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Cheesecloth Impregnated with Baygon for Control of
Anopheles quadrimaculatus Say*

by JAMs B. GAHAN, H. G. WnLsoN and C. N. SI4m, Entomology Research Division,
Agricultural Research Service, United States Department of Agriculture, Gainesville, Fla., USA

As early as 1948, Sundararaman & Peffly a showed
that, when DDT was applied as a residual spray to
clay surfaces, it was not highly effective against the
common malaria mosquito (Anopheles quadrimacula-
tus Say). Since that time many investigators have
experienced difficulty in obtaining satisfactory mos-
quito control with various insecticides applied to
mud walls or ceilings.

Recently, laboratory and field tests by Gahan
and co-workers b demonstrated that Baygon (Bayer
39007; 2-isopropoxyphenyl N-methylcarbamate;
OMS-33) produced a residue on wood that was
highly effective against adults of A. quadrimaculatus.
However, when Hadaway & Barlow c compared the
effectiveness of a group of carbamates at a dosage of
1 g/m2, four of them, including Baygon, were effective
against adults of Anopheles stephensi Liston for at
least three months on plywood, but lost their
effectiveness in a few days on dried mud bricks.
Hadaway & Barlow believed that the rapid loss in
toxicity was due to carbamate sorption, since the
crystalline particles disappeared very rapidly. In
tests conducted against Anopheles gambiae Giles in
experimental huts, Smith & Hocking d found that
Baygon persisted for seven months in a hut with a
grass roof and plywood walls but for only two
months in one that had walls lined with non-
sorptive mud and a grass roof; in a hut that had the
roof lined with sorptive mud, the chemical was not
very effective, even during the first month.

Since many houses in areas where malaria eradica-
tion programmes are in progress or planned have
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interiors constructed partly or wholly of mud, the
mud surfaces could seriously limit the usefulness of
Baygon. We have therefore attempted to find a
covering that could be applied over absorbent
materials to extend the residual effectiveness of this
insecticide. The most promising material so far has
been cheesecloth. The present note summarizes the
results we have obtained with cheesecloth treated
with Baygon for the control of A. quadrimaculatus in
laboratory and field tests.

Cheesecloth is a loosely woven cotton cloth. The
product used in this study contained about 12
threads/cm. Since untreated cotton burns readily and
could create a fire hazard in homes, all the materials,
except the panels used in the 1963 field tests, were
treated with a flame-retardant before the insecticide
was applied. The retardant contained 2 parts by
weight of boric acid, 5 parts by weight of borax, and
48 parts by volume of hot water. A measured
amount of the aqueous solution of borax and boric
acid was put into a bucket or other container and
the cheesecloth was dipped into the container until
all the liquid was absorbed. One hundred millilitres
of the solution were applied per square metre of
cloth. A heavier fabric would require more solution;
the amount can easily be estimated by dipping a
square metre of cloth in water and measuring the
amount absorbed.

Immediately after the treated cloth had been dried,
and during each test period for six months thereafter,
small portions of treated and untreated cloth were
placed in the flame of a match to determine their
burning properties. In every test, the untreated cloth
burned rapidly. In contrast, the treated cloth be-
came red hot while the flame was applied but cooled
within a few seconds after the flame was removed.
Heated portions of the treated cloth became charred
and disintegrated, but at no time did the cloth burst
into flame.
The insecticide used in these studies was a com-

mercial emulsion concentrate containing 1.5 lb of
Baygon per US gal (about 180 g/litre). It was applied
by dissolving the required amount of emulsion con-
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centrate in acetone and dipping the flame-resistant
cloth in this solution until all the liquid was ab-
sorbed. Because acetone is highly volatile, a slight
excess of this solvent over the amount required to
wet the cheesecloth was employed to ensure thorough
saturation of the cloth before evaporation occurred.
In some cases, the cloth was removed from the solu-
tion for a few seconds to allow a small amount of the
acetone to evaporate and then reintroduced to
absorb the remainder of the liquid.
Laboratory tests
To determine the effectiveness of Baygon as a

residue on cheesecloth in combination with the flame-
retardants, the insecticide was applied at the rate of
1 g per m2 of cloth. To furnish a rigid background,
the cloths were fastened with tacks to untreated
pieces of plywood.
At specified intervals after the cloth had been

impregnated with the insecticide, about 40 females
of A. quadrimaculatus were exposed for 1 hour to
the treated surfaces by placing them on the cheese-
cloth under half-sections of Petri dishes. The mos-
quitos were then transferred to untreated screen
holding-cages, furnished with cotton-wool that had
been saturated with 10% honey solution and held
for 24-hour mortality counts. The initial exposure
was made one week after the cloth had been im-
pregnated. Subsequent exposures were made at the
end of the fourth week and at four-week intervals
thereafter. Testing of these cloth panels was dis-
continued after the sixth month.

