyed to prevent their 
use as domestic containers. 

The most important hazard from aerial application in vector control 
programmes, apart from that to operational personnel, is to people who 
are in the target area when the application is made. Although with 
present-day pesticides there is little long-term risk to people who are 
occasionally exposed to aerially applied pesticide formulations, repeated 
exposure, especially of individuals who are ill or pregnant, should be 
avoided. Where possible, people should be asked to vacate an occupied 
area temporarily, prior to treatment, or to go into their dwellings and close 
all doors and windows during application and for 15 minutes thereafter. 
Programme staff should inform the public before any treatment is 
undertaken and explain the purposes of the operation, and the probable 
advantages to be obtained. 

Any operation involving the aerial application of insecticides will have a 
considerable effect on non-target insects, such as honey bees, and other 
fauna. The possible adverse effects of the application must be fully 
investigated by vector control staff before treatment methods and 
pesticide formulations are decided upon, and a process of monitoring will 
be required to ensure that the effects on non-target organisms are within 
the expected limits. In view of the interdependence of most fauna within 
an area, especially with regard to food chains, it is inevitable that some 
adverse effects will be experienced by some fauna that are not directly 
affected by pesticide intoxication. Programme staff should ensure that 
these effects are within acceptable limits. The pilot should cease oper
ations when conditions are unsuitable for pesticide application. 
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Organization and management 

The ultimate success of the aerial application of pesticides for vector 
control depends largely on the proper organization and management of 
programme activities. Where the vector control organization is unable to 
provide the necessary staff, aircraft and equipment for aerial spraying 
from its own resources, a suitably equipped and experienced contractor 
has to be employed. An aerial spraying contract should be drawn up 
incorporating the following details: 

• the number and type of aircraft to be supplied, including back-up 
aircraft if appropriate; 

• the period during which they will be required and the number of 
hours they are to be flown; 

• the type, specifications and performance of pesticide application 
equipment to be provided; 

• the number, qualifications and experience of staff to be engaged in 
the operations, and management structures and responsibilities; 

• the provision of other equipment and facilities to be provided by the 
contractor; -----

• the price to be paid for the above services, usually expressed as a 
guaranteed price for a specified number of flight hours plus a price for any 
additional hours required; 

• the division of responsibilities between the programme and the 
contractor, for example, for the supply of fuel and the provision of 
suitable landing areas away from base; and 

• any special clauses, including penalties to be paid by the contractor 
for non-compliance with the terms of the contract, waivers in the event of 
force majeure, and arbitration procedures to settle disputes between the 
contractor and the vector control organization. 

It is advisable to obtain legal advice in the drawing up of the aerial 
spraying contract. 

The cost of operating a spray aircraft is usually calculated under two 
headings: (1) fixed costs; and (z) direct operating costs. Fixed costs 
include all the expenses, such as interest charges, insurance, loan 
repayments, depreciation, hangarage and fixed salaries, that the operator 
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incurs even when the aircraft is not being used, and are expressed in costs 
per year. Direct operating costs are costs incurred only when the aircraft 
is being flown and include the cost of fuel, maintenance, ground support, 
pilot's flying pay and bonuses, and overtime for staff. They are expressed 
as costs per hour of flight. 

The total cost per year of operating a spray aircraft is given by the 
following equation: 

Total cost per year=fixed costs+(direct operating costs x use) 

where use is the number of hours the aircraft flies per year. 
The total cost per hour of flight is calculated from the following 

equation: 

Total cost per hour= (fixed costs/use)+ direct operating costs 

It is frequently necessary to calculate the relative costs of operating two or 
more different aircraft to carry out a particular vector control operation or 
mission. In such cases, the cost for each aircraft is provided by the 
equation: 

Mission cost= total costs per hour x mission time 

where mission time is the time in hours required to carry out the 
particular mission. Obviously, the parameters involved will differ from 
aircraft to aircraft, and programmes for pocket calculators and, in some 
countries, desk-top computers are now available to assist with the 
calculations. 

Since the use of aircraft in the application of pesticides for vector 
control involves the expenditure of considerable funds, both for the 
aircraft itself and for the pesticide applied, the operation must be made as 
efficient as possible. This can only be achieved through adequate 
planning. The aim of planning should be to ensure that the required 
amounts of pesticide are correctly applied in the right place at the right 
time. Flight hours should be reduced to the minimum necessary to 
achieve this aim. 

Flight planning should be undertaken by vector control staff in 
cooperation with the pilot and any administrative bodies that may be 
concerned. These may include the civil aviation, political and military 
authorities, who should be consulted before final plans are made and 
informed of all flights that are to take place. The pilot should be fully 
briefed before the flight commences, informed of the objectives of the 
operation and provided with maps to show exactly the location and limits 
of the target area. The briefing should include details of the application 
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parameters required and measures to be taken in the event of unforeseen 
circumstances, such as changes in meteorological conditions. Programme 
staff should be in contact with the pilot throughout the flight by means of 
high-frequency radio. 

The pilot should accompany programme staff to the target area, prior 
to the application, to see exactly what is required and how the area can be 
identified from the air. Visual markers or radio beacons can be used to 
guide the pilot to the target area and to mark its limits. 

A programme of evaluation should be undertaken by vector control 
staff. In addition to entomological evaluations, this should include 
observation of the performance of the pilot, aircraft and equipment. 
Records should be kept of flight hours undertaken and of pesticide used 
and should be compared regularly with those of the pilot or contractor to 
ensure agreement and compliance with the terms of the contract. 

Flight guidance or navigational aids may be provided to the pilot to 
assist in location of the area to be treated and during spraying. The pilot 
may be guided to the target area by visual markers, such as balloons, 
coloured flags or lights; if the ferry distance is great or visibility poor, a 
non-directional radio beacon may be employed. The beacon is switched 
on by ground staff before the aircraft is expected in the area or when the 
pilot indicates by two-way radio that navigational assistance is required. 
Markers on the ground are required for the pilot to follow once in the 
target area. Occasionally the pilot may follow existing features, such as 
rivers as in Simulium control, canals or lake shores in snail control, and 
streets where applications are being made over towns or cities. Usually, 
however, balloons, flags or lights are used as swath markers. A radio 
beacon may be provided to mark the ends of long swaths, for example in 
excess of 100 km as in large-scale tsetse fly control. In very large 
operations, it may be feasible to use a spotter aircraft, flying at a height of 
100 m or more above the ground and following a radio beacon, which in 
turn is followed by one or more spray aircraft at spraying height. 
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Compression sprayer, hand-operated* 

Specification WHO/VBC/89·970 
Approved I I April I989 

1. Specifications 
1.1 Description 

The sprayer shall be of the cylindrical type and equipped with a hand
operated air pump for pressurization, hose, cut-off valve, lance, nozzle 
and other accessories as specified by the user agency. The sprayer with 
fittings assembled shall have no sharp edges or projections that might 
injure workers during normal operation. 

1.2 Materials of construction 

The tank, including filler cover, shall be made of corrosion-resistant 
stainless steel or equivalent materials, including plastics, provided that 
the finished unit complies with all other requirements of this specifica
tion. All joints shall be welded and the resultant welds shall have a tensile 
strength equal to that of the parent material. All brass tubing shall be 
stress- and corrosion-resistant. 

No wooden parts shall be used in the construction of any part of the 
sprayer. No solder containing lead and/or tin as major components shall 
be used in the construction of sprayers or component parts thereof, except 
on joints between the lance, the cut-off valve, the nozzle body and the dip
tube, provided that all tests pertaining to these items are satisfactory. 
Solder may be used in the construction of strainers where these items are 
readily and easily replaceable. All threaded connections and all joints shall 
be leakproof at twice the maximum working pressure without the use of 
cements, shellacs, chemical solvents or binders of any kind. 

All parts of the sprayer shall be resistant to rust and corrosion by the 
formulations specified by the purchasing agency. 

" IMPORTANT. While this specification is designed to proYide the best equipment for field 
workers, proper operation and maintenance of the sprayer are absolutely necessary if effective and 
continuous operation in the field is to be ensured. 
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1.3 Capacity 

The total capacity of the tank shall be between 7·5 and IS litres total liquid 
and air capacity with all accessories in place ready for operation. The 
exact capacity shall be specified by the purchasing agency. 

1.4 Dimensions 

The diameter of the tank shall not exceed 25 cm or be less than IS cm. 
The maximum height of the tank from the bottom of the base to the 
uppermost point of the top shall not exceed 6o cm and the height from the 
base of the. sprayer to the handle in its lowest position shall not be over 
70 cm. 

1.5 Weight 

The weight of the sprayer, when empty but equipped for operation, shall 
not exceed 6.5 kg. 

1.6 Tank 

1.6.1 Leakage 
Every tank with all its fittings attached shall withstand an internal 
hydrostatic pressure of twice the maximum recommended working 
pressure when subjected to the test described in section 2. I. 

1.6.2 Fatigue 
A sample of tanks with all fittings shall withstand without failure I2 ooo 
pressure cycles at o-soo kPa when subjected to the test described in 
section 2.2. 

1.6.3 Strength on impact (dropping) 
The tank shall withstand being dropped six times in each of the four 
positions described in section 2.3. The tank shall be checked for leakage 
after the drop test by repeating the test described in sections I .6. I and 2. I. 

1.6.4 Markings 
The sprayer shall be clearly and permanently marked with horizontal 
embossed lines (2-IO cm in length) to indicate the full charge in litres; this 
shall not be more than three-quarters of the total capacity of the tank. The 
maximum working pressure shall be clearly and permanently marked on 

102 



Part V: Specifications for equipment for vector control 

the tank. Other markings shall include the year of manufacture and the 
manufacturer's name. 

1. 7 Tank fiHings 

1.7.1 Fastening for lance 
The sprayer shall be provided with means for fastening the lance securely 
and protecting the nozzle when not in use. The fastenings on the sprayer 
shall withstand the drop test as described in section 2.3, to the extent that 
they may be bent back to their original shape and remain functional. 

1. 7.2 Straps 
One or two straps, as desired by the user agency, made of uniformly 
woven synthetic belting, free from defects and joins, having straight and 
firmly woven selvedges, shall be provided. Each strap shall be not less 
than 5 cm wide and 3 mm thick, and shall be readily adjustable to at least 
100 cm in length, including the attachments. The edges shall not fray at 
all. At the option of the purchasing agency, the straps shall be proofed 
against mildew. The strap shall not be acceptable if it fails when tested in 
accordance with the method described in section 2+ In addition the 
tensile strength shall be not less than 360 kg. 

The straps shall be easily attachable to the tank by means of corrosion
proof fastenings that have a strength equal to that of the fastening 
provided on the sprayer. The fastenings should be made and attached in a 
manner that will prevent the strap from being trapped under the tank 
bottom when filling or pressurizing. 

The straps, fastenings and clips shall not show structural failure when 
subjected to the tests described in sections 2.3 and 2+ If the strap 
fastenings provided are of the spring clip type, the clips should be 
designed in such a manner that a safety lock or wire may be applied to 
prevent accidental detachment from the sprayer. These spring clips shall 
be provided with drilled holes to receive a suitable wire fastener in case 
the spring is weakened excessively. 

Any D-buckle or adjustment device for adjustment of the length of the 
strap should maintain its set position and not move when subjected to the 
test described in section 2.4, nor should it move when the sprayer, filled to 
maximum liquid capacity, is suspended from the test bar for one hour by 
the straps. 

1. 7.3 Foot rest 
The bottom part of the spray tank shall be equipped with a flanged area or 
foot rest designed to steady the apparatus ·while it is pumped. It shall be 
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hinged to fold up against the tank side and remain there until required. 
The bearing area available to the foot shall be not less than 35 cm 2 • The 
device shall remain operational after the drop test described in section 2.3. 

1.7.4 Pressure gauge 
A back-mounting pressure gauge, preferably of the diaphragm type, with 
a scale reading from o to 700 kPa shall be fitted, and the working pressure 
shall be clearly identified. The body material shall be brass, bronze, or 
other metal or material having equal or superior corrosion resistance and 
strength. The sensing element chamber must be "non-pocketing" to 
prevent interference with the proper operation of the sensing element by 
the deposition and accumulation of spray materials. In the case of the 
diaphragm type, the inlet port shall have an easily removable filter 
assembly, or other means to prevent the entry of suspended material. The 
dial cover shall be shatter-proof and moisture-proof and permit easy 
reading of the tank pressure. A sample gauge should meet the specified 
requirements when subjected to tests described in section 2.14. A plug 
shall be provided for the opening into which the pressure gauge fits to 
provide an airtight and liquid-tight closure, should the gauge not be 
required. 

Alternatively, a colour-coded indicator that is part of a pressure relief 
system may be fitted provided that the maximum working pressure is 
clearly defined. 

1.7.5 Filler opening 
The filler opening shall be not less than 95 mm in diameter if circular, or 
90 mm in minor axis if oval. It shall have no sharp edges and shall be 
sealed with a gasket. The filler opening cover shall preferably be attached 
to the tank with a corrosion-resistant chain or equivalent capable of 
withstanding a breaking strain of not less than 25 kg. 

1.7.6 Removable fittings 
No set screws shall be used for fastenings. 

1. 7. 7 Riveted fittings 
No rivets used for securing strap hangers, lance brackets or other fittings 
shall penetrate the pressurized portion of the tank. 

1. 7.8 Pressure-release devices 
The tank shall be equipped with a valve or other device designed to 
release pressure from the tank without danger to the operator and without 
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requiring that the tank be inverted. It shall be simple and easily operated. 
Threaded fittings to the pressurized part of the tank having a diameter of 
I ·3 cm or more shall be channelled to provide release of pressure during 
removal. 

1.8 Pump 

1.8.1 Construction 
The pump cylinder shall be of seamless or electrically welded con
struction, if made of stainless steel or other metal. The pump cylinder 
shall be a separate part, easily and quickly detachable from the tank top. 
The cylinder shall withstand internal and external application of press
ures up to twice the highest specified operating pressure, but not less than 
Iooo kPa, without structural failure. If the pump has a cupwasher, the 
upper part of the cylinder should be cone-shaped to facilitate servicing. 

1.8.2 Capacity 
The pump shall be so designed and constructed as to produce, when new, 
the maximum working pressure, on completion of not more than 70 full 
pump strokes under the following conditions: 

(I) the tank shall be filled with liquid to the maximum liquid charge 
mark specified in section I .6.4; 

(2) preliminary strokes may be applied to ensure that the pump is 
functioning correctly provided that the tank is depressurized prior to the 
test. 

1.8.3 Check valve 
The pump check valve shall be so designed as to prevent any leaking of 
liquid into the pump cylinder over a period of I 5 minutes when the tank is 
pressurized to the maximum recommended working pressure and the 
check valve is fully submerged. This test shall be made after the sprayer 
has undergone simulated use filled and discharged 20 times with an inert 
powder suspension at 20 g/litre. All parts of the check valve shall be easily 
serviceable without the use of special tools. 

1.8.4 Plunger1 shaft 
The plunger shaft may be of steel or alternative material and be either a 
solid rod, a tube or an extrusion. A resilient stop shall be provided to limit 
upward travel of the plunger shaft to a point at least 3 cm from the top of 

1 The term "plunger" has been commonly used for the piston of these pumps. 
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its stroke. A resilient stop shall be provided also at the bottom of the 
stroke. Construction stability shall be such that, at the top of the stroke, 
the plunger shaft shall have a displacement of not more than 15 mm on 
either side of its vertical axis under a horizontally applied load of 0.5 kg. 
At the top of the stroke the pump handle shall not be more than 105 cm 
above the base of the sprayer. This test shall be done after 10 full 
pressurizations of the tank to the maximum recommended working 
pressure. 

1.8.5 Plunger cup 
The plunger cup, if made ofleather, shall be shaped from chrome leather 
and, unless otherwise specified, shall be treated with a suitable fungicide 
as specified by the purchaser. It shall be not less than 1.5 mm thick and 
the cup leather skirt shall be not less than 13 mm in length. A cup 
spreader shall be provided to press the cup skirt against the pump 
cylinder wall. Cups of synthetic rubber, oak-tanned leather, or plastic, or 
0-rings of equal strength and resistance to solvents, may be supplied at 
the option of the user agency. 

1.8.6 Pump handle 
A T -type handle shall be provided that will allow the operator to grip it 
comfortably with both hands. It shall be a cylindrical tube not less than 
20 cm in length and not less than 3.0 cm ( ± 0.2 cm) in diameter, with a 
minimum thickness of o.8 mm. The pump handle shall be so designed 
that a complete stroke of the pump may be obtained with the pump handle 
turned to any position. The compression strength of the assembly, 
including the handle, its components, and its junction with the plunger 
rod, shall not be less than that of the plunger rod. Whatever the material 
used for manufacture, it must be non-absorbent. 

1.8. 7 Handle locking device 
The plunger shaft shall be fitted with a quick-acting locking device that, 
when applied, will secure the plunger assembly nearest to its lowest 
operating position. A sample of the locking device shall withstand 1000 

locking and releasing cycles without failure. 

1.9 Tank outlet 

The tank shall be fitted with an outlet to which a hose connection or 
pressure regulator device may be attached. If the outlet is at the tank top, 
a dip tube shall be provided. The dip tube shall be constructed of brass, 
stainless steel or plastic not less than 0.92 mm± 10% thick (20 gauge) and 
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shall extend to within approximately I .o cm of the bottom of the tank. 
The end of the tube within the tank shall be cut at an angle of 45° to 
prevent blockage. The dip tube shall be securely supported at the point 
where it emerges from the tank and at a point near its lower end within the 
tank. 

If the outlet is at the base of the tank it shall be recessed or protected in 
such a way as to withstand the drop test described in section 2.3. Base 
outlets shall be protected internally by a filter. 

1.10 Strainers 

One or two strainers may be provided. If two strainers are provided they 
shall be of equal dimensions located at different points easily accessible in 
the discharge line between the entry to the dip tube and the entry ports of 
the cut-off valve. If one strainer is provided it shall be located in the cut
off valve. The strainers shall be made of Monel, stainless steel, plastic, 
bronze or any material of equal or superior durability and resistance to 
corroswn. 

The total open area of the strainer shall be not less than I o cm 2 . The 
strainer shall have sufficient structural strength, or shall be mounted in 
such a way, that it will not be subject to accidental puncture or collapse. It 
shall be easily removable and replaceable without special tools. Although 
it is preferable that the strainer should be simply pushed into place, a 
screw fitting may be used. Flow through the strainer shall be from the 
outer surface inward. A strainer confined in a tubular member shall have 
not less than 2.5 mm clearance in the annular space. The strainer 
openings shall have no dimension greater than 0.5 mm. 

1.11 Hose 

Hose for general use shall be of natural or synthetic rubber or plastic and 
shall be resistant to the pesticide formulations or oils to be used, as 
specified by the purchasing agency. A length of 1.5 m with an inside 
diameter of not less than 9.0 mm shall be proYided with each sprayer. The 
hose shall haYe one or more plies of reinforcement made from cotton 
duck, cotton yarn, or synthetic fibre, of at least two-end yarn. The 
material shall be evenly and firmly woYen and free from unsightly defects 
such as dirt, knots and lumps, as well as from irregularities of twist. The 
tube and cover shall be free from pitting and shall be uniform in thickness. 
The reinforcement shall be lapped (not sewn) at least I3 mm and shall be 
well frictioned on both sides with a rubber compound that shall firmly 
join the plies to the rubber tube and cover and to each other. 
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Samples of the hose so cm in length shall meet the following require
ments. 

(1) Tolerance in inside diameter 
(2) Breaking test: 

initial, minimum 
decrease after aging, maximum 
(section 2.5) 

(3) Bursting strength under hydrostatic pressure: 
initial, minimum 
(section 2.6.1) 
after immersion, minimum 
(section 2.6.2) 

(4) Swelling after immersion, maximum 
(section 2.7) 

(5) Expansion after 5 minutes under 
hydrostatic pressure of rooo kPa 
and releasing pressure 

o.8mm 

28oo kPa 

35% 

28oo kPa 

1000kPa 

20% 

Nil 

In tensile strength the hose shall be capable of maintaining its length 
when a weight equal to three times that of the charged sprayer is applied 
for 5 minutes. 

1.12 Hose connections 

Hoses shall be retained on connections or couplings preferably by clamps 
or clips of the worm-drive type. 1 The connections shall have no sharp 
edges and a minimum of extended projections liable to catch on clothing 
or other objects. Hose connections shall be deemed to have met strength 
requirements if they withstand a static hydraulic pressure test of 1 ooo kPa 
for a period of 5 minutes without evidence of leakage or structural failure 
following 5 applications and removals of the hose from the connections. 
The 5 applications and removals shall be made in series and at short 
intervals, both on new hoses and after immersion. 

Threaded terminal connections shall have finished, hexagonal faces or 
opposing flattened surfaces. Knurled faces or wing-nuts of adequate 
strength and size may be permitted if couplings are fabricated to enable 
airtight and liquid-tight joints to be made by thumb pressure at the 
highest designated operating pressure. Threaded terminal connections 
are preferred. 

1 Where plastic hose is specified, the hose connections may be of a type agreed upon between the 
purchasing agency and the manufacturer. 
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1.13 Cut-off valve 

1.13.1 Construction 
All parts of the valve body shall be made ofbrass, bronze, stainless steel or 
plastic. The valves shall be so constructed that inner and outer parts are 
readily accessible for frequent cleaning without the use of special tools. 

1.13.2 Connections 
Valves shall be equipped with screw threads at inlet and outlet ports. The 
threads shall be compatible with the lance and nozzle body. The outer 
surface of the valve, adjacent to the screw threads, shall have opposing 
faces, to permit the use of a wrench, if tools are required for its removal. 
Knurled faces or wing-nuts of adequate shape and size may be used 
provided that the valve can be loosened and tightened adequately by the 
pressure of thumb and fingers alone, without the use of tools, so that no 
leaks occur at the highest designated operating pressure . 

. 1.13.3 Liquid passages 
No liquid passages through which the entire liquid-volume must pass 
shall have a cross-section area of less than 0.25 cm 2

• 

1.13.4 Valve handle 
The handle shall be conveniently located on the valve to permit actuation 
by hand. The valve handle and all associated parts shall conveniently 
fit the operator's hand without discomfort, and shall have no sharp edges 
or projections. 

The torque required to move the handle on a lever-type valve from the 
closed to the open position shall be not more than 1.5 Nm. The length of 
the valve handle shall be not less than 10 cm measured from the pivot. 
The method used to determine the torque is described in section 2.8. 

1.13.5 Leakage 
A sample of cut-off valves shall not drip or leak through the valve or 
around the packing when subjected to: 

(a) soo cycles of operation at a pressure of o-100 kPa; 
(b) so ooo cycles of operation at a pressure of o-soo kPa; and 
(c) soo cycles of operation at a pressure of o-jOO kPa 

in accordance with the test described in section 2.g. 
After this test the valve shall not drip or leak throughout the pressure 

range of o-700 kPa. 
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1.14 Lance 

1.14.1 Description 
The lance shall be of seamless construction and shall be easily detachable. 
It shall have the same thread and size at both ends so that any number of 
lances in series, or the nozzle alone, can be connected directly to the cut
off valve housing. Joints shall be leakproof and body facings shall have 
hexagonal or flattened faces. Knurled faces or wing-nuts of adequate 
shape and size may be permitted if couplings are fabricated to enable 
airtight and liquid-tight joints to be made by thumb pressure at the 
highest designated operating pressure. A gasket may be used to ensure a 
tight fit. The inside diameter of the tube shall be not less than 6 mm. 
Standard lances shall be between 40 and 50 cm in length, measured 
between the external faces of the joints. At the option of the purchasing 
agency, lances able to be stored in the tank during transport may be 
specified. 

1.14.2 Strength 
The strength of the lance and its joints shall be such that it will meet the 
test described in section 2.10. 

1.15 Nozzle assembly (flat fan jets) 

1.15.1 Description 
The spray nozzle shall be of the hydraulic-energy type in which droplets 
are formed by forcing the spray material through an orifice. The nozzle 
assembly shall consist of a droplet-producing nozzle tip plus a nozzle 
body and nozzle cap. Nozzle filters may be specified by the purchasing 
agency. At the option of the purchaser, gaskets of polyethylene or other 
materials may be used. 

1.15.2 Materials of construction 
The nozzle body and cap shall be of nonferrous metal or plastic material. 
The tip shall be of stainless steel, ceramic, plastic, or other suitable 
material. 

1.15.3 Dimensions 
The nozzle assembly should be compatible with the lance connecting 
thread which shall be 1/4 in NPT 1 (or the nearest equivalent national 
standard as stipulated by the purchasers). 

1 National (USA) pipe thread. 
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1. 15.4 Weight 
The weight of the nozzle assembly (tip, body, filter and cap) shall not 
exceed 70 g. 

1. 15.5 Performance of the nozzle tip 

I.I5·5·I Initial performance 
(a) Initial discharge rate. The discharge rate of the tip shall be as specified 
by the user agency. 1 Tolerance limits of the initial discharge rate shall not 
exceed ± 4% when tested in accordance with the procedure described in 
section 2.I2. 
(b) Initial distribution pattern. The nozzle tip shall deliver a flat fan
shaped spray, the two sides of the fan forming the angle specified by the 
purchaser. 2 It shall maintain a uniform distribution throughout the entire 
pattern, giving an even coverage across at least So% of the swath width 
(plateau); the side portions of the pattern shall have even slopes without 
peaks when tested as described in section 2. I I. 

1. I5.5.2 Standard erosion performance 
The nozzle output shall not increase by more than Io% 3 after being 
subjected to the test described in section 2. I5. Nozzle tips of various types 
suitable for residual spraying shall be tested in accordance with the 
procedures described in section 2. I 5. The purpose of this test, which will 
be. carried out in reference laboratories, is to determine the changes in 
performance due to erosion of nozzle tips under identical and standard
ized conditions. The results of the test will guide purchasing agencies in 
selecting the most suitable nozzle tips for a programme. The test will 
continue until the distribution pattern deteriorates beyond the limits 
specified below. 

(a) Discharge rate. The discharge rate will be measured at intervals as 
described in section 2.12. 

(b) Distribution pattern. The distribution pattern will be determined at 
intervals as described in section 2. I I. The pattern is unacceptable when: 

(i) the width of the plateau is less than 65% of the base; 

1 For residual spraying, nozzle tips that discharge i5i mlfmin (o.z US gal/min) at the specified 
pressure are normally required. The pressure shall be specified by the purchasing agency. 

2 For residual spraying, nozzle tips giving an So' fan at z8o kPa are normally required. When 
used in combination with the disc flow regulator, tips with a greater angle and discharge rate may be 
needed. 

3 This limit is for testing with the standard abrasive suspension. It differs from the limit at which 
a nozzle tip needs to be replaced in the field. The latter may \·ary in different programmes with the 
type of insecticide, its formulation and cost, and with the type and cost of the nozzle tip. 
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(ii) the peaks and valleys in the distribution pattern across the plateau 
exceed ± 30% of the plateau height; 

(iii) the pattern has uneven slopes with peaks reaching the plateau. 

1.16 Gaskets and seals 

Where possible all gaskets or seals shall be partially or wholly recessed 
where fitted but should be capable of being readily fitted to the sprayer. 
All seals and gaskets shall be capable of operating satisfactorily after the 
immersion test described in section 2. 13. 

It should not be possible to extrude the gasket or seal from its position 
by overtightening. 

1.17 Optional items 

The following items may be included in the order at the option of the 
purchasing agency. 

1.17 .1 Air-inlet valve 
An air-inlet valve (automobile type) may be provided for the purpose of 
supplying air pressure to the sprayer from an outside pump or high
pressure source. With such an inlet valve a highly reliable pressure-relief 
(safety) valve shall be required (see section 1.17.2). 

1.17.2 Pressure-relief (safety) valve 
An adjustable pressure-relief valve shall be provided whenever an air
inlet valve is requested, to prevent pressurization in the tank beyond the 
limits prescribed for safety or operational purposes. 

1.17.3 Regulated delivery system 
A regulated flow-delivery system, consisting of a complete nozzle assem
bly and disc flow regulator may be supplied. When the unit is new, the 
discharge rate and distribution pattern shall be as specified by the 
purchasing agency. A tolerance limit of ±4% may be allowed on the 
specified discharge rate. The pattern shall meet requirement (b) in section 
I.I5·5·2· The performance of the unit in use shall be tested and shall 
comply with the specification given in section 1.15.5· 

1.17.4 Constant-pressure regulator 
The sprayer may be equipped with a constant-pressure regulator inserted 
in the discharge line, adjustable to produce tip pressures in the pro-
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gramme operating range, as specified by the purchasing agency. The 
tolerance shall be not more than ± 20 kPa. 

1.17.5 Lances 
Extra lances may be ordered for use as extensions. These may be the same 
length as the regular ones, or any other length specified by the purchaser. 

Leakproof telescopic lances may be provided at the request of the 
purchasing agency. In the collapsed state the length shall not exceed that 
specified in section I. 14. I. 

1.17 .6 Swivel nozzles 
Leakproof swivel nozzles that can readily be rotated by hand may be 
provided. 

1.17. 7 Goose neck attachment 
A gooseneck attachment may be provided consisting of a section oflance, 
curved 120°, with a 20-cm length of tubing, conforming to section 1.14 of 
this specification, with a coupling on each end to permit attachment to the 
lance and nozzle body. 

1.17. 8 Nozzle gaskets 
Gaskets of polyethylene, or equivalent material, not less than o.o8 cm 
thick, may be provided in such places and number in the nozzle body as 
required to allow the unit to be easily and quickly disassembled and 
assembled without tools. The unit assembled in such a manner shall not 
leak when there is flow through the nozzle at maximum working pressure. 

1.18 Spare parts 

A supply of spare parts is required for each sprayer delivered (to be 
specified and itemized by the user, based on knowledge of parts most 
likely to need replacement during normal use of the sprayers over a given 
period of time). Spare parts are to be packed separately and provided for 
each sprayer according to the number required by the purchasing agency. 

1.19 Operation and maintenance manual 

An adequately illustrated manual of compression sprayer operation, 
maintenance, and repair, in the language specified by the purchasing 
agency, shall be provided by the manufacturing company. The number of 
copies of the manual to be supplied with each order is one for 1-4 sprayers, 
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two for s-8 sprayers, three for 9-12 sprayers, etc. The manual shall 
include a complete list of regular and optional parts, instructions for 
disassembly and cleaning, instructions for routine inspection, adjust
ments, and replacement of parts, instructions for handling the sprayer, 
and instructions for using the sprayer with insecticides. 

1.20 Inspection, sampling and testing 

Inspection, sampling and testing shall be performed in accordance with 
the procedure outlined in Annex 2. 

1.21 Field performance and durability test 

The sprayer shall successfully undergo a field trial for a period of 450 

hours without change in the specification provided by the manufacturers, 
or development of major and/or frequent breakdowns of any part(s) of the 
sprayer. The field trial shall be performed in accordance with the 
guidelines for field trials of the hand-operated compression sprayer. 1 

2. Test procedures 2 

The test procedures recommended in this specification are not intended 
to exclude accepted equivalent methods that may be in use in different 
countries. However, in the event of disagreement, the procedures de
scribed herein shall govern. All pressure tests must be carried out with a 
safety screen to protect the operator. 

2.1 Tank leakage test 

The tank with all its fittings attached except the pressure gauge shall be 
filled completely with water and coupled to a hydraulic pump. The tank 
shall be subjected for one minute to twice the maximum working 
pressure, or not less than 1000 kPa. The sprayer fails the test if it is 
permanently distorted or any leakage occurs. Caution must be exercised 
during the pressure test, and the tank should be enclosed in a safety cage. 

1 See Annex 3· 
2 CAUTION: It will be noted that several of the tests are performed under pressure. In these cases, 

every precaution should be taken to prevent injury to personnel or damage to surroundings in the 
event of an explosion. 
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small angle-valve is provided at each point of connection with the 
manifold in order that any connection may be closed off as desired. 

The tank under test shall be filled completely with water; the top and 
any other openings shall be closed, and the manifold filled with water to a 
point within approximately 20 cm of the filler hole. The water level may 
be checked at filling or during testing by observing from which of the 
three vent fittings water will flow upon opening. 

Compressed air shall be introduced into the manifold through a 
pressure-regulating valve and an electrically operated 3-way valve. A 
timer cam switch, driven by a small electric motor, opens and closes the 3-
way valve four or more times a minute. When electric energy is applied to 
the 3-way valve, compressed air flows from the source into the manifold at 
a pressure determined by the setting of the regulating valve. When the 
valve is de-energized, the air flows out of the manifold to the atmosphere. 
The result is that pressure is applied intermittently to the water in the 
manifold which, in turn, transmits the pressure to all parts of the sprayer. 

An electrically operated counter is connected in parallel with the 
terminals of the coil of the solenoid valve. Consequently, each time the 
valve is energized to accomplish a pressure cycle, the counter registers the 
fact and thus indicates the total number of pressure cycles accomplished. 

The counter may be omitted and the performance based on the total 
time during which the sprayers are subjected to the test at a fixed pressure 
and rate of operation. Alternatively, fatigue stress may be simulated by a 
pneumatically-controlled apparatus using pneumatic timers, valves and 
counters incorporating a low-voltage fail-safe isolating valve actuated by a 
level switch in the reservoir. Should the sprayer on test fail or leak, the test 
rig should automatically shut down and clearly indicate the number of 
cycles completed. 

2.3 Tank impact (drop) test 

A platform consisting of planed solid oak or similar wood, 5 cm thick and 
go cm square, shall be placed on a level cement, stone, or hard-packed 
earth floor. The tank to be tested, three-quarters filled with water and 
pressurized to maximum working pressure shall be held in one of the 
positions shown in Fig. V.2 and then allowed to drop in a free fall from a 
height of 6o cm on to the platform. This shall be repeated in the manner 
and for 24 times as indicated in the figure. Caution should be exercised in 
performing this test to avoid possible injury due to explosion of the tank. 
The tank shall be enclosed in a metal cage during the drop test. 
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2.4 Strap drop test 

The straps, strap clips, and strap-hangers shall be tested for the strength 
of the whole assembly. The tank shall be filled to two-thirds of its total 
liquid and air volume and the pressure raised to maximum working 
pressure. The sprayer shall then be hung from a solid support by its strap, 
simulating its. carriage on the shoulder of an operator. It shall be lifted a 
distance of 30 cm and allowed to drop freely and hang by the strap 2S 
times. The assembly shall be deemed to have failed to meet the 
requirements of this test if any part of it or its fittings breaks or becomes 
permanently deformed, or if the tank develops leaks. Leaks shall be 
determined by draining the tank of water and checking for air leakage by 
immersing the tank in water while pressurized at an internal pressure of 
400 kPa. 

2.5 Hose aging test 

Samples should be so cm long. The sample to be tested shall be placed in 
an oven at a temperature of 78° ± I 0 C. The sample shall be so suspended 
that it does not come into contact with any metal portion of the oven or 
other apparatus. After 48 hours the sample shall be removed and 
subjected to the appropriate test (see section 1. I I, requirement (2) ). 

2.6 Hose hydrostatic pressure test 

2.6.1 Before immersion 
Samples of hose not less than so cm in length shall be coupled to a 
hydraulic pump. Water shall be pumped through the tube. While the tube 
is full of water, the open end shall be closed with a metal plug and secured 
with a compression clamp. The full indicated burst pressure shall be 
applied to the hose for a period of not more than s seconds. 

2.6.2 After immersion 
Samples of not less than so cm in length shall be completely immersed in 
a mixture of 40% kerosene, 20% toluene, and 40% xylene. Care should 
be taken to avoid formation of air pockets inside the tube and to keep the 
sample from contact with the surface of the container. The sample shall be 
immersed for a period of 72 hours at a temperature of 2I-27°C, after 
which it shall be dried by hanging in the air at 2I-27°C for 24 hours. The 
test described in section 2.6. I shall then be performed on the sample. 
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suspension after every 8 hours of use. The testing apparatus shall be so 
arranged that the valve mechanism is actuated not more than IS times per 
minute. The mechanism shall open the valve in not less than o. I second 
and not more than 0.2 second. After an initial test of soo cycles at IOO kPa, 
the test shall continue for so ooo cycles of operation at soo kPa. Finally 
the test shall be repeated with the input pressure to the valve set at 
Iooo kPa for soo cycles. Alternatively a pneumatically controlled test 
apparatus can be used using pneumatic timers, valves and counters. The 
test rig should shut down if the valve under test fails and indicate the 
number of cycles completed. 

2.10 Lance strength test 

The lance shall be attached to the cut-off valve by its normal fastenings 
and the cut-off valve mounted in a bench vice in such a manner that the 
lance projects horizontally. The nozzle body is removed. A weight of 2 kg 
is dropped 8 cm to hang from the end of the lance just behind the outer 
nozzle coupling. When the weight and lance have come to rest, the weight 
is removed and the lance is rotated through I So o. The weight is dropped a 
total of 20 times with I8o0 rotation of the lance between successive drops. 
After completion of this procedure, the lance and its connections shall not 
leak, bend excessively or be otherwise unusable under normal operating 
conditions. 

2.11 Liquid-volume distribution test 

The nozzle shall be held 45 cm over a corrugated metal tray so that the 
volume of liquid discharged in each channel, normally 2.s cm wide, shall 
be collected in a separate container and the volume plotted on graph paper 
to form a histogram showing the volume distribution. Amounts of less 
than I ml at the ends of the spray base shall be omitted from the 
performance test. At least o.s litre of spray shall be applied during this 
test, or the nozzle operated for one minute. 

