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Studies on Aircraft Disinsection at " Blocks Away"
in Tropical Areas

W. N. SULLIVAN,' J. C. AZURIN,2 J. W. WRIGHT3 & N. G. GRATZ4

During 1962 experiments on disinsection of aircraft passenger cabins at " blocks away"
(i.e., after the doors have been closed following embarkation but before take-off) were
conducted with single-use, disposable aerosol dispensers in various types of commercial
aircraft operating in the tropics. The favourable results of these trials and ofprevious trials
in temperate zones indicate that this method is suitable as a standard procedure for aircraft
disinsection for international quarantine purposes.

The biological effectiveness of the SRA formulation against susceptible mosquitos and
its non-irritancy to passengers render it suitable as a standard formulation for aircraft
disinsection. The G-1492 formulation-effective against resistant and non-resistant mosqui-
tos-could be used where insecticide-resistance is proved, although it is slightly irritant to
some passengers. Both formulations are described. The authors suggest that further
research is needed to develop a safe formulation that is effective against resistant and
non-resistant insects and yet not irritant to passengers and crew.

In 1961, the World Health Organization, in col-
laboration with the Governments of Italy, Switzer-
land and the United Kingdom, conducted a series of
aircraft disinsection trials in temperate areas
(Sullivan et al., 1962), the primary objective of which
was to determine whether disinsection by means of
single-use, disposable dispensers at " blocks away " 5

would be effective in controlling mosquitos in regular
passenger flights. Secondary objectives were to
obtain preliminary information on whether pas-
sengers would react adversely to this procedure and
to demonstrate to the airline operators its con-
venience compared with the methods at present
in use.

1 Entomology Research Division, Agricultural Research
Service, Pesticide Chemicals Research Branch, US Depart-
ment of Agriculture, Beltsville, Md., USA. This work was
carried out during the author's appointment as Biological
Consultant to the World Health Organization.

2Director of Quarantine, Department of Health, Manila,
Philippines.

3Chief, Vector Control, Division of Environmental
Health, World Health Organization, Geneva, Switzerland.

' Scientist Entomologist, Vector Control, Division of
Environmental Health, World Health Organization, Geneva,
Switzerland.

6 In this context, disinsection at " blocks away " means the
treatment of the passenger cabin and all accessible interior
spaces of aircraft, except the flight deck, after the doors
have been locked following embarkation and before actual
take-off.

The WHO Committee on International Quaran-
tine (1961) in its eighth report regarded " blocks
away" disinsection as a technically acceptable
alternative method of aerosol disinsection of the
passenger cabin. It recommended that further
observations on the technique be made in the tropics.

This paper reports the results of trials carried out
in the Philippines and between the Fiji Islands and
Auckland, New Zealand, during 1962, in accordance
with the Committee's recommendation.
The study was a co-operative effort in which the

following participated:
(a) the Philippine, New Zealand and British

Governments;
(b) the International Air Transport Association;
(c) the Entomology Research Division, Agri-

cultural Research Service, United States Department
of Agriculture;

(d) the Bureau of Quarantine and the Department
of Health, Republic of the Philippines;

(e) the Quarantine and Health Office, Nandi
International Airport, Fiji Islands;

(f) the Takapuna Department of Health, Auck-
land, New Zealand;

(g) the Philippine Air Lines, Pan American Air-
ways and KLM-Royal Dutch Airlines;

(h) the World Health Organization.
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MATERIALS AND METHODS

The trials were performed in commercial piston,
prop-jet and turbo-jet passenger aircraft operating
on regularly scheduled ffights. As indicated in the
report of the 1961 trials (Sullivan et al., 1962), the
circulation of air in the cabin of passenger aircraft
varies considerably during taxiing and take-off
depending on the design of the airflow system. In all
aircraft, however, it is at a minimum during the
taxiing and take-off period. This favours disinsection
at " blocks away " because the lower exchange of
air at this time permits the insecticidal aerosol to
remain suspended in the cabin for the maximum
period of time.

