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Evaluation of Ultra-Low-Volume Insecticide
Dispensing Systems for use in Single-Engined Aircraft

and their Effectiveness Against Aedes aegypti
Populations in South-East Asia*

JOHN W. KILPATRICK,1 ROBERT J. TONN 2 & -SUJARTI JATANASEN 3

An evaluation study of ultra-low-volume (UL V) spraying of insecticide from aircraft
was carried out in Thailand, to determine if this technique could be usedfor the emergency
control of Aedes aegypti, the major vector of haemorrhagic fever. A small, single-engined
aircraft, a Cessna-180, was used in the trials and 2 types ofspraying equipment were tested;
both were found to be equally efective. The aircraft was fitted with 6 spraying nozzles
and flew at an altitude of 150 feet (46 m) at a speed of 100 miles/h (161 km/h). The
insecticide used was 95 % technical grade malathion and swaths 75 feet wide (22.8 m)
were laid down; the rate of application was 3 US fl oz/acre (219 ml/ha).

Trials were made in 3 villages near Bangkok and it became apparent that a small
aircraft could not produce the required even distribution of insecticide; the rate of applica-
tion was therefore increased to 6 US fl oz/acre (438 ml/ha). This increased rate appeared
to compensate fbr the narrow width of the swath and produced very satisfactory mortalities
in caged mosquitos as well as in natural populations.

The size and distribution of droplets was monitored by the use of oil-sensitive red dye
cards which showed that there was a good penetration of insecticide into dwellings, etc.
Trial results were evaluated by biting counts, bioassays of Aedes and Culex adults and
larvae, Culex dips and ovitraps. Biossays indicated that the 6 USfl oz/acre rate ofapplica-
tion was almost 100 % effective in the open and produced satisfactory mortalities inside
markets and dwellings.

It was concluded that larger aircraft would be required to treat areas of more than
1000 acres (405 ha) and congested city areas but that the rate of application of insecticide
could be considerably lower. Nevertheless, small aircraft can be useful in smaller and less
congested areas.

It has been demonstrated that epidemics of certain
vector-borne diseases can be stopped or drastically
curtailed if the infected vector population is greatly
reduced or eliminated. This has been most fre-
quently seen in vector-borne virus diseases where
the circulating virus in animal hosts may be present
for only a few days, i.e., the encephalitides. Success

in these situations is dependent on the rapidity
with which insecticidal treatment, and subsequent
elimination of the infected vectors, can be accom-
plished. In the last 2 decades, insecticides have
been used extensively to combat vector-borne epi-
demics; however, until recently, their effectiveness
has often been limited because of the time required
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for application and the lack of adequate equipment
and manpower for application of insecticides and
surveillance of results.
The development of the ultra-low-volume (ULV)

aerial application technique for the dispensing of
technical grade insecticides against pests of agri-
cultural and public health importance, is a new
method by which large areas can be treated rapidly
with a minimum payload of insecticides (3-6 US fl oz
of active insecticide per acre (219 ml/ha-438 ml/ha)
for mosquitos). This technique was successfully used
in the late summer of 1966 during the St Louis
encephalitis epidemic in Dallas, Texas, USA, to
treat approximately 475 000 acres (192 232 hectares)
during an 8-day period (Kilpatrick et al., unpub-
lished data). It was effective in reducing Culex
quinquefasciatus densities by 90 %-95 % and the
infected mosquito rate from 1 per 160 specimens
before treatment to 0 for 20 days after treatment.
Post-treatment collection of over 50000 mosquitos
during a period of over 1 month revealed only
2 positive pools. Only a few highly specialized per-
sonnel were required for the operation and the time
for effective insecticidal treatment of the vast area
was reduced considerably. During the Dallas
epidemic, 6 United States Air Force C-123 cargo
aircraft were used to spray the area with 3 US fl oz
of technical malathion per acre (219 ml/ha). The
aircraft flew at an altitude of 150 feet (46 m)
at an air speed of 150 miles/h (242 km/h) and
were capable of treating 150 acres (60 ha) per air-
craft per minute. Much valuable time was saved
in the loading and ferrying of the aircraft since over
40 acres (16.19 ha) could be treated with 1 US
gallon (3.78 litres) of technical malathion. The
aircraft carried a payload of 600 gallons (2271 litres)
of insecticide which was sufficient for an entire
spraying mission (over 2 hours of spraying time).
Satisfactory spraying conditions existed for only
about 2 hours early in the morning because of
rapidly rising temperatures and increasing wind
velocities.

During the past 10-15 years, many of the major
cities of South-East Asia have experienced epidemics
of haemorrhagic fever. The success in reducing
vector populations of infected mosquitos in the
USA prompted the initiation of a study in Bangkok,
Thailand, to evaluate the effectiveness of this
technique against the vector Aedes aegypti and to
evaluate or develop spraying equipment that might
be used in single-engined aircraft. The methods
employed and results obtained are presented below.

Malathion was selected as the test insecticide because
of its low toxicity to mammals, its proven effective-
ness as an adulticide and its general availability.

ARRANGEMENTS FOR STUDY

The study was performed by the WHO Aedes
Research Unit in Bangkok, Thailand, and was
conducted between January and March 1968.

Attempts to locate suitable large aircraft in
Thailand were unsuccessful. Arrangements were
therefore made to obtain a Cessna-180 which had
previously been used for agricultural spraying and
the services of pilots who had had experience in this
type of flying.
The use of a small aircraft over a heavily populated

area presents problems; consequently, it was decided
to concentrate on small villages near Bangkok
which had housing similar to that in the city. Three
small villages near Don Muang Airport, namely,
Don Muang, Wat Tevasuntorn and Bang Khen,
were selected for the ULV spraying and surveyed
and mapped; existing study areas in Bangkok were
chosen as controls. Pretrial evaluations were com-
pleted and pamphlets concerned with public educa-
tion about the project were distributed prior to
treatment. No complaints were voiced during the
trials.

