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1. INTRODUCTION 

The purpose of these guidelines is to provide specific and 
standardized procedures and criteria for efficacy testing and 
evaluation of insecticides for indoor and outdoor, ground-
applied space spray applications against vectors and pests of 
public health importance. Their aim is to harmonize the testing 
procedures carried out in different laboratories and institutions 
in order to generate comparable data for registering and 
labelling such products by national regulatory authorities. 
However, the requirements for registration of pesticides are 
determined by national regulatory authorities. 

These guidelines are an expanded and updated version of 
those recommended by the WHO Pesticide Evaluation Scheme 
(WHOPES) Informal Consultation on the evaluation and testing 
of insecticides, held at WHO headquarters in Geneva, 
Switzerland on 7–11 October 1996 (1).  They were reviewed 
and recommended by the WHO Consultation on testing and 
evaluation of public health pesticides held at WHO 
headquarters on 23–27 February 2009. 

The document provides guidance and stepwise procedures on 
laboratory studies, field testing and evaluation leading to the 
determination of efficacy, and application rates of, insecticides 
for operational use in indoor and outdoor ground-applied space 
spray applications. While most examples provided pertain to 
mosquitoes, with some modifications the guidelines can be 
used to determine efficacy against other flying vectors and 
pests of public health importance. Operational trials of products 
intended for use as space spray treatments should be preceded 
by laboratory studies and small-scale field assessments that 
have been conducted in a field or room, depending on whether 
the treatment is intended for outdoor or indoor use.

Although the studies may provide some information on safety 
and toxicity, it is presumed that preliminary eco-toxicity and 
human safety assessments have been undertaken before any 
field study is carried out; detailed treatment and analysis of any 
such additional data are beyond the scope of this document. 
However, any perceived side-effects and undesirable 
characteristics observed during application and use in 
laboratory studies and field trials should be reported. 
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Products submitted for laboratory and/or field testing should be 
accompanied by the Material Safety Data Sheet, the labelling 
recommendation and the manufacturer’s certification that the 
product is within the company’s manufacturing specifications for 
that product. Independent physical and chemical assessments 
may be required before initiating the efficacy studies. 

Biological tests are subject to variations that accompany living 
organisms. Studies should therefore be conducted under the 
close supervision of personnel familiar with biological testing of 
insecticides and with sound scientific and experimental 
procedures; the principles of good laboratory practice or other 
suitable quality assurance schemes such as the International 
Organization for Standardization should be applied. 

Trials on insecticides should be in accordance with applicable 
national ethical regulations. WHO guidelines for development of 
an informed consent form are provided in Annex 1. 

2. LABORATORY STUDIES 

The objectives of laboratory studies are to determine the 
intrinsic activity of the insecticide and its efficacy and to assess 
cross-resistance with commonly used insecticides. The studies 
are performed against well-characterized susceptible and/or 
resistant strains of laboratory-reared mosquitoes under 
standardized and controlled conditions to characterize the 
inherent properties of the insecticide, mainly by using technical 
material, and to determine its efficacy for comparative purposes 
as well as for planning field studies.   

The specific aims of the tests are: 
  to establish dose–response line(s) and determine the 

lethal dosage (LD) of the insecticide for 50% and 90% 
mortality (LD50 and LD90) that allow assessment of the 
intrinsic activity of the insecticide against adult females 
of susceptible mosquito species;  

  to determine the lethal concentration (LC) of the 
insecticide (technical material and formulations) for 50% 
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and 90% mortality (LC50 and LC90), as determined by 
contact with insecticide spray; 

 to establish a diagnostic concentration for monitoring 
resistance to the insecticide in the field;  

 to assess cross-resistance with commonly used 
insecticides. 

Standardized mosquito rearing and laboratory testing conditions 
are essential to ensure the reliability and reproducibility of data; 
this is generally 27 + 2 C temperature, relative humidity (RH) 
80 + 10%, and photoperiod 12:12 hours (light:dark). Temperate 
species may have a different requirement. Adults are 
maintained on sugar solution (typically 10% on cotton wool) and 
are non-blood-fed.

It is highly desirable to generate data representative of all three 
mosquito genera (Anopheles, Aedes and Culex), but in 
particular for Aedes aegypti and Culex quinquefasciatus.
Strains of test species may have different responses to given 
insecticides and should therefore initially be characterized by 
the intrinsic insecticidal activity methodology (section 2.1) to 
determine the level of response. Inclusion of a positive control, 
i.e. a standard insecticide with historical data, is also desirable. 

2.1 Intrinsic insecticidal activity 

The objective of this test is to determine the intrinsic activity of 
an insecticide to a target species. This is done by the topical 
application of an active ingredient to isolate toxicity from 
confounding effects resulting from insect behaviour. 

Topical solutions are prepared by dissolving technical grade 
insecticide in acetone, a highly volatile organic solvent, which 
has the advantage of remaining on the insect cuticle for only a 
short period of time. The doses used in topical application are 
typically expressed in nanograms of active ingredient per mg of 
body weight of live mosquito. Usually, 50 non-blood-fed 
susceptible female mosquitoes of the target species are 
weighed initially to determine the average live-weight.
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A constant volume of 0.1 µl should be delivered to the pronotum 
using an appropriate hand-held or automatic pipetting device 
(Figure 2.1). Larger volumes may cause increased mortality due 
to solvent toxicity.

A total of 50 susceptible, non-blood-fed, 2–5 day-old female 
mosquitoes are used at each concentration, with at least five 
concentrations covering a range of mortality from 10% to 90%. 
A few mosquitoes at a time are lightly anaesthetized with CO2
for 15–30 seconds and placed on a plate cooled to 4 °C to 
maintain anaesthesia during the manipulations. A volume of 0.1 
�l of insecticide solution of the calculated concentration is 
deposited on the pronotum as described above. Two batches of 
25 females are used for each concentration of insecticide. Two 
batches of 25 females treated with 0.1 �l of pure acetone serve 
as controls. After dosing, the females are transferred into clean 
holding cups and provided with 10% sugar solution on cotton 
wool and held for 24 hours at 27 + 2 C temperature and 80 +
10% RH. Mortality is recorded 24 hours after the topical 
applications. Three replicates from separately reared batches 
are tested and the results pooled for statistical analysis. Thus a 
minimum of 900 mosquitoes are required for this study. Fresh 
insecticide dilutions should be prepared for each new test 
replicate.

The relationship between dose and mortality is analysed using 
log-dose probit regression (2, 3). Dosages giving responses 
between 10% and 90% are used for this analysis, preferably 2–
3 dosages below 50% and 2–3 above 50%.  Commercial 
software is now available to compute estimates of the LD50 and 
other LD values and their 95% confidence limits (Annex 2). If 
mortality exceeds 20% in the control batch, the replicate is 
rejected. If mortality in the controls is between 5% and 20%, 
results with the treated samples are corrected using Abbott’s 
formula:

      X – Y
       Mortality (%) = --------------- x 100 

               100 – Y

Where X = percentage mortality in the treated sample and Y = 
percentage mortality in the control. 
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Figure 2.1 Topical application of insecticide to the pronotum of an 
anaesthetized mosquito (courtesy of N. Rahola, Institut de 
Recherche pour le Développement, Unit 016, Montpellier, France)

A log–probit analysis should be performed for candidate and 
control insecticides and their slopes compared using a chi-
squared parallelism test. Results of two series of assays are 
considered as not significantly different if the slopes of their 
log–probit lines are the same (i.e. null hypothesis of the 
parallelism test is not rejected) and the confidence intervals of 
their LD50 overlap. 

