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Disinsection of Aircraft with a Mechanical Dispenser
of DDVP Vapour*

H. F. SCHOOF,' J. A. JENSEN,2 J. E. PORTER 3 & D. R. MADDOCK

In-flight and on-ground tests in commercial aircraft have demonstrated the feasibility
of using DDVP (0,O-dimethyl-2,2-dichlorovinylphosphate) vapourfor disinsectionpur-
poses. Treatment of the passenger compartments of DC-6 and DC-7 aeroplanes was
accomplished by passing cabin air through a fibrous cartridge impregnated with DDVP.
The DDVP-charged air stream was distributedfrom the cartridge into the passenger com-
partment through small orifices, spaced 3 feet apart, in metal tubing suspended at ceiling
height along the longitudinal axis of the cabin. Further distribution of the vapour was
effected by the air currents of the ventilating system. During in-flight tests, vapour con-
centrations of 0.20 and 0.24 jtg of DDVP per litre of air gave 100 % mortalities of caged
houseflies located at 12 sites at three different levels and exposed for 30 minutes. No
effect of the vapour was noticed on the cholinesterase levels of three individuals exposed to
the treatment during 24 tests.

Laboratory and simulated field tests have indi-
cated that DDVP (O,O-dimethyl-2,2-dichlorovinyl
phosphate) vapour could be used for the elimination
of insects of public health importance aboard inter-
national passenger aircraft (Maddock et al.; 5
Maddock & Schoof 6). In 1959, a series of experi-
ments in DC-6B and DC-7B commercial passenger
aeroplanes on the ground, using a prototype dis-
penser, provided evidence as to the feasibility of this
method of disinsection (Maddock et al.7). From the
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highly satisfactory results obtained, it was obvious
that the next step was to design special equipment
for dispensing the vapour in aircraft. Such equip-
ment was developed by Jensen et al.8

DISPENSING SYSTEM

A miniature air compressor driven by a fractional
horsepower electric motor passes cabin air through
a cartridge containing a fibrous membrane impreg-
nated with DDVP (see figure overleaf). The air
stream containing the vapour is then distributed in
the passenger compartment through small orifices
spaced at 3-foot (1-m) intervals in a stainless steel
tube (1/4 inch diameter) installed below the ceiling
along the longitudinal axis of the cabin. The vapour
is further distributed throughout the cabin by the
air currents of the ventilating system. The intake
system consists of openings (" letter slots ") in the
walls just above the seats and small orifices (" eye-
balls ") in the lower surface of the baggage rack.
Exhaust ports are just above floor level. Both
intake and exhaust openings are distributed along the
length of the cabin. As the amount of DDVP
vaporized by this system is somewhat dependent
upon the ambient temperature of the aircraft, two
identical systems are installed side by side so that
the vapour concentrations could be increased if
necessary.

a See article on page 617 of this issue.
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VAPOUR DISPENSER, SHOWING MOTOR,
AIR COMPRESSOR, AND CARTRIDGE

TEST PROCEDURE

Air sampling techniques were similar to those
utilized in the 1959 tests (Maddock et al.1). In
"ground " tests, four air samples were taken from
fore to aft to determine the distribution of DDVP
vapour in the passenger cabin; during "in-flight"
tests, only three sampling positions were used. Sam-
pling was begun either immediately or five minutes
after the start of vaporization and continued through-
out the 30-minute test period.

Houseflies (NAIDM or CSMA susceptible strains
of Musca domestica 2) were sexed and, for each test,
50 females were put into each of 12 screen exposure
cages, 3 Y2 inches in diameter and 4 inches high
(approximately 9 cmx 10 cm). The open ends of
the cages were covered with paper, which was spread
out from the sides of the cages to reduce interference
with air circulation. All exposures were for 30 minutes.

11 Maddock, D. R., Sedlak, V. A. & Schoof, H. F. Pre-
liminary tests with DDVP vapor for the disinsection of inter-
national aircraft (Unpublished manuscript from the Tech-
nical Development Laboratories).

aThe specimens were reared at Savannah, Ga., and the
pupae were shipped daily to Miami, Hla.

Following each ground test, the flies were moved
immediately to the laboratory, anaesthetized with
carbon dioxide, and transferred to 9-oz. (250-ml)
paper cups capped with nylon net. Honey-water
cotton pads were placed on top of the nylon cap,
and the flies were held for 24 hours at a temperature
of 76-810F (24.4-27.2°C) and a relative humidity of
40-70%.

