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Analysis of the Effectiveness of Aircraft-Disinsection Aerosols against
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and ROGER STARKWEATHER, Entomology Research Division, Agricultural Research Service, United States
Department of Agriculture, Beltsville, Md., USA

Aircraft-disinsection trials conducted by WHO
have indicated the need for improved aerosols.a, b
Such formulations should be effective against
susceptible and resistant insects and non-irritating
to passengers and crew. In the present study, the
effectiveness of a candidate aerosol insecticide con-
taining sulfoxide was compared with those of the
insecticides used in the earlier disinsection trials.

Materials and methods
The tests were conducted in a 1000 ft3 (28.32 m3)

chamber provided with an aerosol-injection port
in the upper midsection of the door, three observa-
tion windows, four air-intake hatches, and a light
enclosed behind a glass plate in the ceiling. Between
tests, an air-exhaust system changed the air in the
chamber (one cycle of air every three minutes). The
walls and ceiling were thoroughly washed with a
solution of equal parts of acetone and water, and
the kraft-paper floor covering was changed after
every third test to minimize contamination.

Experimental aerosols
The following three experimental aerosols were

used in these tests:

1. The WHO Reference Standard Aerosol (RSA)
referred to in the eleventh report of the WHO Expert
Committee on Insecticides.c

Percentage
by weight

Pyrethrum extract (25 % pyrethrins) . . . . . 1.6
DDT technical . . . . . . . . . . . . . . 3.0
Xylene ................. . 7.5
Odourless petroleum distillate . . . . . . . . 2.9
Dichlorodifluoromethane ......... . 42.5
Trichlorofluoromethane .... . . . . . . 42.5

* The investigation reported here was a co-operative
effort by the Entomology Research Division of the United
States Department of Agriculture, the World Health Organi-
zation, and the Pyrethrum Board of Kenya.

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

b Sullivan, W. N., Azurin, J. C., Wright, J. W. & Gratz,
N. G. (1964) Bull. Wid HHlth Org., 30, 113-118.

2. The United States Department of Agriculture
(USDA) formulation (G-1492), which is a modification
of the G-1029 aerosol referred to in the eleventh report
of the WHO Expert Committee on Insecticides.c

Percentage
by weight

Pyrethrum extract (20% pyrethrins) ... 6.0
DDT ........ . .. .. .. . . . 2.0
Xylene ................. . 8.0
Dichlorodifluoromethane ......... . 58.8
Trichlorofluoromethane .... . . . . . . 25.2

3. The Pyrethrum Board of Kenya aerosol (PBK),
which is made up of pyrethrum and sulfoxide, together
with isopropyl myristate as a co-solvent for the latter.

Percentage
by weight

Decolorized pyrethrum extract (23.5% pyrethrins) 1.7
Sulfoxide ................. . 2.0
Isopropyl myristate . . . . . . . . . . . . . 2.4
Deodorized base-oil (Sheilsol T) . . . . . . . 13.9
Freon 11/12 50:50 . . . . . . . . . . . . . 80.0

The WHO (RSA) and the USDA (G-1492) for-
mulations were packaged in aerosol dispensers
fitted with precision No. 1 valves and dip tubes.
The PBK formulation was in a dispenser fitted with
an Aerosol Research Valve.
The WHO (RSA) formulation was tested at

3, 6, 12 and 24 g/1000 ft3 (28.32 m3); the G-1492
and PBK formulations at 2, 4, 8 and 16 g/1000 fts
(28.32 m3). The rate of delivery for all three pre-
parations was approximately 1 g/s, but exact
dosages were determined by weighing before and
after discharge in the test chamber.

Experimental procedure
Eighty tests, including controls, were carried out,

using 1- to 4-day-old adult male and female house-
flies (Musca domestica L.). The Fales 1960 strain of
houseflies, with DDT-resistance approximately 3.5
times that of the National Association of Insecticide

c WHO Expert Committee on Insecticides (1961) Wld
Hlth Org. techn. Rep. Ser., 206, 11, 26.
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and Disinfectant Manufacturers (NAIDM) 1948
non-resistant strain, was used in all tests. The house-
flies for each day's tests were immobilized with
carbon dioxide and mixed together, and random
samples equalling the number of tests planned for
that day were placed in separate cages. The contents
of one cage (100-200 flies) was released in the test
chamber for about 10 minutes to become accli-
matized. The test aerosol was applied through the
aerosol port at the rate of about 1 g/s until the re-

quired dosage, as determined by weighing, was

reached. An effort was made to ensure that the
aerosols were tested in random order at the various
dosages.
The houseflies were exposed to the test aerosol

for 30 minutes. The chamber was then aired out,
and knockdown counts were made. The test house-
flies were placed in cages, fed with a sugar-water
solution, and mortality counts were made after
24 hours. Temperature records for each test were

kept.
In supplementary studies, resistant mosquitos

(the Trinidad strain of Aedes aegypti L., supplied
by the United States Public Health Service) were

exposed to each of the three test aerosols. The test
procedure used was the same as that described
above for flies, save that the mosquitos were exposed
in 20-mesh wire-screen cages.

