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Trials with a New Molluscicide, Bayer 73,
in Southern Rhodesia *

C. J. SHIFF 1

The molluscicide Bayer 73 has been tested widely in laboratories and in small field
experiments. It was decided in Southern Rhodesia, where mollusciciding is an important
weapon in the control of bilharziasis, that the chemical should be tested against the local
host snails both in the laboratory and on a large field scale. The results have been most
encouraging and have led to the conclusion that Bayer 73 is one of the most effective
molluscicides produced to date.

The most important single weapon in the control
of the increasing problem of bilharziasis remains the
destruction of the snail host. The most efficient
means of doing this is by the application of mollus-
cicides. Considerable work has been devoted to the
improvement of old molluscicides (Jove, 1958) and
the development of new ones (Wright et al., 1958).
In Southern Rhodesia practical consideration has
been limited to copper sulfate and sodium penta-
chlorophenate. Recently supplies of a new mollus-
cicide have been made available. This compound
was first reported by Gonnert & Schraufstatter
(1959) at the Sixth International Congresses on
Tropical Medicine and Malaria. It is the ethanol-
amine salt of 2-hydroxy-5,2-dichloro-4-nitro-benza-
nilide, known as Bayer 73.
The compound has been described in a working

report as being fairly stable in ultraviolet light and
non-irritant and of low toxicity to mammals. It is
highly toxic to snails, causing 100% mortality among
Australorbis glabratus Say. at concentrations as low
as 0.3 p.p.m. after 24 hours' exposure. Further
laboratory trials have been carried out in East
Africa by Foster et al. (1960) and Webbe 2 with
conflicting results, the latter finding results more in
agreement with those in the working report if tap
water rather than distilled water was used as the
exposure medium. Field trials carried out by both
these authors have shown extremely promising results
against the local species of snails, their eggs and the

* Revised version of a paper submitted to the WHO
Expert Committee on Bilharziasis, September 1960.

l Malaria and Bilharziasis Research Laboratory, Federal
Ministry of Health, Salisbury, Southern Rhodesia.

2 See the article on page 525 of this issue.

cercariae of Schistosoma mansoni (Sambon) at con-
centrations of the order of 1 p.p.m. At this concen-
tration it has very little effect on plant life, but causes
a very high mortality among-fish up to 24 hours after
application.

This report deals with the preliminary trials of
Bayer 73, both in the laboratory and in the field,
against various species of aquatic snails occurring
in Southern Rhodesia.

MATERIAL AND METHODS

Bayer 73 is a bright yellow powder which is
sparingly soluble in water. It is, however, formulated
as a wettable powder known as test product 4780
(=Bayer 73) and when mixed vigorously in water
forms a moderately stable suspension. Previous
workers (Gillet & Bruaux; 3 Gillet, Bruaux &
Nannan, 1960; Webbe, loc. cit.) have shown that
under laboratory conditions it is highly toxic to
planorbid snails, their eggs and the cercariae of
schistosomes at extremely low concentrations.
Owing to its low mammalian toxicity and because it
is not an irritant, it is straightforward to use. Reports
on the stability of the compound (Webbe, loc. cit.;
Gillet & Bruaux, loc. cit.) indicate that intense
ultraviolet light is required to destroy dilute solu-
tions, and in the field at least 24 hours must elapse
before working strength is reduced to a trace amount.

Laboratory tests
In order to investigate the reaction of local species

of freshwater snails to various concentrations of the

3 See the article on page 509 of this issue.
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molluscicide, several trials were undertaken. Snails
were exposed in batches of ten to different solutions
of the chemical, each made up to a litre in distilled
water. Snails were exposed for five hours at room
temperature and a recovery time of up to 70 hours
was allowed. In the opinion of the writer a mortality
figure for a 24-hour exposure period has not much
practical application. In the field it is often extremely
difficult to ensure contact between snail and mollus-
cicide for such a lengthy period. Under natural
conditions the snails can bring certain escape
mechanisms to bear, and in this a few might be
successful. Further to this, to operate a drip-feed
mechanism for a 24-hour period is generally not
feasible, especially when it is used on natural water-
courses. For satisfactory field use a molluscicide
must be able to kill snails at a low concentration
after a reasonably short contact period.

