
Bull. Org. mond. Sante 1965, 33, 461-470
Bull. Wld Hlth Org. J

A Village -Scale Trial with the Insecticides Carbaryl
and Folithion in Southern Nigeria*

M. BAR-ZEEV 1 & P. BRACHA 2

The insecticides carbaryl and Folithion were tested on a village scale in the vicinity
of Lagos, Nigeria, by the WHO Insecticide Testing Unit in 1963. Whereas carbaryl
reduced the density of anophelines and culicines for two months, Folithion greatly reduced
their density for six months or more. The mortality among mosquitos leaving treated
dwellings and caught in window-traps in the carbaryl-treated village was fairly high for
only one month after treatnment, but in the Folithion-treated village it was high for seven
months. Bio-assay results showed that Folithion was effective on mud.for two-and-a-half
months, on woodfor seven months, and on thatchfor six months. Carbaryl was not effective
on mud; on wood it was effective for nine months or more, and on thatch for six to nine
months.

Anopheles hargreavesi was found to be more exophilic than Anopheles gambiae or
culicines.

Carbaryl (1-naphthyl methylcarbamate) [OMS-29]
andFolithion (O,O-dimethyl 0-(4-nitro-m-tolyl)phos-
phorothioate)' [OMS-43] were tested in 1963 on a
village scale by the WHO Insecticide Testing Unit
in southern Nigeria. Carbaryl and Folithion were
85% and 40% water-dispersible powders respectively
and were sprayed at a target dosage of 2 g/m2 on
21 May and 27 May 1963 respectively. These two
compounds had been found safe for use in human
habitations (Vandekar, 1965).

TRIAL VILLAGES

The villages in which the trials were carried out
are located about 32 km from Lagos, close to the
Agege-Akesan road, south-west of Yaba, and are
all situated within about 8 km of one another.
The population is Yoruba and their economic basis
is mainly agriculture. The huts are mostly built of
mud with a corrugated galvanized iron (" tin ")
roof, or, less commonly, a thatched roof. Each hut
usually consists of a central corridor with two or
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three rooms on each side of it. A detailed descrip-
tion of similar huts has been given by Gratz, Bracha
& Carmichael (1963). The following were the trial
villages.

Bolorumpelu
This village was treated with Folithion. It con-

sisted of 24 mud huts, 13 of which were roofed
with corrugated tin and 11 thatch-roofed. It had
a population of about 200.

Badore
This village was treated with carbaryl. It consisted

of 18 mud huts and two bamboo huts. Seventeen
of the huts were tin-roofed and three thatch-roofed.
It had a population of about 160.

Akesan
This was a control village. It consisted of 109

mud huts, eight of which were thatch-roofed and
the rest tin-roofed. It had a population of about 850.

METHODS

Entomological
Morning resting densities. In each of the treated

villages and the control village 10-15 catching-stations
were chosen. A catching-station is one room in
which people sleep within a hut. Once a week
between the hours of 6.30 and 8.30 a.m., floor
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FIG. I
NUMBER OF FEMALE ANOPHELINES PER CATCHING STATION AS OBTAINED BY MORNING SPRAY CATCH
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sheets were spread on the floor and beds and other
furniture of the catching-station's rooms, which were
sprayed with 0.25% pyrethrum. Mosquitos were
then collected from the floor sheets and classified as
to species, nutritive state, and whether gravid or not.

Window-trap catches and mortality in the window-
traps. In each of the above-mentioned catching-
stations, an exit window-trap was installed on the
evening before the pyrethrum spray catch was to be
carried out, and removed on the following morning,
prior to the spray catch. The traps consisted of
Terylene netting on a 12-inch (30-cm) cubical wooden
frame, and the entrance side was drawn into a
truncated cone with a 1-inch (2.5-cm) diameter hole
at its apex, which was 1 inch from the opposite
face of the trap. Mosquitos collected from the
window traps were classified similarly to those
obtained from the pyrethrum spray catch. Live
mosquitos obtained in the window-traps were kept
to determine the 24-hour mortality.

