SEPTEMBER, 1960

Mosourro News 297

OBSERVATIONS ON THE WORLD HEALTH ORGANIZATION
ADULT TEST KIT FOR BIOASSAY OF INSECTICIDE
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InTrRODUCTION. The use of bioassay tests
in insecticide trials and in control schemes
has enabled much extra and extremely
useful information to be obtained. How-
ever, up to the present there has been no
standard technique for carrying out such
tests, and each entomologist has either
developed his own methods or made use
of previously known methods. As with
the adult mosquito test kit, the Expert
Committee on Insecticides (1957) felt that
much more information could be made
available if a standard wall test kit was put
into use. The majority of bioassay tests
had been carried out with apparatus based
on cither a three-inch diameter glass fun-
nel or an eleven-centimeter petri dish
(Burnett, 1957; Davidson, 1950; Hocking
et al., 1959); the two chambers supplied by
the World Health Organization were of
approximately the same dimensions. These
chambers were supplied to several differ-
ent research organizations with the request
that their merits and faults should be
assessed.

The conical exposure chamber (Figure
1) was constructed of plastic with a flange
around the mouth and in place of the stem
of the funnel there was an inverted conical
orifice through which the mosquitoes could
be introduced. With the funnels was
supplied adhesive-backed plastic strip to be
used to plug gaps between the funnel and
the wall surface. When in use the chamber
was to be fixed to the test surface and the
mosquitoes blown in through the orifice
by means of a straight tube. The purpose
of the inverted conical orifice was to re-
duce the chances of an insect flying back
out of the opening. At the end of the

Fic. 1.—The World Health Organizaton Cone
exposure chamber.

exposure time a bent sucking tube could
then be reinserted through this opening
and the mosquitoes removed to a holding
cage.

The dish exposure chamber (Figure 2)
also of plastic, was in two sections. The
base section had a turned lip along the wop
and bottom edges and a centrally placed
opening eight centimeters in diameter.
The top section was an eight-centimeter
dish approximately one centimeter deep
with a squared flange so made that it
would slide into the base under the two
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turned lips. A set of cardboard shutters
was also provided. To assemble the ap-
paratus, the dish was slid into the base
and a cardboard shutter inserted between
the dish and the base. A small hole
towards one end of the shutter permitted
mosquitoes to be blown into the chamber
by means of a straight tube, after which
the shutter was then adjusted to block the
hole. The complete exposure chamber was
then fastened to the wall surface and at
the start of the exposure time the shutter
was removed, at the end of the exposure
time the shutter was reinserted and the
insects isolated within the chamber. The
complete apparatus was then removed and
the mosquitoes transferred to a suitable
holding cage.

A sucking tube was also provided with
the kit; it consisted of a rubber tube with a
mouthpiece, a one-by-three-inch chamber
and a one-quarter-inch diameter tube with
an angled tip.

The wall exposure chambers were
received with a request to carry out an
investigation along the following lines:—

(1) The relative convenience of han-
dling the two types in the field.

(2) The consistency of results obtained
with each type of exposure chamber
when replicate exposures are made
(i-e. more than one test performed
on the same wall surface).

(3) A comparison of results obtained
with the two types of exposure
chamber when applied to the same
type of wall surface. (In the evalua-
tion of results, control as well as
test mortalities should be taken into
account.)

(4) Which of the two methods indicate
the aging of insecticide deposits
with the greater degree of accuracy.

It was also suggested that, “observations
be made over a period of six months and

Frc. 2.—The World Health Organization Dish exposure chamber.
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that exposures be carried out (a) twice
weekly for the first three months, and (b)
monthly for the second three months on
walls sprayed with DD'T at a dosage of
2 gin. per sq.m. and dieldrin at o.5 gm.
per sq.m. Both sorbtive (mud) and non-
sorbtive surfaces (material to be stated) to
be used if possible and data on the sorbtive
character of the wall to be provided with
the report.”

Mzerrops. In order to carry out all
phases of the work a series of tests were
carried out both at the Colonial Pesticides
Research Unit laboratory in Arusha, and
at the field station at Magugu, 93 mmiles
southwest of Arusha. The observations
for section (1) were obtained from tests
carried out in the experimental houses and
in native houses at Magugu. To provide a
wall surface on which to carry out tests
for sections (2), (3) and (4) a brick wall
plastered with sorbtive and non-sorbtive
mud was constructed at Arusha. The
wall was built around the inside of
a circular aluminum house (Uniport
Altent). The wall, 5 feet 9 inches (178
cm) high and about 20 feet (5 metres)
long was divided into two sections, one
plastered with a sorbtive mud (from an
area near Magugu) and the other with a
non-sorbtive mud from Njoro Nkubwa
near Taveta used previously by Burnett
(1957). Before being sprayed, each section
was divided into two identical panels each
2.15 square metres in area which were
marked on a grid system and coded so that
each square possessed a reference letter
and number. The space between each pair
of panels was to be left unsprayed and to
be used as a control surface. When the
wall was plastered it was intended to have
the muds about one inch thick, but un-
fortunately this was not possible and the
plaster was only about half an inch thick.

