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Insecticidal Vapours for Aircraft Disinsection*
G. W. PEARCE,' H. F. SCHOOF 2 & K. D. QUARTERMAN 3

A general discussion of the problem ofaircraft disinsection is presented. The weaknesses
of the present aerosol method, the limitations imposed by airline operators, government
officials, passengers, and others, and the potential value of insecticidal vapours as a means
of aircraft disinsection are discussed. An apparatus is described for screening insecticides
for their vapour toxicity to houseflies and mosquitos. This apparatus led to the discovery
of DDVP (O,O-dimethyl-2,2-dichlorovinyl phosphate) and its remarkable vapour toxicity
to insects, and to the subsequent studies of its potential use in the vapour state for aircraft
disinsection.

The disinsection of aircraft as a preventive measure
against transporting disease vectors from one coun-
try to another is now required by most countries of
the world. The magnitude of this operation is
indicated by the fact that the International Airport
at Miami, Fla., USA, alone is the origin or terminus
for approximately 15 000 international flights an-
nually.

Basically, the problem of destroying insects in air-
craft is relatively simple; but to do it in a manner
acceptable to all concerned-quarantine officials,
aeronautical officials, airline operators, passengers,
and others-is extremely difficult. Treatment with
aerosols based primarily on pyrethrum and DDT,
sometimes supplemented with residual deposits of
DDT, has been the accepted practice for many years
and is currently in general use throughout the world
(Duquet, 1949). Although it has become increas-
ingly evident that current aerosol treatments are far
from adequate in many respects, the use of aerosols
is the only treatment generally acceptable at this
time.
Some of the major weaknesses of the aerosol

method are the difficulty of ensuring that treatment
has been carried out effectively, the fact that it gives
rise to passenger complaints, and the questionable
effectiveness of the aerosols against insects under the
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conditions encountered in practice. The last is prob-
ably the most important of these inadequacies. Un-
published data from the Technical Development
Laboratories have shown that in loaded baggage
compartments complete kills of free-flying houseflies
were not obtained with a dosage of aerosol as high
as 600 g per 1000 cubic feet.' The recommended
dosage of 5 g per 1000 cubic feet in passenger com-
partments was shown consistently to give poor kills
of the free-flying houseflies exposed to the treatment
in aircraft in flight (Communicable Disease Center,
1953).
The Technical Development Laboratories have

been studying the problem of aircraft disinsection on
a small scale for some ten years. Most of the early
work was devoted to the development and evalua-
tion of various aerosol formulations. Some atten-
tion was also given to improving the procedure for
applying aerosol formulations by using automatic
or metered discharging-systems. However, since the
work reported by Quarterman & Sullivan (1953),
most of the effort has been directed towards studies
of the use of insecticidal vapours for aircraft disinsec-
tion. This paper presents certain of the original
ideas and exploratory studies that arose from the
work reported by Quarterman & Sullivan. In addi-
tion, it serves as an introduction to a series of papers 5
on recent studies of the use of DDVP (0,0-dimethyl-
2,2-dichlorovinyl phosphate) vapours for aircraft dis-
insection.

' 1000 cubic feet ) 30 ma
5 Some of these papers appear in this issue; see Jensen

et al. (page 617); Schoof et al. (page 623); Hayes (page 629);
Witter et al. (page 635); Maddock el al. (page 643); Maddock
& Sedlak (page 644); Mathis et al. (page 646).
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GENERAL CONSIDERATIONS

The principal reason why aerosols are inadequate
for effective aircraft disinsection is the inability of the
aerosol particles to reach into every nook and cranny
of the aircraft where insects may be resting. The
particles tend to settle out or are screened out of the
air by intervening objects or materials. A vapour, on
the other hand, follows the natural laws for the dis-
persion of gases. If the vapour concentration is
maintained in the aircraft for a sufficient period of
time, the vapour will penetrate into every part of it
and exert its insecticidal effect. The problem of
utilizing insecticidal vapours for aircraft disinsec-
tion, then, becomes one of finding a compound of
sufficiently high insecticidal activity to be effective
against insects at concentrations that are safe for
aircraft passengers and crews-that is, a compound
that vaporizes readily at relatively low temperatures,
that has no objectionable odour or irritant qualities,
that leaves no hazardous or objectionable residues,
and that is not deleterious to aircraft construction
material-and of developing a simple, effective dis-
pensing-system that would produce and maintain the
insecticidal vapours at the desired concentrations in
the aircraft throughout the required exposure time.