All treatments consistently produced 100% morta-
lity throughout the entire test period. The insecticide
was obviously highly effective on this type of surface,
and the borax and boric acid used in the flame-
retardant did not affect the durability of the com-
pound. In every test, the mosquitos were knocked
down within 6-10 minutes and appeared to be dead
when they were removed from the panels. The
flame-retardant was not toxic to the mosquitos;
when controls were placed on cloth treated only
with the flame-retardant, the mortality never ex-
ceeded 5 %.
Field tests
On 16 July 1963, all four walls and the ceiling of

two wooden pump houses in the vicinity of a rice-
growing area near Stuttgart, Arkansas, were covered
with cheesecloth panels impregnated with Baygon at
the rate of 2 g/m'; 12 m' of material were placed in
one building and 15 m2 in a slightly larger structure.
The cheesecloth had not been treated with a flame-

retardant. The smaller building housed no animals,
but chickens, pigs and cows were kept in the vicinity.
Four or five dogs slept in the larger structure.

In 1964, a much larger series of tests was conducted
in naturally infested buildings. All the cheesecloth
used in this study had been treated with flame-
retardant and impregnated with 2 g/m2 of Baygon.
In some buildings, cheesecloth panels 90 cm wide
were hung from the ceiling to the floor in each of
the four corners of a room; thus each panel covered
a 45-cm portion of the two contiguous walls. In
other buildings, the 90-cm panels were fastened to
the upper 45 cm of the four walls and the outer
45 cm of the ceiling. A combination of these two
methods of application also was used. The interior
walls and ceilings of other buildings were completely
covered. In addition, in some buildings, 45-cm
panels were hung in the corners only, covering
22.5-cm portions of the two contiguous walls. Each
method of application was used in three buildings.
Twelve of the buildings were chicken houses, two
were pump houses on farms that maintained live-
stock, and one was a pig-pen. In 1964 three wooden
buildings were sprayed with malathion at the rate of
2 g/m2 to serve as standards. The emulsion con-
centrate employed in preparing these sprays was a
commercial preparation that contained 51b of
premium-grade malathion per gal.
The effectiveness of the treatments was determined

by comparing the number of adult A. quadrimacu-
latus present in the buildings before, and at intervals
after, the cloth was introduced or the spray was
applied. Afternoon visits were made to each building
the day after application and at weekly intervals
throughout the next 10 weeks. During the same
weeks, the mosquitos resting in untreated buildings
were counted to follow fluctuations in the normal
densities in the area. At the end of 10 weeks, the
farmers were harvesting their rice crops, the fields
had been dried, and the natural population of
mosquitos was declining in untreated buildings.
The 1963 tests were abandoned at this point, but
the buildings treated in 1964 and the untreated
controls were observed again when the rice-fields
were flooded during the spring of 1965 and A. quadri-
maculatus again infested the area. These final
observations were made 11 and 13 months after the
cloths had been put in place.
No mosquitos were found during the 10 weeks

of observation in either building treated in 1963.
The results obtained in the tests that were started

in 1964 are presented in the accompanying table.
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The abundance of mosquitos in untreated buildings
remained high for the first 7 weeks, often exceeding
the original abundance, but declined rapidly there-
after. No mosquitos were found during the after-
noon throughout the first 10 weeks in any buildings
with completely covered interiors. When less than
complete coverage was used, all treatments with
90-cm panels produced at least 98% reduction
(100% except on two occasions) during the first five
weeks. Some mosquitos were found in a majority
of these buildings between the sixth and tenth weeks,
but the reduction in population (based on the pre-
treatment count) was usually above 95 %. In one
building with 90-cm panels at the juncture of the
walls and ceiling, the reduction was below 90% on
three occasions between the sixth and tenth weeks.
This building was used to house pigs. The interior
floor was dry and the dust stirred up by the pigs
settled in a heavy layer on the cloth and partially
covered the insecticide. The narrower panels were
less effective; the effectiveness ranged from 84% to
100% in buildings with 45-cm panels in the corners.
Ninety per cent. of the mosquitos observed in

the buildings after about 11 months were resting on
the cheesecloth rather than on wood. Some residues
had obviously lost considerable toxicity, but the
mosquito population was at least 90% below the
pretreatment level in one or more buildings that had
been partially or completely covered with each
type of treatment on 90-cm panels. Samples of the
mosquitos (11-42 per building) found resting in the
buildings during the afternoon were collected and
held for 48 hours in an air-conditioned room. The
mortality at the end of this holding period ranged
from 0% to 10%.
The buildings were examined again during the

