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Sequential application of ultra-low-volume
ground aerosols of fenitrothion for sustained control
of Aedes aegypti*
C. P. PANT,1 M. J. NELSON,2 & H. L. MATHIS 3

A trial was carried out of the efficacy offenitrothion ultra-low-volume aerosol applied
by vehicle-mounted cold aerosol generator for the control of Aedes aegypti. Five applica-
tions offenitrothion at intervals of11-49 days at dosages of511-1 095 ml/ha gave sustained
control for 4-5 months in an area ofsome 14 ha containing 1 300 houses. Immediate killing
of adult mosquitos and some larvicidal effect interrupted oviposition and retarded the
recovery of the mosquito population. Sequential treatments applied in advance can evidently
suppress the population throughout the rainy season, when epidemics of dengue haemor-
rhagic fever occur, and have operational advantages over larvicidal treatment. The Culex
pipiens fatigans population was suppressed for only a few days after each treatment.

Aedes aegypti, the primary vector of dengue hae-
morrhagic fever in Thailand, can be effectively
controlled by ultra-low-volume (ULV) ground
aerosols of technical malathion at a dosage of about
438 ml/ha; however, the mosquito populations re-
cover to their original levels within about 2 weeks,
so that retreatment is necessary if continued control
is desired (Pant et al., 1971). Two applications of
fenitrothion with a Mity Moe Sr4 portable ULV
machine at dosage rates of 5 and 14 ml per house
2 weeks apart slowed down the recovery of an A.
aegypti population, which remained at a low level
for 2 months. It was shown that at this higher
dosage rate there was a limited residual activity and
larvicidal effectiveness. Repetition of treatment
reduced the recovery potential of the mosquito
population as the larval reservoir was depleted and
the oviposition rate was low for several weeks. How-
ever, the capacity of portable ground ULV equipment
to treat large areas is limited. It was therefore decided
to apply 5 sequential treatments of fenitrothion
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aerosol at varying intervals with a vehicle-mounted
aerosol generator to determine if A. aegypti popula-
tions can be suppressed over a longer period. As
the test area had high densities of Culex pipiens
fatigans, the effect of the treatments on the larval
and adult populations of this species was also
studied.

MATERIALS ANX) METHODS
Test area
The Huay Kwang suburb of Bangkok consists of

rows of 2-storey wooden houses (Pant et al., 1971).
In this trial the central part of the area was treated;
it contains some 1 300 houses and 10 000 inhabitants
on about 14 ha. A surrounding border of 100-200 m
was used as a barrier zone. The test area had high
densities of A. aegypti before treatment started.
Makkasan, a railway housing locality similar to the
test area, was used as an untreated control area.

Treatment
A Leco ULV cold aerosol generator 5 mounted

on a Land Rover was used to apply fenitrothion by
the method described by Pant et al. (1971) according
to the schedule shown in Table 1. The interval be-
tween successive treatments was reduced progressive-
ly in order to study the recovery pattern under vary-
ing conditions of insecticide pressure.
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Table 1. Schedule of sequential ULV treatments with
fenitrothion aerosol in Huay Kwang, Bangkok

Treatment Dosage rate Days since
no. Date (lh) previous(ih) treatment

1 30.5.71 554

2 18.7.71 1 095 49

3 15.8.71 817 28

4 29.8.71 511 14

5 9.9.71 664 11

Evaluation
To determine the landing rate of this species,

6 mosquito scouts collected all the A. aegypti landing
on their legs in 36 rooms serving as catching stations,
one man spending 20 minutes in each room between
08.00 and 10.00 hours. Two CDC-type' ovitraps
were stationed, one inside and one outside, at each
of 30 houses, and the paddles were exposed for
48 hours once or twice a week. Bioassays were carried
out with caged adult mosquitos and the residual
effect of surface deposits was tested using WHO
plastic cones. To observe larvicidal effectiveness,
Aedes larvae were exposed in pans (9 pans outdoors,
9 indoors, 20 larvae per pan). Droplet densities were
determined on oil-sensitive dye cards placed hori-
zontally. Most of these methods have been de-
scribed earlier (Pant et al., 1971). In addition, visual
larval surveys were carried out by examining periodi-
cally all the potential breeding places of A. aegypti
in 100 houses for the presence or absence of Aedes
larvae. The Breteau index was defined as the number
of containers in which larvae were found per 100
houses.
Landing rates of C. p. fatigans were determined

by 6 scouts who collected all mosquitos landing on
their legs in 20 minutes in a room at each of 24-36
houses between 19.00 and 21.00 hours. Hand
catches of adults resting inside houses were made in
the morning for 10 minutes in each of 20-24 houses
by 5-6 collectors. Larval density was measured by
taking 5-10 dips at 20 or 21 fixed sites with a dipper
of about 250 cme capacity. At 4 breeding sites 100
larvae were placed in screen cages during treatment
and left for 24 hours as a bioassay of the direct

1 Center for Disease Control, US Department of Health,
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effect of the aerosol on larvae. Resting adults and
larvae were also collected in the similar but untreated
suburb of Sutisan.

