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A 2%/ formulation of (+ )-phenothrin dispensed from 340-g or break-off tip aerosol
cans was highly effective against mosquitos in aircraft disinsection trials. Two minutes
after application at " blocks away ", the mass median diameter of the dispersed drops was
5.1-6.2 ,im. The concentration of the insecticide in the cabin fell to 1O%O of the original
concentration after 9.2 min. No odour or irritation was caused by the use of this insecticide.

In previous studies, the pyrethroid (+)-pheno-
thrin showed promise as a means of disinsecting
aircraft on international routes (1, 2). We therefore
evaluated the effectiveness against several species of
insect of a 2% aerosol formulation of (+)-pheno-
thrin applied with newly developed dispensers at
" blocks away ". The size of the aerosol particles and
the time the particles remained in the air were
determined with a forward light scattering instru-
ment.

* This paper reports the results of research only. Mention
of a pesticide does not constitute recommendation for use by
the US Department of Agriculture or the US Department of
Defense, nor does it imply registration under the Federal
Insecticide, Fungicide and Rodenticide Act, as amended.
This study was a cooperative effort in which the following
participated: the World Health Organization, the US Depart-
ment of Defense, Eastern Airlines, National Airlines, Pan
American World Airways, and the Agricultural Research
Service and Animal and Plant Health Inspection Service, US
Department of Agriculture.

1 Beltsville Agricultural Research Center, Agricultural
Research Service, US Department of Agriculture, Beltsville,
MD 20705, USA.

' Animal and Plant Health Inspection Service, US
Department of Agriculture, Hyattsville, MD 20782, USA.

'US Army Environmental Health Agency, Fort Meade,
MD 20755, USA.

' Insect Control and Research, Inc., Baltimore, MD
21228, USA.

'Vector Biology and Control, World Health Organiza-
tion, Geneva, Switzerland.

MATERIALS AND METHODS

The trials were performed on training flights in
Boeing 727 aircraft of Eastern, National, and Pan
American Airlines and in US Air Force Boeing 707
passenger aircraft. The cabin volume was 142 m3 for
the Boeing 727-25 (standard version), 201 m3 for the
727-235 (stretched version), and 227 m3 for the 707.
Disinsection took place at " blocks away ". Taxiing
time ranged from 3 to 10 min. Complete cabin air
change took place every 3-4 min during the tests.

Experimental aerosols

Two formulations of (+)-phenothrin (98.5%
purity) were used: (a) 2% (+)-phenothrin in a
propellant mixture comprising a 3: 17 ratio of Freon
11 to Freon 12; and (b) 2% (+)-phenothrin in a 1: 1
mixture of Freon 11 and Freon 12. Doses of 40 g of
formulation (a) were delivered from 57-cm3 alumi-
nium cans with break-away tips and approximately
300-g doses of formulation (b) were delivered from
340-g cans equipped with vertical-type release
valves; formulation (b) was also available in 340-g
cans with 0.46-mm valves prepared at Beltsville
Agricultural Research Center. The rate of delivery of
formulation (a) was about 1.25 g/s and that of
formulation (b) 1.1 g/s.
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Test insects

Adult insects of the following species were used in
the trials: mosquitos (Aedes aegypti, Aedes taenio-
rhynchus, Anopheles quadrimaculatus, Anopheles
stephensi, and Culex pipiens fatigans); houseflies
(Musca domestica); stable flies (Stomoxys calci-
trans); Caribbean fruit flies (Anastrepha suspensa);
and blackflies (Simulium vittatum).

Particle size

The size of the dispersed particles and changes in
aerosol concentration were measured with a forward
light scattering instrument (Particle Measuring Sys-
tems, Boulder, CO, USA). With this device, the
aerosol particles pass axially through a cylinder that
is transected radially by a 1-mW helium-neon laser
beam directed towards a cavity that traps the light.
As the particles pass through the beam, they cause

forward scattering of the light, which is measured by
an annular photodetector located beyond the cylin-
der and coaxial with the beam. The resulting pulses
of scattered light are then tested for pulse height and
the measurements are entered in registers corre-

sponding to particle diameters of 0.1 ,um between
0.5 and 15.5 ,um. Thus, the size of the spray droplets
can be measured quickly and while they are still
suspended in the air and moving at high velocities
(>50 m/s). No dilution or other collection proce-
dures are required that might introduce bias. In
addition, the relative concentration of aerosol pre-
sent can be measured by using a fan or similar device
to draw air through the instrument at a constant
rate, so that the sum of the detected particles can be
recorded.