An apparatus that has been found suitable for performing this test is 
shown in Fig. V.6. 

2.12 Nozzle liquid discharge rate test 

For accurate nozzle liquid discharge rate tests an apparatus should be set 
up consisting of the elements shown in Fig. V.7. 
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The timer (7) may be of the photographic or industrial type that can be 
set to 30 or 6o seconds and the adjustment secured in place so that it 
cannot readily be disturbed. It should have an accuracy of± o. I seconds. 

The nozzle body (8) should be arranged for quick and easy changing of 
the tips or other types of nozzle under test. 

2.12.2 Test procedure 
The nozzle tip to be calibrated is placed in the nozzle body (8). With the 
timer off and the solenoid valve closed, the regulator (2) is adjusted to 
show a pressure on the pressure gauge ( IO) of 70 kPa above the pressure to 
be used in the test. The timer (7) is actuated, opening the valve (5) and 
allowing water to flow through the nozzle tip. The regulator (2) is 
adjusted to give the exact test pressure on the gauge (6). The timer is shut 
off and the empty measuring cylinder (9) placed under the nozzle. The 
timer is turned on and flow through the nozzle allowed for the 30- or 6o
second period. During the entire period of flow, the regulator (2) must be 
manually adjusted to keep the pressure shown on (6) at the selected level. 
At the end of the period, the timer will turn off automatically, the solenoid 
valve will close, and flow through the nozzle will stop. 

The flow through the nozzle for the standard period will be measured 
by determining the volume of water in the measuring cylinder to the 
bottom of the meniscus. For more accurate results, the weight of the water 
may be determined on a good balance. 

The procedure may be repeated as many times as desired, always using 
the same time period and without changing the timer. 

2.13 Gasket immersion treatment 

The gaskets shall be remoYed from the equipment and immersed in a 
mixture of 40% kerosene, 20% toluene, and 40% xylene (by volume) for 
a period of 72 hours at a temperature of 2I-27 °C, and then dried by 
hanging in air at 2I-27 oc for 24 hours. The gaskets shall then be replaced 
in their original positions on the equipment (see section r. I 6). 

2.14 Tests for pressure gauges 

The pressure gauges should be tested for accuracy, reliability and 
durability. Samples of gauges supplied with sprayers shall be tested for 
accuracy by assessing their performance in comparison with standard 
valid gauges. The range of error shall not exceed ± s% at any pressure. 
The range of pressure to be applied shall be that indicated on the gauge 
dial, or as specified by the purchasing agency. 
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Durability and reliability of gauges shall be tested, if possible, under 
simulated field conditions. This is done during the tank-fatigue test. At 
the end of the test, the accuracy of the gauge should be checked as stated 
above. The maximum permitted error in the gauge readings is :±: ro% of 
the true pressure. 

2.15 Standard nozzle tip erosion performance test 

2.15.1 Abrading material 
The abrading material shall be a synthetic silica powder with the 
following chemical and physical properties. 

Bulk density 
Specific gravity 
Average particle size 
Colour 
Refractive index 

Surface area 
pH (5% water suspension) 
Loss at 105 oc 
Loss at 1200 oc 
Si0 2 content 
CaO content 
Fe2 0 3 content 
Al 2 0 3 content 
NaCl content 

2.15.2 Abrading suspension 

160 kg/m 3 

1.95 
0.022 J.lm 
white 
135-165 Gardner-Sward t1est 
units 
14o-r6o m 2 /g 
7·3 
5% 
IO% 
87% 
o.5% 
0.2% 

o.6% 
I.o% 

The abrading water suspension shall contain 20 g of the abrading material 
per litre and the suspension shall remain uniform throughout the test. 

The nozzle shall be placed in a test apparatus (as shown in Fig .. V.8) so 
that it shall spray the test liquid at 300 kPa for 20 hours. The diischarge 
rate of the nozzle can be checked at o, 2, and 20 hours. 

The pattern of the nozzle should not be significantly affected by this 
test and should be checked as described in section 1.15. 5. 1. 
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Hand-activated plunger-type duster, 
hand-carried* 

Specification WHOJEQP/4· R2 
Approved 25 No,vember r963 

1. General 
1.1 Description 

The duster consists of an air pump of the simple plunger 1 type, to which 
is attached, as an integral part, a container for the dust. The air from the 
pump is led into the container, agitating the contents and expelling them 

\; , from a discharge orifice. Dusters of this type are intended primarily for 
human delousing. 

1.2 Materials of construction 

Materials other than plunger handle, plunger shaft guide, air valve and 
discharge hose shall be of tin plate, galvanized steel, or other satisfactory 
material such as plastic. Metal parts of the pump barrel, dust reservoir, 
and discharge tube, where not lock seamed, shall be joined by means of 
soft solder. An appropriate sealing compound may be used on lock or 
pressure seams of dust reservoirs to ensure dust-tight construction. 

2. Pump 
2.1 Barrel 

Tin plate used for the barrel shall be not less than 0.25 mm thick and shall 
be coated electrolytically on both sides with tin. The weight of the tin 
shall be not less than 5·5 g per kilogram of steel plate. The barrel shall be 
completely circular in cross-section. The pump-barrel cap shall be made 
of metal or other suitable material and shall be secured to the pump barrel 
in such a way that it is quickly and easily removable for servicing in the 
field. One or more oil holes shall be provided, either through the barrel, 
near the open end, or in the barrel cap (handle end). 

* IMPORTANT: While this specification is designed to provide the best equipment for field 
workers, the proper operation and maintenance of the duster are absolutely necessary if effective and 
continuous operation in the field is to be ensured. 

1 The term "plunger" is commonly used to refer to the piston of these pumps. 
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2.2 Plunger assembly 

2.2.1 Handle 
The plunger handle shall be either of hard wood, which has been treated 
to prevent moisture absorption, or of a synthetic hard materilal (e.g., 
plastic). 

The handle may be T -shaped, D-shaped, or spherical (minimum 
2.5 cm in diameter). Whichever shape is used, it must be of sufficient size 
to be grasped comfortably w·ith the whole hand, and must not have any 
rough finish or ridges likely to cause blisters in continuous use. Wherever 
possible the alternative types should be available at the purchaser's 
discretion. 

The plunger shaft must be a good sliding fit in the plunger shaft guide, 
which shall be of sufficient length to ensure that the lateral mov~~ment is 
kept to the minimum when the shaft is fully extended; and there must be 
no appreciable resistance to the sliding of the shaft. 

2.2.2 Plunger shaft guide 
The plunger shaft guide or bearing shall be located in the centre of the 
barrel cap and shall be made of metal or appropriate synthetic material. 

2.2.3 Plunger assembly 
The plunger assembly shall be so designed that the plunger cup is 
constantly in contact with the entire circumference of the inside of the 
pump barrel. The construction shall be such that it affords a free passage 
of air on the back stroke but ensures a complete seal on the forward stroke. 
The plunger assembly shall be fastened to the plunger shaft in such a 
manner that it will not become detached in use; both shall be easily 
removable from the barrel for repair or replacement, using only a coin or 
screwdriver. 

2.2.4 Plunger disc and retainer plate 
The outer disc (handle side of plunger) shall have a diameter slightly less 
than the inside diameter of the barrel. The retainer plate (forward of 
plunger) shall appropriately retain the plunger and may be equipped with 
air venting ports. The plunger disc and retainer plate shall be made of 26-
gauge galvanized steel. 

2.2.5 Plunger spring stop and washer stop 
A steel-spring stop having a minimum length of 2.5 cm shall be mounted 
on the plunger shaft behind the plunger disc in order to reduce or 
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eliminate wear due to the plunger striking against the barrel cap. A washer 
stop 2 cm in diameter shall be placed on the plunger shaft between the 
handle and the barrel cap. The stop shall be retained by means of a wedge 
in the plunger shaft, 4·5 cm forward of the handle. The spring and washer 
stops are intended to prevent injury to the operator's hand during 
manipulation of the pump, and also help to decrease fatigue. 

2.3 Air valve 

Should the pump barrel and dust reservoir be contiguous, a positive air 
valve shall be positioned in the partition separating these two compo
nents. It shall be so constructed as to permit free movement of air from 
the pump barrel into the dust reservoir, at the same time preventing 
movement of dust into the pump barrel. It must be easily accessible for 
cleaning and repair. 

3. Dust reservoir 
The reservoir may be incorporated in the pump barrel cylinder or be 
separate from it. In the latter case, special care shall be taken to ensure an 
airtight and sturdy joint. 

3.1 Capacity 

The dust reservoir shall have a minimum capacity of 490 cm 3
• 

3.2 Filler hole 

The diameter of the filler hole shall be not less than 5 cm. 

3.3 Filler cap 

The filler cap shall be threaded to the dust reservoir and shall be made 
leakproofby means of a synthetic rubber gasket mounted in the filler cap. 

4. Discharge tube from reservoir 
That part of the discharge tube affixed to the dust reservoir or the filler 
cap shall be fashioned to receive the appropriate discharge equipment. Its 
external length shall be not less than 5 cm and its diameter shall be 
sufficient to permit a tight friction fit to the discharge equipment without 
dust leakage. 
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5. Discharge equipment 
Since this equipment is used for (a) the control of external parasites of 
man, e.g. lice, and (b) the control of disease vectors and pests annoying to 
man, e.g. bedbugs and cockroaches, the following discharge equipment 
may be required. 

5.1 Hose discharge 

For the control of the external parasites of man, a single-braided flexible 
synthetic rubber hose IS cm in length and 9 mm in internal diameter, 
capable of fitting tightly over the discharge tube from the reservoir, may 
be demanded. 

5.2 Extension tube 

For the control of disease vectors or pests annoying to man, a tube so cm 
long by 9 mm in internal diameter shall be furnished. This tub{~ may be 
seamed or seamless and shall meet the following requirements: 

(I) It shall fit snugly on to the discharge tube from the reservoir without 
dust leakage. 
(z) When affixed to the discharge tube of the dust reservoir and held in a 
horizontal position, it shall be capable of sustaining the impact of a I .4-kg 
weight dropped from a height of Is cm. The ''-eight should strike the tube 
7.6 cm from the end, and shall be dropped 6 times, the duster being 
rotated I80° after each drop. At the conclusion of the test, the tubing shall 
not have cracked or have become unserviceable. 

Unless otherwise specified by the purchasing agency, the extension 
tube shall be equipped with a fan-type, or rotatable nozzle. 

6. Performance 
A uniform volume of air and dust shall be discharged at each compression 
stroke of the plunger when the duster is held at any angle. 

The duster equipped with its discharge assembly shall discharge with 
every so strokes of the pump plunger not less than 85 g of DDT 10% 
dusting powder meeting the most recent specifications established by the 
WHO Expert Committee on Vector Biology and Control. Furthermore, 
when the duster is held in a horizontal position, the discharge assembly 
shall not trap within it more than 2. 5 g of the above-mentioned dust after 
so pump strokes. 
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The duster with extension tube removed shall be capable of projecting 
dust of the above-mentioned specification at least 3 m when it is held 
horizontally and a single stroke is applied. 
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Hand-activated rotary duster, 
front-carried* 

Specification WHOjEQP/s. RI 
Approved 25 November I963 

1. Specifications 
1.1 General 

1.1.1 Description 

This is a device from which dust is discharged by means of a stream of air 
produced by a hand-operated fan ofthe simple paddle type. It is operated 
by rotating a crank and the cranking motion is transmitted through a 
simple gear-box to the blower. A drive is also taken off to provide 
agitation of the dust within a hopper and to operate the feeding 
mechanism. 

The commonest type is front-carried and is usually made as a 
cylindrical unit in which the dust is fed through a metering orifice into the 
fan, where it is dispersed into the airstream and discharged from an outlet 
to which extension tubes may be attached. The unit is provided with a 
carrying harness. 

1.1.2 Materials of construction 
The duster shall have no parts of wood, other than the handles. All 
materials of manufacture shall be chemically resistant to pesticide 
formulations likely to be used in the duster and be sufficiently strong to 
withstand normal field use. Bearings and gears shall be of bronze,, steel, or 
of other materials of like durability and wearability. 

Where nylon or other similar materials are used in the construction of 
bearings or gears, they shall be subjected to the following test. The 
bearings and gears shall be exposed as far as possible by the removal of 
covers, lids, etc., and then conditioned for 24 hours in a temperature and 
humidity simulating the higher range known to exist for these two 

" IMPORTANT: While this specification is designed to proYide the best equipment for field 
workers, the proper operation and maintenance of the duster are absolutely necessary if effective and 
continuous operation in the field is to be ensured. 
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climatic factors in the area in which they are intended to operate without 
their performance being adversely affected. 

1.1.3 Performance 
Delivery of dust shall be continuous. The rate of dust delivery shall be 
adjustable but be capable of permitting a maximum discharge of not less 
than I so g of dust per minute when the fan-actuating handle is operated 
at 35 revolutions, or cycles, per minute. The test of dust delivery shall be 
carried out as indicated in section 2. I. The duster fan shall deliver not less 
than 850 litres of air per minute with the fan-actuating handle operating at 
35 revolutions, or cycles, per m,inute. The volume of air discharged shall 
be tested as indicated in section 2.2. 

1.1.4 Weight 
The weight of the duster, complete with discharge tube and nozzle, shall 
not exceed 7·3 kg. With the dust reservoir three-quarters full of dust, the 
unit shall be well balanced when held in the operating position. 

1.2 Duster body 

1.2.1 Reservoir 

The dust reservoir shall have a total dust-holding capacity of at least 
3800 ml. The filler hole shall be at least I3 cm in its smallest horizontal 
diameter and shall be equipped with a tight-fitting cover having an easily 
operated locking device that will hold it securely in place during 
operation. 

1.2.2 Agitator 
A device shall be incorporated within the reservoir that will keep the dust 
sufficiently agitated to assist continuous gravity feed to the dust-exhaust 
port. This mechanism shall be tested as indicated in section 2.3. 

1.2.3 Feed-control mechanisms 
A feed-control mechanism shall be provided that will permit adjustment 
of the dust discharge rate from zero to maximum as specified under 
section 1.1.3. The device shall be controlled from the outside of the duster 
and shall not require any tools for its operation. An index pointer and a 
scale indicating the discharge rate shall be provided. 

1.2.4 Gear-box 
Gears shall be completely enclosed within a dustproof housing.· 
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1 .2.5 Discharge tube 
A duster discharge tube, with an inside diameter of at least 3.8 cm, shall 
be provided. This may be attached directly to the fan-housing airstream 
outlet. In addition, each duster shall be supplied with at least 3 sections of 
rigid tube of at least 3.2 cm inside diameter and between 30 and 40 cm in 
length. All such tube sections shall be equipped with means to permit 
union with the duster discharge tube and with one another. The union, or 
locking device, shall be of such a nature as to ensure that the sections will 
not be accidentally disengaged during operation of the duster and that the 
joins will be dust-tight. The strength of all tubes shall be such that they 
will withstand severe field service without damage. The sections of tube 
must be of a good sliding fit wihout any tendency to bind together when 
worn or wet. 

1 .2.6 Support 
Means shall be provided to permit the duster to rest comfortably against 
the operator's body during extended periods of duster operation. 

1 .2.7 Handles 
( 1) The crank handle shall be either of the cylindrical stub-shaped pattern 
or the spherical knob-shaped pattern, as specified by the buyer. Which
ever type is used, it must be of sufficient diameter (minimum 2.5 cm) to 
be grasped comfortably and not unduly tire the hand of the operator 
during extended operation. 
(2) A second handle, attached to the body of the duster, shall be provided 
to permit the operator to steady the duster with the free hand. 

1 .2.8 Straps 
The duster shall be provided with a carrying strap, or straps, not less than 
1.6 mm thick, 3.2 cm wide, and 1.2 m long, and with means for manual 
adjustment oflength. Such straps must not cut or chafe either the armpits 
or shoulders of the wearer. They should preferably be padded over the 
shoulder portion. 

1.2.9 Crank 
The crank handle shall extend not more than 50 cm from the body of the 
operator at its maximum distance. It should be fitted to the right-hand 
side of the unit and function with a clockwise motion. 

1 .2. 1 0 Fan case 
As partial protection against dust contamination of the operator, particu
larly under conditions of wind, the duster fan case and its attached outlet 
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tube shall be capable of rotation through an arc of at least 180°, without 
the use of special tools. This permits dusting at the most satisfactory angle 
with comfort to the operator. 

1.2.11 Duster design 
The duster shall be designed to enable minor field repairs and servicing to 
be carried out without the need for special tools. 

2. Test procedures 
2.1 Test of dust delivery 

The reservoir shall be filled approximately three-quarters full with DDT 
10% dusting powder meeting the most recent specifications established 
by the WHO Expert Committee on Vector Biology and Control and . ··· 
suitably screened to ensure a grain size of not more than 5 Jlm. The 
duster, including outlet tube, shall be weighed to the nearest gram. The 
unit shall be fixed rigidly in place and then operated continuously and 
uniformly at 35 revolutions, or cycles, of the actuating handle per minute 
for a period of at least 2 minutes. The weight of the duster shall again be 
determined to the nearest gram. The total weight of the dust discharged 
shall be computed and the rate of discharge per minute determined. 

2.2 Test of air volume discharged 

Using an appropriate air-flow meter, 5 or more readings «;>fair speed shall 
be taken at points spaced evenly across the opening of the discharge tube 
while the handle is operated at 35 revolutions, or cycles, per minute. The 
fan delivery is determined by multiplying the average air speed (average 
of flow meter readings) by the cross-sectional area of the tube. 

2.3 Performance test for agitator 

The dust reservoir shall be filled three-quarters full with DDT 10% 
dusting powder as specified under section 2. 1. The duster shall be fixed 
rigidly in place and shall be operated continuously at a medium discharge 
rate setting of the feed-control mechanism until dust is no longer 
delivered from the outlet tube. The duster shall be deemed to have met 
the specification if, upon completion of the test, not more than I 5 ml of 
dust remain ih the reservoir. 
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Hand-sprayer, intermittent* 

Specification WHO/EQP/z.Rr 
Approved 25 November I963 

1. General 
1.1 Description 

These sprayers disperse the insecticidal liquid on the forward stroke of 
the pump only. A siphon tube, extending from the bottom of the tank, is 
permanently affixed to the end of the pump barrel in front of one or more 
orifices, in such a position that a spray of the desired droplet size and 
spray angle is produced. Sprayers of this type should be used only for the 
dispersal of oil-based insecticides for space or aerosol applications and are 
not suitable for the application of wettable powders. Hand-sprayers are 
intended to be of low cost and limited life. 

1.2 Materials of construction 

All metals, gaskets, and other parts in contact with pesticide shall be 
chemically resistant to the pesticide formulations to be used, as specified 
by the purchasing agency. 

1.3 Capacity 

The capacity shall neither exceed 1 litre nor be less than 0.45 litre. 

1.4 Weight 

The weight of the sprayer when empty shall not exceed 570 kg. This 
weight includes all standard parts of the sprayer. It does not include such 
equipment as a shoulder strap or an extension lance, neither of which is 
now furnished as standard equipment. 

" IMPORTANT: While this specification is designed to proYide the best equipment for field 
workers, proper operation and maintenance of the sprayer are absolutely necessary if effe<ctive and 
continuous operation in the field is to be ensured. 

137 



Equipment tor vector control 

2. Tank 
( 1) The tank shall be of seamless construction or shall be double-seamed, 
treated and tested to ensure that it is airtight and liquid-tight. 
(2) The body ends shall be attached to the body by positive airtight and 
liquid-tight seams. 
(3) The body ends shall be equipped with a lipped extension of about 
3 mm of body proper, rolled for added protection. 
(4) Tin plate used for tanks shall be not less than 0.25 mm thick and shall 
be coated electrolytically on both sides with tin. The weight of the tin 
shall be not less than 5·5 g per kilogram of steel plate. Other materials 
used in the construction of tanks shall be of equal or greater strength and 
resistance to corrosion. 

3. Pump 
3.1 Barrel 

Pump barrels shall be a minimum of 30 mm and a maximum of 40 mm in 
diameter. The length shall be a minimum of 20 cm and a maximum of 
34 cm. Barrels shall be seamless or of lock-seam, airtight construction. 
They shall be made of tin plate of the quality specified in section 2, the 
steel plate being soft and ductile and capable of being bent flat upon itself 
in any direction. If other materials are used, they should be of equal 
strength and resistance to corrosion. 

3.2 Plunger shaft1 

The plunger shaft shall have a diameter not smaller than 4 mm. It shall be 
coated with tin or zinc or otherwise coated or made of material that will be 
corrosion resistant. It shall be of sufficient length to give a minimum of 
25 mm clearance between the handle and the end of the pump. 

The plunger shaft must have a good sliding fit in the plunger shaft 
guide, which shall be of sufficient length to ensure that the lateral 
movement is kept to the minimum when the shaft is fully extended; and 
there must be no appreciable resistance to the sliding of the shaft. A 
suitable spring or a bumper of chemically resistant rubber must be 
provided around the shaft to protect the pump barrel cap as the shaft is 
withdrawn, and a bumper or spring must also be placed round the shaft 
outside the barrel near the handle for the same purpose. 

1 The term "plunger" is commonly used to refer to the piston of these pumps. 
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3.3 Plunger assembly 

The plunger assembly shall be so designed that the plunger cup is 
constantly in contact with the entire circumference of the inside of the 
pump barrel. The construction should be such that it affords a free 
passage of air on the back stroke, so that no spray material will be 
siphoned into the pump barrel, while ensuring a complete seal on the 
forward stroke. The plunger assembly shall be fastened to the plunger 
shaft in such a manner that it will not become detached in use; both shall 
be easily removable from the barrel for repair or replacement, using only a 
coin or screwdriver. 

3.4 Handle 

The plunger handle shall either be of hard wood, which has been 1treated 
to prevent moisture absorption, or of a synthetic hard materiall (e.g., 
plastic). 

The handle may be T -shaped, D-shaped, or spherical (minimum of 
2.5 cm in diameter). Whichever shape is used, it must be of sufficient size 
to be grasped comfortably with the whole hand, without any rough finish 
or ridges likely to cause blisters in continuous use. Wherever possible the 
alternative types should be available at the user's discretion. 

3.5 Air vent 

Intermittent sprayers shall be equipped with an air vent to allow air to 
replace the liquid in the tank as it is dispersed. The air vent shall be 
equipped with a baffle to prevent the spray liquid from spilling out 
through the vent. 

4. Filler hole 
The filler hole shall be not less than 38 mm in diameter on r-litre tanks, 
and not less than 25 mm on 0-45-litre tanks. 

5. Discharge equipment 
5.1 Capillary feed tube 

The feed tube shall reach to within 2 mm of the bottom of the tank. It may 
be made of metal or plastic and shall be securely fastened in pllace in 
relation to the orifice in the end of the pump so as to produce the desired 
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droplet size and spray pattern. The tube shall be easily accessible for 
cleaning. One or more orifices and capillary tubes shall be provided at the 
purchaser's option. 

6. Discharge 
The discharge system shall function at the lowest possible working 
pressure. When pressure decreases below ~ certain point, quick stoppage 
of liquid flow must take place. 
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Stirrup-pump-type sprayer, 
single-barrel* 

Specification WHOjEQP/3. R3 
Approved 23 November 1970 

1. Specifications 
1.1 Description 

The single-barrel stirrup-pump shall comprise the following essential 
parts: 

Barrel 
Plunger 1 assembly 
Valves 
Stirrup 

Intake port 
Delivery outlet 
Hydraulic agitator 

1.2 Materials of construction 

Hose 
Cut-off valv~~ 
Lance 
Nozzle 

The sprayer barrel shall be made of one of the following metals, as 
specified by the purchasing agency: 

(1) Brass, with a composition of: 
Zinc: 20.0-40.0% Copper: to 100% 
(or the nearest equivalent national standard in the country of supply) 

(2) Silicon bronze, with a composition of: 
Silicon: 2.80-3.25% Iron: 0.10% maximum 
Manganese: 0.75-1.25% Lead: o.o2% maximum 

Copper: to 100% 
(or the nearest equivalent national standard in the country of supply). 

Other materials may be considered, provided that the finished unit 
complies with all other requirements of this specification. 

All other metal parts that normally come into contact with the 

" IMPORTANT: While this specification is designed to provide the best equipment for field 
workers, proper operation and maintenance of the sprayer are absolutely necessary if effective and 
continuous operation in the field is to be ensured. 

1 The term "plunger" is commonly used to refer to the piston of these pumps. 
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insecticide shall be of one of the above metals, of Monel, or of anodized 
aluminium. 

The stirrup shall be made of mild steel. All metal tubing shall be 
seamless or shall be welded by contact or by electric-arc processes. 
Resultant welds shall have a tensile strength at least equal to that of the 
parent metal. No soft solder shall be used in the construction of the 
sprayer. 

1.3 Dimensions 

The overall height of the pump to the handle in its lowest position shall be 
6o-7o cm. 

1.4 Weight 

The weight of the sprayer, complete with all accessories but excluding the 
discharge line, shall not exceed 4 kg. 

1.5 Barrel 

The barrel shall have a smooth bore and shall be able to withstand 
consistent rough usage in the field. Barrels shall withstand an internal 
pressure of 1400 kPa. A metal thickness of not less than 0.65 mm is 
required. One end of the barrel shall be fitted with a heavy-duty plunger
shaft guide, and the other with a combined strainer assembly and foot
valve. The bore of the barrel shall be not less than 20 mm and not more 
than 35 mm. The "crow's-foot" of the foot-valve housing shall be of 
sufficient cross- and longitudinal-section to withstand long wear and a 
crushing load of 8o kg without damage. 

1.6 Stirrup 

The barrel clamp shall be of sufficient length to ensure stability and 
rigidity during the pumping cycle. The vertical bracket shall be made of 
two pieces of flat mild steel, each measuring 22 mm in width and 5 mm in 
thickness, held together by three evenly spaced rivets; or it may be made 
of an alternative material of equal strength and rigidity. 

The vertical bracket must have a minimum length of 40 cm from the 
underside of the horizontal section (saddle) to the ground. The pump 
barrel and the vertical bracket shall be at least 8 cm apart throughout their 
length. 
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The foot-rest shall be made of flat metal. It shall be preferably elliptical 
in shape, with the short axis of the ellipse 20 cm across and placed at right 
angles to the vertical bracket. The long axis of the ellipse shall be 25 cm in 
length. 

1.7 Plunger assembly 

1.7.1 Plungershaft 

The plunger shaft shall be of steel or other metal with a low electrolytic 
deterioration and of sufficient strength to withstand hard field usage. It 
shall be easily removable for cleaning and repair in the field. The length of 
the plunger shaft shall be such that when fitted with the cup lleather 
assembly it shall reach within 25 mm of the bottom of the barrel. The 
plunger shaft shall be fitted with a supplementary device that will 
function as a bumper or retarding mechanism. Plunger shafts shall 
withstand without permanent deflection a load of 22 kg when subjected to 
the test described in section 2. I. 

1. 7.2 Handle 
The pump handle may be of the D-type or the T -type. The D-type shall 
have a grip of not less than 10 cm inside the grip support. The T -type 
shall be a cylindrical tube not less than 20 cm long nor less than 3 cm in 
diameter. The pump handle shall be so designed that a complete stroke of 
the pump may be obtained with the pump handle turned to any position. 
The compression strength of the assembly, including the handle, its 
components and its junction with the plunger rod, shall not be less than 
that of the plunger rod. The material used for manufacture shall be 
nonabsorbent. 

1 .7.3 Travel limitation device 
A travel limitation device shall be provided that will limit the upward and 
downward travel of the plunger shaft within the barrel to a maximum of 
35 cm. A maximum travel of 15 cm is recommended where the pump is 
used for residual spraying operations, such as malaria control or eradic
ation programmes. 

1. 7.4 Plunger cup 
The plunger cup, if made ofleather, shall be shaped from chrome lleather 
and, unless otherwise specified, shall be treated with p-nitrophe:nol or 
other suitable fungicide as specified by the purchaser. It shall be not less 
than r.6 mm thick and the cup leather skirt shall be not less than 13 mm in 
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length. Cups of synthetic rubber, oak-tanned leather, or plastic, or 0-
rings of equal strength and resistance to solvents may be supplied at the 
option of the user agency. 

1.7.5 Plunger cup spreader 
A cup spreader shall be provided to press the cup skirt against the pump 
cylinder wall. 

1.8 Strainers 

Two strainers of equal dimensions shall be provided at different points in 
the discharge line between the entry to the pump and the entry ports of 
the cut-off valve. These strainers shall be made of Monel, stainless steel, 
or bronze. The total open area of each of the two strainers shall be not less 
than 10 cm2 . The strainers shall have sufficient structural strength, or 
shall be mounted in such a way, that they will not be subject to accidental 
puncture or collapse. They shall be easily removable and replaceable 
without special tools, and it is preferable that they should be simply 
pushed into place rather than screwed. Flow through the strainers shall be 
from the outer surface inward. A strainer confined in a tubular member 
shall have not less than 2.4 mm clearance in the annular space. The 
strainer openings shall have no dimension greater than 0.5 mm. 

1.9 Valves 

Valves shall be airtight and liquid-tight and shall be made of hard bronze, 
stainless steel, or equivalent material. The travel of the liquid-inlet valve 
and the plunger-shaft valve shall be limited by an appropriate stop. 

1.9.1 Hydraulic agitator 
The pump shall be equipped with a hydraulic agitator in the form of a 
bypass valve fixed in the foot-valve assembly mechanism. The agitator 
shall be adjustable in order to aid control of discharge at the nozzle tip. 
The outlet to the agitator shall be at an angle of J0° to the barrel. Agitators 
shall comply with the test described in section 2.2. 

1.10 Delivery 

Two types of pumps are involved. In one type, pressure shall be 
developed on both the up and the down stroke, the delivery pressure 
being controlled by an adjustable relief mechanism fixed to the foot-valve 
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assembly. This type is used mainly for the application of water
dispersible powder formulations where good agitation of the spray 
suspension is required. Alternatively, pressure may be developed during 
one stroke of the pump only, provided that an air-chamber is incorporated 
in the pump of sufficient capacity to maintain continuous and uniform 
discharge at the nozzle at a normal rate of pumping. 

1.1 0.1 Delivery outlet 
The delivery outlet coupling (male) shall be an adaptor about 25 mm 
long, screwed or welded to the unit or cast with it. If possible, this 
attachment shall form an angle of approximately 6o 0 with the barrel 
(slanting downwards). If the attachment is at right angles to the barrel, 
then the hose must be suitably reinforced for a distance of at least 10 cm 
from the coupling to prevent bending or collapsing. The coupling shall be 
fitted with a compression ring between threads and coupling neck. 

1.11 Hose 

Hose for general use shall be of rubber and shall be chemically resisltant to 
the pesticide formulations to be used, as specified by the purchasing 
agency. A length of 1.5 m with an inside diameter of 9-5 mm shall be 
provided with each sprayer. The hose shall have one or more plies of 
reinforcement made from cotton duck, cotton yarn, or synthetic fibre, of 
at least two-end yarn. The material shall be evenly and firmly woven and 
free from unsightly defects such as dirt, knots and lumps, as well as from 
irregularities of twist. The tube and cover shall be free from pitting and 
shall be uniform in thickness. The reinforcement shall be lapped (not 
sewn) at least 13 mm and shall be well frictioned on both sides with a 
rubber compound that shall firmly join the plies to the rubber tube and 
cover and to each other. 

For use with water suspensions, polyYinyl chloride or other plastic hose 
may be specified by the purchasing agency. 

Samples of the hose shall meet the follow-ing requirements. 

(1) Tolerance in inside diameter 
(2) Breaking test: 

initial, minimum 
decrease after aging, maximum 
(section 2.3) 

Rubber 

±o.8 mm 

28oo kPa 

35% 

Plastic 
±1.3 mm 

1400 kPa 
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(3) Bursting strength under hydrostatic 
pressures: 
initial, minimum (section 2.4.1) 

after immersion, minimum 
(section 2.4.2) 

(4) Swelling after immersion, maximum 
(section 2.5) 
Expansion after 5 minutes under 
hydrostatic pressure of 4·55 kPa 

1.12 Hose connections 

28oo kPa 1000 kPa 

1ooo kPa 

20% 

IS% 

Hoses shall be retained on connections or couplings preferably by clamps 
or clips of the worm-drive type. 1 The connections shall have no sharp 
edges and a minimum of extended projections liable to catch on clothing 
or other objects. Hose connections shall be deemed to have met strength 
requirements if they withstand a static hydraulic pressure test of 2000 kPa 
for a period of 5 minutes without evidence of leakage or structural failure 
following 5 applications and removals of the hose from the connections. 
The 5 applications and removals shall be made in series and at short 
intervals, both before and after immersion. 

Threaded terminal connections shall have finished hexagonal faces or 
opposing flattened surfaces. Knurled faces or wing-nuts of adequate 
strength and size may be permitted if couplings are fabricated to enable 
airtight and liquid-tight joints to be made by thumb pressure at the 
highest designated operating pressure. 

1.13 Cut-off valve 

1.13.1 Construction 
All metal parts of the valve body shall be made of brass, bronze, anodized 
aluminium, or stainless steel. The valves shall be so constructed that inner 
and outer parts are readily accessible for cleaning without the use of 
special tools. 

1.13.2 Connections 
Valves shall be equipped with screw threads at inlet and outlet ports. The 
outer surface of the valve, adjacent to the screw threads, shall have 

1 Where plastic hose is specified, the hose connections may be of a type agreed upon between the 
purchasing agency and the manufacturer. 
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opposing faces, to permit the use of a wrench, if tools are required for its 
removal. Knurled faces or wing-nuts of adequate shape and size may be 
used provided that the valve can be loosened and tightened adequately by 
the pressure of thumb and fingers alone, without the use of tools, at the 
highest designated operating pressure. 

1. 13.3 Liquid passages 
No liquid passages through which the entire liquid volume must pass 
shall have a cross-sectional area of less than o.2s cm 2

• 

1.13.4 Valve handle 
The handle shall be conveniently located on the valve to permit actuation 
by the hand. The valve handle and all associated parts shall conveniently 
fit the operator's hand without discomfort, and shall have no sharp edges 
or projections. 

The torque required to move the handle on a lever-type valve from the 
closed to the open position shall be not more than I.S Nm. The length of 
the valve handle shall be not less than 10 cm measured from the pivot. 
The method used to determine the torque is described in section 2.6. 

1.13.5 Leakage 
A sample of cut-off valves shall not drip or leak through the valve or 
around the packing when subjected to: 

(a) so ooo cycles of operation at a pressure of 4SS kPa and 
(b) soo cycles of operation at a pressure of 700 kPa in accordance with 

the test described in section 2.7. 

1.14 Lance 

1.14.1 Description 
Lances shall be of seamless construction and shall be easily detachable 
and extendable. They shall have the same thread and size at both ends so 
that any number of lances in series, or the nozzle alone, can be connected 
directly to the cut-off valve housing. Joints shall be leakproof and body 
facings shall have hexagonal or flattened faces. Knurled faces or wing
nuts of adequate shape and size may be permitted if couplings are 
fabricated to enable airtight and liquid-tight joints to be made by thumb 
pressure at the highest designated operating pressure. A gasket may be 
used to ensure a tight fit. The inside diameter of the tube shall be not less 
than 6 mm. Standard lances shall be between 40 and so cm in length, 
measured between the external faces of the joints. At the option of the 
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purchasing agency, lances able to be stored in the tank during transport 
may be specified. 

1.14.2 Strength 
The strength of the lance and its joints shall be such that it will meet the 
test described in section 2.8. 

1.15 Nozzle 

1.15.1 Description 
The spray nozzle shall be of the hydraulic energy type in which droplets 
are formed by forcing the spray material through an orifice. It shall 
consist of a droplet-producing nozzle tip plus a nozzle body and nozzle 
cap. The nozzle tip shall be removable and replaceable without the use of 
tools, and shall not leak after reassembly. Gaskets of polyethylene or .other 
materials may be used. 

1.15.2 Materials of construction 
The nozzle body and cap shall be of nonferrous metal or plastic material. 
The tip shall be stainless steel, ceramic plastic, or other suitable material. 

1. 15.3 Dimensions 
The tip diameter shall be 1.5o8±o.oo5 cm for the flange, and 1.257 
± 0.010 cm for the body. The eccentricity of the orifice bore shall not 
exceed 0.013 cm. 

The lance connecting thread shall be I/4 in NPT 1 (or the nearest 
equivalent national standard as stipulated by the purchasers). 

1. 15.4 Weight 
The weight of the nozzle assembly (tip, body, and cap) shall not exceed 
70 g. 

1.15.5 Performance 
1.15.5·1 Initial performance 
(a) Initial discharge rate. The discharge rate of the tip shall be as 
specified by the user agency. 2 Tolerance limits of the initial discharge rate 
shall not exceed ± 4% when tested in accordance with the procedure 
described in section 2.10. 

1 National (USA) pipe thread. 
2 For residual spraying, nozzle tips that discharge 7 57 ml/min ( o.z US gal/min) at the specified 

pressure are normally required. The pressure shall be specified by the purchasing agency. 
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(b) Initial distribution pattern. The nozzle tip shall deliver a flat fan
shaped spray, the two sides of the fan forming the angle specified by the 
purchaser. 1 It shall maintain a uniform distribution throughout tht~ entire 
pattern, giving an even coverage across at least 8o% of the swath width 
(plateau); the side portions of the pattern shall have even slopes without 
peaks when tested as described in section 2.9. 

r. I 5.5.2 Standard erosion performance 
Nozzle tips of various makes and types suitable for residual spraying shall 
be tested in accordance with the procedures described in section 2.I3. 