13th month after the cloths were hung. At this time
of the year A. quadrimaculatus usually are ap-
proaching their peak density in the rice-growing
sections ofArkansas. Six buildings were still showing
reductions that ranged between 85% and 97 %,
whereas in two of three untreated buildings the
counts were higher than when the tests were started
in 1964. In another treated building the reduction
was 78 %, in three others it was 43 % to 47 %, in one
it was 27%, and in three it was 0%. One building
had been destroyed by the owner. Thus in most
buildings the treated cloth appeared to be still
having some effect on the mosquito population.
The malathion standard was also highly effective

on most occasions throughout the first nine weeks.
During the examination made the 11th month after

application, while mosquito densities in the Stutt-
gart area were still low, the results obtained with
this insecticide compared favourably with those
obtained with the Baygon-impregnated cloth. Two
months later, the malathion had lost most of its
toxicity.

In our previous studies on the effectiveness of
residual sprays for the control of A. quadrimaculatus,
it was observed that the density of this species in
treated buildings is highest about sunrise. On
31 July 1964, afther the cheesecloth had been hung
for approximately 3.5 weeks, inspections were made
in two of the buildings with completely covered
walls and ceilings to ascertain whether Anopheles
mosquitos were entering before sunrise and resting
on the treated cloth. Further visits were made at
frequent intervals during the day until most of the
mosquitos had disappeared. During the same week,
we released adults of this species that had been
collected in untreated buildings into these same
buildings and observed the activities of the insects
until they either died or disappeared.
When one of the chicken-houses containing

treated cheesecloth was visited at 4.15 a.m. on
31 July, seven A. quadrimaculatus adults were seen
resting on the treated cloth and four were flying in
the building. Forty-five minutes later, more than
600 mosquitos were present in the building and
392 of them were resting quietly on the impregnated
cloth. By 5.30 a.m. the number of mosquitos had
decreased to 73 on the cloth, 336 on untreated
chicken nests, and 100 flying. The densities were
further reduced at 6.25 a.m. and 7.10 a.m., and
at 8.00 a.m. the only A. quadrimaculatus seen were
one on the cloth and two hiding in a dark chicken
nest.
On the same day, 50 adults of A. quadrimaculatus

were observed at 4.45 a.m. sitting on treated cloth
inside a completely covered pump-house. Nineteen
were on the cloth at 5.20 a.m. and some of them
were obviously affected by the insecticide. Other
adults of this species were seen entering at this time.
By 6.10 a.m. only one mosquito remained and it
was flying. The building was free of mosquitos at
7.15 a.m.

Fourteen A. quadrimaculatus adults were released
into the chicken-house about 9.00 a.m. They settled
on treated surfaces almost immediately and did not
fly for the first 4-5 minutes. Within 15 minutes they
fell to the floor and were unable to fly. Fifteen
others that were released in the pump-house sat on
the treated cloth for 4-8 minutes without moving.
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BAYGON-IMPREGNATED CHEESECLOTH FOR CONTROL OF A. QUADRIMACULA TUS

CONTROL OF ANOPHELES QUADRIMACULATUS IN ARKANSAS FARM BUILDINGS TREATED BY SUSPENDING
CHEESECLOTH PANELS IMPREGNATED WITH BAYGON (2 g/mr) OR BY SPRAYING WITH MALATHION

Pre- Percentage reduction at indicated interval after treatment a
treatment

Type count
of building (average 1 1 2 3 4 5 6 7 8 9 10 11 13

of two day week weeks weeks weeks weeks weeks weeks weeks weeks weeks months months
counts)