RESULTS

A. aegypti

The effect of treatment on the landing rate,
Breteau index, and oviposition rate of A. aegypti
in the treated area was striking.2 Immediately after
treatment 1, the landing and oviposition rates were
reduced by more than 95% as compared with the
untreated control area. Seven weeks after this treat-
ment both these rates had recovered to the pretreat-
ment levels. The Breteau index, reduced by 60%
immediately after treatment, recovered to the pre-
treatment level in 4-5 weeks. When the area was
treated again after 49 days the landing rate was
immediately reduced by 100% and no oviposition
was recorded for about 10 days. (The second appli-
cation was at a much higher dosage rate because of
an unintentional increase in the machine's discharge
rate.) The Breteau index was reduced by 86% imme-
diately after treatment. Treatments 3, 4, and 5 were
made at progressively shorter intervals of 28, 14, and
11 days after the previous treatments and the landing
rate, Breteau index, and oviposition rate were again
reduced to low levels, with little recovery between
treatments. After treatment 5 no eggs were found in
the ovitraps for 7 weeks, while the Breteau index
remained below 10 for 6 weeks and below 30 for
9 weeks-reductions of 96% and 90% respectively.
The Breteau index gradually recovered, but 6 months
after the last treatment was still only 58% of the pre-
treatment level. The landing rates were < 1 per man-
hour for 3 months after the last treatment and < 2 per
man-hour for 5 months. During the cool, dry months
of November, December, and January the landing
rates in the untreated control area decreased by about
50% and oviposition rates followed a similar trend.
The Breteau index in the untreated area was up to
25-30% lower from December to March.
One day after treatment slightly over 50% mor-

tality was obtained when A. aegypti were exposed
to surfaces in WHO plastic cones to assess the residual
effect of treatment. Fifteen mosquitos were placed in
each cone and exposed for 30 minutes; the mortality
was determined after 24 hours The % mortality

' Full details of the results are presented graphically in
unpublished document WHO/VBC/72.400, which may be
obtained from Vector Biology and Control, World Health
Organization, 1211 Geneva 27, Switzerland.
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for different samples is shown in the following
tabulation.

No. ofdays
after

treatment

1
2
8
8

Outdoor
surfaces
(% of 75
insects)

58.4
28.0
9.3

32.0

Indoor
surfaces
(% of 75
insects)
49.2
28.0
13.3
13.0

Untreated
control
(%/of 30
insects)
13.2
0.0
6.6
0.0

When A. aegypti larvae were exposed in open
larval pans, mortality was 100%.

Counts of fenitrothion droplets landing on dye
cards during treatment 2 showed that, although
distribution was not uniform, the average number
of droplets was high. On 16 cards placed indoors,
the average number per 6.45 cm2 was 364 (range
0-3 031). On 12 cards placed outdoors, the average
was 975 (range 69-4 260).

C. p. fatigans
The fenitrothion aerosol killed a high percentage of

C. p. fatigans adults kept in cages inside houses
during treatment 1. In houses north of roads,
92.5% of 120 insects were killed in cages upstairs,
and 90.8% of 120 downstairs. To the south of
roads, 82.8% of 105 insects were killed upstairs
and 91.4% of 105 downstairs. Of 140 control insects,
4% died.
About 12 hours after each of the first two treat-

ments, the female landing rate decreased by some
80% (Table 2). After treatment 1, landing collections
never reached the pretreatment level, but after treat-
ment 2 recovery was complete within 8 days.
The number of resting adults collected decreased

by 90-95% one day after each of the 4 monitored
treatments. However, recovery was rapid, reaching
at least 50% within 9, 5, 4, and 4 days after treatments
2-5 respectively. After treatments 3 and 5, resting
adults had reached pretreatment levels within 8 and
4 days.
Although larval density fluctuated considerably

from week to week, usually because of flooding of
breeding ponds by rain, the number of larvae per dip
decreased immediately after each of the 5 treatments.
The larval density in the untreated area remained
more constant.
At all 4 of the natural breeding sites monitored,

there was at least some mortality among larvae in
bioassay cages during treatment 2 (Table 3). Site A,
where all 100 test larvae died, was only a few yards
from the road and received more than twice as much
insecticide as the other 3 sites, which were much

Table 2. Landing rate of C. p. fatigans before and after
treatments 1 and 2

No.of ~Average No. of
Date (1971) No of days after landing rate 20-miNtreatment (females per collections

man-hour)

May 26 -4 102 36

30 Treatment 1

30 0 18 36

June 1 2 37 36

7 8 60 36

July 5 36 35 36

13 44 65 24

15 46 88 30

18 Treatment 2

18 0 18 26

20 2 42 30

22 4 49 30

26 8 88 36

29 11 86 36

farther from the road and behind houses. In the
untreated area none of the bioassay larvae died. At
3 of the treated sites the density of the natural larval
population decreased by 20-25% on the day after
treatment.

