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Assessment of the Residual Toxicity
to Anopheles gambiae of the Organophosphorus

Insecticides Malathion and Baytex
A. SMITH 1 & K. S. HOCKING 2

As part of a WHO programme to evaluate possible substitutes for the chlorinated
hydrocarbons to which anopheline mosquitos in many countries have become resistant,
two organophosphorus insecticides, malathion and Baytex, were tested as residual sprays
on various types of surface against Anopheles gambiae adults in experimental huts at
Magugu in Tanganyika. The long-lasting toxicity of both insecticides on relatively imper-
vious surfaces was confirmed, but-as is the case with the chlorinated hydrocarbons-
shorter persistence was obtained on sorptive surfaces. As most of the mosquitos rested on
the roof, its surface was of much greater importance than the wall surface in determining
kill; trials with naturally entering mosquitos indicated that where the roof was of grass
malathion was to be preferred to Baytex. Observations confirmed that control huts attracted
far more mosquitos -than the treated huts and that the insecticide vapour apparently masked
the human odour.

The resistance of many insect vectors of disease to
insecticides in common use has become a major
problem in public health. To mitigate this problem,
the World Health Organization has undertaken a
programme of testing and developing new insecticidal
compounds, as substitutes for the chlorinated hydro-
carbon insecticides. An important part of this
programme is to find insecticides that are effective
as residual sprays for treatment of huts and houses
against mosquito vectors of malaria. Although
ideally persistence of high toxicity for about a year
after application is required, insecticides are con-
sidered worth further study if they are shown by
laboratory tests to persist for at least two months on
materials on which they are going to be used (mud,
wood, thatch, etc.). The Tropical Pesticides Research
Institute, acting as one of the collaborating labora-
tories in the WHO programme, is carrying out
further studies on promising compounds in the form
of bio-assays and trials in experimental huts against
naturally entering Anopheles gambiae. These trials
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are made at Magugu, which is a small village about
100 miles (or 160 km) south-west of Arusha, Tangan-
yika, and where there are twenty experimental huts
and a field laboratory. This paper gives an account
of results obtained with two organophosphorus
insecticides-malathion 3 and Baytex.4 Malathion
has already been shown to be an insecticide of value
in the field against a variety of pests, including
culicine mosquitos (Lindquist, 1957) and human lice
(Hayes et al., 1960), but less encouraging results were
obtained against Anopheles sacharovi in WHO field
trials in Greece compared with Baytex.5

EXPERIMENTAL METHODS

Field trials were carried out in experimental huts
already described by Hocking et al. (1960) and
Rapley (1961). The huts were modified to improve
their attractiveness to A. gambiae. The walls were

3S-1,2-di-(ethoxycarbonyl)ethyl dimethyl phosphorothio-
lothionate.

4 Dimethyl 3-methyl-4-methylthiophenyl phosphorothio-
nate; also known as fenthion.

5 Rao, A. M., Press, J., Caprari, P. & Regamey, J. (1960)
Unpublished working document WHO/Mal/274; WHO/
Insecticidesll 1 5.
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lowered to bring the eaves a foot nearer the ground
and two sleepers instead of one were employed for
each hut. The insecticides were applied to the roofs
and walls by means of an Oxford Precision Sprayer
(Fryer, 1956), with the exception of two walls of each
hut which were treated by the Poulton Precision
Sprayer,' which was specially designed for accurate
application ofeven deposits for bio-assays. The sprayer
is power-operated and capable of spraying a vertical
surface at known speed. The insecticides were water-
dispersible powders, the malathion being formulated
by Ratsouris Ltd with 30°4 w/w technical malathion,
and Baytex by Farbenfabriken Bayer A.G. with 40%4
w/w of the technical product.
The standard technique for bio-assay recom-

mended by the WHO Expert Committee on Insecti-
cides (1960) was used and plastic funnels-9 cm in
diameter and 6 cm high-supplied by WHO were
employed for confining the test insects on different
substrates. Exposure times were graded from 1/2
hour to 12 hours as mortalities fell below 75°/. The
test insects were blood-fed A. gambiae caught
locally until insufficient numbers were available for
the tests; thereafter 3-day-old, recently blood-fed
A. gambiae from the insectary at Arusha were used.
All tests were duplicated, the average of both tests
being used to express the percentage 24-hour
mortalities.
The kills of naturally entering A. gambiae in the