Field trials
Field trials were carried out under varying con-

ditions characteristic of a large number of water
bodies which occur in Southern Rhodesia. In order
to find which was the most practical, various tech-
niques of application were used and both chemical
and biological methods of assessing the working
strength and efficacy of the molluscicide were
employed.

In all instances simplicity of operation has been
the keynote of this aspect of the trials. Large-scale
mollusciciding in Southern Rhodesia involves work
on a wide variety of water bodies including dams,
rivers, streams, large pools, wet vleis (marshes),
sponges-and amongst dense stands of aquatic and
semi-aquatic vegetation. The work has been
restricted to the use of the wettable powder, Bayer 73.
Should the compound be formulated as small
pellets or granules, additional methods of application
would be attempted. If a granular formation is
made there will have to be a large quantity of inert
filler incorporated in the granules to prevent wastage
as the product is so active.

Field methods of application
Continuous drip-feed. The drip-feed is very

limited in its application in Southern Rhodesia.
Under prevailing conditions, the vast majority of
important snail habitats occur in natural waters
which generally stop flowing soon after the end of
the rains. Ponding, either natural or artificial, often
occurs in the course of the stream and under these
conditions the action of a drip-feed becomes dissi-
pated and ineffective.

In the case of a large canal which breaks up into
smaller secondary and tertiary branches, the method
may be successful; however, when a series of small
dendritic tributaries which join to flow along a single
stream-bed have to be treated, drip-feeds are not
very practicable.

High-pressure spray-boom. This method of appli-
cation has been devised by the staff of the Malaria
and Bilharziasis Research Laboratory. The appa-
ratus consists of a boom 1.83 m in length constructed
of steel piping 25.4 mm in diameter. Six brass jet
nozzles 2 mm in diameter are mounted at regular
intervals along the pipe, the two terminal nozzles
being adjustable. The boom is mounted horizontally
across the stern of a small rowing dinghy and it is
connected to a high-pressure, shrouded-impeller
centrifugal pump. The apparatus in question is a
" Sangus " pump, type VSC, powered by a 3.25-h.p.
Clinton engine, and is capable of delivering water
at a pressure of 40 p.s.i. (2.8 atm.). Bayer 73, in a
suspension made by mixing 680 g of the compound
in nine litres of water, is introduced from a con-
tinuously agitated reservoir at a rate of one litre per
minute. The rate of application is adjusted by the
speed at which the boat is rowed over the habitat
to be treated.

Hand-operated stirrup pumps. Because of the ease
of the operation and the low cost of apparatus, this
method is extremely useful for spraying sluggish
streams, discontinuous water bodies in stream beds
and small reservoirs. The pump is operated with
a 6. 1-m length of hose and a 2-mm diameter jet
nozzle. According to the terrain and the desired final
concentration, from 14 g to 28 g of the compound
are made up in a suspension of 13.5 litres of water.
Spraying is then carried out with the object of
creating maximum disturbance of the water surface.
The molluscicide is applied to effect as even a
distribution as possible.

Helicopter. Preliminary spraying operations have
been carried out by means of a helicopter. The
machine was fitted with a spray bar 9.16 m long,
along which 26 anti-drip variable nozzles were
mounted at equal intervals. They were adjusted to
deliver as coarse a spray as possible. Extremely good
coverage was obtained in areas of water densely
reeded with Typha sp. and heavily overgrown with
Pannicum sp., Potamogeton spp. and Nymphaea sp.
The machine is capable of spraying one acre of
water in one and a half minutes of operating time,
giving adequate coverage of habitat.
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The aircraft used was a Hiller U.H. 12 E fitted
with a 305-h.p. Lycoming engine. Two fibre-glass
tanks of 495.5 litres total capacity were mounted on
either side of the cockpit. As the payload at 1526 m
(the altitude of Salisbury, Southern Rhodesia) is
approximately 454.5 kg, only 360 litres of mollus-
cicide could be lifted. The molluscicide was made
up in a suspension of one part of Bayer 73 to 40 parts
of water, and this was applied at an average height
of 1.5 m above the water.

