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The Value of a Spreading Agent in Larvicidal
Formulations Containing DDT

A. S. MSANGI, B.Sc.'

The value ofa spreading agent in a 5% solution ofDDT in oil was assessed under semi-
field conditions using third-stage laboratory-bred larvae of Anopheles gambiae. These
larvae were treated with known dosages of the larvicide with and without the addition of
spreading agent. and the mortalities produced by the two forms of the larvicide were
compared. An attempt was also made to compare the efficacy of the two forms under
field conditions. The trials described seem to have shown quite conclusively that, so far
as a 5 % solution ofDDT in oil is concerned, there is no advantage to be gained by adding
spreading agents to the larvicide.

ON STANDING WATER

All natural waters have surface films which, to
a greater or lesser degree, impede the immediate
spread of droplets of oil that fall on the surface.
It has consequently been assumed that larvicidal
oils with a high spreading pressure would, other
factors being equal, be correspondingly more
effective. A careful search of the literature has
failed to reveal evidence of this corollary having teen
subjected to adequate confirmation by experiment.
In view of reports which threw some doubt on the
validity of this assumption, it was decided to carry
out a series of trials.

In these trials the larvicidal efficiency of " Shell
Malariol HS", referred to below as "HS", was
compared with that of an oil of similar composition
but lacking the normal spreading agent. This
solution, referred to below as " Standard", was
kindly supplied by Shell Chemicals.

Using Adam's method (Adam, 1945), the spread-
ing pressure of HS was observed to be about 35
dynes/cm, and that of Standard to be about 16
dynes/cm. Preliminary trials were carried out in a
series of concrete tanks measuring 10 ft x 8 ft
(3 mx 2.4 m) and 1.5 ft (0.46 m) deep. The base
of each tank was covered with a layer of topsoil
moulded to form a central depression, and grass was
encouraged to root. When water was introduced,
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the hollow closely resembled a natural rain-pool.
Before applying the larvicide, 100 fourth-stage
laboratory-bred larvae of Anopheles gambiae were
introduced into the pool and, 24 hours later, the
number that could be recovered by the method of
Christie (1955) was ascertained. The percentage that
was missed in each of these preliminary counts was
regarded as the control mortality for the ensuing
experiment. The natural surface-film pressure of the
pool was also measured. Before each application of
larvicide, 100 third-stage laboratory-bred larvae of
A. gambiae were introduced. In all cases the larvicide
was applied to the water surface near the centre of the
pool by means of a micrometer syringe. Twenty-
four hours later the larvae were recovered by
Christie's method, and the mortality measured.
Each tank was then flushed with water and left
undisturbed for four days. Larvae were then intro-
duced and the tank was judged suitable for a further
experiment when the larval mortality was insigni-
ficant. The results of these tests are summarized
in Table I.
The higher mortality produced by Standard was
later found by chemical estimations to have been
due to a higher DDT content. These estimations
showed that the DDT content of each sample of
larvicide was:

HS..... 5.02 %
Standard .... 6.42 %

It was noted that the Standard larvicide did not
spread over the water surface as did HS; but that
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TABLE I

MORTALITY OF 100 THIRD-STAGE LARVAE OF A. GAMBIAE EXPOSED TO THE TWO
LARVICIDES

* 0.1 ml per square yard is equivalent to 5.5 g of DDT per 1000 m2.

a gradual extension of the oil did take place, and in
all cases it had apparently spread over the entire
water surface within 24 hours of application.
As these results were interesting, it was decided

to attempt to obtain similar information from a

natural anopheline breeding place, although the
results would be more difficult to interpiet against
the natural fluctuation in mosquito larval density.
A pond of about 400 m2 surface area was selected.
This pond was shallow with grassy margins, and
had an extensive surface growth of Ceratophyllum.
The surface film around the margins varied between
20 and 30 dynes/cm. The mosquito larval density
was estimated by taking 100 evenly spaced dips
around the margins.
The pond was treated first with HS at a dosage

of 0.5 ml to the square yard (equivalent to about
a litre of larvicide to 2000 m2) with an Eclipse
sprayer. Two days after spraying, the pond was

again searched by the same method. Weekly larval
counts were carried out thereafter, until, two weeks
later, the larval population had been restored to a

level comparable with that obtaining before treat-
ment. The same dose of Standard was then applied
by the same method, and the subsequent immediate
mortality and rate of recovery of the larval popu-
lation were recorded. The results are summarized
in Table 2.
The results of these trials throw doubt on the

importance of spreading agents in oils whose

toxicity essentially depends on their content of
chlorinated hydrocarbon insecticides.