Experimental aerosols
Two experimental aerosols were used in these

tests. The WHO Standard Reference Aerosol
(SRA) referred to in the eleventh report of the WHO
Expert Committee on Insecticides (1961); this aerosol
is widely used in Europe, Asia and the Western
Pacific. Its characteristics are as follows:
WHO Standard Reference Aerosol (10 g aerosol per
1000 cubic feet, or 35 g/100 mi, as recommended by the
WHO Expert Committee on Insecticides, 1961):

Percentage
by weight

Pyrethrum extract (25% pyrethrins) . . . . 1.60
DDT technical . . . . . . . . . . . . . 3.00
Xylene ...... . . . ........ . 7.50
Odourless petroleum distillate . . . . . . . 2.90
Dichlorodifluoromethane .. ...... . 42.50
Trichlorofluoromethane ......... . 42.50

The second formulation, G-1492, is a modification
of G-1029 aerosol referred to in the eleventh report
of theWHO Expert Committee on Insecticides (1961)
and has been in use for many years for disinsecting
aircraft in the Americas. In an attempt to reduce
irritation, this formulation was modified by the
United States Department of Agriculture for these
trials by substituting xylene for the irritating aromatic
petroleum-derivative solvents previously used. The
characteristics of the G-1492 formulation were,
therefore, as follows:
G-1492 (10 g aerosol per 1000 cubic feet (35 g/100 m3)):

Percentage
by weight

Pyrethrum extract (20% pyrethrins) . . 6.00
DDT . .......... . 2.00

Xylene (Shell code 3391) . . . . . . . . . 8.00
Trichlorofluoromethane . ...... . 25.20
Dichlorodifluoromethane . ....... . 58.80

The number of grams of aerosol formulation
released in each aircraft used in the trials is tabulated
below (see " Experimental procedures ").
As in the 1961 tests, the SRA formulation was

packaged in anodized aluminium dispensers in two
sizes (namely, 12 g and 18 g), fitted with precision
valves (spring mechanism removed) and dip-tubes.
Once activated by a downward pressure, the valve
remained open and the full contents were delivered
(at the approximate rate of 1 g per second). The
particle size produced is 13.5 ,u m.m.d. (mass median
diameter). In a limited number of tests, a plain
aluminium dispenser, 35 mm x 98 mm, containing
42 g of SRA formulation was used. This was fitted
with a modified Ridson valve with a copper dia-
phragm, which, when punctured by the plunger,
released the full contents of the container at 1 g per
second. The particle size produced was 12.5 , m.m.d.
The G-1492 formulation was packaged in quanti-

ties of 12 g and 18 g in plain aluminium containers,
35 mm x 64 mm, equipped with a Dill break-off
valve. The particle size produced was 12.5 u m.m.d.
Experimental procedures
Twenty tests were carried out on flights of 45

minutes to 4.5 hours in duration. All flights origi-
nated in the tropics and all (except five to New
Zealand) terminated there. Tests were made during
August and early September 1962.
The test insects consisted of vigorous adult male

and female mosquitos placed in the aircraft in
cylindrical cages (21/2 inches (6.4 cm) in diameter
and 71/2 inches (16.2 cm) long) made of either
14 x 18 or 18 x 18wiremesh.
The mosquitos used in the Philippine trials con-

sisted of adults emerging from wild-collected larvae
and pupae from the Manila area as well as their
progeny bred in the laboratory. Emerging adults
were provided with crushed raisins and females were
allowed to feed on chickens and held until sufficient
numbers were available for a test.' Among these
reared mosquitos, Aedes aegypti and Aedes albo-
pictus predominated, although a few Culex fatigans
were also found. Some of the mosquitos used in the
trials were reared in a similar manner by the Vermin
Control Laboratory, Manila. The mosquitos used
in the tests were 2-8 days old. The susceptibility or
resistance of the various colonies to DDT was
determined, using the standard test procedure

1 Performed by Mrs Adela U. Pagayon and Mr Anelixo
del Rosaria, Research Entomologists, under the leadership
of Dr Jos6 B. Mendoza, Department of Health, Republic
of the Philippines.
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recommended by the WHO Expert Committee on
Insecticides (1960).1