experimental huts were calculated from the daily
numbers of dead mosquitos on the floor plus the
numbers captured in the window traps that were
dead 24 hours later. The sum, expressed as a per-
centage of the total catch, of living and dead mos-
quitos gave the percentage mortalities in the huts.
The catching techniques have been described by
Hocking et al. (1960).
The assessment of the insecticides involved a

series of two trials: (1) mortalities in huts with grass
roofs and different types of wall surfaces; and (2)
mortalities in huts with different types of roofs and
with walls with the same type of surface. One hut
was used for each treatment, so that the first trial
involved twelve huts and the second trial, six.

MORTALITIES IN HUTS WITH DIFFERENT TYPES
OF WALL SURFACES

All roofs were of grass thatch. Walls were lined
with a plaster of mud 2 inches (5 cm) thick or with

1 Poulton, G. F. (1960) Miscellaneous report No. 272,
Arusha, Colonial Pesticides Research Unit.

plywood. Mud linings were either non-sorptive or
sorptive mud (Bertagna, 1959), and were limewashed
in certain huts. The non-sorptive mud is known as
"Magugu black" and the sorptive as "Babati red".
The intended dosages were 2 g/m2 for malathion and
1 g/m2 for Baytex, but the applications fell short owing
to insufficient allowance being made for fall-out from
the spraying equipment. For malathion, the mean
dosage per hut, as determined by chemical analyses
of treated papers, was 1.33 g/m2 with limits of 1.27
and 1.46 for individual huts. The walls used for
bio-assays averaged 1.83 g/m2 between limits of 1.6
and 2.19. The mean deposit of Baytex was 0.8 g/m2
with limits of 0.68 and 0.88. The walls used for
bio-assays averaged 1.2 g/m2 with limits of 0.92
and 1.36.

Results

Bio-assays. One of the most striking results was
the greater persistence of both insecticides on the
grass roofs than on the mud walls. Table 1 shows
the results from huts treated with malathion or
Baytex with walls lined with non-sorptive mud. In
general, the insecticides were equally effective and
similarly affected by different substrates, but it
should be noted that the dosages of malathion were
heavier than those of Baytex.
The results of the bio-assays showed that the

nature of the wall surfaces, during the first two
months at least, influenced the persistence of the
insecticides. Plywood walls gave a performance
similar to that of grass roofs for both insecticides.
There was considerably lower persistence on
sorptive than on non-sorptive mud. For example,
after two months, malathion on non-sorptive
mud gave a 92%4 mortality after 4 hours' exposure
compared with a 75%/ mortality after 12 hours'
exposure on sorptive mud. The toxicities of both
insecticides were also more persistent on lime-
washed sorptive mud than on sorptive mud alone.
After six weeks, Baytex on limewashed sorptive mud
gave a 94%o mortality after 4 hours' exposure,
whereas on sorptive mud alone an 8-hour exposure
was required to give a similar mortality. The dif-
ference in results of bio-assays on different wall
surfaces in the experimental huts were, however, not
so clear as those between treated panels at Arusha
(unpublished results), probably due to dissimilar
dosages of different surfaces and possibly also to an
influence such as vapour toxicity from the roof
deposits.
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TABLE I
THE RESULTS OF BIO-ASSAYS ON WALLS OF NON-SORPTIVE MUD AND GRASS ROOFS

OF TWO EXPERIMENTAL HUTS

Age of deposit (weeks)

