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Field Trials of Bromophos and Schering 34615
Residual Sprays and of Cheesecloth Impregnated

with Bayer 39007 for Control of Anopheles
gambiae and A. funestus in Nigeria

C. P. PANT1 & L. S. SELF2

In a continuation of the World Health Organization's collaborative scheme for testing
new insecticides against malaria vectors, field trials were carried out during 1965 in the
forest belt of Western Nigeria near Lagos and in the Guinea savanna belt of Northern
Nigeria near Kaduna, using bromophos residual spray and cheesecloth impregnated with
Bayer 39007; Schering 34615 was applied as a residual spray in Lagos. Although bromo-
phos appeared to be effective for at least five months after spraying in the Lagos area, the
desired control was obtained for only one month in the Kaduna area; these differences
appear to be due to differences in environmental conditions and to the ecology ofAnopheles
gambiae. Schering 34615 was also effectivefor up tofive months in Lagos and was definitely
superior to bromophos. Cheesecloth impregnated with Bayer 39007 gave good control of
mosquitos for two andfor three months in Kaduna and Lagos, respectively, but because the
walls of the treated huts were only partly covered, some mosquitos avoided contact with the
cloth. It is suggested that, because of the reduced toxic hazards, cheesecloth treatments
may be feasible with potentially effective insecticides that are too toxic to spray.

During 1965, the World Health Organization
Insecticides Testing Unit carried out village-scale
trials with bromophos (0-(4-bromo-2,5-dichloro-
phenyl)-OO-dimethyl phosphorothionate) [OMS-
658] 8 and Schering 34615 (3-methyl-5-isopropyl-
phenyl N-methylcarbamate) [OMS-716] 4 sprayed
inside mud huts at a target dosage of 2 g/m2 in the
tropical rainforest belt of Western Nigeria near
Lagos. Similar trials were also carried out in the
Guinea savanna belt of Northern Nigeria, using
bromophos as a residual spray and cheesecloth
pretreated with Bayer 39007 (2-isopropoxyphenyl
N-methylcarbamate) [OMS-33] 5 at a dosage of
2 g/m2 hung on the walls. The pretreated cheese-
cloth was also tested near Lagos. These investiga-
tions were part of the Organization's collaborative

1 Project Leader, WHO Insecticides Testing Unit, Yaba-
Lagos, Nigeria.

' Entomologist, WHO Insecticides Testing Unit, Yaba-
Lagos, Nigeria.

' Manufactured by Cela GmbH and supplied as a water-
dispersible powder containing 25 % of active ingredient.

' Manufactured by Schering Co. and supplied as a

scheme for testing new insecticides against malaria
vectors.

Studies in several laboratories with colonized
mosquitos had indicated that all of these insecticides
showed promise as possible replacements for DDT
and dieldrin in areas where the latter compounds
are no longer recommended for use in malaria
eradication programmes (Georghiou & Metcalf,
1961; Schoof, McMillan & Mathis, 1962; Hadaway
& Barlow, 1965). Little information, however, is
available on the effect of these insecticides against
natural populations of malaria vectors in tropical
Africa. Smith & Hocking (unpublished) found that
bromophos was effective for two to three months
against naturally entering Anopheles gambiae and
A. funestus in experimental mud huts in Tanzania.

water-dispersible powder containing 50% of active ingredient;
also known as Carbamult.

6 Manufactured by Farbenfabriken Bayer A.G. as Bay-
gon; impregnated cheesecloth was provided by the Agri-
cultural Research Service, US Department of Agriculture,
Gainesville, Fla., USA, through the courtesy of Mr J. B.
Gahan.
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Bayer 39007, applied as a residual spray to wooden
buildings in Arkansas, USA, gave better than 96%
control for more than a year against wild populations
of A. quadrimaculatus, as judged by comparing the
populations before and after treatment (Gahan,
Wilson & Smith, 1965). On mud surfaces, however,
Bayer 39007 was effective for only one month
against A. gambiae in Tanzania (Smith & Hocking,
1963). In the laboratory, Hadaway & Barlow
(1963) showed that many alkylphenyl N-methyl-
carbamates were sorbed more readily on a given soil
than DDT and dieldrin, and the influence of humi-
dity on the availability of the sorbed carbamates was
also greater.
The novel method of insecticide treatment by the

