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A Village-Scale Trial with Dichlorvos as a Residual
Fumigant Insecticide in Southern Nigeria*

N. G. GRATZ,1 P. BRACHA 2 & A. CARMICHAEL3

Hut and village-scale trials with solid and liquid-type dichlorvos dispensers were carried
out in 1961 in the vicinity of Lagos, Nigeria, by the WHO Insecticide Testing Unit. Bio-
assay results indicated that with a single application satisfactory mortalities of caged
mosquitos could be obtained for a period of 12-13 weeks in mud-walled huts, whether with
galvanized corrugated-iron roofs or with thatched roofs. Chemical analysis of air samples
showed that satisfactory concentrations of dichlorvos vapour were maintained throughout
the huts for about 12 weeks, after which time sublethal concentrations were observed first
near the floors of the dwellings. No depression in blood or plasma cholinesterase was noted
in the exposed inhabitants

With the development of a substantial number of
cases of Anopheles resistance to the halogenated
hydrocarbon insecticides,4 interest has increased in
the search for newer insecticides with different
modes of action. The use of dichlorvos 5 has been
considered because of its relatively high volatility
and insect toxicity. This material was described by
Mattson et al. (1955), after finding it in the course of
a search for insecticides for use in aircraft disinfec-
tion (Pearce, Schoof & Quarterman, 1961), and its
potential use as a residual fumigant was first elabor-
ated by Mathis et al. in 1959. The dosage mortality
relationship of dichlorvos vapours for Musca
domestica and Anopheles quadrimaculatus were de-
termined by Maddock, Sedlak & Schoof (1961) and
Maddock & Sedlak (1961) respectively.

Preliminary tests with different concentrations of
technical dichlorvos formulated with an inorganic
carrier as well as dichlorvos-malathion fly bait
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(Mathis & Maddock, 1961) further demonstrated the
fumigant effect of this material and provided further
information on the relationship between dichlorvos
vapour production and temperature and ventilation.
Miles et al. (1962) described several stable dichlorvos
formulations which were capable of a slow release of
vapours over extended periods of time. One of these
formulations containing dichlorvos in a montan wax
base was moulded into wax cylinders to form dis-
pensing units which were used by Mathis, Miles &
Schoof (1961) to study the relationship between the
amount of ventilation in test huts of different types
of construction and the dosage necessary to obtain a
satisfactory kill of A. quadrimaculatus over a period
of months. Based on this work a trial was carried
out with the same wax-type dispensers in the Bobo-
Dioulasso area of the Republic of Upper Volta in
1961.6
Other trials on the effectiveness of dichlorvos in

experimental huts were carried out in Magugu,
Tanganyika. These were performed both with the
wax-type dispensers furnished by the Technical De-
velopment Laboratories, Public Health Service, US
Department of Health, Education, and Welfare,
Savannah, Ga. and with a liquid type in a plastic
container developed by CIBA Ltd., Basle.
As part of its collaborative scheme for the develop-

ment of new insecticides for mosquito control, the

See the article by Quarterman et al. on page 231 of this
issue.

7 Tropical Pesticides Research Institute (1961) Progress
report No. 29; interim report, 1961-62, Arusha (unpublished).
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TABLE I

METEOROLOGICAL DATA AND MOSQUITO DENSITIES (SPRAY AND TRAP CATCHES) FOR TEST VILLAGES

Mean relative Average lhr-lfnAoojMean temperature humidity rainfall at (csheriolo) AkchowvonjoeaedMonth |ee Ikeja Airport (control) (dichiovo
1961-

Maximum Minimum 09: 00 15:00 inches mm AMD a AADb AMDa AADb

June 82.8 28.2 71.6 22.0 90 85 19.21 488 22.4 11.6 37.2 29.8

July 80.3 26.8 71.3 21.8 90 83 12.76 324 32.6 23.4 138.6 134.9

August 82.1 22.8 68.0 20.0 84 71 0.11 3 8.5 3.1 13.9 12.4

September 83.1 28.4 69.6 20.9 86 76 5.03 128 9.2 0.9 6.6 3.6

Dichlorvos
introduced

October 86.3 30.2 70.8 21.5 84 78 10.21 259 10.5 0.4 1.4 0.3

November 88.4 31.3 72.8 22.6 88 73 4.08 104 8.6 0.5 1.2 0.07

December 89.1 31.7 71.0 21.7 90 62 0.37 10 7.5 0.1 1.0 0.04

a AMD = Average mosquito density per catch.
b AAD = Average anopheline density.

World Health Organization, in collaboration with
the Government of Nigeria, established in 1960 an
Insecticide Testing Unit at the Federal Malaria
Research Service of the Federal Ministry of Health,
Lagos. During 1961 extensive field tests were carried
out by this unit on two insecticides, one of these
being a residual insecticide and the other dichlorvos.

Field tests with dichlorvos were carried out in the
Ikeja-Agege area of Western Nigeria in the villages of
Alahausa and Akowonjo at distances of 1.5 miles
(2.4 km) north-east and 2 miles (3.2 km) north-west
respectively from the Ikeja International Airport.
At Ikeja during the 1961 test period the mean of
monthly maximum temperatures was 29.4°C and of
minimum temperatures was 21.7°C. At dawn the
relative humidity was generally between 95% and
100% and decreased to between 70% and 80% in the
early afternoon. The highest rainfall was recorded
in June with 19.2 inches (488 mm) and the lowest in
August with 0.11 inch (3 mm). Details of climatic
conditions during the test period and the correlation
with mosquito densities are presented in Table 1.

TYPES OF DISPENSERS TESTED

Two types of dichlorvos dispenser were tested by
the Insecticide Testing Unit. The first, of solid
montan wax impregnated with dichlorvos, had been
developed by the Technical Development Laborato-
ries, Savannah, Ga.; 38 mm x 127 mm in size, it con-

tained 40 g of technical dichlorvos and 120 g of inert
materials. This was given a restricted field trial in the
village of Alahausa.
The second dispenser was a liquid type in a plastic

container.' It consisted of a plastic reservoir bottle
58 mm x 25 mm in size, containing 14 g of technical
dichlorvos, 6 g of plasticizer and other carrier mate-
rials. The narrowed neck of the reservoir bottle was
closed by a plastic plug and inserted into a tight-
fitting tube of polyvinyl chloride (PVC) with an in-
side diameter of 10 mm and a length of 110 mm. The
tube was heat-sealed at the bottom and attached to
the reservoir bottle by friction. Pressure on the sides
of the reservoir bottle ejected the plug and dichlorvos
into the PVC tube, which, being permeable to di-
chlorvos, permitted a slow migration of the toxicant
to the surface, where it was vaporized. The dispenser
was suspended inside the huts within a perforated
protective canister.
A third, solid plastic type of dispenser,2 also of

PVC and containing 30% dichlorvos, was received by
the Insecticide Testing Unit too late to be included
in the 1961 field programme. These cylindrical dis-
pensers, as well as flat strips containing 20% di-
chlorvos,2 were studied as part of the 1962 field pro-
gramme.

I Produced and supplied to WHO by courtesy of CIBA
Ltd, Basle.

2 Produced and supplied to WHO by courtesy of Shell
Chemicals, New York.
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TABLE 2
AVERAGE WEIGHT LOSSES (mg/day) OF LIQUID-TYPE DISPENSERS (MARK II)

Days of testing

First 10 days

Days 11-30

Days 31-50

Days 51-70

Days 71-90

Days 91-110

Days 111-115

E

- 49.1

-84.9

- 66.5

-66.8

- 57.5

-26.4

- 14.8

F

-36.8

- 94.8

-67.6

- 68.6

-58.1

- 28.6

- 16.6

Dispenser No.

