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Additional Studies with New Insecticides as Residual
Sprays in Buildings Naturally Infested

with Anopheles quadrimaculatus *
JAMES B. GAHAN,1 H. G. WILSONI & CARROLL N. SMITH2

Because some species ofAnopheles mosquitos have been developing resistance to DDT
and dieldrin, field studies have been conducted to evaluate the effectiveness of recently
developed insecticides as residual sprays in buildings naturally infested with adults of
Anopheles quadrimaculatus. As a deposit at 2 g/m2, o-isopropoxyphenyl methylcarbamate
remained highly effective for more than one year. This compound and 6-chloro-3,4-xylyl
methylcarbamnate were still producing excellent control 11-12 weeks after application at
I g/m2. Other highly effective materials were m-isopropylphenyl methylcarbamate and
4-(methylthio)-3,5-xylyl methylcarbamate at 2 g/m2. At the present time, o-isopropoxy-
phenyl methylcarbamate appears to offer the best prospects for use in residual spray pro-
grammes because it has long residual action, affects mosquitos rapidly, has only a slight
odour and appears to be safe to use ifspraymen take reasonable precautions.

Field tests started in 1962 by Gahan et al. (1964)
as part of an international programme organized by
WHO demonstrated that some of the recently de-
veloped methylcarbamates and a phosphorothionate
show considerable promise as replacements for DDT
and dieldrin in residual spray programmes against
mosquitos. The tests were conducted in buildings
naturally infested with adults of Anopheles quadri-
maculatus Say that were located in the vicinity of a
rice-growing area near Stuttgart, Arkansas, USA.

MATERIAL AND METHODS

This study was continued during the summer of
1963 further to evaluate the effectiveness of the better
compounds used in 1962 and to perform initial field
tests with a new material. Additional observations
were made in the buildings treated the previous year
to determine whether some of the residues were still
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active more than one year after application. Be-
tween 1 and 16 July 1963 other small buildings on
farms having livestock were sprayed a single time
with one of the insecticides. Bayer 39007 (o-isopro-
poxyphenyl methylcarbamate) [OMS-33] and Her-
cules 5727 (m-isopropylphenyl methylcarbamate)
[OMS-15], which were highly toxic materials in
every building in 1962, were used at a dosage of
1 g/m2 (100 mg per square foot) as a water-disper-
sible powder and emulsion. Bayer 41831 (0, 0-di-
methyl 0-4-nitro-m-tolyl phosphorothionate) [OMS-
43]3 maintained control at a level of 96% or above
throughout the 1962 observation period when ap-
plied at 2 g/m2 (200 mg per square foot) as an
emulsion but was not highly effective as a water-
dispersible powder in two buildings after the seventh
week; in 1963 it was applied at 1 g/m2 as a water-
dispersible powder and emulsion. Since Upjohn
U-12927 [OMS-174], tested as U-17004 (6-chloro-3,
4-xylyl methylcarbamate) [OMS-176], gave excellent
control in two buildings and only fair control in a
third in 1962, it was applied in 1963 at both 2 g/m2
and 1 g/m2 as a water-dispersible powder. Although
not one of the outstanding compounds, Bayer 37344
(4-methylthio)-3, 5-xylyl methylcarbamate) [OMS-
93] was considerably better as a water-dispersible

' Also known as Sumithion and Folithion.
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powder than as an emulsion in the 1962 tests, so it
was applied to other buildings at 2 g/m2 as a wet-
table powder. The results obtained in 1962 showed
that carbaryl (1-naphthyl methylcarbamate) [OMS-
29] 1 and Hooker HRS-1422 (3,5-diisopropylphenyl
methylcarbamate) [OMS-575] were inferior to the
previously mentioned compounds; however, these
compounds were two of the least toxic to warm-
blooded animals and Schoof et al. (1962) reported
carbaryl to be promising on such surfaces as thatch,
whitewashed plywood, plywood, and metal. In
order to verify the results obtained previously,
carbaryl and HRS-1422 were applied again at
2 g/m2. They were also used at 1 g/m2. The carbaryl
was employed as a water-dispersible powder and the
HRS-1422 as a water-dispersible powder and emul-
sion. In addition, DuPont 691 (0-ethyl O-p-nitro-
phenyl (chloromethyl) phosphonothionate) was
used for the first time at 2 g/m2, applied as a water-
dispersible powder. As in the previous year, mala-
thion served as the standard; it was applied at
2 g/m2 and 1 g/m2 both as a water-dispersible powder
and as an emulsion.
The water-dispersible powders were commercial