2.2 Insecticidal activity of active ingredient(s) used as  
 space sprays  

A total of 50 susceptible, non-blood-fed, 2–5 day-old female 
mosquitoes are used at each concentration, with at least five 
concentrations covering a range of mortality from 10% to 90%. 
This will require a minimum of 900 mosquitoes. In each 
application, duplicate cages of 25 non-blood-fed female 
mosquitoes are exposed to one of the test concentrations of the 
atomized insecticide in a wind tunnel (see Annex 3 for 
equipment specifications, maintenance and procedural details). 
The apparatus consists of a cylindrical tube (15.2 cm in internal 
diameter) through which a column of air moves at 2.9 m/s. The 
mosquitoes are confined in a rimless cylindrical screen cage 
(mesh openings 1.22x1.60 mm and 0.28 mm diameter wire) 
made to the exact interior measurements of the wind tunnel 
(See Annex 4). The cage is inserted into an opening 91.4 cm 
from the wind tunnel entrance; a flexible clear plastic sheet is 
used to close the opening. The technical insecticide in an 
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acetone solution (0.5 ml total volume) is atomized through a 
nozzle (which takes approximately three seconds) to produce 
droplets with a Dv0.5 (the Dv0.5 represents the point at which half 
the volume of droplets is smaller and was formerly designated 
as the volume median diameter (VMD); see Annex 9 for a full 
description) of 15 ± 2 µm at the position of the cage. 
Mosquitoes are left in the wind tunnel for a further five seconds. 
After each test, the mosquitoes are lightly (15–30 seconds) 
anaesthetized with CO2 and transferred immediately into clean 
holding cups provided with 10% sugar solution on cotton wool 
and held for 24 hours at 27 + 2 C temperature and 80 + 10% 
RH. Mortality is recorded after 24 hours.

Control tests with acetone alone as the diluent are conducted 
with each insecticide test, always at the beginning of the test. 
Tests should begin with the lowest dose and then proceed in 
turn with increasing concentrations. The wind tunnel is cleaned 
with a 0.5 ml spray of acetone between each series of 
concentrations. 

Three replicates from separately reared batches are tested and 
the results pooled where appropriate (to a total of three 
duplicated applications per concentration) for statistical analysis. 
The relationship between concentration and mortality is 
analysed using log-dose probit regression, as discussed above, 
and the LC50 and LC90 values are reported. Ideally, five 
concentrations giving responses between 10% and 90% are 
needed for this analysis, 2–3 below 50% and 2–3 above 50%. If 
mortality exceeds 20% in the control batch, the test is rejected. 
If mortality in the controls is between 5% and 20%, the results 
with the treated samples are corrected using Abbott’s formula 
(see section 2.1). 

In addition to assessing the efficacy of an insecticide, the same 
procedure can be used to test formulations specially designed 
for space treatments.  However, a different nozzle may be 
required to achieve the appropriate droplet size. Such wind 
tunnel testing is not suitable for most high volume thermal fog 
formulations.
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2.3 Diagnostic concentration for monitoring resistance 

Diagnostic concentrations (or dosages)1 of insecticide are used 
to detect or monitor the presence of resistance in field 
populations of mosquitoes and are determined by exposing 
mosquitoes (tarsal contact) to insecticide deposits on filter-
paper.

The WHO-recommended diagnostic concentrations 2  for each 
group of vectors are chosen so that exposure for a standard 
period of time (usually 1 hour) followed by a 24-hour holding 
period can be relied upon to cause 100% mortality of individuals 
of susceptible mosquito strains. To avoid spurious reporting of 
resistance in the field where none may exist, WHO sets the 
diagnostic concentration at twice the minimum concentration 
that kills 99.9% of mosquitoes of the susceptible strain. 

The determination of diagnostic concentrations is done with a 
graded series of dosages of insecticide (technical grade) 
applied to sheets of filter-paper. Rectangular pieces of filter-
paper measuring 12 x 15 cm (Whatman No. 1 or equivalent) are 
impregnated with 2 ml of solvent, generally acetone, and mixed 
with a non-volatile carrier such as silicon oil (e.g. BDH Dow 
Corning 556) or Risella (Shell) or other suitable carrier, e.g. 
olive oil, according to the insecticide tested (the manufacturer 
should be consulted for both solvent and carrier selection). Oil 
allows the production of a stable, thin and homogeneous layer 
of the active ingredient on the paper and prevents crystallization 
of those active ingredients that are solid at room temperature. 
The concentrations are generally expressed as the percentage 
of active ingredient per unit volume of carrier on the filter-paper 
(the acetone being volatile). Papers are impregnated with 3.6 
mg/cm² of the carrier, i.e. 648 mg/paper or 0.66 ml/paper for 
silicon oil (when this is the carrier and taking into account that 
silicon oil has a density of 0.98). A filter-paper impregnated at 
1% contains 6.6 mg of technical insecticide, or 367 mg/m².  

Papers should be prepared specifically for the test. The 
impregnation is done by pipetting evenly onto the paper while it 
                                                          
1 Also referred to as discriminating concentrations (or dosages). 
2 WHO-recommended discriminating concentrations of insecticides for 
adult mosquitoes are available on the WHO homepage on the Internet 
at http://www.who.int/whopes/resistance/en/.
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is supported on several pins pushed vertically through a piece 
of cardboard. The paper is then air dried for 24 hours and 
inserted into a WHO holding tube for exposure to the insects. 
The WHO tubes for testing susceptibility of adult mosquitoes 
and the testing method are described in Annexes 4 and 5. 

A total of 100 mosquitoes are used for each test concentration 
and for the control. Batches of 25 non-blood-fed female 
mosquitoes, aged 2–5 days, are introduced into the holding 
tube (marked with a green dot) and held for one hour at 27 +
2 C temperature and 80 + 10% RH to acclimatize. They are 
then transferred by gentle blowing into the exposure tube 
(marked with a red dot), and the exposure tube is detached and 
placed vertically for one hour under subdued light. At the end of 
the exposure time, the two tubes are reconnected and the 
mosquitoes are gently blown back into the uncontaminated 
holding tube, which is then detached. The holding tube is then 
placed vertically in a dark place for 24 hours with 10% sugar 
solution on cotton wool at 27 + 2 C temperature and 80 + 10% 
RH. Dead mosquitoes are counted after 24 hours. 

Results are expressed as percentage mortality after 24 hours 
and corrected for control mortality. If mortality exceeds 20% in 
the control batch, the entire test is rejected. If mortality in the 
controls is between 5% and 20%, the results with the treated 
samples are corrected using Abbott’s formula. The 
concentration–mortality relationship is determined on three 
replicates from separate cohorts. The results are then pooled to 
produce a log-dose–probit mortality regression line from which 
the LC99 can be estimated. Concentrations giving responses 
between 10% and 90% are used for this analysis. Ideally, five 
concentrations giving responses between 10% and 90% are 
needed for this analysis, 2–3 below 50% and 2–3 above 50%. 
As mentioned above, the diagnostic concentration corresponds 
to twice the minimum concentration that kills 99.9% of 
mosquitoes of the susceptible strain. 

2.4 Cross-resistance to other active ingredients 

Cross-resistance 1  of an active ingredient against known 
resistance mechanisms should be tested against well-
                                                          
1 Normally required for novel active ingredient(s).  
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characterized susceptible and resistant strains. The resistant 
strains should preferably be homozygous for the selected 
resistance mechanism. If homozygosity cannot be achieved, 
periodic selection is usually necessary to prevent natural 
selection for susceptibility alleles from causing decline of 
resistance. Reference strains should be monitored at least twice 
a year by bioassays or biochemical and/or molecular assays so 
that any reversion in resistance can be detected, assessed and 
corrected by selection. 

Comparison of the values obtained with a susceptible mosquito 
strain with those from distinct resistant strains (particularly the 
LD50) gives a good estimation of the existence and level of 
cross-resistance of the new candidate insecticide (resistance 
ratio RR50 and RR95). Cross-resistance is indicated if the 
LC50/LD50 or LC95/LD95 of a strain carrying a particular 
resistance mechanism is significantly greater than that of the 
corresponding susceptible strain. 

3.  SMALL-SCALE STUDIES  

The specific objective of small-scale studies is to determine the 
efficacy and optimum application dosage of the formulated 
space spray product under relatively controlled and comparable 
settings. Instructions of the equipment manufacturer or product 
label on operation and calibration of the equipment and the 
general guidance of WHO on Space spray application of 
insecticides for vector and public health pest control (4) should 
be followed.   

Small-scale field testing and evaluation of insecticides for space 
spraying are done by observing the mortality of susceptible 
strains of laboratory-reared non-blood-fed female mosquitoes 
confined in cylindrical cages (see Annex 6 for details). For 
indoor applications, cages are placed at several locations 
indoors and, for outdoor applications, at downwind distances of 
up to 100 m. The time of the spray application, as well as the 
meteorological conditions during application of the insecticide 
(e.g. temperature, humidity, wind speed and direction) should 
be recorded throughout the trial and reported. The delivery 
characteristics of the insecticide should also be standardized 
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and reported. This will include discharge rate, vehicle speed, 
nozzle angle and pressure. 