use of impregnated cheesecloth has been developed
by scientists of the US Department of Agriculture,
Gainesville, Fla., USA (Gahan, Wilson & Smith,
1966). Gahan (personal communication) has pointed
out that cheesecloth application, in addition to
possibly overcoming the problem of sorption, may
be less of a toxic hazard than conventional spray
treatments for both the sprayers and the inhabitants
of treated houses.
The purpose of the present study was to obtain

information on the residual toxicity of bromophos
and Schering 34615 sprays and of cheesecloth
impregnated with Bayer 39007 against malaria
vectors in Nigeria.

MATERIALS AND METHODS

Test villages

In Western Nigeria, the test villages were of the
Yoruba type, located 10-15 miles (16 km-24 kin)
north of Lagos. The huts were of mud with tin
roofs and had several rooms. The walls were 10 ft-
12 ft (3.0 m-3.7 m) high, with a gap of about 6 in
(0.15 m) at the eaves. The average sprayable surface
area per hut, as measured from one sample of
25 huts, was 824 M2. Descriptions of Yoruba
villages and of the environmental and climatic con-
ditions typical of this area have been given previously
(Elliott & Barnes, 1963; Gratz, Bracha & Carmi-
chael, 1963).

In Northern Nigeria, the test villages were of the
Hausa type, located 8-10 miles (13 km-16 km) west
of Kaduna. The conical or square mud huts in the
area had thatch roofs and consisted of a single
room. The walls were about 5 ft (1.5 m) high, and
the narrow opening and overhanging shape of the
eaves permitted mosquitos to enter, but the chances

of their leaving were much less than in Yoruba-type
huts. The sprayable surface area per hut was about
50 m2-70 M2. Descriptions of Hausa villages and
of the environmental and climatic conditions typical
of the Guinea savanna belt of Northem Nigeria have
been given by Service (1963) and by Foll, Pant &
Lietaert (1965).

Details of the size of, and the population in, the
treated and control villages in the two areas are
given in Table 1. The treated and control villages
were selected on the basis of proximity and similari-
ties of environment and anopheline densities during
prespraying investigations. In the Kaduna area,
where the villages consist of widely scattered hamlets
and the prevailing anopheline densities are high, it
was possible to obtain groups of homogeneous
hamlets in the same village located within several
hundred yards for use as treatment and control
zones.

Treatment of villages
Bromophos and Schering 34615 were applied as

water-dispersible powders containing 25% and 50%
active ingredient, respectively, at a target dosage of
2 g/m2. The actual dosages obtained were deter-
mined by the chemical analysis of filter-papers placed
before spraying, using a modification of the method
described by Gratz & Dawson (1963) and by Bracha
(1964). There was some variation in the dosage
between different places in a hut owing to difficulties
in spraying caused by their dimensions and shape,
but the average values were close to 2 g/m2 (Table 1).
Hudson X-pert spray pumps fitted with Tee-jet
SS-8002 nozzle tips and a fixed-pressure regulator
(discharge rate about 757 ml/min) were used to
apply a 5% suspension of the insecticides. The
safety precautions used by sprayers were similar to
those described by Vandekar (1965) and consisted
of the use of overalls, sou'westers, masks and rubber
boots. The mixers handling the concentrated formu-
lation used rubber gloves also.'

In the cheesecloth tests, one strip (3 ft (0.9 m)
wide) of cloth pretreated with Bayer 39007 was
secured to the upper part of the mud walls after
the occupants had removed all articles from this
area. One man secured the cloth to the wall with a
triggered Bostitch stapler while two others helped
to spread and unwind it from the bundle. In
Kaduna, the strip covered about 50% of the wall

1 Toxicological investigations, consisting of clinical
examinations and measurement of plasma choli nesterase
levels before and after spraying of bromophos and Schering
34615, were carried out by Dr A. Arnan (unpublished).
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TABLE I
CHARACTERISTICS OF TREATED AND CONTROL VILLAGES

IN LAGOS AND KADUNA

No. of No. of DosageaVillage Insecticide used huts treated inhabitants W(gm,)