G

- 127.5

- 76.7

- 70.0

- 42.4

H

- 105.1

-74.7

-61.0

- 30.4

Weighing stopped
at 98 days

WEIGHT LOSS STUDIES OF LIQUID DISPENSER

Prior to and concomitant with the field trials
weight loss studies were carried out on two types of
experimental liquid dispenser. The figures given in
Table 2 are for the Mark II, which was used in the
village-scale trial at Akowonjo. Data are given as
average weight losses in milligrams for periods of
20 days. These studies were carried out in a small hut
in the grounds of the laboratory; this structure had
asbestos walls, a peaked galvanized iron roof, no
ceiling and 5-inch (12.7 cm) eave spaces. Thermo-
hygrograph readings were made continuously;
humidity during the night reached 97% and in the
afternoon fell to 50 %; temperatures ranged from an
afternoon peak of 360C to a night low of 23°C.
A number of dispensers were weighed daily at

7 a.m. and 7 p.m., to determine the differences be-
tween their night and day weight losses. During the
night the dispensers showed little weight loss and
even a slight gain of 4-5 mg. As humidity reaches
nearly 100% during the early hours of the morning,
it was believed that this minimal loss in weight, or
even gain, was due to moisture absorbed on the sur-
face of the PVC tube, thus masking an actual loss in
weight of the dispenser. This was confirmed, es-
pecially during the first month after introduction of
the dispensers, when chemical determinations of the
dichlorvos content of air samples from the hut
showed that a comparatively high level of vapour was
also being maintained throughout the night.

PRELIMINARY DICHLORVOS TRIAL

Before the dispensers were assayed on a village
scale, a small preliminary field trial was carried out

7

+ 14.1

-88.5

- 77.6

- 71.3

-48.7

- 23.3

- 13.4

8 9 10

+ 13.7

- 107.2

- 81.0

- 76.8

- 46.0

-20.1

- 11.2

+ 14.1

- 78.8

- 73.4

- 73.2

-45.4

-20.5

- 13.0

+ 14.7

-58.1

- 65.4

- 72.1

- 43.5

-17.3

- 12.4

in the village of Alahausa near the Ikeja airport,
Lagos. The object of this study was to determine:

(1) whether dichlorvos dispensers would be bio-
logically effective under local conditions;

(2) the most suitable position for the dispensers
inside the huts;

(3) the best dispenser-volume ratio for the village-
scale tests; and

(4) the most suitable species and technique for the
bio-assays.

At the start of the preliminary trials, only the wax-
type dispensers were available to the Unit and, ac-
cordingly, the test was carried out with these. Pre-
vious workers (Mathis, Miles & Schoof, 1961) had
obtained satisfactory bio-assay results for 12 weeks
in a plywood hut of 1000 cubic feet (approximately
30 m3), using one dispenser of this type. It was as-
sumed that ventilation in the huts in Alahausa was
greater than in those described by Mathis et al. The
initial concentration for the trial was therefore in-
creased to one dispenser per 750 cubic feet (21 m3).
The houses tested were all of one type with galvaniz-
ed iron roofs and mud walls and floor, and almost
all had a central corridor with two to three rooms
opening off each side (Fig. 1). The presence or
absence of ceilings of one type or another and win-
dows, as well as the size of the latter, was irregular.
Each test house, including all rooms, corridors and
the area beneath the peaked roofs, was measured and
the volume calculated. In house A dispensers were
placed along the ridge pole, at a height of about
15 feet (4.5 m); in house B at points mid-way be-
tween the ridge pole and the top of the inner parti-

253



N. G. GRATZ, P. BRACHA & A. CARMICHAEL

FIG. I

HOUSE WITH ROOF OF CORRUGATED, GALVANIZED
IRON (" TIN ") AND ROUGH MUD WALLS a

a Note cracks in the mud, some of which may penetrate the
entire wall. Large clay pots for rain-water storage are a com-
mon source of culicine breeding.

tion walls at a height of 12 feet (3.6 m); and in house C
within the rooms only, attached to the ceiling poles
at 9 feet (2.7 m). Later, in house E, dispensers were

placed at 12 feet at a concentration of one per 1000
cubic feet (approximately 30 mi); houseD was a con-

trol. A thermohygrograph was placed in house B at
a height of 12 feet, and continuous records were kept
of temperature and humidity during the test period.

Bio-assays were carried out by suspending nylon-
nettedcages5 x 2.5,x 2.5inches(127mm x 63mm
x 63 mm) each containing 25, three-day old, blood-
fed female Aedes aegypti, Culex fatigans and Ano-
pheles gambiae. These cages were suspended at
15 feet (4.5 m), 12 feet (3.6 m), 9 feet (2.7 m), 5 feet
(1.5 m) and 2 feet (0.6 m) at 18.00 hours within the
test huts, removed at 06.00 hours, and then taken
to the laboratory where a piece of cotton-wool
soaked in a sucrose-water mixture was placed on

each cage. The 24-hour mortality was determined
the following day. Cages at 2 feet and 5 feet were

pinned on the walls, the remainder suspended from
the ceiling or roof poles, between 2 feet and 3 feet
from the nearest dispenser. Usually two cages of
each species were placed at each level and the results
averaged. Later, cages of 20 three-day-old female
Musca domestica vicina were also added. Bio-assay
tests were perfcrmed at weekly intervals.
Towards the close of the test, several liquid-type

Mark I dispensers were received and these were

placed into house F at one per 2250 cubic feet (one
per approximately 64 m3).

The results of the bio-assays of the wax-type dis-
pensers are presented in the first four parts of
Table 3 and of those supplied by CIBA in the
lowest portion of that table. As control mortalities
were consistently low, no separate table is presented
for them.

Dispensers placed at the height of the ridge pole
(house A) were still giving 100% kill of caged mos-
quitos at that level 14 weeks after installation.
Mortalities at a level 3 feet (0.9 m) lower were satis-
factory, i.e., 70% or above for 8-10 weeks. Mortali-
ties at the 9-foot (2.7 m) level within rooms without
ceilings were satisfactory for 5 weeks but were un-
satisfactory in all rooms at 5 feet and 2 feet at all
times.

In house B (dispensers placed at 12-foot (3.6 m)
level) mortalities were still 100% at 14 weeks both
above and level with the dispenser; satisfactory
mortalities were obtained in rooms without ceilings
for 10 weeks but in those with ceilings for 5 weeks
only. The contrast in results between rooms with
and without ceilings was especially marked.
When dispensers were placed at ceiling level

(9 feet) in house C, mortalities at the 15-foot and
12-foot levels-i.e., above the dispenser-fell off
rapidly, being over 70% for 3-5 weeks only. General
performance was satisfactory, for 12 weeks, only at
the level of the dispensers in rooms with ceilings. In
rooms without ceilings control was satisfactory for
only 9 weeks (Table 3, house C).

In house E, wax-type dispensers were introduced
at a rate of one per 1000 cubic feet and suspended
at 12 feet. Control was rapidly lost at the 9-foot,
5-foot and 2-foot levels in a room without a ceiling.
Although at 12 feet mortality fell below 70% in
weeks 5 and 6, it rose again and continued at a high
level until week 11, when the test had to be ter-
minated.
Four liquid-type dispensers (Mark I) were placed

in house F. Since little dichlorvos is given off from
this type of dispenser until several days after it has
been opened, bio-assays were first begun in week 3.
At the 15-foot and 12-foot levels and in rooms without
ceilings, mortalities were above 70% up to 10 weeks,
when the test was stopped.

Summary and conclusions based on dichlorvos pre-
liminary trial

The following conclusions were drawn from the
Alahausa preliminary trials and these were borne in
mind when further field trials were planned.
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1. In mud-walled, corrugated iron-roofed huts in
the Lagos area, wax and liquid-type dichlorvos dis-
pensers were effective against caged Diptera for
varying periods of time, depending on environmental
factors such as temperature and ventilation.

2. Over-all dispenser performance, as measured by
caged mosquito mortality, was best when the dis-
pensers were suspended at a point mid-way between
the ridge pole of the hut and the tops of the inner
partition walls, i.e., at about 12 feet (3.6 m) above
the floor.