Optimal conditions for outdoor spray trials usually occur at or 
near sundown, throughout the night, and up to an hour after 
sunrise when there is an increase in temperature with height 
above ground level, i.e. inversion, when stable conditions help 
to keep the small droplets from rising above the target zone. 
Outdoor small-scale spray testing should not take place when 
wind speed exceeds 15 km/hour or falls below 3 km/hour, or 
during rain. Equipment should be calibrated to deliver droplets 
with a Dv0.5 of 15 ± 2 µm, unless otherwise indicated as a result 
of rapid volatility or other physical characteristic of the test 
material, which could expand the range to between 10 µm and 
40 µm.

3.1 Outdoor applications 

The purpose of small-scale outdoor studies is to determine the 
dosage of active ingredient per hectare that achieves at least 
90% mortality. Efficacy is assessed in an open field by 
observing the mortality of susceptible laboratory-reared 
mosquitoes confined in screen cages (see Annex 6 and section 
3 for general specifications) suspended 1.5 m above ground 
level, at 25, 50, 75 and 100 m downwind of the spray vehicle.                        

Coated transparent collectors, e.g. slides, are placed on 
rotators located adjacent to selected cages to physically 
characterize the spray (see Annexes 7 and 8). The rotator is 
switched on immediately before spraying and switched off and 
the collectors removed 15 minutes post-spraying (at the same 
time as removal of the bioassay cages). The collectors are 
transferred to the laboratory in a protective holder for droplet 
size assessment as soon as possible (depending on the 
volatility of the formulation). Collectors should also be run with 
the control cages concurrently, with application in an 
unexposed area, to detect the presence of natural 
environmental droplets (e.g. oils, plant sap) and discriminate 
them from spray droplets. 

Collectors coated with silicone or Teflon are suitable for non-
volatile, oil-based insecticide formulations. Where other types of 
formulations are used (e.g. water-based), droplets can be 
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detected on magnesium oxide coated surfaces provided a 
tracer dye is added to the spray, e.g. fluorescent tracer. The 
purpose of the tracer is to make the smallest droplets visible 
under an ultraviolet light microscope, as a distinct crater may 
not be formed. The use of a tracer may also enable fluorometric 
and volumetric evaluation and discrimination between 
insecticide and other droplets. 

The craters in magnesium oxide, or non-volatile droplets on 
silicone- or Teflon-coated slides, are then examined under a 
microscope and the parameters (Dv0.5 and Dv0.9) are calculated, 
taking into account any spread factor (see Annex 8).  
Magnesium oxide coated surfaces are not suitable for 
measuring non-dyed droplet sizes of <10 µm. 

A minimum of 200 droplets should be measured for each 
collector, reading across the width of the collector as many 
times as necessary. A record should be kept of the number of 
traverses needed to count 200 or more droplets, being sure to 
read each traverse completely. A minimum of one traverse 
should be used. This information is used to determine the 
droplet density on the slide.

A range of dosages of the insecticide is used in small-scale field 
studies based on label instructions and laboratory studies. 
Dosages are selected to produce a range of efficacy that 
includes >95% mortality and at least one between 80% and 
95%, in order to demonstrate a rate that is effective but not 
excessive. The sequence of dosages should be randomized 
and the spray apparatus flushed with diluent or acetone 
between applications. A minimum of three lines, with 1–2 cages 
at each of the four distances, and a minimum of three replicates 
over time for each dosage are used. Cages are placed in the 
field for the standard exposure period (15 minutes). For each 
replicate, there is a concurrent unsprayed control located at 
least 50 m upwind in which there are a minimum of two cages 
and a rotating collector. Use of a standard insecticide as a 
positive control is highly desirable. 

Small-scale field studies should be conducted in open areas 
with no vegetation taller than short grass to impede the 
movement of the spray cloud through the sample line. The line 
of travel of the spray generator should be perpendicular to the 
wind. Tests should not be conducted when wind directions are 
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in excess of 30° from the sample line (see Figure 3.1), because 
this excessively increases the distance between the spray line 
and the collection stations. When the wind direction is 15° off-
perpendicular, the distance is increased by 3.5% and at 30° by 
15.4%. The spray machine is turned on at a minimum of 100 m 
before reaching the test area and turned off at a minimum of 
100 m beyond the test area.  

Figure 3.1 Vehicle traverse to accommodate non-perpendicular 
wind direction up to 30°

A total of 25 insecticide-susceptible, non-blood-fed, 2–5 day-old 
laboratory-reared female mosquitoes of the target species are 
introduced into each cage.

Fifteen minutes after completion of the spray application, the 
mosquitoes from each cage are transferred by gentle blowing or 
rapid light CO2 anaesthesia into separately marked, clean 
holding cups. These are provided with sugar solution on cotton 
wool and placed in a protective container, with coolant if 
necessary, for transport to the laboratory. It is recommended 
that observation of knockdown at 60 minutes post-treatment 
(including the 15 minutes exposure time) is recorded. To 
prevent excess exposure to the insecticide residue in the cage, 
sufficient field personnel should be on hand to rapidly collect 
and transfer mosquitoes to holding containers after the 
specified exposure period. The mosquitoes are held at 27 +
2 C temperature and 80 + 10% RH for 24-hour mortality 
observations. If replicates are carried out on the same day, 
there should be a minimum of 30 minutes interval between 
each replicate, using mosquitoes from different rearing cohorts. 
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Where the formulation requires dilution before application, fresh 
dilutions should be prepared for each new replicate. 

If mortality is above 20% in the concurrent controls, the entire 
test is rejected. If mortality in the controls is between 5% and 
20%, the results from the treated samples are corrected using 
Abbott’s formula (see section 2.1). Average mortality is reported 
for each distance, i.e. sampling stations downwind and for each 
dosage. For vehicle-mounted equipment, a dosage that 
produces an average mortality of >90% over all four stations is 
desirable or at least comparable with the standard. For portable 
spray equipment, the same level of mortality should be obtained 
at 25 m. 

The average mortality and standard deviation are determined 
for each dosage and compared using a suitable statistical test 
such as ANOVA. The minimum dosage that gives at least 90% 
mortality is identified and is used as the lowest test dosage for 
operational trials.

3.2 Indoor applications 

The purpose of the small-scale indoor application study is to 
determine the dosage of active ingredient per cubic metre (m3)
for space treatments that achieve at least 90% mortality. 
Efficacy of insecticides in indoor space spray applications 
should be studied in an empty room, with minimum volume of 
30 m3, by observing mosquito mortality in the test cages. Test 
conditions may be met by construction of experimental rooms, 
provided they can be ventilated and adequately 
decontaminated.

A total of 10 cages (see Annex 6) each containing 25 2–5 day-
old non-blood-fed susceptible female mosquitoes are placed 25 
cm from each corner at ceiling and floor levels and two at mid 
height near the centre of the room.   

The insecticide is released, without ventilation, through an 
opening located at mid height in the centre of the wall at one 
end of the room and the nozzle directed towards the centre of 
the room. Equipment must be calibrated before carrying out the 
study to ensure a Dv0.5 of 15 ± 2 µm. At least three dosages of 
the insecticide and a minimum of three replicates for each 
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dosage are conducted, using insects from different rearing 
cohorts and fresh dilutions (if the formulation needs to be 
diluted) for each replication. 

Mosquitoes are exposed for 60 minutes. The cages are then 
removed using appropriate personal protective measures. The 
mosquitoes from each cage are rapidly transferred into 
separately marked, clean holding cups each with a 10% sugar 
solution on cotton wool and, if necessary, placed in a protective 
container, containing coolant where appropriate, and 
transported to the laboratory. At the time of collection, 
observation of knockdown may be recorded. The mosquitoes 
are held at 27 + 2 °C temperature and 80 + 10% RH for 24-hour 
mortality observations. The room must be adequately ventilated 
between successive dosages of the same compound to remove 
all traces of the previous treatment.

Each insecticide application requires a control. This is obtained 
prior to the application by exposing mosquitoes in cages for 60 
minutes at each of the cage positions stated above.

Rooms should be declared contaminated or unsatisfactory for 
use when test insects held in a cage in the room (without 
ventilation) for one hour show knockdown or mortality in excess 
of 10%. 

The average mortality and standard deviation are determined 
for each dosage and compared using a suitable statistical test, 
such as ANOVA. The minimum dosage that gives at least 90% 
mortality is identified and is used as the lowest test dosage for 
operational trials. If mortality exceeds 20% in the concurrent 
controls, the entire test is rejected. If mortality in the controls is 
between 5% and 20%, the results from the treated samples are 
corrected using Abbott’s formula (see section 2.1). 