Entire walls and ceilings covered by panels

Pump-house 272 100 100 100 100 100 100 100 100 100 100

Chicken-house 1 462 100 100 100 100 100 100 100 100 100 100

Chicken-house 928 100 100 100 100 100 100 100 100 100 100

100 75

100 99

100 -

90-cm panels at juncture of walls and ceilings and in corners

Chicken-house 699 100 100 100 100 100' 100 99 99 99 82 84 56

Chicken-house 678 100 100 100 100 100 100 99 98 96 98 99 95

Chicken-house 2 825 100 100 100 100 100 100 99 99 99 99 99 88

88

88

47

43

78

90-cm panels at juncture of walls and ceilings

Chicken-house 1 517 100 100 100 100 100 100 100 99 99 100 100 100 85

Pig-pen 540 100 100 100 98 100 100 86 86 90 98 84 41 45

Chicken-house 398 100 100 100 100 100 100 100 100 100 100 100 99 88

90-cm panels in corners

Pump-house 194 100 100 100 100 100 100 99 99 100 100 100 98 97

Chicken-house 440 100 100 100 100 100 100 100 98 96 100 100 98 0

Chicken-house 566 100 100 100 100 100 99 99 99 94 90 - 93 0

45-cm panels in corners

Chicken-house 376 94 95 96 97 95 92 90 99 99 - - - 27

Chicken-house 255 97 99 87 96 84 88 99 96 93 - - - 0

Chicken-house 837 100 97 100 97 97 98 100 100 - - - - 89

malathion emulsion concentrate

Cow-barn >2 000 100 100 100 100 100 99.7 99.7 99.3 100 100 - 45 50

Calf-barn 674 100 100 100 100 100 100 99.9 93 100 100 - 97 0

Duck-shed 553 100 100 100 100 100 99.0 100 88 100 100 - 94 9

untreated buildings

Chicken-house 862 -248 40 -132 -132 -132 -132 -74 -74 76 64 90 - b

Animal-barn 2 300 16 36 19 -17 9 -52 -30 35 93 91 99 97 82

Garage 353 -12 -19 24 3 -40 - - - 69 -2 42 96 -42

Chicken-house 719 -317 49 -178 -59 35 -19 -6 -36 46 66 87 57 -4

a Minus signs indicate an increase over the pretreatment count.
b Building destroyed between 10th week and 11th month.

10
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Five of them were on the floor after 15 minutes but
the others disappeared and were not recovered.
Some of those not found in the pump-house 15 minu-
tes after release probably left, while others fell in
places where they could not be seen. The mosquitos
on the floor were collected and held for 24 hours in
Petri dishes in an air-conditioned room. None of then
recovered.

Discussion
The results obtained in this study clearly show

that cheesecloth panels impregnated with Baygon
remained highly effective for several months. The
residues were not highly repellent or there would
not have been so many mosquitos resting on treated
surfaces early in the morning. Those observed at
5.30 a.m. on the untreated chicken nests undoubtedly
contacted the insecticide, as they left the building
before 8.00 a.m.; on the basis of previous experience
we would have expected them to remain unless the
insecticide forced them to leave.

Unfortunately all of the insecticides, including
DDT, that have so far been found to be effective as
residual sprays against mosquitos cause adults of
A. quadrimaculatus to fly before they are actually
killed. As a result, most of the mosquitos that
contact treated surfaces leave the buildings and dead
insects are rarely seen. During the course of this
investigation we saw adults leave buildings treated
with impregnated cheesecloth, suddenly drop to the
ground and lose their ability to fly. Because Baygon
is one of the fastest-acting insecticides that we have
studied, we did see more dead mosquitos than usual
in the buildings treated with cheesecloth. However,
we believe the number seen was only a small fraction
of those that actually contacted the insecticide and
were killed by it.
The tests conducted with released mosquitos

showed clearly that this type of treatment can kill
under field as well as laboratory conditions.
No observations were made to determine whether

some mosquitos were deterred from entering or
whether those entering were inhibited from feeding.
These aspects of control by impregnated cheesecloth
should be investigated in further field trials, and the
method should be evaluated against other species
with different patterns of activity.

This type of covering probably will not be used
over wooden surfaces because it is not needed and

because it would increase the labour connected with
application treatments. However, a covering is badly
needed for highly sorptive surfaces, such as porous
mud bricks. Although none of the cloth was
actually used over dried mud, the wooden back-
grounds were untreated and should not have con-
tributed in any way to the control obtained. The
treated cloth, therefore, should produce similar
results over mud brick surfaces unless chemicals
present in the soil adversely affect the insecticide or
dust particles created by disintegration of the bricks
coat the cloth and make the insecticide unavailable
to the mosquitos.

Cheesecloth was chosen primarily because it is
cheap. The material employed in this study cost
$0.06/yd2 (about $0.07/m2). However, it also has
another highly desirable characteristic: it is attractive
to mosquitos as a resting place. We have frequently
observed that spiders' webs are among the preferred
resting places for A. quadrimaculatus in animal barns.
Apparently the webs are cooler than the wooden
walls (which become warm during the summer) and
permit more air circulation. Surfaces as porous as
cheesecloth that are draped loosely in a building
should serve the same purpose.
Although cheesecloth was the only covering used

in our tests, others should be investigated more
fully. Mosquito bed-nets have been sprayed in many
control programmes. Our results suggest that such
applications probably have been quite effective;
with people under the nets to act as attractants, they
should kill many mosquitos. Also, some insecticides
produce highly effective residues on paper. A cheap
grade of paper, perhaps even old newspaper, might
be used in some regions to cover portions of the
walls for the three or four years required for the
malaria eradication programme. Our attempts to
find plastic coatings that could be sprayed on mud
surfaces to prevent absorption have so far produced
no promising leads. However, there are many such
materials available, and more of them should be
tried.
New insecticides that will remain effective on mud

bricks will evidently be difficult to find. Unless we
are successful in our search, the most logical solution
to the problem appears to be to cover these surfaces
with some cheap material that will improve the
results obtainable with the insecticides already
available. Cheesecloth appears to be such a material.
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