EVALUATION OF EQUIPMENT

On 5 February 1968, 2 spraying units were tested
and evaluated at Nakhon Sawan; they were a
Sorenson windmill-type spraying system, which was
already installed on a Thai Ministry of Agriculture
Cessna-180 aircraft, an Oberdorfer gear pump unit
owned by the US Public Health Service which
consisted of a 1-horsepower, 12-volt electric motor
operated with 3 70-Ah batteries. The gear-driven
positive displacement pump was capable of dispens-
ing up to 5 US gallons (approx. 19 litres) per minute
at 1750 rev/min at a pressure of 100 lbf/in2 (7.03
kgf/cm2). The system was fitted with a pressure
regulator operating at the required range of press-
ures. Testing of the 2 spray systems was conducted
under comparable conditions which included swath
locations, placement of red dye cards, and weather
conditions. Table 1 shows the general weather
conditions, equipment employed, and spray criteria
used in the tests.
Each of the spraying systems was evaluated

according to the criteria above. The dosage of
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AERIAL ULTRA-LOW-VOLUME INSECTICIDE SPRAYING AGAINST AEDES AEG YPTI

TABLE 1
WEATHER CONDITIONS, SPRAYING EQUIPMENT AND CRITERIA FOR ULV TRIALS

Weather Equipment

Clear to partly cloudy sky Nozzles: 800067 flat fan

Wind: <2 miles/h (3.2 km/h) No. of nozzles: 6

Temperature: 21°C

Humidity: 80%

Boom: 7/8 length of wing with
3 nozzles per wing

Pumps: (1) Sorenson
windmill type

(2) Oberdorfer gear

Spraying criteria

Aircraft: Cessna-180

Aircraft speed: 100 miles/h
(161 km/h)

Altitude: 150 ft (46 m)

Swath width: 75 ft (22.8 m)

malathion dispensed with each unit was 3 US fl oz
of technical malathion (95%) per acre (219 ml/ha).
This represents a spraying rate of 45 US fl oz
(1.3 litres) per minute from 6 nozzles. The nozzles
were directed downwards at an angle of 450 and into
the wind. With this configuration, a total of 15
acres (6 ha) per minute could be sprayed with the
Cessna-180 aircraft.
Comparative evaluations of the 2 spraying units

were based primarily on the impingement of mala-
thion droplets on oil-sensitive red dye cards which
each had an area of 20 in2 (129 cm2). Dye cards were
placed directly under each swath. A total of 7 swaths,
flown cross-wind, were made with each unit. Although
the Sorenson unit produced an average droplet
spectrum of 1.7 droplets per in2 (0.26 droplets/
cm2) more than the Oberdorfer gear pump unit
it was concluded that the 2 units were more or less
comparable in efficiency. Since the Sorenson unit
was already installed in the aircraft it was used
throughout the series of studies.

OUTLINE OF TREATMENT PROCEDURE

One of the main objectives of the study was to
collect data on which recommendations for control
programmes could be made. These included dosage
and the number and frequency of treatments.
Studies were therefore set up originally as follows
in order to attempt to obtain this information.
Area A. Don Muang; to be treated twice weekly

during the first week and then once a week for
2 weeks.
Area B. Wat Tevasuntorn village; to be treated

once only (this village will be subsequently referred
to as Wat Village).
Area C. Bang Khen; to be treated once a week

for 3 weeks.

All treatments were to be carried out at a dosage
of 3 US fl oz of malathion per acre (219 ml/ha).
Two treatments were applied to area A on 12 Febru-
ary and 15 February 1968 and 1 to each of areas B
and C on 15 February. Results, which will be
discussed later, indicated that increased dosages
would be necessary if uniform coverage was to be
obtained with the small aircraft. Therefore the
3-US fl oz treatments were dropped and it was
decided to treat Wat Village with 6 US fl oz of
malathion per acre (438 ml/ha) on 22, 26 and
29 February 1968. The entire evaluation effort was
directed to this single area in an attempt to determine
the potentials of the technique. The Sorenson
spraying system was operated at 70 lbf/in2 (4.92
kgf/cm2) for all treatments. Six nozzles (800067 flat
fan) directed downwards and forwards at an angle
of 45° were used to apply insecticide at a rate of
3 US fl oz/acre and 12 of the same type nozzles to
apply 6 US fl oz/acre.

DESCRIPTION OF TREATMENTS AND BIOASSAY RESULTS

Treatments with 3 US fl ozlacre (219 ml/ha)
Area A: Don Muang (first treatment). Treatment

of this area began at 0720 hours on 12 February 1968.
A total of 23 spraying flights was made over the area.
The aircraft began spraying on the western side of
the area with flight patterns north and south. Wind
speed at the beginning of the treatment was 5.2
miles/h (8.3 km/h) and was 4.3 miles/h (6.9 km/h)
by the end of the treatment period. The temperature
remained at 23°C throughout; the relative humidity
was 78%. Spraying was completed at 0808 hours.
A total of 55 litres of technical malathion was used
to treat 625 acres (252 ha) at a dosage rate of
3 US fl oz of malathion per acre (219 ml/ha). The
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Sorenson spraying system equipped with a 400-litre
insecticide tank was employed.
Treatment was started on the downwind side of

the area and at right angles to the wind. The dis-
tance from the evaluation area to a point on the
edge of the Bangkok International Airport (where
spraying had to be terminated) was only about
4 swath widths or about 100 m. Because of drifting
caused by the wind, it is very probable that the
major portion of the spray was deposited beyond
the evaluation area. Dye cards placed at established
locations throughout the area could have positively
determined the effect of wind on drifting of the
spray deposits; however, over 80% of the dye cards
were picked up and carried away by persons
unknown.
The 75-foot (22.8 m) swaths were marked by red

flags mounted on bamboo poles 10 m long. The
flags were moved an additional 75 feet (22.8 m)
after each swath had been sprayed. The pilot was
instructed to turn his spray system on or off, as the
case might be, as he passed over the marked points.

Because of the wind drift of the insecticide and
the restricted area upwind where spraying had to be
terminated, the treatment was considered unsatis-
factory. Mortality of caged adults and larvae of
A. aegypti and droplet impingement after exposure
to the malathion treatment are shown in Table 2.
The low mortalities of both adults and larvae and
the small number of malathion droplets recovered
on red dye cards further substantiated the inade-
quacy of the treatment. Larval mortalities averaged
only 44 %, whereas adult mortalities of caged
A. aegypti averaged 170%. These mortalities are
for locations both inside and outside houses;
however, adult mortalities were below 50% in all
locations except one. Regardless of location, the
average number of droplets of malathion found on
dye cards placed in the evaluation area was only
3.2/in2 (about 0.5/cm2). The highest number of
droplets on a single card in the evaluation area was
8.4/in2 (1.3/cm2). This is considerably below the
minimum average of 10 droplets per in2 (1.5/cm2)
which the senior author considers desirable for
good results.
Area A: Don Muang (second treatment). Treat-

ment of area A was started at 0655 hours and
completed at 0745 hours on 15 February 1968. A
total of 26 swaths at 75-foot (22.8-m) intervals
were laid down in the area, using a total of 55 litres
of technical malathion. The total area under treat-
ment was approximately 625 acres (252 ha) or nearly