4. OPERATIONAL TRIALS 

Following the small-scale studies, it is important to assess the 
effectiveness of the formulated space spray product in 
operational settings against field populations of the target 
species. Operational trials may be needed in different situations 
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(e.g. urban/rural and indoor/outdoor settings). The area and 
location of test sites should be representative of the target 
species’ habitat and the intended control areas. The outcomes 
of such studies are locale-specific and their results may not be 
applicable to other settings. In such studies, and in addition to 
the factors mentioned in section 3, configuration of buildings, 
dwellings, rooms (including significant furniture, wall hangings 
and clothing) and "block" layouts or vegetation characteristics 
should be carefully surveyed, mapped and recorded.  

Dosage(s) recommended on the manufacturer's label or that 
found to provide at least 90% mortality in small-scale testing 
should be the basis for determining initial dosage for 
operational trials. Higher dosages may be required for 
assessment of effectiveness under operational conditions. 
Outdoor applications are based on dosage per hectare. Indoor 
applications are based on dosage per cubic metre. The 
susceptibility of the local target species to the insecticide must 
be verified beforehand, following WHO standard procedures 
and criteria (see Annex 4 and 5).  

A small-scale, open-field trial is a simpler model than the 
operational trial and, in all likelihood, requires a smaller quantity 
of formulation for adequate control. In an operational trial, 
increased obstructions and harbourages as well as other 
factors in the natural habitat may require application of higher 
concentrations. 

The manufacturer's instructions or product label description on 
operation and calibration of the equipment as well as general 
WHO guidance on Space spray application of insecticides for 
vector and public health pest control (4) should be followed. 
Machines must be calibrated to deliver a spray droplet 
distribution with a Dv0.5 of 15 ± 2 µm, unless rapid volatility or 
other characteristics of the test material indicate the need for 
larger or smaller droplets. Thus, operational trials might be 
conducted with droplets in the 10�40 µm (Dv0.5) range, or larger 
if special circumstances dictate the need. Space spray trials 
should not be conducted when wind speed exceeds 15 km/hour 
or falls below 3 km/hour or during rainfall. Optimal conditions for 
outdoor spraying prevail when there is an increase in 
temperature with height (inversion, with stable conditions that 
help to keep the small droplets from rising above the target 
zone) and when the temperature is compatible with the diel 
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flight activity of the target species. Favourable meteorological 
conditions usually occur at or near sundown, throughout the 
night, and up to an hour after sunrise. These conditions may not 
always occur at times when the species is active, in which case 
space sprays may not be appropriate. Meteorological 
measurements, including temperature, humidity, wind speed 
and direction, should be recorded in representative sites during 
the application and sampling periods. All other activities must 
be recorded, including details of equipment, timing of 
application and application parameters. Any other relevant 
observations should be documented (e.g. time of sunset, 
sunrise, cloud cover and target species activity periods).

4.1  Outdoor trials 

The main aim of outdoor trials is to produce and measure the 
reduction in adult mosquito density of the target species, and to 
identify and confirm the effective dosage under operational 
conditions. Noting the unique characteristics of trial areas and 
the variability of behaviour among mosquito species, only 
general guidance is provided and requires local adaptation. 
However, it needs to be understood that these observations 
must focus on the target species population. 

Trial design must take into consideration the flight range and 
behaviour of the target species (e.g. endophily and/or exophily) 
as well as the application method of the insecticide. The optimal 
design is random allocation of comparable treated and 
untreated areas.  

To minimize the impact of re-invasion of the target species from 
unsprayed areas, a sufficiently large area should be sprayed so 
that entomological assessment can be restricted to the central 
zone. In order to avoid the confounding influences of such 
immigration or recruitment from on-site larval habitats, pre- and 
post-monitoring of target species should be conducted shortly 
before, and as soon as possible after, the treatment at times 
appropriate to the sampling method. In situations where vector 
breeding and emergence are continuous, the impact of 
immediate post-application adult emergence on population 
density should be considered. This may also be the case, for 
ethical reasons, where it is unacceptable to leave an area 
untreated.



17

The study should be sufficiently replicated (normally three times) 
in space or preferably in time, to allow for statistical analysis 
and informed operational decisions over a range of 
meteorological conditions. The objective is to determine the 
dosage required to achieve minimum average of 90% control. 

The methods of collecting adult mosquitoes for measuring 
relative changes in density must be appropriate to the target 
species and conducted in multiple representative habitat sites 
within the test and control areas (e.g. indoors or outdoors, or 
both). Examples of these methods include the use of light traps,  
baited traps, enhanced oviposition traps, gravid traps, landing 
counts on subjects protected from bites, suction traps and 
vacuum devices for resting mosquitoes (5). Sampling sites and 
collection methods should be configured in a manner that 
maximizes the suitability for statistical analysis of data from a 
variety of habitats using a suitable statistical test (e.g. ANOVA).

In addition, sentinel cages should be located in targeted areas 
within treatment sites where the spray cloud is intended to 
reach, following a predetermined scheme. The purpose of the 
sentinels is to confirm whether the application was adequate to 
kill laboratory-reared susceptible, non-blood-fed 2–5 day-old 
females (the sentinels will not provide in-depth information on 
the impact of the applications on the wild species). Sufficient 
numbers of sentinel sites in a variety of open and sheltered 
habitats should be established to provide replicated 
observations of resulting mortality for statistical analysis.  One 
example might be a matrix design of sentinel cages placed 
within a sampling area that spans between two or more passes 
of the spray application (Figure 4.1). The worst scenario is 
when the sampling area is adjacent to the penultimate swath 
upwind and can be impacted only by a single pass. If resources 
allow, multiple sampling areas should be located further 
downwind so that the effects of multiple swaths can be 
assessed.

Details of cage design and handling of mosquitoes for 
operational trials are similar to those outlined for small-scale 
field studies (section 3 and Annex 6). Cages retrieved and 
emptied 15 minutes post-application will provide the most 
accurate mortality reading for their site and will be most useful 
for comparing treatment efficacy for the susceptible cage 
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sentinels with that of the small-scale studies. However, the 
duration of exposure in cages is likely to be longer, to allow the 
spray cloud to disperse and because of the multiplicity of 
sampling sites and the larger number of cages. In some 
circumstances, it may therefore be necessary to document the 
exact time that each cage is collected and the mosquitoes are 
transferred to clean holding cups. However, these readings will 
not reveal the true operational effectiveness, which is based on 
overall density reduction observed from non-sentinel 
surveillance, corrected for immigration, concurrent emergence 
and other confounding factors. 

Rotating collectors should be co-located with sentinel cages to 
provide information on droplet density, size and penetration of 
the sampling area (see Annexes 7 and 8). Strong correlation 
between droplet data and cage mortality, however, is not 
necessarily expected because of microclimate influences on 
spray cloud movement and meteorology within the spray cloud.
Microclimate impacts and physical obstructions should therefore 
be fully considered in the analysis.

Data from sentinel cages and droplet collectors are used to 
assess penetration of the insecticide to the target area (droplet 
density and Dv0.5 when possible). This provides information on 
the extent to which variation in the observed level of efficacy 
against the wild population is due to application parameters, 
meteorological conditions or the chemical itself. Average 
mortality of mosquitoes in sentinel cages in a given area and 
the variation in mortality between cages should be reported. 
Percentage reduction between pre- and post-treatment wild 
mosquito populations or between treated and untreated 
sampling areas should be reported based on mosquito 
collections from multiple sites within each area. Analysis of data 
between different observation areas is an important component 
of the efficacy assessment because it can reveal variations in 
response due to site characteristics and help to confirm the 
optimum application rate. Changes observed in treated areas 
should be corrected in relation to natural variations observed in 
the untreated areas. 
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For the assessment of indoor applications, and where feasible, 
several houses, each with multiple rooms, should be used, but 
avoiding kitchens. At least one cage (see Annex 6) should be 
located near the centre of each room at 1.5 m height as a 
standard. A minimum of two additional cages should be placed 
adjacent to typical mosquito resting sites within each room. The 
use of spinners to assess spray droplet penetration into rooms 
is optional. 
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Each insecticide application is assessed by exposing 25 (mixed 
age) female mosquitoes in cages for 60 minutes at each of the 
cage positions stated above, and in the controls. The 
mosquitoes are collected from the wild population and 
introduced into the cages on the day of treatment. Alternatively, 
wild mosquitoes are reared and the F1 progeny used for testing. 
The general specifications for the cages are provided in Annex 
6 and section 3.

