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1. INTRODUCTION 

Ultra-low-volume (ULV) is a method for the application of a minimum volume of liquid 
insecticide formulation (usually less than 500 ml/he) per unit area, which provides maximum 
efficiency in killing target vectors. 

With most organophosphorus (OP) insecticides, the formulation that provides the minimum 
volume is a liquirl technical one. However, many other insecticides such as carbamates, 
pyrethroids, and natural pyrethrins must be mixed with compatible solvents or other agents by 
the manufacturer to provide stable liquid foroulations for ULV application. Therefore, ULV 
is usually employed by applying the undiluted liquid formulations as received from the 
manufacturer of the insecticide. A manufacturer's formulation mixed with compatible oils or 
other diluents by the applicator may not necessarily be a ULV formulation, unless the 
requirement for dilution is determined by a study of the dose mortality and droplet size 
density. 

Thus, a major difference between ULV and conventional applications is that the ULV 
method requires little or no diluent, whereas conventional methods require large quantities 
of diluents such as water or compatible oils. Conventional methods consist of low-volume 
(LV) and high-volume (HV) applications which differ mainly in the proportion of diluent to 
insecticide in the finished formulation. In most cases LV and HV applications are employed 
using the same equipment. A LV application is usually achieved by reducing both the number 
and size of the nozzles, but may also require smaller liquid pumps or other more extensive 
modifications of the conventional equipment. 

Successful ULV application requires equipment that is designed and constructed for the 
specific purpose of metering and atomizing the ultra-low flow rates of liquid insecticides. 
The advantages of the ULV method over conventional methods are (1) elimination of costly 
diluents, (2) elimination of applicator formulation costs, (3) increased actual insecticide 
storage per load because of the elimination of large quantities of diluents, and (4) improved 
control of droplet size because of the use of non-volatile formulations. However, the ULV 
method does not necessarily increase the efficacy of the actual insecticide in killing target 
vectors. In most cases, the dose of actual insecticide per unit area is essentially the same 
for ULV and conventional (LV and HV) methods. 

Application methods can be summarized as follows: 

Method 

Ultra-low 
volume 

Low-volume 

High-volume 

Formulation 

liquid technical 
or ULV 

liquid technical, m"v' 
emulsion concentrate (EC), 
or water-dispersable 
powder (WP) 

liquid technical, EC or 
WP 

Diluent 

none or minimum 
proportion of 
compatible oil 

variable proportion 
of compatible oil or 
water 

large proportion of 
compatible oil or water 

Equipment 

ULV 

ULV or modified 
conventional 

conventional 

The ULV method is adapted for the application of insecticidal aerosols which are 
generally considered to be in the l-50pm volume median diameter (VMD) range. The adaptation 
of aerosols has dominated ULV methodology to the extent that some workers incorrectly limit 
ULV to that aerosol droplet size range. The ULV method is, in fact, directly related to 
application volume and it is not limited to any particular droplet size range. For example, 
ULV mists (50-lOOpm VMD) are also applied using both ground and aerial equipment for the 
satisfactory control of certain vectors. 

The objective of this brochure is to provide basic information for the selection and 
utilization of l~V application equipment and insecticides for use in worldwide vector control 
programmes. No attempt is made to include either information for specific models of 
equipment or dose recommendations for specific insecticides. This type of information is 
available from the manufacturers and governmental agencies and is updated as new products are 
developed. Furthermore, discussions on the biology, ecology and population dynamics of 
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specific vectors are beyond the scope of this work. Finally, it is not intended as a 
reference document because some of the arguments presented are based on the knowledge and 
research experience of the author. However, a list of selected references is provided at the 
end of the brochure for readers who wish to review research on ULV methodologies. 

2. GENERAL CONSIDERATIONS 

There are three factors to consider prior to the selection of ULV equipment and 
insecticides for vector control, namely, the optimum droplet size, application strategies, 
and the environmental impact. 

2.1 Optimum droplet size 

Droplet size is the principal factor governing the transport in the atmosphere and 
impingement of liquid insecticides on vectors, vegetation, and other surfaces in the target 
area. Therefore, the optimum droplet size is dependent on the type of application, i.e., 
space or residual. However, the optimum size is mainly independent of volume because the 
droplets of both ULV and conventional applications are subjected to the same physical 
forces. With regard to ULV applications and optimum droplet size, two factors should be 
considered. First, technical and highly concentrated formulations are essentially 
non-volatile. Thus, the transport and impingement of ULV droplets are more predictable, 
because of their composition, than the droplets of conventional applications. Droplets from 
volatile formulations tend to shrink at variable rates due to evaporation that is dependent 
on environmental variables such as temperature, relative humidity, and distance of drift. 
The second factor is the density of droplets reaching the target area. A common 
misconception here is that the droplet size of ULV applications must be reduced to maintain 
droplet density. This ignores the fact that the higher concentration of active insecticide 
in the ULV application compensates for the lower number of droplets. 

The range of optimum droplet size for the space application of insecticides for the 
control of adult mosquitos is 10-lSJim diameter, with only slight changes in the level of 
control when the range is extended to S-25)UID diameter. This range of droplet sizes is the 
most effective because of the physical laws that affect drift and impingement. Droplets less 
than SJim diameter have suitable drift characteristics, hut do not readily impinge on 
mosquitos because of their excessive critical impingement velocities. Conversely, droplets 
larger than 2Spm diameter have suitable impingement characteristics but do not drift 
sufficiently for applications that rely on natural wind currents to carry them to the target 
vectors. 

Optimum droplet sizes for a mist generator and for aircraft applications of insecticide 
for the control of vectors are not as clearly defined as the optimum range for aerosols. 
However, circumstantial evidence and physical laws suggest that the optimum sizes for 
applications that combine space and residual effects are within a 10-lOOJ!ID diameter 
range.l Droplet sizes within the lower portion of this size range (i.e., up to SOJim) 
provided adequate swaths and penetration of vegetation. Larger droplets in this size range 
enhance impingement of insecticides for residual effectiveness as in the case of mosquito 
larviciding. In the case of mosquito adulticiding using aircraft, the droplet size should be 
less than SO;um VMD to avoid in urban and periurban areas the spotting of the paintwork of 
vehicles with large droplets. 

Methods of measurement and analysis of droplet size, its relationship to median lethal 
dose and an illustration of droplets on the wing of a mosquito are shown in Figs. 1-4. 

2.2 Application strategies 

Vector control programmes should consider application strategies prior to the selection 
of equipment and insecticides and naturally before beginning the actual operations. A 
well-planned strategy requires a thorough knowledge of the biology, ecology, and population 
dynamics of the target vectors. Planning the strategy of control operations also requires a 
comprehensive knowledge of application equipment, insecticides, and the operation conditions. 

1 For the determination of droplet size see Annex I, Equipment for vector control, 
2nd ed. World Health Organization, Geneva, 1974, pp. 163-167. 
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Where it is intended to use the ULV aerosol application of insecticides the strategies 
should be planned on the basis of their non-residual effectiveness against the post-treatment 
reinfestation of target areas with vector populations. Insecticide aerosols will kill 
existing vector populations, but will not give any significant residual toxicity. Therefore, 
if aerosols are used, one must make repeated applications to control the reinfestation by 
immigration and by the further hatching of those vectors from unaffected eggs or pupa. 