Prior to the flight the airline steward (or steward-
ess) was briefed in the method of applying the
aerosols in the aircraft. The crew member released
the aerosol while walking slowly down the aisle,
activating the indicated number of dispensers one
at a time. The aerosol was directed from a point
above and away from the heads of the passengers
and not more than half a metre from ceilings and
walls. The pilot's compartment was not treated.
The dosages applied on flights to or from Manila

were as follows:

Aircraft No. of Cabin volume Dispensers per aircraftflightscu.3ft 3 1a
DC-3 3 1 245 35.2 lSRA at12g
DC-3 1 1 245 35.2 1 G-1492 at 12 g
Fokker 3 2118 60 2SRAat 12g
Fokker 1 2 118 60 2 G-1492 at 12 g
Viscount 2 2680 75.9 2 SRA at 12 g
Viscount 2 2680 75.9 2 G-1492 at 12 g
DC-8 1 7945 225 3 SRA at 18 g plus

2 SRA at 12 g
DC-8 1 7945 225 3 G-1492 at 18 g plus

2 G-1492 at 12 g

On flights between Nandi, Fiji, and Auckland,
New Zealand, the dosages were:

Aircraft No. of Cabin volume Dispensers per aircraftflights cu.ft m3

DC-7C 2 4863 137.7 2 SRA at 18 g plus
1 SRA at 12 g

DC-7C 2 4 863 137.7 2 G-1492 at 18 g plus
1 G-1492 at 12 g

DC-7C 2 4863 137.7 1 SRA at 42 g

Pertinent in-flight information was obtained from
a questionnaire given to the stewardess prior to
departure. She was requested particularly to obtain
passenger reactions to the two test aerosols (WHO
SRA and G-1492).2
The Philippine tests were conducted on round-trip

flights from Manila.2 In these, half the cages of
insects prepared for the test, plus one sealed control,

1 The standard test method for measuring resistance in
adult mosquitos, with a one-hour exposure, was performed
by Mrs A. U. Pagayon and Mr A. del Rosario in collabora-
tion with Professor Chow, WHO Regional Office for the
Western Pacific.

2 A summary of the passenger reactions recorded on the
flights is given in tabular form in unpublished document
WHO/Vector Control/19. This document also gives the
meteorological data for Manila for the period 10-18 August
1962 and for Nandi for the period 19-26 August 1962. It may
be obtained, on request, from Vector Control, Division of
Environmental Health, World Health Organization, Geneva,
Switzerland.

were placed loose at the various test stations at
different heights-e.g., on the racks over the pas-
senger seats, on or under the seats, on racks or on
the floor in the galley, in the coat closet, and in
other similar places. (Cages containing the control
mosquitos were placed in similar positions but were
sealed in plastic bags admitting no air.) The other
half of the cages, including a control, were placed
in a cardboard carton which was sealed with
masking tape and placed in an area of the aircraft
where exposure to the insecticide was at a mini-
mum. The return flight test was made using the
previously unexposed mosquitos and the second
control. Mosquitos which had been exposed on the
outward flight were sealed in the carton. The speed
of knockdown of the mosquitos was observed by
personnel working on the trial during the course of
the flight. Food in the form of cotton pads moist-
ened with 10% sugar-water and placed on the
outside of the cage was available to the mosquitos at
all times except during the exposure period. Mortal-
ity counts according to species and sex were made
after a 24-hour holding-period in the laboratory.

In the Nandi-Auckland trials,2 the caged mosqui-
tos were placed on the aircraft in test stations similar
to those in the Philippine trials by airport health
officers. They were received at Auckland by an
entomologist who immediately made knockdown
observations. The percentage mortality of the male
and female mosquitos was determined after a
24-hour holding period at room temperature.
Owing to quarantine restrictions, Culex fatigans

was the only mosquito used in the Nandi-Auckland
trials. Fourth-instar larvae and pupae were collected
from puddles and pools and in the stagnant water of
drains in the vicinity of the Nandi township and the
International Airport area.3 They were brought into
the Health Office Laboratory and reared in trays
and bottles with ordinary breakfast biscuits (Cabin
crackers) added to the water. Pupae were pipetted
from the natural breeding-areas and the laboratory
supply and placed in jars. The emerging adults were
transferred to cloth holding-cages or directly to the
wire-screen test-cages. They were fed 10% sugar-
water on cotton pads and tested when 2-8 days old.