The purpose of this test, which will be carried out in reference laborator
ies, is to determine the changes in performance due to erosion of nozzle 
tips under identical and standardized conditions. The results of the test 
will guide the purchasing agencies in selecting the most suitable nozzle 
tips for a programme. The test shall continue until the distribution 
pattern deteriorates beyond the limits specified below. 
(a) Discharge rate. The discharge rate shall be measured at intervals as 
described in section 2.Io. 

(b) Distribution pattern. The distribution pattern shall be determined at 
intervals as described in section 2.9. The pattern is unacceptable when: 

(i) the width of the plateau is less than 65% of the base; 
(ii) the peaks and valleys in the distribution pattern across the plateau 

exceed± 30% of the plateau height; 
(iii) the pattern has uneven slopes with peaks reaching the plateau. 

1.16 Gaskets 

All gaskets shall be capable of being readily fitted to the sprayer. After 
having been submitted to the test described in section 2. I I they shall 
operate satisfactorily at 455 kPa after discharging go litres of the actual 
pesticide formulation to be used. \\'here possible, gaskets shall be wholly 
or partially recessed into the metal on to which the joints are made. 
Polyethylene or other plastic gaskets may be used for working with water 
suspenswns. 

1 For residual spraying, nozzle tips giving an 8o' fan at z8o kPa are normally requin:d. When 
used in combination with the disc flow regulator, tips with a greater angle and discharge rate may be 
needed. 
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1.17 Optional items 

The following items may be included in the order at the option of the 
purchasing agency. 

1.17.1 Regulated delivery system 
A regulated flow-delivery system, consisting of a complete nozzle assem
bly and disc flow regulator may be supplied. When the unit is new the 
discharge rate and distribution pattern shall be as specified by the 
purchasing agency. A tolerance limit of ±4% may be allowed on the 
specified discharge rate. The pattern shall meet requirement (b) in section 
1.15·5·2. The performance of the unit in use shall be tested and shall 
comply with the specifications given in section 1.15.5· 

1.17.2 Lances 
Extra lances may be ordered for use as extensions. These may be the same 
length as the regular ones, or any other length specified by the purchaser. 

Leakproof telescopic lances may be provided at the request of the 
purchasing agency. In the collapsed state the length shall not exceed that 
specified in section 1. 14. 1. 

1 .17.3 Swivel nozzles 
Leakproof swivel nozzles that can readily be rotated by hand may be 
provided. 

1.17 .4 Goose neck attachment 
A gooseneck attachment may be provided consisting of a section of lance, 
curved 120°, with a 20-cm length of tubing, conforming to section 1.14 of 
this specification, with a coupling on each to permit attachment to the 
lance and nozzle body. 

1.17 .5 Nylon nozzle body 
A nozzle body and cap made of shockproof nylon (containing not less than 
2% moisture by weight) may be provided in place of the normal brass 
fitting. The nylon body and cap, with a female threaded fitting and 
without a nozzle tip, disc flow regulator, gaskets, or filter, shall not weigh 
more than 9 g. 

1.17 .6 Nozzle gaskets 
Gaskets of polyethylene or equivalent material, not less than o.oo8 cm 
thick, may be provided in such places and number in the nozzle body as 
required to make that unit easily and quickly disassembled and assembled 
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without tools. The unit assembled in such a manner shall not leak when 
there is flow through the nozzle. 

1.18 Spare parts 

A supply of spare parts is required for each sprayer delivered (to be 
specified and itemized by the user, based on knowledge of parts most 
likely to need replacement during normal use of the sprayers over a given 
period of time). Spare parts are to be packed separately and provided for 
each sprayer according to the number required by the purchasing agency. 

1.19 Operation and maintenance manual 

An adequately illustrated manual of compression sprayer operation, 
maintenance and repair, in the language specified by the purchasing 
agency, shall be provided by the manufacturing company. The number of 
copies of the manual to be supplied with each order is one for 1-4 
sprayers, two for s-8 sprayers, three for 9-12 sprayers, etc. The manual 
shall include a complete list of regular and optional parts, instructions for 
disassembly and cleaning, instructions for routine inspection, adjust
ments and replacement of parts, instructions for handling the sprayer, 
and instructions for using the sprayer with insecticides. 

1.20 Inspection, sampling and testing 

Inspection, sampling and testing shall be performed in accordance with 
the procedures outlined in Annexes 2, 3 and 4· 

2. Test procedures 1 

2.1 Plunger-shaft deflection test 

The plunger shaft, stripped of all its parts, shall be placed in a horitzontal 
position and supported across two iron or steel rods 25 mm in di~tmeter 
and 40 cm apart. A suspended load of 22 kg with a bearing surface equal 
to that of the supporting rods is applied at a point on the upper side of the 
shaft midway between the two supports for a period of not less !than 5 
minutes. 

1 CAUTION: It will be noted that several of the tests are performed under pressure. In thtse cases, 
every precaution should be taken to preYent injury to personnel or damage to surroundin1gs in the 
event of an explosion. 
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2.2 Hydraulic agitator test 

Fifteen litres ohs% DDT water-dispersible powder in a final concentra
tion of 2t% DDT shall be pumped through the sprayer. Consecutive 
I-litre samples shall be collected from the nozzle outlet for the entire 
period of discharge. The concentration of DDT in each of these samples 
shall be not less than 2% nor more than 4%-

2.3 Hose aging test 

The sample to be tested shall be placed in an oven at a temperature of 
78 ± 1 oc. The sample shall be so suspended that it does not come into 
contact with any metal portion of the oven or other apparatus. After 48 
hours the sample shall be removed and subjected to the appropriate test 
(see section 1.11, requirement (2)). 

2.4 Hose hydrostatic pressure test 

2.4.1 Before immersion 
Samples of hose not less than so cm in length shall be coupled to a 
hydraulic pump. Water shall be pumped through the tube. While the tube 
is full of water, the open end shall be closed with a metal plug and secured 
with a compression clamp. The full indicated burst pressure shall be 
applied to the hose in a period of not more than s seconds. 

2.4.2 After immersion 
The sample shall be completely immersed in a mixture of 40% kerosene, 
20% toluene, and 40% xylene. Care should be taken to avoid formation of 
air pockets inside the tube and to keep the sample from contact with the 
surface of the container. The sample shall be immersed for a period of 72 
hours at a temperature of 2I-27 oc, after which it shall be dried by 
hanging in the air at 2I-27 oc for 24 hours. The test described in section 
2-4- I shall then be performed on the sample. 

2.5 Hose swelling test 

Swelling shall be determined by measuring the inside and outside 
diameters of the sample before and after immersion. The method of 
immersion shall be that specified in section 2.4.2. The hose shall meet the 
requirement specified in section 1. I I (requirement (4) ). 
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2.6 Cut-off valve handle actuation tests 

The method of measuring the torque required to activate the cut-off valve 
is shown in Fig. V.3 (see p. I I9). The torque is equal to the weig:ht (W) 
required to move the lever from the closed to the open position multiplied 
by the distance (D) from the point of application of the weight to the pivot 
point of the lever. 

2.7 Cut-off valve reliability test 

The valve shall be rigidly mounted and operated by a cam and cam 
follower, as shown in Fig. V.4 (seep. 120). When operated by a cam of this 
design under 455 kPa of hydraulic pressure (applied to the valve faces), a 
typical valve will open and close in accordance with the curve in Fig. V.5 
(A) (seep. I21). This action is a satisfactory reproduction of the opening 
and closing characteristics of a hand-operated valve as shown in Fig. V.5 
(B). The test liquid shall consist of either (I) a mixture of 40% kerosene, 
20% toluene, and 40% xylene, or (2) a s% suspension of DDT water
dispersible powder, as specified by the purchasing agency. The former is 
used to impose the maximum demand on nonmetal parts; the latter will 
test the abrasion resistance of the metal parts of the valve and willl reveal 
any tendencies towards stoppage of the liquid passages. The test liquid 
shall be applied to the inlet of the valve under a static pressure of 455 kPa. 

The outlet of the valve shall be carried through a spray nozzle designed 
to deliver approximately o. 7 5 litre per minute at 350 kPa. The nozzle may 
discharge directly or through appropriate piping into a reservoir from 
which the liquid is returned under pressure to the inlet port of tht! valve. 
The test mixture shall be changed after every 48 hours of use, and lthe test 
suspension after every 8 hours of use. The testing apparatus shalll be so 
arranged that the valve mechanism is actuated not more than IS times per 
minute. The mechanism shall open the ul.-e in not less than o. I second 
and not more than 0.2 second. After 50 ooo cycles of operation under 
these conditions, the test is repeated with the input pressure to the valve 
set at 700 kPa for 500 cycles. 

2.8 Lance strength test 

The lance shall be attached to the cut-off valve by its normal fasltenings 
and the cut-off valve mounted in a bench vice in such a manner that the 
lance projects horizontally. The nozzle body is removed. A weight of 
2.25 kg is dropped 8 cm to hang from the end of the lance just behind the 
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outer nozzle coupling. When the weight and lance have come to rest, the 
weight is removed and the lance is rotated I 8o o. The weight is dropped a 
total of 20 times with I8oo rotation of the lance between successive drops. 
After completion of this procedure, the lance and its connections shall not 
leak or be otherwise unusable under normal operating conditions. 

2. 9 Liquid-volume distribution test 

The nozzle shall be held 45 cm over a metal tray corrugated in peaks and 
valleys in such a manner that the volume of liquid discharged in each 
2.5 cm of the spray shall be collected in one valley. The liquid from each 
valley shall be collected in a separate container and the volume plotted to 
form a curve showing the volume distribution. 

An apparatus that has been found suitable for performing this test is 
shown in Fig. V.6 (see p. I23). 

2.10 Nozzle liquid discharge rate test 

For accurate nozzle liquid discharge rate tests an apparatus should be set 
up consisting of the elements shown in Fig. V.7 (see p. I24). 

2.1 0.1 Test apparatus 
! 

A manually powered source of compressed air can be used, but a· power-
driven source is highly desirable. 

Small balanced-diaphragm pressure regulators (2) may be used. They 
should be readily adjustable by turning a knob. 

Both the air reservoir (3) and water reservoir (4) may be compression 
sprayer tanks. The air reservoir contains no water. The water reservoir is 
filled to the top and refilled when empty. 

The solenoid valve (5) should be of the single-channel type (normally 
closed) capable of on/off operation at s6o kPa. Its electric coil should be 
designed to operate on the local voltage and frequency. 

The pressure gauge (6) should be frequently calibrated against a 
standard. Mounted on it should be a buzzer, connected through a voltage
reduction device to the timer. The buzzer is intended to cause vibration of 
the gauge and prevent the needle from sticking. 

The timer (7) may be of the photographic or industrial type that can be 
set to 30 or 6o seconds and the adjustment secured in place so that it 
cannot readily be disturbed. It should have an accuracy of± o. I second. 

The nozzle body (8) should be arranged for quick and easy changing of 
the tips or other types of nozzle under test. 
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The pressure gauge ( 10) on the air reservoir need not be as accurate as 
the calibrated pressure gauge (6). 

2.1 0.2 Test procedure 
The nozzle tip to be calibrated is placed in the nozzle body (8). With the 
timer off and solenoid valve closed, the regulator (2) is adjusted to show a 
pressure on the pressure gauge (10) of 70 kPa above the pressure to be 
used in the test. The timer (7) is actuated, opening the valve (5) and 
allowing water to flow through the nozzle tip. The regulator (2) is 
adjusted to give the exact test pressure on the gauge (6). The timer is shut 
off and the empty measuring cylinder (9) placed under the nozzle. The 
timer is turned on and flow through the nozzle allowed for the 30- or 6o
second period. During the entire period of flow the regulator (2) must be 
manually adjusted to keep the pressure shown on (6) at the selected level. 
At the end of the period, the timer will turn off automatically, the solenoid 
valve will close, and the flow through the nozzle will stop. 

The flow through the nozzle for the standard period will be measured 
by determining the volume of water in the measuring cylinder to the 
bottom of the meniscus. For more accurate results, the weight of the water 
may be determined on a good balance. 

The procedure may be repeated as many times as desired, always using 
the same time period and without changing the timer. 

2.11 Gasket immersion treatment 

The gaskets shall be removed from the equipment and immerse:d in a 
mixture of 40% kerosene, 20% toluene, and 40% xylene for a period of 72 
hours at a temperature of 21-27 °C, and then dried by hanging in air at 
21-27 oc for 24 hours. The gaskets shall then be replaced in their original 
positions on the equipment (see section 1. 16). 

2.12 Tests for pressure gauges 

The pressure gauges should be tested for accuracy, reliability, and 
durability. Samples of gauges supplied with sprayers shall be tested for 
accuracy by assessing their performance in comparison with standard 
valid gauges. The range of error shall not exceed± 5% at any pressure. 
The range of pressure to be applied shall be that indicated on the gauge 
dial, or as specified by the purchasing agency. 

Durability and reliability of gauges shall be tested, if possible, under 
simulated field conditions. This can be done during the tank-fatigue test. 
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At the end of the test, the accuracy of the gauge should be checked as 
stated above. The maximum permitted error in the gauge reading is 
± 10% of the true pressure. 

2.13 Standard nozzle tip abrasion test 

2.13.1 Abrading material 
The abrading material shall be a synthetic silica powder with the 
following chemical and physical properties. 

Bulk density 
Specific gravity 
Average particle size 
Colour 
Refractive index 
Surface area 
pH (5% water suspension) 
Loss at 105 oc 
Loss at 1200 oc 
SiO 

2 
content 

CaO content 
Fe20 3 content 
Al 2 0

3 
content 

NaCI content 

2.13.2 Abrading suspension 

160 kg/m 3 

1.95 
0.022 pm 
white 
135-165 Gardner-Sward test units 
140-160 m 2 /g 

7·3 
5% 
IO% 
8iYo 
0.5% 
0.2% 
o.6% 
I.Oo/o 

The abrading water suspension shall contain 19.2 g of the abrading 
material per litre and the suspension shall remain uniform throughout the 
test. 

2.13.3 Discharge through nozzle tips 
The abrading suspension shall be discharged through the nozzle tip (or 
tips) under test at a constant tip pressure of 280 kPa. An example of 
equipment for this test is illustrated in Fig. V.8 (see p. 126). 

The suspension must not be recirculated through nozzle tips under 
test. 

2.13.4 Test of nozzle tips 
The tips shall be tested for discharge rate and liquid-volume distribution 
pattern (according to sections 2.9 and 2.10) at 4-litre intervals until they 
are abraded to the point where the flow rate increases beyond the 
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allowable limit of 6% or the liquid distribution pattern deteriorates (see 
section I.I5·5-2). Tubes in the liquid-volume test at the ends of the spray 
base that receive less than 1 ml shall be omitted from the performance 
test. 
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Single-use aerosol dispenser for the 
disinsection of aircraft by the 
"blocks away" method 

Specification WHO/EQP/6.RI 
Approved 23 November 1970 

The "blocks away" method of disinsecting aircraft was established by the 
WHO Expert Committee on Insecticides and is described in its eleventh 
report. 1 The method calls for a single-use aerosol dispenser for the 
treatment of all spaces accessible from the interior, excluding the flight 
deck. 

1. Specifications 
1.1 General 

1.1.1 Description 
The dispensers shall be single-use nonrefillable types, with a capacity 
specified by the purchasing agency. They shall consist of a container and a 
valve or release mechanism, such that when the valve is actuated the entire 
contents will be discharged in the form of an aerosol without interruption 
and within a stated period of time. The regulations of governments and of 
the International Air Transport Association (IAT A) 2

.3 relating to the 
carriage of restricted articles by air must be complied with. The aerosol 
produced must be nonflammable, 4 free from human toxicity risks, non
irritant to either passengers or aircrew, and noninjurious to materials used 
in aircraft construction. The finished product shall be clean, uniform, and 
free from any defects that might impair its utility, such as any form of 
sediment or foreign particles, as, for example, dirt or metal waste. 

1.1.2 Container 
This shall be made of metal and be constructed in one piece, except for the 
top, without side or bottom seams. The bottom shall be flat. The outside 

1 WHO Technical Report Series, No. 206, 1961, p. 8. 
z International Air Transport Association. Restricted Articles Regulations. Geneva, 1960. 
3 WHO unpublished document, VBC/85.4: available on request from Control of Tropical 

Diseases, World Health Organization, 1211 Geneva 27, Switzerland. 
4 The word "nonflammable" is used to mean not easily set on fire. 
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of the container shall be clearly marked with the percentage combination 
of the active ingredients,the net weight of the contents, the date of 
manufacture, and the batch number, as well as with clear instructions for 
operation. Lithographing should be used to provide this information, but 
where this is not possible securely affixed paper labels are acceptable. 

1.1.3 Contents 
The formulation used for filling shall be one of those recommended for 
the purpose in the current International Health Regulations. 

1.1.4 Dip tube 
The dip tube may be made of either metal or plastic and must be so 
constructed that it touches the bottom of the container. To prevent any 
restriction to the flow up the tube as a result of direct contact with the 
bottom, the lower end shall be provided with a Z-cut (or with two V
shaped notches at opposite sides of the tube) that shall be about 1.5 mm in 
depth. 

1.1.5 Valve 
The valve or release mechanism must be so designed that when once it has 
been opened it is impossible to close it again or in any way interrupt the 
flow. The dip tube and the valve must be effectively sealed together so 
that discharge can take place only through the valve orifice. The valve and 
dip tube assembly must be sealed into the container in such a way that it is 
completely leakproof. 

1.1.6 Valve cap 
A cap must be provided to cover fully the external portion of the valve and 
to give protection from accidental damage or discharge. It may be 
constructed of either metal or plastic but must have sufficient rigidity to 
provide the requisite protection and have a clearance of not less than 
3 mm above the valve. If made of plastic, it must not show any shrinkage 
or distortion when stored over a period of 18 months after manufacture. 
Three 3-mm diameter holes must be provided at points equidistant round 
the side of the cap in such a way that discharge will continue even though 
the cap may be replaced. 

1.1.7 Packaging 
The packaging provided for the dispensers must clearly display the 
following information in such a way that it can be seen under st!Drage 
conditions: 
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(a) the number of units contained; 
(b) the net weight of the contents of each unit; 
(c) the date of manufacture; 
(d) the batch number. 

1.2 Performance 

1.2.1 Filling 
The filling of the dispensers shall be such that when operated at any time 
during a period of I8 months from the date of manufacture, the minimum 
amount discharged is not less than that stated on the dispenser. 

1.2.2 Discharge 
When operated according to the manufacturer's instructions the rate of 
discharge of the dispenser shall be I .o g ± 0.2 g per second at 27 oc. The 
aerosol produced shall comply with the following physical requirements 
when tested as described in Annex I: (a) not more than 20% by weight of 
the aerosol shall consist of droplets of diameter greater than 30 J.lm; (b)not 
more than I% by weight of the aerosol shall consist of droplets of 
diameter greater than so J.lm. These requirements may not necessarily be 
met during the discharge of the last 10% of the contents. 

1.2.3 Rough usage 
The dispenser must not leak when tested as described in section 2.2. 

1.2.4 Heat stability 
No leakage, distortion, or other defect shall arise when the dispenser is 
tested as described in section 2.3. 

1.2.5 Crazing effect 
Crazing of stressed polymethyl methacrylate plastic must not occur when 
the aerosol is tested in accordance with the method described in section 
2-4-

1.2.6 Biological performance 
The insecticidal action of an aerosol produced from its dispenser shall not 
be inferior to that of the standard reference aerosol (SRA)I produced 
from its dispenser when tested by the bioassay method described in 
section 2.5. 

1 See Annex 6. 

160 



Part V: Specifications for equipment tor vector control 

2. Test procedures 
2.1 Determination of droplet size 

A recommended method for the determination of droplet size of aerosols 
will be found in Annex 1. 

2.2 Rough usage test 

The full dispenser shall be dropped under its own weight from a heiight of 
75 cm on to a hardwood surface, so that it receives successive impacts 
(a) end down, (b) top down, and (c) sideways. 

2.3 Heat-stability test 

The full dispenser shall be immersed in warm water until the contents of 
the container reach 54 oc. This may be accomplished by immersing the 
full container for 3 minutes in a water-bath maintained at 6o 0 C. Leaks 
may be detected by bubbles issuing from the surface of the container. 1 

2.4 Crazing test 

A strip of heat-treated polymethyl methacrylate plastic of good quality (as 
used for aircraft) and about 18 x 2.5 x o.6 cm in size must be clamped at 
one end in a horizontal position and a fulcrum must be placed beneath it 
(and in contact with it) 5 cm from the clamp. At the free end, at a distance 
of 10 cm from the fulcrum, a load of 1.2 kg shall be applied. A spray of the 
material under test shall be directed from a nozzle held at 2.5 cm above 
the fulcrum so that the surface of the plastic is thoroughly wetted. 
After 24 hours, during which the ambient air temperature shall be 
20 oc ± 5 oc the plastic shall be wiped clean and examined for crazing at 
varying angles of incident light. 

2.5 Tentative method for the bioassay of candidate 
aerosol formulations for aircraft disinsection 

The test method described herein is recommended as a standard tech
nique for the appraisal of the relative insecticidal effectiveness of aerosols 
to be used in aircraft disinsection. The test is carried out with a multi-use 
dispenser. 

1 Purchasers wishing to receiye dispensers with temperature stability exceeding 54 oc, should 
state their requirements when placing the order. The test at the higher temperature is pe1rformed 
under conditions similar to those described here. 
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2.5.1 Test insects 
The test insects must be reared under uniform conditions to minimize 
variability in vigour, such as is encountered in field-collected specimens 
or in specimens reared under variable conditions. Factors important in 
the production of uniform specimens include temperature, humidity, 
breeding medium, food, and space. A susceptible strain of the housefly, 
Musca domestica, is required, and suggested methods for rearing this 
species are outlined in Annex 6. In areas where M. domestica does not 
occur, other suitable susceptible species of Musca may be used (e.g., M. 
nebulo). 1 

Flies of the same age (3-6 days) and in a similar state of nutrition must 
be utilized for all tests (see section 2.5.4 D). 

2.5.2 Test chamber 
A. Size. The volume of the test chamber should be not less than 30m3 and 
not more than 85m3 . The ceiling height should be not less than 2 m and 
not more than 2.5 m. 

B. Conditions. It is desirable that the test chamber be conditioned to 
maintain a temperature variation of not more than 2 ac and a relative 
humidity variation of not more than 20%. Temperatures in the range of 
24-30 ac and relative humidities of 50-70% are suitable. Where control
led conditions are not available, the conditions for comparative tests must 
be similar. Heating elements for chambers should be of a type that does 
not cause excessive convection currents within the chamber. 

C. Illumination. A light intensity of IOO lux at I m above floor level is 
suggested. Two I so-watt incandescent bulbs will illuminate satisfactorily 
a chamber of 30m3 volume. To facilitate the capture of live flies, it is 
desirable to incorporate a method for dimming the lights so that the 
illumination can be reduced by approximately 95%· 

D. Surface covering. The chamber floor should be covered with un
contaminated paper and the walls and ceiling provided with nonabsorbent 
washable surfaces or renewable surfaces. 

E. Ventilation. The chamber should be so equipped as to provide a 
complete air change every I-5 minutes, the chamber intake and exhaust 
openings being such that the air velocity in the chamber does not harm the 
test insects. In a chamber of 30m3 volume, a velocity of I8o m per minute 

1 If needed, a suitable strain of housefly to establish a colony may be obtained from the Danish 
Pest Infestation Laboratory, Statens Skadeyrlaboratorium, Skobbrynet 14, DK-2o8oo Lyngby, 
Denmark. 
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has been found satisfactory. The intake openings should be located so that 
the air is exhausted from all parts of the chamber. It must be possible to 
stop the ventilation system completely during the exposure of ins1~cts to 
the aerosols. 

2.5.3 Reference aerosol formulation 
A standard reference aerosol (SRA), according to the specifications 
given in Annex 6, should be used. 

2.5.4 Test procedure 
A. Chamber preparation. The test chamber must be free from excessive 
contamination with insecticidal residues. A test for contamination should 
follow each day's aerosol tests, using 30-minute exposures of roo female 
flies under the usual test conditions, except the application of the at!rosol. 
A chamber is considered excessively contaminated when the r6-hour 
mortality of the exposed flies exceeds ro%. The walls and ceiling must be 
thoroughly cleaned whenever excessive contamination is found. To 
minimize contamination, the chamber floor must be cleaned after each 
test. Temperature and humidity conditions in the chamber must be 
checked before each test. 

B. Calibration of dispenser and dosage delivery. The approximate delivery 
rates of the dispensers for the standard reference and the candidate 
aerosols must be determined before use. This is accomplished in the 
following steps: (r) weigh the container, (2) discharge the aerosol for 5 
seconds (use a stopwatch), (3) reweigh, (4) calculate delivery rate, 
(5) repeat procedure twice more and average the results. The dispenser 
should be calibrated at the same temperature at which it is to be tested; 
the desired test dosage is then delivered on a time basis. The :actual 
amount discharged in each test is determined by weighing the dispenser 
before and after use. A dispenser containing less than zo% of its original 
content should not be used, since with repeated discharges the proportion 
of propellent to nonvolatile components changes. 

C. Dosage and exposure period. The dosage employed with the SRA 
should provide an average 24-hour mortality of between 6o% and 90%, 
with a re-minute exposure period. With houseflies of the CSMA 1 strain, 
an average dosage of 210 mg/m 3 has given mortalities within that range. 
The candidate aerosols shall be applied at the same rate as the SRA. The 
aerosol should be released by the operator while walking around in the 

1 Chemical Specialties Manufacturers Association. 
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chamber. The dispenser should be held far enough from all surfaces to 
avoid wetting them with the aerosol. 

D. Insect sample. Each exposure should be made with approximately 100 
adult female flies. If both sexes are employed, approximately 250 
specimens should be used per test. If cages are used to hold each test 
sample of flies, each cage should be stocked with sufficient pupae to 
permit about 10% of the adults to remain in the cage when the insects are 
liberated. If the test samples of adults are taken from a stock cage, the final 
10% of the flies should be discarded. This minimizes the possibility of 
including nonflying adults in the test. 

E. Exposure of the insects. The test flies are liberated 5 minutes before the 
discharge of the aerosol. The 10-minute exposure period is started with 
the discharge of the aerosol. These procedures should be the same in all 
tests. 

F. Collection of insects. Ventilation of the chamber is begun at the end of 
the exposure period and is continued during the interim between 
successive tests. Two minutes after ventilation has been started, the 
operator should dim the lights and begin the collection of the test insects. 
Any convenient method of picking up the flies without injuring them may 
be used. A vacuum device with a bypass to control the degree of suction is 
recommended. This device should draw the flies into a receptacle large 
enough to prevent crowding. The flies are placed in holding cages with 
food and held under uniform conditions for 24 hours, after which 
mortalities are determined. The same types of collection equipment and 
holding containers must be used for flies exposed to both the candidate 
and reference aerosols. 

2.5.5 Evaluation of results 
A test series shall consist of at least 8 replicates each of the SRA and the 
candidate aerosols. An equal number of tests onan alternating sequence 
should be made each day with the SRA and each of the candidate aerosols. 
Female flies only should be considered in evaluating test results. All flies 
unable to walk or fly at the end of the 24-hour period should be recorded 
as dead. 

To assess the efficiency, the percentage mortality from each aerosol is 
determined by dividing the total number of dead female flies. by the total 
number of female flies in the 8 or more replicates. A candidate aerosol is 
considered equal to the SRA if the percentage mortality is within 5% of 
the SRA. Comparisons between a candidate aerosol and the SRA can be 
made only when tested in the same series. It must be emphasized that the 
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basis of these tests is comparative, and the mortality range employed is 
not to be interpreted as a satisfactory kill. 

A specimen evaluation sheet is shown in Annex 6. 

2.5.6 Discussion 
Although it would be most desirable that all countries should utilize 
identical test methods, deviations from the method described herein, with 
regard to the size of the chamber, test insect, etc., may be made as long as 
the conditions employed for testing both the SRA and the candidate aerosol 
remain the same in each series of tests. 

This recommended test method is for use with flying insects only and 
does not apply necessarily to other insects, such as roaches, fleas, and lice. 
In general, the use of the housefly as test insect will give lower mortality 
values than will be encountered with mosquitos. However, the housefly is 
recommended primarily because of the greater ease with which it can be 
reared and maintained as compared with mosquitos. In addition, aerosols 
that are effective against flies will be satisfactory against mosquitos, 
whereas the reverse is not always true. 
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Multi-use aerosol dispenser for the 
disinsection of aircraft 

Specification WHO/EQP/7 
Approved 25 November 1963 

In the "blocks away" method of aircraft disinsection established by the 
WHO Expert Committee on Insecticides, 1 the spaces that are accessible 
from the interior of the aircraft (with the exception of the flight deck) are 
treated by means of a single-use aerosol dispenser (see specification 
WHO/EQP/6. R1). Before take-off, the flight deck and the parts of the 
aircraft accessible only from the outside must also be treated with 
insecticide, and for this purpose a multi-use aerosol dispenser is appro
priate. 

1. Specifications 
1.1 General 

1.1. 1 Description 
These dispensers are multidelivery nonrefillable types of varying capac
ity, not usually exceeding 0.5 litre. They shall consist of a container and a 
valve or release mechanism. This valve shall enable repeated applications 
to be made for limited periods, as long as some of the contents remain in 
the container. The regulations of governments and of the International 
Air Transport Association (IAT A) 2 ' 3 relating to the carriage of restricted 
articles by air must be complied with. The aerosol produced must be non
flam111able, 4 free from human toxicity risks, nonirritant to either passen
gers or aircrew, and noninj,urious to materials used in aircraft con
struction. The finished product shall be clean, uniform, and free from any 
defects that might impair its utility, such as any form of sediment or 
foreign particles, as for example, dirt or metal waste. 

1 WHO Technical Report Series, No. zo6, 1961, p. 8. 
2 International Air Transport Association. Restricted Articles Regulations. Geneva, 1960. 
3 WHO unpubllshed document VBC/85.4: available· on request from Control of Tropical 

Diseases, World Health Organization, 1211 Geneva 27, Switzerland. 
4 The word "nonflammable" is used to mean not easily set on fire. 
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1.1.2 Container 
The container shall be made of metal and it may be constructed dther in 
one piece or from a cylindrical body to which the top and bottom are 
attached. If tin plate is used it shall be electrolytic tin plate with an 
interior coating of not less than 2.75 g of tin per kilogram of steel plate. All 
seams must be constructed in such a way that they are leakproof. The 
bottom may be concave or constructed in any other way that permits the 
dispenser to stand upright. The outside of the container shall bt clearly 
marked with the percentage combination of the active ingredients, the net 
weight of the contents, the date of manufacture, and the batch number, as 
well as with clear instructions for operation. Lithographing should be 
used to provide this information, but where this is not possible securely 
affixed paper labels are acceptable. 

1.1.3 Contents 
The formulation used for filling shall be one of those recommended for 
the purpose in the current International Health Regulations. 

1.1.4 Dip tube 
The dip tube may be made either of metal or of plastic, and shall b~~ placed 
in the container in such a manner that no significant residue can remain in 
the container on completion of the discharge. 

1.1.5 Valve 
The valve shall be constructed so that its component parts are securely 
attached. It must not dribble or leak before, during, or after use. The 
valve and dip tube assembly must be sealed into the container in such a 
way that it is completely leakproof. 

1.1.6 Valve cap 
A valve cap shall be provided to protect the valve from accidental damage 
or discharge. This cap shall have a clearance of not less than 3 mm directly 
above the valve and must have sufficient rigidity to provide the r<equisite 
protection. Metal or plastic may be used for its construction, but if plastic 
is used it must not show any shrinkage or distortion over a period of 18 
months from the date of manufacture and under storage conditions. 

1.1. 7 Packaging 
The packaging provided for the dispensers must clearly display the 
following information in such a way that it can be seen under storage 
conditions: 
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(a) the number of dispensers contained; 
(b) the net weight of the contents of each dispenser; 
(c) the date of manufacture; 
(d) the batch number. 

1.2 Performance 

1.2.1 Discharge 
When operated according to the manufacturer's instructions the rate of 
discharge of the dispenser shall be I .o ± 0.2 g per second at 27 oc. The 
aerosol produced shall comply with the following physical requirements 
when tested as described in Annex I: (a) not more than 20% by weight of 
the aerosol shall consist of droplets of diameter greater than 30 pm; (b) not 
more than I% by weight of the aerosol shall consist of droplets of 
diameter greater than so pm. These requirements may not necessarily be 
met during the di~charge of the last Io% of the contents. 

1.2.2 Rough usage 
The dispenser must not leak when tested as described in section 2.2. 

1.2.3 Heat stability 
No leakage, distortion or other defect shall arise when the dispenser is 
tested as described in section 2.3. 

1.2.4 Crazing effect 
Crazing of stressed polymethyl methacrylate plastic must not occur when 
the aerosol is tested in accordance with the method described in section 
2.4. 

1.2.5 Biological performance 
The insecticidal action of an aerosol produced from its dispenser shall not 
be inferior to that of the standard reference aerosol (SRA) 1 produced 
from its dispenser when tested by the bioassay method described in 
section 2.5. 

2. Test procedures 
2.1 Determination of droplet size 

Recommended methods for the determination of droplet size of aerosols 
will be found in Annex I. 

1 See Annex 6. 
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2.2 Rough usage test 

The full dispenser shall be dropped from a height of 7 5 cm on to a 
hardwood surface, so that it receives successive impacts (a) end down, (b) 
top down, and (c) sideways. 

2.3 Heat stability test 

The full dispenser shall be immersed in warm water until the contents of 
the container reach 54 oc. This may be accomplished by immersing the 
full container for three minutes in a water-bath maintained at 6o oc. 
Leaks may be detected by bubbles issuing from the surfac(: of the 
container. 1 

2.4 Crazing test 

A strip of heat-treated polymethyl methacrylate plastic of good quality (as 
used for aircraft) and about 18 x 2.5 x o.6 cm in size must be clamped at 
one end in a horizontal position and a fulcrum must be placed bt:neath it 
(and in contact with it) 5 cm from the clamp. At the free end, at a distance 
of 10 cm from the fulcrum, a load of 1.2 kg shall be applied. A spray of the 
material under test shall be directed from a nozzle held at 2.5 cm above the 
fulcrum so that the surface of the plastic is thoroughly wetted. After 24 
hours, during which the ambient air temperature shall be 20 oc ± 5 oc, 
the plastic shall be wiped clean and examined for crazing at varying angles 
of incident light. 

2.5 Tentative method for the bioassay of candidatE~ 
aerosol formulations for aircraft disinsection 

The test method described herein is recommended as a standard tech
nique for the appraisal of the relative insecticidal effectiveness of aerosols 
to be used in aircraft disinsection. 

2.5.1 Test insects 
The test insects must be reared under uniform conditions to minimize 
variability in vigour, such as is encountered in field-collected specimens 
or in specimens reared under variable conditions. Factors important in 
the production of uniform specimens include temperature, humidity, 

1 Purchasers wishing to receive dispensers with temperature stability exceeding 54 °C should 
state their requirements when placing the order. The test at the higher temperature is performed 
under conditions similar to those described here. 
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breeding medium, food, and space. A susceptible strain of the housefly, 
Musca domestica, is required, and suggested methods for rearing this 
species are outlined in Annex 6. In areas where M. domestica does not 
occur, other suitable susceptible species of Musca may be used (e.g., M. 
nebulo). 1 

Flies of the same age (3-6 days) and in a similar state of nutrition must 
be utilized for all tests (see section 2.5-4 D). 

2.5.2 Test chamber 
A. Size. The volume of the test chamber should be not less than 30m3 

and not more than 8 5 m 3 . The ceiling height should be not less than 2 m 
and not more than 2.5 m. 

B. Conditions. It is desirable that the test chamber be conditioned to 
maintain a temperature variation of not more than 2 oc and a relative 
humidity variation of not more than 20%. Temperatures in the range of 
24-30 oc and relative humidities of 50-70% are suitable. Where control
led conditions are not available, the conditions for comparative tests must 
be similar. Heating elements for chambers should be of a type that does 
not cause excessive convection currents within the chamber. 

C. Illumination. A light intensity of IOO lux at I m above floor level is 
suggested. Two I 50-watt incandescent bulbs will illuminate satisfactorily 
a chamber of 30m 3 volume. To facilitate the capture of live flies, it is 
desirable to incorporate a method for dimming the lights so that the 
illumination can be reduced by approximately 95%. 

D. Surface covering. The chamber floor should be covered with un
contaminated paper and the walls and ceiling provided with nonabsorbent 
washable surfaces or renewable surfaces. 

E. Ventilation. The chamber should be so equipped as to provide a 
complete air change every I-5 minutes, the chamber intake and exhaust 
openings being such that the air velocity in the chamber does not harm the 
test insects. In a chamber of 30m 3 volume, a velocity of I 8o m per minute 
has been found satisfactory. The intake openings should be located so that 
the air is exhausted from all parts of the chamber. It must be possible to 
stop the ventilation system completely during the exposure of insects to 
the aerosols. 