Lagos area

Alimosho Bromophos 24 144 2.58

Akinogun None (Control) 20 97 -

lgbogila Schering 34615 21 89 1.93

Amulegboniyun None (Control) 20 79 -

Akowonjo Bayer 39007 cheesecloth b 5 26 2.00 c

Kaduna area

Sabon-Gida Bromophos 35 82 1.98

Sabon-Gida None (Control) 29 71 -

Lema Bayer 39007 cheesecloth b 6 14 2.00 c

a Dosage determined by filter-paper analysis.
b Five control huts were located in the same village.
c The cheesecloth was impregnated with insecticide in Gainesville, Fla., USA.

area. When the untreated thatch roof is taken into
account, it is estimated that about 30% of the total
inside surface area was treated. In Lagos, where the
walls were higher, the one strip covered approxim-
ately 25% of the treated room.

Entomological techniques
The residual effectiveness of the insecticides and

their effect on the normal behaviour of anophelines
were determined by making routine observations in
the treated and control villages. These methods
have been described by Gratz & Carmichael (1963),
Service (1963) and Foll, Pant & Lietaert (1965).
Morning resting densities were measured between

7 a.m. and 9 a.m. by standard Flit catch at 10-12
fixed stations. In the cheesecloth trial, only five huts
were used. The stations in Lagos consisted of a
sleeping-room and in Kaduna of a whole hut. The
mosquitos were classified by species, sex and ab-
dominal stage.

Standard window traps (sleeve-type, fitted on a
hardboard frame fixed to windows) were used in
the Lagos area. Door traps, consisting of a wire-
frame exit trap sewn onto a heavy cloth, were used
in the Kaduna huts. The traps were fixed at about
6 p.m., on the evening preceding the Flit catch.
Mosquitos collected in the exit traps were kept for
24-hour survival tests in the laboratory and their
species, sex and abdominal stage were determined.

On the basis of the information collected, the per-
centage reductions in anopheline densities in the
treated area, in relation to the density in the control
area, were calculated. In the case of the bromophos
treatment in Kaduna, where significant numbers of
anophelines were caught in window traps, the
estimated reductions in densities took into account
the window-trap mortalities.

Information was also obtained on culicine mos-
quitos.

Bioassay tests by the standard technique recom-
mended by the WHO Expert Committee on Insec-
ticides (1963) were carried out every two weeks.
Three-day-old bloodfed Anopheles gambiae and,
occasionally, Aedes aegypti reared in the laboratory
were used. The exposure period was 30 minutes.
As recommended by the WHO Expert Committee,
a given point for bioassay was used only once. New
points were, however, selected from the same spray
swaths each time. Thus the spray swaths were fixed.
The central area of the swaths was used in selecting
a new point. In the case of cheesecloth, bioassays
were made on the cloth itself.

RESULTS

Bromophos treatments
The hut densities of mosquitos in treated and

control villages in the Lagos area are shown in

s
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TABLE 2
EFFECT OF BROMOPHOS ON DENSITIES OF FEMALE A. GAMBIAE AND

CULICINES IN THE LAGOS AREA

A. gambiae Total culicines
Days
after Average hut Reduction Average hut Reduction
treat- density in density density in density
ment a (Flit catch and in relation to (Flit catch and in relation to

exit traps) b control (%) exit traps) b control (%)

_ 16.9 (17.6) _ _

_ 17.0 (12.2) - _

6 0.5 (16.9) 97.0 0.6 (4.4) 86.4

21 c - (14.7) - _

30 1.5 (19.2) 92.2 1.3 (3.7) 64.9

41 0.3 (16.9) 98.2 0.9 (4.6) 80.4

50 0.9 (18.6) 95.2 1.5 (3.8) 60.5

63 1.2 (9.1) 86.8 1.6 (2.1) 23.8

72 0.9 (27.0) 96.7 0.9 (2.0) 55.0

86 0.0 (17.3) 100.0 2.1 (2.4) 12.5

100 0.9 (7.0) 87.1 0.7 (3.8) 81.6

114 0.4 (11.6) 96.6 2.0 (2.0) 0.0

127 0.3 (8.5) 96.5 0.6 (3.3) 81.8

141 0.3 (7.5) 96.0 5.7 (8.0) 28.8

154 d 0.3 (9.6) 96.9 4.7 (-) _

168 0.3 (9.0) 96.7 3.2 (4.1) 22.0

a Village treated on 19 May 1965.
b Figures In parentheses refer to the control village.
c Owing to heavy rain, a Flit catch could not be carried out In the treated village.
d No window traps were placed on this day.