products containing 50% Bayer 39007, 50% Her-
cules 5727, 25% Bayer 41831, 75% U-12937, 50%
Bayer 37344, 80% carbaryl, 75% HRS-1422, 30%
DuPont 691 or 25% malathion. The emulsion con-
centrates also were commercial preparations that
contained 15% Hercules 5727, 41 % Bayer 41831 or
1.5 pounds of Bayer 39007, 2 pounds of HRS-1422,
or 5 pounds of premium grade malathion per US
gallon (187 g/litre, 240 g/litre and 600 g/litre res-
pectively). Before application, these preparations
were added to water in sufficient quantities to form
sprays containing 2.5% insecticide when 2 g/m2
deposits were to be applied and 1 % insecticide for
the 1 g/m2 deposits.

Applications were made between 1 and 16 July
1963 with a compression sprayer having a nozzle with
a flat fan-shaped spray pattern. Just enough
material was placed in the sprayer to treat a single
building. Efforts were made to spray all potential
resting places inside three buildings with each
formulation.
The effectiveness of the residues was again

evaluated by making pre- and post-treatment counts
of the A. quadrimaculatus adults in the sprayed build-
ings and other unsprayed buildings. During 1963 all
counts were made in the afternoon and no visits were

1 Also known as Sevin.

made to any of the buildings at sunrise. The tech-
nique of examining buildings was the same as had
been used the previous year. While the new applica-
tions were being made, the buildings sprayed the
previous year were visited at irregular intervals.
However, as soon as all treatments had been ap-
plied, each building was examined at weekly inter-
vals throughout the remainder of the mosquito
season unless it became obvious that the insecticides
were no longer giving good control. The percentage
control was determined by comparing the population
present before and after treatment.

Further to verify the activity of some of the re-
sidues from the 1962 applications, adults of Ano-
pheles quadrimaculatus that had been collected in
untreated buildings were confined on these treated
surfaces under half-sections of Petri dishes. Ten
adult mosquitos were exposed at each location. The
dishes were held in place by rubber bands tightly
stretched between small nails driven into the wall on
opposite sides of the dishes. The times in minutes for
initial effect, 50% knockdown, and 100% knock-
down were recorded. As soon as all mosquitos were
down, pieces of thin cardboard were inserted be-
tween the insects and the treated wall and the dishes
were transferred to an air-conditioned room main-
tained at a temperature of 75°F-80°F (23.9°C-
26.7°C). A small piece of cotton-wool that had been
dipped in water was added to each dish. The per-
centage mortality was recorded 24 hours after the
exposures were made. These tests were run 13-
14 months after the sprays were applied.

RESULTS2

Some of the residues from the 1962 applications
were still producing considerable control more than
12 months later. All five of the Bayer 39007 treat-
ments continued to be active throughout the 1963
mosquito season, and the results obtained from the
afternoon counts indicated that reductions were
always of at least 96% and often of 99%-100%.
Four of these buildings housed animals. There were
chickens, a horse, and a cow living in the vicinity of
the garage throughout this period, so a food source
continued to be available to the mosquitos. Some

2Detailed tables showing pre-treatment counts in the
various buildings sprayed and the percentage reduction at
up to 63 weeks after treatment for 1962 and up to 12 weeks
after treatment for 1963 have been prepared. These tables
have been deposited in the WHO Library, from which
copies may be obtained on request.
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15-20 large dogs were living in the dog-house. This
building was approximately 4 feet (1.2 m) high. The
dogs frequently rubbed the sides of the wall and must
have removed much of the chemical; despite this the
insecticide was still eliminating 99% of the infesta-
tion 61 weeks after application.
When adult mosquitos were exposed in 1963 on

surfaces that had been treated with Bayer 39007 in
1962, some toxic effect was apparent in 16 of the 22
locations within 4-10 minutes after the insects first
contacted the treated surfaces, and within 9-30
minutes all the mosquitos were down. In three other
dishes, 14-16 minutes passed before toxic symptoms
appeared; but 100% knockdown occurred within
22-27 minutes. The residues on two walls frequently
wetted by rain and a third heavily covered with dust
were the least toxic; however, they also knocked all
of the mosquitos down within 40-176 minutes. These
three walls were in the pig-pen that showed the
greatest loss in effectiveness between the 57th and
62nd weeks. In every test knock-down resulted in
complete mortality. It was obvious that a highly
toxic residue remained in these buildings.
The m-isopropylphenyl methylcarbamate (Her-