1 If needed, a suitable strain of housefly to establish a colony may be obtained from the Danish 
Pest Infestation Laboratory, Statens Skadeyrlaboratorium, Skobbrynet 14, DK-zo8oo Lyngby, 
Denmark. 
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2.5.3 Reference aerosol formulation 
A standard reference aerosol (SRA), according to the specificatio111s given 
in Annex 6, should be used. 

2.5.4 Test procedure 
A. Chamber preparation. The test chamber must be free from excessive 
contamination with insecticidal residues. A test for contamination should 
follow each day's aerosol tests, using 30-minute exposures of IOO female 
flies under the usual test conditions, except the application of the aerosol. 
A chamber is considered excessively contaminated when the I6-hour 
mortality of the exposed flies exceeds 10%. The walls and ceiling must be 
thoroughly cleaned whenever excessive contamination is found. To 
minimize contamination, the chamber floor must be cleaned after each 
test. Temperature and humidity conditions in the chamber must be 
checked before each test. 

B. Calibration of dispenser and dosage delivery. The approximate delivery 
rates of the dispensers for the standard reference and the candidate 
aerosols must be determined before use. This is accomplished in the 
following steps: (I) weigh the container, (2) discharge the aerosol for 5 
seconds (use a stopwatch), (3) reweigh, (4) calculate delivery rate, (5) 
repeat procedure twice more and average the results. The diispenser 
should be calibrated at the same temperature at which it is to be tested; 
the desired test dosage is then delivered on a time basis. The actual 
amount discharged in each test is determined by weighing the dispenser 
before and after use. A dispenser containing less than 20% of its original 
content should not be used, since with repeated discharges the proportion 
of propellent to nonvolatile components changes. 

C. Dosage and exposure period. The dosage employed with the SRA 
should provide an average 24-hour mortality of between 6o% and go%, 
with a I o-minute exposure period. With houseflies of the CSMA 1 strain, 
an average dosage of 2IO mg/m3 has given mortalities within that range. 
The candidate aerosols shall be applied at the same rate as the SRA. The 
aerosol should be released by the operator while walking around in the 
chamber. The dispenser should be held far enough from all surfaces to 
avoid wetting them with the aerosol. 

D. Insect sample. Each exposure should be made with approximately IOO 
adult female flies .. If both sexes are employed, approximately 250 

1 Chemical Specialties Manufacturers Association. 
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specimens should be used per test. If cages are used to hold each test 
sample of flies, each cage should be stocked with sufficient pupae to 
permit about 10% of the adults to remain in the cage when the insects are 
liberated. If the test samples of adults are taken from a stock cage, the final 
10% of the flies should be discarded. This minimizes the possibility of 
including nonflying adults in the test. 

E. Exposure of the insects. The test flies are liberated 5 minutes before the 
discharge of the aerosol. The 10-minute exposure period is started with 
the discharge of the aerosol. These procedures should be the same in all 
tests. 

F. Collection of insects. Ventilation of the chamber is begun at the end of 
the exposure period and is continued during the interim between 
successive tests. Two minutes after ventilation has been started, the 
operator should dim the lights and begin the collection of the test insects. 
Any convenient method of picking up the flies without injuring them may 
be used. A vacuum device with a bypass to control the degree of suction is 
recommended. This device should draw the flies into a receptacle large 
enough to prevent crowding. The flies are placed in holding cages with 
food and held under uniform conditions for 24 hours, after which 
mortalities are determined. The same types of collection equipment and 
holding containers must be used for flies exposed to both the candidate 
and reference aerosols. 

2.5.5 Evaluation of results 
A test series shall consist of at least 8 replicates each of the SRA and the 
candidate aerosols. An equal number of tests on an alternating sequence 
should be made each day with the SRA and each of the candidate aerosols 
Female flies only should be considered in evaluating test results. All flies 
unable to walk or fly at the end of the 24-hour period should be recorded 
as dead. 

To assess the efficiency, the percentage mortality from each aerosol is 
determined by dividing the total number of dead female flies by the total 
number of female flies in the 8 or more replicates. A candidate aerosol is 
considered equal to the SRA if the percentage mortality is within s% of 
the SRA. Comparisons between a candidate aerosol and the SRA can be 
made only when tested in the same series. It must be emphasized that the 
basis of these tests is comparative, and the mortality range employed is 
not to be interpreted as a satisfactory kill. 

A specimen evaluation sheet is shown in Annex 6. 
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2.5.6 Discussion 
Although it would be most desirable that all countries should utilize 
identical test methods, deviations from the method described herein, with 
regard to the size of the chamber, test insect, etc., may be made as long as 
the conditions employed for testing both the SRA and the candidate aerosol 
remain the same in each series of tests. 

This recommended test method is for use with flying insects only and 
does not apply necessarily to other insects, such as roaches, fleas, and lice. 
In general, the use of the housefly as test insect will give lower mortality 
values than will be encountered with mosquitos. However, the housefly is 
recommended primarily because of the greater ease with which ilt can be 
reared and maintained as compared with mosquitos. In addition, aerosols 
that are effective against flies will be satisfactory against mosquitos, 
whereas the reverse is not always true. 

173 



Multi-use aerosol dispenser, 
domestic type 

Specification WHO/EQP/8 
Approved 25 November 1963 

This type of dispenser is generally intended for the application of space 
sprays to enclosed premises. 

1. Specifications 
1.1 General 

1.1.1 Description 
These dispensers are multidelivery nonrefillable types with a capacity not 
usually exceeding o.slitre. They shall consist of a container and a valve or 
release mechanism. This valve shall enable repeated applications to be 
made for limited periods, as long as some of the contents remain in the 
container. The aerosol produced must be nonflammable. 1 The finished 
product shall be clean, uniform; and free from any defects that might 
impair its utility, in particular any form of sediment or foreign particles, 
such as dirt or metal waste. 

1.1.2 Container 
The container shall be made of metal and if tin plate is used it shall be 
electrolytic tin plate with an interior coating of not less than 2.75 g of tin 
per kilogram of steel plate. It may be constructed either in one piece or 
from a cylindrical body to which the top and bottom are attached. All 
seams must be constructed in such a way that they are leakproof. The 
bottom may be concave or constructed in any other way that permits the 
dispenser to stand upright. The outside of the container shall be clearly 
marked with the percentage of the active ingredient, or of each of the 
active ingredients, the net weight of the contents, and directions for use. 
These directions shall include the information that the space to be treated 
must be closed, that the discharge must be made with the container in an 
upright position (i.e., with the valve uppermost) and that the container 

1 The word "nonflammable" is used to mean not easily set on fire. 
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should be held at arm's length and at eye level or above. The directions 
should also indicate that during discharge the aerosol from the dispenser 
should be directed at all parts of the space to be treated and that the 
dispenser should not be discharged in a stationary position. The ltime of 
discharge required to treat a given volume of space shall be included, as 
well as a cautionary statement regarding the hazards of using near an open 
flame or near foodstuffs or cooking utensils. The directions should also 
warn the user that the aerosol must not be directed on to plastic materials 
or on to any surface closer than 1 metre. The outside of the contain~~r shall 
be marked with the date of manufacture and the batch number and also 
with the following cautionary notice: Avoid prolonged or repeated inhala
tion of aerosol mist. Do not store at temperatures above 54 °C. Do not 
puncture the can or throw it into a fire. Lithographing should be used to 
provide the information, but where this is not possible securely affixed 
paper labels are acceptable. 

1.1.3 Dip tube 
The dip tube may be made either of metal or of plastic, and shall be placed 
in the container in such a manner that no significant residue can remain in 
the container on completion of the discharge. 

1.1.4 Valve 
The valve shall be constructed so that its component parts ar'e se:curely 
attached. It must not dribble or leak before, during, or after use. The 
valve and dip tube assembly must be sealed into the container in such a 
way that it is completely leakproof. 

1.1 .5 Valve cap 
A valve cap shall be provided to protect the valve from accidental damage 
or discharge. This cap shall have a clearance of not less than 3 mm directly 
above the valve and must have sufficient rigidity to provide the requisite 
protection. Metal or plastic may be used for its construction, but if plastic 
is used it must not show any shrinkage or distortion over a period of 18 
months from the date of manufacture and under storage conditions. 

1.2 Performance 

1 .2. 1 Discharge 
The physical performance of the dispenser shall be such that, when 
operated according to the manufacturer's instructions, the rate of dis
charge shall be between 0.75 g and 1.35 g per second at 27 oc. The aerosol 
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produced shall comply with the following physical requirements when 
tested as described in Annex I: (a) not more than 20% by weight of the 
aerosol shall consist of droplets of diameter greater than 30 11m; (b) not 
more than I% by weight of the aerosol shall consist of droplets of 
diameter greater than so flm. These requirements may not necessarily be 
met during the discharge of the last 10% of the contents. 

1.2.2 Rough usage 
The dispenser must not leak when tested as described in section 2.2. 

1.2.3 Heat stability 
No leakage, distortion or other defects shall arise when the dispenser is 
tested as described in section 2.3. 

2. Test procedures 
2.1 Determination of droplet size 

Recommended methods for the determination of droplet size of aerosols 
will be found in Annex I. 

2.2 Rough usage test 

The full dispenser shall be dropped from a height of 7 5 cm on to a 
hardwood surface, so that it receives successive impacts (a) end down, (b) 
top down, and (c) sideways. 

2.3 Heat stability test 

The full dispenser shall be immersed in warm water until the contents of 
the container reach 54 oc. This may be accomplished by immersing the 
full container for 3 minutes in a water-bath maintained at 6o oc. Leaks 
may be detected by bubbles issuing from the surface of the container. 1 

1 Purchasers wishing to receive dispensers with temperature stability exceeding 54 °C should 
state their requirements when placing the order. The test at the higher temperature is performed 
under conditions similar to those described here. 
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Motorized knapsack mistblower* 

Specification WHO/VBC/89.971 
Approved I I April I989 

1. Specifications 
1.1 Description 

The knapsack mistblower shall have an engine-driven fan or airblower to 
produce a high-velocity airstream into which the pesticide is metered. 
The engine/fan unit may be mounted on a knapsack frame that can be 
carried comfortably on the operator's back. There shall be no sharp edges 
and projections that might injure workers during normal operations. The 
weight of the sprayer, ready for operation, filled with fuel and inse:cticide 
formulation, shall not exceed 22.5 kg. 

1.2 Materials of construction 

All materials (such as stainless steel or polypropylene) shall be resistant to 
chemicals used in pesticide formulations under a wide range of climatic 
conditions, to meet the performance criteria specified (see section 2. r ). 

1.3 Engine 

1.3.1 Description 
A suitable lightweight single-cylinder, air-cooled, two-stroke engine 1 of 
sufficient displacement capacity, within the range of 35-70 cm3 and a 
minimum power output of 2 horsepower, at recommended operating 
speed to drive the fan unit shall be fitted with a recoil starter and a 
guarded exhaust, directed to the rear away from the operator and 
positioned on the side of the engine opposite to where manual contwls are 

* IMPORTANT. While this specification is designed to provide the best equipment for field 
workers, proper operation and maintenance are absolutely necessary if effective and continuous 
operation in the field is to be ensured. 

1 Currently all commercial knapsack mistblowers are fitted with a two-stroke engine. 
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positioned. Engine capacity and power shall be specified by the purchas
ing agency. 

The engine shall be mounted on a carrying frame by a minimum of 3 
rubber mountings. The engine in this context shall include the fan and fan 
casing. 

A pulley wheel, protected by a removable cover, shall be provided so 
that the engine can be started with a rope, if the recoil starter fails. 

A fuel tank with a filter (strainer) and an easily accessible outlet tap 
shall be positioned to avoid interference with access to other components 
such as the spark plug, and also to reduce the risk of fuel spillage on the 
engine. The tank shall have sufficient capacity to allow for one hour's 
continuous operation of the engine at maximum speed without refilling. A 
strainer shall be provided in the supply line between the fuel tank and 
carburettor. 

A dry-type air filter shall be provided directly on the carburettor air 
intake. Carburettor setting screws shall be readily accessible for adjust
ment without requiring removal of any parts or the use of offset-type 
tools. 

A throttle control to adjust engine speed and a stop switch shall be 
provided in an easily accessible and visible position. The spark plug shall 
be positioned to avoid flooding of the electrodes. 

An engine identification plate securely fastened to the engine shall be 
provided to show the make, model number and type. 

1.3.2 Performance 
At maximum speed, the engine shall be able to pass the performance tests 
described in section 2.2 with respect to the following criteria: 

Fuel consumption: not more than 2.0 1/h at maximum speed as 
described in section 2.2.2. 

Time the engine runs on a full fuel tank: not less than one hour. 
Noise level: not exceeding 90 decibels (dB-A) at the operator's ear in 
any one measurement as described in section 2.2.3. 

Durability: no operational problems during a test run of 50 hours as 
described in section 2.2.4. 

The design of the engine shall be such that all major operations may be 
performed without difficulty and removal of engine from the frame shall 
be straightforward. The contact points and magneto shall be accessible for 
timing adjustment without the removal of engine, spray tank or fuel tank 
from the frame and without the use of special tools. 
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1.4 Blower 

1.4.1 Description 
A centrifugal or axial fan or blower shall be mounted by direct drive to the 
engine. The fan or blower shall be protected by a casing, less than 4S cm 
in diameter, and attached to the knapsack frame by antivibration 
mountings. A guard shall be positioned over the inlet part. No rivets shall 
be used on any part of the fan or casing. 

The air output of the fan shall be ducted to the nozzle through a 
delivery hose, attached to the fan casing and to the nozzle tube by worm
drive clips. Part of the hose shall be sufficiently flexible to permit 
directional control of the nozzle without operator fatigue. 

1.4.2 Performance 
If an engine of 3s-so cm3 capacity is specified, the volume of air emitted 
at the nozzle with the engine set at the recommended full speed shall be 
not less than 0.13 m 3 /s at a velocity of not less than so m/s, unless 
otherwise stated by the purchasing agency. If an engine of over so cm 3 

capacity is specified, the minimal values shall be increased to 0.27 m 3 /sat 
70 m/s. 

1.5 Spray tank 

1.5.1 General 
The tank shall be pressurized to a maximum pressure of so kPa by air 
from the fan, to force liquid to the nozzle at a minimal height of 4S cm 
above the level in the tank. Alternatively, a pump may be used to transfer 
the liquid to the nozzle. The floor of the spray tank shall slope to the 
outlet which shall be provided with a hose nipple and filter. The filter 
mesh shall be determined in relation to the size of the orifice of the 
restrictor at the nozzle. A shut-off valve at the tank outlet can be provided 
as an optional extra. 

1.5.2 Capacity 
The capacity of the insecticide tank shall not exceed 10 litres with all 
fittings in place and/or shall not be lower than that required to allow 
spraying at the lowest rate of application without refilling the engine fuel 
tank. The tank shall have moulded graduations at a minimum of 2-litre 
intervals. 

1.5.3 Filler opening 
The filler opening shall be not less than 9S mm in diameter if circular, or 
in minor axis if oval, and shall be easily sealed by a lid. The lid shalll form 
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an airtight seal. A basket filter with a so-mesh screen, unless otherwise 
specified, shall be fitted in the tank opening. 

1.5.4 Delivery hose 
The hose shall be made of a pesticide-inert material. The delivery hose 
from the spray tank to the cut-off valve and nozzle shall not exceed 10 mm 
in internal diameter with a minimum wall thickness of o. I 5 cm and, 
ideally, shall be connected to the tank without a clip. Any clip provided by 
the manufacturer shall be of the worm-drive type. The hose shall be 
readily removable to allow drainage of the spray tank. 

1.6 Cut-off valve 

1.6.1 Description 
An easily operated positive action on/off valve shall be fitted to the spray 
line in a convenient location between the spray tank and nozzle. A trigger 
valve is preferred, in which case a locking device shall be fitted to keep the 
valve in the open position for long periods. A filter may be incorporated 
into the valve. It should be so designed that all parts are readily accessible 
for cleaning and replacement. 

1.6.2 Performance 
Liquid shall not drip or leak through the valve when subjected to sooo 
cycles of operation at a pressure of 100 kPa. 

1.7 Air tube 

1. 7.1 Description 
The air tube shall be defined as the whole tube from the elbow of the fan 
casing to the point of attachment of the nozzle. The attachment to the fan
casing elbow shall be made of flexible material. The minimum overall 
length of the air tube from the fan-casing elbow to the nozzle shall be 
So cm when the tube is in the horizontal spraying position. Attachment of 
the flexible tube to the fan elbow and front nozzle tube shall be by clips of 
the worm-drive or screw type. 

1.7.2 Performance 
Air shall not leak through the joint when the fan is operated at maximum 
speed. The air tube shall be flexible and easy to handle both horizontally 
and vertically. 
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1.8.1 Description 
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A gaseous or centrifugal energy nozzle shall be mounted at the distant end 
of the delivery hose so that droplets are entrained in the airstream and 
projected in line with the axis of the delivery tube. When interchangeable 
nozzle tips are provided, they shall be capable of being securely attached 
to the liquid discharge tube and be easily interchangeable. Each inter
changeable nozzle tip shall be marked and/or colour-coded to indicate the 
diameter of its orifice. 

1.8.2 Flow control 
The flow rate to the nozzle shall be controlled by selecting one of a series 
of interchangeable restrictors to ensure a constant emission rate within 
± 4% of the stated amount of a reference test liquid at full engine speed. 
Alternatively, a variable flow regulator may be specified by the purcha
sing agency, but at each setting such a regulator must meet the: same 
tolerance as interchangeable restrictors. 

1.8.3 Performance 
Spray droplets emitted from machines with a 35-cm3 engine operated at 
specified full engine speed shall be projected not less than ro m horizon
tally, as indicated by a droplet density of not less than ro per cm 2 , or 6 m 
vertically, when wind velocity is less than 0.5 mfs. With a 7o-cm3 ~~ngine 

the minimum standards are 15 m horizontally and 8 m vertically. 
Droplet size shall be in the range so-roo Jlm volume median diameter 

(VMD). 

1. 9 Frame and straps 

1.9.1 Sprayer frame 
The sprayer shall be provided with a robust frame. If of ferrous material, 
it shall be coated with at least t'vo coats of pesticide-resistant paint. The 
design shall be such that the sprayer is self-supporting when the pesticide 
tank is full and the sprayer is placed on the ground. 

1.9.2 Straps 
Two chemical-resistant straps and a back rest shall be attached to the 
frame. The straps shall be not less than 50 mm wide oYer the shoulder and 
adjustable in length. The total length of strap should not be less than 
75 cm. The strap shall be fitted with shoulder pads which shall have a 
minimum width of 7 cm and a length of r 5 cm. The straps, including the 

181 



Equipment for vector control 

covering of any additional padding, shall be made of nonabsorbent woven 
material. The position of the straps and back rest shall allow the sprayer to 
be carried high on the operator's back to provide comfort and distribute 
the weight laterally with the centre of gravity so located as to provide 
maximum stability for the operator. At least one strap shall be easily 
secured to the frame by the operator, but one strap when adjusted may be 
fixed in position. 

The straps shall withstand the test described in section 2.5. 

1.9.3 Back pad 
The back pad shall be of nonabsorbent material, have a mtmmum 
thickness of 2.5 cm when uncompressed, and be of such a shape that the 
sprayer may be operated without discomfort. A back plate made from a 
suitable material shall be provided to support the back pad. 

1.10 Markings 

The appropriate part of the knapsack mistblower shall be clearly and 
permanently marked with the following: 

(a) spray tank capacity in litres; 
(b) fuel tank capacity in litres; 
(c) quality offuel used and proportion of petrol and oil to be used in the 

fuel mixture; 
(d) open and closed position of the choke control; 
(e) throttle settings to indicate the manufacturer's maximum recom-

mended operating speed; 
(f) open and closed position of the cut-off valve on the spray line; 
(g) size of the nozzlefrestrictor (diameter in mm); 
(h) engine specifications. 

1.11 Spare parts and tools 

The manufacturer shall supply spare parts and tools required for routine 
replacement during normal use of the equipment. As an option, replace
ment parts sufficient for a period of at least one year under local 
conditions should be supplied with each shipment. The cost of these spare 
parts and tools shall be included in the cost of the mistblower. Spare parts 
are to be packed separately and provided for each knapsack mistblower as 
arranged with the purchasing agency: A list of spare and optional parts, 
illustrated and coded, shall be provided to the purchaser. 
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1.12 Operation and maintenance manual 

An adequately illustrated manual on operation, maintenance and repair of 
the motorized knapsack mistblower, in the language specified by the 
purchasing agency, shall be provided by the manufacturing company. 
The manual shall include complete instructions on the use of the 
equipment, its maintenance and cleaning; fault-finding and corn~ction; 
and a list of all parts. The parts of the unit that are in contact with 
insecticides and may be affected by specific insecticide formulations shall 
be indicated in the manual. 

The instructions for the engine shall be an integral part of the manual. 

2. Test procedures 
The test procedures recommended in this specification are not intended 
to exclude accepted equivalent methods that may be in use in different 
countries. However, in the event of disagreement, the procedures de
scribed herein shall govern. 

2.1 Test for resistance of construction materials to 
chemicals 

To test nonmetallic parts of the mistblower that are in contact with 
insecticide formulations the following solvent mixture shall be used: 40% 
kerosene (by volume), 20% toluene (by volume), 40% xylene (by 
volume). The parts being tested are soaked in the mixture for 72 hours at 
ambient temperature or 21 oc (whichner is the higher). The parts are 
then allowed to dry in the air for a further 24 hours. After this exposure 
the parts should not deform and when they are reassembled they shall not 
leak and shall function normally. Care should be taken when handling this 
mixture as it is toxic and inflammable. 

2.2 Engine performance tests 

These tests shall be conducted without dismantling the engine from the 
units. 

2.2.1 Engine speed 
The engine shall be operated at all settings of the throttle and the speed in 
revolutions per minute measured with a tachometer. The position of the 
throttle control shall be marked to indicate the maximum speed at which 
all performance tests shall be conducted. 
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2.2.2 Fuel consumption 
The. engine shall be operated until it stops because of shortage of fuel. A 
measured volume of fuel shall be placed in the fuel tank, and the spray 
tank filled with water. The engine shall be operated at maximum speed 
while spraying water at the maximum flow rate until the engine stops 
through shortage of fuel. The period over which the engine operates shall 
be measured, and then a similar volume of fuel added for a repeat test. 
The mean fuel consumption, expressed in litres/hour, and the time the 
machine runs on a full fuel tank shall be calculated. 

2.2.3 Noise level 
The noise level shall be measured adjacent to the operator's ear, and at 
head height I, 2 and 3 m from the sprayer at 0°, 90°, I8oo and 270° from 
the direction in which the operator is facing, while the operator is 
standing, carrying the mistblower in position. The noise level so meas
ured shall not exceed 90 decibels (dB-A) for an 8-hour exposure. Where 
the noise level cannot be kept at an acceptable level, the manufacturer 
shall provide the purchaser initially with suitable ear protectors appro
priate to the noise spectrum produced by the engine. 

2.2.4 Durability of engine 
The knapsack mistblower shall be operated at the maximum flow rate for 
at least 5 hours per day until a total of so hours of operation has been 
completed. The engine shall be stopped after each emptying of the fuel 
tank load and any difficulties in restarting and maintenance required shall 
be noted. Engine speed shall be checked after every 5 hours and the liquid 
discharge rate and fuel consumption after every 25 hours. This test shall 
be confirmed by actual field application for a total period of 300 hours. 

2.3 Fan performance tests 

2.3. 1 Air velocity and direction 
The mean velocity shall be taken from readings at 9 positions: at the 
intersections of 3 vertical and 3 horizontal transects, I cm outside the end 
of the discharge tube with an anemometer. Additional measurements 
shall be taken at 3, 6 and 9 m from the opening and a note shall be made if 
the maximum value determined at each distance is off the axis of the 
delivery tube. 

2.3.2 Air volume 
The volume shall be determined with a flow meter positioned so that its 
reading is affected by the differential pressure across two orifices partially 

184 



Part V: Specifications tor equipment for vector control 

separated by a sharp-edged plate mounted in a smooth bore pipe (Io2 mm 
internal diameter) so that the length of the upstream section of the pipe is 
20 x pipe diameter and the length of the downstream section 5 x pipe 
diameter. 

2.4 Nozzle performance tests 

All the following tests shall be conducted with the engine running at the 
recommended full speed. 

2.4.1 Throughput 
The time taken to emit a known volume ofliquid with each restrictor shall 
be recorded. Water plus I% wetting agent shall be the test liquid unless 
otherwise specified; viscosity and temperature shall be recorded. Suffi
cient volume of the test liquid shall be used so that emission time is not 
less than one minute. 

2.4.2 Horizontal throw 
Suitable targets such as kromekote cards or pieces of glossy photographic 
paper (75 x 25 mm) shall be fixed vertically I m above the ground to a 
series of ten rows of seven pegs spaced 1.5 m apart between rows and 
0.75 m within rows, the first row being 3 m from the sprayer nozzle. The 
sprayer nozzle shall be held horizontally I m above the grou!ld and the 
targets sprayed with a suitable dyed liquid for 5 seconds. The horizontal 
throw and the width of the airstream with entrained droplets shall be 
determined by recording the number of droplets per cm 2 on each target. 
Ambient temperature and relative humidity at the time of spraying shall 
be recorded. If possible the test should be carried out und(:r still 
conditions and if not, the wind speed shall be noted. The wind direction 
should be from the sprayer along the line of targets. 

2.4.3 Vertical throw 
Suitable targets such as kromekote cards or pieces of glossy photographic 
paper (75 x so mm) shall be folded and fixed horizontally at 0.5 m 
intervals to a rope which is raised over a pulley attached to a tower so that 

. the highest target is at least I2 m and the lowest 4 m above the ground. A 
suitable dyed liquid shall be sprayed with the nozzle at a height of 1.5 m 
above the ground and 3 m from the rope so that natural air movement 
does not interfere with the air jet towards the targets which are sprayed for 
5 seconds. The droplet density shall be recorded on the upper and lower 
surfaces of each target. Ambient temperature, wind direction and veloc
ity, and relative humidity at the time of spraying shall also be recorded. 
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2.4.4 Droplet size 
Glass slides coated with magnesium oxide or Teflon shall be placed inside 
a small room, not less than 2 x 2 m in floor area. The sprayer shall be 
moved at I m/s so that the nozzle is I m from the doorway as spray is 
directed into the room and the door closed while droplets are settling. The 
slides shall be collected not less than 30 minutes after spraying to allow 
sedimentation of the smallest droplets. Ambient temperature and relative 
humidity at the time of spraying and during sedimentation shall be 
recorded. 

At least two slides shall be used for each determination; they shall be 
stored in a tight box to transfer to the location where measurements are 
made. A sample of at least 200 droplets shall be measured and the volume 
median diameter (VMD) expressed in micrometres. 1 The measurement 
technique used shall be stated. 

2.5 Strap test 

A weight equivalent to the maximum operational weight of the knapsack 
mistblower shall be fixed to the lower end of each strap and fitting, which 
has been removed from the sprayer and firmly attached to a horizontal 
support so that the lower end is at least 20 cm above the ground. The 
weight shall be lifted to the height of the horizontal support and allowed 
to drop. The test shall be repeated IO times. 

2.6 Field performance and durability test 

The mistblower shall successfully undergo a field trial for a period of 300 

hours without a change in the specifications provided by the manufac
turers or development of major and/or frequent breakdowns of a part(s) of 
the unit. The field trial shall be performed in accordance with the 
guidelines for field trials of ground space spraying equipment. 2 

1 See Annex 1. 
2 See Annex 4· 
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Vehicle-mounted motorized aerosc>l 
generator with gaseous energy 
nozzle r* 

Specification WHOjVBC/89.972 
Approved I I April I989 

1. Specifications 
1.1 Description 

The aerosol generator shall have an engine-driven air compressor system 
to produce a flow or vortex of air into which the insecticide formulation is 
metered so that the liquid is sheared into droplets no larger than 25 Jlm 
VMD. The complete unit shall be robustly constructed for rugged field 
use, easily mounted on a flat-bed truck or trailer, and so designed that it 
may be operated from the vehicle cab. The weight of a complete unit, 
assembled for operation but not including the weight of fud and 
insecticide formulation, shall not exceed 250 kg. 

1.2 Materials of construction 

All materials used in construction shall be resistant to pesticides and other 
chemicals used in their formulations under a wide range of cllimatic 
conditions, to meet the performance criteria specified (see section 2.I) 

1.3 Dimensions 

The aerosol generator mounting frame shall not exceed I x 0.75 m. The 
overall height shall not exceed I m unless agreed by the purchaser.. If the 
tank provided to store the insecticide formulation is separate from the 
main frame it shall not exceed the overall height, nor a floor mrea of 
0.25 m 2

• Any separate control panel shall be no larger than 
25 x 35 x 20 cm and should meet the performance criteria specifit!d (see 
section 2.I). 

* IMPORTANT. While this specification is designed to provide the best equipment for field 
workers, proper operation and maintenance are absolutely necessary if effective and continuous 
operation in the field is to be ensured. 

1 Also known (USA) as cold foggers. 
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1.4 Mounting frames 

The mounting frames to support the various components of the aerosol 
generator shall be robustly constructed so as to withstand prolonged and 
variable vibration caused by driving the vehicle along rough roads, and be 
equipped with parts or devices to reduce transmission of vibration of the 
vehicle to components of the aerosol generator. The insecticide tank, fuel 
tank and flushing tank (see section 1.13) may be mounted on the same 
frame. 

1.5 Engine 

An internal combustion engine of at least 8.o rated kW (10 horsepower) 
capacity to drive the air compressor shall be equipped with an electric 
starter and alternator. If specified by the purchaser, a pulley wheel, 
protected by a removable cover, may be provided so that the engine can be 
started with a rope if the electric starter fails. A fuel tank of sufficient 
capacity to allow for not less than 6 hours of continuous operation shall be 
provided. All components shall be easily accessible. A suitable strainer 
shall be provided at the inlet of the tank and an efficient filter in the 
supply line between the fuel tank and carburettor. A suitable fuel pump 
shall be provided to maintain flow regardless of operating conditions. A 
suitable air filter shall be placed directly on the carburettor air intake. An 
engine identification plate, securely fastened to the engine, shall be 
provided to show the make, model number, type, and power or capacity. 

The engine shall be silenced by a muffler which shall have a protective 
guard around it and be located away from the fuel tank to protect the 
operator from injury and avoid a fire hazard. 

1 .5. 1 Performance 
The engine shall pass the performance tests described in section 2.2 with 
respect to the following criteria: 

Maximum speed in revolutions per minute as described in section 2.2. 1; 

Fuel consumption in litres per hour at maximum speed as described in 
section 2.2.2; 

Noise level at maximum speed in decibels as described in section 2.2.3: 

not more than go decibels (dB-A); 
Durability, with no operational problem after so hours, as described in 
section 2.2.4. 
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1.6 Air compressor 

A heavy-duty air compressor shall be fitted so that its position relative to 
the engine can be easily adjusted to ensure that connecting belts, if 
provided, are correctly tensioned. A strong guard must be securely fitted 
to protect the operator. The air intake of the compressor shall be fitted 
with an air filter designed to retain particles of over 100 11m in diameter. 
The filter shall preferably be of the permanent type. The volume and 
pressure of the air emitted by the compressor shall produce the specified 
droplet sizes over the complete range of flow rates produced. Thus the 
compressor shall deliver a minimum of 4·5 m 3 of air per minute to the 
nozzle. A pressure gauge shall be mounted on the control panel to monitor 
air pressure or there shall be an automatic flow control system with cut
off valves. 

1. 7 Insecticide tank 

1.7.1 General 
The insecticide tank shall be fitted either directly to the mounting: frame 
or to a separate frame fixed to the vehicle, so that the tank can bt! easily 
removed for refilling, if necessary, and cleaning. The tank shall be 
constructed of materials resistant to chemicals. 

1.7.2 Capacity 
The insecticide tank shall have a capacity of at least 25 litres, to allow 
spraying for a minimum of one hour at maximum output, and shall have a 
metering device to show or measure the liquid content of the tank. 

1.7.3 Filler opening 
The tank shall be designed to allow rapid filling and complete emptying, 
and have an opening in the top of not less than 6o mm in diameter. 

1.8 Insecticide metering system 

1.8.1 Cut-off valve 
If liquid is displaced from the tank by means of air pressure, a valve shall 
be provided between the tank and the nozzle assembly to control the flow 
of insecticide liquid. A remote electronic on/off switch shall be included 
to provide continuous control from the vehicle cab of the fllow of 
insecticide. The cut-off valve should be so designed that all parts are 
readily accessible for cleaning and replacement. 
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1.8.2 Delivery hose 
The delivery hose from the spray tank to the cut-off valve and the nozzle 
shall be made of material resistant to chemical components of pesticide 
formulations. It shall be of adequate inside diameter to allow easy and 
continuous flow of the liquid pesticide formulation. The hose shall be 
tightly connected to the tank, without leakage, and readily removable to 
allow drainage of the spray tank. 

1.8.3 Control system 
At the option of the purchasing agency, a positive displacement pump 
shall be fitted to regulate the flow of the insecticide to the nozzle. The 
metering system shall provide a constant flow. Alternatively, a variable 
restrictor and flow meter may be fitted, in which case a thermometer shall 
be incorporated in the flow line to monitor the temperature of the 
insecticide near the flow meter. With this system, the manufacturer shall 
provide calibration charts for liquids of different viscosity (equivalent to 
formulations of insecticides currently in use with this type of equipment) 
over a range of temperatures (16-35 °C). Electronic flow control devices 
may also be used. 

A control panel shall be provided, with a visual and/or audible display 
to indicate that the machine is functioning correctly, including the flow 
rate, a switch for the flow control valve (see section 1.8.1), an on/off 
switch for the engine, an air pressure gauge to indicate pressure at the 
nozzle, and a light with an on/off switch to illuminate the panel. At the 
option of the purchasing agency, the control panel shall be capable of 
being mounted in the cab of the vehicle, behind the cab on the bed of the 
vehicle, or on the mounting frame of the aerosol generator. In each case 
the control panel shall be so mounted that it can be operated by the driver 
or operator as required by the purchasing agency. 

1.8.4 Metering system 
The metering system shall be provided with a small solvent storage tank 
of at least 2.5 litres capacity and control system to allow insecticide to be 
flushed from the pump and nozzle(s) after each day's use. 

1. 9 Nozzle system 

One or more vorticle nozzles shall be provided. The nozzle shall produce 
aerosol droplets with a VMD ofless than 25 J.lm and a maximum output of 
at least 500 ml/minute. Droplets shall be projected from the nozzle for a 
distance of at least 4 m in still air. The angle of direction of the nozzle 
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shall be adjustable through 180° horizontally and vertically to project the 
spray either upwards or downwards to the rear or sides of the vehicle. 

1.10 Markings 

The appropriate part of the aerosol generator shall be clearly and 
permanently marked with the following: 

(a) insecticide tank capacity in litres and with markings or a meltering 
device to measure the liquid content of the tank; 

(b) fuel tank capacity in litres, with a measuring device as above; 
(c) quality of fuel to be used for the engine; 
(d) open and closed positions of the choke control on the engine:; 
(e) throttle settings; 
(f) open and closed positions of the switch of the insecticide flow on/off 

valve; 
(g) flow rate to the nozzle in ml/min; 
(h) engine specification (see section 1.5); 
(i) net weight of the complete unit. 

All components on the control panel shall be clearly labelled in the 
language specified by the purchaser. (Note: metric units shall be used 
throughout unless otherwise specified by the purchasing agency.) 

1.11 Spare parts and tools 

Unless otherwise specified by the purchaser, the manufacturer shall 
supply spare parts and tools required for routine replacement during 
normal use ofthe equipment over a period of one year. The cost ofthese 
spare parts and tools shall be included in the cost of the generator. A list of 
spare parts, illustrated and coded, shall be provided to the purchaser. 

1.12 Operation and maintenance manual 

An adequately illustrated manual on the maintenance and repair of the 
vehicle-mounted motorized aerosol generator, in the language speiCified 
by the purchasing agency, shall be provided with each machine. The 
manual shall include complete instructions on the use, maintenanoe and 
cleaning of the equipment, give a list of all parts, and also give details on 
how to fit the equipment to various vehicles. The parts of the unit that are 
in contact with insecticides and may be affected by specific insecticide 
formulations shall be indicated in the manual. The instructions for the 
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maintenance and repair of the engine and the compressor shall be an 
integral part of the manual. 

1.13 Optional extras 

At the option of the purchasing agency, a separate flushing tank shall be 
fitted on the mounting frame or adjacent to the insecticide tank. This tank 
shall be provided with an airtight lid and shall have a capacity of up to 10 

litres. Connections to the flushing tank shall be arranged to allow the 
cleaning fluid to flush the insecticide completely from the pump, pipes, 
nozzle and fittings without dismantling. 

2. Test procedures 
The test procedures recommended in this specification are not intended 
to exclude accepted equivalent methods that may be in use in different 
countries. However, in the event of disagreement, the procedures de
scribed herein shall govern. As far as possible, all tests shall be carried out 
with the complete unit without dismantling any components. 

The generator under consideration shall be inspected to ensure that all 
components are present according to the specification, free from defects 
and undamaged during shipment. The generator shall be prepared for 
operation according to the manufacturer's instructions, operated for 3 
hours, and checked for safety and proper performance. If preliminary 
data on droplet size do not meet the specification, the generator is not 
worthy of further testing. 