Table 2. For A. gambiae, reductions of above 90%
in the treated village, as compared with the density
in the control village, occurred up to five months
after treatment. Although the number of mosquitos
collected in window traps in the treated area was
extremely small, high trap mortalities were obtained
up to 100 days after treatment.'

In the Kaduna area, anopheline densities were
higher and so were the window-trap catches (Table 3).
The actual percentage reductions of naturally
entering A. gambiae and A. funestus fell within 30
days after spraying. However, when the trap mor-
talities were taken into account, the estimated
reductions were fairly high up to 43 days after
spraying. Actual trap mortalities for A. gambiae

1 Only fed-gravids were used for assessment, because a
high mortality occurred in unfed mosquitos in control
villages.

were 95% up to 17 days after treatment and 72% on
the 30th day after treatment, dropping to 53% on
the 43rd day and below 30 % thereafter. For
A. funestus, a similar trend was observed. Fig. I
illustrates the exit-trap mortalities for the two
species. The hut densities, as measured by morning
Flit catch, showed a gradual rise for both species
30 days after treatment. On the 30th day, the
combined density was 2.4 per hut, as compared with
0.5 and 0.3 on the 8th and 17th days, respectively.
Gravid A. gambiae and A. funestus started appearing
in the Flit catch after the 30th and the 43rd day,
respectively.
The bioassay results in the Lagos area are shown

in Table 4 and Fig. 2. On rough mud surfaces, the
mortality dropped to 35% one month after treat-
ment. On smooth surfaces, the residual action
persisted longer, as evidenced by mortalities of 65%
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TABLE 3
EFFECT OF BROMOPHOS ON A. GAMBIAE AND A. FUNESTUS IN SABON-GIDA (KADUNA AREA) a

Gravid females Trap mortality Reduction in densityDays after Hut density (% Exit density Trap___mortality_____
treatment (Flit catch) (Flit catch) Actual Estimated

A. gambiae
8 0.1 (23.3) 0 (48) 3.3 (11.1) 95 (2) 90.1 99.1

17 0.2 (14.6) 0 (27) 3.2 (10.4) 95 (5) 86.4 98.4

30 0.7 (4.7) 14 (60) 17.9 (11.6) 72 (7) 0.0 62.7

43 1.7 (22.2) 12 (29) 13.0 (26.8) 53 (11) 70.1 82.4

51 3.5 (5.7) 20 (39) 10.0 (12.8) 26 (3) 27.1 40.0

64 1.1 (2.8) 64 (29) 3.3 (5.5) 15 (0) 47.0 53.0

74 3.6 (3.9) 50 (69) 3.8 (11.8) 23 (6) 52.3 57.3

A. funestus

8 0.4 (20.0) 0 (49) 2.4 (8.3) 100 (28) 90.1 98.5

17 0.1 (10.8) 0 (47) 2.8 (11.1) 83 (21) 86.8 98.8

30 1.7 (10.8) 0 (29) 27.8 (20.6) 75 (11) 15.6 72.2

43 1.5 (45.8) 27 (39) 27.4 (61.3) 60 (17) 75.4 86.3

51 6.5 (40.2) 12 (57) 43.2 (41.1) 37 (12) 3.2 53.6

64 2.8 (27.2) 31 (40) 11.9 (38.5) 27 (11) 75.5 80.9

74 9.6 (28.3) 31 (53) 18.4 (43.8) 35 (26) 61.2 67.1

a Figures in parentheses refer to control huts located in the same village but isolated from the treated area.

two months after treatment. On wood and thatch,
the only bioassays were conducted four months
after treatment and negligible mortalities were
observed. In the Kaduna area also, the bioassay
mortalities indicated a rapid decrease in the effec-
tiveness of bromophos on rough mud surfaces
(Table 5).