Resistance studies indicate that the Aedes aegypti
and Aedes albopictus mosquitos used in the Philip-
pine trials showed an increase in tolerance to DDT

3The Fiji Islands phase of the trials was supervised by
WHO and performed by M. H. Ali, Quarantine and Health
Officer, Nandi International Airport, Fiji, and I. M. Rakai
and M. V. Natuna, Senior Mosquito Inspectors.
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of two to three times the level of the normal strain.
Inasmuch as the Culex fatigans were collected from
areas where DDT spraying has been done for many
years, it is presumed that they have developed
resistance against DDT.
The Culex fatigans in the Fiji-New Zealand trials

were said to be susceptible. This appears to be
confirmed by the results.

RESULTS AND DISCUSSION1

The results of these trials demonstrate that the
"blocks away " disinsection procedure is effective
and acceptable under tropical conditions.

Against the resistant Philippine mosquitos G-1492
gave a 100% mortality in all tests except one (No. 14),
where one cage (86%) was covered with a coat,
another (84%) was in the curtained coat closet, and
a third (94%) was on a rack. The G-1492 was more
effective than the SRA against the resistant Philip-
pine mosquitos, the latter formulation giving 100%
mortality in five of the nine flights in which it was
tested, 96%-100% mortality in another two, and
40%-100% mortality in the remaining two. Both
the SRA and G-1492 formulations, however, gave
a 100% mortality against the susceptible Fiji Culex
fatigans. The controls are considered to be satis-
factory for this type of test, the 24-hour mortality
ranging in general from 0 to 25% although in a very
few tests it was as high as 36 %-57 %.

Observations during and immediately after test
flights showed that the high pyrethrum content in
G-1492 aerosol gave a faster knockdown than the
SRA aerosol, which had a lower pyrethrum content.
In some instances, there was a 100% knockdown in
five minutes with G-1492 and in every case there was
a 1000% knockdown before the aircraft reached its
destination.
The SRA formulation applied at " blocks away '

caused no irritation to passengers. The stewardesses
who applied the SRA formulation indicated a certain
preference for it compared with the G-1029 formula-
tion used in the 1961 trials. The G-1492 aerosol
caused dryness in the noses of a few passengers.
The SRA single-use aerosol dispensers functioned

satisfactorily in all tests, thus ensuring application of
the correct dosage. It was necessary to replace two
of the G-1492 break-off tip dispensers due to
malfunction.

1 Complete detailed protocols of the tests carried out and
all results obtained are given in unpublished document
WHO/Vector Control/19, which also contains data on the
susceptibility levels of the mosquitos used in the Manila trials.

In two test flights the stewardess found it awkward
to handle the five dispensers needed to disinsect the
8000 cubic feet in a DC-8 aircraft. This difficulty
was overcome in two other tests by the use of the
42-g unit referred to above.
The 4-12-minute (average 7.5-minute) period of

time between " blocks away" and flight was suffi-
cient for effective aircraft disinsection. During
several of the tests there was a conflict at " blocks
away " between a briefing on safety regulations (use
of oxygen and life-preserver equipment) and aircraft
disinsection. Effective " blocks away " disinsection
would require a firm directive that disinsection of
aircraft be carried out immediately after the doors
are closed for departure.
These trials indicated that the single-use dis-

posable dispensers for disinsecting commercial
aircraft should be made up in two sizes: a 12-g unit
for the smaller aircraft and a 42-g unit for the
medium and large aircraft.
A simple operational procedure to ensure that

aircraft are properly disinsected at " blocks away "
with single-use disposable aerosol units could be as
follows:

(1) The airport health officer gives, or agrees
with the pilot on, the correct number of aerosol
dispensers, and a slip of paper with the serial
numbers of dispensers is handed to the crew just
before departure.

(2) The pilot or responsible crew member records
disinsection on the health part of the aircraft general
declaration.

(3) The pilot records disinsection in the log book.
(4) The empty containers and slip ofpaper are given

to the health officer on arrival at the destination.