2.1 Test for resistance of construction materials to 
chemicals 

To test nonmetallic parts of the mistblower that are in contact with 
insecticide formulations, the following solvent mixture shall be used: 40% 
kerosene (by volume); 20% toluene (by volume); and 40% xylene (by 
volume). The parts being tested shall be soaked in the mixture for 72 
hours at ambient temperature or 21 oc (whichever is the higher). The 
parts shall then be allowed to dry in the air for a further 24 hours. After 
this exposure, the parts shall not deform and when they are reassembled 
they shall not leak and shall function normally. Care should be taken when 
handling this mixture as it is toxic and inflammable. · 
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2.2 Engine performance tests 

2.2.1 Engine speed 
The engine shall be operated at maximum speed, as directed by the 
manufacturer, and the speed in revolutions per minute measured with a 
tachometer. All subsequent tests shall be conducted at the same throttle 
setting/engine speed. 

2.2.2 Fuel consumption 
The engine shall be operated until it stops because of shortage of fillel. A 
measured volume of fuel shall be placed in the fuel tank, and the 
insecticide tank filled with water. The engine shall be operated at 
maximum speed while water is applied at the maximum flow rate, until 
the engine stops through shortage of fuel. The period over which the 
engine operates shall be measured, and then a similar volume of fuel 
added for a repeat test. The mean fuel consumption, expressed in litres 
per hour and the time the machine runs on a full tank of fuel shall be 
calculated. 

2.2.3 Noise level 
The noise level shall be measured adjacent to the operator's ear when he 
or she is in the operating position. The noise level so measured shall not 
exceed 90 decibels (dB-A) for an 8-hour exposure. Where the noise level 
cannot be kept at an acceptable level, the manufacturer shall provide the 
purchaser initially with suitable ear protectors appropriate to the noise 
spectrum produced by the engine. 

2.2.4 Durability of engine 
The aerosol generator shall be operated at the maximum flow rate for at 
least 5 hours per day until a total of so hours of operation has been 
completed. The engine shall be stopped after each emptying of the fuel 
tank load and any difficulties in restarting and maintenance required shall 
be noted. Engine speed shall be checked after every 5 hours and the ]liquid 
discharge rate and fuel consumption after every 25 hours. 

2.3 Nozzle performance tests 

2.3.1 Throughput 
This shall be checked over the range of settings of the displacement pump 
or variable restrictor to determine the time (not less than one minute) to 
emit a known volume of liquid. Unless otherwise specified, odourless 
kerosene shall be the test liquid, and the viscosity and temperature: shall 
be recorded. 
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2.3.2 Horizontal throw 
Suitable targets such as kromekote cards or glossy photograph paper 
(75 x 50 mm) or glass slides coated with magnesium oxide or Teflon shall 
be fixed vertically on pegs 30 cm above the ground in a series of ten rows 
of seven pegs spaced 1.5 m apart from each other and with 0.75 m 
between the rows; the first row shall be 5 m from the nozzle of the 
sprayer. The sprayer nozzle shall be held horizontally 1 m above the 
ground and the target sprayed with a suitable liquid for 5 seconds. The 
horizontal throw and the width of airstream with entrained droplets shall 
be determined by recording the number of droplets per cm 2 on each 
target. Ambient temperature and relative humidity at the time of spraying 
shall be recorded. If possible this test should be carried out in still air and 
if not the wind speed should be noted. The wind direction should be from 
the sprayer along the line of targets. 

2.3.3 Droplet size 
Glass slides coated with magnesium oxide or Teflon shall be placed 
horizontally on the floor in the sedimentation chamber of not less than 
0.5 x 0.5 x 0.5 m into which the aerosol is projected and allowed to settle 
for at least 15 minutes. 1 Ambient temperature, nozzle pressure and test 
liquid at the time of spraying shall be recorded. Droplet diameter shall be 
determined by a standard method. Alternatively the coated slides are 
waved approximately 1-2 m from the nozzle and the droplet sizes 
measured as mentioned above. 2 

Other proven methods of droplet size determination may be used at the 
discretion of the Collaborating Centre. In particular, advanced laser 
systems for measuring spray droplets in flight are available at some 
centres. Ideally, the droplet size shall be in the range 8-20 Jlm VMD. 

2.4 Field performance and durability test 

The sprayer shall successfully undergo a field trial for a period of 300 

hours without a change in the specifications provided by the manufac
turer and without development of major and/or frequent breakdowns of 
any part(s) of the unit. The field trial shall be performed in accordance 
with the guidelines for field trials of ground space spraying equipment. 3 

1 Non-volatile formulation is essential for Teflon slides. 
2 See Annex 1. 
3 See Annex 4· 
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Thermal fogging equipment* 

Specification WHO/VBC/89.973 
Approved I I April I989 

A. Pulse-jet-type thermal fogger 

1. Specifications 
1.1 Description 

A thermal fog applicator shall have a system for producing a flow of hot 
air into which the insecticide formulation is metered. The air velocity 
shall be sufficient to shear the liquid into droplets and the temperature 
( > 200 oq high enough to vaporize the droplets rapidly before the hot gas 
meets the surrounding air at ambient temperature. 

The pulse-jet-type thermal fogger, either hand-carried or vehicle
mounted, shall have a combustion chamber in which a series of char:ges of 
fuel mixed with air are fired so that the subsequent evaluation following 
the firing of each charge shall escape through a pipe, the diameter of 
which is smaller than that of the combustion chamber, to increase the 
velocity of the hot gases. The insecticide formulation shall be in a 
container that can be pressurized to force the liquid to a nozzle (or jet) 
fitted into the exhaust tube. The machine shall be fitted with a safety cut
offvalve to prevent the insecticide solution from flowing into the exhaust 
gases when the pulse-jet engine has stopped. There shall be no sharp 
edges or projections that might injure operators during normal operation. 
The weight of a hand-carried unit, ready for operation, filled with fuel 
and insecticide formulation, shall not exceed 16 kg. The weight of llarger 
units, vehicle-mounted, assembled for operation, including the wei!~ht of 
fuel and insecticide formulation, shall not exceed 250 kg. 

1.2 Materials of construction 

All materials used in the construction shall be resistant, or painted or 
otherwise coated to provide resistance, to insecticides and chemicals used 

" IMPORTANT. While this specification is designed to provide the best equipment ~or field 
workers, proper operation and maintenance are absolutely necessary if effective and continuous 
operation in the field is to be ensured. 
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in their formulations under a wide range of climatic conditions and shall 
meet the performance criteria specified (see section 2.1 ). 

1.3 Pump 

A simple manually operated pump or equivalent shall be provided to 
pressurize the insecticide and fuel containers when starting the machine. 
The capacity of the pump shall provide a pressure of 30-50 and 8-10 kPa 
respectively for the two containers. The position of the pump shall allow 
easy access to an electrical switch to connect a battery power supply via a 
spark plug fitted in the combustion chambers. (Note: this switch is only 
operated until the machine has started to run continuously.) 

1.4 Pulse-jet engine 

This shall consist of a combustion chamber with an output of not less than 
9·3 kW (8ooo kcalfhour). It should be fitted with a standard spark plug 
with an electrode gap of 2 mm, and a carburettor to meter the fuel and air 
flow. The fuel control valve and air intake valves shall b!! easily removable 
for cleaning. Material used in construction of the combustion chamber 
and exhaust tube shall be resistant to insecticide formulations and 
excessive heat. The exhaust tube shall be protected by a guard. 

1.4.1 Performance 
The engine shall pass the performance tests described in part A, section 
2.2, with respect to the following criteria: 

(a) fuel consumption in litres per hour as described in section 2.2.1; 

(b) ability of the engine to operate for not less than one hour of fogging 
without the need to refuel; 

(c) noise level in decibels as described in section 2.2.2; 

(d) durability, with no operational problems after so hours as described 
in section 2.2.3. 

1.5 Fuel tank 

The capacity of the tank shall allow operation for at least one hour. A filter 
shall be fitted to the outlet. The fuel tank shall be protected against 
excessive heat from the combustion chamber and exhaust tube. 
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1.6 Insecticide tank 

The insecticide tank shall have a capacity of not less than s litres. The 
tank opening shall be provided with an airtight lid which is easily fitted. 
An outlet shall be provided to facilitate drainage. The tank shall be 
constructed of materials resistant to chemicals and be able to withstand 

. without leakage a pressure at least twice the recommended operating 
pressure. 

1.7 Metering system 

The thermal fogger shall be provided with a series of jets of different 
internal bore diameter to control the flow of insecticidal liquid in the 
range I0-30 1/hour. Larger units mounted on vehicles may have an output 
of up to ISO 1/hour. There should also be an easily accessible on/off valve. 
At the request of the purchaser, an adjustable metering system may be 
provided as an option. 

1.8 Mounting frame and strap 

Small hand-carried thermal foggers shall be provided with a shoulder 
strap. Larger machines shall be mounted on a robust frame to withstand 
prolonged vibration when the equipment is used on vehicles driven along 
rough roads and be equipped with parts or devices to reduce transmission 
of vibration of the vehicle to components of the thermal fogger. The 
insecticide tank and fuel tank may be mounted on the same frame. 

1.8.1 Straps 
A chemical-resistant shoulder strap shall be provided for small hand
carried thermal foggers. The strap shall be not less than so mm wide over 
the shoulder and adjustable in length. The strap shall be fitted with 
shoulder-pads which shall have a minimum width of7 cm and a minimum 
length of IS cm. The strap, including the covering of any additional 
padding, shall be made of nonabsorbent woven material. The strap shall 
withstand the test described in section 2.4. 

1. 9 Markings 

The appropriate parts of the thermal fogger shall be clearly embossed 
with the following: 

(a) capacity of insecticide tank in litres; 
(b) fuel tank capacity in litres; 
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(c) quality of fuel to be used for the engine; 
(d) open and closed position of the cut-off valve on the spray line 
(e) jet or restrictor size; 
(f) setting position of the fuel valve; 
(g) position of the batteries in the holder. 

1.10 Spare parts and tools 

The manufacturer, unless otherwise specified by the purchaser, shall 
supply spare parts and tools, including funnels, required for routine 
maintenance and replacement during normal use of the equipment over a 
period of one year. 

A list of spare parts, illustrated and coded, shall be provided to the 
purchaser. 

1.11 Operation and maintenance manual 

An adequately illustrated manual on the pulse-jet-type thermal fogger 
and its maintenance and repair, in the language specified by the 
purchasing agency, shall be provided with each machine. The manual 
shall include complete instructions on the use, maintenance and cleaning 
of the equipment and give a list of all parts. 

2. Test procedures 
( 

The test procedures recommended in these specifications are not in
tended to exclude accepted methods that may be in use in different 
countries. However, in the event of disagreement, the procedures de
scribed herein shall govern. As far as possible, all tests should be carried 
out with the complete unit without dismantling any component. 

2.1 Test for resistance of construction materials to 
chemicals 

To test nonmetallic parts of the thermal fogger that are in contact with 
insecticide formulations the following solvent mixture shall be used: 40% 
kerosene (by volume); 20% toluene (by volume); and 40% xylene (by 
volume). The parts being tested shall be soaked in the mixture for 72 
hours at ambient temperature or at 2I°C (whichever is the highest). The 
parts shall then be allowed to dry in the air for a further 24 hours. After 
this exposure, the parts shall not deform and when they are reassembled 

198 



Part V: Specifications for equipment for vectcn control 

they shall not leak and shall function normally. Care should be taken when 
handling this mixture as it is toxic and inflammable. 

2.2 Pulse-jet engine 

2.2.1 Fuel consumption 
All fuel shall be drained from the tank and a measured volume of fuel shall 
be placed in the fuel tank. With the insecticide tank filled with kerosene or 
equivalent, i.e., without any active insecticide, the fogger shall be started 
and normal operating procedures used to determine the length of time the 
engine will run with the measured volume of fuel. The mean fuel 
consumption expressed in litres per hour shall be determined from at least 
2 tests, and the time for which the machine runs on a full tank shall be 
calculated. 

2.2.2 Noise level 
The noise level shall be measured adjacent to the operator's ear when he is 
in the operating position. If the noise level exceeds 90 decibels (dB-A) the 
purchaser shall be provided with ear protectors appropriate to the noise 
spectrum produced by the engine, as part of the equipment. The noise 
level shall never exceed 120 decibels. 

2.2.3 Durability of engine 
The thermal fogger shall be OJ:lerated at the maximum flow rate for at least 
S hours or s full tanks (whicever is longer) per day. After refilling· of the 
fuel tank, the engine shall be restarted and any difficulties in restarting 
and maintenance required noted. This test shall be repeated for at least 10 

days or a total of so hours without any major interruption in the use of the 
machine. 

2.3 Nozzle performance tests 

2.3.1 Throughput 
This shall be checked with the range of restrictors provided with the 
machine. Unless otherwise specified, odourless kerosene shall be the test 
liquid. 

2.3.2 Droplet size 
Glass slides coated with Teflon or silicon may be placed horizonta1lly on a 
floor in a chamber (o.s x o.s x o.s m) into which the fog is projectf:d while 
travelling past the opening at 1 m/s and allowed to settle for at least IS 
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minutes. 1 Temperature and humidity during the test shall be recorded. 
Other proven methods of droplet size determination may be used at the 
discretion of the Collaborating Centre. In particular, advanced laser 
systems for measuring spray droplets are available at some centres. 
Ideally the droplet size shall be in the range 8-20 J.lm VMD. 

2.4 Strap test 

A weight equivalent to the maximum operational weight of the hand
carried pulse-jet-type thermal fogger shall be fixed to the lower end of the 
strap and fitting which has been removed from the sprayer and firmly 
attached to a horizontal support so that the lower end is at least 20 cm 
above the ground. The weight shall be lifted to the height of the 
horizontal support and allowed to drop. The test shalll be repeated 10 

times. The strap shall not be broken or damaged by this test. 

2.5 Field performance and durability test 

The pulse-jet-type thermal fogger shall successfully undergo a field trial 
for a period of 250 hours without a change in the specifications provided 
by the manufacturers and development of major and/or frequent break
downs of any part(s) of the unit. The field trial shall be performed in 
accordance with the guidelines for field trials of ground space spraying 
equipment. 2 

B. Blower-type thermal fogger 

1. Specifications 

1.1 Description 

A thermal fog applicator shall have a system for producing a flow of hot ai~; 
into which the insecticide formulation is metered. The air velocity shall be 
sufficient to shear the liquid into droplets and the temperature ( > 200 oq 
high enough to vaporize the droplets rapidly before the hot gas meets the 
surrounding air at ambient temperature. 

1 See Annex 1. 
2 See Annex 4· 
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The fogger shall have a four-stroke or turbo petrol engine or equivalent 
diesel engine to drive an air blower which shall provide a large volume of 
air at low pressure to a combustion chamber into which petrol is injected 
and ignited. The hot air ( > 400 oq shall pass to a nozzle in which the 
insecticide formulation is pumped separately and spread thinly to 
facilitate vaporization. The nozzle may be fixed or adjustable to alter the 
angle at which the fog is projected, or it can be transferred to the end of a 
heat-resistant extension hose. The complete vehicle-mounted unit shall 
be robustly constructed for rugged field use, easily mounted on a flat-bed 
truck or trailer, and so designed that it may be operated from the: vehicle 
cab. The weight of a complete unit assembled for operation, but not 
including the weight of fuel and insecticide formulation, shall not exceed 
250 kg. 

1.2 Materials of construction 

All materials used in construction shall be resistant, or painted or 
otherwise coated to provide resistance, to insecticides and chemicals used 
in their formulations under a wide range of climatic conditions and shall 
meet the performance criteria specified in section 2. I. 

1.3 Dimensions 

Unless otherwise specified by the purchaser, the thermal fogger mounting 
frame or base shall not exceed I x o. 7 5 m. The overall height shall not 
exceed I m unless agreed by the purchaser. The tank may be separate 
from the mounting frame. The size of any separate control panel mounted 
in a vehicle cab shall be so designed that interferences with normal 
operations in the cab are avoided. 

1.4 Mounting frames 

The mounting frames to support the various components of th(: aerosol 
generator shall be robustly constructed to withstand prolon1~ed and 
variable vibration caused by driving the vehicle along rough roads. The 
frame shall be equipped with parts or devices to reduce transmission of 
vibration of the vehicle to components of the thermal fogger. 

1.5 Engine 

An internal combustion engine of 8 rated kW (10 horsepower) shall be 
provided to drive a blower to provide not less than 4·5 m 3 of air per 
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minute to the nozzle via a combustion chamber to discharge the fog at 
maximum output. The engine shall be provided with an electric starter 
and alternator. The fuel tank capacity shall allow the engine to operate for 
at least 3 hours with the combustion chamber ignition operational. A so
mesh strainer shall be provided at the inlet of the tank as well as an 
efficient filter in the supply line between the tank and carburettor. A fine 
mesh filter or replacement cartridge-type filter shall be provided with the 
engine. The speed of the engine shall be controlled so that there is a 
minimum set speed below which the combustion chamber is switched off. 
If requested by the purchaser, an alternative manual means of starting the 
engine maybe provided. An engine identification plate, securely fastened 
to the engine, shall be provided to show the make, model number, type 
and power or capacity. 

1.5.1 Performance 
The engine shall pass the performance tests described in part B, section 
2.2, with respect to the following criteria: 

(a) the operational speed shall be within± so rev/min of that stated by 
the manufacturer as described in section 2.2. 1; 

(b) fuel consumption shall be less than 12 1/hour, including operation of 
combustion chamber ignition to heat the air delivered to the nozzle, as 
described in section 2.2.2; 

(c) the engine shall operate for not less than the period of fogging 
obtained with a full insecticidal tank without the need to refuel as 
described in section 2.2.2; 

(d) the noise level at maximum speed shall not exceed 90 decibels as 
described in section 2.2.3; 

(e) the engine shall operate, with no operational problem after so hours, 
as described in section 2.2.4. 

1.6 Air compressor 

A heavy-duty air compressor shall be fitted so that its position relative to 
the engine can be adjusted easily to ensure that any connecting belts, if 
provided, are correctly tensioned. A strong guard shall be securely fitted 
to protect the operator from any moving parts. The air intake of the 
compressor shall be fitted with an air filter designed to retain particles of 
over 100 Jlm in diameter. The filter shall be of the permanent type and the 
kind that can be washed and re-oiled periodically. An indicator shall be 
mounted on the control panel to monitor air pressure so that the operator 
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knows the compressor is functioning correctly, or there shall be an 
automatic flow control system with a cut-off valve. The air compressor 
shall provide an airflow to the nozzle of 4.8 m 3 of air per minute. 

1. 7 Insecticide tank 

1.7.1 General 
The insecticide tank shall be fitted either directly to the mounting frame 
or to a separate frame fixed to the vehicle so that the tank can be easily 
refilled and removed, when necessary, for cleaning. The outlet from the 
tank to the nozzle shall be above the floor of the tank so that any solid 
sediment from the fogging formulations is left in the tank. A drainage 
plug shall be provided so that the tank can be emptied completely during 
cleaning. 

If pressurized, the tank shall be able to withstand a pressure double the 
maximum operating pressure without leakage, and shall be fitted with a 
safety valve. 

1. 7.2 Capacity 
The insecticide tank shall have a capacity of at least 120 litres or sufficient 
capacity to allow fogging for a minimum of two hours at maximum 
output. The tank shall be equipped with a metering device to show or to 
measure the liquid content of the tank. 

1.7.3 Filler opening 
The tank shall be designed to allow rapid filling and complete emptying 
and have an opening in the top of not less than 95 mm in diameter. The 
filler opening shall be fitted with an airtight lid which is easily fitted and 
which cannot be removed while the insecticide tank is pressurized. 

1.8 Insecticide metering system 

1.8.1 Cut-off valve 
The liquid shall be displaced from the tank by means of air pressure, or 
alternatively a pump shall be fitted to transfer the liquid to the nozzle. A 
valve shall be provided between the tank and the nozzle assembly to 
control the flow of insecticide liquid. An on/off switch shall be provided, 
mounted on the control panel, to operate the yah·e. The cut-off valve shall 
be so designed that all parts are readily accessible for cleaning and 
replacement. 
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1.8.2 Delivery hose 
The delivery hose from spray tank to cut-off valve and nozzle shall be 
made of material resistant to chemical components of insecticide formula
tions. It shall be of adequate inside diameter to allow easy and continuous 
flow of the liquid insecticide formulation. The hose shall be tightly 
connected to the tank, without leakage, and readily removable to allow 
drainage of the spray tank. The hoses used for insecticide systems shall be 
readily identifiable and have couplings that are distinguishable from the 
fuel system to the engine and combustion chambers. 

1.8.3 Control system 
A control panel shall be provided with a light with an on/off switch to 
illuminate the panel. The air temperature at or very close to the nozzle 
shall be monitored and displayed on the control panel. At the option of the 
purchasing agency, the control panel shall be of the kind that can be 
mounted in the cab of the vehicle, behind the cab on the bed of the 
vehicle, or on the mounting frame of the fogger. In each case, the control 
panel shall be so mounted that it can be operated by the driver or operator 
as required by the purchasing agency. 

1. 9 Nozzle system 

1.9.1 General 
The nozzle shall be designed so as to produce a thermal fog using the 
thermal energy of the combustion chamber, and maximum flow rate 
outputs. The nozzle shall withstand a temperature of 1000 oc. The actual 
temperature of the air at or very close to the nozzle shall be monitored by a 
pyrometer. If requested by the purchaser, the angle of direction of the 
nozzle shall be adjustable through 180° horizontally and adjustable 
vertically to project fog either upwards or downwards to the rear or sides 
of the vehicle on which it is mounted. The nozzle shall be designed so that 
a thermal fog is produced using hot air from the combustion chamber, 
even with the maximum flow rate. The maximum flow rate shall be not 
less than 3 1/min and not more than 6 1/min. 

1.9.2 Combustion chamber 
A combustion chamber is a chamber in which petrol is ignited to raise the 
temperature of the air delivered to the nozzle to over 400 oc. Ignition shall 
be provided by a spark plug, and an electronic ignition unit with a coil. 
The fuel flow shall be controlled automatically by the engine speed, with a 
fail-safe system to shut off all valves if the engine stops. 
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1.1 0 Markings 

The appropriate parts of the thermal fogger shall be clearly and 
permanently marked with the following: 

(a) insecticide tank capacity in litres and with a marking or metering 
device to measure the liquid content of the tank; 

(b) fuel tank capacity in litres and with a measuring device as: above; 
(c) quality of fuel to be used for the engine; 
(d) open and closed positions of the choke control on the engine; 
(e) throttle settings; 
(f) open and closed positions of the insecticide flow on/off valve; 
(g) engine specification (see section 1.5); 
(h) net weight of the complete unit. 

All components on the control panel shall be clearly labelled in the 
language specified by the purchaser. Metric units shall be used through
out unless otherwise specified by the purchasing agency. 

1.11 Spare parts and tools 

The manufacturer, unless otherwise specified by the purchasing agency, 
shall supply spare parts, including a spark plug, washers, belts and tools, 
required for routine replacement during normal use of the equipment 
over a period of one year. A list of spare parts, illustrated and coded, shall 
be provided to the purchaser. 

1.12 Operation and maintenance manual 

An adequately illustrated manual on the blower-type thermal fo1~ger and 
its operating procedures, maintenance and repair, in the language 
specified by the purchasing agency, shall be provided with each unit. The 
manual shall include complete instructions on the operation, cleaning, 
maintenance and repair of the equipment with a list of all parts, and also 
give details of fitting the equipment to various vehicles. The parts of the 
units that are in contact with the insecticide and may be affected by 
specific insecticide formulations shall be indicated in the manual. The 
instructions for the maintenance and repair of the engine, compre:ssor and 
combustion chamber shall be an integral part of the manual. 

1.13 Optional extras 

At the option of the purchasing agency, the thermal fogger may be 
provided with the following: an extension for the control panel to be 
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mounted in the vehicle cab; extension tubing to operate nozzle for fogging 
drains. 

2. Test procedures 
The test procedures recommended in these specifications are not in
tended to exclude accepted equivalent methods that may be in use in 
different countries. However, in the event of disagreement, the pro
cedures described herein shall govern. As far as possible, all tests should 
be carried out with the complete unit without dismantling any compon
ent. 

2.1 Test for resistance of construction materials to 
chemicals 

To test nonmetallic parts of the unit that are in contact with insecticide 
formulations, the following solvent mixture shall be used; 40% kerosene 
(by volume); 20% toluene (by volume); and 40% xylene (by volume). The 
parts being tested shall be soaked in the mixture for 72 hours at ambient 
temperature or at 2I°C (whichever is the highest). The parts shall then be 
allowed to dry in the air for a further 24 hours. After this exposure, the 
parts shall not deform and when reassembled shall not leak and shall 
function normally. Care should be taken when handling this mixture as it 
is toxic and inflammable. 

2.2 Engine performance tests 

2.2.1 Engine speed 
The engine shall be operated at the speed specified by the equipment 
manufacturer, and the speed in revolutions per minute checked with a 
tachometer. All subsequent tests shall be conducted at the same throttle 
setting/engine speed. 

2.2.2 Fuel consumption 
The engine shall be operated until it stops because of shortage of fuel. A 
measured volume of fuel shall be placed in the fuel tank and the 
insecticide tank filled with water. The engine shall be operated at 
maximum speed without the combustion chamber ignition being opera
tional while applying water at the maximum flow rate until the engine 
stops through shortage of fuel. The period over which the engine operates 
shall be measured, and then a similar volume of fuel added for a repeat 
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test. The mean fuel consumption, expressed in litres/hour, and the time 
the machine runs on a full fuel tank shall be calculated. The test shall be 
repeated with the combustion chamber ignition in use and the time that 
the machine operates with a full fuel tank shall be calculated. 

2.2.3 Noise level 
The noise level shall be measured adjacent to the operator's ear when he 
or she is in the operating position. The noise level so measured shall not 
exceed 90 decibels (dB-A) for an 8-hour exposure. Where the noise level 
cannot be reduced to the acceptable level, the manufacturer shall provide 
the purchaser initially with suitable ear protectors appropriate to the noise 
spectrum produced by the engine. 

2.2.4 Durability of engine 
The thermal fogger shall be operated at the maximum flow rate for at least 
S hours per day until a total of so hours of operation has been completed. 
The engine shall be stopped after each em prying of the fuel tank load and 
any difficulties in restarting and maintenance required noted. Engine 
speed shall be checked after every s hours and the liquid discharge rate 
and fuel consumption after every zs hours. This so-hour operation shall 
be completed without any major interruption in the use of the machine. 

2.3 Air compressor tests 

2.3.1 Air velocity 
The air velocity shall be measured at the nozzle and at a point s m along 
the nozzle's centre axis, horizontally from the nozzle with and without the 
use of the combustion chamber ignition. 

2.3.2 Air volume 
The output of air from the nozzle shall be measured with and without the 
use of the combustion chamber ignition. 

2.3.3 Air pressure 
The pressure of air delivered to the nozzle shall be measured. 

2.4 Nozzle performance tests 

2.4.1 Throughput 
The throughput shall be measured over the range of restrictors provided 
with the unit, to determine the time (not less than one minute) to emit a 
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known volume of liquid. Unless otherwise specified, odourless kerosene 
shall be the test liquid with viscosity and temperature recorded. 

2.4.2 Droplet size 
Glass slides coated with Teflon or silicon may be placed horizontally on a 
floor in a chamber (o.s x o.s x o.s m) into which the fog is projected while 
travelling past the opening at 1 m/s and allowed to settle for at least 15 
minutes. 1 The temperature and humidity during the test shall be 
recorded. Other proven methods of droplet size determination may be 
used at the discretion of the Collaborating Centre. In particular, advanced 
laser systems for measuring spray droplets in flight are available in some 
centres. Ideally, the droplet size shall be in the range 8-20 Jlm VMD. 

2.5 Field performance and durability test 

The thermal fogger shall successfully undergo a field trial for a period of 
250 hours without change in specifications provided by the manufacturer 
and without development of major and/or frequent breakdowns of any 
part(s) of the sprayer. The field trial shall be performed in accordance 
with the guidelines for field trials of ground space spraying equipment. 2 

1 See Annex 1. 
2 See Annex 4· 
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Vehicle-mounted mistblower 

Specification WHOjVBC/89.974 
Approved I I April I989 

Introduction 
Vehicle-mounted mistblowers are designed to project sprays, with most 
of the volume ofliquid dispersed as droplets of so-Ioo Jlm diameteJr, in an 
airstream over a distance of at least 7 m from the outlet. These spt~cifica
tions do not cover aerosol generators producing smaller droplets (i.e., 
<so Jlm diameter) for space treatments. Mist sprays are used when a 
residual effect is required while spraying low volumes. In addition, 
mistblowers may be used in vector control for emergency treatments 
when aerosol generators are not available. 

1. Specifications 
1.1 Description 

The vehicle-mounted mistblower shall have an engine-driven fan or air 
blower to produce a high velocity airstream into which the pestitcide is 
metered. The engine/fan unit with pump and spray tank shall be mounted 
on a frame that is easily fitted on a flat-bed truck, equivalent self
propelled vehicle, or trailer and so designed that it may be operated from 
the vehicle cab. The weight of a complete unit assembled for operation, 
but not including the weight of fuel and insecticide formulation, shall not 
exceed 200 kg. 

1.2 Materials of construction 

All materials used in construction shall be resistant, or be painted or 
otherwise coated to provide resistance, to insecticides and chemicals used 
in formulations under a wide range of climatic conditions, and shall meet 
the performance criteria specified in section 2-4-

1.3 Dimensions 

Unless agreed by the purchaser, the mistblower mounting frame shall not 
exceed 1 x o. 7 5 m, in order to fit a truck platform between wheel arches, 
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and the overall height shall not exceed I m. The tank may be separate 
from the mounting frame. In this case the height of the tank shall not 
exceed the overall height of the engine/fan mounted on the frame, or 
exceed a floor area of 0.25 m 2

• The size of any separate control panel 
mounted in a vehicle cab shall be such that it does not interfere with 
normal operations in the cab and, in any case, shall not exceed 
25 x 30 x I5 cm. 

1.4 Mounting frame 

The mounting frame shall be robustly constructed to withstand pro
longed and variable vibration caused by driving the vehicle along rough 
roads. The frame shall be equipped with parts or devices to reduce 
transmission of vibration of the vehicle to components of the mistblower. 
The insecticide tank, fuel tank and solvent tank (see section 2. I) may be 
mounted on the same frame. Provision shall be made to fix the frame to 
the vehicle. 

1.5 Engine 

An internal combustion engine shall be provided to drive a centrifugal fan 
or equivalent air blower to provide sufficient air volume and air velocity to 
shear the liquid into droplets. of the required size, if alternative types of 
nozzle are not mounted in the airstream. 

The engine shall be provided with either an electric starter, battery and 
alternator, or an alternative manual means of starting. The fuel tank 
capacity shall allow the engine to operate for at least 3 hours at full output. 
All components shall be easily accessible. A strainer shall be provided at 
the inlet of the tank and an efficient filter at an accessible position in the 
fuel supply line between the tank and carburettor. The spark plug shall be 
positioned so as to avoid flooding of the electrodes and allow access for 
cleaning. An air filter shall be fitted to the engine carburettor. A suitable 
fuel pump shall be provided to maintain flow regardless of operational 
conditions. A throttle control to adjust engine speed and a stop switch 
should be provided in an accessible position and be designed also for 
remote control from the vehicle cab. The throttle control should have 
positive positioning to ensure that the engine can only be. operated at full 
output or idle and/or any other engine speeds specified by the purchaser. 
An identification plate shall be fastened securely to the engine, providing 
details of the make, model number, type and power/capacity. 

The engine shall be silenced by a muffler which shall have a guard 
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around it to protect the operator from injury; it shall be located away from 
the fuel tank to avoid fire hazard. 

1.5.1 Performance 
The engine shall pass the performance tests described in section 2. r with 
respect to the following criteria: 

(a) the operational speed shall be within ±so revjmin of that sta1ted by 
the manufacturer as described in section 2. r. r; 

(b) the fuel tank capacity shall be such that the engine can be operated for 
at least 3 hours at full output, as described in section r.s; 

(c) fuel consumption shall be less than 3ljhour, as described in section 
2.r.2; 

(d) the noise level at maximum speed shall not exceed 90 decibels (dB-A), 
as described in section 2.1.3; 

(e) the engine shall operate without any operational problems for a period 
of at least soh, as described in section 2. r -4-

1.6 Fan 

A heavy-duty centrifugal fan or equivalent air blower shall be mounted by 
direct drive to the engine. The fan or blower shall be protected by a casing 
attached to the frame by anti-vibration mountings. The inlet to the fan 
shall be protected by a guard. No rivets shall be used on any part of the fan 
or casing. The air output of the fan should be ducted to one or more 
nozzles. The performance of the fan unit shall meet the following criteria 
according to the tests described in section 2.2: 

(a) the air volume shall be not less than sooo m 3 /hour; 
(b) the air velocity at the nozzle shall be not less than 7S m/s; 
(c) the droplet size produced by the nozzles fitted in the air ddivery 

outlet shall be between so Jlm and roo Jlm VMD at all flow rates and 
chemical formulations used with the equipment. 

1.7 Insecticide tank 

1.7.1 General 
The insecticide tank shall be fitted either directly to the mounting frame 
or to a separate frame fixed to the vehicle in such a way that the tank can 
be easily refilled and removed, when necessary, for cleaning. The tank 
shall be constructed of material resistant to chemicals. If pressurized, the 
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tank shall be able to withstand, without leakage, a pressure of at least 
double the recommended operating pressure, which should not exceed 
zoo kPa, and shall be fitted with a safety valve. The spray delivery to the 
nozzle should be designed so that any accumulation of solids is left in the 
tank, which should be designed to allow complete emptying during 
cleaning. This requires a drain plug in an easily accessible position. A 
return-flow system shall be fitted to provide agitation of the fuel contents. 

1.7.2 Capacity 
The insecticide tank shall have sufficient capacity to allow mist to be 
applied for a minimum of one hour at the flow rate appropriate to achieve 
the required droplet size range from the nozzle. The tank shall be 
equipped with a device to measure or indicate the amount ofliquid in the 
tank. 

1.7.3 Filler opening 
The tank shall be designed to allow rapid filling and complete emptying 
and have an opening in the top of not less than 95 mm in diameter. The 
filler opening shall be fitted with an airtight lid which is easily fitted and 
which cannot be removed as long as the insecticide tank is pressurized. 

1.8 Insecticide metering system 

1.8.1 General 
The unit shall be provided with a pump to transfer liquid to one or more 
nozzles situated in the air delivery outlet(s). The pump shall be driven 
directly or indirectly by the engine and have sufficient capacity to return 
liquid to the tank to provide agitation at all delivery rates. 

If liquid is displaced from the tank by means of air pressure, a valve 
shall be provided between the tank and the nozzle assembly to control the 
flow of insecticide liquid. An on/off switch shall be provided, mounted on 
the control panel, to operate the solenoid on/off valve. The on/off valve 
shall be so designed that all parts are readily accessible for cleaning and 
replacement. 

1.8.2 Delivery hose 
The delivery hose from spray tank to nozzle with or without control valves 
shall be made of material resistant to insecticides and other constituents in 
formulations (see section 2.4). The inside diameter of the hose shall be of 
sufficient size to allow delivery of the highest flow rate used with the 
nozzle. Any connections shall be leakproof and easily removable when 
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required for cleaning or maintenance. Any clips shall be of the worm
drive type. 

1.8.3 Control system 
A control valve system shall regulate the rate of flow of liquid to the 
nozzle. Any variable or interchangeable restrictor mounted in the flow 
line shall be easily accessible and provided with a leakproof seal. 

The flow through the restrictor shall be within ± s% of the stated 
amount. At the option of the purchasing agency the liquid flow rate may 
be proportional to the vehicle speed. An on/ off valve and, at the option of 
the purchasing agency, a flow indicator shall be provided in the vehicle 
cab for remote control. 

A control panel shall be provided with a visual display of the flow 
rate, or a flow meter, and of the temperature of the liquid; there :should 
also be a means to regulate the flow rate, an on/off switch for the flow 
control valve, a device to control engine speed, and an air pressure gauge 
to indicate pressure at the nozzle. An electric fuel gauge for the engine 
shall also be provided, as well as a light with an on/off switch to illuminate 
the panel. At the option of the purchasing agency the control panel shall 
be capable of being mounted in the cab of the Yehicle, behind the cab on 
the bed of the vehicle, or on the mounting frame of the mistblower. In 
each case the control panel shall be so mounted that it is visible to the 
driver or operator and can be operated as required. 

1. 9 Nozzle system 

The nozzle shall be designed to produce a mist with droplets having a 
VMD between so J.lm and 100 J.lm over a range of appropriate flow rates 
(maximum output of 1 ml/min) with formulations of different viscosity. A 
gaseous energy (air shear), centrifugal energy or hydraulic nozzle may be 
mounted at the opening of the outlet of the air delivery duct. The angle of 
direction of the nozzle shall be adjustable through 180° horizontally and 
adjustable vertically to project the spray either upwards or downwards to 
the rear or sides of the vehicle. 