External doors and windows should be closed, where 
appropriate, prior to the application. In multi-room houses, the 
insecticide is applied beginning with the room furthest from the 
entrance and progressively moving towards the entrance. The 
application should be carried out to ensure that the spray is 
directed to all parts of each room and at the target dosage.

A minimum of three replicates are carried out on different 
occasions at the optimal dosage required for 90% control as 
determined in small-scale trials or at the label recommended 
dosage using fresh dilutions (if the formulation needs to be 
diluted) for each replication. If 95% cage mortality is not 
achieved, a higher dosage is similarly tested ensuring that the 
manufacturer's labeling constraints are not exceeded. 

Mosquitoes are exposed for 60 minutes, after which the cages 
are removed from the house by personnel wearing protective 
clothing. The house is ventilated by opening doors and windows 
before allowing re-entry of unprotected individuals into the 
house. The mosquitoes from each cage are then rapidly 
transferred into separately marked, clean holding cups, each 
with a 10% sugar solution on cotton wool, and transferred to a 
container, containing coolant if necessary, and transported to 
the laboratory. At the time of collection, observation of 
knockdown may be recorded. The mosquitoes are held at 27 +
2 °C and 80 + 10% RH for 24-hour mortality observations. 
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ANNEX 1.
GUIDELINES FOR DEVELOPMENT OF INFORMED 
CONSENT FORM 

For: [name the group of individuals for whom this consent is 
written]

Name of principal investigator: 
Name of organization: 
Name of sponsor: 
Name of proposal: 

PART I: Information sheet 

This sheet is a suggestion or an example that can be modified 
according to the national rules and guidelines. 

1. Introduction 
State briefly who you are, and explain to participants that you are inviting 
them to take part in research that you are doing. 

2. Purpose of the research 
Explain in lay terms why you are doing the research. 

3. Type of research intervention  
State briefly the type of intervention that will be undertaken. 

4. Participant selection 
State why this participant or household has been chosen for this research. 
The selection will ensure that equal opportunities are provided to 
everybody.

5. Voluntary participation  
Indicate clearly that volunteers can choose to participate or not. State that 
they will still receive all the services they usually do whether they choose 
to participate or not. 

6. Information on the test product [name of the test product]  
Explain to the participant why you are testing a space spray product. 
Provide as much information as is appropriate and understandable about 
the product, such as its manufacturer or location of manufacture, and the 
reason for its development. Explain the known experience with this 
product. Explain comprehensively, if any, all the known side-effects or 
toxicity of this product. 

�
7. Description of the process, procedures and protocol 
Describe or explain to the participant the exact procedures that will be 
followed on a step-by-step basis and the tests that will be done.  
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8. Duration
Include a statement about the time commitments of the research for the 
participant, including the duration of the research and follow-up. 

9. Side-effects
Potential participants should be told if there are any known or anticipated 
side-effects and what will happen in the event of a side-effect or an 
unexpected event. 

10. Risks
Explain and describe any possible or anticipated risks. Describe the level 
of care that will be available in the event that harm does occur, who will 
provide it and who will pay for it. �

11. Discomforts 
Explain and describe the type and source of any anticipated discomforts 
that are in addition to the side-effects and risks discussed above. 

12. Benefits 
Mention only those activities that will be actual benefits and not those to 
which they are entitled regardless of participation. 

13. Incentives 
State clearly what you will provide the participants with as a result of their 
participation. WHO does not encourage incentives. However, it 
recommends that reimbursements for expenses incurred as a result of 
participation in the research be provided. 

14. Confidentiality 
Explain how the research team will maintain the confidentiality of data, 
especially with respect to the information about the participant, which 
would otherwise be known only to the physician but would now be 
available to the entire research team. 

15. Sharing the results 
Where relevant, your plan for sharing the findings with the participants 
should be provided. 

16. Right to refuse or withdraw 
This is a reconfirmation that participation is voluntary and includes the 
right to withdraw. 

17. Whom to contact 
Provide the name and contact information of someone who is involved, 
informed and accessible (a local person who can actually be contacted). 
State also that the proposal has been approved, and how. 

This proposal has been reviewed and approved by [name 
of the local ethical committee], whose task is to make sure 
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that research participants are protected from harm. If you 
wish to find out more about the Local Ethical Committee, 
please contact [name, address and telephone number]. 

PART II: Certificate of Consent 

This section can be written in the first person. It should include 
a few brief statements about the research and be followed by a 
statement similar to the one in bold below. If the participant is 
illiterate but gives oral consent, a witness must sign. A 
researcher or the person checking the informed consent must 
sign each consent form. 
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Print name of participant:    _______________________ 

Signature of participant:       _______________________ 

Date:  ___________________________ 
  day      /      month      /    year 

�������
���
��
A literate witness must sign (if possible, this person should be 
selected by the participant and should have no connection to 
the research team). 
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Print name of witness:    ________________  AND           
Thumb print of participant 

Signature of witness:       ______________________ 

Date:  ___________________________ 
  day     /     month     /     year 
�
�
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Print name of researcher:    ______________________   

Signature of researcher:       ______________________ 

Date:  ___________________________ 
  day     /     month     /     year 

A copy of this Informed Consent Form has been provided 
to participant _____ (initialled by the researcher/assistant). 
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ANNEX 2. 
EXAMPLE PRINTOUT OF A COMPUTERIZED PROBIT 
ANALYSIS

Topical application 

Analyzed file: KISPET06      Date: 11/05/98      Insecticide: permethrin    control mortality: 4 (2 / 50) 

N Killed Total Dose            Obs. mortality            Corrected mort. (1st estimation) 
1 3 40 0.6    7.5   3.6 
2 5 40 1  12.5   8.8 
3 11 40 2  27.5   24.5 
4 30 40 4  75.0   74.0 
5 33 40 6  82.5   81.8 
6 45 45 8             100   100 

Iterations:  16                 Y = 3.48248 + 3.24284 * X 

Natural mortality (last estimation): 5.1 %   p(X² = 2.14482, df = 3) = 0.5429 

The data are well represented by a line 

n dose corr. mort. (%)   probit total treated killed killed (expected) X² contribution 
1 0.60 2.6 3.1936 40 03 2.51* 0.4888   
2 1.00 7.8 3.6441 40 05 4.48* 0.1129   
3 2.00 23.6 4.3069 40 11 13.20  0.5804   
4 4.00 73.7 5.641 40 30 27.40  0.7628   
5 6.00 81.6 5.9059 40 33 34.03  0.1999   
6 8.00 100.0 - 45 45 41.62* - 

LD       Level of conf.   Range 
01 = 0.56295       0.95   0.27234 < LC < 0.84960 
02 = 0.68318       0.95   0.35662 < LC < 0.99045 
03 = 0.77247       0.95   0.42298 < LC < 1.09221 
04 = 0.84723       0.95   0.48075 < LC < 1.17593 
05 = 0.91339       0.95   0.53344 < LC < 1.24907 
10 = 1.18236       0.95   0.76068 < LC < 1.53973 
20 = 1.61620       0.95   1.16065 < LC < 1.99807 
30 = 2.02490       0.95   1.55926 < LC < 2.43427 
40 = 2.45473       0.95   1.98298 < LC < 2.91522 
50 = 2.93758       0.95   2.44468 < LC < 3.50111 
60 = 3.51542       0.95   2.96113 < LC < 4.27966 
70 = 4.26165       0.95   3.57091 < LC < 5.40493 
80 = 5.33931       0.95   4.37212 < LC < 7.22522 
90 = 7.29845       0.95   5.69320 < LC < 10.98633 
95 = 9.44765       0.95   7.02796 < LC < 15.64424 
96 = 10.18546       0.95   7.46722 < LC < 17.35381 
97 = 11.17120       0.95   8.04193 < LC < 19.71842 
98 = 12.63130       0.95   8.87108 < LC < 23.38010 
99 = 15.32887       0.95   10.34572 < LC < 30.60387 

Regression line : Y = A + slope * (X - M) 
A = 5.06223 (SE : 0.12286) in probit unit - Slope = 3.2428 (SE : 0.4812) - M = 0.4871 in log10 (dose) 
unit and 3.0701 in dose unit. Variance of the LC50 : 0.00144343 in log10(dose) unit 
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ANNEX 3.
WIND TUNNEL SPECIFICATIONS 

The wind tunnel (Figure A3.1) is constructed of galvanized duct 
pipe with an internal diameter of 15.2 cm. The entrance of the 
tunnel is covered with an end cap. A series of 30 1-cm holes, 
1.27–2.54 cm apart and arranged in three concentric circles, 
are drilled in the end cap to reduce the volume of air pulled 
through the tunnel, and to even flow across the tunnel. An 
eight-bladed extractor fan with a 120V AC variable speed motor 
are installed 366 cm from the tunnel entrance. The fan motor is 
connected to a power-stat used to regulate the fan motor speed 
and the resulting air velocity in the tunnel. 