Outdoor applications of mists of bio-degradable insecticides will provide several days 
of residual effectiveness, except when it rains shortly after treatment. Indoor applications 
of mists may be effective for several weeks or months. Indoor residual effectiveness is 
dependent on the specific insecticide, the dose used and the surface treated. 

Regardless of the application strategy employed, it should be based on a comprehensive 
entomological programme of sampling for vector development, distribution and density. The 
ultimate objective of any vector control programme is to prevent infected vectors from biting 
susceptible human hosts. To do this it is necessary to have sampling programmes which 
measure the timing and densities of vector emergence and migration, as well as the degree of 
success in control. 

2.3 Environmental impact 

Because all insecticides have some degree of toxicity for human beings, domestic 
livestock, wildlife, and other non-target organisms, they should be handled with care and ' 
respect for their biological activity. In some cases environmental considerations may 
override other factors in the selection of insecticides and application equipment as, for 
example, the choice of an insecticide with a lower degree of mammalian toxicity, despite its 
higher cost per unit of target area. 

In any case, safety is of great importance in the storage, handling, and application of 
toxic insecticides. Supervisors of vector control programmes should ensure the protection of 
both public and staff against exposure to insecticides. Safety strategies should provide for 
both formal and on-the-job training on the proper handling and safe usage of insecticides and 
application equipment. Adequate facilities including ablutions and the appropriate 
protective clothing and equipment are also essential to safety. 

3. ULTRA-LOW-VOLUME APPLICATION EQUIPMENT 

The type of application equipment to be selected will depend on (1) the size of the 
target areas, (2) the accessibility of these areas, (3) the vector species to be controlled, 
(4) the cost of the equipment, and (5) the availability of the equipment, maintenance 
service, and replacement parts. Additionally, equipment selection may depend on the type of 
control programme envisioned. A long-term, continuing programme would justify a greater 
expenditure for equipment than one using such equipment occasionally or in emergencies. 

The size of the target areas should be a factor when selecting application equipment. 
Aircraft and ground vehicle-mounted equipment are needed for many large-scale applications, 
especially if rapid coverage is essential. Aircraft equipment usually offers the possibility 
of covering the largest area most rapidly; however, ground equipment is usually less costly 
and requires less skill in vehicle operation than does aircraft equipment, which requires a 
specialized type of airplane, application equipment and a well-experienced pilot - all 
implying high operating costs. 

The inaccessibility of some target areas may rule out the use of ground vehicle-mounted 
equipment. In that case, the choice of either aircraft or man-portable equipment would 
depend on the size of the problem area and the funds available to the vector control 
programme. 

The type of application equipment needed will also depend on the behaviour and flight 
range of the vector species to be controlled. Flying vectors are, of course, more 
susceptible to aerosols than crawling vectors, which are usually treated with residual 
insecticides. Small-scale treatments with portable aerosol equipment offer only temporary 
control of flying vectors with long flight ranges. The type of equipment chosen should be 
one that has already been proved effective for applying insecticides against the same target 
species to be controlled. 
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The costs of the various types of equipment and the estimated total costs of insecticide 
application should serve as guides in equipment selection. However, moderate cost 
differences among models of machines of the same general type may not be as important as 
convenience in use, robustness, availability, and service, including replacement parts. 

The availability of technical assistance, maintenance service, and replacement 
components and parts should be investigated before making a choice of the equipment to be 
used in the vector programme envisaged. 

3.1 Portable ULV aerosol generators 

These generators are designed for small-scale operations against flying vectors 
(Fig. 5). Large-scale treatments are, of course, possible with small generators, but 
extensive operations would require a large number of machines and operators. Furthermore, 
most portable generators are not designed and constructed for continuous use as are the more 
robust vehicle-mounted machines. Thus, their use on a continuous basis (four or more hours 
per day) would require a high degree of maintenance and tend to reduce their operational 
life-time. One advantage of portable aerosol generators compared with vehicle-mounted 
generators is that insecticides can be used more efficiently because the aerosol can be 
placed precisely into the target area or dwelling. 

The basic components of portable generators are essentially the same as those for 
vehicle-mounted machines. The size and type of the engine will depend on the size and weight 
of the generator. The hand-carried and shoulder-slung machines have small light two-cycle 
engines. These two-cycle engines require more care in operation and maintenance than 
four-cycle engines because of the oil-fuel mixing procerlure and the oiling-up of' the spark 
plug that can occur if this mixture is left in the carburetor for long periods of time. 
Larger, wheel-mounted, portable generators may use either two- or four-cycle engines 
(Fig. 6). Fuel tanks for these engines should provide for at least one hour of continuous 
operation without a refill. 

Rotary blowers are either directly coupled to or belt-driven from the engine. An air 
bleed from the blower is usually used to provide pressure in the insecticide reservoir, thus 
eliminating the need for a pump. The blower supplies a low-pressure air flow to a vortical 
(whirling) nozzle system. Because of their limited power, the portable aerosol generators 
will atomize only low flow rates of highly viscous liquid insecticides. Currently available 
portable generators have only 20-40% of the capacity of vehicle-mounted generators. 

Insecticide metering systems for small portable generators usually consist of either a 
replaceable orifice or a sliding tube or plate with variable orifice diameters. Some larger 
wheel-mounted units are equipped with flow-meter-needle valve systems. Temperature 
correction data are needed for both types of metering systems and should be available from 
the equipment manufacturers. 

3.2 Vehicle-mounted ULV aerosol generators 

These generators are designed for the adulticiding of mosquitos and other flying vectors 
in urban and periurban areas. Where access roads are available, vehicle-mounted generators 
are to be preferred to portable aerosol generators because of their convenience in use, 
greater reliability, and increased coverage capability. 

The basic components of a vehicle-mounted aerosol generator include a four-cycle 
internal combustion engine, air compressor, mounting frame, insecticide metering system, and 
nozzle. Other components for convenient and efficient operation are a solvent-flushing 
system and remote controls. The possibility to operate a remote control system from the 
driver's cab reduces direct contact with the insecticide and is safer for the operator. 

Components in direct contact with the insecticide should be constructed of 
insecticide-resistant materials such as high-quality stainless steel, chrome plate, glass, or 
long-life plastics such as nylon and Teflon. Other components should also offer some 
resistance to corrosion but for reasons of economy are usually either painted metals or 
aluminium. 
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The engine should provide adequate power at moderate speed (assessed in revolutions per 
minute) to drive the air compressor. If an engine is operated at its maximum revolutions for 
extended periods of time, this will tend to reduce its operational life-time. The engine 
should be equipped with an electric starter and an alternator of sufficient amperage for 
battery charging and the operation of other electrical components such as a solenoid valve, 
fule pump, insecticide pump, and other metering system parts. The engine should ideally be 
synchro-balanced to reduce vibration and extend its operational life-time. A fuel tank 
should be large enough for at least six hours of continuous operation at the recommended 
engine speed. 

The type of air compressor employed will depend on the type of nozzle. A rotary type is 
used to produce a low-pressure, high-volume air flow to vortical nozzles, whereas a 
piston-type compressor is used to produce high-pressure, low-volume air flow to pneumatic 
nozzles. As with the engine, the air compressor should have some reserve capacity (30-50%) 
beyond its recommended air pressure settings, to provide more extended operational life-time 
in programmes where the generator receives continuous use. 