1.10 Markings 

The appropriate parts of the sprayer shall be clearly and permanently 
marked with the following: 

(a) insecticide tank capacity in litres with a marking or metering device 
to measure the liquid content of the tank; 
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(b) fuel tank capacity in litres, with a measuring device as above; 
(c) type/quality of fuel to be used in the engine (petrol, diesel oil, gas/oil 

mixture); 
(d) throttle settings; 
(e) open and closed position ofchoke control on the engine; 
(f) open and closed position of switch for the insecticide flow on/off 

valves; 
(g) the size and output of individual nozzlesfrestrictors; 
(h) net weight of complete unit; 
(i) engine specification (see section 1.5); 
(j) summary of operating instructions. 

Metric units shall be used throughout unless otherwise specified by the 
purchasing agency. All the components on the control panel shall be 
clearly labelled in the language specified by the purchaser. 

1.11 Spare parts and tools 

Unless specified otherwise by the purchasing agency, the manufacturer 
shall supply spare parts including a spark plug, washers, and tools as 
required for routine replacement and maintenance during normal use of 
the equipment over a period of one year. The cost of these spare parts and 
tools shall be included in the cost of the purchased unit. A list of spare 
parts, illustrated and coded, shall be provided to the purchaser. 

1.12 Operation and maintenaoce manual 

An adequately illustrated manual on the vehicle-mounted mistblower and 
its operating procedures, maintenance and repair, in the language 
specified by the purchasing agency, shall be provided with each unit. All 
parts of the equipment shall be listed in the manual and complete 
instructions provided on operation, cleaning, maintenance and repair. 
Special instructions for the engine and fan unit shall be an integral part of 
the manual; details of fitting the equipment to different types of vehicle 
shall also be included. Those parts of the equipment that are in contact 
with insecticide or may be affected by specific insecticiae formulations 
should be indicated. 

1.13 Optional extras 

The unit may be converted into a motorized hydraulic sprayer by the 
addition of hydraulic nozzles on a boom or lances connected to the pump 
while the fan unit is disengaged. 
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2. Test procedures 
The test procedures recommended in these specifications are not in
tended to exclude accepted equivalent methods that may be in use in 
different countries. However, in the event of disagreement, the: pro
cedures described herein shall govern. As far as possible, all tests 
should be carried out with the complete unit without dismantling any 
components. 

2.1 Engine performance tests 

2.1.1 Engine speed 
The engine shall be operated at all settings of the throttle and the spe:ed, in 
revolutions per minute, measured with a tachometer. The position of the 
throttle control should be marked to indicate the maximum spt~ed at 
which all performance tests should be conducted. 

2.1.2 Fuel consumption 
The engine shall be run until it stops from lack of fuel in the tank and 
carburettor. A measured volume of fuel shall be placed in the fuel tank, 
and the insecticide tank filled with water. The engine shall be operated at 
maximum speed while water is sprayed at the maximum flow rate. The 
period over which the engine operates shall be measured, and then a 
similar volume of fuel added for a repeat test. The mean fuel con
sumption, expressed in 1/h, and the time the machine runs on a full fuel 
tank, shall be calculated. 

2.1.3 Noise level 
The noise level shall be measured adjacent to the operator's ear when he 
or she is in the operating position. The noise level so measured shall not 
exceed 90 decibels (dB-A) for an 8-h exposure. Where the noise level can
not be reduced to the acceptable level, the manufacturer shall provide the 
purchaser initially with suitable ear protectors appropriate to the noise 
spectrum produced by the engine. If it is required that ear protectors be 
used, an appropriate pictorial sign should be stamped on the equipment. 

2.1.4 Durability of engine 
The mistblower shall be operated at the maximum flow rate for at least 
five hours per day until a total of so hours operation has been completed. 
The engine shall be stopped after each emptying of the fuel tank load and 
any difficulties in restarting and maintenance required noted. Engine 
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speed shall be checked after every 5 hours and the liquid discharge rate 
and fuel consumption after every 25 hours. 

2.2 Fan performance tests 

2.2.1 Air velocity 
The mean velocity shall be measured with an anemometer from readings 
at 9 positions: at the intersections of three vertical and three horizontal 
transects, I cm outside the end of the discharge tube. Additional 
measurements shall be taken at 3, 6, and 9 m from the opening and a note 
shall be made if the maximum value determined at each distance is off the 
axis of the air delivery tube. 

2.2.2 Air volume 
The volume shall be determined with a flow meter positioned so that its 
reading is affected by the differential pressure across two orifices partially 
separated by a sharp-edged plate mounted in a smooth bore pipe ( 102 mm 
internal diameter) so that the length of the upstream section of the pipe is 
20 x pipe diameter and the length of the downstream section 5 x pipe 
diameter. 

2.3 Nozzle performance tests 

2.3.1 Throughput 
The time taken to emit a known volume ofliquid with each restrictor shall 
be recorded with the nozzle in the correct operating position in the air 
stream and the system operating at the normal engine speed, unless 
otherwise specified. Water plus Io/o wetting agent shall be the test liquid; 
viscosity and temperature shall be recorded. A sufficient volume of the 
test liquid shall be used so that emission time is not less than one minute. 
(This test should be repeated at intervals to check for any erosion of the 
nozzle affecting flow rate.) 

2.3.2 Horizontal throw 
Suitable targets such as kromekote cards or pieces of glossy photographic 
paper (75 x 25 mm) shall be fixed vertically I m above the ground to a 
series of ten rows of seven pegs spaced 1.5 m apart between rows and 
o. 7 5 m within rows, the first row being 5 m from the sprayer air outlet. 
The sprayer air outlet shall be held I m above the ground and the targets 
sprayed with a suitable dyed liquid for 5 seconds. The horizontal throw 
and the width of the airstream with entrained droplets shall be deter
mined by recording the number of droplets per cm 2 on each target; a 
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droplet density of less than 5 per cm 2 shall be considered as no cover. 
Ambient temperature and relative humidity at the time of sprayin1~ shall 
be recorded. If possible, this test should be carried out in still air and if 
not, the wind speed shall be noted. The wind direction should be from the 
sprayer along the line of targets. 

2.3.3 Vertical throw 
Suitable targets such as kromekote cards or pieces of glossy photographic 
paper (75 x 25 mm) shall be folded and fixed horizontally at 0.5 m 
intervals to a rope which is raised over a pulley attached to a tower so that 
the highest target is at least I2 m and the lowest 4 m above the ground. A 
suitable dyed liquid shall be sprayed with the nozzle at a height of 1.5 m 
above the ground and 3 m from the rope so that natural air mov,ement 
does not interfere with the air jet towards the targets which are sprayed for 
5 seconds. The droplet density shall be recorded on the upper and lower 
surfaces of each target; a droplet density of less than 5 per cm 2 shall be 
considered as no cover. 

2.3.4 Droplet size 
Glass slides coated with magnesium oxide or Teflon 1 shall be placed 
inside a small room, not less than 2 x 3 m in floor area. The sprayer shall 
be moved at I m/s so that the nozzle is I m from the doorway as spray is 
directed into the room. 2 The slides shall be collected 2 hours after 
spraying to allow sedimentation of the smallest droplets. 

2.4 Test for resistance of construction materials to 
chemicals 

To test nonmetallic parts of the mistblower that are in contact with 
insecticide formulations, the following solvent mixture shall be used: 40% 
kerosene (by volume); 20% toluene (by volume); and 40% xylene (by 
volume). The parts being tested shall be soaked in the mixture for 72 
hours at ambient temperature or 2I cc (whichever is the higher). The 
parts shall then be allowed to dry in the air for a further 24 hours. After 
this exposure, the parts shall not deform and when they are reassembled 
they shall not leak and shall function normally. Care should be taken when 
handling this mixture as it is toxic and inflammable. 

1 Nonvolatile formulation is essential for Teflon slides. 
2 See Annex 1. 
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2.5 Field performance and durability test 

The sprayer shall successfully undergo a field trial for a period of 300 

hours without a change in the specifications provided by the manufac
turer and without development of major and/or frequent breakdowns of 
any part(s) of the unit. The field trial shall be performed in accordance 
with the guidelines for field trials of ground space spraying equipment. 1 

1 See Annex 4· 
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Annex 1 

Methods of sampling pesticide sprays 
to determine droplet size spectra 

Measurements of droplet size of sprays can be obtained under labmatory 
conditions, with either temporal or spatial sampling, using a laser light 
source and special photodetectors linked to computers. 

Temporal sampling involves measurement over a period of time. A laser 
system has been developed in which droplet shadows are detected on a 
series of photodetectors. 

Spatial sampling refers to the measurement of droplets in a given space; 
the avera-ge of several measurements taken over a period of time is 
calculated. A laser light diffraction system provides a spatial sampling 
method for determining droplet size. 

Whichever system is used, the position and operational details of the 
nozzle and measurement system must be defined. The performance of 
nozzles can be assessed quite rapidly with these laser techniques but the 
initial cost of the equipment is high. Equipment is available, for example, 
at certain WHO Collaborating Centres (listed on page 238), to whom 
nozzles can be sent for droplet size analysis. Field sampling is, however, 
essential to monitor the performance of equipment during vector control 
programmes, in order to detect any reduction in effectiveness that may be 
due to malfunction of some part of the equipment or to other causes, such 
as the weather. At present, results of field assessments depend very much 
on the collection efficiency of the samples. 

Definition of droplet size 

Most sprays have a range of droplet sizes. The most frequently used 
measurement is the volume median diameter (V:\1D) expressed in 
micrometres (.urn). This is the number that divides the spray into two 
equal parts by volume, one half containing droplets smaller than this 
diameter, the other half containing larger droplets. The VMD alone gives 
no indication of the range of sizes in a spray. In addition to the VMD or 
V 0 . 5 , values for V 0 . 16 and V o.s.p which are the values for which 16% and 
84% of the spray volume, respectively, contain smaller droplets and 
which represent ± 1 standard deviation from the median value, may also 
be quoted. Some laboratories quote V

0
.
10 

and V0 . 90 . 

225 



Equipment tor vector control 

Another measurement that may be used is the number median diameter 
(NMD), which is the value that divides the spray into two equal parts by 
number of droplets, so that half the droplets are smaller and half larger. 
The NMD is more difficult to measure and results may vary for different 
sampling and measurement techniques. Because of the increasing impor
tance of using the optimum droplet size to improve spray efficiency, the 
proportion of the spray volume in droplets between stated sizes is more 
relevant. 

Classification of size ranges of droplets 
Fog. A distribution of droplets with a VMD value below 15 flm, when the 
number of droplets in a volume of air is such that the visibility is reduced. 

Fine aerosol. A distribution of droplets with a VMD value below 25 flm. 

Coarse aerosol. A distribution of droplets with a VMD in the range 
25-50 flm. 

Mist. A distribution of droplets with a VMD in the range 50-100 flm. 

Fine spray. A distribution of droplets with a VMD value in the range 
I00-200 flm. 

Medium spray. A distribution of droplets with a VMD value in the range 
200-JOO flm. 

Coarse spray. A distribution of droplets with a VMD value of 300 flm or 
above. 

· A method for determining droplet sizes 
Droplets impinging upon a surface coated with magnesium oxide produce 
small craters whose diameter has a constant relationship to the diameter of 
droplets in the size range 20-200 flm. A much thicker layer of magnesium 
oxide is needed for testing larger droplets, which are liable to produce 
irregular craters. 

Glass microscope slides (2.5 x 7·5 cm) provide a convenient surface, 
but the collection efficiency for small droplets is poor, unless the droplets 
are allowed to settle on horizontal slides in still air. Aerosol sprays may be 
sampled by directing droplets through an opening into a closed room or 
large container with slides coated with magnesium oxide placed on the 
floor. Alternatively, the collecting surface may be rotated by a small 
electric motor. A quick assessment of the VMD may be made by waving a 
slide, usually once, through a cloud of droplets, commencing at a distance 
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of about 2 m from the release point. When the air velocity is too high at 
this distance, samples have to be collected at a greater distance, which 
should be recorded with the droplet size data. 

Viscosity and surface tension can affect the formation of droplets, so, 
wherever possible, the pesticide formulation used in the field sholllld be 
used for droplet size assessments, with appropriate attention to safety. 
For laboratory studies, it is often necessary to use an inert formullation, 
i.e., water, usually containing a surfactant or an oil, the viscosity of the 
latter being selected to represent typical ULV formulations. If a fluor
escent tracer is added to the spray, inspection under ultraviolet light will 
reveal small droplets that have failed to form an easily detected crater. 

Samples of certain nonvolatile formulations, such as technical mala
thion, have been sampled on slides treated with Teflon or silicon; the 
latter being prepared by dipping the slides in a Io% solution ofDrifilm in 
toluene, and after drying, dipping them in acetone. 

Preparation of magnesium oxide slides 

A metal box is prepared with a large opening on one side, and an opening 
of 2.5 x 2.5 cm in the top. When several slides are to be pre:pared 
simultaneously, a rectangular hole (2.5 xIS cm, for six slid,es) is 
preferred. The box should be positioned in a well ventilated area. The 
glass slides are placed across the top opening, so that the central third is 
coated with magnesium oxide when magnesium ribbon is burnt a few 
centimetres below, inside the box. Two strips of magnesium ribbon, each 
about IO cm long, for each slide will produce a deposit sufficiently thick to 
measure droplets up to about 200 pm in diameter. A simple method of 
checking the uniformity of the coating is to view the coated slide from the 
back and against the light. 

Determination of droplet size 

After a sample of droplets has been collected on the slide, it is examined 
under a microscope by transmitted light. A magnification of IOO x is most 
suitable for measuring droplets of aerosol size. A mechanical stage on the 
microscope is necessary, and measurement is facilitated by the use of a 
special eyepiece graticule. Engraved on the graticule are rows of circles 
that increase in diameter according to a J 2 progression, i.e., size IO is J 2 

times size 9, which is J 2 times size 8, and so on (see Fig. AI. I). The 
graticule is placed in the eyepiece of the microscope and is calibrated by 
means of a stage micrometer. The diameters of the craters produced by 
the droplets in the magnesium oxide layer are measured by comparison 
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Table A 1.1. Size distribution of mist droplets deposited on a glass slide coated with 
magnesium oxide 

Total volume 
Observed True Volume No. of of droplets 

Graticule diameter diameter of per droplets in each Cumulative Percentage 
no. of crater droplet droplet in size size class volume cumulative 
(size class) (Jtm) (Jtm) (x10 3 pm 3

) class (x10 3 pm 3
) ( x 103 pm 3

) volume 

3 12 10 0.5 2 1.0 1.0 0.01 
4 17 15 1.8 3 5.4 6.4 0.04 
5 24 21 4.9 14 68.6 75.0 0.5 
6 33 29 12.6 66 831.6 906.6 5.7 
7 47 41 36.0 68 2448.0 3 354.6 21.2 
8 66 57 97.0 51 4947.0 8 301.6 52.4 
9 94 82 288.5 18 5 193.0 13 494.6 85.0 

10 132 115 796.5 3 2389.5 15 884.1 100.0 

The percentage cumulative volumes may be plotted against the true droplet sizes on logarithmic probability graph 
paper (see Fig. A 1.2). The size corresponding to the 50% point is the volume median diameter (vMo). 
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Fig. A1.2. Size distribution of droplets. 
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Table A1.2. Size distribution of fine spray droplets collected in a matrix of 
petroleum jelly and light mineral oil 
----- -------

Total volume 
True Volume No. of of droplets 

Graticule diameter of per droplets in each Cumulative Percentage 
no. droplet droplet in size size class volume cumulative 
(size class) (/tm) ( x 103 11m3

) class ( x 103 11m 3
) (x103 11m 3

) volume 

4 17 2.5 19 48 48 0.01 
5 24 7.2 28 202 250 0.05 
6 33 18.8 28 527 777 0.1 
7 47 53.2 44 2340 3117 0.6 
8 66 148.0 20 2960 6077 1.1 
9 94 435.0 21 9135 15 212 2.8 

10 132 1 215.0 25 33 750 48962 9.1 
11 188 3 478.0 17 59126 108 088 19.3 
12 265 9740 18 175320 283408 52.5 
13 375 27600 8 220800 404 208 74.9 
13+8 441 44900 3 134 700 538908 100.0 

The percentage cumulative volumes may be plotted against the true droplet sizes on logarithmic 
probability graph paper (see Fig. A1.2). The size corresponding to the 50% point is the volume median 
diameter (VMD). 
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Equipment for vector control 

Preparation of sampling target 

The matrix is melted by the application of gentle heat and is then poured 
into the lid of a small transparent plastic pill box (approximately 5 x 5 cm) 
to a depth of about 2 mm. The mixture sets at room temperature to the 
consistency of a very light grease. It is then ready for use. 

Deposition of droplets 

A sample of the spray under test is deposited in the matrix by passing the 
lid of the pill box containing the matrix through the spray, commencing at 
a distance of about 1.25 m from the release point. Samples of sprays from 
equipment employing gaseous energy have to be collected at a distance. 
The lid is held horizontally and drawn through the spray towards the 
release point. A single pass is generally sufficient to collect a represen
tative sample. The surface of the matrix is then immediately covered with 
a thin layer of light mineral oil sufficient to enclose the droplets 
completely and prevent their evaporation. 

Determination of droplet size 

The initial procedure for measuring droplet size is similar to the method 
described for aerosols. At least 200 droplets should be measured, all the 
droplets from one edge of the lid to the other being counted as the lid is 
moved across the field of view by the mechanical stage. Once the droplets 
are completely enclosed within the matrix, they resume their original 
spherical shape and no size .correction need be made in the computation. 
Representative data illustrating this method are given in Table A1.2 and 
the size distribution is shown in Fig. A1.2. 
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Procedures and methods for the 
testing and evaluation of pesticide~ 
application equipment 

In September 1976, a meeting of the WHO Expert Committee on Vector 
Biology and Control was held to discuss equipment for the application of 
pesticides and other engineering aspects of vector control programmes. 1 

Recognizing that there are many different types and makes of pt~sticide 
application equipment throughout the world, the Committee agreed that 
some systematic process for equipment evaluation was required. The 
Committee designed and approved such a scheme and recommended that 
it be known as the "WHO Pesticide Application Equipment Evaluation 
Scheme." An outline of the scheme is given in Fig. A2.1. The Committee 
further proposed that WHO, in collaboration with FAO, should promote 
the implementation of this scheme. 

WHO pesticide application equipment 
evaluation scheme 
The objectives of the scheme are to discover whether the design of 
pesticide application equipment is suitable for a particular operation in 
vector control and whether it complies with existing specifications for the 
specific type of equipment. 

In evaluating and selecting pesticide application equipment the follow-
ing points should be considered: 

the suitability of the equipment (both the type and the size) for the 
kind of vector control operations to be undertaken; 
the performance of the equipment in the workshop and the field; 
the effects of different pesticide formulations on equipment com
ponents; 
the simplicity of design, operation, maintenance and servicing; 
safety for the operator and the environment; 
the availability of spare parts for the model and servicing facilities in 
the programme area; 
the cost, including the cost of spare parts, in the programme area. 

1 WHO Technical Report Series. No. 6o3, I9i7 (Engineering aspects of vector control operations: 
first report of the WHO Expert Committee on Yector Biology and Control). 
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As indicated in Fig. Az. 1, the testing and evaluation of p1~sticide 
application equipment has six stages. The stages and the related activities 
for each stage are described below. 

Stage I. Worldwide survey of available equipment 
The purpose of the sun·ey is to find out the availability of the type of 
pesticide application equipment suitable for a vector control progumme. 
For carrying out this survey three approaches have been proposed: 
reviewing existing literature including reports, papers and books on 
pesticide application equipment; reviewing and screening manufacturers' 
advertisements and technical brochures on their products; andl direct 
inquiries to manufacturers about their products. 

In addition, WHO occasionally receives inquiries from Member States 
about the suitability of a newly marketed type of equipment, thus 
bringing to the attention of WHO the availability of equipment that may 
possibly be suitable for vector control programmes. 

Stage 11. Collection and collation of data and 
selection of potentially suitable equipment for 
evaluation 
When a specific type and make of suitable equipment for vector control 
has been selected on the basis of the above survey, the necessary technical 
data and specifications concerning the candidate equipment should be 
collected, usually by review of manufacturers' brochures and available 
relevant technical data. 

WHO has developed data sheets for each type of pesticide appllication 
equipment presently used in vector control. A copy of the appropriate 
data sheet will be sent by \VHO to the manufacturer to complete and 
return. Data sheets are currently available 1 for the following types of 
sprayers: 

hand-operated compression sprayers; 
vehicle-mounted gaseous energy aerosol generators; 
knapsack motorized mistblowers; 
thermal foggers. 

Once the completed data sheets concerning the candidate sprayer are 
received from the manufacturer, they are reviewed. If the specifications 

1 See Annex 5· 
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for the type of sprayer are in conformity with those of WHO, the 
manufacturer will be requested to send a sample of the product, along 
with a completed data sheet, for laboratory evaluation (bench tests), to 
one of the WHO Collaborating Centres designated for testing and 
evaluating pesticide application equipment. 

The completing of data sheets and dispatch of a sample unit to a WHO 
Collaborating Centre is voluntary and there is no obligation for the 
manufacturer. The charges, including the cost of transportation to and 
from the designated collaborating centres, customs clearance, etc., are 
borne by the manufacturer. 

Stage Ill. Laboratory evaluation and modification 
The laboratory evaluation or bench tests are carried out in one of the five 
Collaborating Centres designated by WHO for this purpose. The WHO 
Collaborating Centre carries out tests to confirm that the sprayer 
specifications comply with those of WHO. WHO specifications are 
prepared by taking into consideration both performance and the material 
and dimensions that are prescribed for equipment. 1 During this process 
the manufacturers are always consulted, and their contribution has been 
significant. 

On completion of the bench tests, the testing centre prepares its report. 
Any suggestion for modification for improvement of sprayers is reported 
to the manufacturer; otherwise the equipment is considered to have 
passed the test satisfactorily. The feedback of the results obtained and 
suggestions for improvement to the manufacturer is an important 
component of both laboratory and field evaluations. 

The bench tests are carried out free of charge by the collaborating 
centres. 

Stage IV. Assessment of laboratory results and 
selection of equipment for field evaluation 
The report of the WHO Collaborating Centre, together with the data 
sheets completed by both the centre and the manufacturer, are forwarded 
to WHO Headquarters for review, analysis and assessment. If the results 
are found to be satisfactory and the centre confirms that the specifications 
of the candidate sprayer meet those of WHO, then a field trial will be 

1 WHO Specifications for pesticide application equipment that have already been prepared are 
given in Part V. 
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organized. No pesticide application equipment is evaluated in the field 
unless it has passed the laboratory tests. 

Stage V. Field evaluation 
Field evaluations are designed to establish the suitability of the equip
ment in vector control programme areas and to determine its per
formance, effectiveness in controlling the vectors, safety to operators and 
the environment, and reliability. 

Field trials for evaluations of pesticide application equipment may be 
organized in collaboration with a WHO Collaborating Centre designated 
for this purpose or in an existing project on disease vector control in one of 
the WHO Member States. 

WHO has prepared guidelines for field evaluation, which explain in 
detail the objectives, materials and methods, organization and reporting 
procedures, in order to assist field workers in vector control programmes 
to organize field trials. So far, guidelines have been prepared for hand
operated compression sprayers 1 and for ground space spraying equip
ment. 2 

Once the field trial on the candidate pesticide application equipment 
has been completed, the officer in charge of the trial prepares a report 
according to the format recommended in the guidelines and submiits it to 
WHO. 

Stage VI. Preparation of the evaluation report 
The field report is analysed at WHO Headquarters, the data received 
from the laboratory and field compared, and a report prepared on the 
results. Copies of the report are then sent to the manufacturer, the supply 
unit of WHO, and the country or agency that requested the evaluation of 
the equipment. If the equipment passes the laboratory test and field trial 
successfully, and with the agreement of the manufacturer, the report may 
be issued as a WHO document for wider distribution. 

It is important for the manufacturer and the consumer to be aware that 
WHO does not issue a certificate of approval for any product nor does it 
recommend any specific make or model to the consumer. 

1 See Annex 3· 
2 See Annex 4-

237 



Equipment for vector control 

WHO Collaborating Centres for Testing, Evaluation 
and Development of Pesticide Application 
Equipment 

International Pesticide Application Research Centre (lP ARC), Imperial 
College at Silwood Park, Sunninghill, Ascot, Berkshire, England 

West Pasco County Mosquito District, Office of Entomology Services, 
Department of Health and Rehabilitative Services (HRS), Jackson
ville, FL, USA 

Statens Jordbrugtekniske Forsog, Bygholm, Horsens, Denmark 

Department of Medical Entomology, a Martsinovsky Institute of Medical 
Parasitology and Tropical Medicine, Moscow, USSR 

Division of Medical Entomology,a Department of Medical Sciences, 
Bangkok, Thailand 

"For field trial only. 
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Guidelines for field trials of 
hand-operated compression sprayers 

1. Introduction 
The purpose of these guidelines is to assist field workers in vector control 
programmes to organize field trials for the assessment of hand-operated 
compressiOn sprayers. 

Although the intention is to cover only the engineering aspects of the 
trial, such as design, operation, performance and maintenance of the 
equipment, there are other factors that have a bearing on the results of the 
trial and the overall effectiveness of residual house spraying operations, 
namely: (a) the type of insecticide, its formulation and dosage; (b) 
application techniques; (c) the size and topography of the project area; (d) 
the layout of buildings and their construction material; (e) the target 
vector; and (f) entomological evaluation methods. 

Hand-operated compression sprayers are used in both public health 
and agriculture for the application of pesticides. They consist of three 
major components: tank, pump and discharge system, and they utilize 
hydraulic energy, pressure being provided by a hand pump. Hydraulic 
energy-type nozzle tips are used for obtaining optimum particle size, 
discharge rate and distribution pattern. 

The pesticide formulations suitable for application with this type of 
sprayer are solutions, emulsifiable concentrates and suspensions ofwater
dispersible powder. 

2. Objectives 
The purposes of field trials are: 
(a) to evaluate the field performance of the candidate sprayer for its 

effectiveness and durability; 
(b) to find out whether the operation of the equipment is simple and safe 

for operators; 
(c) to establish replacement schedules for spare parts; 
(d) to find possible improvements, if any, and to suggest these to the 

manufacturer for possible modification in design and constmction. 
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3. Trial area 
Evaluation should be relevant to the particular vector control operations 
to be undertaken and to the conditions prevailing in the programme area. 

Basic data pertaining to the programme area such as those listed below 
may be useful in the evaluation process: 

(a) size and terrain of the area; 
(b) climatic conditions prevailing; 
(c) distribution of dwellings and size and distribution of breeding places; 
(d) network of roads and their type and quality; 
(e) educational level of workers engaged in the programme. 

4. Materials and equipment 
4.1 Units to be tested 

An adequate number of sprayers (four as an absolute minimum) should be 
provided for the field trial. It is advisable to have in the project area two 
additional units as reserves so that in the event of loss, or accidental 
breakage, the units being tested can be replaced. 

4.2 Tools and spare parts 

The tools recommended by the manufacturer and an adequate quantity of 
spare parts for the sprayer should be made available. 

4.3 Insecticides 

An adequate stock of insecticide formulations recommended for the trial 
should be provided. It is preferable to provide the operators with pre
packed charges of insecticides which are more precise and safer to handle. 

Equipment for mixing insecticides normally includes a bucket, a funnel 
with strainer, a wooden paddle for mixing and a jerrycan for water. 

4.4 Protective equipment 

The requirements for protective equipment depend on the compound to 
be applied and on operational conditions. The following items, however, 
are normally recommended for the protection of spray operators: 

240 

two pairs of overalls for each operator to allow a freshly washed pair 
to be worn each day; 



Annex 3 

a wide-brimmed hat for each operator to cover the head and protect 
the face and back of the neck from airborne insecticide .particles 
during the spraying; 
one pair of plastic goggles for each operator, to be worn during 
application of insecticide; 
one pair of rubber gloves for each operator, to be used when spraying 
and when handling the insecticide; 
one pair of shoes for each operator to protect the feet from being 
covered by insecticides during spraying; 
soap, towels and water containers. 

4.5 Testing equipment 

The following items are required for each squad for testing the p1ressure 
build-up, discharge rate and swath width. 

a good quality precise pressure gauge with a scale reading of 
o-700 kPa with necessary fittings to be mounted at the end of the 
lance before the nozzle assembly; 
a plastic graduated cylinder with a scale reading o-1000 ml; 
a compression sprayer fitted with a pressure regulator for testing the 
discharge rate of nozzle tips; 
a chronometer or watch equipped with a counter for minutes and 
seconds; 
a metre ruler marked with centimetres and millimetres. 

4.6 Transport 

During the trial period, one or more vehicles of the same type as those 
used in disease control spraying operations should be made available for 
the transport of equipment, insecticides, spray operators and squad 
leaders. 

5. Organization 

5.1 Inspector and supervisor 

An inspector is assigned to direct and supervise two spraying squads. The 
overall supervision of the field trial should be done by a chief supervisor 
or by the principal investigator. 
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5.2 Spraying team 

Spray operators may be selected among the spraying teams at random; 
their number, however, must correspond to the number of sprayers to be 
tested. At least three or four operators should be assigned to a spraying 
squad (the smallest unit in spraying operations). They should be placed 
under the supervision of a squad leader who controls the quality of 
spraying and provides guidance to the spray operators in the care and 
proper handling of the sprayers. 

5.3 Reporting 

Ideally, spray operators should each prepare a weekly (or daily) report on 
the sprayer they use. If an operator is unable to read or write, the squad 
leader should be responsible for completing the report form for him or her 
correctly and regularly at the end of each day's work. Precise observation 
should be made in the field and the facts accurately entered on the form. 
The report should be checked daily by the inspector, reviewed and 
submitted to the chief supervisor at the end of the week. 

In addition to these weekly (or daily) reports, there should be a history 
card for each sprayer in which results of the routine tests by the supervisor 
or the investigator are entered; there should also be a record of all repairs 
made on it during the field trial period. 

The forms for reporting may be designed by the investigator specifical
ly for the field trial according to the local organizational set-up and the 
exact nature and purpose of the field evaluation. Samples of suitable 
forms are provided for reference purposes (see Fig. A3.1, A3.2 and A3.3). 

5.4 Transport 

The type of motor vehicle used and the general road conditions prevailing 
in the field trial area should be clearly noted. If protective devices for 
secure transport of sprayers and accessories have been installed on the 
vehicles, this should be mentioned in the final report. The extent to which 
the spraying equipment can withstand transportation under operational 
conditions is an important aspect of evaluation. 

6. Methods 
6.1 Preliminary tests 

New sprayers should be taken from their boxes or crates and carefully 
examined to check that they are in good condition, that the packing is 
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Fig. A3.1 Sample form for weekly report of field performance test on hand-operated compression sprayers· 
Country/provi nee/zone: 

Sector: _________________ _ 

Spraying squad no.: __________ _ 

1. No. of working hours: 
From (hours/minutes) 
To 

2. Duration of resting and transportation 
(hours/minutes) 

3. No. of actual hours of spraying 
(hours/minutes) 

4. No. of-sprayer charges sprayed 

5. Feeling of comfort while spraying 
and carrying (check one) 
Bad 
Moderate 
Good 

6. Leakage, failure or fatigue in part(s) 
observed (indicate part no.) 
Tank assembly 
Pump assembly 
Discharge assembly 

7. Daily maintenance (Yes___ No __ ) 

Remarks: 

Make and model: __________ _ Sprayer no.: 

Liquid capacity: ___________ _ Insecticide and formulation used: ________ _ 

MON TUE WED THUR FRI SAT WEEK TOTAL 

Squad ieader: ______________ _ inspecior: _________________ _ Place and date: _____________ _ 
(Name and signature) (Name and signature) 

* To be completed by the spray operator or squad leader. 
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Fig. A3.2. Sample form for individual sprayer maintenance card" 

Make and model of sprayer: 

Sprayer capacity: 

Date 

Cumulative no. of 
sprayer charges since 
beginning of trial 

Repairs required, part 
lost or broken, details 
of breakdown 

* To be completed by the person who has carried outthe repair. 

No. of 
hours out 
of action 

Sprayer no. ____________________________________ ___ 

Date originally put into service: -------------------

Date permanently removed from service: 

Measures taken 
and place 
(workshop/field) 

Spare 
parts 
issued 

No. of 
hours for 
repair 

Repaired by 

Name and 
signature Title 
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appropriate, that they are supplied in accordance with the manufacturer's 
catalogue, and that they are identical to the model previously tested in a 
workshop or laboratory. 

The sprayers and their principal components 1 should be assigned serial 
numbers for identification during the field tests. 

Each sprayer is then filled with water, up to three-quarters of its full 
tank capacity or as recommended by the manufacturer. ·without any 
adjustment, the following measurements are made: 

(a) the number of pumping strokes needed to produce a tank pressure of 
380 kPa; 

(b) if the sprayer is equipped with a pressure regulator: 

the lance pressure (nozzle tip pressure) when water flows through 
the discharge system at the tank pressure of 380 kPa as produced in 
(a) above; 
the corresponding output of the nozzle tip (ml/min); and 
the lance pressure at the moment when the water flow stops as a 
result of the activation of the pop-off diaphragm. 

If the sprayer is equipped with a pressure gauge: 

the gauge readings at tank pressures 2 of 380 kPa, 276 kPm, and 
172 kPa; and 
the output of the nozzle tip (ml/min), if desired, at a lance pressure of 
276 kPa; 

(c) the displacement (wobble) of the pump handle m the upper 
position under light horizontal pressure. 

Each nozzle is numbered and a selection submitted to the following 
tests: 

(a) calibration of the output (ml/min) under a constant lance pressure of 
276 kPa; to ensure a constant pressure at the nozzle tip, a compr,ession 
sprayer fitted with a pressure regulator and a reliable pressure gauge 
must be used (see section 4.5). 

' Punching is preferable to numbering wherever it can be used without impairing the strength of 
the metal, but it must never be used on any component subject to compression. ·where this is the case, 
the numbering should be indicated with paint. 

2 The tank pressure can be measured with the standard pressure gauge (see section 4-5) at the 
lance end as follows. The standard pressure gauge is mounted at the end of the lance before the nozzle 
assembly. The nozzle tip, nozzle gasket and nozzle body cap are remoYed. The nozzle body iis closed 
tightly with the palm of one hand so that no water will flow when the cut-offYalYe is opened. The cut
off valve is opened by pressing down with the other hand. The reading of the standard gau1;e at the 
lance end now indicates the tank pressure. The tank pressure can be adjusted upwards (by additional 
pumping) or downwards (by pressing down the air-release valw on the tank cm·er) as necessary. 
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Fig. A3.3. Sample form for individual sprayer history card* 
Make and model of sprayer: 

Sprayer capacity: ______________ _ 

Duration of field trial: From To ____ _ 

No. of evaluation Initial 
Date of evaluation 
No. of sprayer charges since last evaluation 0 
Cumulative sprayer charges 0 
No. of pumping strokes to produce tank 

pressure of 380 kPa 

If sprayer is equipped with pressure regu
lator: 

Lance pressure at tank pressure of 380 
kPa 

Corresponding output (ml/min) 
Tank pressure (kPa) at which flow stops 
Lance pressure at tank pressure of 

380 kPa after adjustment 
Corresponding output (ml/min) after 

adjustment 
Tank pressure (kPa) at which flow stops, 

after adjustment 

Sprayer no.: 

Date originally put into service: __________ _ 

Date permanently removed from service: 

Insecticide and formulation used: _________ _ 

Final 
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If sprayer is equipped with pressure gauge: 
Gauge reading at tank pressure of 380 kPa 
Gauge reading at tank pressure of 276 kPa 
Corresponding output (ml/min) at 276 kPa 
Gauge reading at tank pressure of 172 kPa 
No. of new nozzle tip fitted 
Output of new nozzle tip (ml/min) at 

276 kPa 

Width of swath (cm) and evenness of drying 
Wobble (cm) 
No. of hours out of action due to repair 

(cumulative) 

Remarks: 

Name and signature of principal investigator Place and date: 

* To be completed by the chief supervisor or principal investigator. 
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(b) the width of swath sprayed on a light-coloured porous wall and the 
evenness of drying; 

(c) the liquid distribution pattern, if a patternator is available, to evaluate 
the quality of the liquid distribution and to find out the width of the 
swath and the best overlap. 1 

6.2 Field operations 

In field trials, it is advisable that spraying squads be uniformly equipped, 
i.e., all the spray operators of a squad should use the same model of 
sprayer. 

All spraying staff should be trained to use and maintain the sprayers 
according to the practice recommended by the manufacturer, taking local 
operational conditions into account, and to perform spraying following 
the instructions given (see section 6.4). The squad leaders and sprayer 
mechanics should also be trained to make simple repairs or adjustments. 

The squad leaders should record daily, for each sprayer, the number of 
sprayer charges used, hours spent in actual spraying, and the minor 
breakdowns for each day of the week in the weekly report form (see Fig. 
A3.1). They should also keep a record, on an individual sprayer mainten
ance card (see Fig. A3.2), of the repairs made, the spare parts used, the 
man-hours spent for the repair and the number of hours "out of action" 
because of the breakage. 

Sprayers needing repairs that the squad personnel are not equipped or 
authorized to carry out should be set aside to be looked at by the chief 
supervisor or the investigator who should record on the card each time the 
sprayer is repaired. 

At least once a week, and preferably more frequently, the chief 
supervisor or the investigator should visit each squad to evaluate all 
sprayers. On that occasion the supervisor may dismantle the sprayers and 
put them into good condition, by making the necessary adjustments, 
repairs and replacements not made by the team, recording on the 
individual sprayer maintenance card (see Fig. A3.2) all details of the 
repairs and replacements carried out. 