3. Ceilings, especially those of raffia-palm mat,
between the rooms and the " attic " area of the huts,
represent a serious barrier to the passage ofdichlorvos
vapours both down into the rooms and from the
rooms up into the " attic " areas. To ensure effective
vapour concentrations, dispensers should be placed
both above and below such ceilings.

4. As shown by bio-assay, wax-type dispensers
placed in a house at a height of 12 feet gave a longer
period of control at a rate of one per 750 cubic feet
(21 m3) than at one per 1000 cubic feet (approxima-
tely 30 m8).

5. Bio-assays in rooms without ceilings showed
that Mark I liquid-type dispensers at one per
2250 cubic feet (approximately 64 m3) and suspended
above the rooms at 12 feet (3.6 m) were giving an
average mortality of 94% 10 weeks after installation.

6. By using houseflies, which are less sensitive to
dichlorvos than mosquitos, reductions in dichlorvos
vapour concentrations can be detected before any
reduction is noted in mosquito mortalities.

7. Thermohygrograph records at 12 feet (3.6 m)
in a corrugated-iron-roofed hut, showed that daily
peak temperatures usually occurred between 13.00
and 15.00 hours; during the period of study a peak
of 47°C was recorded once and 45°C frequently,
while peaks of 42°C and 43°C were common.
Humidity is highest during the night and lowest
during the day, especially during the afternoon peak
temperatures, when it sinks to as low as 37 %. Be-
tween 05.00 and 06.00 hours, the temperature was
at its lowest (22°C-23°C) and humidity at its highest
(88 %-90%o).

VILLAGE-SCALE DICHLORVOS TRIAL IN AKOWONJO

VILLAGE

Based on information obtained in the preliminary
trial in Alahausa a village-scale trial was carried out
using liquid-type Mark H dispensers in the village of

Akowonjo in the same general area as Alahausa.
The purpose of this trial was to investigate the effect
of dichlorvos treatment on wild mosquito popula-
tions and to perform bio-assays in different types of
houses using different concentrations of dispensers.
Weight loss studies in a test hut in the laboratory

grounds showed an average loss of 92 mg/day for
eight dispensers for the first 21-30 days. Inasmuch
as temperatures in the trial village may reach a daily
peak almost 10°C higher than in the test hut, it was
assumed (extrapolating from the temperature-
output ratios supplied by CIBA Co.) that dichlorvos
output in the village would be in the vicinity of
150 mg/day.
Twenty-six houses in Akowonjo village had roofs

of corrugated iron-" tin "-and 15 of thatch
(Fig. 2). The volume of each house was determined
and, in the case of those with " tin " roofs this was
divided by 750 to give the number of dispensers per
house for those which were to be treated at a ratio of
one dispenser per 750 cubic feet (21 mi). The village
was chosen because adequate numbers of each type
of hut were available for testing and comparison.
In both the thatch and tin-roofed huts there is usually
a central corridor running from the front to the rear.
Opening off each side of this corridor are two or
three rooms separated from one another by partition
walls 9 feet (2.7 m) high of mud on a wood-pole
frame. Individual rooms are usually small, varying
in size from about 600 cubic feet (17 ma) to 750 cubic
feet (21 i3); furniture is sparse, consisting usually of
floor mats and occasionally a bed, chairs, boxes, and
clay waterjars. Most rooms have poles running from
wall to wall at ceiling level for extra support of the
upper part of the wall. These poles often have
raffia-palm mats laid over them as a ceiling (Fig. 3)
or, alternatively, palm mid-ribs (Fig. 4) may be used.
Occasionally a room may have a plank ceiling.
Rising from the tops of the walls are numerous rough
poles or rough worked boards supporting the peaked
roof and resulting in an extensive " attic " space
under the roof (Fig. 5). In thatch-roofed huts
cooking is often done on an open fire within the
hut-either in the corridor or within one of the
rooms. In tin-roofed huts-possibly because of
poorer ventilation-the cooking is usually done in a
small " kitchen hut " behind the main dwelling and
consisting of a half wall about 2.5 feet (0.7 m) high
and a low thatch roof. Windows may or may not
be present in any room in the dwelling hut and when
present may vary in size. Windows and doors are
always kept closed throughout the night until
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TABLE 3

RESULTS IN ALAHAUSA DICHLORVOS PRELIMINARY TRIAL: PERCENTAGE 24-HOUR MORTALITIES
OF BLOOD-FED, 3-DAY-OLD FEMALE MOSQUITOS AFTER 12-HOUR EXPOSURE IN TEST CAGES

AT VARIOUS HEIGHTS a

Test Number of weeks after introduction of dichlorvos
cage
level
(feet) 1 2 3 4 51 6 7 8 9 10 11 12 13 14

House A: 6 wax-type dispensers at ridge pole; 1 per 750 cubic feet; tin roof

1 100 100 100 1 i00 100 100 100 100 100 100 100 100 100 100
15 (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (3) (3) (2)

100 100 98 100 100 100 96 20 82 70 16
12 (2) (2) (2) (2) (2) (2) (2) (2) (2) (2) (2)

96-20 64-4 12-8 100-4 88-40 30 6 4 6
9 (1)O(1) (1)O(1) (1()(1) (1) (1) (1)() (2) (2) (2) (2)

44-8 76-4 4-8 4-4 12-4 18 6
5
5 O) (O) (') (O) (O) (O) (O) (O (O (') (2) (2) - - - - - -

2 - - _ - (1) (1) (2)4 _ _

House B: 10 wax-type dispensers at mid-way (12-foot) level, 1 per 750 cubic feet; tin roof

15 100 100 100 100 100 100 100 100 100 100 100 99 100 100
(2) (2) (2) (2) (2) (2) (3) (6) (4) (4) (4) (4) (4) (2)

12 '100 100 100 100 100 100 100 100 100 100 100 96 100 100
1

(2) (2) (2) (2) (2) (2) (3) (4) (4) (4) (4) (3) (3) (2)

100 100 100 100-72 100-92 100-68 - -42 58-4 100-10 92-22 46-4 20
(2) (2) (2) (1) (1) (1) (1) (1) (1) (2) (2) (2) (2) (3) (4) (2) (3) (3) (1)

100 100 100-76 1 00-8 100-84 96-44 --51 - -20 40-26 48-0 44-8
5 (2) (2) (1) (1)j(1) (1) (1) (1) (1) (1) (3) (5) (3) (3) (2) (2) (2) (2)l

2 I- ] _ _ _ 100-56 100-48 - -64 --17 19-6

J~~~~~~~~1 (1 (1"" i"" (3) (5) (3) (3)

House C: 7 wax-type dispensers at ceiling (9-foot) level, I per 750 cubic feet; tin roof

100 100 62 66 78 30 10 6 8 |_ 0
15 (2) (2) (2) (2) (2) (2) (2) (2) (2) (2)

1 100 100 90 36 58 24 8 6 2
12 (2) (2) (2) (2) (2) (2) (2) (2) (2) -

100 100 100-100 100-100 100-100 100-100 100-100 100-100 98-100 4-100 49-97 36-90 6-60 82

(2) (2) (1) (1) -(1) (1) (1) (1) (1) (1) (1) (1) (1) (1) (2) (2) (3) (3) (3) (3) (1) (2) (2) (2) (2)
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TABLE 3

RESULTS IN ALAHAUSA DICHLORVOS PRELIMINARY TRIAL: PERCENTAGE 24-HOUR MORTALITIES
OF BLOOD-FED, 3-DAY-OLD FEMALE MOSQUITOS AFTER 12-HOUR EXPOSURE IN TEST CAGES

AT VARIOUS HEIGHTS (continued)a

Test Number of weeks after introduction of dichlorvos
cage
level
(feet) 1 2 3 4 5 6 7 8 9 10 11 12 13 14

