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SYNOPSIS

Results of investigations directed towards the improvement of
approved techniques for the disinsectization of aircraft arriving
at international airports in the USA (which vary to some extent
from those recommended by WHO for worldwide use) are
discussed. General testing techniques and the materials used are
described, and the effectiveness of lindane vapours is outlined.

It is now generally accepted that some species of insects create important
public-health problems when they enter aircraft and survive accidental
transportation to new areas. These problems are continually expanding as
air traffic increases and as emphasis realigns on the various aspects of
communicable-disease control. Yellow fever and malaria are the more
obvious diseases whose vectors are readily transported by aircraft. A wide
variety of others, such as dengue, encephalomyelitis, onchocerciasis, and
diarrhoeal diseases also are potentially involved, as shown by the numerous
species of insect-vectors that are taken from planes. The recent alarming
spread ofjungle yellow-fever through Central America (Elton 3) is sufficient
evidence that these diseases may still go on spectacular rampages.

Duguet,2 reviewing aircraft disinsectization for the World Health
Organization, concluded that proper disinsecting of aircraft was effective
against transporting insect-vectors. He emphasized that such preventive
measures were not sufficient in themselves but should be supplemented
by adequate environmental controls in the vicinity of airports where insect-
vectors create problems. He also pointed out that there was considerable
need for further research on (1) the development of more effective aerosols,
particularly against the principal species found on planes (including agri-
cultural pests), (2) the duration of insecticidal action of DDT residues,
(3) the efficacy of automatic disinsectization procedures in aircraft with
pressurized cabins, and (4) the preparation of standardized instructions
for disinsectization.

* Part of the work described in this paper was suggested by the recommendations of the second
session of the WHO Expert Committee on Insecticides.5'

** This paper was prepared by the staff of the Communicable Disease Center.
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It was evident in early studies carried out by the Communicable Disease
Center that not only were new disinsecting materials needed, but also that
revised techniques for applying them and checking their effectiveness in
aircraft had to be developed. For instance, it was found that disinsecting
treatments in grounded planes were more effective against insects than
treatments in airborne craft. It was found desirable to use free-flying test-
insects in airborne planes, since this method of testing is more realistic than
either laboratory tests or in-flight tests with insects exposed in cages.
Finally, it was found necessary to devise equipment to replace calibrated
nozzles so that accurately measured dosages of aerosols could be dispensed
in planes.

The investigations discussed herein were directed primarily towards the
improvement of the presently approved techniques for disinsectization of
aircraft arriving at international airports in the USA, which vary to some
extent from those recommended by WHO 14 for worldwide use.

General Testing Techniques

The generous co-operation of commercial airlines, members of the
armed forces, and other governmental agencies of the USA a made it
possible to complete extensive tests on in-service aircraft under actual
flight conditions. The investigators were permitted to apply the disinsecting
treatments and make evaluations of their choice, and were bound only by
the necessity of maintaining adequate safety precautions and protection
of property.

All materials and techniques were first perfected as far as possible in
laboratory tests. This testing included experiments designed for rapidly
screening aerosol formulations and dosages so that subsequent field tests
involved only those treatments that were likely to produce approximately
95% mortalities of the test-insects with dosage-rates that would be
acceptable to passengers.

Aerosol dispensers were developed for both laboratory (Thompson
et al.13) and field experimental usage. The former required greater accuracy
in dosage measurement since the air spaces in test-chambers were small
compared to volumes in planes; the latter required special consideration
for ease of loading and cleaning, since laboratory facilities were not ordi-
narily available where field tests were made.

Adult female non-resistant houseflies (Musca domestica L.) were adopted
as standard test-insects after sufficient tests established that they were
more difficult to control by the disinsecting treatments used than were

a This refers to the co-operation ofPan American World Airways, Inc., Eastern Air Lines, Inc., Caribbean
Atlantic Airlines, Inc., National Airlines, Inc., US Air Force, US Navy, US Department of Agriculture,
and US Civil Aeronautics Authority.
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mosquitos (Anopheles quadrimaculatus Say and Aedes aegypti (L.)). This
choice was also influenced by the high percentage of houseflies (45.4%
of 24,766 arthropods) removed from planes at American airports during
1945 (Hughes 7). A technique was devised by Klock et al.8 for gluing a
1-inch (2.5 cm) coloured nylon thread to the thorax of the flies to facilitate
their recovery and to identify those used in each separate test.

Mammalian toxicological evaluations were made of the formulations
from time to time as it became desirable to do so, in order that adequate
safety precautions could be maintained in all phases of the testing.

Finally, after satisfying all toxicity and biological requirements, improved
aerosol formulations were subjected to in-flight passenger acceptance tests.