Experimental procedures

Twenty-one tests with the experimental aerosols
were carried out at Miami, Florida, in May 1975 and
1976, and two tests were made at Andrews Air Force
Base, Maryland, in October 1975. Prior to testing,
the mosquitos were transferred to wire screen cylin-
ders (6 x 7 mesh/cm2) 20.3 cm long and 6.4 cm in
diameter; the houseflies, stable flies, and blackflies
were transferred to ½/2-pint ice cream cartons modi-
fied by replacing one end with mesh screen (6 x 7
mesh/cm2 for houseflies and stable flies, 8 x 8
mesh/cm2 for blackflies). The caged insects were

placed in large plastic bags which were then sealed
and carried to the aircraft.

Just before take-off, the purpose of the experiment
was explained to the pilots and crew, normal air
conditioning was turned on in the passenger com-

partment (20-250C with a complete cabin air change
every 3-4 min during taxiing), the sensor head of the
measuring instrument was fastened to the armrest of
an aisle passenger seat midway along the aircraft
(where air was drawn from an unobstructed zone
above it into the sensor), and the insects were placed
at the test stations.
As the closed aircraft taxied to the runway for

take-off, one of the scientists aboard released the
aerosol from the can while walking the length of the
aisle. When the 340-g can was used, the spray was
released for a predetermined time based on a desired
total dosage of 17.7 or 35.3 g aerosoVl100 m. (The
can was weighed in the laboratory before and after
each test to determine the dose delivered.) When the
break-off tip cans were used, the entire 40 g of
aerosol was automatically released. Fifteen minutes
after the treatment, the insects were collected and
placed in fresh plastic bags, which were then sealed.
At the conclusion of the flight, the control insects
(which were aboard the aircraft in sealed plastic bags
throughout the tests) and the test insects were taken
to the laboratory where they were fed and held at
25°C until mortality counts were made (after 24 h
for the mosquitos and 4 h for the flies).

Immediately after release of the aerosol, the con-
centration and size of the aerosol droplets were
measured for 30 seconds; these 30-second measure-
ments were then repeated at approximately 2-min
intervals.

RESULTS

Particle size measurements
The size distribution of droplets measured during

the tests is shown in Fig. 1. Essentially identical
distributions were obtained in all the aircraft. The
number mean diameter (NMD), mass median dia-
meter (MMD), and volume mean diameter (VMD)
were calculated by computer (3) and are shown in
Table 1. These values are somewhat larger than
those found by Vos & Thompson (4) for other
aerosol-dispensed material, but are smaller than
those reported by the US Army Environmental
Health Agency (5) for the same spray material.

Aerosol concentration

The change in the concentration of aerosol with
time after release is shown in Fig. 2. Again, there
appeared to be little significant difference among
aircraft in the rate of decay. If the aircraft cabin is
considered to be a chamber with a fixed ventilation
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Table 1. Mean diameters (&m) of particles 2 and 8 min
after discharge

2min 8min
Aircraft

NMDa MMDb VMD c NMD MMD VMD

B-727-25 4.2 6.2 7.0 3.9 4.6 5.4

B-727-235 3.9 5.1 5.9 3.7 4.4 4.7

B-707 4.1 5.3 5.7 3.9 4.7 5.2

a NMD = number mean diameter.
b MMD = mass median diameter.
c VMD = volume mean diameter.

rate and perfect mixing of the fresh air with the
existing air, the expected concentration of aerosol
particles would be C = CO exp (-tq/V), where CO is
the original concentration, V is the volume of the
cabin, q is the ventilation rate, and t is the time from
the start of ventilation. The ratio V/q is frequently
called the ventilation time constant. Fitting this
equation to the experimental measurements gave
values of V/q ranging from 3.9 min for the B-707 to
4.1 min for the B-727-25 aircraft. However, the
theoretical ventilation time constant could not be

Table 2. The effectiveness of 2 % (+)-phenothrin against several species of flying insect exposed at " blocks away "
(21-25°C) in Boeing 727-25 passenger aircraft (2 tests each)