The panels were sprayed with an Oxford
Precision sprayer, fitted with a number
zero flat-fan nozzle, at a nozzie pressure
of 30 Ibs per square inch. One panel of
cach type of mud was sprayed with DDT
at an intended dosage of 2.0 gms per sq.
metre, and the other panel of each type

of mud was sprayed with dieldrin at an
intended dosage of 0.5 gm per sq. metre.
During the spraying, each control panel
was shielded to prevent contamination.
The required weight of the wettable
powder was mixed with one litre of water
and each panel was sprayed using vertical
swathes. When a panel had been coated
once (three swathes), the operator paused
to permit the water to soak into the mud,
and then repeated the cycle until the whole
of the spray mixture was applied to the
wall. The spray apparatus was rinsed with
water between the application of the DDT
and the dieldrin wettable powders. For
chemical estimation of the spray deposit
three sample papers were fixed to each
panel prior to the application of the insec-
ticide. These papers were analysed by the
chemistry department using the Stepanow
reduction method for total chlorine estima-
tion. The mean deposit on each panel was
found to be: DDT on sorbtive mud, 1.98
gms per sq. m.; DDT on non-sorbtive
mud, 1.69 gms per sq. m.; dieldrin on
sorbtive mud 0.63 gm per sq. m.; and on
non-sorbtive mud 0.59 gm per sq. m.
Various methods of fastening the ex-
posure chambers to wall surfaces were
tried and it was found that for exposures
on solid wall surfaces four pieces of cello-
tape % inch (1.5 cm) wide by 6 inches
(15 cm) long were sufficient to hold the
conical chamber in place and two such
picces would hold the dish chamber in

place.
The test insects were adult female
Anopheles gambiae and adult female

Aedes aegypti, each maintained as a colony
at the laboratory. The A. gambiac colony
originated from the Fast African Institute
of Malaria at Amani (Shute, 1956). The
A. aegypt; colony is a mixed strain which
has been maintained at this Unit for
several years. In all tests the insects were
exposed for a thirty-minute period, three
hours after the blood-meal. Whenever
possible only three-day-old mosquitoes were
used in the tests, but unfortunately it was
at times necessary to use mosquitoes up to
six days old that might be gravid or unfed.
When the insects were exposed to the
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DDT-treated surface, it was noticed that
they became excited after a few minutes
(Kennedy, 1947; Davidson, 1953) and if
more than 20 insects were inserted in the
conical chamber the exposure time was
frequently lengthened in the attempts to
remove the last few. For this reason all
tests with the cone and dish chambers on
DDT and dieldrin-treated surfaces were
set up with an average of 15 mosquitoes
per chamber.

The holding cages were 6" x3" x3"
(15x%7.5%x7.5 cm.) wire frame cages
covered with mosquito net. To transfer
the mosquitoes from the conical exposure
chamber to the holding cage, a long,
straight sucking tube with an angled tip,
but without a central chamber, was found
to be most efficient. The mosquitoes were
sucked out of the chamber and blown
gently into the holding cage. With the
dish exposure chamber, the method sug-
gested in the instructions was employed,
“the cxposure chamber is taken from the
wall and placed over the top of a half-pint
disposable paper cup. The cardboard slide
is then removed carefully, thus letting the
mosquitoes pass into the paper cup which
will serve as recovery cage during the
following =24 hours,” except that in place
of the cup a wire holding cage was used.
It was found that although one person
could do the job, it was more easily done
if there was an assistant. A piece of cotton
wool soaked in sugar solution was placed
on top of the net of each cage, and the
cages were placed in a darkened cupboard
at a relative humidity of ~7o-go percent
and a temperature of 21 == 3° C. for a
twenty-four hour holding period after
which the mortality count was taken. Any
mosquito that could not fly up off the
bottom and rest on the sides or top of the
cage was counted as dead. After the mor-
talities were recorded the cages were dis-
mantled, washed in soap and water, rinsed
and then dried; at no time was there any
sign of contamination of the frames or
nets. On completion of each series of tests
the exposure chambers were also washed
in the same manner and the cardboard
slides were wiped with a damp cloth.