Developments in Disinsecting Planes with Aerosols

Disinsecting procedures presently acceptable to USA public-health
authorities5 involve the use of aerosol G-382 or G-651 (see table I), with
proper dispersion at least 30 minutes before arrival time. A dosage-rate

TABLE I. FORMULATION CONTENTS OF SEVERAL INSECTICIDAL
AEROSOLS USED FOR THE DISINSECTIZATION OF AIRCRAFT

Formulation contents (% w/w)
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G-382 3 5 S - 2 85

G-651 2 6 8 - - 84

G-1013 3 5 2 5 - - 85

S-112Ah 3 1. . . . . . . .1- 1 - 85

S-134Ah 3 3. . . . . ..- 9 - 85

S-14OAh 3 2 2 1 7 - 85

a An Insecticide containing at least 99% pure gamma-isomer of benzene hexachloride.
b An Insecticide consisting of a mixture of 2-nitro-11,1-bis (p-chlorophenyl) propane (one part),

2-nitro-1,1-bis (p-chlorophenyl) butane (two parts), and related compounds (manufactured by
Commercial Solvents Corp., New York, N.Y., USA).

c A pyrethrum synergist with the chemical formula n-octyl sulfoxide of isosafrole (manufac-
tured by S. B. Penick and Co., New York, N.Y., USA).

d A pyrethrum synergist with the chemical formula 3,4-methylene-dioxy-6-propyl benzyl butyl
diethylene glycol ether (manufactured by US Industrial Chemicals, Inc., Baltimore, Md., USA)

e A solvent manufactured by the Socony-Vacuum Oil Company, Inc., New York, N.Y., USA.
f A specially refined grade of solvent AR-60 for aerosol use (manufactured by the VelslcoE

Corporation, Chicago, Ill., USA).
g An aerosol propellant with the chemical formula dichlorodifluoromethane (manufactured by

E. I. du Pont de Nemours and Co. (Inc.),Willington, Del., USA).
h " A " In the formulation number indicates that 0.01 % odour-masking perfume Is included in

the formulation.
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of 5 g per 1,000 cubic feet (28.3 cubic metres) of enclosed space, with all
ventilators and other openings to the plane's exterior closed for at least
three minutes during and following the spray application, is suggested.
Although this treatment is effective against mosquitos in passenger com-
partments, it kills only a low percentage of the free-flying houseflies in
these compartments.

Maier et al.9 found that a dosage of more than 12 g per 1,000 cubic
feet would be required to give a satisfactory mortality (considered to be at
least 95% in 24 hours) of houseflies under these conditions with G-382.
This amount of aerosol might be quite objectionable to passengers and plane
crews. Tests under similar in-flight conditions with several other aerosols
(see table I for formulations) showed that S-112A and S-140A gave 95%
or more housefly mortalities at dosages of 7 g per 1,000 cubic feet. The
same dosage of aerosols S-134A and G-1013 also gave mortalities of nearly
95%. These successful formulations were developed and laboratory tested
by the Bureau of Entomology and Plant Quarantine, US Department of
Agriculture (G-1013), by Crowell et al.,1 and by Fay et al.4

Tests were made in routine disinsecting treatments using five of these
six aerosols (G-651 was not used), and a control aerosol of Freon-12 and
solvent without insecticide, on a commercial airline to determine if these
treatments were acceptable to passengers and crews. All passengers exposed
to each aerosol accepted it without complaint. Crews, however, were
responsible for some objections, but these objections were made to the
aerosols as a whole, and none of the test-formulations was singled out for
special criticism. It is anticipated that two of the new improved formu-
lations, S- 140A and G-10 13, will be approved in the near future by public-
health officials of the USA for inflight use at application dosages of 7 g
per 1,000 cubic feet in passenger compartments as replacements of G-382
and G-651. Further research on the toxicological hazards involved in the
continuous use of S-112A and on problems of storage of S-134A is
necessary before final recommendations on their usage can be made.

Aerosol S-1 12A was effective against both flies and mosquitos in
baggage compartments of planes when applied at a rate of 20 g per 1,000
cubic feet. These tests involved the use of simulated baggage in the compart-
ments, and apparently the high dosages were required because the insects
chose to rest in openings between pieces of baggage that were not penetrated
by the aerosols.

One commonly-observed source of disinsectization failure with aero-
sols is the application of gross under-dosages by airline personnel who
are trying to guard against possible annoyance of passengers by the use
of too much aerosol. This could be corrected by using single-dose aerosol
containers, loaded with the correct amount of aerosol to treat the plane
in which installed. Test-models of such containers without holders
have given promising results when tried under flight conditions, but several

530



DISINSECTIZATION OF AIRCRAFT 531

developmental problems must still be solved before they become available
for general use.

Investigations on the Use of Residual Insecticides

Authorities appear to agree that treatments of aircraft with residual
deposits of DDT will not serve as an adequate disinsecting procedure.
Pimentel & Klock 10 found that 200 mg per square foot (0.1 Im2) of DDT
in baggage compartments of planes would not give satisfactory mortalities
of free-flying houseflies with 1 l/2-hour exposures in the treated compart-
ments. Presumably, the insects were resting on the untreated simulated
baggage placed in the compartments. Dieldrin applied under similar
test-conditions at 100 mg per square foot gave satisfactory kills of house-
flies for two weeks after treatment, but inferior mortality after that time.
When DDT was applied in passenger compartments as a wax formula,
it killed a very low percentage of test houseflies, although this treatment
was completely effective when flies were forced to rest on treated surfaces
in wall-cage tests.

