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SYNOPSIS

The paper describes the research being undertaken on organo-
phosphorus insecticides for the control of houseflies and mosquitos.
The information obtained from laboratory and field tests indicates
that these insecticides are at present effective substitutes for DDT
and other chlorinated-hydrocarbon insecticides for use against
resistant houseffies and culicine mosquitos, but the residual applica-
tions are not as long lasting as those of DDT and therefore will
probably not be as efficient in anopheline control.

The demonstrated resistance of several species of insects to DDT and
related materials, and the threat of the development of resistance in nume-
rous important vectors of disease, are of the utmost concern to research
workers and civilian authorities over most of the world. Should the resis-
tance encountered in several anopheline species become widespread, many
malaria-control operations might be seriously jeopardized. Information
is needed on the effectiveness of substitute insecticides against several species
of insects. The research being carried out in the Entomology Research
Branch of the Agricultural Research Service, US Department of Agriculture,
on organo-phosphorus insecticides for the control of houseflies and mos-
quitos is described in this paper.

The Orlando, Florida, laboratory has conducted laboratory and field
tests with several organo-phosphorus insecticides over the past five years.
In the laboratory these materials were sprayed on plywood panels, on which
resistant and non-resistant strains of houseflies were exposed for varying
periods of time. Most of the insecticides tested were not effective for as long
a period as DDT.

Malathion in the form of wettable-powder suspensions, solutions in oil,
and emulsions was used in a series of comparative tests against regular-
colony houseflies. The formulations were applied at the rate of 100 mg per
square foot (1076 mg/M2), and the flies were exposed on the panels for 120
minutes under Petri dishes. As fresh treatments, the wettable-powder
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suspensions and oil solutions gave 100% mortality in 24 hours, while an
emulsion made from technical malathion caused only 34% mortality and
one made from a commercial concentrate gave a 75 % kill. The wettable-
powder suspensions and oil solutions continued to kill 90%-100% of the
flies for two weeks, and killed 75%-80% four weeks after the panels had
been sprayed.

Laboratory tests confirmed a report by Hansens 6 that diazinon had a
sufficient vapour toxicity to impregnate plywood panels hanging 3 inches
(about 8 cm) from a wall treated with 200 mg per square foot (2152 mg/M2).
Panels removed 30 minutes after spraying killed houseflies exposed to them
for 30-60 minutes. Panels exposed for 5-7 days continued to kill flies when
tested several days after being removed. The surfaces of the panels away
from the walls absorbed effective amounts of the insecticide vapours.

Tests with DDVP against the regular-colony flies showed that the
addition of Aroclor 5460 (a chlorinated terphenyl) prolonged its residual
effectiveness. Acetone solutions of the two substances, alone and in com-
bination, were sprayed on unfinished and on varnished plywood panels
at the rate of 25 mg of DDVP and 100 mg of Aroclor 5460 per square foot
(269 and 1076 mg/M2, respectively). A 30-minute exposure to DDVP alone
killed all flies on panels with deposits 1 and 7 days old, but a 60-
minute exposure was necessary to give a total kill after 14 and 28 days.
The mixture of DDVP and Aroclor 5460, however, killed all the flies in a
30-minute exposure to 28-day-old deposits. Aroclor 5460 used alone was
ineffective. There was no consistent difference between the results on
unfinished and those on varnished plywood. The two materials were tested
in barns with deposits of the same density as those applied on the panels.
The mixture reduced the number of flies by 76 %-99 % for 16 days, whereas
DDVP by itself was ineffective after 5-7 days. However, mixed formulations
suitable for practical use are difficult to prepare because of the stickiness of
Aroclor.

Sprays containing Bayer L 13/59 applied at the rate of 100 and 200 mg
per square foot in dairy barns gave control for only 4 days. A 50% water-
soluble L 13/59 powder applied around pig-pens gave control that varied
in duration from 1 to 17 days.