1 square mile. The temperature was 220C at the
beginning of the treatment and increased to 23°C
by the end of the trial, approximately 50 minutes
later. The wind speed remained at 3.5 miles/h
(5.6 km/h) during the entire period. The relative
humidity was 78%. Although the weather condi-
tions were close to ideal, the work was still hampered
by excessive drifting of the spray since the prevailing
winds were from the east blowing over the Bangkok
International Airport, thus preventing the extension
of the treatment on the upwind side. Although the
average number of droplets was over 27 in2 (4.2/cm2),
some cards had over 1000 droplets while others had
none. This system of " valleys and peaks " in the
particle distribution with small aircraft is not
uncommon; factors involved or associated with this
unsatisfactory distribution are (1) speed of the
aircraft, (2) width of swath, and (3) difficulty of
maintaining uniform swaths. Extension of the
swath width beyond 75 feet (22.8 m) and the effect
of the aircraft speed in producing a uniform droplet
pattern are considered to be the most significant
factors in particle distribution. An average droplet
pattern of 10 droplets per in2 (about 1.5/cm2) has been
shown to provide satisfactory results when a uniform
distribution of droplets is produced. With an uneven
distribution of droplets, such as that obtained in
this second treatment in area A, even an average
droplet count of over 27/in2 (4.2/cm2) was unsatis-
factory for producing kills of caged mosquitos or for
reducing natural populations throughout the area
to satisfactory levels.

In many locations both larval and adult mortal-
ity was observed. Significant reductions of Culex
larvae were observed in 2 of 3 natural evaluation
sites. Mortality of caged adults of A. aegypti and
Culex pipiens fatigans, and of larvae of both species,
were unsatisfactory. Adult mortality of 100% was
obtained in only 1 replicate of C. p. fatigans whereas
in many other replicates of both species little or no
mortality was obtained. Results are shown in Table 2.
A total of 10 red dye cards placed at various inter-

vals downwind from the evaluation area showed
a very erratic distribution pattern of particles.
Starting with the upwind side and moving downwind,
the total numbers of droplets per card were as
follows: 13, 27, 56, 0, 436, 280, lost, 306, 130, 53;
all these cards were placed in open areas. In order
to obtain a distribution of 10 droplets per in2
(1.5/cm2), the cards must receive at least 200 droplets
each. Only 3 of the 10 cards placed in open areas
had over 200 droplets.
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TABLE 2
PERCENTAGE MORTALITY OVER 24 HOURS OF CAGED ADULTS AND LARVAE OF AEDES AEGYPTI AND

CULEX PIPIENS FATIGANS EXPOSED TO ULV AERIAL APPLICATIONS OF MALATHION a AND
THE NUMBER OF DROPLETS OF INSECTICIDE FALLING ON TEST CARDS

Culex pipiens fatigans

Don Muang market:
Treatment 1
Inside
Outside
Control

Don Muang market:
Treatment 2
Inside
Outside
Control

Bang Khan:
Treatment 1

Inside
Outside
Control

Wat Village:
Treatment 1

Inside
Outside
Control

Wat Village:
Treatment 2
Inside
Outside
Control

Wat Village:
Treatment 3
Inside
Outside
Control

Wat Village:
Treatment 4
Inside
Outside
Control

104
106
67

20 (0-62)
67 (20-91)
7

89 38 (15-92)
116 18 (5-53)
55 2

40
77
55

65
136
55

25 (0-35)
15 (0-35)
2

36 (6-75)
52 (14-83)
2

101 37 (0-100)
514 100 -

80 0

279 35(11-80)
91 100 -

57 0

415 35 (10-87)
135 100 -

70 1

157 8 (0-17)
138 25 (5-93)
119 3

152 73 (38-98)
160 71 (7-96)
102 6

25 32 (8-58)
93 33 (21-67)

102 6

26 100
157 100
111 3

681 64 (18-100)
446 90 (23-100)
184 4

652 64 (13-100)
128 100 -

151 3

Larvae Adults Dye card datab

Total Mortality Total Mortality
(%) b

w

57 (12-168)

74 (4-120)

...~~~~_ __ _

86
131
74

68
111

74

62
133
74

78
642
85

26 (4-65)
29 (5-40)
0

26 (15-48)
63 (17-100)
0

50 (10-100)
91 (56-100)
0

25 (4-100)
100 -

I

85 99 (98-100)
38 79 (25-85)
144 13

41
525
189

97 (98-100)
99 (90-100)
4

899 (446-1 352)
477 (0-2 312)

3 (1-4)
254 (74-432)

208 (81-334)
66 (46-97)

528 (42-1 130)
1 090 (424-1 810)

34 (0-128)
530 (19-2 650)

232 (0-2 460)
873 (225-4 400)

a Rate of application: 3 US fl oz/acre (219 ml/ha).
b Ranges in parentheses.
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Area C: Bang Khen (I treatment only). Treatment
of this area was started at 0820 hours on 15 February
1968 and was completed at 0840 hours. Tempera-
ture and wind speed throughout the treatment
were 24°C and 2.6 miles/h (4.2 km/h), respectively.
A total of 12.5 litres of technical malathion was used
to treat 145 acres (58 ha) at a dosage of 3 US fl oz
per acre (219 ml/ha). A total of 20 spraying flights
was made over the area starting on the western side
of the area and flying north and south. The non-
uniformity of the droplet distribution was again
observed as previously described under the heading
of treatment 2, area A.

Mortalities of caged larvae of both Aedes and
Culex exposed to the treatment are shown in
Table 2. Also shown is the number of droplets of
malathion recovered from red dye cards placed
beside the cartons of larvae. Average mortalities of
Aedes and Culex larvae were only 16% and 49%,
respectively. The average number of malathion
droplets on cards placed in the evaluation area was
8.5/in2 (about 1.3/cm2); however, the number ofdrop-
lets per card ranged from 432 to 1. Other red dye
cards placed outside the area to determine the effects
of wind drift ranged from 200 droplets per card to
19 droplets per card. These cards were placed in the
open without obstructions. Once again, this treat-
ment was considered unsatisfactory.
Area B: Wat Village (I treatment only). The first

treatment of area B was started at 0750 hours and was
completed at 0812 hours on 15 February 1968. The
area (145 acres; 58 ha) was treated with 12.5 litres
of malathion. Altogether, 20 spraying flights with
the Cessna-180 aircraft were required to treat the
area at the rate of 3 US fl oz of technical malathion
per acre (219 ml/ha). Again, as in areas A and C,
drifting occurred, as shown by the deposition of
malathion droplets on red dye cards placed several
hundred metres downwind, beyond the treated area.
The temperature and the wind speed remained at
23°C and 3.5 miles/h (5.6 km/h), respectively,
throughout the period of treatment. The wind was
from the east so that spray swaths were started on
the western side of the area and flight patterns were
in a north-south direction.
The average number of droplets recovered on

red dye cards throughout the entire area following
this treatment was only 5.7/in2 (0.88/cm2). Mortality
of caged adults and larvae of A. aegyptiand larvae of
C. p. fatigans is shown in Table 2. Again, mortality
was low in all instances, as might be expected from
the small number of malathion droplets recovered on

red dye cards. Mortality of A. aegypti adults was only
33 %, while mortalities of A. aegypti and C. p. fati-
gans larvae were 47 % and 78 %, respectively.