Schering 34615 treatments

Entomological evaluations were carried out only
in the Lagos area (Table 6). In both the treated and
the control village, low densities prevailed through-
out the test period. No mosquitos were captured in
exit traps up to 109 days after treatment, at which
time these observations were discontinued. Con-
sequently, the evaluation of Schering 34615 was
based on morning resting densities and bioassays.
The morning resting densities were reduced to

zero up to 166 days after treatment, except on two
occasions when one A. gambiae was collected.

During the same period 183 A. gambiae were
collected in the control huts.
The bioassay results are given in Table 4 and

Fig. 2. Rapid deterioration occurred on rough mud
surfaces, as shown by a mortality of 34% one month
after treatment. On smooth mud surfaces, slower
deterioration occurred: a mortality of 100% on the
59th day after treatment dropped to one of 40%
on the 178th day. On thatch, the mortality was
83% after 119 days, but dropped to 33% after 186
days. On wood, Schering 34615 was more effective
and a mortality of 100% was observed up to 129
days after treatment, eventually dropping to 57%
after 193 days.

Application ofcheesecloth treated with Bayer 39007

In the Lagos area, reductions in A. gambiae
densities exceeding 97% occurred in the treated
huts, as compared with the control ones, up to 99
days after treatment (Table 7). Thereafter, reliable
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TABLE 4
BIOASSAY RESULTS IN LAGOS a

Type Days after | m os f 4morb
of surface treatment squitos mortality

exposed (%

Bromophos spray

Rough mud 5 88 99
19 93 90
33 83 35
47 96 7
62 121 14
75 105 3
89 105 7
103 108 2

Smooth mud 5 97 I100
19 85 100
33 94 87
47 92 65
62 109 65
75 105 12
89 102 13
103 120 12
117 66 14

Thatch 117 70 4
Wood 117 63 3

Schering 34615 spray

Rough mud 6 45 78
32 50 34
45 62 52
59 67 28
73 56 32
87 62 21

101 75 3
Smooth mud 6 108 100

32 102 100
45 81 99
59 123 100
73 114 86
87 113 93

101 135 53
115 137 66
129 104 62
150 139 42
165 112 41
178 126 40
193 112 30

Thatch 119 63 83
150 61 77
172 87 59
186 120 33

Wood 115 64 100
129 90 100
150 109 82
178 121 68
193 51 57

Bayer 39007 on cheesecloth

Cheesecloth 23 55 100
43 72 100
63 66 65
77 70 9
91 75 7
110 55 13
126 46 7

Mud adiacent 23 53 5
to cloth 43 69 1

a Three-day-old bloodfed A. gambiae were used; exposure
time = 30 minutes.

b Control mortalities were less than 5 % except on two
occasions. On these occasions, Abbott's formula was used.

conclusions could not be drawn owing to the low
densities in the control huts.

In the Kaduna area- (Table 8), the percentage
reduction in A. gambiae and in A. funestus exceeded
95% up to 42 days after treatment. The cheesecloth
treatments were remarkably effective in reducing
the morning resting densities of both species during
the first two months after application. It is parti-
cularly noteworthy that the first female A. gambiae
was not collected in the treated huts until the 63rd
day after treatment (Table 8), whereas during
similar observations in the control huts 866 such
females-were collected.--For A. funestus, the hut
densities were zero up to 18 days after treatment,
rising gradually to about 2 per hut 63 days after
treatment and to 9 per hut 74 days after treatment.
For A. funestus, the number of gravids in the Flit
catch was low for the first two months, but increased
thereafter.
During the first two months, few mosquitos were

collected by Flit catch; more than 90% of the total
catch was-made in exit traps (Table 8). The high
exit-trap capture was apparently not due to a repel-
lent or irritant effect of Bayer 39007. In an area with
high mosquito densities, such as Kaduna, one
would expect more mosquitos to be found in the
exit traps if a repellent effect existed. In addition,
during night observations, it was noted that mos-
quitos entered the huts, came in contact with the
cloth and quickly died; shortly afterwards ants
were seen to carry the dead mosquitos away. Of
the total catch of A. funestus, 100% was made in
the exit traps up to the 18th day after treatment.
Thereafter, the figure dropped to 93 % after 63 days
and to 67% after 74 days, showing that an increase
occurred in the number of mosquitos that survived
and rested in the huts.
Although the exit-trap densities were low com-