Residual deposits of lindane applied as methylcyclohexane solutions
were found to give satisfactory kills of flies and mosquitos in both baggage
and passenger compartments. When lindane was applied in passenger
compartments at 50 mg per square foot and at 70 mg per square foot,
it gave satisfactory mortality for one week and three weeks, respectively.
When it was applied in baggage compartments at 100 mg per square foot
and 200 mg per square foot, it gave 95% or more kills of test-insects for
one week and five weeks, respectively. The addition of a resin (Aroclor-
5460 b) to the residue of lindane reduced its period of effectiveness.

Although residual lindane treatments are effective as disinsecting
treatments, some developmental work is still required to provide an efficient
method of applying these residues.

Effectiveness of Lindane Vapours for Disinsecting Planes

The use of lindane vapours shows promise of being the most effective
and easily applied means of disinsecting aircraft. Preliminary evalua-
tions made by Sullivan 12 and by Quarterman & Sullivan 1' show that
glass-wool air filters impregnated with lindane from acetone solutions
and mounted in the ventilation systems of aircraft permit the circulating
air to dispense enough lindane vapours to give almost.complete mortality
of free-flying houseflies dispersed throughout the passenger compartments.
Air samples collected during the tests when the filters were in place were

b A mixture of chlorinated biphenyl and chlorinated polyphenyls (manufactured by Monsanto Chemical
Company, St. Louis, Mo., USA).
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analysed by the method developed by Hornstein & Sullivan,6 and showed
an average lindane content of 0.16 ,ug per litre of air. Only about 0.03 ,ug
of lindane per litre of air was found in the test-plane on a preliminary
flight before the filters were installed and in a subsequent flight after they
had been removed. Flies exposed in wall-cage tests after the filters had been
removed clearly demonstrated that residual deposits of lindane had been
built up on various vertical and horizontal surfaces in the plane during
the tests.

Details of the toxic hazards of this type of treatment to passengers
and particularly to crew members must still be determined. Also extensive
developmental work on installation and calibration of filters must be com-
pleted before the method can be recommended for general use.

RIJSUMI2

Le transport accidentel d'insectes par aeroplane est A l'origine de nombreux pro-
blemes de sante publique. La desinsectisation des aeronefs, complet&e par des mesures
d'assainissement dans les environs des aeroports internationaux, constitue une excellente
m6thode de protection contre ces insectes.

Pour 6valuer les effets de la desinsectisation selon une technique experimentale
pratique, on utilise les mouches domestiques (Musca domestica L.) volant librement dans
les a6ronefs en plein vol. II est plus facile de recueillir et de reconnaitre les mouches
servant A l'experience si on leur fixe au thorax un fil de nylon de couleur d'environ 2,5 cm.
Pour r6pandre la dose recommandee, on emploiera des appareils qui dispersent une
quantit6 connue d'insecticide plutot que des pulverisateurs comportant des buses de
calibre donne. On peut estimer la desinsectisation comme satisfaisante si 95% des mouches
environ sont tu&es apres une application.

Les aerosols S-1 12A, S-140A, S-134A et G-1013 sont beaucoup plus efficaces contre
les mouches domestiques que ne l'est G-382, et ils sont facilement toleres par les passa-
gers et les membres de l'equipage. On peut esperer que les autorites de sante publique des
Etats-Unis d'Amerique approuveront prochainement l'utilisation, en cours de vol dans
les cabines de passagers, des aerosols S-140A et G-1013 A des doses de 7 g par
28,3 metres cubes, au lieu des aerosols G-382 et G-651. Des recherches sur les deux autres
preparations doivent etre faites avant qu'il soit possible de formuler des recomman-
dations definitives.

L'utilisation de recipients d'aerosols A dose unique parait constituer un excellent
moyen de disperser dans les aeronefs une quantite precise d'aerosol.

Le DDT et la dieldrine n'ont eu aucune action appreciable comme insecticides a
effet remanent contre les mouches domestiques et les moustiques. Cependant, des depots
r6manents de lindane dans les soutes A bagages et dans les cabines de passagers ont
provoque parmi les mouches une mortalit6 assez 6levee durant des p6riodes de cinq
semaines et trois semaines respectivement.

La m6thode de desinsectisation la plus aisee et la plus efficace consisterait A placer
dans le systeme de ventilation de l'a6ronef des filtres en laine de verre impr6gn6s de
lindane, qui d6gagent des vapeurs de ce produit. Pour la perfectionner, il faudra encore
effectuer d'autres recherches, notamment sur les effets toxiques du produit sur les
mammif6res.
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