ON FLOWING WATER

Although the above trials failed to show that
there was any larvicidal advantage of HS over

Standard, it was still possible that in flowing waters,
such as streams, the low-spread larvicide (Standard)
might be carried away by the current before its full
effect had been felt by the larvae. It was therefore
proposed to repeat the above experiments under
flowing water conditions. The chief difficulty here
was to produce conditions in which it would be
possible for the larvicide applied to the water surface
to flow away naturally, leaving the larvae behind.
This difficulty was to a large extent (but not com-

pletely) overcome by the arrangements described
below.
An artificial stream was created by allowing water

from a natural stream to flow through an under-
ground pipe into an artificial channel 15 ft x 3 ft
(4.6 m x 0.9 m) and 1.5 ft (0.46 m) deep. The bed
of the channel was covered with topsoil, and was

at a slope of about 1 in 30. The sides were plastered
with cement and finished with three coats of white
Duco paint. A small sedge (Kylinga sp. Cyperaceae)
was planted on either side of the upper four-fifths
of the bed, leaving an area 1 ft (0.3 m) wide in the
middle which, together with the downstream one-

Dosage Natural-film CmoralityLarvicide (mllsq.yd) * pressure motly

HS 0.1 30 dynes/cm 14

Standard 0.1 27 dynes/cm 27

HS 0.05 10 dynes/cm 11

Standard 0.05 20 dynes/cm 9

HS 0.025 30 dynes/cm 14

Standard 0.025 30 dynes/cm 10

HS 0.01 20 dynes/cm 7

Standard 0.01 20 dynes/cm 9
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TABLE 2

MOSQUITO LARVAL POPULATION OF A POND BASED ON 100 SPACED DIPS
BEFORE AND AFTER TREATMENT WITH HS AND STANDARD

Anopheline larvae Culicine larvae

Date larval stages total all exceptspecies j V pupae larvae flrst stage___- _ _ - _ _ _ - _ _~11 II IV _ and pupae fisstg

Before treatment 17 June A. funestus 0 1 4 0 5 232

A. coustani 22 19 12 2 55

HS treatment 19 June 0 0 0 0 0 0
(started 17 June)

26 June A. coustani 11 3 0 0 14 133
3 July A. coustani 0 7 4 1 12 268

Standard treat-
ment 10 July 0 0 0 0 0 0

(started 7 July)
17 July A. coustani 0 1 0 0 1 149
24 July A. coustani 3 1 0 0 4 330

fifth of the bed, was left clear of vegetation. The
height of the sedge was maintained at about 8 in.
(20 cm). There was an outlet drain from the channel
back to the stream. The flow and level of water in
the channel were controlled by means of a stopcock
and a sluice respectively. When water was allowed
to flow through the system, the upper four-fifths
of the channel resembled a section of a natural
stream with grassy margins.

Determination of larval recapture
Water was allowed to flow into the channel to

a level of 4 in. (10 cm) at the lower end, and then to
overflow into the outlet drain back to the stream.
The outflowing water was passed through an open
box 10 in. x 8 in. (25 cm x 20 cm) and 2 in. (5 cm)
deep with the base made of 60 mesh wire gauze.
This was to act as a trap for larvae that might
escape downstream. The speed of the current in
the channel was adjusted to about 0.2 ft (0.06 m)
per second. Two hundred laboratory-bred third-
stage larvae of Anopheles gambiae were introduced
into the channel. After 24 hours the outlet was
closed, and the channel filled with water to the brim.
Larvae were then recovered by two searchers (one
of whom was the author) using teated pipettes.
The search was regarded as exhausted after 15
minutes of no find by either searcher. This was
found to be after about one hour of continuous

