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A Mechanical System for Dispensing
Known Amounts of Insecticidal Vapours*

J. A. JENSEN,1 G. W. PEARCE 2 & K. D. QUARTERMAN3

The requirements for a self-contained semi-automatic insecticidal vapour dispenser for
use in the disinsection of aircraft are presented. A prototype device meeting these require-
ments is described and data on its performance, using DDVP (O,O-dimethyl-2,2-dichloro-
vinyl phosphate) as the insecticide, are given. In this system a miniature air compressor
forces air through a membrane impregnated with DDVP, and the vapour-laden air exits
into the cabin through a tubular distribution system equipped with orifices. The vapour
output is governed by the volume and the temperature of the air passing through the mem-
brane, and the system is adaptable to all types of aircraft at present in use or projectedfor
the near future. The system can also be adaptedfor use in the disinsection of other closed
or semi-closed spaces.

Pearce, Schoof & Quarterman4 have discussed
the problem of aircraft disinsection and have called
attention to the weaknesses of the currently used
method of treatment with aerosols and to the
possibility of using insecticidal vapours. These
authors also presented the background work and
considerations which led to the discovery of DDVP
(O,O-dimethyl-2,2-dichlorovinyl phosphate) 5 and its
possible application to aircraft disinsection. Dosage-
mortality curves for DDVP vapours have been
established for adult houseflies (Musca domestica) 6
and for a species of anopheline mosquito (Anopheles
quadrimaculatus).7 The last-mentioned studies in-
dicated that if concentrations of DDVP in the air of
aircraft cabins were maintained in the range of 0.15-
0.25 ,ug per litre of air for 30 minutes, the air would
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Chemical Society, New York, N.Y., September 1960.
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be lethal to many insects of public health importance
which might be present in the aircraft. Using this
basic information, as well as the data from prelimi-
nary tests with DDVP vapour in actual aircraft, a
programme for the development of a device for
producing controlled amounts of DDVP vapour and
dispensing the vapour uniformly in commercial
aircraft was undertaken. The present paper reports
on the results of this work.
The effectiveness of an insecticidal vapour

treatment is a function of the concentration of the
toxicant and the duration of exposure of the insects.
Toxic concentrations of an insecticide are difficult to
maintain in an aircraft where the cabin air is renewed
continuously, oftentimes once every three minutes.
Under these conditions, any momentary treatment
such as the current use of pressurized aerosols is
inadequate. The ventilation effect on the product
of a toxicant concentration and its duration is
expressed by the commonly accepted " ventilation
equation " (Fig. 1). This equation states mathemat-
ically that the concentration of a toxicant in a
chamber where air is passing through at a fixed
rate is a function of the amount of toxicant dis-
pensed per unit time, of the ratio of chamber
volume to the volume of air passing through, and of
time. It is seen from the illustration that, with a
constant rate of vaporization of DDVP, the con-
centration of toxicant in the chamber air increases
with time and reaches a plateau. This plateau
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FIG. 1
"VENTILATION EQUATION" FOR DDVP VAPOUR DISPENSER AND AEROSOL DISPENSER
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remains nearly constant as long as conditions do not
change. As soon as the dispensing stops, however,
the concentration quickly falls. The total area under
the curve shows the product of time and concen-
tration when dispensing is continuous for 30 minutes.
The cross-hatched area on the other hand shows the
effect of the momentary dispensing of an aerosol.
The illustration depicts a condition where the air in
the cabin is renewed once every two-and-a-half
minutes, admittedly a severe condition, but not too
remote from actual practice. These observations led
to a decision to build a device for the sustained
dispensing of the toxicant and with adequate
capacity to counteract the effect of cabin air renewal.
In developing a device for vapour treatment of
aircraft, careful consideration was given to the
following important factors:

1. Safety of the system and its operation to
aircraft, passengers, and crews.

2. Compatibility of equipment and insecticidal
agent with aircraft operation and aircraft construc-
tion materials.

3. Adaptability of the system to the variety of
aircraft types currently in use and to those projected.

4. Dependability of the system and efficiency of
the disinsection process.

5. Automation of the system to minimize the
demands on the time and attention of the aircraft
crew and quarantine officials.