1 2 3 4 5 6 7 8 9 10 11 12

Malathion

Walls lines with
non-sorptive mud

Exposure time (hours) A 1 2 4 4 4 4 4 4 12 12 12

% mortality 46 76 83 79 100 100 91 92 19 100 100 100

Grass roof

Exposure time (hours) A/2 A A A2 A A A A 2 1 1 1

% mortality J100 96 96 87 100 100 100 100 70 96 97 100

Baytex
Walls lined with
non-sorptive mud

Exposure time (hours) A/2 1 2 2 2 2 2 4 8 12 12 12

% mortality 58 96 100 96 89 97 64 76 35 66 49 81

Grass roof

Exposure time (hours) A/2 A A2 2 1 1 2 2 2 2 I

% mortality 100 44 70 96 32 100 100 91 100 93 22 82

Vapour toxicity. Evidence of vapour toxicity was Four types of cone were used:
demonstrated by a technique in which WHO plastic
cones were applied to the walls. In order to exclude A. Plastic-sided without a netting floor (original
the effect of contact, in some tests a layer of mosquito form);
netting was stuck across the mouth of the cone and a B. Plastic-sided with a netting floor;
band of celluloid round the edge to hold the netting C. Netting-sided with a netting floor;
about 1/16th ofan inch (1.6 mm) away from the wall. D. Netting-sided without a netting floor.
Other cones were modified by inserting large
" windows " of mosquito netting in their sides to Table 2 shows the results of 18 exposures of 12
ventilate the cones. hours' duration with each type of cone in treated

TABLE 2

VAPOUR TOXICITY IN EXPERIMENTAL HUTS AS SHOWN BY PLASTIC CONES
APPLIED TO MUD WALLS 6-7 MONTHS AFTER APPLICATION

With contact Without contact

Insecticide Type A cone Type D cone Type B cone Type C cone

No. % No. % No. % No. %
tested mortality tested mortality tested mortality tested mortality

Malathion 238 74 226 58 249 31 232 33

Baytex 217 61 220 59 223 43 226 45

Control 241 11 232 14 246 9 244 14
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TABLE 3

OVER-ALL 24-HOUR PERCENTAGE MORTALITIES a OF NATURALLY ENTERING
A. GAMBIAE IN EXPERIMENTAL HUTS WITH DIFFERENT KINDS OF WALL SURFACES

Months after treatment b
Substrate of walls

0-1 1-2 2-3 3-4

Malathion

Limewashed sorptive 36 (193) 85 (102) 76 (21) 86 (7)

Sorptive 100 (384) 100 (142) 100 (33) 100 (5)

Limewashed non-sorptive 97 (294) 95 (93) 100 (31) - (0)

Non-sorptive 97 (263) 81 (139) 98 (50) 76 (17)

Plywood 99 (232) 95 (98) 85 (27) 100 (4)

Baytex

Limewashed sorptive 100 (142) 82 (56) 48 (21) 29 (7)

Sorptive 100 (426) 96 (183) 100 (32) - (0)

Limewashed non-sorptive 100 (135) 89 (63) 69 (29) 60 (5)

Non-sorptive 100 (174) 88 (26) 100 (7) 0 (1)

Plywood 100 (282) 98 (137) 88 (137) 90 (10)

Controls

Non-sorptive (hut 1) 9 (426) 4 (204) 7 (45) 0 (12)

Non-sorptive (hut 8) 17 (1 019) 1 (432) 19 (110) 0 (7)

a The 24-hour percentage mortalities are shown first, followed in parentheses by the number
of A. gambiae caught.

b Treatment application was made on 20 April 1960.

huts and a control. The results show that the vapour
of malathion and Baytex had some toxicity to A.
gambiae six to seven months after application of the
insecticides.
Vapour toxicity was also studied six months after

treatment by suspending cages containing 4-day-old
A. gambiae in the middle of the huts for 12 hours
and recording mortalities as with the bio-assay tests.
Four mud-walled huts treated with malathion
showed vapour toxicities ranging from 30% to 50 %,
and in similar huts treated with Baytex, toxicity
ranged from 22% to 36 %. Mortalities of 83% and
53% respectively occurred in the malathion- and
Baytex-treated huts with walls lined with plywood,
compared with control mortalities of 13% and 24%.
The higher mortalities in huts with plywood walls
indicated that the grass roofs were probably chiefly
responsible for the vapour toxicity in the mud-
walled huts.