RESULTS OF EXPERIMENTS

Laboratory trials: mortality

In order to establish the efficacy of the mollus-
cicide the following tests were carried out using the
more common freshwater snails which occur in
Southern Rhodesia. Both laboratory-bred and wild
snails were used. In every instance, snails for the
various replicates were chosen at random from a
large number of individuals.
Ten snails were exposed to various concentrations

of Bayer 73 in one-litre beakers for a period of five
hours at room temperature. After this the snails
were carefully rinsed with dechlorinated tap water,
the beakers were refilled with water and a recovery
time of up to 70 hours was allowed. Dead snails
were removed during the recovery period, and if the
water became foul it was changed.

It was decided to restrict exposure to five hours
because, as stated above, it was important to deter-

mine a minimum figure for exposure in the labora-
tory.

It can be seen from Table 1 that under laboratory
conditions an exceptionally good kill of snails can be
obtained at concentrations as low as 0.5 p.p.m. or
even 0.25 p.p.m. after only five hours' exposure to
the chemical. Under these conditions Bulinus
(Physopsis) globosus (Morelet) does not appear to be
as susceptible to the molluscicide as the other
species.

Effect of sunlight on Bayer 73 in laboratory trials
and in the field
During normal usage of a molluscicide under field

conditions dilute solutions of the compound are
frequently subjected to intense sunlight. In the case
of sodium pentachlorophenate intense sunlight
causes a very rapid breakdown of the compound at
normal working strength (Hiatt et al., 1960). Thus
the molluscicidal activity is nullified and a severe
limitation is placed on the application of the com-
pound under these conditions (Meyling et al., 1959).
As the period of contact between an adequate con-
centration of the compound and the mollusc is an
important consideration in a mollusciciding cam-
paign, it is necessary to know whether bright sun-
light reduces the working strength of the compound
both under laboratory conditions and in the field.
Laboratory conditions. Biomphalaria pfeifferi

(Krauss) were exposed in batches of ten to the
minimum LD1oo of Bayer 73 in distilled water after

LE I

RESULTS a OF LABORATORY MORTALITY TRIALS WITH BAYER 73 AFTER 5 HOURS' EXPOSURE

a Numerator refers to number of snails dead; denominator to total number of snails used.
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the solution had been left to stand in sunlight in
clear Pyrex glass beakers for various periods of
time. The snails were exposed for five hours at a
constant temperature. Conditions varied throughout
the experiment from bright sunlight to complete
overcast. Hours of actual sunlight are recorded.
From Table 2 it can be seen that the biological

activity of dilute solutions of Bayer 73 in distilled
water is reduced significantly after relatively short
exposure to sunlight.

Field conditions. In order to investigate the effect of
sunlight under field conditions a large natural pool
was treated. The pool contained approximately
1684 m3 of water. It had a muddy bottom but the
water was fairly clear; the turbidity and other data
were recorded. The only aquatic vegetation noted
were large growths of the alga Chara sp. and several
pads of Spirogyra. The average depth of the pool
was approximately 40 cm with a maximum of
1.2 m.

TABLE 2

DETERIORATION OF LDioo ON B. PFEIFFERI OF BAYER 73
WHEN EXPOSED TO SUNLIGHT a

Hours of sunlight Time of un- No. dead 20 No. dead 70
before introduction of obscured hours after hours after

snails sunlight exposure b exposure b

0 - 10/10 10/10
0 - 10110 10/10

1 30 minutes 4/10 5/10

1 30 minutes 6/10 7/10

2 5 minutes 6/10 7/10

2 5 minutes 6/10 7/10

3 _ 9/10 9/10

3 - 7/10 8110

4 30 minutes 810 9/10
4 30 minutes 9/10 9/10

Control 0/10 0/10
Control 0/10 0/10

a Exposure temperature in all instances was 24.00 C. The
concentration of Bayer 73 used was the minimum LDMoo for
Biomphalaria pfeifferi (0.25 p.p.m.).

b Numerator refers to number of snails dead denominator
to total number of snails used.

A total of 112 g of Bayer 73 were applied to the
pond by means of a stirrup pump. The results of
chemical analysis and bio-assay are given in Table 3.