House C: 7 wax-type dispensers at ceiling (9-foot) level, I per 750 cubic feet; tin roof (continued)
100 100 100-100 100-72 100-- 92-100 68- -10-76 13-88 13-78 4-86 11-70 6

5 (2) (2) (1) (1) i(1) (1) (1) (1) (1) (1) _ (3) (3) (3) (3) (3) (3) (3) (3) (3) (2) (2)

100- - 56-24 76 8-8

House E: 8 wax-type dispensers at 12-foot level, I per 1 000 cubic feet; tin roof

15 100 100 100 100 82 100 100 96 95 100 62 -
(3) (4) (4) (4) (2) (2) (4) (4) (4) (3) (2)

12 100 100 100 100 61 57 78 78 88 82 100
(4) (4) (4) (4) (3) (3) (4) (4) (3) (4) (2)

'100 100 39 92 23 58 22 10 - - - -
(4) (4) (4) (2) (3) (3) (4) (4)

5 100 100 17 33 8 28 _ _
(4) (4) (4) (3) (2) (2)

2 _ 100 29 46 24 16 _
2 (4) '(4) (4) (3) (2) - I - - -

Average Average Average
31% 66% 44%

House F: 4 Mark I liquid-type dispensers at 12-foot level; 1 per 2 500 cubic feet; tin roof

o100 100|100 100 100 100 100 100
(1) (1) (2) (4) (4) (4) (4) (2)

12 1 +(100100 100 10oo 100 100 b 10
(1 () ((1)(4) (4)( (2)

9 - - 100 1100 100 100 100 100-46 100-26 71004
(1) (1) (4) (4) (4) (1) (4) (4) (3) (2) (2)

51 ~~~100 |100 100 100 100 96-24 92-25; 74-0
j ~~~(1) (2) (2) (4) (4) 1(3) (1) (2) (2) (2) (2)

2__________' - __- t100 100 100 100 100-76 100-28 96-26
2 - -

(1) (1) (4) (4) j(3) (1) (3) (3) (2) (2)

a Figures in parentheses represent the number of cages of 25 female mosquitos each. Underlined percentage figures are those
for cages in rooms with mat ceilings. b Dichlorvos concentration: 0.025-0.04 tsg at 11.30 hours.

c Dichlorvos concentration: 0.052 pg at 09.30 hours. d Dichlorvos concentration: 0.039 ug at 09.30 hours.
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FIG. 2. HUT WITH RAFFIA-PALM THATCHED ROOF AND GABLE
OF RAFFIA-PALM FRONDS

FIG. 3. ROOM COVERED WITH RAFFIA-PALM LEAF MAT LAID
ACROSS CEILING POLES OF BAMBOO

FIG. 4. ROOM COVERED WITH RAFFIA-PALM MID-RIB CEILING
FIG. 5. WOODEN CROSS BEAMS SUPPORTING ROOF OF HOUSE
FIG. 6. 23-CM-WIDE OPEN EAVES OF MUD HUT WITH "TIN"

ROOF
FIG. 7. OPEN GABLE OF MUD HUT WITH "TIN" ROOF
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sunrise. There is usually about a 9-inch (23 cm) space
beneath the eaves (Fig. 6), and the gables may either
be open (Fig. 7) or, more commonly, closed by either
raffia mats or galvanized iron sheets.

While there were no available means of measuring
the number of air exchanges per hour, it was roughly
estimated by watching the movement of smoke in
unceiled rooms within the huts that they were at least
twice as frequent in thatch as in tin-roofed huts.
Dispensers were therefore introduced into thatch-
roofed houses at a rate of one per 350 cubic feet
(approximately 10 m3) or approximately twice that
of the tin-roofed houses.'
A number of thatched and tin-roofed huts were

treated with greater or lesser concentrations of
dispensers in order to determine by bio-assay the
effect of these variations. The village was treated as
shown in Table 4.

TABLE 4
DISTRIBUTION OF DICHLORVOS DISPENSERS

IN AKOWONJO VILLAGE

Thatch-roofed huts Tin-roofed huts

Dispenser- No. Dispenser- No.
Volume of hut volume of huts

(cubic feet) ratio uts (cubic feet) ratio

I per350 1 1 per500 2

1 per 500 2 1 per 750 21

1 per 750 1 1 per 1000 I

I per 1500 1

None (control) 1 None (control) I

Total 15 Total - 26

Weekly bio-assays were carried out, as previously
described, in nine treated and two control huts. In
addition, air samples were taken at various levels
from treated huts on bio-assay nights and the results
of the dichlorvos determinations are also shown in
the tables of bio-assay results. Concurrent with the
above, pyrethrum spray and window-trap catches
were carried out weekly in 12 houses designated as
catching-stations.

1 In Europe, Bedford, Warner & Chenko (1943) found
that in dwelling-sized rooms there were as many as 30 air
changes per hour due to cross-ventilation through windows.
In cottages built in 1860 in London, whose rooms ranged
in size from 620 to 1280 cubic feet (or about 17-36 m9, there
were 1.21 air changes per hour in a closed room.

Bio-assay results and discussion

A summary of the bio-assay results is shown in
Table 5.2 Mortalities were based on observation of
caged mosquitos 24 hours after they had been re-
moved from the huts and kept in the laboratory at
23°C with a cotton-wool pad soaked in sugar water
over each cage.

In distributing the cages at different sites, an effort
was made to place them in rooms both with and
without a ceiling, but this could be done in only four
of the nine houses tested. It was realized that all
mat-ceiled rooms without windows containing a
dispenser would probably give similar results irres-
pective of the dispenser concentration in the rest of
the house-i.e., in the attic space and in unceiled
rooms-and probably also irrespective of the type
of roof, since as previously indicated, mat ceilings
represent a serious barrier to dichlorvos vapours;
reference to Table 5 will show that this proved to be
the case.
Even though dispensers were introduced into two

houses at the same dispenser-volume ratio, their bio-
assay results differed, as can be seen from houses 19
and 13, both tin-roofed, at one per 750 cubic feet
and houses 8 and 1, both thatch-roofed, at one per
350 cubic feet. Differences in the degree of ventila-
tion in the individual houses are most likely to
account for these variations.

In house 19 mortality was still 100% at the
15-foot (4.5 m) and 12-foot (3.6 m) levels (i.e., " attic "

levels) at the conclusion of the test 16 weeks after
introduction of the dispensers. At lower levels,
over-all mortality in both ceiled and unceiled rooms
was high only until week 12 and then dropped off
rapidly.
House 13, with dispensers introduced at the same

concentration, showed satisfactory over-all mortality
(above 70%) for 10 weeks within ceiled rooms and
up to week 13 above ceiling level.
The bio-assay of house 1, thatch-roofed, showed

that mortality declined at 11 weeks, recovered at
13 weeks and dropped sharply thereafter. House 8,
thatch-roofed, showed a considerable decline in
mortality at week 10 in cages placed in rooms
without ceilings; five days prior to the week 12 bio-
assay, the thatch roof was removed and corrugated-
iron sheets placed on the frame by the inhabitants.