cules 5727 and Union Carbide UC-10854 [OMS-162])
treatments also appeared to be quite toxic during the
second year although less effective than Bayer 39007.
The control in all of the buildings treated with
Hercules 5727 and four of those treated with
UC-10854 remained at above 90% for at least
55 weeks. After that time, the reduction on three
occasions was less than 90% in one of the storage
sheds sprayed with UC-10854 and on two to four
occasions in two of the chicken houses treated with
Hercules 5727. The percentage reduction was
always of at least 70% in all these buildings. In 28
out of 40 exposures this insecticide showed some
effect on the mosquitos confined under the Petri
dishes within 9-20 minutes and 100% knockdown
occurred within 23-68 minutes. In 10 others the
initial effect was observed in 21-38 minutes, and all
the insects were down in 65-95 minutes. At two
locations the first effect was seen after 3841 minutes,
but total knockdown did not occur until 139-156
minutes. The slowest activity occurred in areas that
were covered with a visible layer of dust.
The other two buildings sprayed in 1962 with

UC-10854 were not examined regularly in 1963. One
had been partially destroyed during the previous
winter and the other had a high population of
Anopheles quadrimaculatus in it the first two times it
was examined in 1963.

Most of the buildings treated in 1962 with Bayer
37344, Bayer 41831, and U-17004 were heavily in-
fested with Anopheles quadrimaculatus in 1963. How-
ever, single buildings that had been sprayed with the
wettable powders of Bayer 37344 and U-17004 and
the emulsion concentrate of Bayer 41831 were still
lightly infested in June 1963. These three treatments
continued to show some control throughout the
summer, but the reduction was frequently less than
90% in each of them.
The treatments applied in 1963 showed that some

of these insecticides gave satisfactory control at
1 g/m2. Throughout most of the 11-12 weeks of
observation the effect of Bayer 39007 at 1 g/m2
appeared to be equal to that of the previous year at
2 g/m2. The 1 g/m2 deposit consistently reduced
infestations by 99 %-100%, except for a 94% reduc-
tion the 12th week in one of the chicken-houses
sprayed with the wettable powder.
U-12927 also was as effective at 1 g/m2 as at

2 g/m2. The material used in these tests was a purer
product than the one used in 1962 as U-17004, and
produced better control. Some indication that the
residue might be losing its toxicity occurred in the
12th week, at which time the control dropped to
93% in a sheep-barn sprayed at 2 g/m2 and to 90%
in a cow-barn treated at 1 g/m2.

In contrast, the control in two of the buildings
treated with Hercules 5727 at 1 g/m2 was less than
90% on some occasions after the residues had aged
for 7 to 11 weeks. However, the Hercules 5727
treatments consistently produced 99%-100% reduc-
tion in all of the buildings for four weeks and 98 %-
100% reduction in two of those sprayed with the
wettable powder for the entire 12 weeks. The storage
shed and pig-pen treated with the emulsion also
maintained 94 %-100% or 96 %-100% control
throughout the entire observation period.
At 1 g/m2, Bayer 41831 was 98%-100% effective

in all buildings throughout the first five weeks and in
one building for at least 12 weeks. In the other build-
ings the reduction after the fifth week was in the range
97 %-99% in one, 96%-100% in another, 92%-98%
in a third, and 89 %-99% in the other two. The
water-dispersible powders and emulsions were
equally effective and these 1 g/m2 deposits outlasted
some of those applied as water-dispersible powders
the previous year at 2 g/m2.
Bayer 37344 also was slightly more durable as a

water-dispersible powder applied at 2 g/m2 than it
had been in 1962, since it caused 98%-100% or
99 %-100% control in two buildings and 94 %-100%
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in the other throughout the 12-week observation
period. In the 1962 tests the reduction was less than
94% by the eighth to ninth weeks in two of the three
buildings sprayed.

Anopheles quadrimaculatus were found in all the
buildings sprayed with carbaryl as early as the seventh
day, and by the sixth week the control was as low as
10 %-74% in the buildings sprayed at 1 g/m2. The
2 g/m2 deposits were somewhat more effective, but
the control obtained with them was below 90% as
early as the fifth week in one building, the sixth week
in two, and the seventh week in all three. Between
the eighth and twelfth weeks the number of mos-
quitos present decreased again. However, this
material was much less durable than Bayer 39007,
Hercules 5727, Bayer 37344, U-12927 or Bayer 41831.