At each inspection, the investigator or the chief supervisor should make 
a quantitative evaluation of the. performance of each sprayer and note the 
results on the individual sprayer history card (see Fig. A3.3). The card 
should show the date of inspection, the number of charges discharged 
through the sprayer since the previous inspection, and the cumulative 

1 See Part V, Specification WHO(VBC/89·970, page III. 
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number of pump charges since the start of testing. The following should 
be measured and recorded on the card: 

(a) the number of pumping strokes needed to produce a tank pressure of 
380 kPa; 

(b) if the sprayer is equipped with a pressure regulator: 

the lance pressure, measured at the nozzle tip, with water flowing 
through the discharge system at a tank pressure of 380 kPa; 
the corresponding discharge rate (mlfmin) of the nozzle; 
the tank pressure at which water flow stops. 

After the pressure regulator has been adjusted to a correct setting, the 
measurements described in (b) are repeated and the new values recorded; 

If the sprayer is equipped with a pressure gauge: 

the gauge readings at tank pressures of 380 kPa, 276 kPa and 
172 kPa; 
the output of the nozzle at a lance pressure of 276 kPa. 

To evaluate the erosion of the nozzle tip, each used nozzle tip should be 
mounted on a special sprayer reserved for this purpose (see section 4.5) 
and the following measurements made using water at the contmlled 
constant lance pressure of 276 kPa: 

(a) the output (mljmin); and 
(b) the width of the swath sprayed on a light-coloured porous wall and the 

evenness of drying. 

When, as a result of the above tests, a nozzle tip is changed, the number 
of the new tip is entered on the individual sprayer history card. 

The chief supervisor or the investigator should make observations of 
the sprayers in operation in order to appreciate their practical qualities 
and defects, and whether their operation is simple and safe to the spray 
operator. The comments of spray operators and inspectors should be 
noted. 

Field testing may last 3-4 months, depending on the local programme 
schedule. Initially, the total number of actual field working hours for the 
trial should be not less than 450 hours. 

6.3 Final tests 

After field testing, sprayers should be removed from the field and 
dismantled and carefully inspected in order to observe the caking of 
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insecticides, the wear of parts, etc. The "wobble" test should be carried 
out again in order to determine the wear of the pump cap. 

6.4 Operational instructions 

It is essential to ensure that close and constant supervision of the testing, 
with precise recording of observations, is maintained throughout the trial 
and that the following instructions are followed carefully by the personnel 
engaged in the trial: 

(a) ensure that each spray operator has become familiar with the 
manual 1 provided by the manufacturer before using the sprayer; 

(b) check the sprayers by testing them with water to ensure that they are 
in good operating condition before use in the actual operation; 

(c) mix spray materials carefully according to the recommended pro
cedures, and, in the case of suspensions, shake the sprayer fre
quently to keep the suspension uniform; 

(d) leave an air space in the tank by filling it not more than three
quarters full or as recommended by the manufacturer; 

(e) use the proper pumping action, pulling the plunger shaft all the way 
up and then pushing down using both hands evenly and steadily and 
applying body weight on the handle from top to bottom; 

(/) oil the pump plunger shaft and leather cup as required; 
(g) always release pressure in the sprayers when they are not in use, 

particularly when transporting or leaving in a warm place; 
(h) apply and maintain carefully the operational pressure in the sprayers 

within the acceptable range, which is normally 172-380 kPa; 
(i) clean the sprayers daily after spraying following the recommended 

procedures, and keep them dry while not in use; 
(j) place sprayers carefully in a covered dry storage shed (each sprayer 

should be kept in an inverted position, if possible, with the cover 
assembly lying loosely inside the tank); 

(k) always be careful when using wrenches on fittings; tighten only 
enough to prevent leaks. 

6.5 Safety precautions and public education 

The operational staff While working, all spray operators, squad chiefs, 
stores staff, packers and mixers should wear the protective clothing, i.e., 
overalls, hat, shoes, gloves and goggles, issued to them. Frequent washing 

1 Spray operators who cannot read should be carefully instructed and tested to see whether they 
have mastered the necessary procedures. 
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with soap and water, especially prior to eating and smoking, is rec
ommended. Smoking should not be allowed during spraying. 

The inhabitants of the trial area must be informed about the spraying 
schedule. They must also be advised that the insecticide application will 
be safe provided that the necessary precautions, such as covering of food 
items, and food water containers, are observed and that all domestic 
animals are kept outside during the spraying. All residents should stay 
outside during the insecticide application and an half an hour after the 
completion of the application. Before starting spraying, spray ope1rators 
must ensure in particular that no infants or sick persons are inside. 

7. Preparation of the final report 
The final field report must present a realistic picture of the performance 
of the equipment and its suitability for efficient application in the vector 
control project under prevailing field conditions. The results of field tests, 
including performance, durability of the equipment, its safe use, type of 
maintenance required and difficulties experienced during the trial p~~riod, 
should be reported. If accessories, such as pressure gauge, pre:ssure 
regulator, lance extension, gooseneck lance, nozzle flow regulator kits, 
etc., are provided by manufacturers, they must be tested and their 
performance and durability reported separately. 

The cost of the equipment, including cost of spare parts and mainten
ance, needs to be considered. A full cost-effectiveness analysis is also 
desirable. 

Recommendations and suggestions for further improvement of the 
equipment should also be included in the field evaluation report. 
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Guidelines for field trials of ground 
space spraying equipment 

1. Introduction 
The purpose of these guidelines is to assist field workers in vector control 
programmes to organize field trials for the assessment of space spraying 
equipment. 

The intention here is to cover only the engineering aspects of the trial 
such as design, operation, performance and maintenance of the equip
ment. However, there are other factors that have a bearing on the results 
of the trial and the effectiveness of a space spraying operation as a whole in 
vector control projects, namely: (a) the type of insecticide, its formulation 
and dosage; (b) application techniques; (c) the size and topography of the 
project area; (d) the presence of vegetation or forest belts; (e) weather 
conditions; (f) the timing of applications; (g) the layout ofbuildings; (h) 
the target vector; and (i) entomological evaluation methods. 

2. Objectives 
The purposes of field trials are: 
(a) to assess the field performance and effectiveness of equipment under 

prevailing conditions; 
(b) to study malfunctions and mechanical problems, repairs needed, and 

maintenance requirements and feasibility under normal field use; 
(c) to determine the durability of the equipment and the schedule for 

replacement of parts; 
(d) to check its safety in use and handling; 
(e) to recommend, if necessary, modifications in the design and manufac

ture of equipment. 

3. Trial area 
3.1 Selection 

The trial area has to be well chosen and defined, taking into consideration 
its suitability for operational evaluation, as well as entomological assess
ment. 
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3.2 Size 

The selection of the size of the area is governed by the type of equipment 
to be evaluated, whether portable or vehicle-mounted. It also depends on 
whether it is planned to apply space spraying outdoors only or indoors 
only or both. The objective is to complete the treatment of the area within 
the prescribed time depending on the operational output of the equip
ment and the application techniques. Vehicle-mounted equipment is 
suitable in areas having adequate access roads, and the horizontal throw of 
the spray produced may reach more than 100 m away from the roadside at 
a vehicle speed of 5-10 km/h. Application by portable equipment is 
carried out at the operator's walking speed, and the spray droplets may be 
projected horizontally for more than 10 m. 

3.3 Geographical reconnaissance 

A detailed sketch-map of the area must be prepared to show: (a) the layout 
and numbers of buildings; (b) the type and quality of roads; (c) the type 
and size of water collections; and (d) vegetation and forest belts. 

Useful information to be collected should include type and s:ize of 
buildings; population census; climatic conditions; and accessibillity of 
roads during the evaluation period. 

4. Materials and equipment 
4.1 Number of units to be tested 

Normally one unit of the vehicle-mounted type can be evaluated in a 
project. In the case of portable equipment, one or preferably two units 
may be tested depending on the size of the trial area, output of the 
machine and frequency of application. 

4.2 Tools and spare parts 

A set of necessary tools for the maintenance and repair of equipment is 
usually supplied by the manufacturer; if not, it should be provided. The 
manufacturer has to supply enough spare parts for routine replacement 
during normal use of the equipment. 

4.3 Insecticides 

An adequate stock of insecticide formulation recommended for the trial 
and suitable for the equipment used has to be proYided. In addition, 
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kerosene or recommended flushing solvent should be supplied for 
flushing the discharge assembly (the amount being 1 1/day). 

Equipment for mixing the insecticide and carrying it in the field 
normally includes buckets, funnels with strainers, and jerrycans. 

4.4 Fuel 

Fuel recommended by the manufacturer has to be used. The rec
ommended proportion of petrol and oil in the fuel mixture for the two
stroke engines must be adhered to. Estimates are usually based on the 
average consumption per hour of daily use. A quantity of lubricating oil 
must also be provided. 

4.5 Protective equipment 

The requirements for protective equipment depend on the compound to 
be applied as well as operational conditions. The following items, 
however, are normally recommended for the protection of spray 
operators: 

two pairs of overalls for each operator to allow a freshly washed pair 
to be worn each day; 
a wide-brimmed hat or helmet for each operator to cover the head 
and protect the face and back of the neck from airborne insecticide 
particles during the spraying; 

- one pair of plastic goggles for each operator to be worn during 
application of insecticides; 

- one pair of ear protectors (head-guard, ear muffs, hearing protectors) 
for each operator if the noise level produced by the engine exceeds 
the acceptable level of 90 decibels (dB-A) as indicated by the bench 
tests carried out in collaborating centres; 
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one respirator for each operator fitted with a special cartridge for 
protection from pesticides, to be worn when spraying highly concen
trated compounds suitable for ultra-low-volume (UL V) application; 
spare cartridges for the respirator; 
rubber or plastic gloves (domestic type), to be used by the operators 
when spraying and handling the insecticide; 
one pair of shoes for each operator to protect the feet from being 
covered by insecticides during spraying; 
soap, towels and water containers. 
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4.6 Testing equipment 

The following items are required for testing the fuel consumption, 
output, and performance of the equipment: 

a tachometer, to measure the engine speed in revolutions per minute; 
an anemometer (portable), to measure the wind velocity; 
a dry and wet thermometer, to measure the temperature and relative 
humidity; 
a viscometer, to measure the viscosity of insecticide formulations; 
a 1-litre graduated plastic cylinder; 
a 1oo-ml graduated plastic cylinder; 
a microscope, with a mechanical stage, a 10 x eye piece and 10 x 
objective lens, for droplet count; 
100 glass slides (2.5 x 7·5 cm) for droplet testing; 
magnesium ribbon, for coating the slides with a layer of magnesium 
oxide, and/or an adequate number of slides covered with silicon and 
Teflon; 
4 slide boxes, each to hold 25 slides; 
25 aluminium slide holders, for holding the slides in the field. 

4.7 Forms 

Forms for recording and reporting the required information during the 
trial period should be prepared (see section 8). 

4.8 Transport 

Two flat-bed or pick-up trucks are required for transporting the equip
ment, insecticides and spray operators. 

5. Methods 
Methods of testing and evaluation are confined to the design, openLtion, 
performance, and maintenance of equipment during the trial period .. It is 
advisable that the specifications for the equipment and the resullts of 
bench tests be known to individuals responsible for the programme before 
starting the trial. 

5.1 Initial tests 

Initial checks and tests should be conducted immediately after the 
equipment is received and before the start of the actual field operations. 
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5.1. 1 Checking of equipment 
Check the equipment carefully for any damage or dents. Checks should 
also be carried out on accessories, spare parts, and tools as described in 
specifications for equipment and manuals of operation and maintenance 
as specified by the manufacturer. Method and quality of packing should 
also be checked. 

5.1 .2 Familiarity with the unit 
Read carefully the instructions for assembling the unit and become 
familiar with the type of fuel and oil to be used, the method of starting and 
stopping the engine, the method of carrying (for portable type) or method 
of mounting (for vehicle-mounted type), the filling and discharging of the 
fuel and insecticide tanks, and the types of nozzles and restrictors 
provided. 

5.1 .3 Assembling the equipment for operation 
Assemble the equipment and make it ready for operation, following the 
manufacturer's instructions. Refer to the specifications, and check thor
oughly the following: 

(a) materials of construction; 
(b) dimensions; 
(c) weight (when empty); 
(d) capacity of fuel and insecticide tanks; 
(e) location of silencer or exhaust-pipe and its safety to the operator; 
(/) convenience in carrying (portable type) or loading and unloading 

(vehicle-mounted type); 
(g) flow adjustment or metering system, location and convenience of 

operation; 
(h) markings on engine and parts as specified. 

5.1 .4 Starting the engine 
(a) Fill the fuel tank with recommended fuel, and check the oil level in 

the crank case of the compressor. 
(b) Start the engine following the manufacturer's instructions. 
(c) Wear ear protectors if necessary, as advised by the manufacturer 

and/or the collaborating centre. 
(d) Stop the engine and start it again; repeat a few times. 
(e) Check for leaks in the fuel line. 
(f) Fill the insecticide tank with water. 
(g) Operate the discharge system and check for leaks. 
(h) Check if all gauges and controls are working. 
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5.1.5 Engine speed 
(a) Operate the engine at maximum speed, as directed by the manufac

turer. 
(b) Measure the speed in revolutions per minute with a tachometer. 

5.1.6 Fuel consumption 
(a) Drain off fuel from the tank and carburettor. 
(b) Place a measured volume of fuel in the fuel tank, and fill the 

insecticide tank with water. 
(c) Operate the engine at maximum speed while applying water at the 

maximum flow rate until the engine stops through depletion of fuel. 
(d) Measure the period over which the engine has operated. 
(e) Add a similar volume of fuel and repeat the test. 
(f) Calculate the mean fuel consumption, expressed in litres/hour, and 

the time for which the engine runs on a full fuel tank. 

5.1. 7 Discharge rate of nozzle 
(a) Drain off water from the insecticide tank and the discharge line. 
(b) Place a measured volume of insecticide recommended for use in the 

insecticide tank; record the viscosity and temperature. 
(c) Operate the engine at maximum speed while applying the in

secticide. 
(d) Measure the time taken to discharge the insecticide completely 

through the selected nozzle and at the recommended metering 
adjustment. 

(e) Add a similar volume of insecticide and repeat the test. 
(/) Calculate the mean discharge rate of the nozzle, expressed in 

ml/min, and the time taken to discharge the full contents of the 
insecticide tank. 

(g) The test may be checked over the range of settings of the displace
ment pump or variable restrictors. 

5.1.8 Maximum height of spray (for motorized knapsack 
mistblowers only) 

(a) Fill the insecticide tank with water. 
(b) Hold the delivery hose vertically against the side of the sprayer. 
(c) Operate the engine at maximum speed while applying water and 

directing the nozzle vertically until the spray stops. The difference 
between the nozzle level and the liquid level is the maximum height 
of spray above the liquid level in the tank, expressed in cm. (This 
test is to check the pressurization of the insecticide tank.) 
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5.1.9 Vertical and horizontal throw of spray 
The measurement of vertical and horizontal throw of spray is usually part 
of the bench tests conducted in a Collaborating Centre; there will be no 
need to measure these again in the field. 

5.1.1 0 Droplet size 
The measurement of droplet size 1 is also included in the bench tests. In 
view of the difficulty and impracticability of conducting this test in the 
field, it may be excluded from field tests provided, of course, that the 
equipment is always operated according to the manufacturer'[) instruc
tions. 

5.2 Field tests 

Field tests and checks are to be conducted during the actual field 
operations. They should be planned to cover the performance of equip
ment and its mechanical efficiency under field conditions. 

5.2.1 Droplet density and reach 2 

This test has to be complemented with the entomological bioassay tests, 
indoors and outdoors, to assess the effectiveness of application. 
(a) Coat slides with magnesium oxide 1

, silicon or Teflon and label 
according to selected sites. One slide should be placed horizontally 
close to each mosquito cage half an hour before the commencement 
of application to collect settled droplets as follows: 
For portable equipment: 
- indoors: inside each selected house; 
- outdoors: at 2S m and so m from each selected house. 
For vehicle-mounted equipment: 
at specific distances, or 2s, so, 100 and 1som, both inside and 
outside selected houses, on both sides of the road, to see how far the 
insecticide is carried. Aluminium slide holders may be used for this 
purpose. Outdoor slide holders should be fixed on pegs 6o cm above 
the ground. 

(b) Record temperature, relative humidity and wind velocity at the time 
of application. Do not apply during drizzle or rain, or when wind 
velocity exceeds 10 km/h. 

1 See Annex r. 
2 These tests are also carried out by WHO Collaborating Centres as part of bench tests of 

equipment. The results should be made available to officers in charge of field trials. 
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(c) Collect slides half an hour after completion of the application, place 
in slide boxes and bring to the laboratory for examination. 

(d) Carry out a droplet count on slides coated with magnesium oxide 
within 2 h of collection, using a microscope with a mechanical stage, 
10 x eye piece and 10 x objective lens. Slides covered with silicon 
or Teflon can be examined after 2 h as they are more stabk The 
number of droplets per cm 2 should be determined for each slide. 

(e) Tabulate the results. 

5.2.2 Insecticide consumption 
After each spraying day, the insecticide remaining in the tank must be 
measured to determine the amount used during a specific application 
time. For safety purposes, the amount of pesticide remaining in the tank 
should be measured using a graduated stick or ruler specifically pn~pared 
for volumetric measurement of pesticide formulations under trial. Infor
mation regarding size of area covered, number of houses treated and 
population in the area under treatment should also be recorded. 

5.2.3 Fuel consumption 
Fuel consumption should be recorded against hours of daily use; a log 
book or form should be prepared for this purpose. 

5.2.4 Mechanical performance 
Various components of the equipment should be checked during normal 
use in the field. All defects and parts replaced should be recorded against 
hours of use. For example, the following should be looked for when 
checking: 

(a) changes in the engine (this test should be carried out by starting and 
stopping the engine before and after field use to see if changes occur 
when starting the engine); 

(b) engine malfunction, timing adjustment and servicing of electrical 
system; 

(c) leakage in the fuel line, insecticide line and compressed air system; 
(d) clogging in the fuel line and the insecticide line; 
(e) safety in use, and fire hazards (if thermal foggers); 
(f) suitability of weight and design in handling; 
(g) comfort to operator (knapsack type) and ease m loading and 

unloading (vehicle-mounted type); 
(h) vibrations and possible damage to frame; 
(i) easy movement of nozzle to various directions; 
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(j) easy control of spray discharge and the provision of a means for 
immediate stoppage from the driver's cab when necessary (vehicle
mounted type); 

(k) efficiency of gauges and metering system; 
(I) resistance of all materials and gaskets to chemicals. 

The time spent for repair or replacement of the parts should be 
recorded and checked against total number of hours for which the 
equipment has been used in order to establish the ratio of required time 
for repairs to total number of hours of operation. 

5.2.5 Maintenance requirement 
The manufacturer's instructions should be followed regarding the daily 
care and use of the equipment and finding of possible defects and their 
correction. Regular servicing and maintenance schedules must be ob
served regarding the preparation of equipment for use, its cleaning and 
flushing of the insecticide discharge system at the end of the day's work, 
periodic checks, and preparation for storage. Breakdowns, repairs and 
parts replaced should be recorded against hours of use. 

5.3 Final tests 

Final tests should be conducted after 300 hours of actual field application, 
or at the end of the trial period ifless than 300 hours. Results of initial and 
final tests should be recorded. 

(a) Engine speed: test as in section 5.1.5. 
(b) Fuel consumption: test as in section 5· 1.6. 
(c) Discharge rate of nozzle: test as in section 5.1.7. 
(d) Maximum height of spray (for motorized knapsack mistblowers 

only): test as in section 5.1.8. 

6. Organtzation 
6.1 Team 

For portable equipment. Usually a team of two spray operators is assigned 
to each unit to carry out spraying on a rotational basis every 6o minutes or 
after application of one full tank of insecticide (usually also 6o minutes). 
This rotation is necessary because of the weight and vibrations of the 
machine, especially under hot and humid conditions. 
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A field supervisor/squad chief should be in charge of each team to take 
care of the daily field activities, check the performance of the equipment, 
and supervise the application techniques in the assigned area of operation. 

For vehicle-mounted equipment. The team usually consists of one 
operator and one field supervisor. 

6.2 Supervision 

A senior supervisor/investigator should be in charge of and have the 
overall responsibility for the operation, and should check the daily and 
weekly reports prepared by the field supervisors. 

6.3 Training 

The operators and field supervisors engaged in the trial should receive 
training in the various activities of the operation. Training should include 
the following: 

(a) Safe use and handling of equipment, proper care and cleaning after 
use (flushing the insecticide discharge system), fault finding and 
minor repairs, regular servicing and maintenance. 

(b) Proper application techniques for portable equipment training 
should cover: the rotation of spray operators when using the 
machine; walking speed; and techniques for indoor and outdoor 
application. For vehicle-mounted equipment, training should in
clude instructions on the proper vehicle speed during application 
and the angle at which the nozzle should be pointed. 

(c) Recording and reporting system. 

6.4 Safety precautions and public health education 

The operational staff \Vhile working, all operators should wear the 
protective clothing issued to them, i.e., overalls, hat, goggles, !~loves, 

shoes and ear protectors. Frequent washing is recommended, especially 
prior to eating or smoking. Smoking should not be allowed during 
spraymg. 

Respirators fitted with a special cartridge for protection from pesticides 
may be worn by the operators when spraying highly concentrated 
insecticides suitable for UL V application. The cartridges requilre re
placing at intervals in conformity with safety procedures. 

Spray operators using portable equipment must be advised not to treat 
houses where there are sick people or newborn infants and not to direct 
the spray towards people, animals or birds. 
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The inhabitants of the trial area must be informed about the trial, and 
the dates and timing of application. They must also be told that the 
insecticide application will be safe provided they take necessary pre
cautions; for insecticides applied from the outside, the inhabitants must 
be advised to open all doors and windows, to cover food and water 
containers, to cover bird cages, and to remain outside the house until 
treatment is completed. They must not be allowed to follow the spray 
operators or to approach the equipment. 

For insecticides applied by indoor spraying, all the precautions 
recommended above must be observed, except that doors and windows 
must remain closed for half an hour after the application of insecticide. 
The inhabitants can return to their rooms after airing them (with the 
doors and windows open) for half an hour. 

The police must be informed when vehicle-mounted equipment is used 
because of hazards presented to traffic, especially when applying thermal 
fogs. Appropriate traffic signs should be posted in and around areas to be 
sprayed to warn drivers. 

7. Duration 
The recommended duration of the field trial is 300 hours. This may 
depend also on the vector, transmission season, and frequency of 
application. 

Application is normally carried out in the early morning hours, 
between 6h oo and 8 h3o, and in the early evening hours between r8h oo 
and 2oh 30. This is the period of optimum wind and inversion conditions 
for droplets to be able to settle freely on the target area. Spraying should 
not be carried out during drizzle or rain, or when wind velocities exceed 
IO km/h. 

Under favourable conditions in the field, attempts should be made to 
operate the sprayer for 4 hours non-stop, to observe the effect of heating 
on the engine and the starter's performance. 

8. Recording and reporting system 
Operational data and results of various field tests and activities should be 
recorded on special forms suitably designed for the trial, samples of which 
are shown on pages 264-275. 

The field supervisor should record on the daily report form all remarks 
related to the performance of the equipment in the field, malfunction of 
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engine, and hazards in use. This information will be useful to the senior 
supervisor/investigator in preparing the final assessment report. 

9. Preparation of the final report 
The final field report must represent a realistic picture of the performance 
of equipment and its suitability for efficient application in the vector 
control project under prevailing field conditions. The results of the field 
tests, including performance, durability of equipment and its safe use and 
maintenance requirements, as well as difficulties experienced durilng the 
trial period, should be reported. Optional components provided by the 
manufacturer, such as different types of nozzle, flushing tank, conversion 
devices for dust, ground or thermal fog applications, must be tested and 
their performance and durability reported separately. A copy of the 
relevant data sheet provided by the WHO Collaborating Centre must be 
attached to the report. 

The cost of the equipment, including cost of spare parts and mainten
ance, needs to be considered. A full cost-effectiveness analysis is also 
desirable. 

Recommendations and suggestions for further improvement of the 
equipment should also be included in the field evaluation report. 
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Field performance tests 

Name and model of equipment: .................................. . 

-Serial no.: . . . . . . . . . . . . . . . . . . Number of hours in service: ......... . 

Results 

Test Initial Final 

Date 
Engine maximum speed (rev/min) 
Fuel consumption at maximum speed (1/h) 
Time the engine runs on a full tank (h) 
Discharge rate of nozzle (ml/h) 

Test liquid 
Viscosity 
Temperature ( 0 C) 
Droplet density (average number per cm 2 at 25, 50, 
100, 150 m) 

Time to discharge full contents of insecticide tank (h) 
Max. height of spray-for motorized knapsack mist-

blowers (cm) 

Note: for portable units droplet :density should be measured at 25 and 50 m. 

Date: . . . . . . . . . . Principal i.r;lVestigator - Name: ................... . 

Signature: ................ . 
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Daily application report 
(Portable equipment) 

Name and model of equipment: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Locality: ....................... . 

Serial no.:. . . . . . . . . . . . . . . . . . . . . . . . . Insecticide: . . . . . . . . . . . . . . . . . . . . . . Application (cycle) no.: ............. . 

Wind velocity: .................. km/h Temperature: ................... ac Date: .......................... . 

Relative humidity ................. % 

Time of application 
-------------··- Area 

From To Actual Nozzle Insecticide covered Number of: Population 
h mln h mln mln no. used (ml) (ha) houses rooms covered 

Remarks: 

Submitted by: ................................. . Checked by: ............................... . 
(Field supervisor) (Principal investigator) 

5' 
:I 

~ 
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0. Daily application report 

(Vehicle-mounted equipment) 
Name and model of equipment: ........................... . 

Serial no: .............. Insecticide: ..................... . 

Wind velocity: ... km/h Temperature: ................... oc 

Locality: .................................. . 

Application cycle no.: ........................ . 

Date: .................................... . 

Relative humidity: .................................... % Type & no. of nozzle: ......................... . 
Space spraying: mist/ aerosol I thermal fog 

Time of application 
Flow rate Vehicle Area Fuel 

From To Actual setting speed Insecticide covered No. of Population used 
h m in h m in h m in (ml/min) (km/h) used (ml) (ha) houses covered (1) 

Remarks: 

Submitted by: ..................... . Checked by: .................... . 
(Field supervisor) (Principal investigator) 

m .c 
c -c· 
3 
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Maintenance card 

Name and model of equipment:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date put into service: ................ . 

Serial no.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date removed from service: ........... . 

·---
Repairs required 

Cumulative number 
Dale of hours In service Details of breakdowns Type ~ours Parts replaced 

~--- ~-

Field supervisor: Principal investigator: 

Name:... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Name: .............................. . 

Signature: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Signature: ........................... . 

Date: .............................. . 
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Weekly/monthly/final application report 
(Portable equipment) 

Name and model of equipment: . . . . . . . . . . . . . Date: from ................. . 

Insecticide:. . . . . . . . . . . . . . . . . . . . . . . . . . . . to ................... . 

Date: M on Tue Wed Thur Fri Sat Total 

No. of localities (insert name 
of locality on the reverse side) 

Treatment period (h) 
Wind velocity, range (km/h) 
Temperature, range ( oc) 
Relative humidity, range (%) 
Nozzle no. 
Actual application (min) 
Total insecticide used (I) 
Area treated (ha) 
Application rate (ml/ha) 
Dosage applied (a.i. /ha) 
Number of houses treated 
Number of rooms treated 
Population covered 
Av. time to treat a house, 

surroundings and footpath (min) 
Av. time to treat one hectare 

(m in) 
Av. dosage applied/house, 

surroundings and footpath 
(ml) (g a.i.) 

Total fuel used (I) 

Note: For monthly report use only one column, no weekdays required. 

Field supervisor: Principal investigator: 

Name: ............. . Name: ..... 

Signature: ...................... . Signature: .. 
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Weekly/monthly/final application report 
(Vehicle-mounted equipment) 

Annex 4 

Name and model of equipment: . . . . . . . . . . . . . Date: from ................. . 

Insecticide:. . . . . . . . . . . . . . . . . . . . . . . . . . . . to ................... . 

Space spraying: mist I aerosol/ thermal fog 

Date: M on Tue Wed Thur Frl Sat Total 

No. of localities (insert name 
of locality on the reverse side) 

Treatment period (h) 
Wind velocity, range (km/h) 
Temperature, range ( °C) 
Relative humidity, range (%) 
Flow rate setting (ml/min) 
Vehicle speed (km/h) 
Actual application time (min) 
Total insecticide used (I) 
Number of houses treated 
Population covered 
Area treated (ha) 
Application rate (ml/ha) 
Dosage applied (g a.i. /ha) 
Av. time to treat one hectare (min) 
Total fuel used (I) 

Note: For monthly report use only one column, no weekdays required. 

Field supervisor: Principal investigator: 

Name: .............. . Name: ........ . 

Signature: ........... . Signature: ...... . 
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..... 
0 Droplet density1---application report 

(Portable equipment) 

Name and model of equipment:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Locality: ................... . 

Application no.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date: ..................... . 

Nozzle type and no.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Flow rate setting: ............ . 

Average number of droplets per cm 2 

Site Slide 
no. no. Indoors 25 m from house 

Average 

Range 
L___ 

1 Observed on magnesium-oxide-coated glass slides placed horizontally. 

Principal investigator: 

Name: .......................... . 

Signature: ....................... . 

Outdoors 

50 m from house 

m .c 
1: 
'6" 
3 
CD 
3. 
jf 

~ 
8 
3. 
2. 
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Droplet densify1--application report 
(Vehicle-mounted equipment) 

Name and model of equipment: ................... . Locality: ................... . 

Application no: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date: ..................... . 

Nozzle: type and no: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Flow rate setting: ............ . 

Average number of droplets per cm 2 at various distances from road 

25m 50 m 100 m 150 m 

Site Slide 
no. no. Indoors Outdoors Indoors Outdoors Indoors Outdoors Indoors Outdoors 

Average 
~~· 

Range 

1 Observed on magnesium-oxide-coated glass slides placed horizontally. 

Principal investigator: 

f'.Jame: ......................... . 

Signature: ...................... . 
~ 
:::J 
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Droplet size1-trial report 
(Portable equipment) 

Name and model of equipment: ..................................... Date: from ............... . 

Nozzle type and no.: ............................................ . to ................. . 

Flow rate setting: .............................................. . 

Volume median diameter (VMD) .urn 

Outdoors 

Treatment Dosage applied 

I 
no. Locality (g a.i./ha) Indoors 25 m from house 50 m from house 

1 Observed on magnesium-oxide-coated glass slides placed horizontally. 
Note: This information will be provided by the laboratory where the bench test was carried out. 

Principal investigator: 
Name: ................................. . 
Signature: .............................. . 
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Droplet size 1-frial report 
(Vehicle-mounted equipment) 

Name and model of equipment: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Date: from ............... . 

Nozzle type and no.: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . to ................. . 

Flow rate setting: ............................................................. . 

Volume median diameter (VMD) 11m 

Dosage 2Sm 50 m 100 m 150 m 

Treatment applied 
Indoors I Outd~ors Indoors I Outdoors Indoors I Outdoors Indoors I Outdoors No. Locality (g a.l./ha) 

1 Observed on magnesium-oxide-coated glass slides placed horizontally. 
Note: This information will be provided by the laboratory where the bench test was carried out. 

Principal investigator: 
Name: ................................... . 
Signature: ................................ . 



1\) ..... • 
Individual unit history card 

Make and model of equipment: ........... Commercial name:. . . . . . . . . . . . . . . Date received: ........ . 

Carriage:. . . . . . . Serial no.: ........... Date originally put into service: .......................... . 

Date permanently removed from service: ................... . 

(For the final report attach a manufacturer's brochure, including technical data of this unit, to the history card) 

No. of evaluations/inspections made 1 2 3 4 5 6 7 8 9 10 Remarks 

Date evaluation/inspection made by (initials only) 

No. of hours actually worked up to this date 

No. of hours out of action up to this date 

Total insecticide sprayed up to this date (I) 

Total fuel consumed up to this date (I) 

Engine maximum speed (rev/min) 

Fuel consumption at maximum speed (llh) 

Time the engine runs on a full tank (h) 

' 
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1\) .... 
"' 

Discharge rate of nozzle (ml/min) 

Air velocity at nozzle (m/s) 

Air volume at fan outlet (m'/min)* 

Air volume at nozzle (m'/min)* 

Horizontal throw (m)* 

Vertical throw (m)* 

1------
Test liquid (insecticide and its formulation or water) 

Temperature ( °C) 
1---

Droplet size (VMD) (pm) 

Droplet density, no./cm 2
, measured at 25 m and 50 m 

----

* This information will be provided by the laboratory where the bench test was carried out. 

~ 
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Annex 5 

WHO data sheets on pesticide 
application equipment 

WHO has prepared data sheets for four types of pesticide application 
equipment: hand-operated compression sprayers, vehicle-mounted gas
eous energy aerosol generators, motorized knapsack mistblowers, and 
thermal foggers. Copies of these data sheets are available on request from 
Control ofTropical Diseases, World Health Organization, 1211 Geneva 
27, Switzerland. 
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Data Sheet No. E.1* 

NAME AND MODEL: 

CLASSIFICATION: 

Type: compression sprayer, hand-operated 
Use: surface spraying and larviciding with liquid pesticide formulations 

1. General information 1 

I.I Shape 
1.2 Dimensions: 

diameter of tank 
height of tank 
height of sprayer 

I ·3 Capacity: 
total (liquid and air) 
liquid only 

1.4 Weight (empty) 

2. Tank1 

2. I Material of construction 
2.2 Type of sealing 
2.3 Markings for liquid volume 
2.4 Maximum working pressure 
2.5 Maximum pressure tolerance 
2.6 Dimensions of filler opening 
2. 7 Pressure gauge: 

type 
scale reading 

2.8 Pressure-release device 
2.9 Shoulder straps: 

number 
material 
dimensions 

" Results of the tests recommended in Specification WHO/VBC/89.970 (see Part V) should be 
attached separately. 

1 Measurements to be indicated in metric units throughout. 
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2.10 Fastenings for hose: 
type 
number 

2.11 Foot rest: 
type 
bearing area 

3. Air pump 

3.1 Dimensions of the pump cylinder 
3.2 Material of construction 
3·3 Type of sealing 
3·4 Number of full pump strokes to produce maximum working pressure 
3·5 Type of check valve 
3.6 Plunger shaft: 

type (solid/hollow) 
material 
dimensions 

3. 7 Stop spring: 
material 
dimensions 

3.8 Dimensions of rubber bumper 
3·9 Plunger cup: 

material 
dimensions 

3· 10 Plunger cup spreader: 
material 
dimensions 

3.11 Pump handle: 
type 
material 
dimensions 

3.12 Type of pump handle locking device 

4. Discharge system 

4.1 Dip tube: 
material 
dimensions 
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Equipment for vector control 

4.2 Strainers: 
number 
material 
total open area of each aperture of openings 

4·3 Hose: 
material 
length 
inside diameter 

4·4 Type of hose connections 
4·5 Cut-off valve: 

type 
material 

4.6 Type and length of handle of cut-off valve 
4·7 Lance: 

material 
length 
inside diameter 

4.8 Nozzle assembly: 
weight 
material of body and cap 

4·9 Nozzle tip: 
material 
discharge rate at average working pressure 
type of spray pattern 
angle of spray 

5. Optional items 

5· 1 Air-inlet valve, type 
5.2 Pressure-relief (safety) valve, type 
5·3 Regulated flow-delivery system, type 
5·4 Constant-pressure regulator, type 
5·5 Extra lances, lengths 
5.6 Swivel nozzles, type 
5·7 Gooseneck attachment, angle, and length of tubing 

6. Spare parts 

Recommended spare parts to be provided with each unit 
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7. Tools 

Recommended type and number of tools supplied per number of spray 
pumps purchased 

8. Publications (samples to be attached) 

8.1 Manual of operation, language used 
8.2 Manual of maintenance, language used 
8.3 List of spare parts, names and code numbers 

Manufacturer's name and address: 

Date completed: 
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Data Sheet No. E.2 

NAME AND MODEL: 

CLASSIFICATION: 

Type: motorized knapsack mistblower 
Use: space spraying, for low and ultra-low-volume application of 

insecticides 

1. General information 1 

I. I Dimensions: 

frame: length width 
overall height 

1.2 Weight (empty) 
1.3 Construction material of frame 

2. Insecticide tank1 

2. I Placement of tank 
2.2 Material of construction 
2.3 Capacity of the tank 
2.4 Markings for liquid volume 
2.5 Filler opening: 

dimension of diameter or minor axis 
presence of pressure release device in lid 
type of filter, mesh of screen 

2.6 Pressure of air applied from fan 
2. 7 Presence of liquid pump 
2.8 Discharge outlet: 

position 
diameter 
presence of filter 
presence of shut-off valve 

1 Measurements to be indicated in metric units throughout. 
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3. Engine 

3.I Type and model 
3.2 Make 
3·3 Capacity/power 
3·4 Maximum speed (rev/min) 
3·5 Material of construction 
3.6 Fuel consumption (1/h) at maximum speed 
3. 7 Method of starting 
3.8 Method of stopping 
3·9 Fuel tank: 

capacity 
type of fuel filter 
type of air filter 
presence of outlet valve 

3.Io Fuel: 
quality 
proportion of petrol and oil in fuel mixture 

3· I I Carburettor: 
type 
presence of filters 
fuel .......... type 
air .......... type 

3.I2 Spark plug type 
3·I3 Silencer (exhaust): 

type 
location 

3· I4 Cooling system 
3.15 Noise level at maximum speed (dB-A) 
3.16 Markings: 

open and closed position of choke control 
throttle settings 
fuel tank capacity 
quality of fuel 
proportion of petrol and oil in the fuel mixture. 