Diazinon applied as a residual spray in dairy barns gave erratic results,
as indicated in Table I.

Field tests with organo-phosphorus insecticides have been conducted in
California by personnel of the Corvallis, Oregon, laboratory. Hoffman &
Cohen 8 evaluated diazinon, Bayer 21/199, chlorthion, and Bayer L 13/59,
and found that the residues were not effective for more than two weeks.
The addition of sugar appeared to prolong the effectiveness, but did not
attract sufficient numbers of flies to improve control noticeably.

Although our personnel have not found that diazinon and other phos-
phorus compounds leave long-lasting residues, workers in other areas have
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TABLE I. EFFECTIVENESS OF DIAZINON SPRAYS AS RESIDUAL TREATMENTS
FOR THE CONTROL OF DDT-RESISTANT FLIES IN DAIRY BARNS

Diazinon Pre- Percentage reduction after:
(mgper reatment(ml peroo count of 1 3-4 7 9-11 14 21 28 35

flies day days days days days days days days

Emulsion

25 93 99 99 99 98 99 86 91 90

100* 107 99 99 99 96 99 97 96 92**

68 99 99 94 96 94 87 - -

Wettable-
powder
suspension

25 584 99 - 93 96 97 92 77 74

121 0 -

121 0 - - - - _ _ _

25t 119 97 93 93 87 75 -

* Plus sugar at 300 mg per square foot (5250 mg/m2)
** Test discontinued on 42nd day, when reduction was 98%
t Plus Aroclor 5460 at 25 mg per square foot

shown that these insecticides provide highly effective control for protracted
periods. Hansens & Scott 7 tested diazinon in eight formulations, and found
that it controlled houseflies for an average of 40-50 days. In three barns
excellent control was obtained throughout the fly season with one applica-
tion. The emulsions and wettable-powder suspensions performed equally
well in these tests.

It is evident that diazinon has merit as a residual spray for the control
of resistant houseflies. The residue varies in effectiveness in different parts
of the country, and probably does not last as long or give as spectacular
control as DDT before flies became resistant.

Studies have been conducted to find synergists for use with the organo-
phosphorus insecticides against resistant insects. Eddy, Cole & Marulli 1
reported that the insecticidal activity of certain of these compounds against
the body-louse was greatly increased when they were used in combination
with certain pyrethrum synergists. Similar results were obtained by Hoffman,
Hopkins & Lindquist 9 when using resistant houseflies in residual tests.
N-isobutylundecylenamide improved the effectiveness of several phosphorus
insecticides, including malathion. Most of the synergists that they tested
did not greatly improve the effectiveness of malathion. Piperonyl butoxide
was one of the better synergists tested. Apparently the chemical structure
of the synergists and insecticides is of importance in producing the best
combinations. Preliminary field tests against houseflies by Hoffman &
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Cohen 8 showed that diazinon and Bayer 21/199 were not improved by the
synergist piperonyl butoxide.

It appears that more research in both the field and the laboratory should
be conducted on the relationship of synergists to the organo-phosphorus
insecticides. It is doubtful whether combinations would be practical for
general use, because the synergists are expensive. However, they might
have limited use in cases where resistance becomes critical and no substitute
materials are available. Furthermore, they might prevent resistance from
developing in susceptible populations; but of course this question needs
extensive experimentation.

No alarming degree of resistance of flies to the organo-phosphorus
insecticides under field conditions has been observed in the USA, but work
at Orlando by J. C. Keller and H. G. Wilson indicates that field strains
brought to the laboratory are more difficult to kill than regular-colony flies.
A laboratory colony was established from flies collected in dairy barns

that had been treated repeatedly for three or four years with baits con-
taining phosphorus insecticides. The adults were maintained on food
containing 0.02% of Bayer L 13/59. About 90% mortality occurred in the
first few days of each generation. Portions of the fifth, sixth, and twelfth
generations, which had not been fed with poisoned food, were tested
for susceptibility to L 13/59 and malathion in poisoned baits and the results
were compared with those for regular-colony flies. The fifth generation was
highly resistant to L 13/59, and the sixth and twelfth generations were
approximately five to ten times as resistant as the regular colony to this
insecticide and to malathion.