It was clearly evident from previous work (Quar-
terman & Sullivan, 1953; Sullivan, 1951) that lindane
(y-BHC) is potentially useful in the vapour state as a
potent insecticide and might be suitable for aircraft
disinsection. Although the fumigant action of lin-
dane has been recognized, however, the LD50 of the
vapour has never been precisely determined for any

species of insect. It cannot be surmised from the data
published because of the wide inconsistencies in the
reported results.
The data of Quarterman & Sullivan showed that

while the vapour treatment was effective, a sub-
stantial residue of lindane was laid down quickly on
many surfaces of the aircraft. Unfortunately, in
their tests there was no opportunity to determine how
long the residual activity persisted or how much
actual contamination of the aeroplane occurred.

Several factors affect the degree of contamination
of surfaces exposed to compounds in the vapour

state. The most important are vapour pressure,

temperature, affinity of the various surfaces for the
compound, and concentration of the vapour. The
vapour pressure is constant at any one temperature,
of course; but the other two factors are variable.
When an atmosphere charged with an insecticidal
vapour is passed through an enclosed space such as

an aeroplane, the vapour is adsorbed to different

degrees on the different surfaces, even if the con-
centration is only a small fraction of the saturation
concentration. The process would eventually reach
a state of equilibrium if continued long enough, at
which time the surfaces would no longer take up the
vapour and the concentration of the vapour in the
atmosphere would remain constant. As soon as the
introduction of vapour-charged air stopped, the pro-
cess would reverse itself.
From the work cited above and also from un-

published studies carried out in the Technical
Development Laboratories, it is known that many
of the organic surfaces in an aeroplane (plastic,
rubber, etc.) have a high affinity for lindane; and this
is one of the reasons why lindane vapours would
produce persistent residues in aircraft. In fact, there
is reason to believe that lindane actually dissolves in
some of the substances used in the construction of
aircraft interiors and, thus, it is not a mere matter of
physical adsorption on such surfaces. This would
tend to increase the persistence of the lindane residues
deposited. It should be mentioned also that the
vapour pressure of lindane is rather low at ambient
temperatures, and this contributes to the tendency to
deposit residues. Consequently, the use of lindane
vapours to disinsect aircraft would be extremely dif-
ficult to control. Heavy and unacceptable contamina-
tion would probably result from the many treatments
a commercial aircraft would receive.

EXPERIMENTAL

Although the use of lindane vapour for aircraft
disinsection did not seem promising, it was felt that
if a controllable system for producing known
amounts of vapour could be developed residual
deposits might be kept to a minimum and thus the
contamination of aircraft reduced to an acceptable
level. At the same time it was believed worth while
to examine other available pesticides for their vapour
toxicities. Thus, malathion, parathion, Bayer 21/199
(Muscatox), Bayer L13/59 (Dipterex), diazinon,
aldrin, and heptachlor were selected for study, in
addition to lindane.
An all-glass system, shown diagrammatically in

the accompanying figure, for screening compounds
for the effectiveness of their vapours against house-
flies was developed. The use of rubber or plastic
connexions as well as stopcock grease on glass-joints
was avoided because of the tendency for these
materials to adsorb organic vapours. With an all-
glass system, contamination of the walls was kept to
a minimum.
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ALL-GLASS SYSTEM FOR SCREENING COMPOUNDS FOR VAPOUR TOXICITY TO INSECTS
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Chamber A in the diagram is the insect test
chamber, designed to hold up to 200 adult houseflies
without undue crowding. Part B (the vaporizer) is a
chamber charged with the compound under study.
Part B can take various forms; but, for rough
screening, glass-wool was impregnated with the
compound by dipping it into, or spraying it with, a
solution containing the toxicant in a volatile solvent
such as acetone. After the solvent had been stripped
off, a known weight of the treated glass-wool was
charged into chamber B. The apparatus can be
calibrated for dosage with a given vaporizer assembly
and pesticide and at known air-flow rates, by absorb-
ing the vapours in an activated alumina column as
shown in the diagram.
The method of recovery from the alumina and

the method of analysis will depend on the pesticide
involved. In general, one can recover chlorinated-
hydrocarbon pesticides with ethanol and determine
total chlorine on the eluate. In the case of organic
phosphorus compounds, a 1: 1 acetone-water solu-
tion is used for elution and total phosphorus is
determined on the eluate. For the size of apparatus
shown in the diagram, an air-flow rate in the range of
2-6 litres per minute has been found suitable. Stop-

cocks C and D and needle valve E are employed to
adjust the air flow to the desired rate before passing
the air through the vaporizer. (One can also deter-
mine the amount of insecticide in the air stream
during the exposure of the insects. However, the
results will be somewhat in error because the insects
will take up some of the toxicant.)
To vary the dosage, the time of exposure is varied,

usually from 5 to 40 minutes. If constant temperature
is desired, that portion of the assembly which
includes the vaporizer (B) and the test chamber (A)
can be immersed in a constant temperature bath.
The main advantages of the apparatus are its

simplicity and the fact that it does not require any
prior knowledge of the vapour pressure of the
compound to be tested. While it is not necessary,
and in most cases is undesirable, to attain saturation
of the air stream with vapour, this can be done by
proper design of the vaporizer. Compounds which
might have practical use as vapour toxicants should
produce adequate vapour in the simple vaporizer
described.
Some typical results of tests using lindane in the

apparatus described above are shown in the table
overleaf. The lindane vaporizer (B) consisted of
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LINDANE VAPOUR TOXICITY TESTS