Both vortical and pneumatic types of nozzles provide atomization in the optimum droplet 
size range when operated at pressures recommended for each insecticide flow rate. Although 
filtration of the insecticide is a recommended practice, it is essential with pneumatic 
nozzles that have small orifices which can be easily clogged with particles. Both types of 
nozzles should be examined for damage and excessive wear on a regular routine basis. The 
components of these nozzles are usually replaced at least annually and even more frequently 
when the generators are operated in a dusty climate. 

Two basic types of liquid insecticide metering systems are currently available for use 
with vehicle-mounted generators. One type consists of a flowmeter tube with a needle valve 
restrictor. The flowmeter tube and needle valve are situated where the vehicle operator can 
see them so that periodic adjustments can be made when necessary. One advantage of this 
system is that the vehicle/machine operator can monitor the actual flow rate of insecticide. 
The disadvantages of the system include the need for insecticide transfer lines in the 
vehicle cab and for temperature correction data for all viscous insecticides. Because the 
flow rate is indicated by a float position, settings for a range of operating temperatures 
are needed to maintain constant flow rates with this type of metering system. 

Another type of ULV insecticide metering system uses a positive displacement pump to 
transfer the insecticide from a holding tank to the nozzle for atomization. One make uses a 
belt drive from the generator power source to turn the pump. The revolutions per minute of 
the pump are varied by mechanical controls to deliver the desired flow rate of insecticide. 
Other makes use electric motors to drive the pump and electronic speed controls to vary the 
flow rate. These systems also feature electronic monitoring of the flow rate and nozzle air 
pressure with either digital display or audible visual signals in the vehicle cab (Fig. 7). 
An added feature of some of these metering systems is a vehicle-speed sensing unit that 
automatically programmes the metering pump so that a constant dose of insecticide is 
delivered regardless of vehicle speed within an operating range of 0-32 km/h. These variable 
flow rate systems offer added efficiency and safety in aerosol operations in that vehicle 
speed can be constantly adjusted to traffic and climatic conditions without stopping to 
readjust the flow rate settings, as is the case with less sophisticated metering systems. 

3.2.1 Conversion of vehicle-mounted thermal aerosol generators to ULV 

The economic advantages of the ULV methods are obvious in those vector control 
programmes that utilize ground aerosols. In view of the high cost of oil diluents, the 
thermal aerosol method is not economical and consequently less popular than previously. 
Thus, vector control programmes that still rely on thermal aerosol generators have a choice 
of three alternatives. These are (1) to convert their thermal units to ULV, (2) to replace 
the thermal units only when major repairs are required or when financial resources permit, 
and (3) to immediately replace all thermal units with new ULV units. 

Consideration for converting thermal units to ULV are (1) the availability, cost, and 
performance of conversion kits and ULV components for specific thermal units, (2) the age, 
mechanical condition, blower capacity, and type of thermal unit already in use, (3) the 
availability of engineering and mechanical expertise for the installation of conversion kits 
and ULV components, and (4) the total cost and time required for a successful conversion. A 
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critical consideration here is the blower capacity of the thermal units. Some thermal 
aerosol units do not provide sufficient air pressure for ULV nozzle systems. 

Complete conversion kits should include a nozzle system with an air manifold, metering 
system with remote controls, insecticide-resistant storage tanks and transfer lines, and any 
adapters required for mounting on a specific thermal unit (Fig. 8). If, after taking these 
points into consideration, the conversion of existing thermal units still seems feasible, it 
is suggested that a single unit be converted on a trial basis prior to entering into further 
financial commitments for the conversion of all thermal units. In most cases the successful 
conversion to ULV is likely to depend on assistance from the manufacturer and distributor of 
the ULV conversion kit. 

3.3 Portable ULV mist generators 

Although there are many conventional motorized portable mist generators (or mist 
blowers) available commercially, there are only a few designed and constructed specifically 
for ULV application of insecticides. Some conventional units can be modified for ULV use; 
however, this requires engineering and mechanical expertise in addition to devoting time and 
expense after the purchase of a unit. 

General types of portable mist generators are hand-carried or knapsack (backpack). 
Basic components include a two-cycle engine, centrifugal blower, carrying frame, insecticide 
tank, air discharge housing or hose, nozzles, and insecticide metering system. The size, 
weight, and configuration of these components depend on the type of mist generator (Fig. 9). 

Mist size droplets depend on air movement for their transport; thus, these portable 
generators must be capable of projecting the mist over designated swaths. Hand-carried and 
knapsack units should be able to project the ~ist for at least 5 m and 10 m respectively. 

Generally, the engines on portable mist generators are operated at their maximum power 
to provide satisfactory performance, lower rates tending to decrease the swath and increase 
the droplet size. Hand-carried and knapsack units should have fuel tanks large enough for 
half-an-hour and one hour respectively of continuous operation without refuelling. 

Insecticide tanks are pressurized by a bleed from the blower and should be constructed 
of either high-density, insecticide-resistant plastics or high-quality stainless steel. -The 
insecticide transfer lines and nozzles should also be resistant to insecticides. 

The flow rate is governed by the air pressure in the insecticide tank and the size of 
the restriction is provided by either a variable restrictor or interchangeable orifice 
discs. Variable restrictors such as needle valves are more subject to clogging than orifice 
discs. With either type of restriction, the flow rate will vary with changes in viscosity; 
thus, temperature correction data must be available to ensure accurate insecticide doses. 

Both rotary and air-shear types of nozzles are used on mist generators. Rotary nozzles 
produce a somewhat narrower droplet spectrum than the air-shear type, but are more costly and 
require somewhat more maintenance. Also, rotary nozzles that offer variable propeller blade 
pitch changes can produce a variation in droplet size range without changing the generator 
air velocities. 

3.4 Vehicle-mounted ULV mist generators 

Although there are many vehicle-mounted conventional (HV and LV) mist generators or 
blowers on the market, t~V units are not readily avai+able at the present time. Conventional 
units can be modified for ULV application but the modifications require some engineering and 
mechanical expertise. Major modifications are (1) replacement of a conventional pump and 
plumbing system with a micrometering system such as that available for ULV aerosol 
generators, (2) replacement of a conventional insecticide storage tank with either an 
insecticide-resistant storage tank or a rack for holding the drums of ULV insecticide 
formulations, (3) replacement of a conventional nozzle system (usually hydraulic) with ULV 
nozzles, and (4) remote controls with electronic monitoring devices. Rotary nozzles are a 
good choice for ULV units because of the elimination of small nozzle orifices and the 
availability of some control over droplet size by varying the rate of nozzle revolutions. 
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Vehicle-mounted mist generators are either self-powered or tractor-mounted with a power 
take-off drive. Self-powered units can be mounted on a wide variety of ground vehicles and 
boats. Hence mist generators can be employed for large-scale vector control in many types 
of areas exciuding dense woodland or extremely rough terrain. Mist generators are normally 
used to ~pply insecticides with a residual effectiveness, but may also be used for combined 
space-residual application (Fig. 10). 

Vehicle-mounted mist generators are designed and constructed with high capacity 
centrifugal fans (Fig. 11). A mist generator fan should produce 500 m3/min or more of air 
for the transport of droplets over a 15 m or wider swath in natural air currents of up to 
6 km/h. Vehicle-mounted mist generators should be equipped either with directional spiral 
volutes or with movable air vanes in a stationary volute. Directional transport of mist 
droplets by air blasts is necessary to achieve adequate swath coverage (Figs. 12 and 13). 