The second laboratory generation of each of four colonies of houseflies
from dairy barns was tested in a similar way. As Table II shows, all the
wild strains were more resistant to both malathion and Bayer L 13/59 than
the regular-colony flies. The Trice colony was the least susceptible, indicat-
ing a resistance ranging from about five to twenty times that of the regular
colony.

At Corvallis, Oregon, T. L. Hopkins and W. Robbins attempted to
produce an L 13/59-resistant strain by exposing flies to this insecticide.
The original flies were taken from the Orlando No. 1 resistant colony.
The first selection was made by exposing the flies to a residual deposit of
the insecticide on plywood, and thereafter the insecticide was applied
topically to each generation. Breeding stock has been acquired by the selec-
tion of 1000 females and 200 males of each generation to obtain 10 %-25 %
survivors. A rapid increase in resistance occurred. The F4 generation was
about four times as resistant as the parent stock, but there was little change
in the Flo and F14 generations. In Table III the results obtained with three
strains of flies are compared.

Gjullin & Peters 4 reported a high resistance in Culex tarsalis (Coq.) and
a lesser resistance in Aedes dorsalis (Meig.) and C. quinquefasciatus Say in
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TABLE II. PERCENTAGE MORTALITY OF REGULAR-COLONY HOUSEFLIES
AND THE F2 GENERATION OF FOUR COLONIES COLLECTED FROM DAIRY BARNS,
AFTER A 24-HOUR EXPOSURE TO SUGAR BAITS CONTAINING MALATHION

OR BAYER L 13/59 *

Concentration
of insecticide

(%)

Malathion

0.2

0.1

0.05

0.025

0.01

0.005

0.0025

0.001

0.0005

0.00025

Bayer L 13/59

0.2

0.1

0.05

0.025

0.01

0.005

0.0025

0.001

0.0005

0.00025

Regular

100

100

98

90

70

55

15

5

5

0

100

100

100

100

100

98

60

10

5

0

Hiatt

100

88

80

43

20

.0

0

0

0

0

100

95

98

90

83

33

23

3

0

0

* Average of 2 tests, each of 20 female flies
** 10 flies in each test

California. It was apparent that DDT was failing to provide satisfactory
and economical control. Gjullin, Isaak & Smith 3 reported that resistant
species were controlled with applications of 0.035-0.075 lb. of EPN per acre

(39-84 g/ha). This insecticide was used in control operations for two or

three years, but was later replaced by parathion, which is now widely used
in California.

Gjullin 2 showed that a 24-hour exposure of C. tarsalis females to a DDT
residue of 40 mg per square foot (430 mg/M2) on glass gave 14% mortality,
while exposure for the same period to EPN at 0.1 mg per square foot
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93

93

60

50

33

20

0

5

0

100

95

98

78

50

40

10

0

0

Trice

78

78

70

30

8

0

0

0

98

98

90

80

33

20

8

0

0

0

Lakemont **

65

60

20

5

0

0

100

95

85

65

40

20

5

0

0



38 A. W. LINDQUIST

TABLE III. PERCENTAGE MORTALITY, AFTER 24 HOURS, OF THREE STRAINS
OF FEMALE HOUSEFLIES TREATED WITH BAYER L 13/59

BY TOPICAL APPLICATION *

Micrograms N | Orlando L 13/59 selected I
F, F1o F14

0.5 77

0.6 95 22 16

0.8 100 45 28

1.0 - 64 34 10 12 28

1.2 - 72 62

1.6 - 83 72

2.0 - 96 100 30 36 32

3.0 - 100 - 65 54 60

4.0 - 100 - 85 80 92

6.0 - - - 100 100 100

LD,,** 0.36 0.86 1.1 2.5 2.7 2.7

* Average of 2 tests for L 13/59 strain, 6 tests for the others; 20 flies per test
** Calculated by the log-dosage, probit-mortality method