After in-ffight tests, the cages of flies were sealed
in cardboard containers and held therein until the
aircraft landed, when the procedure outlined above
was followed. When more than one test was anti-
cipated during a single ffight, the flies remained on
board in sealed cartons until used. Check cages of
flies were maintained at the laboratory as well as
near the aeroplane (ground tests) or on the aero-
plane (in-flight tests).

In the aircraft, the 12 cages of flies were placed
in the front, centre, and rear of the cabin, with a
vertical distribution as follows: in baggage racks,
on and under seats, on the floor between seats, on
the shelf and floor of cloakrooms, and in the lava-
tories (both front and rear, when present). Knock-
down-rate observations were made during each test.
The DDVP dispenser was located on the first

seat in the forward section of the cabin, the metal
tubing being attached 6-8 inches (15-20 cm) below
the ceiling, except in the lavatories or in the food
service area, where it was essentially flush with the
ceiling. The first outlet was approximately 3 feet
from the forward cabin door, which remained closed
throughout each test.
The DDVP vapour was introduced directly into

the passenger compartment while the ventilating
system of the aircraft was in full operation (in
ground tests, the ground blower-system was em-
ployed). Except in tests 23 and 24, the " eye-ball
ducts of the cabin were closed, all the air entering
by means of the " letter slots ". The doors to the
lavatories were opened briefly three times during
each test, to simulate normal practice.
Between successive ground tests in the same aero-

plane, the vaporizers were turned off; the front door
and the service door (towards the rear of the aircraft)
were opened; and the ground air-blower (providing
about one-third air exchange per minute) operated
continuously.

Temperatures were observed in at least four posi-
tions in the passenger cabin at the beginning and
end of each exposure period.

Allin-flighttestswereconductedin a DC-6Baircraft
except 19 and 20, which were carried out in a DC-7B.
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TABLE 1
PERCENTAGE MORTALITY OF FEMALE M. DOMESTICA EXPOSED TO DDVP VAPOUR FOR 30 MINUTES AT VARIOUS
SITES IN THE PASSENGER COMPARTMENT OF COMMERCIAL AIRCRAFT IN GROUND AND IN-FLIGHT TESTS

dis-
.

Temperature DDVP
24-hour percentage mortality

No. dis- (OF) (OC) (jug/litre) Baggage ~Cloak-bNo. gpensers r(F) (C) (lglitre) Baggcakge Seat Floor room Meanb Lavatory Mean c

GROUND TESTS

5 1 80 26.7 0.17 d 58 57 74 65 63 14 55

6 1 80 26.7 0.17 d 67 100 77 56 72 5 61

7 1 81 27.2 0.19 d 72 96 71 55 73 53 70
13 1 82 27.8 0.15 99 96 95 98 97 49 89

14 2 85 29.4 0.34 100 100 100 100 100 93 99
16 1 85 29.4 0.17 100 100 100 88 98 53 90

17 2 84 28.9 0.29 100 100 100 100 100 97 99

18 2 84 28.9 0.39 100 100 100 100 100 94 99
21 1 85 29.4 0.23 100 100 92 100 97 69 92

IN-FLIGHT TESTS

8-11 2 75-80 23.9-26.7 0.20-0.28 100 100 100 100 100 100 100
19-20 2 84-85 28.9-29.4 0.22 100 100 100 100 100 100 100
23 1 84 28.9 0.24 100 100 100 100 100 100 100
24 2 82 27.8 0.35 100 100 100 100 100 100 100

Number of sites .3.].. . . . . . . . 3 2 3-5 2 [ - 1 or 2 -

a Within a given test, the maximum variation in temperature among the four sites (i.e., excluding the lavatories) was 6°F (3.30C).
b Excluding lavatory data.
c Including data for all sites.
d Corrected for 25-minute sampling time.

For toxicological purposes, blood samples were
taken, from the three individuals present in all tests,
one and three weeks prior to exposure, after one
week of testing, and upon the completion of the
tests.

RESULTS

Tests 5, 6 and 7,1 using one vaporizing system,
resulted in average mortalities among 1-day-old
NAIDM flies of 55%, 61 %, and 70%, respectively
(Table 1). The mortalities at the different sites were
erratic, ranging from 4% to 100%. In subsequent
ground tests with one vaporizing system (13, 16,
and 21), average mortalities of 89%, 90%, and
92% were obtained. In all but one or two positions

1 The results of tests 14 were discarded because of the
high mortalities among the unexposed control flies.

in each test, the majority of the kills were 95-100%.
Excluding the lavatories, the lowest mortality at a
single site was 76% (on the floor of the cloakroom
in test 16). Test 13 involved 3-day-old CSMA ffies;
tests 16 and 21, 2-day-old NAIDM specimens.