3.5 Aerial ULV equipment 

The aerial ULV method of insecticide application offers several distinct advantages over 
HV applications. These are (1) noticeable increases of insecticide payload due to the use of 
undiluted technical or highly concentrated formulations, (2) the elimination of the need to 
provide formulation facilities as no diluent is required, and (3) large target areas can be 
treated more rapidly and more efficiently because of the reduced volume of insecticide 
required per unit of area. Aerial ULV applications also offer several advantages over ground 
applications. These are (1) more thorough coverage because there is no dependence on 
existing road networks, (2) fewer personnel are needed to carry out an aerial operation, and 
(3) more rapid treatment of large target areas. It should be pointed out that aerial ULV 
offers more advantage in vector adulticiding than in larviciding because the former is 
usually done on a larger-scale basis. However, in the application of aerial ULV the 
environmental impact of the insecticide formulations must be thoroughly studied before 
application to ensure their safety. 

Because of the diversity of aircraft types available as dispersal equipment carriers, 
standard ULV systems are not usually found commercially for installation on any particular 
aircraft. Thus, systems must either be purchased on a custom-built basis or components must 
be obtained separately and installed on the aircraft to form a complete system. In either 
case a basic knowledge of the various components is necessary. The components of an aerial 
ULV system are (1) nozzles and atomizers, (2) booms, (3) pumps, (4) tanks, and 
(5) instrumentation. 

3.5.1 Hydraulic nozzles 

Hydraulic nozzles of the flat-fan and hollow-cone type are commonly used to disperse 
both conventional and ULV formulations. With ULV applications, smaller orifices and fewer 
nozzles are needed because of the much reduced flow rates. The size and type of hydraulic 
nozzles used will depend on the droplet size requirements of the vector control programme. 
In general, aerosol droplets are used for the control of adult mosquitos and other flying 
vectors because these droplets will drift farther to achieve wider swaths and give increased 
penetration of the foliage in the target area. Larger orifice nozzles may be used for 
mosquito larviciding, so that the larger spray droplets can be more accurately placed into 
the target area. 

Diaphragm check valves should be used with each hydraulic nozzle to prevent drainage of 
the spray boom when the spray switch is turned off. It is necessary to use 
insecticide-resistant plastic such as Teflon or nylon for the diaphragms in these check 
valves. If check valves with only rubber diaphragms are available, then they should be 
covered with a film of Teflon or other insecticide-resistant plastic to prevent rapid 
deterioration of the rubber. In addition, the appropriate strainers should be used in the 
check valve assembly to prevent clogging of the nozzle orifices. 

For vector adulticiding using aircraft, the hydraulic nozzles should be placed on the 
boom at an angle of 45° down and forward in relation to the flight line of the aircraft. 
This position gives the maximum shear of the liquid film, thus producing droplets somewhat 
smaller than a 90° down position which is generally used in applying larvicides because less 
atomization is needed (Fig. 14). 
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Rotary atomizers offer some advantage over hydraulic nozzles in producing aerosol 
droplets when slow-flying aircraft are being used. However, the speed of rotation of these 
atomizers must be high (7000 rpm or more) and flow rates of insecticides must be low (two 
litres per minute or less per atomizer) to produce aerosol droplets. Rotary atomizers are 
characterized by (1) high initial and replacement costs, (2) high maintenance costs, and 
(3) a good technical knowledge for their successful operation (Fig. lS). 

3.S.3 Booms 

Generally booms and boom-mounting positions are similar for HV and ULV systems. 
Although the ULV boom may be of the same length as the HV boom, its diameter is less because 
lower insecticide flow rates are required. The actual diameter of the ULV boom will depend 
on the total flow rate desired and the length of the boom. Permanent booms should be 
constructed of high quality stainless steel to ensure long life. Booms installed for 
temporary use can be constructed of galvanized iron pipe to reduce cost. However, galvanized 
pipes are subject to corrosion when used for some highly concentrated insecticides. 
Corrosion-resistant plastics have not been used to any extent for boom construction because 
of their inadequate structural strength. 

Boom construction and nozzle or rotary atomizer placement will depend on the type of 
application to be made (Fig. 16). For relatively high altitude dispersal (over SO m above 
ground level), the swath width is dependent on the average wind velocity between ground level 
and the dispersal altitude, and the droplet size. When using this type of "drift spraying" 
for adult vector control, the placement of nozzles or atomizers on aircraft is independent of 
swath width and coverage. Successful applications have been made with short fuselage-mounted 
booms using flat-fan nozzles spaced very close together. 

For low altitude flying (SO m or less above ground level) complete wing booms should be 
used with nozzles or atomizers spaced for even coverage. Low altitude flying is used for 
small-scale adulticiding and larviciding to ensure accurate placement of the insecticide 
within the target area. 

3.5.4 Pumps 

The most common type of pump used for ULV aerial spray systems is a rotary gear pump. 
This may be constructed of brass, bronze, or stainless steel depending on the specific 
requirements. Bronze and brass pumps have been found to work satisfactorily for most 
insecticides. Stainless steel pumps should have a built-in pressure regulator with a return 
system to avoid excessive pressures (as these are positive action pumps). A pressure 
regulator-return system should be specified when ordering the pumps because most 
manufacturers make rotary gear pumps either with or without the return systems. Most 
technical insecticides tend to be corrosive to some degree; hence, routine flushing with 
appropriate solvents after each use helps to extend the life of the gear pump. Also, these 
pumps should be flushed thoroughly and filled with a lubricating oil prior to long-term 
storage. 

The rotary gear pump is driven by a direct current (DC) electric motor. Electrical 
current is usually supplied from the aircraft system. The voltage of the aircraft electrical 
system must be known before ordering the DC motors to ensure their compatability. Batteries 
can be used to operate the DC motors on a temporary basis, but this method is not convenient 
for permanent installations. 

The capacity (flow rate) of the gear pump for the aerial spray system should be checked 
with care before purchase. Factors to be considered in choosing a pump are (1) intended 
swath width, (2) insecticides and doses to be used, (3) viscosity of the intended insecticide 
formulation, and (4) the aircraft speed. The total flow rate of the insecticide should be 
calculated by multiplying the dose (volume per unit area) by the unit area treated per 
minute. This calculation will yield the total flow rate per minute. The information 
supplied by the manufacturer on the pump is usually based on water flow. The water rates 
should be multiplied by a factor of about 0.7 to obtain realistic values for most vector 
control insecticide formulations of the technical grade. The pump should have a reserve 
capacity of about 2S% above the maximum flow rate likely to be used in actual operations. 
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The power and speed requirements of the rotary gear pump should be obtained so that 
compatible DC electric motors can be purchased. The DC motor should be coupled directly to 
the pump. If this is not feasible the pump can be driven by a belt system. 

3.5.5 Insecticide tanks 

Tanks are a special problem for ULV systems. High quality stainless steel tanks are 
usually the most suitable for technical and highly concentrated insecticides. Fibre-glass 
tanks with steel reinforcement are less costly, lighter, and corrosion-resistant but may not 
meet aircraft structural specifications of the local government. The regulation on the use 
of fibre-glass tanks should be investigated before consideration is given to their 
procurement. 

Hence, the size and configuration of the insecticide tank must conform to the space 
allotted to it in each specific type of aircraft. 

If large-scale operations are contemplated, the tank size should be large enough to 
provide a maximum insecticide payload. The volume and density of the insecticide to be used 
should be taken into consideration when determining tank size. 

