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Desirability of three synthetic pyrethroid aerosols
for aircraft disinsection*
B. M. CAWLEY,1 W. N. SULLIVAN,1 M. S. SCHECHTER,' & J. U. McGUIRE 2

Of several aerosol formulations of 3 synthetic pyrethroids, S-2539 Forte, resmethrin,
and bioresmethrin, the 2 % formulation was most effective for the disinsection ofpassenger
spaces aboardjet aircraft; the 1.2 % and 0.3 %formulations were less effective. Break-off tip
aerosol units gave good dispersal, but these limitedproduction cans showed slight variability
in the rate of release.

Three synthetic pyrethroids were formulated as
aerosols and tested against several insect species as
part of a continuing effort to develop effective,
acceptable materials and methods for exterminating
insects on commercial jet aircraft.

MATERIALS AND METHODS

The test series was conducted on Boeing 707 and
727 jet airliners having cabin volumes of 227 m3 and
142 m3, respectively, made available by Pan Ameri-
can World Airways during pilot test flights at
Miami, Florida.
A total of 21 tests were made during 5 separate

flights, 4 aboard the Boeing 707 aircraft and 1
aboard a Boeing 727. Cabin air circulation and
temperature were maintained as on normal passen-
ger flights (complete cabin air exchange every
3-5 min, temperature about 25°C).

Insects included in each test were the housefly
(Musca domestica L.), a Caribbean fruitfly (Anastre-
pha suspensa (Loew)), the honeybee (Apis melli-
fera L.), and the southern house mosquito (Culex
pipiens Jatigans Wied.). The houseflies and southern
house mosquitos were exposed in wire screen cylin-
ders (5.51 x 7.08 mesh/cm) 20.3 cm in length and
6.4 cm in diameter. Caribbean fruitflies were exposed
in cardboard cartons 9 cm long and 8.6 cm in
diameter; both ends were open and covered with
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plastic screening (5.51 x 6.29 mesh/cm). The honey-
bees were exposed in fibre mailing tubes 14.6 cm
long and 6.4 cm in diameter; an 8.25 x 9.53-cm
section was removed and screened with 3.15 x 3.15
mesh/cm rodent screening.
The propellant mixture was 85% Freon 12 and

15% Freon 11. In addition, with 2 of the test
materials, 5% ethanol was added to ensure solubility
and to prevent deposits of material at the nozzle
during discharge.
The insecticides tested were: S-2539 Forte a in

0.3 %, 1.2%, and 2% actual concentrations; res-
methrin in 0.3%, 1.2%, and 2% actual concentra-
tions with 5% ethanol; and bioresmethrin in a 2%
actual concentration with 5% ethanol.
The test formulations were delivered as a stan-

dardized 40-g dose from a 57-cm3 aluminium can
with a break-away tip. When the tip is broken, the
nozzle releases the aerosol at a rate of about 1.2 g/s.
A break-away-tip dispenser was found to be suit-
able for aircraft disinsection for international qua-
rantine purposes in earlier tests conducted under the
auspices of the World Health Organization (1, 2).

Before each test the insects were prepared as
follows: for the four morning flights insects were
placed in the test containers and supplied with food
during the late afternoon of the day before the flight.
Those used for the single afternoon flight were caged
on the morning of the flight. The caged insects were
transported to the aircraft in sealed transparent poly-
ethylene bags and remained in the bags prior to
testing. At the beginning of each test sequence, the
required number of cages were removed and posi-

a 3-(phenoxyphenyl)methyl cis,trans-(+)-2,2-dimethyl-3-
(2-methyl-1-propenyl)cyclopropanecarboxylate.
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Table 1. Mortality data and comparison of treatments for effectiveness