It can be seen from the analytical data that
immediately after spraying the chemical had not
become evenly distributed in the water and the con-
centrations observed were high. Later the mollus-
cicide became more evenly distributed and the
observed concentrations were of the order of 0.75
p.p.m. A high level of concentration was main-
tained for 72 hours, during which period the sun
shone strongly throughout each day. Seventy-two
hours after the molluscicide was applied test snails
(B. pfeifferi) were introduced into the pond for a
period of 24 hours. The resulting 100% mortality
indicates that the molluscicide was still highly active.
The snails were exposed in bags made of nylon
mosquito gauze supported on a galvanized wire
frame.

It is considered that these findings are of extreme
importance with regard to the field application of
Bayer 73. That this compound, when applied to a
natural water body at the rate of 0.75 p.p.m.,
remained biologically active for longer than 72 hours
after application is very significant. This is some-
what contrary to the results obtained by Webbe
(loc. cit.) and Gillet & Bruaux (loc. cit.) and to the
writer's own laboratory trials, where it was apparent
that sunlight and ultraviolet light caused a reduction
of the biological activity. It would appear from
these observations that the extent of the effect of
ultraviolet irradiation depends somewhat on the
nature of the water in which the solution is made.
This is also noted by Gonnert.1
Use of Bayer 73 in the field
The first field trials were carried out in water-

storage reservoirs so as to observe the effect of
Bayer 73 on the snail population living in a restricted
habitat. Later field trials were applied on a larger
scale to both natural and artificial ponds and water-
ways occurring in the upper reaches of the Marodzi
river near Salisbury.

Storage dams. Small water reservoirs or storage
dams are very common in the rural areas of Southern
Rhodesia and constitute an ideal habitat for the
freshwater snail hosts of bilharziasis and fascioliasis.
These water bodies are often shallow and are
populated to a greater or lesser extent with stands of
aquatic vegetation, Nymphaeaceae, Potamogeto-
naceae, Characeae, various grasses and reeds.

1 See the article on page 483 of this issue.
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TABLE 3

EFFECT OF SUNLIGHT ON A POOL SPRAYED WITH BAYER 73 AT
APPROXIMATELY 0.7 p.p.m.

Physical properties of water

pH Total dissolved solids Turbidity

7.5 77 p.p.m. 37 (nephelometer)

Analytical data

19.4.60 20.4.60 21.4.60 22.4.60 23.4.60

Duration a 20 mins 2 hrs 24 hrs 48 hrs 72 hrs 96 hlrs

Bayer 73 (p.p.m.) 1.2 0.8 0.7 0.6 0.55 0.25

Water temperature (0 C) 220 230 ] 230 | 25c0 24

Malacological data LI

No. No. snails Length of exposure No. dead after exposure

1 10 24 hours 10

2 10 24 hours 10
3 10 Control 0

a Duration is the time elapsed between spraying and sampling. Each reading is an average of
three samples.

b Results of exposing B. pfeifferi snails in the sprayed water 72 hours after spraying. Control
snails were placed in an out-of-door aquarium.

The first field trial was carried out on a small,
shallow, rectangular water reservoir containing
approximately 6800 m3. The whole surface was
sprayed with stirrup pumps, one operating from
the shore and the other from a small rowing dinghy
which plied back and forth across the reservoir
treating that water which could not be reached from
the shore. The molluscicide was applied in a sus-
pension made by mixing 56 g of the compound in
13.5 litres of water. In all 5 kg were used. At the
time of this trial no method of analysis for Bayer 73
was known to the writer. The compound was
applied as evenly as possible, taking into considera-
tion the depth of the water, in an effort to achieve a
working concentration of approximately 0.7 p.p.m.

Malacological data were obtained both before and
after spraying by systematic hand searching and
dredging with a scoop net and are expressed as snails
caught per man-half-hour of searching. As can be
seen from Table 4, the snail population was virtually
eliminated, repopulation taking place only after a

period of approximately two months. As the
spraying was carried out early in the rainy season it
is highly probable that re-establishment of the
population by 23 March was effected by those snails
or eggs which were brought into the reservoir by
waters flowing from higher in the catchment.
Large numbers of fish were killed, the effects being

noticeable shortly after spraying. Within an hour
the smaller Barbus spp. and Tilapia spp., up to 5 cm
in length, were dying. Larger specimens of the
genera Tilapia and Clarias succumbed during the
next few days.
A second, larger storage dam containing approxi-

mately 23 000 m3 was treated towards the end of
the rainy season. In all, 16 kg of Bayer 73 were
applied by means of two stirrup pumps operating
from the shore and the high-pressure boom unit
operating from a small rowing dingly. As the dam
was fairly shallow the whole surface was treated.
Water samples were taken 2 and 20 hours after
spraying in order to determine whether the applica-
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TABLE 4