Additional requirements for tanks include baffles for large tanks to minimize surging, 
air vents to prevent a vacuum build-up, a dump valve for emergency use, and an accurate 
volume gauge to determine the contents of the tank at any given time. 

The tank should be filled with insecticide using an auxiliary pump and a closed transfer 
system to prevent spillage within the aircraft. This can be accomplished through permanently 
installed pipes connecting the tank to the exterior of the aircraft. An alternative, but 
less satisfactory system, is a portable transfer hose connecting the auxiliary pump outlet to 
the tank inside the aircraft. This hose must be handled with care to prevent contamination 
within the aircraft fuselage. Any spillage should be cleaned up immediately to prevent 
corrosion to the aircraft and to prevent contamination of the aircraft and of the spray 
system personnel. 

3.5.6 Instrumentation 

The instruments needed for the successful calibration and operation of a ULV spray 
system are (1) an explosion-proof DC motor switch, (2) a pressure regulator, (3) pressure 
gauges, (4) a flow meter, and (5) screens. Remote-mounted tachometers are also needed for 
monitoring the revolution speed of the rotary atomizers. 

A pressure regulator constructed of stainless steel and corrosion-resistant plastic is 
needed for insecticide pressure regulation and adjustment during calibration and operation of 
the spray system. A corrosion-resistant pressure gauge with an appropriate working range 
should be located near the pressure regulator. Additional pressure gauges to show the 
operating pressure of the nozzles or atomizers should be located near the end of each boom. 

Sieving or screening of insecticides should occur at three points in an aerial ULV 
system, namely (1) a 50-mesh large surface screen for cleaning the insecticide before it is 
pumped into the aircraft tank, (2) a SC-mesh in-line strainer built into the plumbing between 
the rotary gear pump and the boom connection, and (3) a final screen (50-200 msh depending on 
orifice size) in the diaphragm check valve assembly just before the insecticide enters the 
nozzle or atomizer orifice. 

4. ULTRA-LOW-VOLUME INSECTICIDES 

In the control of disease vectors, apart from epidemiological considerations and 
ecological influences, there are several operational factors to be considered when selecting 
ULV insecticides for use in vector control programmes including (1) their effectiveness 
against the ~ector species to be controlled, (2) their availability, (3) their relative cost, 
(4) their r~lative safety, and (5) the availability of ULV technology. 

The co.-;t- of an insecticide should be based on its relative effectiveness as compared to 
othP.r gv;d.lahle insecticides. Costs are usually compared on a unit area basis. With 
rpqidual treatment the frequencv of ~pplicatlon needed should also be considered. In this 
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regard, cost might be better compared on a period or seasonal basis rather than on a single 
application. An additional factor to be considered in cost comparisons is the effect of an 
insecticide on the operational life of the application machinery. Where the maintenance or 
replacement costs for equipment are above average, this should be considered as part of the 
cost of using a particular insecticide. 

The availability of an insecticide at short notice in a country can be a vital factor in 
operations to control epidemics of a disease. Quantities of insecticides greater than are 
available locally are sometimes needed for these large-scale operations. 

The availability and quality of technical assistance in ULV technology from the 
insecticide manufacturer and the local distributor should also be considered when selecting 
insecticides for vector control programmes. An absolute requirement for any insecticide is 
that it be effective in killing the target species. This information should be available 
from either research or operational reports. If not, then a trial using accepted laboratory 
or field-testing procedures should be carried out to determine the susceptibility of the 
vector to the chosen insecticide. 

As a class, the organophosphorus (OP) insecticides have been used most extensively in 
ULV applications. The reasons for this are (1) their high degree of efficacy against most 
vector species, (2) their highly concentrated formulations offer the maximum reduction in 
volume, (3) their relatively low cost, and (4) their bio-degradability. 

A second class of insecticides available for use in ULV applications is the carbamates. 
Unfortunately, essentially all the carbamates are solids in the technical form and have 
relatively low solubilities in most organic solvents. Thus, they are formulated at much 
lower concentrations than OP insecticides and therefore cannot give the same maximum volume 
reduction as the OP formulations. However, most carbamates provide a quick knockdown of the 
target species and are usually effective against those that have developed resistance to OP 
insecticides. 

Another class of insecticides that could be effective against OP and carbamate-resistant 
vectors is the pyrethroids. The first-generation pyrethroids and natural pyrethrins are 
highly sensitive to ultra-violet light and therefore possess little or no residual qualities 
when used in the field. These pyrethroids have been used effectively as aerosols against 
flying vectors such as mosquitos and flies. The more recently developed pyrethroids are 
tolerant of ultra-violet light and can be used as either aerosols or as residual 
insecticides. Although the pyrethroids are not available in highly concentrated 
formulations, they do allow substantial reductions in application volume because of their 
high degree of effectiveness against most vector species. Because many insect vectors are 
resistant to DDT through the Kdr factor the development of a eo-resistance to pyrethroids may 
be expected in extensive ULV usage of this class of insecticide. 

Some pyrethroids cause irritation of the eyes and the necessary precautions should be 
taken in their application in respect to both the spray operators and the public in the area 
under spray. 

5. OPERATIONAL GUIDELINES 

A complete understanding of the operational guidelines is essential to achieve the 
maximum efficiency from ULV equipment and the insecticides used in vector control. Although 
the guidelines discussed in the document emphasize ULV methods, most of the basic principles 
are also relevant to conventional methods of insecticide application. 

5.1 Doses and calibrations 

Doses (or rates) of insecticides are expressed as quantities per unit of area or time. 
The doses recommended for vector control are based on research and operational experience 
and, in most cases, provide a satisfactory level of control. 

If control is unsatisfactory, then all the operational procedures should be thoroughly 
analysed to ensure that an insufficient dose is the cause and not other factors. Control 
failure may be caused by a number of factors such as operator error, calibration error, 
mechanical failure, vegetation density, uneven terrain, unfavourable meteorology, and 
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physiological or behavioural resistance of the target species to the insecticide. 
Physiological resistance may be either natural or induced by insecticide selection. Species, 
and even strains, of vectors vary in their natural susceptibility to insecticides. 
Therefore, an increased dose or change of insecticide may be required for successful 
control. If poor control persists, those responsible for the control programme should seek 
the assistance of a highly competent and experienced vector control authority. 

A major factor which governs the dose and the overall quality of application is the 
calibration of equipment. Equipment should be calibrated and maintained at a tolerance of 
10% or less for engine, air fan, pump and speed, the nozzle air pressure (or speed of 
revolution with rotary atomizers), the insecticide flow rate, and any other factors which are 
likely to affect the quality or quantity of application. The evolution of sophisticated 
metering and monitoring systems for ground ULV aerosol generators has greatly improved the 
convenience and accuracy of calibration. However, regardless of the degree of 
sophistication, each application unit should be calibrated manually on a routine basis. The 
actual flow rate of the insecticide should be confirmed by measurement, over time, of the 
output. This can be done either directly by measurement of flow to the nozzle system or 
indirectly by pre- and post-appication measurement of the insecticide in the storage tank of 
the unit. 

5.2 Droplet size 

It is essential that vector control programmes have an understanding of the operational 
conditions that affect droplet size. The maintenance of the droplet size within the optimum 
volume median diameter range is required for the maximum effect on the vector. 