Statistical analysis

Three sets of data on the fly tests were available
for analysis, one for each of the three aerosol for-
mulations, and each of these sets consisted of from

one to eight repetitions of five to seven dosages. For
each repetition, the following information was
recorded: chamber temperature (IC), average age

(days) of flies tested, percentage of insects knocked
down after 30 minutes, and percentage of insects
killed after 24 hours.
Two separate analyses of these data were per-

formed: (1) the standard probit analysis in which log
dosage was regressed against the probit of the per-

centage of knockdown or mortality, and (2) a mul-
tiple-regression approach using log dosage, tem-
perature, age of the flies, and percentage of knock-
down as independent variables to predict the per-

centage of mortality.

(1) Probit analysis. Table 1 shows the results of
these six analyses. The WHO (RSA) formulation
was practically ineffective against the resistant flies
tested. With USDA formulation G-1492, there was

no relation between knockdown and dosage but a

good one between dosage and mortality. However,
the PBK formulation showed up well in both its
knockdown and mortality relationships to dosage.
At the 50% point, 5% of the flies that were knocked
down recovered, this percentage diminshing with
increased dosage.

(2) Multiple-regression analyses. The multiple-
regression equations for the three insecticide aerosol
formulations are shown below:

If Y2 = percentage of mortality, in probits; X1 = the
logarithm of the dosage; X2 = temperature (°C);
X3 = age of the treated flies in days; Y1 = percentage
knockdown in probits; and R2 = the coefficient of

BLE 1

LD5o VALUES, 95% FIDUCIAL LIMITS AND REGRESSION COEFFICIENTS
FOR THREE FORMULATIONS TESTED AGAINST RESISTANT HOUSEFLIES a

Formulation J rTypone Lower limit LDso b Upper limit coReression

WHO (RSA) Knockdown _ RNS _ 0.3486

Mortality _ RNS - 0.4889

G-1492 Knockdown - RNS - 0.6605

Mortality 4.40 6.71 14.25 1.2434

PBK Knockdown 0.08 3.10 6.28 0.9674

Mortality 1.60 4.07 7.37 1.0152

a Units are g/1000 ftl (28.32 mi).
b RNS = regression not significant.
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determination (the square of the correlation coefficient),
we find the following:

Equation of the general form
y, = a + fl1XL + P2X2 + P3X8 + f3y1

WHO (RSA)

G-1492

PBK

YS= 1.96075 + 0.54832X1- 0.006949X2
+ 0.21622Xs + 0.35348YL
R= 0.5089

Y,= 0.39292 + 0.73578X1* + 0.044679X2
+ 0.18497X3 + 0.46359Y1**
R2 = 0.8336

Y2= 0.38946 + 0.52034X1 + 0.064921X2
+ 0.11210X3 + 0.62422Y1
R2 = 0.7179

* Significant at the 5% level.
' Significant at the 1 % level.

Since the temperature (X2) and the age of the fly
population (X,3) could have influenced the 24-hour
mortality (Y2), it was deemed advisable to include
these two factors along with the knockdown per-

centage to see how they would modify the predictions
of mortality. The three equations are shown above,
together with the value of R2, the coefficient of
determination, which indicates the proportion of
variability in Y2 explained by the four variables.

It is immediately obvious that neither the average

ages of the fly populations treated nor the tempera-
ture had any significant effect on the predicted
mortality. Since the age varied by as much as two
days and the temperature by as much as 9°C, the
lack of effect of these factors on the mortality per-

centage was encouraging.
In the supplementary investigation of the effect

of the three insecticides on resistant mosquitos,
only the percentage of mortality, according to the
aerosol dosage, was observed (Table 2); no re-

gressions were calculated. It was noted that the
PBK formulation was slightly more effective than
was G-1492, and that both of them were superior
to WHO (RSA).

Comment

In agreement with the probit analysis reported
above, the regression for the WHO (RSA) formula-
tion indicated no predictive ability for any of the
four variables that were employed. The coefficient
of determination (R2) indicated that, at most,
only 51 % of the variability percentage was accounted
for by the four variables. The equation for G-1492,

on the other hand, showed both the dosage and
knockdown percentage as contributing significantly
to the prediction of the percentage of kill. The
variable for knockdown in this equation, as in that
for the PBK formulation, is undoubtedly the most
important predictor of the final kill at 24 hours, but
the variable for the logarithm of the dosage appeared
to yield erratic results. It must be remembered,
however, that, with G-1492, there was no relation-
ship between the logarithm of the dosage and the
percentage of knockdown, but that with the PBK
formulation, the two probit lines were very close
indeed. The lack of significance of the logarithm of
the dosage in the PBK equation was caused by a
strong correlation between XA1 and Y1 that was
lacking in the equation for the G-1492 formulation.
These tests clearly indicate that, in the case of

resistant houseflies, the WHO formulation was
totally inadequate. Most of the regression coeffi-
cients cannot be distinguished from zero at a
reasonable level of significance because of the high
variability present.