Total 24-hour
Run Air flow Total air lindane Exposure mortality
No. (litres/min.) (litres) dosage ( time of female

(Mg) (minutes) houseflie8b

1 5.66 28.3 23 5 13

2 5.48 53.8 44 10 68

3 5.66 56.6 46 10 64

4 5.66 85.0 69 15 69

5 4.24 84.8 69 20 93

6 5.66 116.0 94 20 96

7 6.23 121.8 99 20 99

8 5.66 167.0 135 30 100

9 5.66 170.0 137 30 100

10 6.23 255.0 206 40 100

Controls c . . . . . . . . . . . . . . . . . . . . . . . . . . 1 (range 0-4 %)

a The lindane dosage rate (0.81pg per litre of air) was determined by the method of Hornstein
& Sullivan (1953) just prior to the tests.

bNAIDM strain.
c Average of 4 runs in which the flies were held for 20-30 minutes in an untreated test chamber.

a glass tube, 12 mm in diameter and 18 mm long,
charged with 0.1-0.23 g of glass wool containing
36% by weight of lindane. The test chamber (A) was
charged with 150 flies of mixed sexes, but only
female mortalities are recorded in the table. The
controls were held in a chamber identical to the test
chamber, but with the ends open to the atmosphere.
The temperature averaged about 80'F (27°C),
ranging from 77°F to 81°F (25.0-27.2°C) during this
series of tests. The lindane dosage rate was deter-
mined by calibrating the system under the same
conditions employed when exposing insects. The
value 0.81 ,ug of lindane per litre of air is the average
of several runs as determined by the method of
Hornstein & Sullivan (1953); this value is believed
accurate for all toxicity tests to within ± 10%.

Technical grades of parathion, malathion, and
Bayer 21/199 were tested in a manner essentially
identical to that used for lindane. Parathion was
the only one of this group that produced vapour
concentrations adequate to give satisfactory morta-
lities in the range of exposure times used. A concen-
tration of 0.1-0.2 ug of parathion per litre of air
required an exposure time of 40 minutes to give
90-100% mortalities. (It is of interest to note that the
accepted threshold limit (Coleman, 1957) to which

industrial workers may be exposed continuously for
an 8-hour day without danger to health is 0.1 ,ug of
parathion per litre of air.)

In initial tests with Bayer L13/59 (0,0-dimethyl-
2,2,2-trichloro-1-hydroxyethyl phosphonate), spec-
tacular effects on the test flies were observed.
Within one to two minutes after start of the exposure,
all ffies were knocked down; and a 5-minute exposure
gave 100% kill consistently. These results seemed
unreasonable because in other, more direct, toxicity
evaluations made against houseflies Bayer LI 3/59
had never exhibited such effectiveness. As further
tests were conducted, however, it became clear that
if the same sample were used in the vaporizer for a
series of tests it eventually failed to give any mortality.
This indicated that Bayer L13/59 itself was not
producing the toxic vapours but that a highly
volatile and toxic contaminant was present, which
was being exhausted by vaporization during the tests.
The remarkable vapour toxicity of the contaminant
led to attempts to recover and purify sufficient
quantities of it for chemical identification and
toxicological evaluation against both insects and
higher animals. This work, described by Mattson et
al. (1955), resulted in the discovery of 0,0-dimethyl-
2,2-dichlorovinyl phosphate (DDVP).

614



INSECTICIDAL VAPOURS FOR AIRCRAFT DISINSECTION 615

DISCUSSION

Since the discovery of DDVP and its remarkable
fumigant properties, this compound has been used
as the toxicant in the studies directed towards the
development of an effective technique for aircraft
disinsection utilizing insecticidal vapours. As will be
seen elsewhere,1'2 two approaches to its use in this
connexion developed. Initial exploratory studies
indicated that it was possible to lay down a residue
with a life of one or two weeks on some aircraft
surfaces by exposing them to relatively high concen-
trations of vapour.' However, the difficulty of
regulating treatments led to the abandonment of this
approach and to the concentration of efforts on
direct fumigant action at very low vapour concentra-
tions. It has been found that, when used at the low
vapour concentrations needed to disinsect aircraft,
DDVP leaves no lasting residual deposit of any
significance. This behaviour is quite different from
that of lindane, which does tend to lay down
persistent residues from the vapour state. Thus,
DDVP seems to solve the contamination problem.
A simple, effective mechanical system has been