pared with those in the control huts, the 24-hour
mortality of fed and gravid A. gambiae and A. funes-
tus was constantly below 20% (Table 8). Apparently,
mosquitos captured in the traps did not come in
contact with the cheesecloth, because of incomplete
coverage. On the 53rd day after treatment, the exit
density of A. funestus was 26.2 per hut; only 7% of
these mosquitos died after 24 hours.
The bioassay mortalities on cheesecloth were con-

siderably higher than those on sprayed deposits of
bromophos and Schering 34615 in the Lagos area
during the first two months after treatment (Table 4).
During a similar period in Kaduna, the mortalities on
cloth were less than those obtained in Lagos (Table 5).
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TABLE 5
BIOASSAY RESULTS IN KADUNAa

Type of Species of Days after No. of 24-hour b
surface mosquito treatment mosquitos mortality

Bromophos spray

Rough mud Anopheles gamblae [ 12 96 57
42 104 2

Rough mud Aedes aegypti 8 101 70
19 98 23
33 104 0

Bayer 39007 on cheesecloth

Treated cloth Anopheles gamblae 15 102 100
43 97 51
57 106 21
69 100 15

Treated cloth Aedes aegypti 15 99 100
29 100 33
36 104 6

a Three-day-old bloodfed mosquitos were used; exposure time = 30 minutes.
b Control mortalities were less than 5 % in all cases.

TABLE 6
EFFECT OF SCHERING 34615 ON DENSITIES OF FEMALE A. GAMBIAE

AND CULICINES IN THE LAGOS AREA

A. gamblae Total culicines
Days _

after Average hut Reduction Average hut Reduction
treat- density (Flit In density density (Flit in density
menta catch and exit in relation to catch and exit in relation to

traps) b control (%) traps) b control (%)

- 0.2(-) _ 0.5(-)

14 0.0 (2.9) 100.0 0.0 (1.7) 100.0

42 0.0 (2.2) 100.0 0.0 (2.0) 100.0

57 0.0 (0.5) 100.0 0.0 (0.7) 100.0

67 0.0 (5.0) 100.0 0.0 (0.5) 100.0

81 0.0 (1.5) 100.0 0.0 (1.2) 100.0

96 0.1 (2.4) 95.8 0.1 (6.0) 98.3

109 c 0.0 (0.9) 100.0 0.0 (2.3) 100.0

123 0.0 (1.3) 100.0 0.1 (4.9) 98.0

140 0.0 (1.1) 100.0 0.0 (2.3) 100.0

152 0.0 (0.6) 100.0 0.0 (2.0) 100.0

166 0.1 (0.8) 87.5 0.1 (4.8) 97.9

a Village treated on 28 May 1965.
b Figures in parentheses refer to the control village.
c Window-trap studies were discontinued on this day because no anopheline or culicine mos-
quitos had been collected In traps previously.
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TABLE 7. EFFECT OF CHEESECLOTH IMPREGNATED WITH BAYER 39007 ON DENSITIES
OF FEMALE A. GAMBIAE AND CULICINES IN THE LAGOS AREA

A. gamblae Total culicines
Days
after Average hut Reduction Average hut Reduction
treat- density (Flit in density density (Flit in density
ment a catch and exit In relation to catch and exit in relation to

traps) b control (%) traps) b control (X)

0 2.4 _ 3.1 _

7 0.0 (0.7) 100.0 1.0 (2.0) 50.0

21 1.0 (7.1) 85.9 1.5 (4.2) 64.3

36 0.4 (23.0) 98.3 0.2 (1.5) 86.7

48 0.0 (29.7) 100.0 1.4 (0.2) 0.0

57 0.0 (13.0) 100.0 0.6 (2.5) 76.0

71 0.2 (7.0) 97.1 0.6 (7.5) 92.0

85 0.0 (3.6) 100.0 0.6 (1.6) 62.5

99 0.0 (2.4) 100.0 1.6 (1.6) 0.0

113 0.2 (0.4) 50.0 0.2 (4.0) 95.0

135 0.4 (0.6) 33.3 1.8 (2.8) 35.7

a Village treated on 9 June 1965.
b Figures in parentheses refer to control huts, located within the village.