Treatment % Kill a Arcsine
N~o.menseat floor rack means b

1 0.3 % resmethrin

2 0.3 % S-2539 Forte

3 1.2 % resmethrin

4 1.2 % S-2539 Forte

5 2.0 % resmethrin

6 2.0 % S-2539 Forte

7 2.0 % bioresmethrin

1 0.3 % resmethrin

2 0.3 % S-2539 Forte

3 1.2 % resmethrin

4 1.2 % S-2539 Forte

5 2.0 % resmethrin

6 2.0 % S-2539 Forte

7 2.0 % bioresmethrin

1 0.3 % resmethrin

2 0.3 % S-2539 Forte

3 1.2 % resmethrin

4 1.2 % S-2539 Forte

5 2.0 % resmethrin

6 2.0 % S-2539 Forte

7 2.0 % bioresmethrin

Musca domestica

23.97 1.04 0.00

0.00 3.20 0.00

67.91 28.85 59.19

69.27 39.79 14.29

98.83 38.13 25.85

75.24 80.98 16.93

100.00 84.40 37.27

Culex pipiens fatigans

99.23 65.42

86.17 61.92

100.00 100.00

91.73 72.47

100.00 97.69

100.00 100.00

100.00 100.00

Anastrepha suspensa

26.54 3.84

6.82

84.78

74.62

84.24

92.71

100.00

6.92

12.43

19.50

22.52

81.06

95.12

29.33

23.95

0.00

71.36

96.35

96.81

100.00

3.48

1.96

34.62

6.71

31.52

41.76

48.10

Apis me/lifera

1 0.3 % resmethrin

2 0.3 % S-2539 Forte

3 1.2 % resmethrin

4 1.2 % S-2539 Forte

5 2.0 % resmethrin

6 2.0 % S-2539 Forte

7 2.0 % bioresmethrin

100.00

74.86

100.00

100.00

39.53

47.60

0.00

91.00

100.00 100.00

100.00 83.00

100.00 100.00

46.29

46.79

19.77

100.00

69.18

88.83

100.00

11.7200 a

3.4330 a

46.0933 b

39.2166 b

50.8266 b

49.5333 b

64.7900 b

57.2466 a

49.8000 a

60.0000 a

63.0933 a

83.4166 a

86.5700 a

90.0000 a

17.6866 a

12.8133 a

41.2400 b c

33.6566 a b

43.0300 b c

59.6000 c e

70.3833 e

57.2766 a b c

48.8966 a b

38.8000 a

84.1800 c

78.7600 b c

75.3766 b c

90.0000 c

a Adjusted for Abbott's correction.
b Duncan's Multiple Range Test. Any 2 means not followed by the same letter are significantly

different at the 5 % level.
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tioned on the aircraft; the holding bags were then
resealed to protect the remaining insects.

Cages were positioned at three stations on the
aircraft, chosen because they were representative of
places where insects might be found in an aircraft
cabin, and because they gave some variability in
exposure. These locations were used in earlier studies
by Schechter et al. (3). One station was an aisle seat
in the middle of the first class cabin, another was
located on the floor under an aisle seat midway
along the economy section, and the final station was
an overhead rack above the last seat in the economy
section.
The test aerosols were discharged at " blocks-

away " (as the aircraft started taxiing for take-off)
for reasons set forth by Sullivan et al. (4). During
discharge the aerosols were held at shoulder level,
the nozzle pointing away from the face, and the arm
was moved from side to side to aid distribution.
Discharge was begun each time at the cockpit door.
The valves used and propellant ratio were such that
the duration of discharge would be sufficient for the
operator to walk the entire length of the aircraft at a
normal pace. However, there was some variability in
discharge time.

After a treatment, the exposed cages were left in
position for 30 min before observations were made
of knockdown. Then they were placed inside a fresh
plastic bag which was sealed to prevent subsequent
exposure. After a flight the insects were taken to
an air-conditioned room and fed a 10% sucrose
solution on absorbent cotton. Mortality counts
were made after a 24-h holding period. Moribund
insects were considered dead.

RESULTS AND DISCUSSION

All the aerosol units used during the tests gave
good, consistent discharge. According to the manu-
facturer, the variability in discharge time will be
reduced with the use of mass production techniques.
The data were subjected to a two-way analysis of

variance at the 5% significance level. Mortality data

for each test insect were expressed as percentages
and these were converted to arcsines. The means of
treatments were compared using a 1 degree of
freedom contrast to determine the order of effective-
ness of the treatments and to compare the effective-
ness of the 1.2% and 2% formulations.
The percentage kill at the three stations and

the results of the statistical analysis are shown in
Table 1. The differences between the seven treatments
were highly significant for the housefly and Carib-
bean fruitfly and significant for the honeybee; there
were no significant differences between treatments
for the southern house mosquito.

In the two-way analysis of variance 20% biores-
methrin was the most effective treatment against all
4 test species. Less effective treatments, in order of
decreasing effectiveness, were 2% S-2539 Forte,
2% resmethrin, 1.2% S-2539 Forte, 1.2% res-
methrin, 0.3% resmethrin, and 0.3%0 S-2539 Forte.
In the second analysis, the effectiveness of the
2% and 1.2% treatments showed highly significant
differences in effectiveness against the housefly,
Caribbean fruitfly, and honeybee.
The crew on each flight were asked for their

opinions on the treatments. As expected, the lower
concentrations were selected as being the least no-
ticeable, and some even found the odour pleasing.
One compound, S-2539 Forte, was odourless at the
three concentrations tested.

This study indicates that bioresmethrin, S-2539
Forte, and resmethrin may be suitable for use in
aircraft disinsection. The 2% active material for-
mulations offer better control than the 1.2% formu-
lations. Of the 2% formulations, bioresmethrin
offers the most effective control, S-2539 Forte and
resmethrin being less effective. S-2539 Forte has
additional desirable features in that it has no dis-
cernible odour and does not require solvents other
than the propellant materials.
The break-off-tip aerosol can proved to be an

effective and efficient way of delivering a standar-
dized dose that ensured adequate treatment of air-
craft passenger spaces.
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RtSUMt

INTARET POUR LA DESINSECTISATION DES AERONEFS DE TROIS AEROSOLS
A BASE DE PYRETHROIDES DE SYNTHtSE

Sur plusieurs formulations d'aerosols a base de trois
pyrethroldes de synthese, le S-2539 Forte, la resm6thrine
et la bioresmethrine, la formulation a 2% a ete la plus
efficace pour la d6sinsectisation des cabines de passagers
d'avions a r6action, les formulations a 1,2% et 0,3%

apparaissant moins efficaces. Des bombes d'aerosol a
ouverture par rupture du bec ont assure une bonne dis-
persion, mais ces appareils a production limitee se sont
caracterises par une legere variabilite du taux de diffuison.
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