The apical hole of the conical exposure
chamber became torn and enlarged after
repeated use, and when mosquitoes were
observed flying out of the hole a group of
tests were set up with 20 4. agegyps in
each of ten cone chambers. The exposure
chambers were set in a vertical position
against filter papers treated with a o.03
percent dieldrin-risella oil solution. At the
end of a thirty-minute exposure time the
mosquitoes remaining in the cones were
counted. In only one cone were there still
twenty mosquitoes and in two of the
chambers half the mosquitoes had escaped.
In the control chamber (non-insecticidal
oil-treated paper) 30 percent of the insects
had escaped. The average number escaped
from the ten chambers was 33 percent.
With practice, it was possible to insert
enough wool to block the hole and yet
provide the minimum non-lethal surface on
which the insects might rest. The first
series of comparison tests with the dish
and the cone showed that there was no
difference between the two, and in order
to check the effect of plugging the orifice
of the cone, a test was set up in which
A. aegyps were exposed, in the plugged
cone, and the dish, to filter papers im-
pregnated with an 0.05 percent dieldrin-
risella oil solution. The mosquitoes were
exposed for a thirty-minute "period and
twenty-four hours later the mortality
counts were taken. There was no differ-
ence in the mortalities obtained with the
plugged cone and the dish, and since the
unplugged cone and the dish were already
known to give similar results, all further
tests with the cone were carried out with
the orifice plugged.

OBSERVATIONS

1. The Convenience of Handling the T'wo
Types of Exposure Chamber in the
Field

The main observations from the field
experiments were that the wall of the
average native house was so badly cracked
and uneven that it was impossible to carry
out a test. In the case of the dish exposure
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chamber, if the wall surface was rough
or uneven, any method of plugging the
gaps between the chamber and the wall
surface resulted in the chamber being so
far from the wall that on reinserting the
shutter it passed over the insects and
trapped them between the shutter and the
wall rather than within the chamber. On
a smooth surface, when a series of ex-
posures were required, the dish chamber
had the advantage that it could be closed
on schedule and removed at leisure for
transfer of the insects to the recovery cages.
Thus any problems in transferring the
insects from the chamber to the holding
cage did not result in an increased ex-
posure time. The conical exposure chamber
could be affixed to any type of surface and
plugging the gaps between the chamber
and the surface did not interfere with the
test. Exposure tests have been carried
out using the conical chamber to confine
insects on treated thatch. The conical
chambers could be loaded readily, a
straight tube was found to be the most
efficient method of getting the insects into
the chambers. For removing the insects,
the angled end section of the sucking tube
provided with the kit was used, and with
this the mosquitoes could be removed 5-10
at a time to the holding cage.

In the first series of experiments it was
not necessary to save the wall surface for
future tests and the chambers were nailed
to the wall; later, when it was desirable
to save the surfaces for future tests cello-

tape was used. When using cellotape it is
essential to place the replicates on exactly
the same spot since the cellotape will have
stripped insecticide off the mud.

2. The Consistency of Results Obtained
with Each Type of Exposure Chamber
When Replicate Exposures Are Made

The results of this series of tests are
shown in Tables 1 and 2. In each series
there are eight replicates, plus a control
where shown, with an average of 15
insects each. The mortalities recorded are
the control mortalities, and mean exper-
imental mortalities corrected for control
deaths by application of Abbott’s formula
(Finney, 1952), with their standard devia-
tions. These tests were carried out six
months after treatment of the mud surfaces
(at the completion of the wall exposure
series), and for this reason the A. aegyp?i
exposure time was extended to 60 minutes
while the 4. gambiae exposure time re-
mained unchanged at 30 minutes. It is
the authors’ opinion that there would have
been less variations among the replicates
if the exposure time had been extended
even more {(2—3 hours for 4. aegypri and
1 hour for A. gambiac).

With the small number of insects per
replicate (an average of 15), there was a
wide variation in the mortalities and with
the too short exposure period this resulted
in a correspondingly high variance among
replicates. Thus we have a range of mor-
talities of from zero to 25 percent in one

TABLE 1.—d. acgypti exposed for 60 minutes to DDT and dieldrin on sorbtive and nonsorbtive surfaces

Exposure Control Corrected mean
Insccticide Type of Mud chamber mortality mort. with s.d. t
. [ Cone 0 1.08 = 4,42 ] e
Sorbtive 1 Dish o 4.50+=3.02 [ =025
DDT [ c <6 1
- one —_— 3.71 = 5.61 - .
Nonsorbtive 1 Dish — 455 £ 5.34 i t .31
. [ Cone o 13.53 = 9.50 |
' . Sorbtive l Dish o 5.8y == 4. 10 I3 t—=12.87
Dieldrin [ c N 1
Nonsorbiv one - sa3tssr 1o,
ORSOrbUYE 1 Dish — 4.48 = 4.33 ! t=o.02
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TABLE 2.—.4. gurmbiae exposed for 30 minutes to DDT and dieldrin on sorbtive and nonsorbtive surfaces