The insects to be tested are retained in a screen cage made to 
fit the exact interior measurements of the wind tunnel (i.e.15.2 
cm diameter and 2.5 cm depth; Figure A3.2). The sides of the 
cylindrical disc cages are made of brass metal, with a 1.9 cm 
diameter hole for introducing the insects. After introduction, the 
hole is sealed with a strip of masking tape; plain paper is 
attached at the position of the hole to protect the mosquitoes 
from sticking to the tape. The tape is also used as a label. 

A 1.22 x 1.6 mm mesh brass screen, thread diameter 0.28 mm, 
covers the ends. The screen is soldered only to the solid edge 
of the cages so that there is no lip to block the free flow of the 
aerosol or to give protection to the insects. The cage is inserted 
in an opening 10 cm long and half the diameter of the wind 
tunnel. This opening is located 91.4 cm from the wind tunnel 
entrance. A flexible clear plastic sheet is used to close the 
opening (Figures A3.3 and A3.4).

An atomizer, delivering droplets of 15 ± 2 µm Dv0.5, is mounted 
so that the nozzle is centred on a 2.5 cm diameter hole in the 
end cap (Dv0.5 represents the point at which half the volume of 
droplets is smaller and was formerly designated as the volume 
median diameter, or VMD; see Annex 9 for a full description). 
The nozzle is inserted about 2.5 cm into the wind tunnel. 
Because of its inertness, nitrogen is used as the propellant. The 
pressure in the cylinder is adjusted to 103.35 kPa (15 psi) by 
means of a valve and gauge mounted on the cylinder. Another 
valve and gauge is mounted near the wind tunnel to ensure the 
pressure is maintained at 103.35 kPa (15 psi). The air velocity 
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of the wind tunnel is adjusted to 1.8 m/s by means of the 
powerstat.

One-half ml of the material to be sprayed is placed in the cup of 
the atomizer. The valve is turned on, allowing the insecticide to 
be sprayed into the airflow so that the droplets are directed 
towards the cage. After all the material has been sprayed, 
requiring about 3 seconds; or until a significant change in the 
sound of atomization has occurred; the valve is turned off after 
an additional 5 seconds of time has elapsed.  

Before testing each dosage, a “blank” or test without a cage of 
insects is run to expel from the system any material remaining 
from the previous dosage. The wind tunnel is cleaned after 
each dosage series by running three or four blanks of 0.5 ml of 
diluent through the system.

The most important parameters to be standardized are wind 
speed, tunnel diameter, cage size and droplet size distribution. 
Small deviations in the other parameters are generally 
acceptable. 

Care and equipment decontamination procedures: 

1. Wash in hot soapy water to remove as much oil and 
residue as possible. Rinse well and dry. 

2. Rinse in solution (about 1–5%) of acetic acid and water. 
3. Rinse in two consecutive technical acetone baths and 

dry.
4. Bake in oven 24 hours at about 148 °C.
5. Glassware can be baked for shorter period of time at a 

higher temperature. 
6. Dispose of used wash solutions properly. Acetic acid 

solution should be changed every other day if washing 
every day. Otherwise, fresh solution should be prepared 
if washing is sporadic. Acetone can be kept longer and 
changed as needed. 

7. Wind tunnel decontamination is carried out between 
each treatment dose by applying 0.5 ml of acetone or 
other suitable solvent through the nozzle. In addition, at 
the end of each experiment, this procedure is repeated 
four times. 
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The following LC50 and LC90 values (Table A3.1) have been 
reported using the procedures outlined in section 2.2 and using 
the wind tunnel as specified above. 
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Table A3.1 Lethal concentration (LC
50 , LC

90  and 95%
 confidence lim

its = C
L) of selected insecticides in tunnel tests 

against three species of susceptible  m
osquitoes (data provided by the Public H

ealth Entom
ology R

esearch and 
Education C

enter, Panam
a C

ity, Florida, U
SA

)

Lethal concentration µg/m
l 

C
om

pound 
M

osquito species  
LC

50  
C

L 
 

LC
90  

C
L 

allethrin 
Aedes taeniorhynchus 

0.258 
0.241–0.276 
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ANNEX 4.
WHO TUBES AND PROCEDURES FOR TESTING THE 
SUSCEPTIBILITY OF ADULT MOSQUITOES TO 
INSECTICIDES 

Description and testing procedure 

The WHO tube test kit1 consists of two plastic tubes (125 mm in 
length, 44 mm in diameter), with each tube fitted at one end 
with a 16-mesh screen. One tube (exposure tube) is marked 
                                                          
1 See Supplies for monitoring insecticide resistance and procurement 
of WHO test kits (available on the WHO homepage on the Internet at:
http://www.who.int/whopes/resistance/en/). 
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with a red dot, the other (holding tube) with a green dot. The 
holding tube is screwed to a slide unit with a 20-mm hole into 
which an aspirator will fit for introducing mosquitoes into the 
holding tube. The exposure tube is then screwed to the other 
side of the slide unit. Sliding the partition in this unit opens an 
aperture between the tubes so that the mosquitoes can be 
gently blown into the exposure tube to start the treatment, in 
which the tube is vertical, and then blown back to the holding 
tube after the timed exposure (generally one hour). The filter-
papers are held in position against the walls of the tubes by four 
spring wire clips, two steel clips for attaching the plain paper to 
the walls of the holding tube and two copper clips for attaching 
the insecticidal paper inside the exposure tube. The only time 
that the exposure and holding tubes are connected is during 
transfer of the mosquitoes.  



36

ANNEX 5.
MONITORING THE SUSCEPTIBILITY STATUS OF 
TARGET SPECIES TO INSECTICIDES 

Mosquitoes can be obtained using larval collection, or the F1 
progeny from wild-caught females (a minimum of 50 female 
mosquitoes is considered sufficient to ensure enough genetic 
variability in the larval progeny). Where adults derived from 
larval collections are used, the type of breeding sites concerned 
(e.g. rice field, rain water collections, irrigation channel, river 
beds, wells) should be specified, since exposure to pesticides 
can differ with the type of water body. At the same time, a 
comparative test on a corresponding susceptible strain should 
be undertaken to check the quality of the papers, whenever 
possible. A minimum of 100 mosquitoes should be tested for 
any insecticide at the diagnostic concentration, with 4–5 
replicates of 25 mosquitoes per test kit. Additional information 
on the test procedure for insecticide resistance monitoring of 
malaria vectors and the format for recording results of 
susceptibility tests on adult mosquitoes are available from 
WHO.1

A mortality rate between 98% and 100% is considered to 
indicate susceptibility; 80–97% mortality suggests the possibility 
of resistance that needs to be confirmed. Mortality <80% 
indicates resistance. For the two last categories, the 
identification of mechanisms by biochemical analysis or 
molecular tests, when and where possible, helps to confirm 
bioassay results and to provide more information about 
resistance status, leading to a better interpretation of the results.  

                                                          
1 Report of the WHO informal consultation on test procedures for 

insecticide resistance monitoring in malaria vectors, bio-efficacy and 
persistence of insecticides on treated surfaces, WHO, Geneva, 28–
30 September 1998. Geneva, World Health Organization, 1998 
(WHO/CDS/CPC/MAL/98.12). 
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ANNEX 6. 
SPECIFICATIONS FOR BIOASSAY CAGES FOR FIELD 
TRIALS

Field bioassay cages must be constructed in a manner that 
ensures comparability of test insect exposure from test to test. 
Factors that reduce comparability and introduce cage bias 
include lack of rigidity, which allows folds and crevices to 
provide harbourage (shelter) from exposure. Rigidity also allows 
cages to be stacked and stored without harm to the insects and 
provides ease of handling for rapid CO2 knockdown and 
removal. Holes suitable for inserting and removing insects are 
most easily provided with rigid cages. 