In other ground tests (14, 17 and 18), two vaporiz-
ing systems were operated simultaneously and,
excluding the lavatory sites, 100% mortalities occur-
red at all positions.
The mortalities in the lavatories fell below those at

all other sites. With one vaporizer, a satisfactory
kill occurred at these sites in only one of the 12
exposures. However, when two systems were used,
four of the six exposures gave mortalities of 94-
100%.
The time taken to reach the 50% knockdown level

of flies (KDT6O) which resulted in consistent 100%
mortalities (26 minutes or less) was somewhat longer
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TABLE 2

AVERAGE DDVP CONCENTRATIONS a AT DIFFERENT AIR-SAMPLING STATIONS IN
GROUND (G) AND IN-FLIGHT (F) TESTS

Position
Number of Number ofBewnBten

testsr dispeNsmbers°f rFront front and Middle middle and Rear
middle rear

9 (G) 1 0.276 0.153 0.193 0.172

3 (G) 2 0.370 0.232 0.429 0.318

I (F) 1 0.385 0.248 0.092

7 (F) 2 0.321 0.226 0.197

a Expressed in g per litre of air.

than previously observed (19 minutes or less).' In
a majority of the ground tests, when a KDT50 was
observed during the exposure period, 100% mortali-
ties resulted after 24 hours. In four cases, a 100%
kill occurred even when the KDT5o was not reached
during the exposure period. There is no obvious
reason for this difference in KDT50 versus mortality
rates other than a possible variation in the con-
centration patterns produced by the different
methods of vapour production and distribution in
the two studies.

In the in-flight tests, vapour concentrations varied
from 0.20 to 0.35 ,ug of DDVP per litre of air, the
level in six of the eight tests being between 0.20 and
0.24 ,ug (Table 1). As all sites yielded 100% kill, the
increased effectiveness of the concentrations was
probably due to the apparently greater air circulation
in flight, which resulted in an improved distribution
of the vapour.
During ground test 17, flies of the Roberds

(DDT/dieldrin-resistant), Dieldrin-45, Bethesda-45
(malathion-resistant), and NAIDM strains were
exposed in the baggage rack at the front of the air-
craft. The knockdown rates and kills of the Roberds
and Dieldrin-45 strains were similar to those of the
NAIDM. No knockdown of the Bethesda flies
occurred in 30 minutes and only 20% mortality
resulted.

In in-flight test 23, a cage of flies was placed
inside a closed cabinet in the galley. All the flies
were killed, even though only one dispenser was
used and the cabinet door remained closed during
the entire test.

1 Maddock, D. R., Sedlak, V. A. & Schoof, H. F. Pre-
liminary tests with DDVP vapor for the disinsection of inter-
national aircraft (Unpublished manuscript from the Tech-
nical Development Laboratories).

In the initial ground tests, free-flying flies released
in the lavatories were observed to succumb much
more rapidly than the caged specimens. During test
22, more than 500 flies (CSMA strain) were released
in the cabin. Knockdown observations indicated
that within 20 minutes all except a few specimens
had succumbed. Presumably the free-flying speci-
mens picked up a greater amount of the insecticide
than those in the cages.

Following each of a pair of ground tests, two tests
were conducted to determine the persistence of
DDVP. Extremely low concentrations of DDVP
were reported in both instances (0.008 and 0.014 ,tg
per litre). The mortality of flies exposed for 30
minutes was about equal to that encountered in the
untreated checks. In a single in-flight persistence
test conducted after four consecutive runs (tests
8-1 1), the average concentration reported was 0.038
,tg per litre.
No increase in vapour concentration occurred

with consecutive runs aboard the same aircraft. In
ground tests 5, 6, and 7, the average concentra-
tions were 0.17, 0.17, and 0.18 ,ug of DDVP per
litre of air and the average mortalities were 55 %,
61 % and 73 %, respectively. In in-flight tests 8, 9,
10, and 11, the concentrations were 0.20, 0.28,
0.24, and 0.21 ,ug per litre and complete mortalities
resulted. The knockdown rates increased at some
sites but decreased at others; therefore, no deter-
minable increase in concentration was noted bio-
logically.
The vapour concentrations at the different sam-

pling stations are given in Table 2. Higher vapour
concentrations occurred at the forward station in
both ground and in-flight tests, but it was not
possible to correlate these differences in concentra-
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tion with either the mortality or the knockdown
rates of the flies exposed at sites nearest to the sam-
pling positions.