' Detailed tables of all bio-assay results and dichlorvos
determinations in the air from houses under test are available
in an unpublished working document (WHO/Vector Control/
11 )which is obtainable, on request, from the senior author.
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TABLE 5

BIO-ASSAY RESULTS a IN AKOWONJO VILLAGE-SCALE DICHLORVOS TRIAL

No. of weeks during which average No of weeks
House No.; roof type; and ratio of Site at which total mosquito b mortality remained during which
dispensers to volume of house b placedc above: housefly mortality

placed __________5 _ 70% above 70%

House No. 19; tin roof; Attic 16 +
I per 750 cubic feet

Ceiled rooms c 12 13 9

Uiceiled rooms 9 12 8

House No. 13; tin roof; Attic 10 13
1 per 750 cubic feet

Ceiled rooms C 10 10 6

Unceiled rooms - -

House No. 8; thatch roof; Attic 16+ d
1 per 350 cubic feet

Ceiled rooms c 15 16 8

Unceiled rooms 8 9 8

House No. 1; thatch roof; Attic 11 12
I per 350 cubic feet

Ceiled rooms c 6 10 5

Unceiled rooms - -

House No. 26; thatch roof; Attic 9 9
1 per 500 cubic feet

Ceiled rooms C 15 16 12

Unceiled rooms - -

House No. 16; thatch roof; Attic 9 9
I per 750 cubic feet

Ceiled rooms c 13 16 13

Unceiled rooms - -

House No. 15; tin roof; Attic 16 +
1 per 500 cubic feet

Ceiled rooms c 11 12 9

Unceiled rooms - -

House No. 43; tin roof;
1 per 1 000 cubic feet

House No. 36; tin roof;
1 per 1 500 cubic feet

Attic

Ceiled rooms c

Unceiled rooms

Attic

Ceiled rooms c

Unceiled rooms

11

12

8

13

9

10

12

14

9

13

11

12

8

4

6

6

a Tests were carried out for 16 weeks, at which time the dispensers were removed.
bi Average of 3-8 cages at each site.
c Each room ceiled with a raffia mat or other ceiling had a dispenser within it; unceiled rooms did not.
d Prior to the bio-assay test at week 12 the roof of house 8 was changed from thatch to tin.
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This resulted in a dramatic increase in bio-assay
mortalities due to increased temperatures within the
hut and therefore an increased dichlorvos output
from the dispensers. The bio-assay mortalities
remained high at the 15-foot and 12-foot levels as
well as in rooms with ceilings until the end of the
test at week 16.
Two thatched-roofed houses (26 and 16) had dis-

pensers installed at a rate of one per 500 cubic feet
(14 m3) and one per 750 cubic feet (21 m3) respec-
tively. In both these, bio-assay mortalities in
ceiled rooms containing a dispenser were com-
parable to results in tin-roofed houses; at the 15-foot
and 12-foot levels mortality dropped offfrom one to
three weeks sooner.

In house 15, tin-roofed, an increased dispenser
concentration to one per 500 cubic feet showed im-
proved performance at the 15-foot and 12-foot bio-
assay levels, but bio-assay mortalities within the
ceiled rooms with one dispenser were comparable
with those in other house types with one dispenser
per ceiled room, thus demonstrating that an in-
creased concentration in the " attic " space will not
be likely to affect mat-ceiled rooms.
Two tin-roofed houses (43 and 36) were treated

with a lower concentration of dichlorvos-one per
1000 cubic feet (approximately 30 m3) and one per
1500 cubic feet (approximately 42 m3)-although, as
in previous houses, there was one dispenser sus-
pended in each room with a ceiling. Over-all dis-
penser performance in both these houses was not as
good as in house 19 (one per 750 cubic feet, tin-
roofed) but both showed a better performance than
house 13 (one per 750 cubic feet, tin-roofed), again
emphasizing the considerable house-to-house varia-
tion. Daytime air samples taken from house 19 at
week 12 still showed several times the minimum
lethal concentration of 0.015 jtg/litre of air; thus a
reduction of dispenser concentration might still give
a satisfactory control for this length of time at least.
Within thehouse the degree ofventilation anddirection
of air movements (and therefore of dichlorvos va-
pours) might each contribute to the variations.

The effect of dichlorvos on the natural mosquito
population
Outlet window-traps were placed in the test village

of Akowonjo and the control of Isheri-Olofin at the
end of June, some 15 weeks prior to installation of
the dichlorvos dispensers in Akowonjo. Early
morning pyrethrum-spray catches had begun two
weeks earlier. The peak of the natural mosquito

population, especially of Anopheles gambiae, as
shown both by window-traps (Tables 6 and 7) and by
pyrethrum sprays (Tables 8 and 9) occurred in mid-
July. Summaries of the results of spray and trap
catches (Table 1) further indicated that for July the
average anopheline density at Akowonjo was as high
as 134.9 per catching-station, and at Isheri was 23.4.
For technical reasons the liquid-type dichlorvos dis-
pensers were unfortunately not available to the
Insecticide Testing Unit until early October and were
therefore placed in the test village at a time when the
natural population was already declining. However,
comparison of the window-trap and pyrethrum-spray
figures for Akowonjo and Isheri-Olofin shows that
in both cases the figures for culicine mosquitos in the
treated village remained lower than those for the
control village for four months. These differences
are more readily seen if one refers to the average
mosquito densities (AMD) as presented in the form
of monthly averages in Table 1. While the difference
in the total number of mosquitos caught between
the treated village and the control village is not great,
it is of statistical significance. The dispensers were
removed from Akowonjo on 13 and 14 February
1962, 18 weeks after their installation in the village.
Most of the small number of living mosquitos found
in the window-traps in Akowonjo died within
24 hours, possibly due to their having been in con-
tact with dichlorvos vapours while in the trap.
Until the completion of further tests on any possible
irritant effect of dichlorvos or inert materials in the
dispensers, it cannot be definitely said that the in-
secticide has reduced the actual mosquito population
in the village area, but this was strongly indicated by
the significantly lower number of mosquitos in the
two control catching-stations in Akowonjo. Such
tests were carried out in 1962 by the Insecticide
Testing Unit.

Results of chemical studies on dichlorvos and discus-
sion
Concurrently with the bio-assay studies air sam-

ples were taken from huts containing dispensers and
analysed for their dichlorvos content by the cholines-
terase inhibition method.'
The air samples were collected by means of an

Austen M.U. 19/60 S.E/1 portable diaphragm dual-
purpose air-compressor/vacuum-pump.2 They were

1 See the note by Bracha, Dawson & Taylor on page 271
of this issue.

' For detailed technical description, see Johnstone, D. R.
(1961). Unpublished report No. 186 from the Tropical
Pesticides Research Unit, Porton Down, Wilts., England.
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TABLE 6
AVERAGE NUMBER OF CULICINE AND ANOPHELINE MOSQUITOS PER OUTLET WINDOW-TRAP

PER WEEK IN AKOWONJO (DICHLORVOS-TREATED)

6

9
7

10
9

11
11
11

8
11
12
12
11

12

42.7
55.4

127.4
16.6
11.1

4.6
2.7
2.5
3.8
3.8
4.2
3.9
3.1
1.9

212
467
869
145
86
37
28
15
18
23
15
11
6
3

35.3
51.9

124.1
14.5
9.6
3.4
2.5
1.4
2.3
2.1
1.3
0.9
0.5
0.3

Dichlorvos dispensers installed

11
11
10

11
10
10
10
12
12
11
12
10

11
11
11

11

11
12

0.7
0.6
1.2
1.1
0.5
1.1
0.9
0.3
0.6
0.7
0.8
0.9

0

0
0
0
0
0
0
0
0

0

0
0

1.9
3.0
2.8
3.1
1.4
0.4

0.1
0.1
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0

0

0

0

0

0

0.0

0.0

0.0

0.0

0.0

0.0

Dichlorvos dispensers removed

0

0

0

0

0

0

0.0
0.0

0.0
0.0
0.0
0.0
0.0

a Figures in parentheses represent the number of mosquitos from untreated (control) catching-stations.