Treatments with 6 US fl oz/acre (438 ml/ha)

Area B: Wat Village (first treatment). This was
carried out on the morning of 22 February 1968.
Weather conditions were nearly perfect. Treatment
was started at 0700 hours and was completed at
0729 hours. The area was extended on all 4 sides to
compensate for drifting of the insecticide and was
covered by the aircraft spraying 23 swaths. The
aircraft flew north and south starting on the western
(downwind) side of the area. The wind was from the
east at a speed of 1.7 miles/h (2.74 km/h). The
temperature was 23°C throughout the entire period
of treatment. A total of 45 litres of technical mala-
thion was used to treat 256 acres (103 ha). The
entire treatment, including more accurate laying of
swaths, was much improved over previous applica-
tions.

Altogether, 28 red dye cards were placed in the
area to determine treatment distribution and the
number of malathion droplets recovered per square
inch; 22 cards were placed outside buildings while 6
were placed in protected locations inside houses.
Those cards placed inside houses showed on average
27.7 droplets per in2 (4.3/cm2); cards placed outside
showed an average droplet count of 54.4/in2
(8.4/cm2). The average for cards placed both inside
and outside was 48.2/in2 (7.5/cm2). The droplet
size was estimated to be approximately 50 ,u mass
median diameter, which was considered optimum.
The treatment from the standpoint of insecticidal
coverage and distribution was considered good.

Mortalities of caged adults of both Aedes and
Culex placed inside and outside were high. Cartons
of larvae placed outside showed high rates of
mortality; however, kills of larvae of both species
placed inside houses were lower. Table 2 shows the
average percentage mortalities obtained, inside and
outside houses. Also shown are the total number of
droplets of malathion and the average number of
droplets per square inch obtained on red dye
cards. Average mortalities of A. aegypti larvae and
adults were 90% and 100%, respectively. Average
mortalities of C. p. fatigans larvae and adults were
92% and 99%, respectively. The kills obtained in
Wat Village (area B) and the number of malathion
droplets recovered on red dye cards with the 6 US fl
oz/acre (438 ml/ha) treatment was significantly higher
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than those obtained previously with the 3 US fl oz/
acre (219 ml/ha) treatments.

Area B: Wat Village (second treatment). The
second treatment of area B was performed on
26 February 1968. It was originally scheduled for
0700 hours, but due to the lack of clearance from the
Bangkok International Airport control tower the
spraying aircraft was not allowed to take off until
0825 hours. At 0700 hours cool temperatures and
winds of less than 2 miles/h (3.1 km/h) prevailed;
however, at 0830 hours the temperature had risen to
24°C and increased to 26°C by the end of the treat-
ment at 0900 hours. By 0830 hours winds had in-
creased to 6.9 miles/h (10.1 km/h) and by 0900 hours
to 12.2 miles/h (19.6 km/h). Although weather con-
ditions were less than ideal at that time, rather than
break the established schedule it was decided to pro-
ceed with the trial. A total of 50 litres was used
to treat 284 acres (114 ha) and 2 extra spraying
flights were made upwind to compensate for the high
wind conditions and the expected drifting of the
insecticide. A total of 25 spraying flights was made
over the area using the same equipment and spray-
ing pattern as previously described. The relative
humidity was 88% at the beginning of the treatment
and 70% at the end.

In previous tests it had been shown that satisfac-
tory mortality rates of caged mosquitos could be
obtained in unprotected locations, such as the
outsides of houses. In the second treatment of Wat
Village (area B) most of the caged mosquitos were
placed inside houses and in a large covered market
building. Mosquitos were located in the front, the
middle, or the rear of the house, or outside. The
point to the front of the house was upwind of the
insecticide application. The results of the second
treatment of Wat Village, together with the mortali-
ties obtained with caged adult and larvae of
A. aegypti and the number of droplets of mala-
thion recovered from red dye cards are shown in
Table 2. Mortalities of caged adults and larvae of
A. aegypti were 73 % and 51 %, respectively. The
average number of malathion droplets from both
inside and outside locations was 14.7/in2 (2.3/cm2).
Even in the large covered market, an average
mortality of A. aegypti adults of 50% was obtained.

Area B: Wat Village (third treatment). The third
and last treatment was applied at area B on the
morning of 29 February 1968. Treatment was started
at 0755 hours and completed at 0829 hours. The
temperature at the beginning of spraying was 22°C,
but had increased to 26°C by the end of the treat-

ment. The relative humidity at the beginning of the
treatment was 94% but had dropped to 73% by the
time the treatment was completed. Wind speeds
ranged from 3.5 miles/h (5.6 km/h) at the start to
4.3 miles/h (6.9 km/h) at the end of the operation.
Again the area was increased in size to compensate
for drifting; as a result, 60 litres of malathion were
required to treat 315 acres (127 ha). A total of
31 swaths were sprayed in this area.
As before, major emphasis was placed on deter-

mining the effectiveness of the treatment with
6 US fl oz/acre (438 ml/ha) against caged mosquitos
inside houses. Previous data had shown that 100%
kills of caged mosquitos placed outside houses in
unprotected sites could be expected. Paired con-
tainers of A. aegypti adults and larvae were placed
inside 9 individual houses together with 2 red dye
cards per house. The results of these tests are shown
in Table 2. In addition, a small number of test
mosquitos was placed in unprotected locations;
these showed 100% mortality. The average per-
centage mortality of both larvae and adults that
were placed inside houses and the average number
of malathion droplets on red dye cards are shown
in Table 2. Even with caged mosquitos placed inside
houses, 64.9% mortality was obtained from the
18 replications. The average number of droplets was
11.0/in2 (1.7/cm2); this large number of droplets
recovered inside, however, is heavily biased by 1 red
dye card that showed over 2400 droplets.

