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DOSAGE-MORTALITY RESPONSE
OF FEMALE HOUSEFLIES EXPOSED IN CAGES TO DDVP

VAPOUR FOR 30 MINUTES AT SIX LOCATIONS
IN A SIMULATED AIRCRAFT PASSENGER CABIN

Con- 24-hour percentage mortality
Test Run centration of female flies
No. No. of DDVP5 __-__-__ _-(jsg per 1 12 1 3 4 5 1 6litre) -_ _ J l

16 1 - 100 100 100 100 100 100

2 0.21 100 100 100 100 100 100

3 0.19 100 100 100 100 100 100

4 0.18 98 98 99 99 100 100

17 1 0.20 100 100 100 100 100 100

2 0.18 99 100 100 100 100 100

3 0.03 1 2 0 2 0 4

4 0.18 100 97 100 100 100 100

18 1 0.09 94 96 99 100 99 94

2 0.15 95 98 99 100 99 99

3 0.14 99 100 99 100 100 100

4 0.25 100 99 100 100 100 98

a Based on air samples obtained at the front and centre of the
mock-up.

was higher than that obtained in the cubical chamber
at that concentration.

In other tests with M. domestica, susceptible
Anopheles quadrimaculatus and susceptible and
resistant Aedes aegypti were included for compara-
tive purposes. The average results from 50 tests in-
dicated that DDVP concentrations giving 44% kills
of female M. domestica would produce mortalities of
64% and 71 % with the two species of mosquitos.

In a later series of tests, which involved 40 replica-
tions and in which the females of two strains of
susceptible houseflies (NAIDM and CSMA), DDT-
resistant Aedes aegypti, and susceptible Anopheles
quadrimaculatus were exposed simultaneously for
30 minutes, 100% mortalities were obtained with
concentrations of or above 0.11, 0.16, 0.08, and
0.14 ,tg of DDVP per litre of air, respectively. With
all four strains, 100% knockdown of the specimens
was obtained within 10 minutes after the 30-minute
exposure in 17 trials in the concentration range of
0.20 to 0.31 jug of DDVP per litre of air.
The data obtained in these tests indicate that a

concentration of or above 0.15 ,ug of DDVP per litre
of air, with 30-minute exposures, will provide 95-
100% mortalities of female M. domestica, and that
female A. quadrimaculatus and A. aegypti are more
susceptible to the DDVP than the housefly.

Dosage-Mortality Response of Anopheles quadrimaculatus
Exposed to DDVP Vapour *
by D. R. MADDOCK, Entomologist (Medical), Biology Section, Technical Development Laboratories, Techno-
logy Branch, Communicable Disease Center, Public Health Service, US Department of Health, Education, and
Welfare, Savannah, Ga., USA, and V. A. SEDLAK, Chemist, Toxicology Section a

A potentially useful new tool in the control of
malaria vectors, the residual fumigant technique,
was reported in 1959 by Mathis et al. b As part of a
series of studies with this technique, experiments
were conducted to determine the concentration of

* This study was accomplished as part of a contractual
agreement between the Communicable Disease Center and
the International Cooperation Administration, and was
submitted to the WHO Expert Committee on Insecticides,
September 1960.

a Present address: Technology Branch, Communicable
Disease Center, Public Health Service, US Department of
Health, Education, and Welfare, Atlanta, Ga., USA.

b Mathis, W., Fay, R. W., Schoof, H. F. & Quarterman,
K. D. (1959) Publ. Hlth Rep. (Wash.), 74, 379.

DDVP (O,O-dimethyl-2,2-dichlorovinyl phosphate)
in the air necessary to kill female Anopheles quadrima-
culatus with a 4-hour exposure. Such information
would be valuable in estimating vapour concentra-
tions without resorting to chemical analysis. In
addition, evaluation of the toxicological hazards of
the technique is dependent upon a knowledge of the
concentrations which will be employed under field
conditions.
The tests were conducted in paper-lined 6-foot

(1.8-m) cubical test chambers equipped with an
exhaust system which was calibrated to furnish one
air exchange every three minutes. DDVP vapour
was produced by passing dried nitrogen gas through
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a glass tube packed with a roll of fibre-glass cloth
saturated with purified DDVP. The rate of vapour
production was controlled by varying the flow of
nitrogen.
The concentrations of DDVP vapour in the

chamber during mosquito exposure periods were
measured by collecting air samples on activated
alumina columns, eluting the columns with acetone-
water solutions, and determining the phosphorus
content of the eluates colorimetrically.c
Approximately 50 susceptible A. quadrimaculatus

of mixed sexes were placed in screen wire cages,
31/2 inches in diameter and 4 inches long (approxi-
mately 9 cm x 1Ocm), which were closed with nylon
netting. In the initial series of tests, a cage of insects
was suspended at each of two positions in the
chamber. Air samples were obtained within a few
inches of the cages.

In these tests, there was a wide variation in the
mortalities of female mosquitos as related to the
DDVP vapour concentrations; in some cases 100%
were killed when exposed to a concentration as low
as 0.009 ,ug of DDVP per litre of air; in other cases
none were killed with concentrations as high as
0.022 ,ug per litre. The LC50 was estimated to fall
somewhere between 0.007 and 0.020 ,ug per litre.