Bio assays. The cone bio-assay technique recom-
mended by the WHO Expert Committee on Insecti-

cides (1963) was used, and different surfaces chosen
at random in the treated village were bio-assayed
weekly (mud) and every two weeks (wood and
thatch). Three-day-old, blood-fed Aedes aegypti,
and in some cases also Anopheles gambiae, were
exposed to the insecticides for half an hour. After-
wards, the mosquitos were held in paper cups pro-
vided with sugar water and the 24-hour mortality
was determined.

Chemical

The chemical determination of the two carbamic
acid ester deposits has been described recently
(Bracha, 1964).

Folithion deposits were determined by oxidation
with an excess of acidified bromide-bromate solu-
tion; the excess bromate was determined by titration,
with standard sodium thiosulfate, of the iodine
liberated in addition to excess potassium iodide, in
basically the same way as described previously for
the determination of fenthion deposits (Gratz
& Dawson, 1963). Suspensibilities were determined
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FIG. 2
NUMBER OF FEMALE CULICINES PER CATCHING STATION AS OBTAINED BY MORNING SPRAY CATCH

by the method described in Specifications for Pesti-
cides (World Health Organization, 1961) for mala-
thion and other water-dispersible powders, but
without subjecting the powder to tropical storage
pretreatment. Initial deposit was determined by
the filter-paper method (Gratz & Dawson, 1963),
while decomposition with time on mud surfaces was
determined by the analysis of 2-inch (5-cm) diameter,
3/4-inch (1.8-cm) thick, mud bricks attached to mud
walls just before spraying, and removed at intervals
thereafter. Wood and thatch samples were collected
by extraction of a known surface with a suitable
solvent and subsequent determination of residue.
The amount of " bounce-off" was determined by
placing 20 x 20 cm glass plates on the floor in
accordance with methods described by Gratz
& Dawson (1963).

Species of mosquitos collected
Of the anophelines collected in the test villages,

the predominant species were Anopheles hargreavesi
and Anopheles gambiae (65% and 35% respectively

obtained by the pyrethrum spray catch; and 86%
and 14% respectively obtained by the window-trap
catch). Anopheles.funestus and Anopheles pharoensis
were also obtained by both catching methods, but
in extremely small numbers (about 0.1 ). The
culicines were mostly (over 90 Y.) a mixture of
Taeniorynchus (Mansonioides) africanus and Taenio-
rynchus (Mansonioides) uniformis.
The percentage of males obtained was extremely

low. In the pyrethrum spray catch it was: A. gambiae,
1.2%; A. hargreavesi, 0; culicines, 0.8 %. In the
window-traps: A. gambiae, 0.2%; A. hargreavesi, 0;
culicines, 1.6 %.

RESULTS

Morning resting densities
The results of the morning resting densities, as

obtained by pyrethrum spray catch, are presented
in Fig. 1 and 2 for anophelines and culicines.

Carbaryl reduced the density of anophelines for
the first two months after spraying, but by the

463



M. BAR-ZEEV & P. BRACHA

FIG. 3
NUMBER OF FEMALE ANOPHELINES PER WINDOW-TRAP BEFORE AND AFTER TREATMENT
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TABLE I

RAINFALL AND MONTHLY AVERAGE DENSITIES OF ANOPHELES GAMBIAE
AND ANOPHELES HARGREAVESI IN THE CONTROL VILLAGE

Average No. of mosquitos Average No. of mosquitos
Rainfall per catching station per window- trap as obtained

Months obtained by pyrethrum by window-trap catches
spray catches

in mm A. gambiae A. hargreavesi A. gambiae A. hargreaves.