1961:

30 June
7 July

14 July
21 July
28 July
4 August

11 August
18 August
1 September
8 September
15 September
22 September
29 September
6 October

13 October
20 October
27 October
3 November
10 November
17 November
24 November
1 December
8 December
15 December
22 December
28 December

1962:

5 January
12 January
19 January
26 January
2 February
9 February

16 February
23 February
2 March
9 March

16 March
23 March
30 March

8 (0)
7 (2)

12 (2)
12 (0)
5 (1)

11 (1)
9 (2)
4 (0)
7 (3)
8 (1)
10 (0)
9 (0)

21
33
31
34
15
5
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TABLE 7

AVERAGE NUMBER OF CULICINE AND ANOPHELINE MOSQUITOS PER OUTLET WINDOW-TRAP
PER WEEK IN ISHERI-OLOFIN (UNTREATED CONTROL)

Total number Number of Average Total number Average
Date of mosquitos catching-stations mosquitos per of Anopheles Anopheles per

of all species used catching-station catching-station

1961:

29 June 109 5 21.8 59 11.8

8July 52 5 10.4 18 3.6
13 July 47 8 5.9 28 3.5
20 July 69 5 13.8 42 8.4
27 July 90 11 8.2 49 4.5

3 August 68 12 5.7 21 1.8
10 August 37 11 3.4 8 0.7
17 August 34 11 3.1 3 0.3
31 August 38 11 3.5 0 0.0

7 September 18 10 1.8 4 0.4
14 September 67 11 6.1 5 0.5
21 September 38 10 3.8 3 0.3
28 September 139 12 11.6 7 0.6

5 October 73 11 6.6 4 0.4
12 October 63 9 7.0 1 0.1
19 October 59 8 7.4 1 0.1
26 October 78 11 7.1 0 0.0

2 November 51 11 4.6 1 0.1
9 November 63 10 6.3 2 0.2

16 November 44 11 4.0 0 0.0
23 November 96 10 9.6 1 0.1
30 November 35 11 3.2 0 0.0

7 December 64 11 5.8 0 0.0
14 December 39 10 3.9 0 0.0
21 December 59 11 5.4 0 0.0
28 December 82 12 6.8 0 0.0

1962:

4 January 59 11 5.4 0 0.0
11 January 54 11 4.9 0 0.0
18 January 9 10 0.9 1 0.1
25 January 64 11 5.8 2 0.2

1 February 75 11 6.8 0 0.0
8 February 18 11 1.6 0 0.0
15 February 40 11 3.6 0 0.0
22 February 44 12 3.7 0 0.0

1 March 50 13 3.8 1 0.0
15 March 58 12 4.8 0 0.0
22 March 64 12 5.3 4 0.3
29 March 62 12 5.2 1 0.0
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AVERAGE NUMBER OF
TABLE 8

CULICINE AND ANOPHELINE MOSQUITOS PER PYRETHRUM-SPRAY CATCHING-STATION
PER WEEK IN AKOWONJO (DICHLORVOS-TREATED)

Date

1961:

16 June
23 June
30 June
7 July

14 July
21 July
28 July
4 August

11 August
18 August
25 August

1 September
8 September
15 September
22 September
29 September
6 October

Total number
of mosquitos

of all species a
_

I~~~~~~~~~~~~~~~~

326
251
869
285

1945
430
362
213
128
91
51
64
26
29
30
99
7 (0)

Number of
catching-stations

used

11
15
16
7

11
9
6

11
11
12
12

10
11
12
12
11

10

13 October
20 October
27 October
3 November

10 November
17 November
24 November
1 December
8 December
15 December
22 December
29 December

1962:

5 January
12 January
19 January
26 January
2 February
9 February

16 February
23 February
2 March
9 March

16 March
23 March
30 March

4 (0)
0 (0)
1 (1)
1 (0)
0 (0)
4 (1)
3 (1)
2 (2)
3 (0)
4 (1)
4 (0)
6 (2)

2
7
7
1

2
2

11
10
9

11
12
12
11

12
12
12
12
12

11
11
11
11

11
12

2
6
0
3
7

13
16

10
12

13
8
12
12
11

Dichlorvos dispensers installed

0.4
0.0
0.1

i
0.1
0.0
0.3
0.3

0.2
0.3
0.3
0.3
0.5

0.2
0.6
0.6
0.1
0.2
0.2

Dichlorvos dispensers removed

0.2
0.5

0.0
0.4
0.6
1.1
1.5

a Figures in parentheses represent the number of mosquitos from untreated (control) catching-stations.

264

Average
mosquitos per
catching-station

29.6
16.7
54.3

40.7
176.8
47.8
60.3

19.4
11.6
7.6
4.3
6.4
2.4
2.4
2.5
0.8

0.7

Total number
of Anopheles

291
224
813
272

1 929
424
359

204
122
85
47

57
23
24
16
4

I

5

Average
Anopheles per
catching-station

26.5
14.9
50.8
38.9

175.4
47.1
59.8
18.5
11.1
7.1
3.9
5.7
2.1
2.0
1.3
0.4

0.5

0
0
0

1

01
1

0
1

1 (1)

0.0
0.0
0.0

0.1
0.0
0.1
0.1

0.0
1.1
0.1
0.0
0.1

0
1
4
0
0

0.0
0.1
0.4
0.0

0.0
0.0

0
1
0
1
4
6
8

0.1

0.0
0.1
0.3
0.5
0.7

-
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TABLE 9

AVERAGE NUMBER OF CULICINE AND ANOPHELINE MOSQUITOS PER PYRETHRUM-SPRAY
CATCHING-STATION PER WEEK IN ISHERI-OLOFIN (UNTREATED CONTROL)

Total number Number of Average Total number Average
Date of mosquitos catching-stations imosquitos pier o cAtching-statin

of all species used catching-station fcAnphching-elstaper

1961:

15 June 77 12 6.4 31 2.6
22 June 65 12 5.4 36 3.0
29 June 213 10 21.3 147 14.7

8 July 230 9 25.6 161 17.9
13 July 208 10 20.8 160 16.0
20 July 298 11 27.1 263 23.9
27 July 165 8 20.6 126 15.8

3 August 126 12 10.5 84 7.0
10 August 45 10 4.5 15 1.5
17 August 28 11 2.5 7 0.7

31 August 6 11 0.5 0 0

7 September 17 10 1.7 3 0.3
14 September 43 12 3.6 5 0.4
21 September 31 9 3.4 6 0.6
28 September 14 9 1.6 4 0.5

5 October 41 10 4.1 5 0.5
12 October 32 10 3.2 1 0.2
19 October 24 8 3.0 4 0.4
26 October 35 10 3.5 3 0.3

2 November 35 11 3.2 1 0.0
9 November 32 11 2.9 2 0.2

16 November 23 10 2.3 8 0.8
23 November 39 10 3.9 6 0.6
30 November 22 10 2.2 1 0.1

7 December 7 11 0.6 2 0.1
14 December 24 10 2.4 2 0.2
21 December 59 11 5.4 0 0.0
28 December 20 9 2.2 0 0.0

1962:

4 January 30 11 2.7 2 0.2
11 January 32 11 2.9 2 0.2
18 January 11 10 1.1 1 0.1
25 January 23 11 2.1 3 0.3

1 February 24 11 2.2 1 0.1
8 February 10 11 0.9 0 0.0
15 February 27 11 2.5 2 0.2
22 February 33 12 2.8 4 0.3

1 March 39 13 3.0 2 0.2
15 March 63 12 5.3 3 0.3
22 March 66 12 5.5 11 0.9
29 March 77 12 6.4 10 0.8
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then bubbled through two all-glass impingers, each
containing 50 ml of distilled water. Ordinary all-
glass washing bottles would be equally suitable if the
sampled air were dispensed into the distilled water
through sintered glass of No. 1 porosity. The
dichlorvos solutions obtained in the two impingers
were mixed together and analysed.