EVALUATION

One of the most important objectives of this study
was the development of a concise, accurate evalua-
tion procedure. It had been shown previously that
the ULV aerial applications of insecticide could be
successfully used for the control of disease vectors in
many areas of the world under a variety of geogra-
phical and climatic conditions. However, ULV had
never before been used under the conditions pre-
vailing in South-East Asia; therefore, it was decided
to employ as many methods as possible to evaluate
the effects of the applications against natural
populations of A. aegypti and C. p. fatigans, including
ovitraps and biting counts for A. aegypti, and larval
dips and biting counts for C. p. fatigans. Evaluation
sites within the trial areas were centrally located,
away from border areas and sources of reinfestation.

Ovitraps
Ovitraps were developed and evaluated by the

US Public Health Service and have been used in its
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A. aegypti eradication programme. The traps are
1-US-pint jars (about 1/2 litre) coated on the outside
with a black ceramic paint. A strip (paddle) of
hardboard placed in the jar provides a suitable sur-
face for oviposition.
The traps were set out in pairs in the 3 evaluation

zones, 60 being placed at Don Muang market, 20 at
Wat Village and 16 at Bang Khen. About half the
ovitraps were placed outside houses in shaded areas
near existing ovipositing sites. The remainder were
placed inside the houses, some near water jars and
ant-traps and others in places conducive to oviposit-
ing by mosquitos. Potable water to a depth of about
5 cm was added to each jar. A paddle, labelled with
the designated area, the house number and the date
was then secured with a paper-clip to the inside
of the jar. The rough side, or ovipositing surface,
was placed facing the centre of the jar. When
the paddles had been exposed for 48 hours they
were collected, brought to the laboratory, and
examined under x 10 magnification for the pres-

TAI
SUMMARY OF OVIPOSITION TRAP DATA AT TH

ence or absence of eggs; any eggs present were
counted.
The traps were used to establish a pretreatment

level of ovipositing. On the day of treatment new
paddles were employed and the traps were run more
or less continuously after the treatments. Table 3
presents the trapping schedules and the data
obtained. The results showed that the treatment
with 3 US fl oz/acre did not significantly reduce the
rate of ovipositing. It was only at Wat Village when
the treatment was increased to 6 US fl oz/acre that
the number of paddles positive for eggs fell; the
counts decreased from 50% positive to none positive
in 6 days and the counts remained at 0 for over a
week (Table 3). The percentage of paddles at Don
Muang market that were positive remained nearly
the same, indicating that the ovipositing level had not
decreased in nearby untreated areas.
The results indicate that treatments with 3 US fl

oz/acre did little to reduce the number of positive
paddles; even at Don Muang market, which received

BLE 3
IE 3 ULV SITES BASED ON 48 COLLECTION PERIODS

Don Muang market

Positive Average
pdls no. of

paddles eggs per

paddle

28

32

29

35

40

44

39

34

41

50

39

60

51

50

9.6

6.2

7.4

15.9

21.8

12.8

12.1

11.1

11.5

12.8

15.8

19.0

14.7

21.1

Wat Village

Total no.
of

paddles

20

20

20

18

20

20

18

20

20

18

20

20

20

20

Positive
paddles

(%)

50

40

65

50

20

5

0

0

0

0

10

20

35

50

Average
no. of

eggs per
paddle

10.9

15.0

41.5

49.3

9.0

0.75

28.9

2.1

11.6

23.0

Bang Khen

Total no. Positive
of paddles

paddles (%)

16 19

14 21

16 25

16 25

Date on wich
paddles were
recovered

10 February 1968

12 February 1968

14 February 1968

15 February 1968

17 February 1968

19 February 1968

21 February 1968

24 February 1968

26 February 1968

28 February 1968

2 March 1968

4 March 1968

6 March 1968

8 March 1968

10 March 1968

13 March 1968

15 March 1968

Total no.
of

paddles

60

50

51

51

52

52

41

41

41

44

44

42

45

40

Average
no. of

eggs per
paddle

2.4

9.9

8.8

3.9

Ill_
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2 treatments, no reduction was evident. However,
at Wat Village, where 3 treatments with 6 US fl
oz/acre were applied, a reduction from 50% positive
to none positive occurred. The first treatment
with 3 US fl oz/acre and the first treatment with
6 US fl oz/acre were applied under nearly ideal condi-
tions, whereas the last 2 treatments with 6 US fl
oz/acre were applied when temperatures and wind
velocities were reaching critical levels. Results of
those treatments show that the number of ovi-
positing females in Wat Village was reduced to a
low level although the percentage of positive paddles
reached 50% again within a week.

Culex dips

Although C. p. fatigans can be considered at
present as only a pest mosquito in most of Thailand,
in other areas of Asia it is considered to be of great
public health importance. In most sections of
Bangkok this mosquito breeds in standing water,
especially under houses. Efforts were directed
towards evaluating the effect of ULV spray applica-
tions on this mosquito as well as on A. aegypti. In
addition to the exposure of caged Culex adults and
larvae to the ULV treatments, evening biting counts
and Culex dips were made.

Culex larval dips were made at the edge of small
canals (khlongs) which emptied into a larger one
at Don Muang and Wat Village. The water was
very polluted, containing organic debris from houses
bordering the canal. One site at Don Muang was
an extremely difficult site to treat; it was underneath
a porch and many water lilies surrounded the small
open areas. The evaluation site at Bang Khen was
under a house and the water was stagnant.

Tables 4 and 5 give the results of dips taken at
the 3 villages treated. Prior to treatment, each
location yielded several hundred larvae per dip and
for convenience, the counts were estimated as being
over 200. Because of the large numbers of larvae
present prior to treatments, many of the post-
treatment counts did not reflect a reduction. How-
ever, thousands of dead larvae were noted and it was
estimated that the number of live larvae was reduced
by more than 50%. This observation could be
substantiated in part by the pronounced reduction
in numbers of adults collected during the biting
count, which will be discussed later.