Formulation G-1492 was effective in killing the
flies but had quite a variable knockdown rate. This
work has shown good prediction of mortality by
using both the dosage logarithm and the percentage
of knockdown at 30 minutes.

TABLE 2

EFFECTIVENESS OF THREE FORMULATIONS TESTED
AGAINST RESISTANT MOSQUITOS

Formulation No. of 1 Aerosol Percentagetests a dosage (g) mortality

WHO (RSA) 1 0.75 0

1 3.00 0

3 5.00 97

2 10.00 99

G-1492 1 0.50 0

1 2.00 0

3 5.00 100

2 10.00 100

PBK 1 0.50 0

1 2.00 14

3 5.00 100

2 10.00 100

a Approximately 100 insects in each test
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The PBK formulation appeared to be more
effective than G-1492, but it cannot be ranked first
statistically, since the fiducial limits of the two
median lethal dosages overlap (Table 1). However,
if one of these two insecticides is to be chosen, the
PBK formulation should be preferred. It should be
noted, however, that the latter formulation requires
toxicological clearance before it can be used in
aircraft.
The findings of the present study appear to

indicate that a rapid reading of the percentage of

flies knocked down will be almost as informative
as a 24-hour mortality reading. As long as the fly
populations used are between one and three days
old and the temperature is not permitted to vary
more than 8°C, these two factors will be of no
importance and may be disregarded.

In the supplementary tests, it was found that
both the PBK and G-1492 formulations were
highly effective against the resistant Trinidad strain
of Aedes aegypti. The WHO (RSA) formulation
was less effective.

Valeur de la reaction d'immuno-fluorescence apres absorption
des serums par le treponeme de Reiter pour le serodiagnostic de la syphilis

par A. BETZ, Chef de Service a' l'Institut d'Hygiene et de Sante' publique, Luxembourg

La reaction d'immuno-fluorescence (IF) indirecte
a ete depuis longtemps appliquee au serodiagnostic
de la syphilis,a mais certains desaccords subsistent
quant aux criteres de specificite et de sensibilite.
En effet, lorsqu'on effectue ce test avec des serums

non ou peu dilues, un grand nombre de serums
provenant de sujets indemnes de syphilis se revelent
positifs. Ceci fait penser qu'une assez grande partie
de la population possede des anticorps vis-a-vis
d'antigenes non syphilitiques mais qui presentent des
caracteristiques communes avec ceux de Treponema
pallidum. Des antigenes communs a divers trepo-
nemes saprophytes d'origine genitale et 'a T. pallidum
ont ete mis en evidence par les epreuves de fixation
du complement, b la precipitation en gelose b et
l'immuno-fluorescence.c Pour eliminer, ou du moins
diminuer dans une proportion considerable les
reactions d'immuno-fluorescence faussement posi-
tives dues tres probablement a ces communautes
antigeniques, on a ete amene 'a diluer les serums. Les
auteurs ne sont cependant pas tous d'accord sur la
dilution limite significative, c'est-'a-dire la dilution ol
toutes les reactions faussement positives auraient
disparu, ofi ne persisteraient que des reactions speci-

a Deacon, W. E., Falcone, V. H. & Harris, A. (1957
Proc. Soc. exp. Biol. (N. Y.), 96, 477.

b Dupouey, P. (1963) Ann. Inst. Pasteur, 105, 725.
c Pillot, J., Dupouey, P. & Faure, M. (1960) Ann. Inst.

Pasteur, 98, 734.

fiques et oiu serait sauvegardee une sensibilite suffi-
sante. Cette dilution limite varie suivant les auteurs
de 1/10 a 1/200.d, e.f, 9 I1 va de soi que plus on
dilue les serums, plus la specificite de la reaction
augmente en meme temps que diminue la sensibilite,
car il ne persiste alors de reaction positive qu'avec
les serums fortement positifs. Si au contraire on dilue
de moins en moins les s6rums, la sensibilite aug-
mente tandis que la specificite diminue, et l'on arrive
a obtenir, avec des serums dilues au 1/5, un taux
d'au moins 30% de reactions positives en dehors de
toute atteinte syphilitique,l ce qui enleve tout interet
diagnostique 'a la reaction d'immuno-fluorescence
indirecte simple 'a cette dilution.
Des 1961, les recherches de Pilot' avaient montr6

qu'un serum syphilitique epuise par une suspension
de treponemes de Reiter et ne reagissant plus avec

r,. d Colombani, J. & Ripault, J. (1964) Path. et Biol, 12,
56.

e Niel, G. & Fribourg-Blanc, A. (1963) Bull. Org. mond.
Sante,, 29, 429.

f Petzoldt, D. & Tupah-Barniske, R. (1965) Dtsch. med.
Wschr., 90, 950.

g Ripault, J. & Colombani, J. (1964) Path. et Bio., 12,
276.

h Vaisman, A. & Hamelin, A. (1961) Presse med., 69,
1157.

i Hunter, E. F., Deacon, W. E. & Meyer, P. E. (1964)
Publ. Hlth Rep. (Wash.), 79, 410.

i Pillot, J. & Borel, L. J. (1961) C. R. Acad. Sci. (Paris),
252, 954.
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