The determination of droplet size is not essential for a successful vector control 
programme. The droplet size spectra for specific insecticides, machines, and operational 
factors are available from the literature on previous research and on operational experience 
(see section 2.1). 

Operational factors that affect the droplet size of ULV ground aerosols are nozzle air 
pressure, insecticide viscosity, insecticide flow rate, and the physical condition of the 
nozzle system. Thus, monitoring devices that help maintain these factors at recommended 
levels are worthwhile on aerosol generators. Optimum droplet size is especially dependent on 
nozzle air pressure. Air pressures should be maintained within the narrow limits of 
pressures recommended by the equipment and insecticide manufacturers unless alternate 
pressures have been recommended following a reputable research study. Recommended nozzle air 
pressures will vary with the types of nozzle systems and the viscosities of ULV 
formulations. Nozzle components should be visually inspected on a periodic basis and worn or 
damaged parts replaced to provide correct atomization. 

The operational parameters that affect the droplet size of applications from mist 
generators and aircraft equipment are essentially the same. With either ground or aerial 
application, the nozzle emission is subjected to a high-velocity airstream. The centrifugal 
fan creates an airstream in the case of a mist generator application while forward velocity 
creates an airstream when the application is from aircraft. With hydraulic nozzles the 
droplet size is decreased somewhat by increased airstream velocity. Thus, in the case of 
mosquito adulticiding with an aircraft application from hydraulic nozzles, high-speed 
aircraft (over 240 km/h) are needed to decrease the droplet size and avoid the potential in 
urban areas of damaging the paintwork of vehicles and houses. Slower aircraft should utilize 
rotary nozzles which achieve atomization largely independent of airstream velocities. The 
droplet size of rotary atomizers is dependent on the centrifugal force which is determined by 
nozzle diameter and the rate of rotation. 

Insecticide flow rate and viscosity are additional factors which affect droplet size. 
In some cases low viscosity diluents such as heavy aromatic naphtha (HAN) have been added to 
ULV formulations to decrease droplet size. A potential problem here is that the addition of 
a high proportion of a low viscosity diluent may cause the ULV formulation to become 
volatite. As mentioned previously, volatility is not a desirable characteristic of any 
formulation because of the variable shrinkage of droplets during their air passage to the 
target vector or surface. 
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Factors affecting the timing of insecticide applications for vector control are vector 
density, vector activity, and local meteorology. Vector densities are determined by 
monitoring programmes, which should include simplistic models for short-range predictions of 
vector population trends. Deterministic computer models are now being developed which 
include essentially all of the biological and ecological parameters affecting the population 
dynamics of vectors and diseases. These models also include the effects of control 
technologies such as the ULV application of insecticides. 

The utilization of sophisticated computer programming in places where such could be 
undertaken should greatly enhance the understanding of vector population dynamics and assist 
in the development of optimum strategies for vector control with ULV applications and other 
control technologies. However, such computer programmes may not be available in many parts 
of the world where vector control operations are needed. 

ULV applications are timed to coincide with vector activity such as host finding, 
feeding, migration, and mating. Daily vector activity cycles are especially critical where 
space applications are used because much of the effect is by direct impingement of the 
insecticide on flying vectors rather than subsequent vector contact with insecticide residues 
in water or on vegetation, dwellings, and other surfaces. Seasonal activity cycles are 
important in the case of area applications of insecticides against vectors with long life 
cycles such as hard ticks. The host-finding activity of free-living ticks ensures their 
contact with residues of insecticides on vegetation, leaf litter, etc. 

For outdoor aerosol applications, the most important meteorological requirements are a 
ground-based temperature inversion (i.e., an increase in temperature with height in the 
atmosphere) to retard vertical mixing of the aerosol cloud by atmospheric turbulence and 
prevailing ground winds that can carry the aerosol cloud across the intended swath. 
Ground-based inversions are most likely to occur after sunset because they are usually caused 
by a higher heat radiation leaving the ground surface into the cooler air above. 
Furthermore, reduced vertical turbulence is commonly associated with temperature inversion 
conditions. Optimum ground winds for aerosol application are 3-13 km/h. Winds outside of 
this range have provided mosquito kill, but usually at a reduced level. Air movements of 
less than 3 km/h may allow vertical mixing while breezes greater than 13 km/h reduce the time 
that the mosquitos are exposed to the aerosol cloud. 

The meteorological requirements for outdoor ground mist applications are somewhat less 
specific than for aerosols. Coverage with ground mist applications is mainly dependent on a 
directional thrust by the generator airstream. However, natural winds at ground level affect 
the distance of transport of mists. Mist applications should not be made with wind 
velocities greater than 13 km/h because of the excessive drift potential. Furthermore, the 
directing of mists against a wind velocity of more than S km/h should not be attempted. 

The effectiveness of ULV aerial applications of insecticides for vector control is 
dependent on a ground-based temperature inversion or isothermal condition (no increase or 
decrease in temperature with increasing altitude). Ground winds for applications against 
adult mosquitos and other flying vectors should not exceed 13 km/h. Application altitudes 
for adulticiding should not exceed SO m unless target areas exceed 1000 ha and measurements 
can be made of wind velocities and their directions between ground level and the application 
altitude. Measurement of these weather parameters is necessary to predict the drift 
potential of mists and aerosols released at altitudes above SO m. The prediction of drift is 
based on droplet size and density as related to the average wind velocity between the release 
altitude and ground level. 

ULV aerial applications for residual control, as in the case of mosquito larviciding, 
have essentially the same meteorological requirements as for mosquito adulticiding except 
that ground winds should not exceed 8 km/h. Also, ULV larvicides and other residual 
insecticides should be applied at the minimum safe altitudes to avoid excessive drift. 
Application altitudes for larviciding should not exceed lS m unless the target areas exceed 
100 ha. ULV aerial applications for residual control should not be attempted during 
temperature lapses, i.e., a temperature decrease with an altitude increase. 
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Vector control programmes that apply outdoor aerosols and mists frequently should 
consider the acquisition of equipment and the establishment of stations for routine 
measurement of essential meteorological parameters to aid in the timing of insecticide 
applications. Basic equipment should include electronic temperature sensors and cup 
anenometers with a starting threshold no greater than 0.8 km/h. A bivane system could also 
be added for the measurement of atmospheric turbulence. Vector control programmes interested 
in sophisticated meteorological equipment should consider the purchase of integrated systems 
from a single manufacturer (Fig. 17). 

One or more meteorological stations should be established at locations that are 
representative of the target areas. For large areas, or those with distinctly diverse 
meteorology, two or more stations may be required. Meteorological stations should not be 
located in the prevailing wind shadow of large urban centres, as the meteorological 
conditions in a wind shadow may not be representative of the surrounding areas. 

The timing of indoor aerosol and mist applications is not dependent on meteorological 
conditions. Indoor applications can be made at any time that is compatible with the activity 
of the vector and of human inhabitants. 

5.4 Application speed and swath 

The factors which limit application speed are driving conditions, atomization capacities 
of nozzle systems, and adulticide flow rate limitations. Most aerosols are currently applied 
at vehicle speeds of 8-24 km/h; however, satisfactory applications have been made at speeds 
up to 32 km/h. The principal advantage of increased speeds, of course, is the increased 
coverage obtained by each application unit. In any case, the application speed should be 
coordinated with flow rate and nozzle air pressure to provide the optimum droplet size and a 
satisfactory vector kill. 