Carbaryl acts more slowly than some of the other
carbamates and in laboratory tests more than one
hour of contact with treated panels was required to
kill approximately 100% of the mosquitos. It was
thought that the mosquitos present during the after-
noon in the buildings treated with this compound
might have received a lethal dose of the insecticide
and died after the counts were made. A building in
the vicinity of Bushnell, Fla., was therefore sprayed
on 6 November 1963, with the same sample of
carbaryl as used in Arkansas, in sufficient quantity
to obtain a deposit of 2 g/m2. The pre-treatment
counts of Anopheles quadrimaculatus adults in this
building averaged 148. Mosquitos of this species
were found during the afternoon as early as the first
day after spraying. At weekly intervals for the first
four post-treatment weeks, some of the mosquitos
present were collected and held for 48-168 hours to
determine the percentage that died. Of 53 collected
the first week, 96% died within 48 hours. The fol-
lowing week 40 were collected at 4:30 p.m., 15% of
which died in 48 hours. Forty were collected the
third week, only 28% of which were dead a week
later. During the fourth week, 20 of the 29 adults
observed in the building were collected at 4 p.m.;
only 25% of them were dead seven days later. It
appears likely that many of the Anopheles mosquitos
observed late in the afternoon in Arkansas buildings
treated with carbaryl were not killed by this in-
secticide.

All the residual deposits of HRS-1422 applied as
water-dispersible powder gave at least 99% control
throughout the first three weeks but showed some
loss of effectiveness by the fourth to fifth week. The
reductions remained at 96% or above in one chicken-
house and at 92%-100% in another throughout the

11-week observation period, but in every other
building it was less than 90% on one or more
occasions. One 2 g/m2 treatment had lost most of
its toxicity by the fifth week. This compound was
less effective as an emulsion concentrate than as a
water-dispersible powder. By the end of the third
week only three of the six residues obtained with
the emulsion were producing as much as 99%
control and two of them were causing reductions
below 90%. Only one application consistently gave
above 98% reduction during every observation
period. In the remainder of the buildings the control
was below 90% on one or more occasions between
the fourth and twelfth weeks and in two buildings
it was 60% or less by the fifth week.
DuPont 691 completely eliminated all mosquitos

for less than one week. The control was 95% or less
in all buildings within 3-5 weeks and 89% or lower
on two or more occasions in two of them within
5-9 weeks. In the dog-pen the reduction ranged
from 93% to 99% between the first and eleventh
weeks.
The malathion standard was inferior to Bayer

39007, Hercules 5727, U-12927, and Bayer 41831,
about equal to Bayer 37344, and superior to HRS-
1422, DuPont 691, and carbaryl. It was only
slightly less effective at 1 g/m2 than at 2 g/m2. Three
of the water-dispersible and five of the emulsion
formulations consistently caused 91 %-100% reduc-
tions. In two of the buildings sprayed with the
water-dispersible powder the control decreased to
88% on one occasion but was 94% or above on all
other occasions. In one of the buildings treated
with the emulsion concentrate and in one sprayed
with the water-dispersible powder, the mosquito
reduction dropped as low as 71 %-88 % on three or
four occasions between the sixth and tenth weeks
but was 90% or above the remainder of the time.

DISCUSSION

At the present time Bayer 39007 appears to be the
best prospective material for use in residual spray
programmes. It is a highly toxic compound that
produces no unsightly residue when applied as an
emulsion and is no more objectionable than currently
used insecticides when used as a water-dispersible
powder. The compound affects the mosquitos
rapidly as a fresh application, has only a slight
odour and a long residual action. The toxicological
information available indicates that this compound
should be safe to use provided that spraymen take
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reasonable precautions. In this study, a heavy coat,
rubber gloves, and full face-mask with two carbon-
filled cartridges designed for low concentrations of
toxic insecticides were worn and no toxic symptoms
were observed by either of the two men while apply-
ing this or any of the other compounds. The mini-
mum dosage of insecticide that will give good control
on the various types of surfaces encountered in
malaria eradication programmes has not been
determined so far; but it is apparent that a deposit
of 2 g/m2 should give good control of species
similar to A. quadrimaculatus, if applied to wooden
surfaces. The results obtained with the 1963 applica-
tions indicate that lower dosages may also prove
satisfactory. The chief difficulty encountered with
this compound has been that the commercial
emulsion formulations available at the present time
have a tendency to crystallize in the sprayers on
some occasions and thereby to cause stoppage.