DISCUSSION

It was found that sequential application of feni-
trothion aerosols by vehicle-mounted ground equip-
ment gives long-term control of A. aegypti. In
addition to the immediate mortality among adult
mosquitos, the larvicidal effect and interruption of
oviposition during and after treatment retard the
recovery rate of the A. aegypti population. Treatment
by vehicle-mounted equipment did not have the
residual effect noted for indoor treatment by port-
able equipment (Pant & Mathis, unpublished data).
Hence it was necessary to apply treatments more
often. Four treatments made sequentially over a
period of about 7 weeks at intervals of 11-28 days
suppressed the A. aegypti population for 5 months.
The C. p. fatigans population was suppressed for
only a few days after each treatment. This was
expected, because its greater flight range permitsmuch
more adult migration from outside the treated area.
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Table 3. Aerosol distribution, C. p. fatigans larval bioassay, and natural larval density
at 4 natural breeding sites during treatment 2

Bioassay % Reduction of natural larval population
Dye cards Bmoality at different days after treatment

Site (no. of droplets among (5 dips)
pr6.45 CM2) 10lamogrvae)_________________per 00 larvae) I~~~day 5 day 9 day 12 day

untreated - 0 - - - -

A 508 100 50 34 16 0

B 198 46 21 55 53 0

C 140 7 53 66 53 49

D 131 19 0 0 18 0

Moreover, the immature populations were probably
not affected directly by the aerosol as much as
A. aegypti larvae because of the relative inaccessi-
bility of many of the larval habitats, particularly
those behind rows of houses.
The WHO Aedes Research Unit has developed a

method for long-term control of A. aegypti by the
use of temephos 1 (Bang & Pant, 1972). Four
repeated applications at 2.5-3-month intervals sup-
pressed the A. aegypti population over a 1-year
period, and it was concluded that in view of the
seasonal nature of dengue haemorrhagic fever epide-
mics protection for 6 months from just before the
rainy season (March-April) to the end of the trans-
mission season (September-October) by means of
2 applications of temephos may be adequate.
The Unit has also developed methods of applying

aerosols and mists to each room by portable machines
so as to provide a residual effect. It was found that
2 such treatments applied 2 weeks apart gave 4-5
months of control of A. aegypti (Pant & Mathis,
unpublished data).

1 Proposed ISO name for 0, 0, O', O'-tetramethyl 0,
O'-thiodi-p-phenylene phosphorothioate.

A temephos larviciding programme requires good
organization, supervision, and considerable man-
power. One man can treat about 40 houses during a
morning, and to ensure that all the containers are
adequately treated careful supervision and repeated
visits are required. The portable ULV machines
now available need improvement before they are
suitable for such a programme. One machine can be
used to treat about 100 houses a day when 2-3 ope-
rators are available, but machine failures are com-
mon. In contrast, the Leco aerosol generator, mount-
ed on a Land Rover or a Jeep, can treat 3 000-4 000
houses per day if the area is accessible by road.
Although the Leco requires a large initial investment
and a suitable vehicle base, it is so sturdily built that
the only expense for several years is likely to be for
fuel and insecticide.

Thus, if a truck-mounted aerosol generator is
available and the area is accessible, 4 sequential appli-
cations of fenitrothion aerosol at about 580-730 ml/
ha at intervals of 10-15 days can be expected to
suppress A. aegypti populations for 4-5 months. If
operations are started in April-May the control may
last through the entire epidemic season in Thailand.
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RtSUMI

APPLICATIONS SUCCESSIVES AU SOL D'AtROSOLS DE FtNITROTHION SOUS ULTRA-FAIBLE
VOLUME POUR LA DESTRUCTION PROLONGtE D'AEDES AEGYPTI

On peut lutter efficacement contre Aedes aegypti, le
principal vecteur de la dengue/fievre hemorragique en
Asie du Sud-Est, en recourant a des applications suc-
cessives d'aerosols de fenitrothion a la dose de 511-
1095 ml/ha. Cinq traitements espaces de 11 a 49 jours
ont assure 1'elimination du vecteur pendant 4 as 5 mois
dans un territoire d'environ 14 hectares comprenant
1300 habitations. La destruction imm6diate des insectes
adultes, associee i une certaine action larvicide, a pour
effet d'interrompre la ponte et de freiner la reconstitution

de la population de moustiques apres chaque traitement.
Appliques en temps opportun, les traitements successifs
par aerosols peuvent maintenir les populations d'A.
aegypti a un niveau minimal durant la saison des pluies
pendant laquelle surviennent les epidemies de dengue/
fievre hemorragique. Ils sont en outre plus avantageux,
sur le plan op6rationnel, que les traitements larvicides.

Les populations de Culex pipiens fatigans ne dispa-
raissent que pendant quelques jours apres chaque trai-
tement.
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