Swaths for ground aerosol application in urban and suburban areas cover a distance of 
100-200 m. With extended swaths (200-400 m), favourable meteorological conditions are 
essential to retard vertical mixing and provide a uniform drift of the aerosol cloud. With 
extended swaths, an increase in insecticide flow rate per unit of distance must be obtained, 
while maintaining the droplet size of the aerosol. This increase is necessary because of the 
constant dilution of the aerosol cloud by atmospheric turbulence. Thus, the aerosol 
concentration must be higher at the point of emission to achieve a lethal concentration at 
the far end of the swath. Increased flow rate per unit of distance is achieved by decreasing 
application speed or increasing flow rate. Substantial increases in the flow rate may 
require increased nozzle air pressure to maintain the optimum droplet size. 

An additional strategy for the control of several vector species of mosquitos is the 
utilization of the air-blast from the nozzle of some aerosol generators to achieve 
directional transport of the aerosol cloud for limited swaths of about 7.5 m. This technique 
is used to project portions of the aerosol cloud into open and partly open buildings infected 
with vector mosquitos. Directional transport is most useful during calm weather conditions 
and where there is a high density of building which would obstruct natural wind movement. 
The application speed should not exceed 4 km/h when this technique is used for vector control. 

ULV ground mists are usually applied at 2-8 km/h. The effective swath of a mist 
generator is inversely related to the application speed. Swaths can be extended by the aid 
of natural winds; however, mists should not be applied when the wind velocity is more than 
13 km/h because of excessive drift potential. With air movements of less than 3 km/h, the 
effective swath of mist generators is a function of application speed and blower output in 
terms of air velocity and mass. Mist generators with a blower capacity of 500 m3/min of 
air should provide a swath of at least 15 m at an application speed of 5 km/h or less. For 
indoor applications, smaller swaths with a more moderate thrust are recommended. 

The application speed of ULV from aircraft is determined by the type of aircraft; 
however, the swath is a function of application altitude, droplet size, and the average wind 
velocity during droplet transport to ground level. Thus, the application from higher 
altitude (more than SO m) to achieve wider swaths (more than 300 m) is dependent on a 
knowledge of other factors, namely droplet size and wind velocity. Wide swath applications 
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should not be attempted in urban and periurban areas with a VMD of more than SO;um because of 
the possibility of damaging paintwork of vehicles and houses with the increased flow rate of 
insecticide. For example, a swath of 600 m would require twice the flow rate of a 300 m 
swath which would double the density of droplets over SO;um diameter in the upwind portion of 
the swath. Thus, the application of wide ULV swaths from aircraft requires more technical 
ability, but offers greater efficiency and more rapid coverage than standard swaths. 
Standard swaths for ULV aircraft applications extend to 60 m or less for altitudes up to 15 m 
for larviciding and to 300 m or less for altitudes up to 50 m for adulticiding. 

5.5 Maintenance of equipment 

The proper maintenance of ULV insecticide application equipment is essential for good 
performance and for ensuring an adequate operational lifetime. Maintenance procedures for 
ULV equipment are mostly the same as those for conventional equipment. However, procedures 
which are peculiar to ULV equipment are (1) more rigorous cleaning of the exterior of the 
equipment including the mounting vehicle (if mounted), and (2) flushing of the metering 
system and nozzles with suitable solvents at the end of each day's work. These procedures 
are necessary because of the use of technical and highly concentrated insecticide 
formulations, some of which may cause corrosion of metals and deterioration of the metering 
system components. 

ULV equipment should be maintained according to the instructions in the manufacturer's 
manual. Manuals should provide schedules for (1) inspection, (2) adjustment of belts, 
fittings, and fasteners, (3) replacement of parts, (4) tuning of engines, (5) lubrication, 
(6) cleaning, and (7) flushing of the metering system and nozzles. Furthermore, the manual 
should provide detailed instructions for the storage of equipment when not in use. Finally, 
it should contain an illustrated parts breakdown section and electrical wiring diagrams to 
facilitate repair of the equipment. 

Therefore, for the proper maintenance of ULV equipment, it is essential that operators 
follow the manufacturer's manual in detail. If the manufacturer does not provide a 
comprehensive maintenance manual the purchase of equipment should not be considered. 

5.6 Personnel and public safety 

ULV insecticides are toxic not only to target vectors, but also have some degree of 
toxicity to other organisms including human beings. However, most of these insecticides can 
be used safely if vector control personnel have a knowledge of the potential hazards involved 
and the procedures required to avoid these hazards. 

Thorough planning is essential for the safe handling and application of insecticides. 
Planning should include (1) knowledge of the toxic hazards of the insecticide, (2) knowledge 
of the directions for use and safety precautions to be carried out, (3) procurement of 
protective equipment and supplies, (4) maintenance of transfer and application equipment in a 
clean, operating condition, (5) provision of clean, well-ventilated handling and storage 
facilities, (6) the method of disposal of empty containers, (7) instructions on the method of 
cleaning up accidental spillage of insecticide, (8) the availability of rubber gloves and 
other protective equipment for field repairs, and (9) strategies for the maximum protection 
of the public and of vector control personnel from exposure to insecticides. 

Vector control personnel engaged in the handling and application of insecticides should 
avoid exposure to insecticides to the greatest possible extent. These personnel should wear 
protective clothing such as coveralls, wide-brimmed hats, rubber gloves and boots. Leather 
articles such as footwear and belts cannot be effectively decontaminated and thus should not 
be worn if contamination is likely. Goggles and respirators may be required for indoor 
applications of insecticide. Ear protectors may also be needed when using noisy equipment. 

Application equipment operators must give close attention to personal hygiene. Clean 
clothing should be worn daily. If clothing becomes heavily contaminated it must be changed 
immediately. Insecticide-contaminated clothing should be laundered separately from family 
clothing to avoid contamination of the clothing of children and other family members who may 
be susceptible to the insecticide. Heavily contaminated clothing should be laundered at 
least twice before re-use with warm water and detergent. All exposed personnel should wash 
thoroughly with warm water and soap or detergent at the end of each day's operations. In the 
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case of severe exposure, washing should be done as quickly as possible. An experienced 
physician should be consulted if toxic symptoms develop. The physician should be provided 
with a copy of the manufacturer's insecticide label. The health authorities should be 
alerted to the use of ULV application of insecticides in their area so that they can ensure 
that the requisite antidotes are locally available. The police should also be informed if 
mists are used in urban areas. 

Some ULV insecticide formulations may be more difficult to remove from the skin than 
conventional formulations. Many of the waterless skin cleaner preparations are satisfactory 
for the initial removal of insecticides. Also, these preparations are convenient for field 
and emergency use where water and detergents may not be readily available. Insecticide 
manufacturers should be consulted for information on special skin cleansers needed for ULV 
insecticide formulations. 

Finally, comprehensive efforts should be made to minimize the exposure of the 
inhabitants of the target area to insecticides. These efforts should include instructions 
for the protection of food, water, and clothing from exposure to insecticides and procedures 
for evacuation, especially if indoor applications are planned. ULV applications are less 
visible than conventional applications; thus, the public should be informed as to the 
approximate time of application for each target area. 

6. PERSONNEL TRAINING 

To ensure a successful vector control programme, personnel must be trained to operate, 
calibrate, and maintain ULV application equipment. Other areas of training needed are an 
understanding of the application methods for effective control and for the safe handling of 
the insecticides and acaricides to be applied. 