TABLE 8. EFFECT OF CHEESECLOTH IMPREGNATED WITH BAYER 39007 ON A. GAMBIAE
AND A. FUNESTUS IN LEMA (KADUNA AREA) a

Days after Hut density Gravid Trap Actual
treatment (Flit catch) females (%) Exit density mortality reduction In

(Flit catch) (% density %)b

A. gambiae
5 0.0 (8.2) - (16) 0.0 (14.0) - (3) 100.0

18 0.0 (24.4) - (42) 1.0 (16.8) 0 (0) 98.4

28 0.0 (8.2) - (37) 0.8 (9.2) 0 (0) 95.4

42 0.0 (25.0) - (20) 2.1 (38.6) 0 (8) 96.5

53 0.0 (12.4) - (11) 3.2 (15.6) 0 (8) 88.6

63 0.2 (7.2) 0 (22) 2.8 (8.2) 0 (0) 80.5

74 1.0 (23.0) 60 (38) 5.6 (43.4) 4 (8) 90.1

97 0.0 (0.0) - 0.6 (0.2) 0 (0) 0.0

A. funestus
5 0.0 (33.8) - (43) 1.2 (37.2) 0 (9) 98.3

18 0.0 (72.8) - (59) 1.8 (40.6) 0 (11) 98.4

28 0.4 (81.6) 50 (35) 6.8 (36.8) 4 (11) 93.9

42 0.4 (105.2) 0 (35) 6.6 (94.0) - (9) 96.1

53 1.0 (97.8) 40 (28) 26.2 (127.2) 7 (14) 87.5

63 2.2 (145.4) 18 (26) 28.2 (118.0) 3 (9) 88.9

74 9.4 (117.6) 60 (37) 19.6 (205.8) 19 (7) 91.1

97 0.4 (47.0) 41 (60) 8.8 (32.4) 9 (11) 78.1

a Figures in parentheses refer to control huts located within the village.
b Estimated reduction in density was not calculated.
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DISCUSSION

Bromophos treatments
In the Lagos area, bromophos appeared to be

effective for five months, whereas the desired control
in the Kaduna area was obtained for only one month.
The anomaly in the results for the two areas seems
to be related to environmental and ecological
features. The villages in the forest belt of Lagos are
compact in nature, with limited breeding sites for
A. gambiae. In the open Guinea savanna belt of
the Kaduna area, the villages are strung out, with
numerous breeding sites of A. gambiae and A. funes-
tus. The dense forests near Lagos probably restrict
the flight range of A. gambiae, and each village
represents an ecological niche. Apparently, high
mortalities for four weeks among mosquitos entering
treated huts resulted in low densities during the
five-month observation period. This situation,
coupled with the fact that mosquito densities were
declining in the normal way after the rains, could
lead to a false impression of the residual effectiveness
of bromophos and, possibly, of other insecticides
tested in the Lagos area. The lower percentage
reductions of culicine mosquitos, which have
numerous breeding sites within and around the
treated village, lend support to this argument.

Schering 34615 treatments
This insecticide was also found to be effective for

at least five months after treatment in Lagos. It
should be mentioned that, in contrast to bromophos,
Schering 34615 was effective against both A. gambiae
and culicine mosquitos.

It is also of interest to note that, before spraying,
larvae of A. aegypti and Culex pipiens fatigans were
found to breed in domestic water pots located within
the village. After spraying, which reduced morning
resting densities almost to zero, no breeding was
observed for as long as 51/2 months after treatment.
The bioassay results showed that Schering 34615

had a greater residual effect on wood and thatch

than bromophos. On both smooth and rough mud
surfaces, Schering 34615 was definitely superior to
bromophos (Fig. 2). Bromophos lost insecticidal
activity on wood, as shown by negligible mortalities,
by the fourth month; in contrast, Schering 34615
was more stable on wood.
The data obtained in Lagos in bioassays and on

morning resting densities indicate that Schering
34615 may play a useful role in the control of
anopheline and culicine mosquitos. Its future large-
scale use would depend on its effectiveness in a high-
density area and its safety to man.