Location Insect mortality (%) b
Test no. Dispenser o(gIl00 in3) Of test

insects a A. quadrima- A. taenio- M. domestica A. suspensa S. calcitransculatusc rhynchus

1 340-g can

2 340-g can

3 Break-off tip can

4 Break-off tip can

Control for tests 1-4

5 340-g can

6 340-g can

7 Break-off tip can

8 Break-off tip can

Control for tests 5-8

9 340-g can

10 340-g can

11 340-g can

35.3 A
B
C

16.9 A
B
C

28.6 A
B
C

28.6 A
B
C

35.3 A
B
C

13.8 A
B
C

28.6 A
B
C

28.6 A
B
C

100 (77) d
100 (60)
100 (90)

100 (95)
100 (55)
100 (65)

100 (71)
1 00 (63)
100 (61)

100 (88)
100 (73)
100 (69)

13 (129)

100 (48)
100 (59)
100 (55)

98 (45)
100 (51)
99 (89)

100 (48)
100 (44)
100 (185)

12 (137)

18.4 A
B
C

33.9 A
B
C

20.8 A
B
C

Control for tests 9-11 2 (63)

100 (71) 100 (15) 100 (136)
100 (79) 100 (60) 90 (106)
100 (103) 100 (11) 100 (109)

93 (129) 87 (24) 92 (106)
99 (86) 73 (15)

48 (23) 65 (168)

100 (60) 69 (37) 93 (71)
98 (139) 75 (12) 80 (109)

82 (49) 96 (88)

100 (65) 100 (68)
100 (144) 100 (120)
100 (77) 97 (104)

1 (209) 0 (35) 17 (139)

100 (43) 80 (20)
100 (122) 63 (19)
100 (108) 85 (20)

100 (88) 100 (33)
99 (99) 100 (32)

100 (65) 100 (26)

38 (24)
71 (24)
35 (29)

100 (115) 100 (42)
100 (52) 60 (37)
100 (155) 17 (36)

6 (299) 12 (101)

100 (51) 97 (34) 100 (18)
100 (8) 89 (18)
100 (55) 97 (32) 100 (25)

100 (17) 100 (13)
100 (20) 96 (33)
92 (50) 100 (7)

100 (17)
100 (12)
100 (11)

0 (61) 6 (35)

a Aircraft test stations: A = on seats, forward; b = under seats, midway; C = coat rack, rear.
b Mortality after 24 h for mosquitos, 4 h for flies.
c Gainesville multiple resistant strain.
d The figures in parentheses indicate the number of insects exposed.

100 (11)
100 (13)
100 (10)

100 (10)
100 (10)
100 (11)

100 (19)
100 (12)
100 (13)

100 (14)
100 (24)
100 (18)

2 (63)
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Fig. 1. Size distribution of spray droplets of aerosol
released in various aircraft.
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Fig. 2. Decay in numbers of aerosol droplets with time
after application.
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computed, since the ventilation rate changed with
engine speed and this was not constant during
taxiing. The crew indicated that during taxiing the
cabin air was changed completely every 3-4 min. If
the cabin ventilation were turned off for a few
minutes after spray release, the exposure of the
insects to the insecticide would be increased but this
may not be practical at present. If the perfect mixing
ventilation model can be extrapolated by using an
average ventilation time constant of 4 min, the cabin
concentration should reach 1% of the initial concen-
tration in 18 min and 0.01 % in a further 18 min.

Biological results
The results of the bioassays are given in Tables 2

and 3. In the 1975 Boeing 727-25 tests (Table 2), the
dosage was generally higher than the planned
17.7 g/100 m3. Application of 2% (+)-phenothrin
from the break-off tip can caused 100% mortality of
A. quadrimaculatus and S. calcitrans and 98-100%
mortality of A. taeniorhynchus; application from the
340-g vertical-release can caused 93-100% mortality
of A. quadrimaculatus and A. taeniorhynchus and
100% mortality of S. calcitrans. Mortalities of
M. domestica were low at several stations, particu-
larly when a resistant strain was used. In the
Boeing 707, where the applications were made with
the vertical release valve dispenser (Table 3), the
dosage was lower than the planned 17.7 g/100 m3.
Nevertheless, mortality of S. vittatum and S. calci-
trans was always 100%; 93-100% mortality was
recorded for A. aegypti, 89-100% for A. stephensi,
82-100% for C. pipiens fatigans, and 31-100% for
M. domestica. (In a supplementary test, mortality of
A. stephensi, A. aegypti, and C. pipiens fatigans was

100% when the mosquitos were caged at three levels
in a 227-m3 air-conditioned room and treated with
2% (+)-phenothrin at 17.7 g/100 m3.)