Cholinesterase analyses of blood samples from
the three individuals exposed to DDVP vapour in
all the tests gave no indication of exposure to any
organic phosphorus compound, nor were any effects
of exposure noted by the individuals concerned.

DISCUSSION

The current data on ground tests confirm the
preliminary findings of Maddock et al.1 that air
concentrations of approximately 0.3 ug of DDVP
can effectively disinsect an aircraft on the ground.
Of paramount interest in the present study are the
results of the in-flight tests in which 100 % mortalities
of the test specimens were obtained at all sites, the
average vapour concentration in six of the eight
tests being in the range of 0.20-0.24 ,ug per litre.
Since the in-flight tests were carried out under the
practical conditions that would prevail in the disin-

section of an air-borne aircraft, these data are
extremely significant. It was apparent to the
observers that air movement in the aeroplane during
flight was greater, and this fact presumably caused a
more rapid and effective distribution of the DDVP.
From the results observed with free-flying insects,

it appears possible that insects normally present in
aircraft could be killed more readily. In addition,
much of the concern of quarantine officers with
insects of public health importance relates to mos-
quitos, which succumb to DDVP vapour at con-
centrations lower than those reported in this paper.
The results of these tests in air-borne aeroplanes

have firmly established the biological feasibility of
the vapour technique for aircraft disinsection.
Further modification of the dispensers is required to
provide uniform production of DDVP vapour at
different temperatures, and subsequent tests should
be limited to in-flight studies which include aircraft
of the jet-propulsion type. In addition, further
toxicological studies are needed to ensure the safety
of this disinsection technique (Hayes and Witter 2)
prior to general use.
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RtSUMPE

Des recherches ont ete entreprises en vue de d6terminer
la possibilite d'utiliser les vapeurs de DDVP (phosphate
de O,O-dim6thyl-dichloro-2,2 vinyl repandues aL partir
d'un appareillage m6canique pour la desinsectisation des
avions. On a pratique des tests, en vol et i terre, avec un
distributeur prototype utilise dans des avions DC 6 et
DC 7 'a F'aroport international de Miami (Floride).

Les gaz etaient produits par un distributeur qui faisait
passer l'air repandu dans la cabine 'a travers une cartouche
contenant une membrane impregn6e de DDVP. L'air et
les vapeurs ont ete repartis tout le long de la carlingue

I Maddock, D. R., Sedlak, V. A. & Schoof, H. F. Pre-
liminary tests with DDVP vapor for the disinsection of inter-
national aircraft (Unpublished manuscript from the Tech-
nical Development Laboratories).

par une canalisation metallique fix6e au plafond, presen-
tant des orifices a un metre d'intervalle. La dispersion
des vapeurs fut favorisee par les courants d'air prove-
nant du systeme de ventilation.
Des cages contenant des mouches domestiques femelles

ont et plac6es en douze endroits differents, a trois hau-
teurs; ainsi, on a pu apprecier l'efficacite biologique du
procede. La concentration aerienne des vapeurs de DDVP
fut determinee A partir d'echantillons preleves, dans la
carlingue, en trois ou quatre endroits.

Les essais faits au sol ont montre qu'une mortalite
moyenne de 90-99 % pouvait etre obtenue par l'exposi-
tion des mouches durant 30 minutes a des concentrations

2 See articles on pages 629 and 635 of this issue.
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de 0,17-0,30 ug de DDVP par litre d'air. Les tests en vol
ont indiqu6 100% de mortalite chez les insectes utilis6s,
ou qu'ils aient ete places, cela avec des concentrations de
l'ordre de 0,20-0,30 pg par litre. Les mouches domes-
tiques volant librement ont ete touchees plus rapidement
que celles qui etaient en cage.
Des dosages effectues sur les trois experimentateurs

expos6s aux vapeurs, lors des 24 tests, n'ont pas montre

d'alteration du taux des cholinesterases qui correspon-
drait & l'exposition a un organo-phosphor6.
La reussite des tests effectu6s a bord des avions en vol,

en pleine ventilation, a 6tabli avec certitude la possibilite
d'utiliser des vapeurs de produits toxiques pour la
desinsectisation des avions. Un g6n6rateur m6canique de
ces vapeurs, concu selon le prototype, a 6t6 mis au point
avec succ6s.
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