Exposure Control Corrccte_d mecan
Insecticide Type of Mud chamber mortality mort. with s.d. t
. [ Cone o 5.932= 4.31 | ., __
Sorbtive 1 Dish 23.1 17.89 = 17.40 | t=1.79
ppT Nonsorbtiv Cone —_— 21.06 = 17.90 | t=o0.07
onsorblive | pigp 6.7 21.672= o0.67 [ O
. [ Cone 6.4 10.96 =+ ~7.17 ] o
Sorbtive 1 Dish - 13.02 % o0.14 | t=0.49
Dieldrin X
. [ Cone 10 16.33 = 7.25 | _
Nonsorbtive 1 Dish o 21.57 + 12.36 | t=o0.99

of the series and a similar range in the
others. It is for this reason that the stand-
ard deviation is frequently equal to, or
in some cases larger than, the mean mor-
tality. The tests with 4. gumbiae suffered
in a like manner, although with the slightly
higher general mortality, not quite to the
same extent. The actual mortalities for
each replicate may be found in Tables I
and IT of the mimeographed report cir-
culated by the World Health Organiza-
tion (Armstrong and Bransby-Williams,

1959).

3. A Comparison of Results Obtained with
the Two Types of Exposure Chamber
When Applied to the Same Wall Sur-
face

A comparison of the mean mortalities
with their standard deviations using the
method for determination of significance
of difference between means of small
samples (Paterson, 1939) was carried out
on the data of the cone and dish exposures
on each type of treated surface (Tables 1
and 2). The values of “t” obtained are
shown in the last column of the tables.
For seven degrees of freedom, a value of
“t” greater than 2.365 indicates a signif-
icant difference at the P = o0.05 level. In
Table 1 the only significant difference is
in the series on dieldrin-treated sorbtive
mud (t=2.87). Since one of the stand-
ard deviations is of the order of three-
quarters of the mean and the other is

almost twice the mean, and none of the
other tests approach significance we con-
sider this result is due to chance and that
there is no real difference in the results
obtained with the two types of exposure
chambers. Although the other tests all
show a large standard deviation when
compared to the mean mortality (see
previous paragraph), the mean mortalities
by themselves are in very close agreement.
In Table 2, there is no value of “t” which
indicates a difference between the dish and
the cone. The very small values of “t,” in
spite of the large difference in some of the
mean mortalities, may be accounted for by
the large standard deviations, i.e. in Table
2, for cone versus dish on DDT-treated
sorbtive mud, mean mortalities were 5.93
and 17.89 but the standard deviations were
4.3 and 17.40 respectively. As discussed
in section 2 above, the variances in the
tests were exaggerated by the small num-
ber of insects used in each replicate.

4. Comparison of the Two Methods for
Demonstrating the Aging of Insecticide
Deposits

A series of exposures were carried out
comparing the dish and the cone exposure
chambers on the different surfaces, over the
full twenty-four week period. The results
are not shown in this report but they do
show that the two methods are equally
good in showing the aging of insecticide
deposits. The graphs of this series are to
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be found in the previous report by Arm-
strong and Bransby-Williams (1959).
These findings were also confirmed by the
observations in section 3.

5. Comparison of the Two Methods for
Demonstrating the Sorbtive Character
of the Walls

In the twice weekly wall exposure series,
A. aegypti and 4. gambise were exposed
under cone and dish exposure chambers
to DDT- and dieldrin-treated sorbtive and
non-sorbtive muds. The weekly mortal-
ities obtained were plotted against time
after treatment and graphs drawn to show
the loss of efficiency of insecticide deposits.
To conserve space only one graph (Figure
3) is shown. This illustrates the mortalities
recorded when A. gambiae were exposed
for thirty minutes to dieldrin-treated sorb-
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tive and non-sorbtive muds. The full
series of graphs are shown in the pre-
liminary report (Armstrong and Bransby-
Williams, 1959).