Well-illustrated and complete manuals on the operation, maintenance, and calibration of 
each ULV dispersal machine should be provided by the manufacturer and used in training 
programmes for the operators of the equipment. 

Observations of a trial application by equipment manufacturer representatives or 
government consultants would provide a follow-up to this kind of basic training programme. 
The availability of this kind of technical assistance should be investigated before selecting 
the application equipment to be used. 

Untrained vector control personnel should receive intensive training on the methods of 
insecticide application that will provide an even coverage and, other things being equal, 
effective control. This phase of training is very important regardless of the type of 
equipment to be used. 

Obviously, pilots and other aircraft personnel need thorough training in the operation 
of the aircraft as well as the equipment used to apply the insecticides. Their work involves 
not only the proper application of technical or highly concentrated insecticides, but also 
their personal safety. 

In addition to training on the operation, maintenance, and calibration of dispersal 
systems, operators of aircraft and ground vehicle-mounted equipment need instructions on 
(1) how to manoeuvre their vehicles, (2) the vehicle speeds to use, (3) the timing of 
applications, (4) the kinds of weather conditions needed to obtain the desired degree of 
vector control, and (5) the expected distribution (swath) of the applied insecticide. 

Basic training on the practical and safe handling of technical and highly concentrated 
insecticides should be given to vector control personnel who will operate the application 
equipment. Specific information on each insecticide to be used should be provided by the 
manufacturer. Any unusual characteristics of an insecticide or any precautions that need to 
be exercised should be emphasized in the training programme. One advantage of the ULV method 
of application is that there is usually no need to formulate the insecticide before use; 
hence, there is less handling of it. However, because the insecticide is applied in a 
technical or concentrated form, there is a need to minimize the exposure of the equipment 
operator by proper maintenance and due observance of handling precautions. Equipment 
operators can do this only if they possess the proper skills and knowledge. That is why 
training programmes are a prerequisite to successful and safe vector control programmes. 
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FIG. 1. MEASUREMENT OF AEROSOL DROPLETS IMPINGED ON A COATED GLASS SLIDE 
WITH LIGHT MICROSCOPE AND OCULAR MICROMETER 

FIG. 2. COULTER ® COUNTER SET-UP FOR AUTOMATIC MEASUREMENT AND ANALYSIS 
OF AEROSOL DROPLET SIZE 
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FIG. 3. RELATIONSHIP BETWEEN MEDIAN LETHAL DOSE (LDso) AND DROPLET DIAMETER FROM 
LABORATORY WIND TUNNEL EXPOSURE OF ADULT MOSQUITOS TO MONODISPERSE AEROSOLS OF AN 

ADULTICIDE. THIS CURVE SHOWS THAT THE OPTIMUM DROPLET SIZE RANGE FOR MOSQUITO 
ADULTICIDING IS 5-2SJUm DIAMETER WITH VMDs OF 10-15JWD DIAMETER 
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FIG. 4 . AEROSOL DROPLETS ON MOSQUITO WING (SOOx) PHOTOGRAPHED WITH A SCANNING 
ET.ECTRON MICROSCOPE (DROPLETS ARE 1-8 JUm IN DIAMETER AFTER CORRECTION FOR SPREAD) 
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FIG. S. HAND-CARRIED ULV AEROSOL GENERATOR FOR INDOOR OR SMALL-SCALE OUTDOOR 
MOSQUITO ADULTICIDING 
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FIG. 6. WHEEL-MOUNTED ULV AEROSOL GENERATOR FOR INDOOR OR SMALL-SCALE OUTDOOR 
MOSQUITO ADULTICIDING 



FIG. 7. CAB-MOUNTED REMOTE CONTROLS FOR VEHICLE-MOUNTED ULV AEROSOL GENERATOR 
(NOTE DIGITAL DISPLAY OF FLOW RATE) 

'g~ 
(JQ 0 
ro-..... 

< 
N~ 
""("') ....... 

Cl) 
l..n 

\0 
~ 

\0 



WHO/VBC/85.919 
page 25 

FIG. 8. THERMAL AEROSOL GENERATOR CONVERTED FOR ULV MOSQUITO ADULTICIDING BY THE 
EMPLOYMENT OF SOME EXISTING COMPONENTS (FRAME, MOTOR, AND BLOWER) PLUS THE 

ADDITION OF NEW COMPONENTS (BOOM, VORTEX NOZZLE, STAINLESS-STEEL STORAGE 
TANK, MICROMETERING SYSTEM, AND REMOTE CONTROLS) 
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FIG. 9. ULV "BACKPACK" MIST BLOWER FOR MOSQUITO ADULTICIDING/LARVICIDING 



FIG. 10. TRUCK-MOUNTED ULV AEROSOL GENERATOR FOR LARGE-SCALE MOSQUITO 
ADULTICIDING IN URBAN AND SUBURBAN AREAS 
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FIG. 11. PROTOTYPE VEHICLE-MOUNTED ULTRA-LOW-VOLUME MIST GENERATOR EQUIPPED 
WITH MICROMETERING SYSTEM, ROTARY ATOMIZERS , TWO-I~AY VOLUTE AND 

HIGH-CAPACITY CENrRIFUGAL FAN 

FIG. 12. DIRECTIONAL TRANSPORT OF AN AEROSOL CLOUD FROM A VEHICLE-MOUNTED ULV AEROSOL 
GENERATOR INTO OPEN AND SEMI-OPEN BUILDINGS INFESTED WITH VECTOR SPECIES 

OF MOSQUITOS 
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FIG. 13. VEHICLE-t-10UNTED ULTRA-LOW- VOLUME AEROSOL GENERATOR EQUIPPED WITH 
16 hp SYNCHROBALANCED ENGINE, HIGH-CAPACITY AIR COMPRESSOR, DIRECT 

DRIVE BETWEEN ENGINE AND COMPRESSOR AND SINGLE VORTICAL NOZZLE. THIS 
GENERATOR CAN BE EQUIPPED WITH EITHER A FLOIVMETER OR A POSITIVE 

DISPLACEMENT PUMP MICROMETERING SYSTEM (NOT SHOWN) 

FIG. 14. CALIBRATION OF A FUSELAGE BOOM-HYDRAULIC, FLAT-FAN NOZZLE SYSTEM FOR 
ULTRA-LOW-VOLUME AERIAL APPLICATION OF INSECTICIDES FOR 

EMERGENCY VECTOR CONTROL PROGRAMMES 
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FIG. 15. PROPELLER-DRIVEN ROTARY ATOMIZER FOR THE ULTRA-LOW-VOLtmE AERIAL 
APPLICATION OF INSECTICIDES 

FIG. 16. ULTRA-LOW- VOLUME AERIAL APPLICATION OF INSECTICIDE WITH A DC-3 AIRCRAFT 
EQUIPPED WITH A FUSELAGE BOOM SYSTEM WHICH IS RAISED DURING TAKE-OFF AND 

LANDING AND LOWERED DURING APPLICATION 
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FIG. 17. METEOROLOGICAL TOtfER WITH ELECTRONIC SENSORS, CUP ANEMOMETERS, AND 
BIVANE SYSTEM FOR DETECTION OF THE OPTIMUM METEOROLOGICAL 

CONDITIONS FOR MOSQUITO ADULTICIDING WITH AEROSOLS 
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