search by the two observers, that is, after about
two man-hours of search. The trap at the outflow
was examined for escaped larvae. On the whole
comparatively few larvae tended to escape down-
stream when no larvicide had been used. During
these preliminary trials, out of the 200 larvae placed
in the channel, the largest number found in the trap
after 24 hours was 15. It was found that most of
the larvae preferred to remain at the upper section
of the channel, where they were sheltered by the
vegetation, and that the open area at the lower
portion of the channel appeared to act as an invisible
barrier to the larvae. It was also found that the
visibleness of larvae was greatly aided by the white
walls of the channel, against which many of them
preferred to rest.
The above operation was repeated four times in

the absence of larvicide, and the average percentage
number of larvae recovered from the channel was
found. The results of these trials are shown in
Table 3. After each trial the sluice was opened,
the tank emptied completely, and left dry till the
next trial. This precaution was taken in order to
prevent natural breeding in the channel.

Comparison of the two larvicides
Water was allowed to run into the channel as

in the preliminary trials. Two hundred laboratory-
bred third-stage larvae of A. gambiae were intro-
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TABLE 3

PROPORTION OF LARVAE RECOVERED FROM CHANNEL
WHEN NO LARVICIDE HAD BEEN USED

Number of larvae Number of larvae Larvae recovered
placed in channel recovered av( %)

after 24 hours

200 130 65

20/0 135 67.5

200 149 74

200 156 78

Average [ 143 [ 72

duced into the channel. After 24 hours, known
dosages of HS or Standard were added in drops
to the water in the channel by means of a micro-
meter syringe. The larvicide was applied along the
length of the channel near the margins. After
another 24 hours the larvae were recovered as

described above, and the mortality noted. After
each experiment the sides of the channel were

washed with a detergent, and flushed several times
with water, to remove any adhering larvicide. This
cleansing was greatly facilitated by the paint on the
sides, which minimized absorption. The channel
was regarded as suitable for another experiment
when there was no significant mortality among
larvae recovered after 24 hours, that is, when about
72 % of them were recovered. The percentage of
larvae missed in each of these test trials was regarded
as the control mortality for the next experiment.

In each case the trap at the outflow was examined
for escaped larvae. It was found that a considerably
larger number of larvae escaped downstream when
a larvicide had been used than when no larvicide
had been used. Both live and dead larvae were
recovered from the trap.

In each experiment the spreading pressure of
the surface film of the water in the channel was

measured by Adam's' method before the larvicide
was introduced. This was found to be below 15
dynes/cm in every case. The results of these expe-
riments are shown in Table 4.
The Standard used in this case had a DDT content

of 5.2% which was not very far from that of HS
(5.02 .), and hence equal dosages of the two forms
of larvicide' were closely comparable.

DISCUSSION

Since the present formulations of larvicides (that
is, those formed by dissolving synthetic insecticides
in mineral oils) came into general use, it was generally
assumed that it was necessary to have spreading
agents added to these larvicides in order to ensure
their complete spread on water surfaces with natural
surface films of high crushing strength. This as-
sumption has been based purely on theoretical
considerations. Although it is logical to argue that
an oil cannot spread on a surface with a crushing
strength greater than the spreading pressure of the
oil, the fact has to be borne in mind that conditions
in the field, where the weather comes into the
picture, are far from static. The action of wind
and rain, for example, would be to break the natural
surface films on bodies of water, and hence to
facilitate the spreading of oils applied to such water
surfaces regardless of the magnitude of the spreading
pressures of the oils. It has also not been proved that
it is necessary for larvae to come into direct con-
tact with the oil film in order to be killed by the
insecticide contained in the oil. Buxton (1945),
working with a 5 % solution of DDT in dieseline,
found that at a dosage of 0.2 ml per square yard
he got effective kills of larvae even when the larvicide
was dropped on mats of algae in a ditch where
the oil did not spread. He suggested that the DDT
probably dissolved in the water in quantity sufficient
to be larvicidal. It seems that direct contact with
the oil film is not the only way in which a larvicide
oil solution can kill larvae. It is possible for example
that, when the oil evaporates, it leaves behind crystals
of insecticide suspended in water, and that larvae
are killed by ingesting these crystals. This possibility
is strongly suggested by the work of Pal, Mc Cauley
& Fay (1952). It is also possible that small particles
of matter, such as pollen grains and particles of
dust, that fall on treated water surfaces, absorb
the larvicide before they sink below the surface
whence, by means of the currents created by larvae
when feeding, they may reach and be ingested by
larvae which are not in direct contact with the oil
film. The matter is one which deserves careful
investigation.
The arrangements used in the above investigation