6. Feasibility of effective policing and verification
of the disinsection operation.

7. Minimum weight and space of equipment.
8. Reasonable cost of equipment and its installa-

tion, operation, and maintenance.
9. Elimination of any annoyance to passengers

and crew caused by the operation of the system.
The development of a mechanical system for the

disinsection of aircraft is mainly a problem in
chemical engineering. A conference was held with
engineers and chemists of the technical staff of Pan
American World Airways in August 1959 to learn at
first hand, by discussion and by inspection of various
types of aircraft, the design limits within which to
work.

It has been suggested ' that the ducts of the air-
conditioning system could be used for the distribu-

1 Sullivan, W. N. (1952) J. econ. Ent., 45, 544.
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tion of the toxicant. However, in the discussion
referred to above, it soon became obvious that
this suggestion would be unpractical with DDVP
and many other insecticides. Air in the ducts may
have very high or very low temperatures before
entering the cabin, depending on whether the
operation is one of heating or of cooling. DDVP is
somewhat unstable at temperatures above 140°F
(60°C), and at low temperatures the capacity of air
to carry DDVP vapour is considerably reduced.
The air-conditioning duct system collects soot,
smoke, dust, lint, and hair, forming a layer of
adsorbent material able to trap the insecticidal
vapour. Moreover, it would be poor practice to
subject, unnecessarily, the air-conditioning system
-and particularly the refrigeration coils-to any
possible corrosive effect of high concentrations of the
toxicant or its degradation products. Not only is it

difficult to service the duct system, but repairs are
costly. In view of these considerations, it was
decided that a system independent of any of the
aircraft components or their operation would be the
most satisfactory solution.
The system developed is shown in Fig. 2. A

miniature air compressor driven by a fractional
horsepower motor draws cabin air at ambient
temperature and humidity through a silica gel
drying-cartridge. The compressor expels the air
into a manifold on which the insecticide-impreg-
nated, filter-type cartridge is mounted. The air
passes through the filter where it becomes charged
with DDVP vapour; it then exits into a stainless
steel tube mounted in the ceiling of the cabin. This
tube, equipped with minute orifices spaced 3 feet
(1 m) apart, extends the length of the cabin. The
charged air re-enters the cabin through these

FIG. 2
MECHANICAL SYSTEM FOR DISPENSING DDVP VAPOUR
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orifices, mixes with the cabin air, and exits through
floor-level vents in the ventilation system. The
incoming air from the air-conditioning system aids
in the rapid distribution of the DDVP vapour
throughout the cabin air space. The static pressure
in the system is large compared to the dynamic
pressure loss, thus ensuring nearly uniform output
along the distribution line. The system is powered
from the aircraft's electrical system; a pre-set timer
controls the period of operation, while the unit is
activated by pushing a button. The timer stops the
unit when the pre-set time has elapsed. A complete
installation in a DC-6 or DC-7 aircraft weighs
approximately 15 lb (7 kg).

Details of the components of the system are as
follows: 1

Motor (Several manufacturers)
1/20 h.p., either 28 volts DC or 115 volts AC (400 cycles,

3-phase); 3500 r.p.m.; direct coupling.
Weight: not over 2 lb.
Cost: not over US $100.00; probably, US $70.00.

Compressor (Model 1030 2)
Oil-less, rotary-vane type with positive displacement,

0.8 cubic feet per minute at 6 p.s.i.g.; 3500 r.p.m.
Weight: 1.75 lb.
Cost: not over US $50.00.

Manifold and cartridge (Model OBF-100 3)
Manifold aluminium casting. Cartridge filter area,

approximately 1 square foot. Filter of cotton fibre
treated with a resinous compound.

Cartridge cylinder: 2 3/4 inches x 4 1/4 inches.
Weight of cartridge and manifold: 0.5 lb.
Cost: manifold, US $0.61; cartridge, US $0.88.