4. Fan/blower 

4.1 Type 
4.2 Material of construction 
4·3 Connection to the engine (type of drive) 

Annex 5 
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Equipment for vector control 

4·4 Diameter of protecting casing 
4·5 Type of mounting on frame 
4.6 Presence of guard at inlet 
4· 7 Type of attachment of delivery hose 
4.8 Output, at maximum speed: 

volume of air emitted 
velocity of air 

5. Discharge system 

5.1 Delivery hose: 
material 
internal diameter 
type of connecting clips 

5.2 Cut-off valve: 
type 
locking device, type 
presence of filter 
markings, open and closed 
positions 

5·3 Nozzle: 
type 
material of construction 
code numbers of nozzle tips 
discharge rates of nozzle tips 
restrictor, diameter 
markings 

5·4 Horizontal throw (in still air) 
5·5 Vertical throw (in still air) 
5.6 Droplet size (VMD ,urn): 

for low volume application (mist) 
for ultra-low-volume application (aerosol) 

5·7 Maximum height of spray above the liquid level in spray tank 
(nozzle level-liquid level) 

5.8 Changeable to dust and granule application? 

6. Straps 

6.1 Type 
6.2 Material 
6.3 Width 
6.4 Presence of padding 
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7. Frame 

7.I Type 
7.2 Comfort and stability on operator's back; stability on the ground 

8. Accessories 

List of accessories including their function, dimensions and materiial of 
construction, including ear protectors if necessary 

9. Spare parts 

List of recommended spare parts to be provided with each unit 

10. Tools 

List of tools to be provided with each unit 

11. Optional items 

I I. I Device for changing: 
to duster 
to granule application 

I I .2. List of other optional items 

12. Publications (samples to be attached) 

I2.I Manual of operation, language used 
I2.2 Instructions for safe use of the unit and necessary measures to be 

taken to protect the operator 
12.3 Manual of maintenance, language used 
12.4 List of spare parts, names and code numbers 

Manufacturer's name and address: 

Date completed: 
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Data Sheet No. E.3 

NAME AND MODEL: 

CLASSIFICATION: 

Type: vehicle-mounted motorized aerosol generator with gaseous energy 
nozzle 

Use: space spraying, for ultra-low-volume application of insecticides in 
urban and suburban areas having adequate access roads 

1. General information 1 

I. I Dimensions: 
frame: length width 
overall height 

1.2 Weight (empty) 
I ·3 Construction material of mounted frame 
I ·4 Type of vehicle required for mounting unit 

2. Insecticide tank1 

2. I Capacity (liquid only) 
2.2 Dimensions: 

overall height 
floor area: length width 

2.3 Material of construction 
2.4 Placement of the tank: 

directly on mounting frame 
separate 

2.5 Diameter of filler opening 
2.6 Type of filler opening lid 
2. 7 Maximum pressure tolerance 
2.8 Working pressure to be applied 
2.9 Type of safety valve 

1 Measurements to be indicated in metric units throughout. 
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2. IO Type of metering device to show liquid content of tank 
2.I I Type of tank pressure monitoring gauge on control panel 

3. Engine 

3.I Make 
3.2 Type of model 
3·3 Power/capacity 
3-4 Material of construction 
3·5 Maximum speed (rev/min) 
3.6 Fuel consumption (1/h) at maximum speed 
3·7 Fuel type and grade 
3.8 Fuel tank: 

capacity 
fuel filter type 
air cleaner type 
type of fuel pump 

3·9 Carburettor: 
type 
fuel filter type 
air filter type 

3.Io Silencer: 
type 
location 

3.I I Noise level at maximum speed (dB-A) 
3.I2 Battery: 

type 
voltage 
placement 

3.I3 Spark plug type 
3·14 Ignition type 
3·I5 Method of starting 
3. I 6 Method of stopping 
3· I7 Cooling system 
3. I 8 Oil, type and grade 
3. I 9 Type of speed control on control panel 

4. Air compressor 

4.I Type 
4.2 Make 
4·3 Material of construction 

Annex 5 
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Equipment tor vector control 

4·4 Connection to the engine (type of drive) 
4·5 Presence of protecting guard 
4.6 Type of filter at the air intake 
4·7 Output (air volume) 
4.8 Pressure (bar) 
4·9 Pressure monitoring gauge on control panel 
4· IO Automatic flow control with cut-off valve on control panel 

5. Discharge system 

5· I Discharge control valve: 
type 
location 
type of on/off switch on control panel 

5.2 Delivery hose: 
material 
tolerance to different chemical formulations 
type of connection to insecticide tank 

5·3 Type of flow control 
5·4 Nozzle: 

type 
material of construction 
output under average working pressure 

5·5 Droplet size (VMD) (,urn) 
5.6 Horizontal throw (in still air) 
5·7. Vertical throw (in still air) 
5.8 Angle of direction of nozzle: 

horizontally 
vertically 

6. Control panel 

6. I Dimensions 
6.2 Location 
6.3 Monitoring gauges on the panel 
6.4 Controlling switches on the panel 
6.5 Illuminating device for the panel 

7. Optional items 

7. I A separate flushing tank, with connections, etc. 
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8. Markings 

8. I Insecticide tank capacity 
8.2 Fuel tank capacity 
8.3 Quality of fuel 
8.4 Open and closed position of choke control 
8.5 Throttle settings 

Ainnex 5 

8.6 Open and closed position of switch for the insecticide flow on/off 
valve 

8. 7 Engine specifications 
8.8 Net weight of the complete unit 

9. Accessories 

List of accessories including their function, dimensions and material of 
construction, including ear protectors if necessary 

10. Spare parts 

List of recommended spare parts to be provided with the unit 

11. Tools 

List of tools to be provided with each unit 

12. Publications (samples to be attached) 

I 2. I Manual of operations, language used 
I2.2 Instructions for safe use of the unit and necessary measures to be 

taken to protect the operator 
I2.3 Manual of maintenance, language used 
I2.4 List of spare parts, names and code numbers 
I2.5 Log book for the unit 

Manufacturer's name and address: 

Date completed: 
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Data Sheet No. E.4 

NAME AND MODEL: 

CLASSIFICATION: 

Type: thermal fogging equipment 
Use: space spraying, for high and low volume application of insecticides 

A. Pulse-type thermal fogger 

1. General information r 

I.I Weight (empty) 
1.2 Carriage: 

hand or shoulder-carried 
vehicle-mounted 

I ·3 Dimensions 
I ·4 Materials of construction 

2. Insecticide tankr 

2. I Capacity 
2.2 Placement of tank 
2.3 Material of construction 
2-4 Type of pressurization: 

working pressure 
maximum tolerable pressure 

2.5 Filler opening: 
type of lid 
diameter of filler opening 

2.6 Presence of drainage outlet 
2. 7 Discharge line fitting 

1 Measurements to be indicated in metric units throughout. 
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3. Pulse-jet engine 1 

3.1 Output of combustion chamber 
3.2 Diameter of combustion chamber 
3·3 Material of construction 
3·4 Spark plug: 

type 
electrode gap 

3. 5 Fuel type and grade 
3.6 Carburettor: 

type 
type of fuel control valve 
type of air intake valve 

3·7 Exhaust pipe: 
diameter 
presence of protection guard 

3.8 Noise level (dB-A) 
3·9 Presence of electrical starter 

4. Air pump 

4.1 Type 
4.2 Placement of pump 
4·3 Material of construction 
4·4 Capacity 
4·5 Output pressure: 

applied to insecticide tank 
applied to fuel tank 

5. Fuel tank 

5.r Capacity 
5.2 Placement of tank 
5·3 Material of construction 
5·4 Type of filler opening lid 
5·5 Presence of filter at outlet 

1 Measurements to be indicated in metric units throughout. 

Annex 5 
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6. Metering system 

6.I Jets: 
material of construction 
code numbers 
internal bore diameter 
discharge rate (1/h) 
droplet size (VMD) (/lm) 

6.2 Presence of on/off valve 
6.3 Type of safety valve 

7. Mounting 

7.I Carrying strap: 
type 
dimensions 
material of construction 

8. Markings 

8. I Insecticide tank capacity 
8.2 Fuel tank capacity 
8.3 Quality of fuel 
8.4 Open and closed position for insecticide liquid to the nozzle 
8.5 Setting position of fuel valve 
8.6 Position of batteries in holder 
8.7 Net weight of the unit 

9. Accessories 

9· I List of accessories, including ear protectors if required 

10. Spare parts 

List of recommended spare parts to be provided with the unit for 
replacement during normal use over a period of one year 

11. Tools 

List of tools to be provided with each unit 

294 



12. Publications (samples to be attached) 

I2. I Manual of operation, language used 
I2.2 Instructions for safe use of the unit 
I2.3 Manual of maintenance and repair, language used 
I2-4 List of spare parts, names and code numbers 

Manufacturer's name and address: 

Date completed: 

B. Blower-type thermal fogger 

1. General information r 

I. 1 Dimensions: 
frame 
overall height 

1.2 Weight (empty) 
I ·3 Construction material of mounting frame 
I ·4 Type of vehicle required for mounting unit 

2. lnsecticide-tank1 

2. I Capacity 
2.2 Dimensions: 

overall height 
floor area 

2.3 Material of construction 
2.4 Placement of the tank: 

directly on mounting frame 
separate frame 

2.5 Diameter of filler opening 
2.6 Type of filler opening lid 
2. 7 Maximum pressure tolerance 
2.8 Type of metering device to show liquid content of tank 
2.9 Type of safety valve 
2.IO Type of tank pressure monitoring gauge on control panel 

1 Measurements to be indicated in metric units throughout. 

Annex 5 
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3. Engine 

3.I Make 
3.2 Type and model 
3·3 Power 
3·4 Material of construction 
3·5 Maximum speed (rev/min) 
3.6 Fuel consumption (1/h) at maximum speed: 

with combustion chamber ignition 
without combustion chamber ignition 

3. 7 Fuel type and grade 
3.8 Fuel tank: 

capacity 
material of construction 
presence of strainer at inlet 
fuel filter type 

3·9 Carburettor: 
type 
fuel filter type 
air filter type 

3· IO Type of speed control from control panel 
3. I I Silencer: 

type 
location 

3.I2 Noise level at maximum speed (dB-A) 
3·I3 Battery: 

type 
voltage 
placement 

3· I4 Spark plug type 
3-I5 Ignition type 
3.I6 Method of starting: 

electrical 
pulley wheel and rope 

3. I 7 Method of stopping 
3. I 8 Oil, type and grade 

4. Air compressor 

4.I Type 
4.2 Make 
4·3 Material o£ construction 
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4·4 Connection to the engine (type of drive) 
4·5 Presence of protecting guard 
4.6 Type of filter at the air intake 
4· 7 Air velocity at the nozzle: 

with combustion chamber ignition 
without combustion chamber ignition 

4.8 Air volume (output from the nozzle): 
with combustion chamber ignition 
without combustion chamber ignition 

4·9 Air pressure delivered to the nozzle 
4· IO Pressure monitoring gauge on control panel 
4· I I Automatic flow control with cut-off valve on control panel 

5. Discharge system 

5.I Insecticide pump, type 
5.2 Discharge control valve: 

type 
location 
type of on/off switch on control panel 

5·3 Delivery hoses: 
material 
internal diameter 
type of connection to insecticide tank 

5-4 Nozzle system: 
type 
material of construction 
maximum temperature it can withstand 
output under average working pressure 

5·5 Droplet size (VMD) (,urn): 
with combustion chamber ignition 
without combustion chamber ignition 

Annex 5 

5.6 Type of monitoring deYice of air temperature at or very dose to 
nozzle 

5·7 Angle of direction of nozzle: 
horizontally 
verticallv 

6. Combustion chamber 

6. I Material of construction 
6.2 Type of spark plug 
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6.3 Type of fuel injector 
6.4 Type of ignition unit 
6.5 Temperature of air after ignition 
6.6 Type of control of fuel flow and rate of ignition 
6. 7 Type of fail-safe system to shut off all valves if engine stops 

7. Control panel 

7. I Dimensions 
7.2 Location 
7·3 Monitoring gauges on the panel: 

flow rate of insecticide 
air pressure from compressor 
fuel gauge 
temperature of air at, or very close to, the nozzle 

7·4 Controlling switches on the panel 
7·5 Illuminating device for the panel 

8. Optional items 

8. I A variable displacement pump to regulate the flow of insecticide 
liquid to the nozzle 

8.2 A variable flow controlled by the vehicle speed 
8.3 An extension for the control panel to be mounted in the vehicle cab 
8.4 Extension tubing to operate nozzle for fogging drains 

9. Markings 

9· I Insecticide tank capacity, and markings to indicate different levels 
9.2 Fuel tank capacity 
9·3 Type of fuel to be used 
9·4 Open and closed positions of engine choke control 
9·5 Throttle settings of the engine 
9.6 Open and closed positions of insecticide valve 
9·7 Engine specification, make, model number, type, etc. 
9.8 Net weight of complete unit 

10. Accessories 

List of accessories, including ear protectors if necessary 
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11. Spare parts 

List of recommended spare parts to be provided with the unit for 
replacement during normal use over a period of one year 

12. Tools 

List of tools to be provided with the unit 

13. Publications (samples to be attached) 

13.1 Manual of operation, language used 
13.2 Instructions for safe use of the unit 
13.3 Manual for maintenance and repair, language used 
13.4 List of spare parts, names and code numbers 

ManufactureT's name and address: 
Collaborating Centre: 1 

Date completed: 

1 Results of tests recommended in Part V, Specification WHO,'VBC/89.973, Part B, should be 
attached separately. 
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Reference information for use in testing 
aerosol dispensers 

Suggested method for rearing houseflies 
Test houseflies should be from a susceptible strain 1 that has been under 
laboratory production for at least 2 generations. This procedure avoids 
the use of field-caught adults of unknown age and vigour, and the use of 
eggs from adults of unknown age. The method described below has been 
used successfully for rearing and maintaining housefly colonies. 

Rearing room. The rearing room may be of any convenient size, 
constructed so as to be free from strong draughts and provided with light 
for 12 or more hours each day. Temperature and relative humidity should 
be kept constant, as far as possible, preferably at 27 ± I °C and 50%± 5% 
respectively. Any departure from these conditions must be maintained for 
all insects used in a given test series. 

Colony cages. Colony cages should have at least 3 sides of mesh 
screening (b«;!tween 100 and 40 mesh per centimetre), the size being such 
as to provide approximately 15-30 cm3 of space per fly. The colony cage 
for each generation should be stocked with at least Iooo pupae on 2 
consecutive days to provide against inadvertent selection. A new gener
ation should be established each week. 

Adult food. Either a liquid or solid diet containing milk and sugar 
should be available at all times. A solution consisting of s% spray-dried 
non-fat milk solids and 2% sugar (15 ml per 100 flies) has been found 
adequate. Powdered whole milk and sugar cubes are sufficient, provided 
that the flies are supplied with an independent source of water. Specimens 
to be used for test purposes only, i.e., not for egg production, may be 
maintained on sugar and water alone. 

Egg collection. Eggs should be taken from a generation between the 
second and eighth days of egg-laying to avoid (a) the selection of only fast
developing adults and (b) the unfavourable aspects of eggs from aged 

1 If needed, a suitable strain of the housefly to establish a colony may be obtained from the 
Danish Pest Infestation Laboratory, Statens Skadeyrlaboratorium, Skobbrynet 14, DK-zoSoo 
Lyngby, Denmark. 
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adults. Each generation is discarded only after the succeeding generation 
has been laying eggs for 2 days. Suitable material for oviposition, such as 
larval rearing medium or sour milk pads, should be provided. Eg:gs must 
be collected at intervals not exceeding 16 hours. Numbers of eggs should 
be determined volumetrically in water so that, after thorough mixing, 
appropriate numbers can be placed in each larval rearing container. If 
freshly hatched larvae are used to seed the rearing containers, estimates of 
numbers can be made gravimetrically. 

Larval rearing medium. Any satisfactory rearing medium may be used, 
some examples being given in the table below-: 

Medium A Medium B Medium ea 

(% w/w) (% w/w) 
Wheat bran 24.0 Dried yeast 100 g Wheat bran and 
Grass meal 6.0 Full-cream dried alfalfa meal 31.0 
Bakers' yeast milk 100 g Yeast suspensionb 4.5 

suspensionb 0.8 Agar 20 g Non-diastatic dia-
Soya flour 2.0 Water 1 litre malt 1.5 
Malt extract with Water 63.0 

cod-liver oil 3.0 
Water 64.2 

a Standard rearing medium recommended by Chemical Specialities Manufacturers 
Association (CSMA). 

b Yeast suspension should be prepared by dispersing 230 g of yeast in 1 litrE! of water. 
The mixture can be stored at ooc and used as required. 

The rearing medium may be prepared 1-16 hours before seeding. It 
should be placed in containers that retain fermentation heat, but temper
atures in excess of 57 oc should be avoided. Rearing containers should be 
stored at least 2.5 cm apart on shelves to avoid overheating of the medium. 
Any medium is suitable if the time for larval development is 4--6 days. 
The rearing technique may be taken to be satisfactory if the average 
weight of pupae is constant. The same rearing medium and containers 
should be used consistently throughout the production of flies for a given 
series of tests. 

Pupae. Mature larvae migrate to the top portion of the medium or to a 
layer of vermiculite, dry sand, or similar dry agent if it is added on top of 
the medium 4-5 days after seeding. I\ormally, pupation is complete by 
the seventh day after seeding eggs. The top layer of the medium, or the 
layer ofvermiculite or sand, containing the pupae, should be removed and 
the pupae separated mechanically by winnowing or sifting. All pupae 
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collected on a given day should be combined into one lot, mixed, and 
measured into units by predetermined weight or volume. Units of pupae 
are placed in a cage that provides at least 15 cm3 of space per adult fly. 
Pupae for stocking new colony cages are handled in a similar manner. 
Under normal rearing conditions at least So adult flies should be obtained 
from each 100 eggs seeded. 

Standard reference aerosol 
The standard reference aerosol (SRA) shall have the following formula
tion: 

Pyrethrum extract (25% pyrethrins). 
DOT ................ . 
Xylene ............... . 
Odourless petroleum distillate . 
Dichlorodifluoromethane 
Trichlorofluoromethane ..... 

Percentage 
by weight 

1.6 
3·0 

7·5 
2.9 

42·5 
42·5 

The net weight of the formulation must be indicated on each container. 

Aerosol evaluation sheet 
Candidate aerosol no.. . . . . . . . . . . . . Date ....................... . 

Standard reference aerosol no. . . . . . . Laboratory .................. . 

Test insect..................... Investigator ............ : ..... . 

Test no. Standard reference aerosol 

g/m 3 total 

Average 

dead 
mortality 

% 

Candidate aerosol 

g/m 3 total dead 
mortality 

% 

Conclusion: Candidate aerosol is inferior/equal/superior to standard reference aerosol 
Remarks: 
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Membership of the 
WHO informal consultation meetin!~ 

The composition of the WHO Informal Consultation Meeting which met 
in Geneva in October 1984 for preliminary discussions on this third 
edition of Equipment for vector control was as follows: 

Members 
Mr D. Haile, Agriculture Engineer, Insects Affecting Man and Animals 

Research Laboratory, US Department of Agriculture, Gainesville, FL, 
USA 

Mr S. Kolta, Sanitary Engineer, Cairo, Egypt 
Dr G. A. Matthews, International Pesticide Application Research Centre, 

Imperial College at Silwood Park, Ascot, Berkshire, England 
(Rapporteur) 

Mr]. Parker, College of Aeronautics, Cranfield Institute of Technology, 
Cranfield, England 

Dr K. Persson, Department of Farm Machinery, Danish Agricultural 
Engineering Institute, Bygholm, Horsens, Denmark 

Secretariat 
Mr R. Bahar, Scientist/Engineer, Equipment, Planning and Operations, 

Division of Vector Biology and Control, WHO, Geneva, Switzerland 
(Secretary) 

Dr N. Gratz, Director, Division of Vector Biology and Control, WHO, 
Geneva, Switzerland 

Dr C. P. Pant, Chief, Ecology and Control ofVectors, Division of Vector 
Biology and Control, WHO, Geneva, Switzerland 
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Index 

Aedes control IO-II 
Aerosol 6, 7, Io, II, I2, I3, 25-27, 30 

application 8, So 
equipment 64-65 
standard reference 302 
ULV 6, 30, 3I-33 

Aerosol dispenser 25, 65 
domestic I74-I76 
multi-use I66-I73, I74-I76 
performance I6o, I68, I75-I76 
single-use I58-I65 
testing I6I-I65, I68-I73, I76, 

300-302 
Aerosol generator 64-65 

motorized I87-I95 
performance I88 
testing I92-I94 
vehicle-mounted 64-65, I87-I95 

Agitation of liquid in sprayer tank 
43 

Air compressor 42, I8g, 202-203, 
207 

Aircraft 
cost of operation 96--97 
disinsection I58-I73 
engine 8I-8z, go 
fixed-wing 77-78, 79, 8I, 88, go 
flight planning 97--98 
guidance aids g8 
instrumentation 87-88 
manual of operation 89 
maintenance 89--93 
navigational aids 98 
operational requirements 89--93 
piston engine 90 
safety 8I-82, 94-95 
selection SI-83 
spraying equipment IO, I I, I2, 40, 

84-88, 89-93 
use in vector control 77--98 

Airshear nozzle 
high-pressure, low-volume 
low-pressure, high-volume 

Anopheles control IO 
Atomizer 79, 86-87 

3I, 6s 
29 

Bedbug control I2 
Biconical trap 72 
Bioassay of aerosol 

formulations I6I-I65, I69-I73 
Biological control of vectors 3 
Blackfly control 79 
"Blocks away" method for insect: 

control I58 
Blower, rotary 42 
Blower-type thermal fogger 20C>-208 
Boom and nozzle system 79, 84 

Calliphora control 1 I 

Challier and Laveissiere trap 7:z 
Chemicals 

for vector control 4, 5 
resistance of construction materials 

to I83, I92, Ig8-Igg, 206, 2I7 
Chlorofluorocarbons 25 
Chrysops control I2 
Climatic conditions, effect on 

persistence of pesticides 8 
Clothing, protective I4-I5, 24-<:1-24I, 

254 
Cockroach control I3 
Compression sprayer, hand-operated 

IO, II, I2, I3, 34, 47-52, IOI-I27, 
239-25I 

guidelines for field trials of 239-25 I 
operating instructions 250-25I 
sample history card for 246-247 
specifications IOI-127 
test procedures for I I4-I27, 

239-25I 
Compressor 

arr 42, I8g, 202-203, 207 
rotary 42 

Cone nozzle 24, 79 
Constant-pressure regulator I r:z-I I3 
Contract, aerial spraying 96 
Cost 

operating spray aircraft 96--97 
pesticides 6 

Crazing test I 6 I, I 69 
Culex control I I 

305 



Equipment for vector control 

Culicoides control I 2 
Cut-off valve I09, I I9-I22, I46-I47, 

I53, I8o, I89 
Cyclops control I3 

Deflector nozzle 23-24 
Delivery system, regulated I I2 
Deltamethrin 72, 73 
Density of droplets 7, 270, 27I 
Diaphragm 

check valve 34, 38 
nozzle 79 
pressure gauge I04 
pump 39, 4I, 52, 54 

Disc flow regulators 34, 37 
Discharge equipment I3I-I32 
Disinsection, aircraft (see also Insect 

control, Insecticide) IS8-I73 
Drop test 

for strap 118 
for tank 116-I I7 

Droplet 
density 7, 270, 27I 
size 5, 7, I9-20, 27, 59, 78-8o, 86, 

I86, I94, I99-2oo, zo8, 2I7, 
225-232, 272, 273 

Dust (see also Duster) 
application 5, 7, I2, IJ, 68-69 
reservoir I 30 

Duster (see also Dust) 
body of I34-I36 
front-carried I33-I36 
hand-activated I28-I32, I33-I36 
hand-carried 68, I28-I32 
knapsack 68 
plunger-type 128-I32 
rotary I 33-I 36 

Electrodynamic spraying 32, 33 
Electrostatic charging nozzle 32-33 
Engine 

aerosol generator I88 
aircraft 8I-8z, 90 
four-stroke 66 
mistblower I83-I84, 2IO 
performance tests I93, 202, 

206-207, 2II, 2I5-2I6 
pulse-jet 66, I96, I99 
thermal fogger 66, zoi-202 
two-stroke 6o, 62--63, 64 

Engineer, aircraft 89, 90, 92, 93 
Environmental management of 

vectors 3-4, 5, 95 
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Equipment for pesticide 
application (see also specific 
terms) 

data collection 236 
evaluation 98, 233-238 
maintenance 9, I4, 89~3, 244 
operation 9 
safe handling I4-I5 
selection 8---9, 236 
testing see Test procedures 
WHO evaluation scheme 233-238 
worldwide survey 235-236 

Evaluation of equipment 98, 233-238 
'Even-spray' fan nozzle 22 

Fan 
mistblower 2I I 
performance test I84-I85, zi6 
rotary 42 

Fan jet, flat 110-I I2 
Fan nozzle ZI-23, I IO 
Fauna, effects of pesticides on 95 
Field evaluation 

compression sprayer 239-25I 
general guidelines for 237-238 
ground space sprayer 252-278 
performance test form for 264 

Filter, hydraulic nozzle 20 
Flea control I2 
Flight planning 97-98 
Fly control (see also Insect control, 

Musca) II, 79 
Fogger, thermal 66-67, I95-208 

Gaseous energy nozzle 29-3I, r87-I94 
Gaskets 112, I49-I5I 
Gear pump 40, 4I 
Generator, vehicle-mounted motorized 

aerosol I87-I95 
Glossina control I I 
Gooseneck attachment 113 
Granule applicator 5, IO, 69-7I 
Graticule, eyepiece 227-228 
Guidelines for field trials 237-238 

compression sprayer 239-25I 
ground space sprayer 252-278 

Haemagogus control 83 
Helicopter 78, 79, 82-83, 87, 88 

maintenance 90 
selection 82 

Herbicide application 23, 55, 58 



History card for space spraying 
equipment 274-275 

Hollow-cone nozzle 24 
Horn seeder 7 I 
Hose, sprayer I07-roS, IIS-r rg, 

I45-146, 152 
Housefly rearing methods (see also 

Musca) JOO-J02 

Impact nozzle 23-24 
Insect control 3-4, IO-IJ, rsS-!73 
Insecticide (see also Insect Control) 

metering system rSg-Igo, 203, 
2!2-2!3 

tank ISg, 203, 2I r-zrz 
Instrumentation, aircraft S7-SS 
Intermittent hand sprayer 56, 57, 

IJ7-I40 

Knapsack 
duster 6S 
mistblower 6o-6J, In-rS6 
sprayer 34, 4S, sz-ss, sS 

Lance 
compression sprayer IOJ, r ro, I IJ 
stirrup-pump type sprayer I47-I4S 
strength I22, ISJ-I54 

Lancien trap 73 
Lancien-Gouteux trap 73-74 
Larval rearing medium 301 
Larvicide application 5, Io, r I, 12, IJ, 

23, 24, zs, 47, ss, ss, 79, sz 
Laveissiere see Challier and Laveissiere 

trap 
Leptoconops control I 2 
Lever-operated knapsack spra yers 

sz-ss 
Liquid-volume distribution test 122, 

I 54 
Locust control So 
Louse control 13 
Lucilia control r r 

Magnesium oxide slides 227, 229 
Maintenance 

aircraft Sg-93 
card 267 
hydraulic pump 40-4I 
manual I IJ-I q, ISJ, Igi-rgz 

205, 2I4 
schedule go 
sprayer 9, 14, 43, 53, 89--93 
time Sg-go 
two-stroke engine 63 

Index 

Malaria control 63 (see also Mosquito 
control) 

Management, vector control 
programme g6-g8 

.#ansonia control r r 
Manual 

aerial operations 89 
operation and maintenance 

I 13-r q, rS3, I9I-rgz, 205, :ZI4 
:Markings 

aerosol generator I8z, rgr 
compression sprayer ro2-IOJ 
mistblower I82, 2IJ-2I4 
thermal fogger 197-198, 205 

Matrix for determining droplet 
size 228, 23 r, 232 

Medium, larval rearing JOI 
Meteorological conditions 8 
Metering 

system, insecticide r8g-rgo, 
20J-204, 2!2-2!3 

valve 26, 27 
wheel 6S 

J\listblower 
knapsack, motorized I77-r86 
performance r8J-I86 
power-operated ro, ri, 12, IJ 
test procedures r8J-I86, 2IS-:ZI8 
vehicle-mounted 63, zog-zi8 

Mist (pesticide) 7, 59-63 
Mite control 13 
Mollusc control IJ, 25, 47, ss, sS 
Monoconical trap 73 
Monopyramidal trap 73-74 
Mosquito control, equipment and 

methods for IO-II, 63, 79 
.\Iounting frame 197, 210 
AJusca (see also Insect control) 

as test insects r62, 170, JOO-J02 
control II, 79 

NMD (number median diameter) 226 
Nozzle 

airshear 29-31, 65 
assembly r8r 
boom system and 
centrifugal energy 
cone 24, 79 
diaphragm 79 
deflector 23-2+ 

79, 84 
z6-z8, sg-6o 

electrostatic charging 32-33 
fan zr-23, I ro 
gaseous energy 29-31, r87-I94 
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Nozzle (contd.) 
hollow-cone 24, 79 
hydraulic energy I9-25, S6 
impact 23-24 
liquid discharge rate test I22-125, 

I 54-I 55 
mistblower 2I3 
performance test I n-n2, I27, 

I56-IS7, IS5-IS6, I93-I94. 
I99-200, 207-20S 

pressure-pack 25-26 
rapid release 79 
rotary atomizer 79, Ss, S6-S7 
solid-cone 24 
solid-stream 25 
spinning cylinder 2S 
spinning-disc 27-2S, 32, 33, 59, 6I 
stirrup-pump-type sprayer I4S-I49, 

I SO-I 5 I 
swirl 24 
thermal 3I-33, 79, 86, I99, 204 
tip 20 
vortical 30, 65 

Number median diameter 226 

Onchocerciasis control SS 
Operator 

contamination I 5 
safety I4-I5, Sg, 94--()5, 25o-25I, 

26I 
training I4, 26I 

Particulate formulations IS, 39, SS 
Performance 

engine I93, 202, 206-207, 2II, 
2IS-216 

field test 21 S, 264 
nozzle III-II2, I56-IS7, IS5-I86, 

I93-I94, I99-200, 207-20S, 
2I6-2I7 

Personnel training I4, 26I 
Pesticide 

cost of using 6 
disadvantages of 3 
dosage S 
effective application of S-I6 
equipment for applying (see also 

specific types) S-IS, 233-237 
formulations 6-7 
methods of applying 5, 6-7 
poisoning 94 
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Phlebotomus control I2 
Pilot 

briefing 97-9S 
responsibilities go, 92, 94 
safety 94 

Piston pump 39, 52-53, 55, 56 
Plunger-

assembly I29-I30, I39, I43-I44 
pump I05-106, 129-I3o, I3S-I39, 

I43-I44 
shaft deflection test I 5 I 

Power-operated sprayer sS, 59-65 
Pressure 

gauge I04, 125, I27, IS5-IS6 
regulator 34-3S, so, 52 

Pressure-pack nozzle 25-26 
Pressure-release devices I04-I05 
Propellant, aerosol 25 
Public safety 95, 250-25I, 262 
Pulse-jet thermal fogger 66, I95-200 
Pump 39-4I, I05-I06, I38-I39, I96 

aircraft S6 
barrel I2S 
centrifugal 40 
compression sprayer I05 
diaphragm 39, 4I, 52, 54 
handle I06 
hydraulic 40-4I 
intermittent hand s6, 57 
piston 39, 52-53. ss, s6 
plunger I05-I06, I29-I30, IJS-I39, 

I43-I44 
reciprocating 4I 
rotary 40 
slide s6 
stirrup 56-57 
syringe-type 56 

Pupae, housefly 30I-302 

Rapid release system 79, SS 
Reciprocating pump 4I 
Reduviid bug control I3 
Regulator 

flow 34, 37 
pressure 34, 35, 36 

Repairs, equipment go--g3 
Resistance of construction materials to 

chemicals IS3, I92, IgS-199, 206, 
2I7 

Roller vane pump 40, 41 
Roots device 42 



Safety 
aircraft 8I-82, 94-95 
in handling equipment I4-I5 
of equipment operator I4-I5, 89, 

94-95, 250-25I, 26I 
of pilot 94 
of public 95, 250-25I, 262 
valve I I2 

Sampling of pesticide sprays 225-232 
Schistosomiasis 47 
Screen, flat, for control of tsetse flies 74 
Seal II2, I49-I50 
Seeder, horn 7I 
Servicing of equipment see Maintenance 
Side-carried sprayer 56 
Simulium control II-I2, 77, 82, 98 
Slide pump 56 
Solids, equipment for application of 

68-7I, 88, 92 
Solid-cone nozzle 24 
Solid-stream nozzle 25 
Space spraying equipment 4, 5, 65, 79 

application report 263, 265, 266, 268, 
269 

field trials 252-278 
individual unit history card 274-275 
maintenance card 267 

Spare parts, spraying equipment 92-93, 
II3, I82, I9I 

Specifications for vector control 
equipment IOI-22I 

Spray 
angle 20, 23, 24 
droplet size 5, 7, I9-2o, 27, 59, 78-8o, 

86, I86, I94, I99-2oo, 208, 2I7, 
225-232, 272, 273 

pattern I9, 22 
preparation I 5 

-pressure 20, 23, 34-38, 39, 42, 47, 48, 
49, 52 

valve 25, 26, I44 
Sprayer IO, II, I2, I3, 17, I9-33, 47-67 

construction materials IOI, I04, I05, 
Io6, I07, I09, 110, I4I-I42 

compression Io, 11, I2, I3, 34, 47-52, 
IOI-I27, 239-25I 

hand-carried 5I-52, 56, 57, 59, 64, 
66, 67 

hand-operated Io, II, 12, I3, 47-52, 
56, 57, 59-60, IOI-I27, I37-I40, 
239-25I 

intermittent 56, 57, I37-I40 
knapsack 34, 48, 52-55, 58, 6o-63 

Index 

maintenance 9, I4, 43, 89-93 
power-operated 58, 59-65 
side-carried 56 
single-barrel I4I-I57 
stirrup-pump-type 56, 57, I4I-I57 
tank 43, IOI, I02-I03, I38, I79-I8o, 

I89, 203, 2I I-2I2 
vehicle-mounted 63, 64-65, 66, 67, 

266, 269, 27I' 273 
Spraying 5, 6-7, Io, I I, I2, I3 

residual I I, 79 
space 4, 5, 7, IO, I I, 79, 252-:l78 
team 242 

Standard reference aerosol 302 
Stirrup-pump sprayer 56, 57, I4I-I57 
Stomoxys control I I 
Strainer 

compression sprayer I07 
hydraulic nozzle 20 
stirrup-pump sprayer I44 

Strap I03, I8I-I82, 197, 200 
drop test I I 8 

Swirl nozzle 24 
Synanthropic fly control I I 
Syringe-type pump 56 

Tabanid control I2 
Tank (sprayer) 43, IOI, I02-I03, I38, 

179-I8o, I89, 203, 2I I-2I2 
aircraft 84-85 
drop test 116-117 
fatigue test 115-116 
fittings I03-I05 
impact test 116-u7 
leakage test I I4 
outlet 106-107 
size Ss 

Target area for pesticides 5-6 
Temperature inversion during pesticide 

application 8 
Test procedures 

for aerosol 16I-165, I68-I73, 176, 
192, 300-302 

for compression sprayer I I4-I27, 
239-25I 

for duster I 36 
for ground space sprayer 255-278 
for mistblower I83-I86, 2I5-2I8 
for thermal fogger 206-208 

Testing equipment 24I, 255 
Tick control I3 
Training, operator I4, 26I 
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Equipment tor vector control 

Transportation of staff and equipment by 
arr 83 

Trap 
biconical 72 
impregnated LOf--I I, 72-74 
monoconical 73 
monopyramidal 73-74 

Tsetse fly control 24, 72-74, 78, 79, 8o, 
8I, 82, 87, 98 

ULV (Ultra-Low Volume) application of 
pesticides 6, I o, I I, I 2, 30, 77 

Valve 
aerosol I59 
air-inlet I I 2 
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check 34, 38, IOS 
CUt-off I09, II9-I22, I46-I47, I53, 

~8o, I89 
diaphragm 34, 38 
metering 26, 27 
pressure-relief I I 2 
reliability test I I9-I22 
safety I I2 
spray 25, 26, I44 

Vide vite (rapid release) nozzle 79 
VMD (volume median diameter) 7, 20, 

30, 225, 226 
Vortical nozzle 30, 65 

Wind speed, ideal for pesticide 
application 8 

Windmill-driven atomizer 86-87 