Chemical analyses of wall deposits. Analyses were
made of scrapings of ¼/4-inch (6.4 mm) deep taken
from the mud walls at intervals up to six months
after application of the insecticide. The samples
were removed by an apparatus which comprised a
metal cylinder 7 cm in diameter, fitted with an
internal scraper blade. The cylinder was held firmly
against the wall and the blade was revolved manually.
The results showed a progressive loss of insecticide.
Malathion on sorptive mud at an initial dosage of
1.5 g/m2 fell to 0.63 g/m2 after three months and to
0.04 g/m2 after six months. Baytex on sorptive mud
at an initial dosage of 1.36 g/m2 fell to 1.14 g/m2
after two months and to 0.75 g/m2 after six months.
Malathion was not detectable by chemical analysis
of the limewashed surfaces three months after appli-
cation, but bio-assays of 12 hours' exposure gave
mortalities of over 90% on the limewashed walls.
These mortalities were possibly due to the greater
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sensitivity of the biological test, or to the vapour
toxicity from the roof deposit, or to both these
factors.

Mortalities of naturally entering mosquitos. The
kills of naturally entering A. gambiae in the experi-
mental huts are shown in Table 3 and are sufficiently
high to justify further study of both insecticides. The
toxicities of the two insecticides were about equal,
but the dosages of malathion were heavier than
those of Baytex, the mean dosage of malathion
per hut being 1.3 g/m2 compared with 0.8 g/m2 for
Baytex. In general, the over-all kills in the huts
appeared to be influenced little by the different
types of wall surfaces: this was presumably due to

the overriding influence of the toxicity of the grass

roofs.

MORTALITIES IN HUTS WITH DIFFERENT TYPES

OF ROOF SURFACES

The interior surfaces of the roofs were of grass or

with a lining of sorptive mud. The mud linings were
prepared by nailing expanded metal of Y2-inch
(12.7 mm) mesh to sisal poles supporting the thatch.
The mesh was then plastered with a layer of mud,
1-2 inches (2.5-5 cm) thick. Eaves were not plastered
in order to permit mosquitos to enter as in the
unplastered huts. Although only 7% of roof-

BLE 4

RESULTS OF BIO-ASSAYS ON ROOFS OF EXPERIMENTAL HUTS

Age of deposit (weeks)

1 2 3 4 5 6 7 8 9 _L10 T 11 12

Malathion

Roof lined with sorptive
mud

Exposure time (hours) 1 2 4 8 12 12 12 12 12 12 12 12

% mortality 13 80 38 6 31 59 68 61 70 89 82 29

Grass roof

Exposure time (hours) /2 1/2 /2 /2 Y2 /2 /2 /2 /2 /2 /2 /2

% mortality 100 100 100 72 100 100 97 100 100 100 100 97

Baytex

Roof lined with sorptive
mud

Exposure time (hours) 1 2 4 8 12 12 12 12 12 12 12 12

% mortality 7 54 64 10 29 33 7 15 67 75 74 15

Grass roof

Exposure time (hours) /2 /2 /2 /2 /2 M2 /2 /2 /2 /2 Y2 /2
% mortality 100 100 100 97 98 100 36 100 100 100 74 42

Controls

Roof lined with sorptive
mud

Exposure time (hours) 1 2 4 8 12 12 12 12 12 12 12 12

% mortality 12 17 15 6 14 0 13 12 21 25 35 7

Grass roof

Exposure time (hours) /2 /2 /2 /2 /2 2 |/2 /2 /2 /2 /2 /2
%mortality 10 17 61 16 9 12 18 6 19 5 7 8
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resting A. gambiae occurred on the unplastered part
of the roof, the eaves were protected from treatment
by the insecticides as they were probably important
ingress surfaces. All walls were lined with sorptive
mud.
The intended dosages were 1.5 g/m2 for both

insecticides. For malathion the mean dosages were
1.3 g/m2 for the huts with the mud roof and 1.9 g/m2
for the hut with the grass roof. For Baytex the mean
dosage was 1.5 g/m2 for both huts.