Distribution tubing
Stainless steel, seamless, Type 316, 3/8 inch outside

diameter x 0.02 inch wall.
Weight: 1 lb. per 10 feet.
Cost: US $1.24 per foot.

Orifices
Stainless steel set screws (Allen-type), 6/32 X /8 inch.
Bore: 0.0147 inch.
Weight: negligible.
Cost: US $0.08 each.

Timer (Type 303 4)
Manual pre-set: 0-60 minutes.
Rating: 28 volts DC.

1 Trade names are given for identification purposes only
and do not constitute endorsement by the US Public Health
Service or the World Health Organization.

2 Product of Gast Manufacturing Co., Benton Harbor,
Mich., USA.

3 Product of Wix Corp., Gastonia, N.C., USA.
4 Product of Automatic Timing & Controls, King of

Prussia, Pa., USA.

Load switch: double pole, single throw.
Relay type: DO, 28 volts DC cord.
Contacts: 2 normally open.
Weight: 2.3 lb.
Cost: US $100.00.

A prototype system was installed in an air-condi-
tioned aircraft mock-up at the laboratory, and a
number of tests were made to study its performance.
The output of toxicant, in this case DDVP, per unit
time is governed primarily by the volume of air
passing through the insecticide cartridge and by the
temperature of that air. This relationship is illus-
trated in Fig. 3 and 4. The rate of dispensing DDVP
(in mg per minute) at various temperatures and air
flows is indicated in Fig. 5. Doubling the cartridge
area with a fixed rate of air flow and a fixed tem-
perature did not increase the DDVP output notice-
ably.

FIG. 3
RELATION BETWEEN OUTPUT OF DDVP PER UNIT TIME
AND AIR TEMPERATURE AT VARIOUS AIR-FLOW RATES
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This information affords design values to be used
in adapting the system to various types of aircraft.
The output demand on the disinsection system is
based on the dimensions of the aeroplane and the
rate of removal of cabin air. It is assumed for the
present that the most severe condition would be one
in which the air in the cabin was replaced every three
minutes. A list of some aircraft commonly used in
international traffic and their dimensions is shown in
the table opposite. The values for the output of
DDVP are based on the maintenance of a concentra-
tion of approximately 0.2 ,ug per litre of cabin. air.
From this table and from the performance curves, it
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FIG. 4
RELATION BETWEEN OUTPUT OF DDVP PER UNIT TIME
AND AIR-FLOW RATE AT VARIOUS TEMPERATURES
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SOME APPROXIMATE DESIGN VALUES FOR AIRCRAFT
DISINSECTION WITH DDVP VAPOUR

Cabin Cabin Air flow a
DVMake volume length (litres/ (
DDVP b

(litres) (ft) (m) min.) j(m/mm.)

Douglas:

DC-3 65 000 44 13.4 22 000 4.4

DC-4 102 000 65 19.8 34 000 6.4

DC-6 113 000 75 22.9 38 000 7.6

DC-7 120 000 85 25.9 40 000 8.0

DC-8 190 000 96 29.3 63 000 12.6

Boeing:

377 228 000 75 22.9 76 000 15.2

707-100 336 000 104 31.7 112 000 22.4

707-300 356 000 113 34.4 118 000 23.6
720 306 000 96 29.3 102 000 20.4

Lockheed:

Electra 205 000 77 23.5 68 000 13.6

Constellation 170 000 73 22.3 57 000 11.4

Super Constell-
ation 226 000 78 23.8 75 000 15.0

a Assuming air renewal every 3 minutes.
b Assuming maintenance of a concentration of 0.2 og per

litre of air and no loss.