Fabric type and mesh size, coupled with the size of the hole 
between the strands of material (openness), affect the passage 
of droplets into and through the cage. Suitable fabrics must 
have a smooth filament surface. Use of metal or nylon mesh 
with 1.2 x 1.2 mm to 1.6 x 1.6 mm mesh openings provides the 
best insect exposure to the aerosols while still containing most 
insects. Metal cages can be used for years as they are durable 
and easily decontaminated. Nylon is inexpensive but not 
durable, so is usually considered disposable.

Cylindrical cage shape ensures maximum similarity of exposure 
because, when hung vertically, wind direction does not change 
droplet penetration, whereas with other configurations the 
droplet penetration varies with wind direction. Shape also 
affects ease of handling test insects (e.g. insertion and removal). 
Minimization of cage parts or structures that block air movement 
and provide harbourage is enhanced by cylindrical shape. 
Cages should preferably have a large frontal area (e.g. with a 
diameter of 9 cm or more) and be of a design that facilitates 
handling and transport requirements. 
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ANNEX 7.
RECOMMENDATIONS FOR DEVICES FOR DROPLET 
SIZE DISTRIBUTION AND DENSITY MEASUREMENTS

The collection of droplets on slides and their subsequent 
microscopic examination have been widely used to assess the 
quality of space treatments (see below). However, alternative 
rapid and more accurate techniques, including laser-based 
methods and hot wire anemometry, are now available. It should 
be noted that these two “new” methods (and the slide wave 
technique) are only suitable for droplet-size calibration of 
equipment prior to their use in field trials or actual operations. 

The measurement of droplet density and droplet size at 
selected sampling sites during field trials requires the use of 
rotating collector impactors (see Annex 8).  

Laser-based techniques 

Several devices use a laser light source for measuring the 
droplet spectra produced by different nozzles. These include 
light diffraction techniques to measure droplets sampled within 
a section of the laser beam (spatial sampling). Alternatively, the 
size of droplets passing the intersection of two laser beams may 
be used (temporal sampling). In other devices, a digital image 
of the droplets is captured and analysed to measure the spray 
spectrum. Manufacturers can provide detailed information on 
the performance of their equipment with different flow rates and 
spray liquids.

Laser-based equipment is expensive and essentially laboratory-
based; this type of instrument is therefore not used to check 
whether equipment is maintaining its specified performance in 
the field. 

Hot-wire anemometry 

Hot-wire anemometry is an electronic method that is both fast 
and convenient (Figure A7.1). With this type of device, droplets 
are measured by impingement on a very fine heated wire on a 
probe inserted into the stream of fog. As the sample surface is 
extremely small, it is principally suitable for use relatively close 
to an aerosol nozzle emitting a very large number of droplets, 
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travelling at 5–10 m/s. The instrument is linked to a laptop 
computer and is portable; it can therefore be used to check the 
droplet spectrum produced by cold foggers. Between readings, 
the probe must be washed carefully with a solvent (e.g. 
acetone). Hot-wire anemometry is not suitable for use with 
thermal foggers. Droplet sizing is normally required after every 
50–100 hours of machine operation or after a long period 
without use. The sprayer should be operated for a period before 
sampling so that any solid particles in the system are blown 
away before they can damage the hot wire sampler. 

Slide wave and rotating collector impactor techniques

If modern equipment is not available, simple assessments can 
be made with the slide wave technique or by using rotating 
collector impactors. Both methods require the use of coated 
collectors. There are three coatings: magnesium oxide, silicone 
or Teflon. Magnesium oxide is suitable for all formulations, 
including water-based sprays. The other coatings have been 
used extensively for non-volatile or oil-based insecticide 
formulations. The craters in magnesium oxide or non-volatile 
droplets on coated collectors are then measured under a 
microscope and the parameters (Dv0.5 and Dv0.9) are calculated, 
taking into account any spread factors. For instructions, see 
Annex 9. 

Magnesium oxide-coated slides are prepared by burning two 
strips of magnesium ribbon, each 10 cm in length, below a 
glass slide to ensure that the central area is coated uniformly. 
This is done with the slide in contact with a metal stand to 
prevent unequal heating and cracking of the glass. On impact 
with the magnesium oxide coating on the slide, an insecticide 
droplet (10–200 �m) forms a crater that is 1.15 times larger 
than the true droplet size (the droplet spreads slightly on impact 
with the magnesium oxide). 

The reciprocal of the spread factor is used to convert the 
measurements of craters (or stains) to the true size. The spread 
factor of magnesium oxide is 0.86. However, with smaller 
insecticide droplets, the spread factor is reduced to 0.8 and 
0.75 for those measuring 15–20 �m and 10–15 �m, respectively. 
Magnesium oxide-coated slides are not suitable for discerning 
droplet sizes smaller than 10 �m, so a coloured dye is added to 
facilitate observation of the droplets on the white surface. 
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Teflon-coated slides can be reused but should be washed with 
a solvent (e.g. acetone) to remove any traces of the previous 
sample.

In the waved slide droplet size calibration technique, a clip is 
used to attach the slide to a 1-m long stick. This allows the 
operator to stand to one side when swinging the stick upwards 
through the spray cloud at a distance of 1–2 m from the nozzle, 
with the slide facing the nozzle. 

In the rotating collector impactor droplet size calibration 
technique, the device is placed on a stand at the same height 
as the nozzle (which is angled to emit the spray horizontally) 
and the vehicle is driven perpendicular to the wind, 
approximately 10 m upwind of the rotating slide sampler. 
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Figure A7.1 Hot-wire anemometry device for the automatic 
determination of cold aerosol droplet size 
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ANNEX 8.
DESCRIPTION OF A STANDARDIZED ROTATING 
COLLECTOR IMPACTOR DEVICE  

The rotating collector impactor (Figure A8.1) is a simple device 
used to sample the airborne movement of a spray cloud 
through a location in order to return information on droplet size 
and relative spray cloud droplet density. The device uses a 
coated collector (e.g. a slide with coatings of Teflon or silicon for 
oil-based sprays, or magnesium oxide for water-based sprays; 
see Annex 9 on droplet sizing) of known dimensions on an arm 
attached to a small motor that moves the collector at a known 
speed. Many different devices of this type have been widely 
used for many years in the mosquito control industry. The 
collection efficiency of space spray aerosols, which typically fall 
into the 5–25 µm diameter range, is directly related to the size 
(width) and speed of the collector and the square of the 
droplet’s diameter. For the purposes of field collection of 
droplets from diffuse spray clouds, the most efficient and 
practical device should be employed. The limiting factors are 
speed, since larger drops may shatter upon impact at too high a 
collector speed, and collector size. The collector speed at which 
droplet shatter begins to occur is approximately 6+ m/s and, up 
until fairly recently, a 2.54 cm-wide coated standard microscope 
slide was the norm. A significant improvement in small droplet 
collection efficiency (>500%) can be made by utilizing 3-mm 
square clear acrylic rods as collectors rather than the standard 
glass microscope slides. Rotation speed is 5.6 m/s. 

Many different motor or slide-holder-arm combinations have 
been used, including the use of cordless screwdrivers with 
rechargeable batteries. There are even some commercially 
available devices. However, these may vary in collection 
efficiency due to slide speed differences, making comparisons 
between tests conducted by different researchers invalid. 

It is recommended that field trials conducted for space spray 
evaluation utilize standardized sampling methodologies. A 
standardized design for a rotating collector impactor is 
described below and in Figure A8.1. The two standards that 
should be maintained are the collector speed (5.6 m/s) and 
width (3 mm). If a 590/600 rpm motor cannot be obtained, other 
similar motors can be used and the rod arm diameter (collector 
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centre to collector centre) adjusted to maintain the 5.6 m/s 
collector speed. The formula for determining the correct rod arm 
diameter is: 

Rod arm diameter (cm) = 600 x 18 ÷ motor RPM 

Rod arms made out of materials other than those described 
below can be utilized but should be designed with a low (small) 
profile in order to minimize the turbulence they create. 

Rotating collector impactor specifications 

The rod arm: 10 mm nylon threaded rod – 188-cm lengths cut 
to approximately 22 cm (L1 in Figure A8.1). Holes for slide 
samplers should be positioned 18 cm apart (L2 in Figure A8.1; 
18 cm diameter x 600 rpm = 5.6 m/s slide speed). 10 mm nylon 
nuts – used to secure collectors in place. Drill a hole just big 
enough for collectors. The nut is threaded on tightly against the 
collector to secure the slide; positioning the nut in the centre 
allows a hole to be drilled to fit the rod tightly onto the motor (it 
is easier to drill a flat surface of nut rather than a threaded rod). 