In the 1976 tests in the Boeing 727-235, an average
dosage of 20.6 g/100 m3 gave an 84-99% kill of
A. suspensa at all locations. Also, in the Boeing 727-
25, an average dosage of 17.7 g/100 m3 gave 87-93 %
kill of this fruitfly.

DISCUSSION

The effectiveness of 2% (+)-phenothrin aerosol
against mosquitos, the most important insect vectors
of disease, was excellent in our tests. Mortality was
not 100% at all stations in the aircraft, but most of
the insect cages were in partially concealed positions
and the airflow may have varied at the different sites.
Also, caged mosquitos are less susceptible to insecti-
cides than free flying mosquitos (6) and are not
subject to flushing from areas with sublethal concen-
trations to areas with higher concentrations. A
dosage of (+)-phenothrin of 35.3 g/100 mr is needed
to control houseflies and other less susceptible
insects of medical and agricultural importance.
The break-off tip can assured the release of the

proper dose of aerosol in the aircraft; it could be
numbered to furnish evidence that the proper dosage
had been applied. This device would seem to fulfil
the recommendation that single-use (one-shot) aero-
sol dispensers be used to disinsect aircraft (1).
No odour or irritation during disinsection or from

the residual deposit was noted by the crew or
scientists during 12 treatments in the same Boeing
727 or by a crew of 10 plus 8 scientists during
2 treatments in the Boeing 707 aircraft.
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RESUME

DESINSECTISATION DES AERONEFS: CARACThRISTIQUES PHYSIQUES ET PROPRIT#S INSECTICIDES
DE LA (+)-PHE'NOTHRINE APPLIQUEE EN AEROSOLS PAR LA MiTHODE (<CALES ENLEVE'ES*

Dans des etudes anterieures, le pyrethroide (+)-pheno- plusieurs especes d'insectes volants, dans des aeronefs
thrine s'est revele prometteur comme moyen de desinsecti- Boeing 707 et 727 < cales enlevees . L'insecticide est
sation des aeronefs sur des lignes internationales. On en a 6mis soit a partir de reservoirs m6talliques de 57 crn
donc evalue une formulation en aerosol A 2% contre munis d'embouts a briser, soit A partir de reservoirs de
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340 g munis de soupapes d'emission verticale. Le dia-
metre de la goutte de masse mediane pour 1'ensemble de la
dispersion, mesure par diffusion frontale de la lumiere,
etait de 5,1 a 6,2 iLm, et la concentration dans la cabine
des passagers tombait a 10% de la concentration initiale
au bout de 9,2 minutes. L'application de (+)-phenothrine
dans les Boeing 727-25, a I'aide d'un r6servoir muni d'un
embout a briser, en vue de fournir dans la cabine des
passagers une concentration pr6vue de 17,7 g/100 mi, a
occasionn6 une mortalit6 de 100% chez Anopheles
quadrimaculatus et Stomoxys calcitrans, et de 98 a 100%
chez Aedes taeniorhynchus; I'application a partir du
reservoir de 340 g a provoque une mortalit6 de 93 a 100%

chez A. quadrimaculatus et A. taeniorhynchus, et une mor-
talit6 de 100% chez S. calcitrans. Dans le Boeing 707, la
concentration 6tait plus basse que les 17,7 g/100 ml pr6vus.
Neanmoins, la mortalit6 observee 6tait de 100% chez Si-
mulium vittatum et S. calcitrans, de 93 a 100% chez Aedes
aegypti, de 89 a 100% chez Anopheles stephensi, de 82 A
100% chez Culex pipiensfatigans, et de 31 a 100% chez
Musca domestica. Dans le Boeing 727-235, une moyenne
de 20,6 g/100 ml a produit une mortalit6 de 84 i 99%
chez A. suspensa, alors qu'une moyenne de 17,7 g/100 ml
provoquait une mortalit6 de 87 a 93% chez la meme espece.
Aucune odeur ou irritation n'a ete pergue au cours de la
desinsectisation, ou du fait du dep6t remanent.
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