June 11.9 303 1.0 4.7 0.5 9.4

July 15.9 404 1.4 4.3 0.6 6.7

August 14.5 368 1.8 4.4 1.6 7.8

September 11.6 295 1.0 4.7 2.9 9.4

October 4.9 124 0.7 2.5 0.6 4.8

November 3.4 87 1.9 2.4 3.2 6.6

December 0.06 1.5 0.6 0.9 1.3 7.9

January 0.10 2.5 0.1 1.4 0.1 6.1

February 0.8 20 0.4 5.3 0.4 8.9
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FIG. 4
NUMBER OF FEMALE CULICINES PER WINDOW-TRAP BEFORE AND AFTER TREATMENT
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third month the density rose again, approaching
that of the control village.

In the Folithion-treated village anopheline density
decreased to almost nil for the first six months after
spraying. It thereafter increased, but still remained
lower than in the control village. Although it was
in fact somewhat lower than the control village
before spraying (Fig. 1), the effectiveness of Folithion
in decreasing anopheline density for at least six
months after the spray application is apparent.
Somewhat similar results were obtained with the
culicines (Fig. 2).

Densities in the window-traps
Mosquito densities in the window-traps of the

treated and control villages, one month before and
for several months after treatment, are presented
in Fig. 3 for anophelines and Fig. 4 for culicines.

In the carbaryl-treated village, the density of ano-
phelines decreased in the first two months after
spraying, thereafter increasing and approaching that
of the control village. In the Folithion-treated
village, a relatively large decrease in the mosquito
density occurred in the first month after spraying.
Thereafter, the density increased gradually each
month, and eventually reached that of the control
village nine months after spraying. Somewhat
similar results were obtained with the culicines
(Fig. 4).
Rainfall and mosquito density
Table I shows the rainfall for each month as

obtained at Ikeja Airport (about 32 km from the
test villages), and the average monthly densities of
A. gambiae and A. hargreavesi as obtained by the
pyrethrum spray catch and the window-trap catch
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TABLE 2
AVERAGE PERCENTAGE OF FED, UNFED AND GRAVID MOSQUITOS OBTAINED IN WINDOW-TRAPS OF TEST VILLAGES

IN THE MONTHS FOLLOWING SPRAYING

I Anopheles gambiae Anopheles hargreavesi
Month No. in Fed U nfed Gravid No in Fed No. in Fedwindow- Fd Ufd Gai window- Fe Unfed Gravid window- Fe Unfed Gravid

traps %) %) % traps (%) (%) (%) traps % I

Carbaryl-treated village
June 13 17 28 55 239 45 47 8 55 5 75 20

July 12 0 34 66 185 26 66 8 121 1 35 64

August 33 6 37 57 558 20 74 6 244 1 53 46

September 20 0 15 85 267 13 73 14 182 0 41 59

October 12 0 58 42 297 1 96 3 318 0 43 57

Folithion-treated village
June 1 100 0 0 12 75 25 0 32 32 42 26

July 7 36 34 30 49 49 44 7 74 8 65 27

August 19 96 4 0 19 60 33 7 34 11 55 34

September 21 57 43 0 65 55 38 7 118 36 37 27

October 73 79 14 7 67 40 54 6 185 23 42 35

November 103 44 26 30 86 50 46 4 95 16 51 33

December 45 58 21 21 190 39 60 1 111 36 24 40

January 9 84 0 16 171 34 54 12 43 19 37 44

February 5 55 11 33 426 50 41 9 40 4 56 40

Control village

June 33 3 46 51 552 28 53 19 266 9 25 66

July 32 14 22 64 357 19 79 2 329 1 30 69

August 112 1 42 57 537 8 67 25 464 1 17 82

September 34 15 43 42 278 21 65 14 296 2 17 81

October 31 0 35 65 264 0 99 1 419 0 46 54

November 211 3 40 57 523 7 83 10 641 1 25 74

December 46 0 80 20 314 11 88 1 227 0 35 65

January 4 0 25 75 315 17 73 10 129 1 35 64

February 13 0 52 48 306 17 49 34 98 0 37 63

in the control village (Akesan). It can be seen in window-trap catches is presented in Fig. 5.
that the density of A. gambiae is closely correlated Table 2 shows the number of mosquitos obtained
with the rainfall (except in November), while the in the window-traps. When the average monthly
density of A. hargreavesi appears to be little affected mortality of any species in the control village
by rainfall. From Fig. 2 and 4 it can be seen exceeded 30% the monthly test results with that
that the density of culicines in the control village species were disregarded.
was not correlated with rainfall. In the case of the Folithion-treated huts, the

mortality of anophelines and culicines in the window-
Mortality in window-trap catches traps was high for seven months after treatment.