were necessarily artificial, but it is believed that
they closely approximated to those met with in the
field. It was for example found that the tanks used
in trials with standing water supported wild popu-
lations of anopheline larvae when left with water
in them for a few days.

776



VALUE OF SPREADING AGENT IN DDT FORMULATIONS

TABLE 4
MORTALITY OF 200 THIRD-STAGE LARVAE OF A. GAMBIAE EXPOSED TO THE TWO

LARVICIDES

Larvicide Dosage Control Mortality Larvae from trapLarvicide (mi/sq.yd) mort-lity Lra rmta

(%)-
Standard 0,5 27 100 66 dead

HS 0.5 29 100 57 dead

Standard 0.25 32 100 49 dead

HS 0.25 25 100 37 dead

Standard 0.1 31 100 34 dead

HS 0.1 37 100 28 dead

Standard 0.05 35 68 8 dead, 15 alive

HS 0.05 28 70 12 dead, 17 alive

Standard 0.025 34 61.5 11 dead, 20 alive

HS 0.025 29 53.5 2 dead, 4 alive
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RItSUMIt

Les eaux naturelles ont une tension superficielle
- parfois meme un film tenu - qui, a des degres
variables, limite l'etalement des gouttelettes d'huile
projetees a leur surface par les pulverisateurs de subs-
tances larvicides. On a donc pense que des huiles insec-
ticides ayant une forte capacite d'etalement seraient plus
efficaces que les autres. Les observations occasionnelles
a ce sujet etant contradictoires, la question a ete reprise
sur une base experimentale.

L'auteur decrit les experiences faites avec une huile
ayant un composant favorisant l'etalement (35 dynes/cm)
et une autre ne le possedant pas (16 dynes/cm). Les
essais ont eu lieu, en bacs, sur des larves de A. gambiae,
et sur des eaux courantes, dans des conditions qui, bien
qu'artificielles, etaient tres proches de celles de la nature.

Discutant ses resultats, 1'auteur releve que l'id6e
d'ameliorer la capacite d'etalement d'une huile par un
composant capable de vaincre la tension superficielle de
l'eau, souvent elevee, procede d'un raisonnement pure-

ment theorique. Dans la pratique et la realite, l'etat de
la couche aqueuse superficielle est loin d'etre statique.
Les conditions atmospheriques en particulier jouent un
r6le important dans les variations observ6es. Le vent et
la pluie, par exemple, brisent les couches superficielles
de l'eau et facilitent l'etalement de l'huile. D'autre part,
il n'est pas prouve que l'huile agisse sur les larves unique-
ment par contact. Certains experimentateurs ont obtenu
des resultats favorables avec du DDT a 5% depose sur
des paquets d'algues dans des fosses oiu l'huile ne s'etalait
pas. Diverses explications sont plausibles: en s'evaporant,
l'huile peut abandonner des cristaux d'insecticides qui,
restant en suspension dans l'eau, sont absorbes par les
larves; des grains de pollen ou des poussieres, tombant
'a la surface de l'eau peuvent s'impregner de l'insecticide
et servir ensuite de nourriture aux larves. L'ensemble
de ce probleme serait a reprendre, et certains aspects
de l'efficacite des larvicides pulv6rises, a examiner de
plus pres.
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