Because of the tendency of dichlorvos to be
absorbed by rubber, it was found best to install the
glass impingers at the very entry of the pumping
system within the huts, thus avoiding any contact
between the sampled air containing the insecticide
and the rubber connecting tube. The use of copper
tubing was also found to be unsatisfactory, usually
giving much lower dichlorvos results than when glass
tubing was used.
The three main factors that influenced the di-

chlorvos concentration in the air in the test huts were
the temperature, humidity and ventilation. Higher
temperature resulted in an increased dispenser output
of dichlorvos while higher humidity resulted in a
decreased dichlorvos concentration in the air.
Greatly increased ventilation would remove the
dichlorvos vapours from the hut faster than the
dispensers could replenish them. It was evident that
these variations would occur at different times
throughout the day. By sampling at different hours
of the day and night, a picture was obtained which
showed the combined action of the three above-
mentioned factors. The concentration values for the
night were of special interest inasmuch as it had been
found during the preliminary weight loss studies that
a minimal weight loss occurred during that period.
Parallel experiments were conducted in the tin-
roofed and thatch-roofed houses. Air was sampled
every three hours during the day and every three, or
occasionally every six, hours during the night. It was
immediately noted that the dichlorvos output was
sharply influenced by temperature changes.

Considering the temperature factor alone, di-
chlorvos output should reach a maximum at the daily
temperature peak. Since in the Lagos area there is
usually no significant outside wind movement during
the late morning and early afternoon, the number of
air changes may be taken as constant, and therefore
will not influence the relative amount of dichlorvos
released. Consequently, dichlorvos concentration
plotted against time will show a curve similar to that
of the temperature, reaching its highest concentra-
tion at the mid-afternoon temperature peak. The
normal rate of air exchange in a house (excluding a
sudden draught of wind) ensures that a stationary

concentration of dichlorvos is kept at a given tem-
perature, but this concentration is proportional to
the temperature and rises sharply with it. If the
doors and windows are closed, the effect of air
changes is minimized, thus causing the dichlorvos
concentration to increase to a new stationary level;
however, temperature is not constant during the
night, a minimum being reached at about 04.30 to
05.30 hours with a consequent decrease in the out-
put of the dispenser, despite the lessened ventilation.
Furthermore, with the decrease in outside tem-
perature, there is an increased tendency for the air
inside the house (which is usually at a higher tem-
perature than that outside) to flow outside, and this
tendency is more pronounced in the highest levels
of the house where the hottest air is concentrated.
(Temperatures at a point 3 feet (0.7 m) below a
galvanized-iron roof may be above 45°C in the
afternoon.) It was therefore anticipated that the
dichlorvos concentration would reach another
maximum during the early part of the night and fall
gradually towards morning. This was confirmed in
the experiments in the tin-roofed houses. The
maximum night-time dichlorvos concentration usual-
ly occurred at about midnight and gradually de-
creased towards morning. It will be seen from
Table 10 that, although concentrations obtained at
the same hour varied on different days (due to
changes in environmental conditions), there was
always a clear high maximum in the mid-afternoon
and a lower one, sometimes little more than a
shoulder, around midnight. Minimum concentration
occurred in the early morning and evening.

In the thatch-roofed houses, the situation was
much more complicated. It was assumed that the
increased ventilation would necessitate using a higher
proportion of dispensers, and these were therefore
distributed at a rate of one per 350 cubic feet (about
twice the number used in the tin-roofed houses).
Frequently, high concentrations of dichlorvos,
sometimes over three times as much as in the tin-
roofed houses, were observed in some houses with
thatch roofs. These could not be attributed to the
presupposed higher ventilation factor since the latter
should have led to an enhanced productivity of
dichlorvos by the dispenser, and thus to a quicker
exhaustion. The results were, however, quite the
contrary: at the end of the trial more than 50% of
the liquid remained in dispensers which had been
suspended at the 12-foot level in the thatch-roofed
houses compared with the far lesser quantity (see
below) which remained in the dispensers placed at
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TABLE 10

VARIATION IN DICHLORVOS CONCENTRATION
DURING A 24-HOUR PERIOD

(5-7 WEEKS AFTER INSTALLATION)

Concentration (og/litre) at 12-foot level

Time 5 weeks 7 weeks

Day

06.00 0.034 0.024

09.00 0.036 0.031

12.00 0.049 0.045

15.00 0.051 0.052

18.00 a 0.030 0.020

Night

18.00 b 0.024 0.012 0.012

20.00 - 0.014 -

21.00 _ - 0.020

22.00 - 0.026 -

24.00 0.034 - 0.024

01.00 - 0.030 -

03.00 _ - 0.020

04.00 - 0.017 -

06.00 0.026 b 0.014 0.014

09.00 - 0.013 0.043

a Values from two different dates.
b 3 values.

the same level in tin-roofed houses. This could be
attributed to two possible factors: (a) the increased
number of dispensers with no significant increase in
ventilation, or (b) possible desorption from the

cellulose surfaces of the thatch. Dichlorvos is
absorbed readily by cellulose, which after a while
retains no insecticidal activity; this activity can,
however, be restored by moistening the surface with
water. Particularly high dichlorvos values were noted
on very humid mornings or on rainy days, when the
thatch surfaces were actually wet, suggesting that the
second explanation is correct. Final conclusions will
be drawn when more extensive ventilation measure-
ments have been carried out.

It was found that the dichlorvos concentration
fades rapidly as the distance from the dispenser in-
creases, the highest values being obtained at the dis-
penser level (either 12-foot or 9-foot), measured at a
distance no nearer than 2 feet (0.6 m) from the closest
dispenser. In Table 11 dichlorvos concentrations at
the 12-foot level are compared with those at the
2-foot level, the latter being of great importance as it
is the level at which people eat and sleep within the
huts. Concentrations at the 2-foot level are measur-
able and are about 10%-20% of those at dispenser
level. Dichlorvos vapours, which are heavier than air,
should tend to settle downwards and concentrate at
the 2-foot level, but in reality, due to ventilation fac-
tors, this tendency is much diminished. By closing
the door and windows and thus reducing the ventila-
tion factor, the build-up of vapour concentration at
the 2-foot level was expected to be relatively greater
than the build-up in higher levels closer to the eaves,
which remain open at night. This was confirmed by:
(a) satisfactory bio-assay kill obtained at the 2-foot
level, even though sublethal values of dichlorvos
concentration were recorded when pumping in the
evening (e.g., 0.004 ,ug/litre and 0.006 1tg/litre); and
(b) a few cases where a better kill was recorded at the
2-foot level than at the 5-foot level. At the end of the
experiment, the amount of liquid remaining was

TABLE 11
DICHLORVOS CONCENTRATION AT 2-FOOT AND 12-FOOT LEVELS

a With door open.
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recorded and a mean value for six dispensers from
each level was obtained as shown below: '

12-foot level, tin-roofed house 6.378 ml
9-foot level, tin-roofed house 10.764 ml

12-foot level, thatch-roofed house 10.447 ml
9-foot level, thatch-roofed house 11.531 ml

It can be seen that the output at the 12-foot level
in the tin-roofed houses is greater than that at all
other levels; the output at the 9-foot level with tin
roof is similar to that at the 12-foot level with thatch
roof, while the output at the 9-foot level with thatch
roof is even lower. These results demonstrate clearly
that temperature variations are much more important
than ventilation variations.
The remaining liquid in the dispensers in both the

thatch and tin-roofed houses was constituted of two
distinct layers with specific gravities of 1.309 and
1.070. The heavy layer (about 80% of the liquid
volume) was strongly acidic and very viscous.
Analysis showed it to contain 24.9% dimethyl-
phosphoric acid and 11.48% dichlorvos. The lighter
layer was constituted mainly of the phthalic acid
ester used in the formulation but contained in addi-
tion 3.0% dimethyl-phosphoric acid and 8.77%
dichlorvos. The relative amounts of dichlorvos and
its degradation products indicated a considerable
hydrolysis within four months. In the tin-roofed
houses, where the temperature was higher, most of
the dichlorvos was dispensed over a shorter period,
and the original contents of the dispenser were thus
less susceptible to hydrolysis than in thatch-roofed
houses.