During these tests, 74 paired exposures with
mosquitos and houseffies showed a definite rela-
tionship between their mortalities. The mosquito
mortalities were higher than the fly mortalities.
When the mosquito kills were greater than 95%,
the fly mortalities were more than 20%. Mosquito
mortalities between 50% and 90% compared with
from 0 to 40% mortalities for flies, the majority being
between 9% and 21 %. When the mosquito kills
dropped below 50%, the housefly mortalities were
10% or less, mostly under 8%.
The apparently poor relationship between DDVP

vapour concentration and mosquito mortalities
could not be attributed solely to biological variation.
Further experiments indicated that, at these low
concentrations, air currents in the exposure chamber
produced more distinctive concentration streams in
the air than previously observed at higher dosage
levels.d Therefore, in a second series of tests the
arrangement of the test specimens was altered in

c Chemical Memorandum Number 6, 1960. Determination
ofDDVP in air. (Unpublished document from the Technical
Development Laboratories).

d See note by Maddock, Sedlak & Schoof on page 643 of
this issue.

MORTALITY OF FEMALE ANOPHELES QUADRIMACULATUS
RELATED TO CONCENTRATION OF DDVP VAPOUR
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relation to the location of the air sample intake.
Six screen cages were arranged around a central one
and fastened together. Mosquitos were placed in
three of the alternating peripheral cages and the
related air sample was obtained from inside the
central cage. Two such sets of cages were used in
each test at the same locations as in the previous
experiments.
The resulting dosage-mortality curve (see accom-

panying figure) shows that minor variations in the
average concentration greatly affect the resulting
mortalities; this finding at least partially explains the
apparent discrepancies in the first series of tests.
Mortalities of 10% to 90% normally occurred at
concentrations between 0.007 ,ug and 0.010 ,g of
DDVP per litre of air-a range of only 0.003 ,ug. If
it is considered that the air samples in actuality
represent an average concentration over a period of
four hours, it is hardly surprising that the slight
variations in concentration, as sampled during the
first tests, were frequently not reflected in the bio-
logical results.
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In studies in a simulated aircraft passenger cabin
(Maddock et al.4) involving 17 replications, 100%
kills of DDT-resistant female Aedes aegypti and
susceptible Anopheles quadrimaculatus were obtained
with exposures of 30 minutes to concentrations of

0.08 and 0.14 .g of DDVP per litre of air, respect-
ively. At concentrations between 0.20 and 0.31 tg
ofDDVP per litre of air, 100% knockdown occurred
within 10 minutes after the 30-minute exposure
period.

Relationship of Ventilation and Dosage to the Effectiveness of DDVP
as a Residual Fumigant

by WJLLJS MA , Entomologist (Medical), Biology Section, Technical Development Laboratories, Technology
Branch, Communicabk Disease Center, Public Health Service, US Department of Health, Education, and
Welfare, Savannah, Ga., USA; J. W. Mnas, Assistant Chief, Chemistry Section, Technical Development
Laboratories, Technology Branch, Communicabk Disease Center, Public Health Service, US Department of
Health, Education, and Welfare, Savannah, Ga., USA; and H. F. SCHOOF, Chief, Biology Section, Technical
Development Laboratories, Technology Branch, Communicabk Disease Center, Public Health Service, US
Department of Health, Education, and Welfare, Savannah, Ga., USA.

In 1958 and 1959 preliminary work indicated
that small amounts of DDVP (O,O-dimethyl-2,2-
dichlorovinyl phosphate) would produce sufficient
vapour in plywood huts to give high mortalities of
Anopheles quadrimaculatus for periods up to 10
weeks.a, b However, the formulations of DDVP in
these tests were unsatisfactory for field use because
of their bulk and limited capacity for providing
extensive residual action. In 1960, Miles et al.c
developed a new solid DDVP formulation which
was found to be stable over a long period of time and
which was capable of releasing DDVP vapour at a
relatively uniform rate over a period of several
months. The present paper describes biological tests
conducted in 1960 with dispensers made of this
formulation to determine their effectiveness at dif-
ferent levels of ventilation.

Procedure
For test purposes, 13 plywood huts of the same

size (approximately 1000 cubic feet, or 30 ma) and
design were constructed in a shaded area on the
grounds of the Communicable Disease Center,
Savannah, Ga. (Fig. 1). Each hut was 11 feet x 12

a Mathis, W., Fay, R. W., Schoof, H. F. & Quarterman,
K. D. (1959) Pub!. Hlth Rep. (Wash.), 74, 379.

b Mathis, W. & Maddock, D. R. (1960) Mosquito News
(in press).

c Miles, J. W., Pearce, G. W. & Woehst, J. E., Stable
formulations for sustained release of DDVP vapors (un-
published document presented at the Meeting ofthe American
Chemical Society, St. Louis, Mo., 1961).

FIG. I
EXPERIMENTAL PLYWOOD HUT

feet (3.35 m x 3.65 m) with 6-foot (1.8-m) high walls.
A gable-type roof extended 4 feet (1.2 m) above the
wall level. Openings in each hut included one door
(3 feet x 6 feet; 0.9m x 1.8 m) on the west side, one
window (2 feet x 2 feet; 60cm x 60 cm) in the center
of both the north and east walls, and a 3-inch (8 cm)
eave space between the roof and the top of the front
and rear walls. All openings could be closed as
desired. None of the huts had flooring other than
the ground. A similar type of hut was also con-
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