Since there was shown to be no differ-
ence in the results obtained with the cone
and dish exposure chambers, these mor-
talities were combined, and for the period
of weeks 1-12 each point on the graph
represents eight replicates of approximately
15 mosquitoes each. For the tests at weeks
16, 20 and 24 there were four replicates
of 15 insects each. Throughout the wall
exposure series daily temperature and
humidity records were kept and the daily
rainfall measured. For the whole of this
period the mean temperature (degrees
Centigrade) was 22.4 with a maximum of
272 and a minimum of 18.3, and the
mean relative humidity was 735.5 percent
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Flc.. 3—Percentage mortalities of adult female 4. gambine exposed for 30 minutes to dieldrin treated
nonsorbtive and sorbtive muds.
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with a maximum of 9o.9 and 2 minimum
of 58.1 percent. There was rain at wecks
2 and 3, 6-9 and weeks 17 and 18.

From the graph we see that there is a
consistently higher kill by dieldrin on non-
sorbtive mud than on sorbtive mud. This
difference showed in all exposure tests but
was not as apparent with the A. aegypii
exposures on the dieldrin-treated surfaces
nor with the exposures of the insects on
the DDT-treated surfaces. The graph
shows the general decrease in mortality
over the twenty-four week period and the
increase in mortality which occurs follow-
ing an increased humidity (Burnett, 1956)
although it is surprising that this effect
was not shown to a greater extent on the
sorbtive mud than on the non-sorbtive
mud. The Njoro Nkubwa mud was found
to be not completely non-sorbtive, and has
been described by Burnett (1957) as less
active than the active (sorbtive) mud
which he used in the insecticide trials at
Taveta, and this, together with the fact
that the mud plaster on the walls was not
as thick as it was intended, may explain
why there was not a marked difference in
mortalities recorded on the two surfaces,
and why kills recorded on the sorbtive
mud did not show the effect of changing
humidity to a greater degree.

CONCLUSIONS

1. The Relative Convenience of Handling
the T'wo Types in the Field

The dish chamber was found to be
convenient to use on a smooth surface and
it was possible to set up a series of tests
at closely timed intervals, but it could not
be used if the surface was irregular. The
conical exposure chamber could be used
on all types of surfaces, and has been used
successfully in the exposure of mosquitoes
to treated thatch.

2. The Consistency of Results Obtained
with Each Type of Exposure Chamber
When Replicate Exposures Are Made

The main cause of the variations ob-
served in this series of tests was the small

numbers of insects per replicate; if about
thirty insects had been placed in each
chamber the variation would have been
much smaller. The two chambers pro-
duced remarkably consistent results, which
would be even more consistent if the
chambers were large enough to contain
30 insects.

3. A Comparison of Results Obtained with
the Two Types of Exposure Chamber
When Applied to the Same Wall Sur-
face

There is no difference in the results
obtained with the two types of exposure
chamber and it is considered that the
results obtained with the two are fully
interchangeable.

4. Which of the Two Types Indicate the
Aging of Insecdcide Deposits with the
Greater Degree of Accuracy

As stated in section 3, there is no differ-
ence in the results obtained using the two
types of exposure chamber, and they are
equally good in showing the aging of insec-
ticide deposits.

5. The Sorbtive Character of the Wall

The test technique is accurate enough to
show the different mortalities produced
when mosquitoes are exposed to dieldrin
on non-sorbtive and sorbtive mud. The
method also shows the effect of a chang-
ing humidity on the potency of the insec-
ticide deposits and the general falling-off
of the efficiency of the treated surface.
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SUMMARY

With the aim to standardize all tests
associated with assessing the efficiency of
insecticide deposits, the World Health
Organization provided two types of wall
exposure chambers for a series of calibra-
tion tests. 'The chambers were both made
of plastic, one basically a funnel and the
other basically a petri dish.

The field trials revealed a major prob-
lem in carrying out bioassay tests; namely
that the wall of the average native house
is so broken and irregular that it is impos-
sible to carry out these tests. The dish
exposure chamber could only be used on a
very smooth surface such as is found in
experimental houses constructed for field
trials, and for this type of experimental
work it proved to be very good. The cone
exposure chamber could be used on much
rougher and more irregular surfaces, and
has in fact been used by this Unit for
bioassay tests on treated thatch. For gen-
eral bioassay tests in the field the cone
exposure chamber has many advantages
over the dish exposure chamber,

Fach chamber was shown to produce
equally reliable and reproduceable results.
The main factor responsible for the varia-
tion between replicates was the small num-
ber of insects in each chamber, and it is
considered that 25-30 insects per replicate
would result in a much closer agreement
between replicates. There was no differ-
ence in the results obtained with the cone
and the dish exposure chambers and in a
scries of tests to show the loss in efficiency
of insecticide deposits the cone and dish
results were combined. It was also shown

that bioassay tests will give a picture of
the general loss of the insecticide and also
the effect of variations in humidity on
insecticidal deposits on sorbtive and non-
sorbtive surfaces.
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