The monthly average of 24-hour mortalities of Although some of this mortality might have been
A. gambiae, A. hargreavesi and culicines obtained due to contamination of the traps or a fumigant-

Culicines



FIG. 5
MONTHLY AVERAGE 24-HOUR MORTALITIES (%) IN WINDOW-TRAPS a
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a Numbers of mosquitos in window-traps are shown in Table 2. Treatment with carbaryl was carried out on 21 May and with
Folithion on 27 May 1963.
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like effect of Folithion acting on mosquitos inside
the window-traps, there were no such effects from
the fifth month after spraying. On the other hand,
mortality in the window traps in the carbaryl-
treated village was fairly high only in the first month
after spraying. (There was no contamination or
fumigant effect inside the window-traps of this
village.)

Percentage of fed, unfed and gravid mosquitos in
window-traps
The percentage of fed, unfed and gravid mosquitos

obtained in the window-traps of the test villages is
given in Table 2. In the unsprayed (control) village,
the percentage of fed A. hargreavesi was signifi-
cantly (P<0.05) and highly significantly (P<0.01)
more than that of A. gambiae and culicines, respec-
tively. There was no significant difference between
the percentage of fed A. gambiae and culicines. This
shows that the exophilic tendency of A. hargreavesi
was greater than that of A. gambiae and culicines.
It is worth noting that generally a low percentage
of fed mosquitos of all species was obtained in the
window-traps.

The percentage fed of all species obtained in
window-traps of the Folithion-treated village was
highly significantly (P<0.01) greater than in the
control and carbaryl-treated villages. There was
no significant difference between the carbaryl-treated
village and the control village. The reason for the
higher percentage of fed mosquitos in the Folithion-
treated village is not known and requires further
investigation.

Bio-assay results
The average monthly mortalities obtained in the

bio-assay tests on different surfaces against 3-day-
old, blood-fed Aedes aegypti and Anopheles gambiae
are presented in Table 3.

Folithion on mud was effective-i.e., greater than
70% mortality-against Aedes aegypti for two-and-
a-half months, and fairly effective (about 50%
mortality) in the following month. On wood, it
was effective for seven months, and on thatch for
six months against Aedes aegypti and Anopheles
gambiae.

Carbaryl was not effective against Aedes aegypti
on mud. On wood, however, it was generally

TABLE 3
MONTHLY AVERAGE MORTALITY (%) a FROM BIO-ASSAYS ON DIFFERENT SURFACES

IN A TREATED VILLAGE (TREATMENT 20 JUNE 1963)
(30-MINUTE EXPOSURE)

Carbaryl Folithion

Month Mosquito Type of surface Type of surface

Mud Wood Thatch Mud [ Wood Thatch

June Aedes aegypti 33 54 - 100 100 -

July Aedes aegypti 33 72 86 87 100 100

August Aedes aegypti 45 71 92 89 100 100

September Aedes aegypti 35 91 46 48 100 100

October Aedes aegypti 7 63 42 14 100 83

November Aedes aegypti 91 77 100 100Anopheles gambiae 100 84 100 100

December Aedes aegypti 100 89 100 96Anopheles gambiae 100 94 100 99

January Aedes aegypti 66 48 81 41Anopheles gambiae 100 97 94 35

February Aedes aegypti 83 61 60 38Anopheles gamblae 100 66 38 56

March Aedes aegypti 79 46 8 33Anopheles gambiae 100 64 17 11

a Percentage mortality was corrected by Abbott's formula and was generally very low in the controls. The number of insects
exposed each month (about four tests) varied from about 100 to 300.
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effective for nine months or more against Aedes
aegypti and Anopheles gambiae. On thatch it was
generally effective against Aedes aegypti for six
months and against Anopheles gambiae for nine
months or more. On wood and thatch it was more
persistent in its toxic effect than Folithion.