Hercules 5727 no longer appears to merit consi-
deration for indoor applications, since the authors
have been informed (personal communication) that

serious toxic effects were experienced during a
village-scale trial with this material in Nigeria.

Additional observations are contemplated for
1964 in the buildings sprayed with Upjohn U-12927
to determine whether the excellent control obtained
for 11 or 12 weeks with most of the 1963 treatments
will last a full year or whether the increased popula-
tion of mosquitos found in two of the three buildings
during the twelfth week was an indication that these
residues were rapidly losing their toxicity.

Bayer 41831 and Bayer 37344 had sufficient
durability to be considered of practical promise, but
they were inferior to Bayer 39007 and U-12927.

Carbaryl is of questionable value. It has given
complete elimination of all mosquitos during the
afternoon for no more than a few days to one week
and has shown considerable loss in effectiveness
within three to seven weeks. If this compound is no
more effective against other species of Anopheles
than it was against A. quadrimaculatus in Arkansas
and Florida in these studies, frequent applications
may be required to obtain continued control.

RtSUMt

Les auteurs ont etudie, au moyen d'essais biologiques,
I'action r6manente d'insecticides sur les moustiques
adultes d'une population d'Anopheles quadrinaculatus
Say vivant A l'etat naturel dans un groupe de batiments.
Au taux d'application de 2 g/m2, le Bayer 39007 (m6thyl-

carbamate d'o-isopropoxyphenyle) et l'Hercules 5727
(m6thylcarbamate de m-isopropylphenyle) restent tres
toxiques pendant plus d'un an, le premier produit etant
cependant plus actif. Les d6p6ts de Bayer 39007 au taux
de 1 g/m2 montrent une efficacite egale A celle des d6p6ts
de 2 g/m2 pendant une periode d'observation de 11-12
semaines. L'Hercules 5727 n'a entrain6, dans certains
cas, qu'une mortalite inf6rieure a 90%, 7-9 semaines
apres une application de 1 g/m2. L'Upjohn U-12927
(m6thylcarbamate de chloro-6 xylyle -3,4) etait actif, aux
taux de 1 et 2 g/m2, pendant au moins 11-12 semaines.
Le thiophosphate d'O-(nitro-4 m-tolyle) et d'O, 0-di-

methyle (Bayer 41831, Sumithion, Folithion) appliqu6 au
taux de 1 g/m' a tu6 les moustiques adultes dans la pro-
portion de 89-100%, selon le lieu d'application. Dans
tous les batiments traites par pulv6risation de Sevin
[(N-) methylcarbamate d'a-naphtyl], on trouva des
moustiques des le 7e jour. Pour des taux de 1 et 2 g/m2,

la mortalit6 respective fut de 10-74% la 6e semaine, et de
moins de 90% la 7e semaine.
Le Bayer 37344 (methylcarbamate de methylthio-4

xylyle-3,5) au taux de 2 g/m' detruisit 94-100% des mous-
tiques adultes, pendant une p6riode de 12 semaines au
moins apres le traitement. Avec le DuPont 691 (chloro-
methylthiophosphate d'O-ethyle et d'O-(p-nitroph6nyle),
la mortalit6 fut de 93-99% pendant 1 A 11 semaines, dans
l'un des batiments, et inferieure A 90%, lors d'observa-
tions effectuees dans deux autres ctnstructions 5-9 se-
maines apres I'application. Les dep6ts de Hooker HRS-
1422 (m6thylcarbamate de diisopropyl-3,5 ph6nyle), effi-
caces A 99% pendant 3 semaines, perdirent de leur toxicit6
des la 4e-5e semaine. Dans 9 des batiments trait6s par ce
produit i raison de 1-2 g/m2, la mortalite fut inf6rieure A
90% A plusieurs reprises, au cours des 11 semaines
d'observation.

L'efficacit6 de l'insecticide de r6f6rence, le malathion,
fut moindre que celles du Bayer 39007, de l'Hercules 5727,
de l'Upjohn U-12927 et du Bayer 41831, sensiblement
egale A celle du Bayer 37344, et superieure A celles du
Hooker HRS-1422, du DuPont 691 et du carbaryl
(methylcarbamate de naphtyle-1).
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