Although C. p. fatigans was the most abundant
mosquito everywhere in the study area, it was
difficult to find larval habitats for dipping. A few
locations were in the open and contained thousands

TABLE 4
CULEX LARVAL DIPPING COUNTS AT DON MUANG

MARKET a

Number of Culex larvae
Date of count b LocLocation Location Over-all

A o oB c average

9 February 1968 >200 >200 >200 >200

10 February 1968 >200 >200 >200 >200

13 February 1968 >200 >200 >200 >200

14 February 1968 1.2 51.6 >200 84.5

15 February 1968 5.0 11.8 >200 70.8

29 February 1968 c >200

2 March 1968 c >200

a An average of 5 dips was made at each location.
b Treatments on 12 and 15 February 1968.
c Counts were not valid owing to excessive rain and flushing

of the sites.

of larvae. Others, such as open sewers, pools and
containers, were considered to be of minor impor-
tance from the standpoint of population numbers
and were not used; many being too small to be
sampled. The majority of the larval habitats are
under houses and it was impossible to make dips
unless sections of the floor were removed.
The Culex dips illustrated a reduction of larvae

in open breeding areas such as locations A and B

TABLE 5
CULEX LARVAL DIPPING COUNTS AT BANG KHEN

AND WAT VILLAGE a

Number of Culex larvae
Date of count b

13 February 1968

14 February 1968

16 February 1968

21 February 1968

29 February 1968

2 March 1968

Bang Khen Wat Village

>200

>200

>200

>200

>200

>200

> 200

0c

0C

a An average of 5 dips was made at each location.
b Treatments on 15 February 1968 with 3 US fl oz of mala-

thion per acre (219 ml/ha) and on 22, 26 and 29 February 1968
with 6 US fl ozlacre (438 ml/ha).

c Part of this drastic reduction may have been due to heavy
rains.
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at Don Muang village. This was true even with
treatments of 3 US fl oz/acre. Larvae were also
reduced substantially at Wat Village by treatments
with 6 US fl oz/acre.
Heavy rains occurred during part of the study and

it is difficult to assess their influence on the reduction
of Culex numbers in open water. However, there
was not enough rainfall to flush larvae from sheltered
habitats under houses.

Significant larval reduction occurred at most of
the larval habitats that were open and easily access-

ible to the insecticide. This was evident from the
dead larvae and adults found on the water.

Biting counts

Biting counts were made for both A. aegypti and
C. p. fatigans. For Aedes, 2 mosquito scouts were

assigned to each evaluation zone and check area.

Each scout was assigned 6 houses, and spent 20 min-
utes per house making biting counts; collections were

made in the morning between 0900 and 1200 hours.
Culex were collected in the evening between 1900
and 2100 hours. Two scouts were assigned to
collect Culex in 1 house in each evaluation zone
and each check area. The houses in both cases were

permanent evaluation sites and the same scouts
visited the same house during each collection period.

Collections were made prior to, and immediately
after, each application of insecticide. Following the
decision to treat only one area with malathion at a

rate of 6 US fl oz/acre, collections were made more

frequently. Daily biting counts were started after
the second application of malathion and continued
for 4 days after the third application. From then
on, counts were made every other day until the
population approached pretreatment levels.

Table 6 shows the results of the Aedes biting
counts at the 3 treatment sites. At Don Muang
counts may have been influenced by the treatments
with 3 US fl oz/acre but they were not affected at
Wat Village or Bang Khen. The reduction in Aedes
collected at Don Muang was not lasting and com-

plete recovery occurred in less than a week. Once
the treatments with 6 US fl oz/acre began at Wat
Village, there was a steady reduction of biting rates
which reached the low level of 0.37 bites per man

per hour on 1 March 1968 (Table 6).
Culex biting counts showed that a possible reduc-

tion in adult Culex populations occurred at Don
Muang market and at Wat Village after the 15 Febru-
ary treatment (Table 7) but no similar reduction
was noted at Bang Khen. The next collection period

TABLE 6
AEDES BITING COUNTS a AT DON MUANG MARKET,

WAT VILLAGE AND BANG KHEN

Number of Aedes caught per man per hourc
Date of count b

market Wat Village Bang Khen

1 February 1968 14.25 16.00 11.25

7 February 1968 13.00 13.75 3.50

11 February 1968 8.50 15.00 9.00

13 February 1968 4.75 15.00 11.50

16 February 1968 7.00 13.75 16.00

17 February 1968 8.50 18.00 26.00

21 February 1968 6.50 14.75 11.50

23 February 1968 9.75 6.00

26 February 1968 11.00 2.75

27 February 1968 10.00 0.87

28 February 1968 15.00 1.25

29 February 1968 14.50 1.67

1 March 1968 12.25 0.37

2 March 1968 7.50 0.75

4 March 1968 13.75 3.67

6 March 1968 13.25 5.63

8 March 1968 10.00 2.50

10 March 1968 7.00 7.63

13 March 1968 7.50 8.63

15 March 1968 20.00 9.25

a As catches per man per hour.
b Treatments on 22, 26 and 29 February 1968 with 6 US fl

oz/acre (438 ml/ha).
c Average of 2 or more mosquito scouts collecting for2 hours

per collection period.

indicated a complete recovery. Starting with the
first day of the treatment with 6 US fl oz/acre, a
steady reduction of the population occurred until
2 March. No similar reduction was seen in Don
Muang market, which served as a check for the
treatments with 6 US fl oz/acre at Wat Village.

Biting counts, better than any other method of
estimation, illustrate the effect of the ULV aerial
applications of malathion on populations of Aedes
and Culex under natural conditions.
Two other methods were used to evaluate the

ULV aerial applications. The first method was
the 1-larva-pef-container survey system used by the
WHO Aedes Research Unit to assess larval popula-
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TABLE 7

CULEX BITING COUNTSa AT DON MUANG MARKET,
WAT VILLAGE AND BANG KHEN

INumber of Culex caught per man per hourb
Date of count

8 February 1968

9 February 1968

13 February 1968

16 February 1968

21 February 1968

22 February 1968

23 February 1968

26 February 1968

27 February 1968

29 February 1968

1 March 1968

2 March 1968

5 March 1968

7 March 1968

8 March 1968

nmarketn Wat Village Bang Khen

56.50

92.25

62.50

32.50

100.00

50.00

46.50

58.50

67.50

74.00

45.50

58.00

55.00

70.00

80.75

25.75

41.75

55.50

36.50

91.50

27.75

22.50

38.00

7.50

8.00

5.00

4.50

12.75

21.75

53.50

56.75

63.50

61.00

61.75

a As catches per man per hour.
b Average of 2 mosquito scouts collecting for 2 hours per

collection period.

tions. Results of a pretreatment survey of the test
areas are shown in Table 8. Post-treatment surveys

indicated that the method could not show any

significant differences in the populations. No
doubt there was some reduction in the density of
larvae in a number of containers but malathion is
primarily an adulticide, and only a prolonged,
drastic reduction in the number of adults would

have produced a subsequent reduction in positive
containers.
The second method was the mark-release-

recapture method used to determine absolute den-
sities of adult mosquitos in a specific area; this
study was carried out at Don Muang market. At the
estimated dosage of 3 US fl oz/acre (219 ml/ha) for
2 applications, a 14% reduction in the mosquito
population occurred. Of the post-treatment recap-

tures, 8 were individuals marked during the pre-

treatment period. This indicated that the treatments
with 3 US fl oz/acre probably did not reduce the
population sufficiently to reduce the number of
cases in an epidemic of haemorrhagic fever.