Study of the eflect of dichlorvos on the inhabitants

Prior to the introduction of dichlorvos dispensers
into Akowonjo village, capillary blood samples were
collected from 117 people in Akowonjo and 77 in the
control village of Isheri-Olofin. Plasma and red
blood cell cholinesterase (ChE) were estimated by
Michel's micro-method (1949) and haemoglobin and
haematocrit studies were also carried out; at five and
at seven weeks after the installation of the dispensers
further samples were again collected. The second
and third visits yielded specimens from only 63 in-
dividuals from Akowonjo and 35 from Isheri-Olofin
from the original pre-exposure groups; however,
these numbers were adequate to show that there were
no changes in ChE levels that could be attributed to

I Assuming that only 70% (approximately 14 g) of the
original 20 g of liquid in the dispenser is active material,
it was found that most of the dichlorvos had been dispensed.

the presence of dichlorvos vapours in the houses of
Akowonjo, although for over a month the in-
habitants had been exposed to dichlorvos vapours at
a level high enough to be effective against caged
Diptera. It is extremely unlikely that examinations
of greater numbers of individuals would have given
any different result. These findings are in keeping
with those of Funckes et al.2 at Bobo Dioulasso in
the Upper Volta Republic, where it was found that
treatment of mud houses at a rate of one dispenser
per 500 cubic feet or higher caused no hazard to the
inhabitants.

TABLE 12
CAPILLARY BLOOD DETERMINATION IN THE TREATED

AND CONTROL VILLAGES

Akowonjo Isheri-Olofin
(dichlorvos- (control)

treated)

Plasma RBC Plasma RBC
ChE ChE ChE ChE

No. of persons tested 63 59 35 32

No. of persons showing
rises 40 17 21 8

No. of persons showing
falls 20 41 13 19

No. of persons showing
no change 3 1 1 5

Mean change + 6.52 - 6.56 + 5.80 -4.00

S.E. of mean 1.75 1.85 3.36 1.97

t 1 3.73 3.55 1.73 2.03

P - 0.001 0.0011 0.1 0.C5

Difference between mean change in the two
villages: Plasma: 0.72

RBC: 2.56
S.E. of difference: Plasma: 3.79

RBC: 2.70

Although the table of results (Table 12) shows
statistically significant differences in ChE during the
two samplings, these occurred in both villages,
Akowonjo and Isheri-Olofin: there was no signific-
ant difference between the changes in the dichlorvos
group and those in the control group. The variations
in plasma and red cell ChE were in contrary direc-

2 See the article on page 243 of this issue.
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tions, suggesting that experimental factors or pos-
sibly some natural variation unconnected with di-
chlorvos were responsible for the changes observed.
Results of estimates which were made on several
samples of blood and also on different blood samples
drawn from the same individual, to check the ac-
curacy of method, were found to be comparable.

CONCLUSIONS

The following conclusions are drawn from the
results of this field trial, when an entire village, less
two control houses, was treated with liquid-form
dichlorvos dispensers:

1. A longer period of effective bio-assay mortality
was obtained at all levels in ceiled rooms containing
dispensers than in rooms without ceilings and with
dispensers mounted only at the 12-foot (3.6 m) level
in the " attic " area. It is therefore concluded that
for effective control in such types of houses dispen-
sers should be placed in all rooms, with or without
ceilings, at a height of 9 feet (2.7 m) or at ceiling
level.

2. Bio-assay mortalities in all rooms with mat
ceilings were approximately the same, regardless of
the type of roof or of the dispenser-volume ratio in
the rest of the house, i.e., in the " attic " space and
in rooms without ceilings. This is assumed to be due
to similar temperature and ventilation conditions
existing within most rooms with ceilings, variations
being brought about mainly by the presence or
absence of a window in the room.

3. Variation in bio-assay results from the " attic"
areas of two houses of similar roof types with dis-
pensers installed at the same dispenser-volume ratio
is probably due to variations in the amount of
ventilation and in temperature resulting from diffe-
rent openings in the gables or under the eaves, posi-
tion site within the village in relation to predominant
wind direction, etc.

4. Bio-assay results in houses with galvanized-iron
(" tin ") roofs showed that satisfactory over-all
mosquito mortalities (70% or above) could be ob-
tained for as long as 12-13 weeks in the " attic "
areas and ceiled rooms of houses with dispenser con-
centrations of one per 750 cubic feet (21 m3). In the
" attic " area alone at 15 feet (4.5 m) and 12 feet
(2.7 m), mortalities in one house were still 100% at
16 weeks when the test was concluded.

5. Bio-assay results in thatch-roofed houses
showed that satisfactory over-all mortalities can be
obtained in this type of house for as long as 13 weeks

at dispenser-volume ratios of one per 350 cubic feet
(10 m3) and one per 500 cubic feet (14 in) but that at
one per 750 cubic feet (21 m3) unsatisfactory average
mosquito mortalities would occur, since there is a
drop below 70% at the 15-foot (4.5 m) and 12-foot
(2.7 m) levels by 10 weeks.

6. Reduction of dispenser concentration in the
tin-roofed houses did not always result in mortalities
lower than those obtained in houses at higher con-
centrations. The reason for this is evident from the
results of the chemical air samples, which show con-
centrations often several times greater than that con-
sidered the minimum lethal concentration for Ano-
pheles (i.e., 0.015 ug/litre of air) for most of the
period of the test. The effect of reduction of dis-
penser numbers would not be noticed until the output
of individual dispensers dropped to a level approach-
ing the minimum lethal concentration.

7. Culex fatigans mortalities usually began to fall
before those of Anopheles gambiae or Aedes aegypti,
showing the first species to be slightly less sensitive to
dichlorvos than the last two. However, under the
conditions of the trial it was impossible to establish
dosage mortality curves. Musca domestic vicina
mortalities first fell below 100% four to five weeks
before those of the mosquitos.

8. Comparison of the number of mosquitos,
particularly culicines, taken from window-traps and
pyrethrum-spray catches in the treated village of
Akowonjo and the control village of Isheri-Olofin
shows that, following the introduction of the di-
chlorvos dispensers, both figures for the treated
village remained below those for the control over
the entire period of the trial. The reduction in the
number of mosquitos in the pyrethrum-spray catches
in Akowonjo was greater than the reduction in the
number found in window-traps.
The indices of the number of culicine mosquitos

taken from the two untreated control houses in
Akowonjo were also considerably lower than those
from Isheri-Olofin, possibly indicating that treatment
of the entire village had reduced the natural mos-
quito population in the immediate area.

9. Despite continual exposures to concentrations
of dichlorvos several times higher than that necessary
to kill anopheline mosquitos and houseflies, no
significant changes in plasma or red blood cell
cholinesterase occurred in the inhabitants of Ako-
wonjo after introduction of dichlorvos dispensers,
nor was any change in haemoglobin or haematocrit
evinced.
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R1 SUMt

Des essais a l'echelle de la case et du village ont eu lieu
dans les environs de Lagos, Nigeria, avec deux types de
distributeurs de l'insecticide organo-phosphore dichlor-
vos. Le premier consistait en cire solide impregn&e de
dichlorvos; le second contenait du dichlorvos liquide
et un plastifiant. On a effectue des essais biologiques en
suspendant a diverses hauteurs dans les cases des villages
traites des cages a moustiques et a mouches, pendant un
temps plus ou moins long.

Les resultats de ces essais ont montre que dans des
huttes A parois de boue, couvertes de t6le onduke ou de
chaume, une seule application permettait d'obtenir une

mortalite satisfaisante (plus de 70%Y.) pendant 12-13 se-
maines parmi des moustiques enfermes dans des cages.
L'analyse chimique d'echantillons d'air a permis de
constater que des concentrations suffisantes de vapeur
de dichlorvos etaient maintenues pendant 12 semaines,
apres quoi des concentrations subletales etaient enregis-
trees tout d'abord vers le niveau du plancher. Aucune
diminution des cholinesterases plasmatiques ou erythro-
cytaires n'a ete observee chez les habitants exposes 'a des
doses d'insecticide superieures a celles qui agissent
efficacement sur les mouches et les moustiques.
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