developed for dispensing DDVP vapour at a
relatively uniform rate in aircraft and other enclosed
spaces (Jensen et al.3). The dispensing-system
operates independently of the aircraft's ventilating-
system, can maintain the air concentration of
DDVP at approximately 0.15-0.25 ,ug of DDVP per
litre of air for approximately 30 minutes, is automa-

tically turned off by a simple time switch, and readily
lends itself to almost foolproof checking by quaran-
tine officials. The American Conference of Govern-
mental Industrial Hygienists (1960) recently estab-
lished the threshold limit of 1 ,ug of DDVP per
litre of air as the accepted safe concentration for
exposure of industrial workers on an 8-hour-day
basis. A concentration of DDVP in the range of
0.15-0.25 ,g per litre of air for 30 minutes is highly
effective against insects of public health importance
(Maddock & Sedlak and Maddock et al.4), is
considered by competent authorities to have no
deleterious effect on aircraft construction materials,5
has no objectionable odour or irritant qualities, and,
according to the available data on the mammalian
toxicity of DDVP, should be well within the safe
limits for use in aircraft disinsection in respect of
toxic hazards to aircraft passengers and crews
(Hayes and Witter 6). The last-mentioned point must
be verified by further long-term human volunteer
experiments, which are planned for 1961, before the
technique is put into general use. If these tests
verify the safety of this concentration of DDVP for
aircraft disinsection, the authors believe that
mechanically dispensed DDVP vapours will even-
tually become the accepted method of freeing aircraft
from insects of public health importance. Tests with
other volatile chemicals may result in the future
discovery of other insecticides that may be equally
as effective as, or more effective than, DDVP vapours
and have even greater margins of human safety.

R`1SUM t

La desinsectisation des avions dans le but d'empecher
le transport de vecteurs de maladies d'une region a une
autre est maintenant couramment pratiquee. Les aerosols
de pyrethre et de DDT sont utilises dans le monde entier.
Mais ils presentent des inconvenients: difficulte de
s'assurer que le traitement a 6te bien fait, doleances des
passagers et efficacite douteuse dans les conditions pra-
tiques d'application, ce dernier inconvenient etant le plus
important.
On a propos6 en 1952 de desinfecter les avions en vol

par des vapeurs de lindane. Mais la tendance de cette
substance A laisser un d6p6t dans l'avion est un obstacle
serieux. On a donc cherch6 d'autres insecticides.

1 Maddock, D. R., Sedlak, V. A., Schoof, H. F. & Pearce
G. W. Biological effectiveness of vapor deposited residues of
DDVP on different aircraft surfaces (Unpublished manuscript
from the Technical Development Laboratories).

' See the article by Schoof et al. on page 623 of this issue.
See the article on page 617 of this issue.

Un progr6s a ete accompli avec l'invention d'un appa-
reil destine A selectionner, parmi les hydrocarbures chlores
et les organo-phosphor6s, des insecticides dont les vapeurs
seraient toxiques pour les mouches domestiques. De
conception simple, enti6rement en verre - les raccords
de caoutchouc ou de mati6re plastique, ainsi que la pre-
sence de graisse au niveau des soudures ont te' 6vites A
cause de leur tendance A absorber les vapeurs organiques
- cet appareil se compose d'un recipient destine A conte-
nir jusqu'A 200 mouches domestiques, et d'un vaporisa-
teur charge du produit A etudier. Les recherches ainsi
entreprises ont amene a la d&couverte du DDVP (phos-
phate de O,O-dimethyl-dichloro-2,2 vinyl). La prompte

'See notes on pages 643 and 644 of this issue.
Personal communication of 7 July 1960 from W. G.

Adams, Air Material Command, US Air Force, Wright-
Patterson Air Force Base.

' See articles on pages 629 and 635 of this issue.
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vaporisation et la toxicite particuliere de ce produit pour
les insectes ont justifie de plus amples etudes, en vue de
l'utiliser a l'6tat de vapeurs pour la desinsectisation des
avions.
La concentration efficace (soit 0,15 a 0,25 zg/litre d'air)

est consideree par les autorites competentes comme
n'ayant aucun effet nuisible sur les materiaux de cons-
truction des avions; a ce taux, il n'y a ni odeur desa-

greable ni propriete irritante, et l'on pense, etant donn6
ce qu'on sait de la toxicite du DDVP pour les mammi-
feres, que cette proportion reste dans les limites de secu-
rite pour les passagers et les equipages. Ces limites de
securit6 doivent cependant etre verifiees par de nouvelles
experiences sur l'homme (prevues pour 1961) avant que
cette methode de desinsectisation ne puisse etre adopt6e
pour l'usage courant.
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