DISCUSSION

Before any ULV aerial spraying system can be
utilized, it must be calibrated and the number of
nozzles and the nozzle sizes must be adjusted to the
particular type of aircraft being used. In the selec-
tion of nozzles and nozzle sizes consideration must
be given to the speed of the aircraft, the swath width
that can be obtained with the aircraft, and the
pressure in the spraying system needed to provide
the desired particle size and pattern of distribution.
After all the spraying criteria are determined, the
number of nozzles needed to obtain the desired rate
of application can be determined. The operating
pressure of the system, the speed of the aircraft and
the swath width are all extremely important factors
in obtaining the most effective particle size and
distribution.
As a guide to the calibration of the spraying

system and the selection of nozzles, Table 9 shows a

tabulation of flow rates necessary for given aircraft
speeds and swaths based on a target dosage of
3 US fl oz of insecticide per acre (219 ml/ha).

TABLE 8
RESULTS OF PRETREATMENT SURVEYS OF THE TEST AREAS

Don Muang Don Muang Bang Wat
Market Village Khen Village

Number of houses surveyed 100 100 100 100

Aedes index (%) 83 72 61 77

Number of containers per house 7.7 9.2 4.7 7.9

Number of positive containers
per house 2.9 2.4 1.6 2.8
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TABLE 9
CALCULATIONSa SHOWING THE AREAS THAT CAN BE
SPRAYED FROM AIRCRAFT AND THE FLOW RATES OF

INSECTICIDE IN RELATION TO THE SPEED OF THE
AIRCRAFT AND THE WIDTH OF THE SWATH

I , ~~~~~~i

Speed of
aircraft
(miles/h;
km/h)

100; 161

110; 177

120; 193

130; 209

140; 225

Width of Area covered
swath (feet; (acres/min;

metres) ha/min) b

75; 22.9

100; 30.5

150; 45.7

200; 60.9

300; 91.4

75; 22.9

100; 30.5

150; 45.7

200; 60.9

300; 91.4

75; 22.9

100; 30.5

150; 45.7

200; 60.9

300; 91.4

75; 22.9

100; 30.5

150; 45.7

200; 60.9

300; 91.4

75; 22.9

100; 30.5

150; 45.7

200; 60.9

300; 91.4

15; 6.1

20; 8.1

30; 12.1

40; 16.2

60; 24.2

16.5; 6.7

22; 8.9

33; 13.3

44; 17.8

66; 26.9

18;

24;

36;

48;

72;

11.3

9.7

14.4

19.4

29.1

19.5; 7.8

26; 10.5

39; 15.78

52; 21.0

78; 31.5

21; 8.5

28; 11.3

42; 16.9

56; 22.6

84; 33.9

Flow rate of
insecticide c
(US fl oz/min;

ml/min) d

45; 1 332

60; 1 776

90; 2664

120; 3 552

180; 5 328

49.5; 1 465

66; 1 954

99; 2930

132; 3 907

198; 5 861

64; 1 894

72; 2 131

108; 3 197

144; 4 262

216; 6 293

58.5; 1 732

78; 2309

117; 3 463

156; 6 618

234; 6 926

63; 1 865

84; 2 486

126; 3 730

168; 4 973

252; 7459

a Based on a rate of application of 3 US fl oz/acre (219 ml/ha).
b 1 acre = 0.4 hectare.
c Using 6 spraying nozzles.
d 1 US fl oz = approx. 29.6 ml.

Each aircraft will require a different arrangement
of the spraying apparatus. For example, on the
Cessna-180 aircraft, the spraying system was operated
at 70 lbf/in2 (4.92 kgf/cm2) utilizing 6 800067 flat
fan nozzles. The aircraft flew at 100 miles/h (161

km/h) with a resultant swath width of 75 feet
(22.8 m). However, the C-123 aircraft system was
operated at 39 lbf/in2 (2.74 kg/cm2) and equipped
with 38 D2-13 nozzles. The aircraft was flown at
150 miles/h (241 km/h) with a resultant effective
swath width of 500 feet (152 m). The speed of the
aircraft and the nozzle size compensates for the
lower pressure used in the C-123 system.

Malathion treatments of the 3 study areas at
dosages of 3 US fl oz of insecticide per acre (219 ml/
ha) with the Cessna-180 aircraft gave poor kills
of caged larvae and adult mosquitos and also failed
to reduce natural populations satisfactorily, as
measured by biting counts and ovitraps. Distribu-
tion of the malathion droplets throughout the
treatment area, as determined by deposition of the
particles on red dye cards, was erratic. Some
cards showed large numbers of particles while
others only a short distance away had very few.
The relative ineffectiveness of these treatments with
the slow-flying Cessna-180 aircraft was determined
by the following factors:

(1) Each of the study areas was relatively small
and, because of the restriction due to the presence of
Bangkok International Airport on the upwind side
in one area, the treatment area could not be ex-
panded. Red dye cards indicated that a significant
quantity of insecticide was being deposited outside
the target area.

(2) The uneven distribution of the treatment
was believed to be due largely to the very narrow
swath that was laid down by the Cessna-I 80. It is
thought that the uneven " valley-peak " treatment
pattern could be partially eliminated with the wider
swath that could be laid down by larger aircraft.
It is very difficult for a pilot to maintain an accurate
swath width of only 75 feet (22.8 m).

(3) It is also believed that a more even distribu-
tion and, in all probability, better penetration of the
particles inside dwellings, could be obtained with
faster-flying aircraft. However, no direct compara-
tive data are available except from experiences with
larger aircraft in areas other than South-East Asia.