Results
Bio-assays. The results again show that the

toxicity of malathion and Baytex persisted consider-
ably longer on grass than on sorptive mud surfaces.
Table 4 shows the results of bio-assays on the roofs.
On the grass roofs, both insecticides gave good kills
with half an hour's exposure three months after
treatment. On the mud roofs, on the other hand,
both insecticides gave low mortalities with 12 hours'
exposure three months after treatment.

Mortalities of naturally entering mosquitos. The
results, summarized in Table 5, show that malathion
and Baytex gave higher kills in huts with grass roofs
than with mud-lined roofs. In the grass-roofed hut,
malathion continued to give a mortality of over 90%

TABLE 5
OVER-ALL 24-HOUR PERCENTAGE MORTALITIES a

OF NATURALLY ENTERING A. GAMBIAE IN
EXPERIMENTAL HUTS WITH DIFFERENT KINDS

OF ROOF SURFACES

Substrate Months after treatment b
of roofs 0-1 1-2 2-3

Malathion

Sorptive mud 66 (531) 52 (416) 20 (1145)

Grass 99 (256) 90 (301) 92 (302)

Baytex

Sorptive mud 79 (398) 44 (425) 21 (1 004)

Grass 93 (384) 79 (292) 31 (509)

Controls

Sorptive mud 46 (515) 30 (505) 17 (901)

Grass 41 (347) 19 (398) 5 (652)

a The 24-hour percentage mortalities are shown first,
followed in parentheses by the number of A. gambiae caught.

b Treatment application was made on 8 February 1961.

in the third month after treatment, compared with
20% in the hut with a mud-lined roof, thereby con-
firming the idea, gained from the first series of trials,
that the toxicity of the roofs of the experimental huts
had an overriding influence on the over-all mortali-
ties of naturally entering A. gambiae. In tlhe grass-
roofed hut treated with Baytex, the mortality dropped
sharply during the third month after treatment.

DISCUSSION

The long-lasting toxicity of malathion and Baytex
on relatively impervious surfaces such as grass and
plywood, compared with mud, is in agreement with
the findings of other workers (Blazquez, 1959; Rao
et al.; 1 Gahan et al., 1961). Bio-assays have also
shown that the toxicities of both insecticides are
more persistent on non-sorptive than on sorptive
mud. The effects of different types of surfaces on
persistence of toxicity of both organophosphorus
insecticides are therefore similar to those on the
chlorinated hydrocarbons, DDT and dieldrin
(Hadaway & Barlow, 1952; Barlow & Hadaway,
1959; Armstrong & Bransby-Williams, 1960; Gahan
et al., 1961).

In bio-assays and over-all mortalities Baytex
appeared slightly more toxic than malathion
immediately after treatment but was less toxic than
malathion after two months. The nature of the wall
surfaces had no appreciable effect on the over-all
mortalities in the experimental huts owing to the
overriding influence of the roofs. Even in the first
month, in huts with mud-lined roofs, malathion
achieved only a 66% and Baytex a 79% kill, thereby
supporting the results of bio-assays, which showed a
rapid loss of toxicity of the insecticides on sorptive
mud surfaces. Over-all mortalities were always
greater in the huts with roof surfaces of grass than
in huts with roofs lined with mud (Table 5). Rao et
al.' found that malathion toxicity persisted longer
than that of Baytex on plywood but had about the
same duration on grass. In our trials the mortality
of 92% in the malathion-treated hut compared with
31 % in the Baytex-treated hut during the third
month indicated that malathion was the better
insecticide for use where the majority of the mosquitos
in a hut rest on impervious surfaces such as grass.
The overriding influence of the roof on the mortali-

ties of A. gambiae entering experimental huts can be
explained by the observations that 90% of the