CONCLUSIONS

The favourable results obtained both in the pre-
sent trials and in those previously carried out in
temperate zones (Sullivan et al., 1962) indicate the
suitability of the " blocks away " method for adop-
tion as a standard procedure for disinsection of
aircraft for international quarantine purposes. It
should therefore be of considerable interest if health
and aviation administrations and aircraft operators
could be invited, through the International Air
Transport Association, to insert, where appropriate,
a description of the " blocks away " disinsection
procedure in their operations manuals.
The SRA formulation as used in these tests in

single-use, disposable dispensers at " blocks away "
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at a dosage of 10 g/1000 cubic feet (35 g/100 mi3)
gives satisfactory control of non-resistant mosquitos
in aircraft and creates no passenger reaction: for
these reasons it is suitable as a formulation for
routine aircraft disinsection.
The G-1492 formulation applied in the same

manner is biologically effective for both resistant and
non-resistant mosquitos and is therefore preferable
in situations where insecticide resistance is proved.
However, the high pyrethrum content may cause a
slight irritation to some passengers; it may therefore
be advisable to inform them beforehand that a
temporary nasal dryness may be experienced after
the release of the insecticide into the aircraft.
Determination of the presence of resistant mosquitos
and selection of the appropriate formulation could
be undertaken by the governments concerned, in
consultation with WHO.
The 12-g, single-use aerosol dispenser for small

aircraft and the 42-g unit for medium and large air-

craft offer a simple and effective means for dis-
insection and their manufacture and availability
should be promoted. The marking of such dis-
pensers with a serial number, instructions for their
use and indications as to the types of aircraft for
which they are suitable would be of considerable
assistance.

It is considered desirable that arrangements be
made between the health authorities concerned and
aircraft operators to provide for disinsection of
aircraft as soon as the doors are closed at embarka-
tion and before the safety briefing, such procedure to
be entered on the health part of the aircraft general
declaration and numbered empty containers to be
presented to the Quarantine Officer on arrival as
proof of disinsection.

Intensified research is, however, still required to
develop a safe formulation that is effective against
resistant and non-resistant insects and yet is not
irritant to passengers and crew.
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RLESUMt

Les auteurs passent en revue les diverses experiences
effectuees ces dernires annees par d'autres chercheurs et
par eux-memes en matiere de desinsectisation des aero-
nefs. Ces experiences montrent que la d6sinsectisation
execut6e # cales enlevees)> (le traitement de la cabine des
passagers et de tous les autres espaces accessibles de
F'a6ronef, a l'exception du poste de pilotage, effectue
apres le verrouillage des portes qui suit 1'embarquement,
mais avant le decollage) est tres efficace. Elle devrait etre
proposee par les soins de I'Association du Transport
a6rien international comme methode normale de desin-
fection des aeronefs prevue par la quarantaine inter-
nationale.

L'efficacit6 biologique de F'aerosol standard de
ref6rence OMS contre les moustiques sensibles et son
absence de pouvoir irritant pour les passagers le

recommande pour les ddsinsectisations de routine des
aeronefs.
La pr6paration G-1492 (modification de 1'a6rosol

G-1029 mentionne dans le onzieme rapport du Comit6
OMS d'experts des Insecticides) a 1'int6ret d'etre efficace
contre les moustiques resistants; son utilisation est donc
preferable lorsqu'existe, de facon certaine, une resistance
aux insecticides. Cependant sa forte teneur en pyrethre
peut irriter ou incommoder certains passagers; ceux-ci
devront etre informes de la possibilite de s6cheresse de la
muqueuse nasale survenant apres la pulverisation du
G-1492 dans la cabine.
Des recherches doivent s'effectuer pour la mise au

point d'un insecticide qui soit 'a la fois efficace contre les
insectes resistants et parfaitement supporte par les pas-
sagers et 1'equipage des aeronefs.

REFERENCES

Sullivan, W. N., Keiding, J. & Wright, J. W. (1962)
Bull. Wld Hlth Org., 27, 263-273

World Health Organization, Committee on International
Quarantine (1961) Off. Rec. Wid Hlth Org., 101, 31-50

World Health Organization, Expert Committee on Insecti-
cides (1960) Wld Hlth Org. techn. Rep. Ser., 191, 15

World Health Organization, Expert Committee on Insecti-
cides (1961) Wld Hlth Org. techn. Rep. Ser., 206, 11