Contamination of window-traps
To test for possible insecticidal contamination

two window-traps, taken at random, were brought
weekly from the villages into the laboratory. Twenty
blood-fed Aedes aegypti were introduced into each
trap and a control cage, and the mortality was
determined after 24 hours. Although the window-
traps were washed weekly, 68% mortality was
observed in the tests from the Folithion-treated
village three months after spraying. In the fourth
month there was negligible mortality in the traps
and control cages, indicating that contamination
existed for three months after treatment but not
in the fourth month. In the case of the carbaryl-
treated village, no contamination of the window-
traps was detected.

Chemical investigation
The technical properties of the two formulations

sprayed are as follows (with the values after six
months' tropical storage shown in parentheses):

Suspensibility Active ingredient
Carbaryl
(85% water-dispersible
powder) 89.3% (87.4%) 82.2% (79.3,)

Folithion
(40% water-
dispersible powder) 84.3% (80.6%) 40.5% (40.9%)
These data indicate good keeping properties. The
initial deposit on the various surfaces as determined

by the above-mentioned filter-paper method is given
in Table 4. It can be seen that the initial deposit
on the walls reached to within 10% of the target

TABLE 4
INITIAL DEPOSIT ON SPRAYED SURFACES

Deposit Carbaryl (mean) Folithion (mean)

On walls 1.82 g/m2 (120 values) 2.11 g/m2 (115 values)

On ceilings 1.26 g/m2 (59 values) 1.40 g/m2 (50 values)

On beams 2.39 g/m' (48 values) 2.36 gfm2 (48 values)

dose. On the other hand, ceilings were usually
undersprayed. This had already been observed in
similar spraying operations (Gratz & Dawson, 1963).
However, the beams received a slight overdose
when sprayed from a shorter distance. Floors in
carbaryl-treated huts were chosen for the determina-
tion of bounced-off insecticide, and it was evident
that the distribution of insecticide on the floor was
increasing radially from the centre of the room,
with corners receiving a large amount of bounced-
off material (Table 5).

BOUNCED-OFF
TABLE 5

INSECTICIDE CONCENTRATION

Site Concentration (mean)

Corners 2.65 g/m2 (12 values)
Walls 2.05 g/m2 (12 values)

Midways 1.25 g/m' (12 values)

Centres 0.39 g/m2 (4 values)

RItSUM1

Deux insecticides, un carbamate (carbaryl) et un organo-
phosphore (Folithion) ont 6te essayes dans des villages
du Nigeria meridional. Dans cette region agricole, les
huttes construites en pise' sont couvertes de toles galva-
nisees, plus rarement de chaume. Les insecticides ont et6
appliques a la dose de 2 g/m2.

Les moustiques captures etaient A. hargreavesi, A.
gambiae et, en nombre beaucoup plus faible, A. funestus
et A. pharoensis, ainsi que des culicines; A. hargreavesi
6tait le plus exophile.
Le carbaryl a reduit la densit6 anophelienne pendant

deux mois apres la pulverisation, mais au cours du

troisieme mois, la densite a augmente, jusqu'a approcher
celle du village temoin. Dans un des villages trait6s par
le Folithion, la densite anoph6lienne a ete presque nulle
pendant six mois. Elle augmenta par la suite mais en
restant inf6rieure a celle du village temoin. Des resultats
semblables ont ete notes avec les culicines.

Le Folithion conserve son activite pendant deux mois
et demi sur le pise, sept mois sur le bois et pendant six
mois sur le chaume. Le carbaryl n'est pas efficace sur le
pise, mais sur le bois et le chaume, il conserve ses effets
toxiques plus longtemps que le Folithion.
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