Wat Village received 3 applications of malathion at
a dosage rate of 6 US fl oz of insecticide per acre
(438 ml/ha). High mortalities of caged mosquitos
and drastic reductions of natural populations of both
A. aegypti and C. p. fatigans indicated this dosage to
be far superior to the application rate of 3 US fl oz/
acre. The treatment throughout the area was much
more uniform and penetration inside dwellings was
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much more evident, as indicated by recovery of par-
ticles of malathion on red dye cards and by kills of
caged mosquitos placed inside houses. The increased
dosage and expanded size of the treated area ap-
peared to compensate somewhat for the narrow
swath and the drifting of the insecticide downwind.
Highly significant kills of caged mosquitos were
obtained inside a large, covered market area. In-
secticide drifting, although still occurring, would not
be an important factor in the treatment of large areas.
Acceptance of the experimental spraying pro-

gramme was excellent; there were no complaints
concerning the low-flying aircraft, the odour of the
insecticide, or any adverse effects on non-target
organisms. Numerous comments were received
indicating the excellent " pest " mosquito control
that was obtained. In fact, a request was received
from Royal Thai Air Force personnel asking that an
additional treatment be applied to one of the original
study areas that had previously been treated twice
at a rate of 3 US fl oz/acre.
Based on the mortalities of caged mosquitos both

inside and outside houses, and on the highly sig-
nificant reductions of natural populations of adult
A. aegypti and C. p. fatigans, it was shown that the
Cessna-180 aircraft can be used effectively for ULV
spraying; adult mosquito populations were reduced
to low levels when malathion was applied at a rate
of 6 US fl oz/acre (438 ml/ha). It is very probable,
however, that with larger and more efficient aircraft,
the insecticide dosage could be reduced to rates as
low as 3 US fl oz/acre (219 ml/ha).

It was decided that over-evaluation of the project
would be far better than under-evaluation, and
furthermore, that both A. aegypti and C. p. fatigans
should be studied on the basis of reductions of
natural populations of adults and larvae. With this
in mind, evaluations included the use of red dye
cards, bioassays of larvae and adult mosquitos,
ovitraps, biting counts, and Culex larvae dips.

All methods of evaluation complemented each
other. The red dye cards showed that the insecticide

droplets could penetrate foliage, find their way
underneath houses and inside houses and markets.
The bioassays indicated that 100% kills could be
achieved out-of-doors in most sites within the spray
area. It also substantiated the observation that the
droplets did penetrate and drift into areas where one
would expect to find adult and larval mosquitos.
The ovitraps and biting counts showed that the
natural population and the introduced mosquitos for
bioassay were equally affected by treatment with
6 US fl oz/acre. There were, of course, some areas
where the treatment did not penetrate but the data
indicate that these are minor and probably would not
greatly influence the over-all reduction of the mos-
quito population.

Techniques such as the 1-larva-per-container
surveys and mark-release-recapture studies are time-
consuming. Neither method should be considered
to be of much value in evaluating this type of mos-
quito control operation.
The simplest and cheapest evaluation systems

provided results as good as, or better than, the more
complex ones. In future programmes, therefore,
ovitraps, biting counts, and red dye cards would
be the evaluation methods of choice. If reared
insects were available, bioassays of adults and
larvae should be made.
The role of ULV aerial spraying in controlling

epidemics of arboviruses could become increasingly
important in the future. If effectively carried out,
this method of applying insecticide will, under most
conditions, reduce the number of vectors in an
epidemic area. Until more is known of the epidemio-
logy of haemorrhagic fever, it is difficult to predict
the level of reduction of the vector population needed
to halt an epidemic. However, the present results
clearly show that an adequate spraying programme
can reduce the vector population by more than 900%
for a period of at least a week. If this reduction does
not halt an epidemic, it would almost certainly
slow its spread and would prevent or stop the panic
usually present during epidemics.
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RI2SUMI2

tVALUATION DES DISPOSITIFS D'tPANDAGE D'INSECTICIDES SOUS ULTRA-FAIBLE VOLUME
MONTtS SUR AVION MONOMOTEUR ET DE LEUR EFFICACITt DANS LA LUTITE

CONTRE AEDES AEGYPTI EN ASIE DU SUD-EST

Les possibilites d'emploi des dpandages aeriens d'insec-
ticides sous ultra-faible volume pour lutter rapidement
contre Aedes aegypti, principal vecteur de la fievre hemor-
ragique, ont ete dtudiees en Thallande. On a utilise un
petit avion monomoteur et experimente deux types d'equi-
pement qui se sont reveles egalement efficaces. Durant
les vols qui ont eu lieu a une altitude de 46 m et a la
vitesse de 160 km/heure, on s'est servi comme insecticide
de malathion technique a la concentration de 95 Y. et on
a traite des bandes de terrain larges d'une vingtaine de
metres, le taux d'application etant de 219 mg/ha. Les essais
ont portd sur trois villages situes au nord de Bangkok.
Le plan d'operations prdvoyait a l'origine une serie

d'applications dtalees sur plusieurs semaines, mais on
s'est rapidement rendu compte que les rdsultats ddsirds
ne pourraient etre obtenus si le dosage n'dtait pas porte
a 438 mg/ha. On a modifid en consequence le dispositif
d'epandage et decide de traiter uniquement un des trois
villages a trois reprises en 15 jours.

L'adoption d'une dose plus dlevee a eu pour resultat
une repartition beaucoup plus uniforme des gouttelettes
d'insecticide et un accroissement considerable de leur
densite par unite de surface. On a reussi de la sorte 'a
pallier les inconvenients dus a l'etroitesse des bandes de
terrain traitees.

Diffdrentes techniques ont dtd mises a profit pour
l'dvaluation des rdesultats: emploi de cartes colordes,
mesure des taux de piqiures, essais biologiques sur des
Aedes et des Culex adultes encages, numdration des
larves de Culex par prdlevement dans les gites larvaires,
et pieges a oviposition. Les cartes colorees ont permis de
matdrialiser la penetration des fines particules d'insec-
ticide i l'interieur des habitations. Les essais biologiques
ont montre que l'efficacite des applications de malathion
a la dose de 438 mg/ha etait voisine de 100% en plein
air et tres satisfaisante ia l'interieur des habitations. On
a constatd une diminution massive du taux de piqOres
et une rdduction marquee des populations libres de
vecteurs.
Grace i l'utilisation conjointe et complementaire de

ces divers procedds d'evaluation, il est possible d'affirmer
que les epandages adriens de malathion, au moyen des
dispositifs utilises et a la dose de 438 mg/ha, reduisent
dans une forte proportion les populations de vecteurs.
L'emploi d'un avion monomoteur est avantageux en cas
de flambee isolee de fievre hemorragique dans les regions
rurales et les abords des grandes agglomerations. Pour
le traitement des zones de plus de 400 hectares et des
secteurs tres peuples, il semble prefdrable d'utiliser un
appareil plus puissant.
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