FIG. 5
RELATION BETWEEN DDVP DISPENSING RATE AND AIR

TEMPERATURE AT VARIOUS AIR-FLOW RATES
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is possible to work out the required capacity of the
equipment for a particular aeroplane.
The system may be operated while the aircraft is

parked with the doors closed, while it is taxiing, or
while it is in flight. The impregnated cartridge is a
" one shot " type and is disposable. Each cartridge
will carry an identification number for entry on the
aircraft's log at the time of installation. The cartridge
is standard in respect of its dimensions and the
amount of DDVP it carries. The output of DDVP
for different sizes of aircraft is regulated by the
volume and temperature of the air passing through
the cartridge.
The timer is set for the desired period of operation

by the attendant attaching the fresh cartridge. This
setting locks the system into the aircraft's power
supply. A member of the crew activates the system
by pushing a button when conditions are favourable.
On arrival, an inspector may verify the disinsection
by comparing the number on the cartridge with that
entered on the aircraft's manifest at the time of
departure and also by checking whether or not the
timer has returned to " zero " setting.
On the basis of the present knowledge of the

developers, it is recommended that disinsection
should take place as soon after departure as cabin
temperature, humidity, and rate of air circulation
have stabilized.
The system described in this paper has been tested

in passenger aircraft (DC-6 and DC-7) while on the
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ground and while in flight. These tests have been
reported on by Schoof et al.I Considering that the
system was based on data derived almost entirely
from laboratory and semi-laboratory experiments,
the authors feel it performed remarkably well. It is
believed that, with minor refinements, it could be
put into actual use in a relatively short time after
approval by the authorities concerned. Prior to
general use, however, the latter will require addi-
tional toxicological studies to be carried out on the
safety of using insecticidal vapours for aircraft dis-
insection.

* *

Although the vapour dispenser described here is
primarily designed for use with DDVP in aircraft, it
can be used as it is for pest control in any enclosed
systems with volumes and air-exchange conditions
similar to those in DC-6 and DC-7 aircraft. Or, by

discarding the tubing used for distribution in air-
craft and using fans or other air-circulating devices,
it could be used for the disinsection of enclosed
areas with volumes of the order of 2000-5000 cubic
feet (50-150 m3). For substantially larger volumes,
two or more units could be employed; or a larger air
compressor and DDVP cartridge could be assembled.
Some of the applications to which the present system
could be readily adapted are the following:

(a) After-hour treatment of restaurants, ships' gal-
leys, dining-cars, theatres, milk and food processing
plants, etc. for destroying fly, ant, cockroach, and
other pest infestations.

(b) Intermittent routine treatment of warehouses,
and other types of facilities for the storage of fur-
niture, tobacco, foods in sealed containers, etc.

(c) Treatment of greenhouses, animal sheds and
barns, chicken houses, kennels, etc.

RtSUM,

Cherchant a mettre au point un vaporisateur de DDVP
autonome semi-automatique pour la desinsectisation des
avions, les auteurs ont invent6 un vaporisateur pour
usage courant. L'essentiel de l'appareil est constitue d'un
petit compresseur actionne par un moteur d'une fraction
de CV, d'une cartouche poreuse impr6gnee de l'insecti-
cide (DDVP) et d'une canalisation tubulaire et lineaire
percee d'un nombre convenable d'orifices pour 1'&hap-
pement des vapeurs.
On a construit un prototype destine aux avions dont le

volume de la cabine est d'environ 115 m3 et dont l'air est
completement renouvele toutes les trois minutes (DC6 et
DC7). Dans ce but, on utilise un compresseur d'air
entretenu par un moteur de 0,05 CV a 3500 tours/min,

' See article on page 623 of this issue.

une cartouche impregnee d'environ 2 g de DDVP et un
systeme de dispersion tubulaire d'environ 22 m, garni de
24 orifices disposes a intervalles reguliers. Ce systeme est
destin6 a maintenir dans les avions une concentration de
vapeur d'environ 0,2 ug par litre d'air pendant une heure.
Les experiences rapportees ailleurs montrent que cette
concentration est mortelle pour les mouches domestiques
qui y sont exposees une demi-heure.

Les principaux avantages de l'appareil sont les sui-
vants: la quantite d'insecticide dispersee est connue et
contr6lee; tout espace clos, avec ou sans renouvellement
de I'air, peut etre ainsi traite; l'utilisation peut etreauto-
matique ou semi-automatique; on peut employer un
insecticide quelconque avec une pression de vapeur suffi-
sante; un volume fix6 d'air circulant et l'emploi de car-
touches dosees empechent toute erreur de concentration.