(1.1 mg/M2) gave 100% mortality. Malathion, chlorthion and Bayer L 13/59
at 0.5 mg per square foot (5.4 mg/M2) produced 48 %, 54% and 24 %, respec-
tively, after one hour. Diazinon at 2 mg per square foot (21.5 mg/M2) caused
51 % mortality. Similar results were obtained with mechanically produced
aerosols in closed rooms.

Field tests with malathion and chlorthion in Husman and Bes-kil aerosol
machines were reported by Gjullin & Peters.5 Both insecticides caused over
80% reduction in the landing rate of A. nigromaculis 400 yards (about
365 m) from the point of release when dispersed in 5% solution in Diesel
oil from the Husman machine.

Gjullin, in co-operation with personnel of the California Bureau of Vector
Control, made an aerial application of malathion over an area of 2 square
miles (about 5 kM2) near Merced for the control of adult mosquitos.
The insecticide was applied in an oil spray at the rate of 0.46 lb. per acre
(515 g/ha). The treatment caused a 51 % reduction of C. tarsalis and 97%
control of A. nigromaculis. The low reduction of C. tarsalis was probably
due to the fact that during the day this species rests in protected places, such
as buildings, and was not reached by the insecticide.
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In Florida, J. B. Gahan, in co-operation with the Brevard County Anti-
Mosquito District, found that malathion applied by aeroplane over marshes
and residential areas at rates of 0.5, 0.25 and 0.1 lb. per acre (560,280 and
112 g/ha) reduced salt-marsh mosquitos by 95 %-99 %.

The foregoing information indicates that the organo-phosphorus insec-
ticides are at present effective substitutes for DDT and other chlorinated-
hydrocarbon insecticides for use against resistant larvae and adults of
culicine mosquitos. Residual applications are not as long lasting as those
of DDT, however, and probably will not be as efficient in anopheline
control.

RESUMI2

La resistance au DDT de plusieurs especes de mouches et de moustiques a stimule
la recherche d'insecticides de remplacement auxquels les insectes seraient encore sensibles.

L'auteur expose les resultats d'etudes faites sous les auspices du Departement de
l'Agriculture des Etats-Unis au laboratoire d'Orlando, Floride, sur la mouche domes-
tique et certains moustiques exposes a l'action d'insecticides organo-phosphores tels
que le malathion, le diazinon, le chlorthion, le Bayer'21/199 et le Bayer L 13/59.

Certaines substances telles que l'Aroclor ajoute au DDVP (dimethyldichlorvinyl-
phosphate) dans la lutte contre les mouches, ou certains corrposes du pyrethre ajoutes
a des insecticides actifs contre les poux ont agi comme synergiques et accru l'efficacite
d'insecticides organo-phosphores. L'effet synergique semble dependre de la constitution
chimique des deux composants. Ces substances agissant comme synergiques sont couteuses
et iR est peu probable qu'il soit rentable de g6neraliser leur emploi.

Des mouches soumises a l'action du Bayer L 13/59 pendant plusieurs generations
ont acquis, a la F4, une resistance quatre fois superieure a celle de la souche parente.
Cette resistance n'a gu&re augmente par la suite et restait a peu pres la meme a la F,0
et F14.

Apres avoir donne quelques exemples d'application des insecticides organo-phosphores
contre divers insectes, l'auteur conclut que ces insecticides peuvent remplacer le DDT
et d'autres hydrocarbures chlores dans la lutte contre les larves et les adultes de culicines
devenus resistants. Mais leur effet remanent n'est pas d'aussi longue duree que celui
du DDT, et ils ne seraient probablement pas aussi efficaces dans la lutte contre les
anopheles.
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