Collectors: 3 mm (W in Figure A8.1) square acrylic bars (square 
bars or extruded rods) are cut to size (75 mm lengths, H in 
Figure A8.1) to form the collectors. 

Teflon tape: Teflon tape is smoothed on one side (the sampling 
surface) of the collector and baked at a low temperature to help 
the tape stick. (The tape will come off in time so new collectors 
will have to be made frequently.) Four uncut lengths of 3 mm 
wide acrylic bars should be placed side by side and the 13-mm 
Teflon tape applied to the length of the bars. The bars can then 
be split apart using a razor and cut into suitable (25 mm) 
lengths. Using acetone or hexane as cleaners reduces the life 
of the collector because they dissolve the Teflon tape adhesive. 
As an alternative, a mild detergent can be used to clean the 
collectors between uses. The Teflon tape has the same spread 
factor as normal Teflon for the different formulations used 
(check with the manufacturer for the spread factor values – 
approximately 0.6 for oil based pyrethroids formulations, 0.69 
for malathion concentrate). 

The motor: DC motor 6 volts 590 rpm. The motor is run by 4 AA 
batteries. Battery holders and switches can be purchased from 
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any electronic parts suppliers. One set of batteries will last for at 
least 4 hours of runtime, but it is good practice to change 
batteries between spray trials. 
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ANNEX 9.
INSTRUCTIONS FOR DETERMINING DROPLET SIZE 
USING ROTATING COLLECTION DEVICES OR WAVED 
SLIDES

Calculation of droplet size parameters from waved or 
rotating slides 

The three important droplet size parameters that describe the 
size and distribution of droplets within a spray cloud are Dv0.5,
Dv0.1 and Dv0.9. Dv0.5 (also referred to as the VMD or volume 
median diameter and MMD or mass median diameter). The 
Dv0.5 is the droplet size at which half (0.5) of the spray cloud 
volume is contained in droplets that are smaller (and by 
inference, half the volume in droplets that are larger). The Dv0.1
is the droplet size at which 10% (0.1) of the volume is contained 
in droplets that are smaller, and the Dv0.9 is the droplet size at 
which 90% (0.9) of the volume is contained in droplets that are 
smaller. The degree of difference between the Dv0.9 and the 
Dv0.5 describes whether the droplet range within the spray cloud 
is very narrow (in the case of a Dv0.9, very close to the Dv0.5) or 
very wide. An appropriate descriptor of the range is the relative 
span: (Dv0.9–Dv0.1)/Dv0.5.
 
In order to determine the droplet size parameters, at least 200 
droplets from the waved slide or rotating collector are counted 
and measured under a microscope using a suitable eyepiece 
graticule. The simplest graticule consists of a line approximately 
75% the width of the eyepiece divided into 100 equal divisions 
(Figure A9.1). Another type of eyepiece graticule, the Porton 
graticule, has also been used for droplet sizing purposes 
(Figure A9.2). The value of each division for the magnification 
being used is determined by using a calibration slide with an 
etched line, usually 1 mm in length, divided into 100 divisions 
each of 10 µm. 

As the sample slide to be analysed is traversed using a stage 
micrometer, each droplet passing through the eyepiece 
graticule line is counted and measured. For simple drop-size 
calibration, 200 droplets (or the craters created by droplets on 
magnesium-oxide coated slides) are counted and measured 
from one or more collectors. 
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Neither the slide wave nor the rotating collector impactor 
techniques are efficient at sampling small droplets. Collector 
speeds should be kept below 6 m/s, since at higher speeds 
larger droplets may shatter upon impact on the collector. At 
speeds below 6 m/s, the drop sizes effective for space sprays 
(approximately 5–25 µm in diameter) have collection 
efficiencies (on either 25 mm or 3 mm collectors) of less than 
100%. In this range, the collection efficiency of the droplet on 
the collector is directly related to the size (width) and speed of 
the collector and the square of the droplet’s diameter. This was 
recognized by A. H. Yeomans1 in 1949 when he described the 
“slide impingement” method for droplet size determination of 
“aerosols and fine sprays”. Since the impingement ratio of 
different droplet sizes on the slides was directly related to the 
square of their diameter, removing the square of the diameter 
from the volume fraction calculation for droplet sizing also 
removed the relative effects of different-sized droplets, differing 
collection efficiency from the sampling technique. Thus the 
volume contribution of different size classes of droplets is 
described by the number of droplets measured in that size class 
(out of the 200 total drops) multiplied by the size class diameter 
rather than the diameter-cubed. 

An example of a table used to calculate droplet size is shown in 
Table A9.1 (Table A9.2 is a blank template that can be copied). 
The first column shows the droplet size divisions or classes. 
The second column shows the actual diameter (D) of droplets in 
that class after multiplying by the ocular calibration (actual size 
represented by one eyepiece division (in this case, 5 µm) and 
the spread factor of droplets of that formulation (in this case, 
0.6). In the example given, the true droplet diameter 
represented by one division is 3 µm. The third column shows 
the number of droplets (N) counted within that size class. The 
fourth column is the product of D x N, representing the volume 
of the droplets in that size class (using Yeomans’ correction of 
D rather than D-cubed in the volume calculation, in order to 
eliminate the relative effects of different collection efficiencies). 
The fifth column is the volume fraction of the spray represented 
by that size class. It is calculated by dividing the D x N value 
                                                          
1 Yeomans AH. Directions for determining particle size of aerosols and 

fine sprays. Washington, DC, United States Department of 
Agriculture, Bureau of Entomology and Plant Quarantine ET-267, 
1949.
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(fourth column) for that size class by the total sum of all D x N 
values in the fourth column. The sixth column is the cumulative 
volume fraction represented by that size class (and all the 
smaller size classes). The Dv0.1, Dv0.5 and Dv0.9 are calculated 
by plotting column two (actual drop diameter size classes in 
microns) on the X-axis and column six (cumulative volume) on 
the Y-axis, preferably using a lin-log semilog graph paper (linear 
scale on the Y-axis and logarithmic scale on the x-axis). The 
Dv0.1, Dv0.5 and Dv0.9 values are obtained by determining the X-
axis value corresponding to where the 0.1, 0.5 and 0.9 values 
from the Y-axis intercept the cumulative volume line (Figure 
A9.3).

Determining droplet density on sample collectors from field 
trials

When droplet density from a rotating collector impactor is 
important, as in the case of samples from field trials, the 
droplets should be counted and measured across the width of 
the collector (discounting the very edge). At the end of each 
width traverse, a new location to begin the next width traverse 
of the same collector should be selected. Once the appropriate 
number of droplets has been counted and measured (100 or 
200), the droplets should continue to be counted and measured 
to the end of that particular traverse. By knowing the number of 
droplets counted (example = 228), the width of the eyepiece 
graticule measuring line (passing through which all droplets are 
counted; example = 100 x 5 µm = 500 µm), the width of the 
collector (example = 3 mm) and the number of traverses 
(example = 5), it is possible to determine the droplet density on 
that particular collector: 

Density in drops/cm2 = drops (228)/(width (500 microns) x 
length (3 mm) x # of passes (5) 

Density in drops/cm2 = 228/(0.05 x 0.3 x 5) = 228/0.075 = 3040 
drops/cm2

Impact of wind speed 

The above calculation may be valuable in determining the 
relative penetration of the spray cloud and may be related to the 
efficacy of the spray at that particular sampling site. However, 
the “sampling rate” of the rotating collector relative to the spray 
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cloud passing it is inversely related to the wind speed carrying 
the spray cloud past the collector. For lower wind speeds, the 
rotating collector samples a higher fraction of the spray cloud 
(as it takes longer to pass the slide), whereas higher wind 
speeds result in a lower fraction of the spray cloud being 
sampled by the rotating slides. Thus, the approximate wind 
speed at the sampler at the time of spray cloud passage must 
be considered if slide droplet density is to be utilized in the 
efficacy evaluation of space sprays. 
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Figure A9.1 Linear eyepiece graticule as view
ed through 

the m
icroscope eyepiece

Figure A9.2 Exam
ple of a Porton eyepiece graticule 
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Table A9.2 Blank droplet size determination table template 
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Figure A9.3 Linear-logarithmic chart from Table A9.1 data for 
determining Dv0.5 and Dv0.9 droplet size values