Application of cheesecloth treated with Bayer 39007
The results in Kaduna and Lagos showed that

application of treated cheesecloth gave good control
for at least two and three months, respectively. The
cheesecloth was particularly effective in reducing
morning resting densities. Most of the mosquitos
captured in exit traps, however, survived -a 24-hour
holding period. The high reduction of morning
resting densities, coupled with low trap mortalities,
indicates that the mosquitos in the traps had not
come in contact with the cloth. The cloth had been
stored under tropical conditions for several months
before it was used in Kaduna, and fresh material
might have given better results.

It should be pointed out that cheesecloth treat-
ments do away with the need for carrying spray
pumps, insecticide, and water to the area of opera-
tions. The bundles of cloth can be easily transported
and, as the cloth is flame-retardant, it does not
represent a fire hazard.' Finally, the method poses
less of a toxic hazard to man than spraying does,
with the result that potentially effective insecti-
cides that are too toxic to spray may be used in
this way.

I Although it was at first thought that treating a hut with
cloth did not take longer than conventional spraying, recent
work on a larger scale has shown that, under the conditions
in Northern Nigeria, spraying takes only about half as long
as the cheesecloth treatment.
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RIESUME

Les auteurs decrivent des essais d'insecticides menes
sur le terrain en 1965 dans la r6gion forestiere du Nigeria
du Sud, pres de Lagos, et dans la zone de savane guineenne
du Nigeria du Nord, pres de Kaduna; ces essais font
partie des recherches collectives, organis6es par l'OMS,
sur de nouveaux insecticides susceptibles d'etre utilises
contre les vecteurs du paludisme.

Trois insecticides ont ete etudies: le bromophos et le
Schering 34615 sous Ia forme de pulverisations de poudre
mouillable a la dose de 2 g/m2, et le Bayer 39007 a I'aide
de bandes de gaze pretraitees. Ces bandes, larges d'en-
viron 90 cm, fixees i la partie superieure des murs des
cases, imm6diatement sous I'angle du toit, recouvraient
environ 30% de la surface interieure des cases de Kaduna
et environ 25% de celle des pieces traitees 'a Lagos.

L'activite remanente des traitements par insecticides a
et6 determinee par la mesure des densit6s anopheliennes;
des captures d'Anopheles gambiae et d'A. funestus ont et
faites chaque matin dans les cases trait6es et dans les
cases temoins; d'autres recherches ont e effectuees grace-
i l'utilisation de pi6ges de sortie et 'a des essais biologiques.
L'espece, le sexe et l'6tat abdominal des anopheles cap-
tures dans les pieges ont et precises.
Dans la region de Lagos, I'activite du bromophos etait

encore satisfaisante cinq mois apres les pulverisations,
mais dans la region de Kaduna, oui les densites anophe-

liennes etaient tres fortes, l'efficacite du produit ne s'est
maintenue que pendant un mois. Cette difference semble
liee au milieu ainsi qu'a l'ecologie de A. gambiae: le
nombre limit6 des gites larvaires et la limitation des vols
des insectes due a la proximit6 de la foret a Lagos sont
des facteurs qui n'existent pas dans la savane de la region
de Kaduna.

L'activite insecticide du Schering 34615 6tait encore
notable cinq mois apres son application dans la region
de Lagos et les resultats obtenus avec ce produit ont e
superieurs 'a ceux observes avec bromophos. Son action le
remanente a ete bonne sur le bois et les surfaces lisses
de pise mais s'est rapidement alteree sur le pise rugueux.
Le traitement des cases au moyen de bandes de gaze

impr6gnees de Bayer 39007 s'est revele particulierement
actif; les densites des moustiques au repos le matin sont
restees basses apres deux mois a Kaduna et trois mois a
Lagos. Mais 'a Kaduna, la plupart des moustiques cap-
tur6s dans les pieges de sortie etaient encore vivants apres
vingt-quatre heures d'observation, ce qui montre qu'ils
n'avaient pas e en contact avec la gaze.

Les auteurs concluent que les traitements par gaze
impregnee d'insecticide apportent une solution aux pro-
blemes de la sorption des insecticides en Afrique tropicale
et diminuent en outre les risques d'intoxication pour les
travailleurs et les habitants des cases traitees.
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