I Unpublished working document WHO/Mal/274; WHO/
Insecticides/i 15.
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mosquitos rest on the roofs of experimental huts
(Tropical Pesticides Research Institute, 1961) and
that the nature of the roof surfaces has a great
influence on the residual toxicity of the insecticide.
These findings lend added importance to the com-
ment by Hadaway & Barlow (1952): " Variation in
the duration of residual toxicity on different materials
means that emphasis must be placed on the need
to study the behaviour and resting habits of dif-
ferent species of mosquitos if the most economical
and efficient use is to be made of insecticides ". The
results have also indicated that a more accurate
evaluation of the residual properties of new insecti-
cides is provided by trials in huts with both types of
roof than in huts with only one type. The results
from the two different types of huts should be
related to the relative importance of these two sub-
strates as resting places for mosquitos in different
regions as well as to their influence on the persistence
of insecticides, as recently emphasized by Bertagna
(1959).
The results from the Baytex-treated hut with the

roof surfaces of grass show how difficult it is to
relate bio-assay mortalities directly to mortalities of
mosquitos naturally entering huts. During the third
month after treatment, although the over-all
mortality among naturally entering A. gambiae was
only 31 %, exposures for half-an-hour's duration on
the roof gave mortalities from 100% to 42%. Two
possible explanations of this finding were: (a) the
Baytex deposit had lost much of its toxicity to
naturally entering A. gambiae even though the bio-
assays continued to give good kills at half-an-hour's
exposure; (b) mosquitos were not resting on the
roof. This latter possibility was excluded by hand
catches of mosquitos resting in the hut, 91 % of the
total catch being found resting on the roof at the end

of the third month. Unpublished observations of
the egress of mosquitos from the treated huts also
indicate that the insecticides had no irritant effect
nor did they depress feeding activity, either of which
might have led to premature egress from the huts.
It is clear that bio-assay exposure times have no
simple relationship with the times that naturally
entering mosquitos spend resting in a hut. The
relationship is probably different with different
insecticides. With Baytex and malathion a more
direct relationship between bio-assay and over-all
mortalities might have been apparent if the bio-
assays on the grass roofs had been based on a series
of shorter exposure times than were used in the
present trials.

Finally, it is noted that, as observed by Hocking
et al. (1960), the control huts attracted larger num-
bers of mosquitos than treated huts which were
giving an effective kill. In the first series of trials,
huts Nos. 1 and 8 were control huts. Hut No. 1
attracted slightly more than any other hut that was
treated, even though only one sleeper was employed
in it compared with two in the other huts. Hut
No. 8, which was occupied at the same time as the
treated huts and had two sleepers, attracted almost
21/2 times as many as the most attractive treated hut.
These findings may indicate the importance of
human odour, arising from long occupation, in
attracting mosquitos into a hut. The present results
also suggest that some factor such as the smell of
insecticide masked human odour, so that relatively
few mosquitos were attracted into a treated hut
compared with a control hut. This suggestion is
supported by the results of bio-assays, which have
shown that an appreciable amount of vapour of
both insecticides is released into the atmosphere of
the experimental huts.

RItSUMIl

Dans le cadre du programme de recherches de l'OMS
sur le remplacement des hydrocarbures chlores auxquels
certains moustiques sont devenus r6sistants, les auteurs
ont etudie l'action sur Anopheles gambiae du malathion
et du Baytex pulverises sur divers types de surface de
huttes experimentales, dans un village du Tanganyika.

Leurs r6sultats ont confirme la longue remanence de
ces produits sur des surfaces relativement imperm6ables,
telles que le bois plaque ou le revetement herbeuxdes
toits, et l'effet attenuant de la sorption sur les parois de
boue s6ch6e. Les moustiques se reposant plus volontiers
sur le toit que sur les parois, la determination du taux
de mortalit6 des insectes captures sur les toits etait plus

importante. Cette d6termination effectu6e durant le
troisieme mois suivant la pulv6risation a montr6 que le
malathion a un pouvoir remanent sup6rieur a celui du
Baytex (90% de mortalit6 contre 31 %), lorsque la plu-
part des anopheles se trouvant dans une hutte se reposent
sur des surfaces impermeables, telles que les toits
d'herbe.

Les auteurs ont observe en outre que les huttes temoins
exergaient une plus grande attirance sur les moustiques
que les huttes trait6es, ce qui pourrait s'expliquer par
l'attrait de l'odeur humaine des huttes longtemps habi-
tees, et le fait que les vapeurs d'insecticides masquent
cette odeur dans les huttes trait6es.
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