MALACOLOGICAL DATA AND EFFECT OF BAYER 73
SPRAYED ON A SMALL RESERVOIR

Date a [ Bulinus Lymnaea Biomphalaria Physopsis

10.10.59 86 103 183 96

11.11.59 _ _ _

4.12.59 - - -

25.1.60 4 _ -

23.3.60 100 - 2

a The reservoir was sprayed on 5 November 1959.

tion had been adequate. Malacological data were
obtained in the manner described for the first dam.
The water body contained a large population of
snails before spraying, but no live snails have been
found during subsequent examinations.

It can be seen from the data in Table 5 that there
was little reduction in the working strength of the
compound during the period. This agrees with

TABLE 5

RESULTS OF TREATING A LARGE WATER RESERVOIR
WITH BAYER 73

Analytical data

Sample No. | p.p.m. 2 hours after 1 ppm. 20 hours afterSampleNo.

spraying spraying

1 0.65 1.1

2 0.90 0.52

3 1.0 not recorded

4 0.63 0.73

5 +1.2 0.96

6 0.55 0.51

Malacological data

No. of snails found per man-half-hour of
Date a collecting

Biomphalaria Lymnaea Physopsis

1.3.60 112 6 3

20.3.60 - - -

10.4.60 _ - _

24.4.60 _ _ _

a Water body treated with Bayer 73 on 17.3.60.

observations recorded earlier, where it has been
shown that the concentration of Bayer 73 in natural
waters is fairly stable for three to four days.

Natural watercourses. The area treated was a
small catchment (Banda) of the Marodzi river com-
prising 72 km of watercourse, two dams each re-
taining approximately 1360 m3 and four small
weirs each holding some 200-400 m3. The topo-
graphy of the region is typical for this part of the
country, watercourses varying from canalized, well-
defined rivulets flowing at about 1.5-2.9 litres per
second to wide pools, some with verges so densely
overgrown with vegetation that an almost impe-
netrable barrier is formed between the water and
dry land. Occasionally the watercourses open out
into large expanses of marshland or vlei which may
or may not contain pools suitable for snail breeding.
Very often these vleis are completely covered with
dense, rank grasses 2-3 m tall which make the manual
application of molluscicides extremely difficult. The
stagnant pools were usually covered with mats of
aquatic vegetation (Nymphaeaceae and Potamoge-
tonaceae).

All watercourses were sprayed from the bank with
stirrup pumps with the exception of the large
reservoirs, which were sprayed by means of a boom
mounted on a small boat. Mollusciciding was done
in all instances from the source downstream. The
molluscicide was made up by mixing vigorously
28 g of compound in 13.5 litres of water: this would
suffice to spray approximately 28 m3 of habitat. In
all 19.5 kg of the chemical were used to treat the
watercourses and weirs; a further 5 kg were used
on the dams, only the perimeter of the water body
being treated.
Where the verges were overgrown with reeds, a

path was cut to the water and spraying was carried
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out in the normal manner. In cases of dense stands
of reeds actually in the water, swathes were cut at
approximately 16-m intervals and a bucket of con-
centrate then poured among the reeds. This would
then drift among the dense undergrowth with the
slow movement of water.

Before spraying, the area was surveyed for snails
in the following manner. Intensive hand collecting
supplemented by a scoop net was carried out in a
restricted area for a man-half-hour. This comprised
a sample and was repeated at random points
along the watercourses. In order to gain a
clear picture of the extent of the over-all snail
population throughout the water system a fairly
large number of such collections were made. In
this way it was felt that differences among samples
brought about by local variations in the habitat
during the experimental period could beovercome
and a fairly accurate over-all picture could be
obtained. Subsequent surveys were carried out in a
similar manner. The results of these surveys include
only the important intermediate host species and are
expressed as the total number collected per man-
half-hour. The following species of snails were
taken: Biomphalaria pfeifferi (Krauss), Bulinus
(Physopsis) globosus (Morelet), Lymnaea natalensis
(Krauss), Bulinus (Bulinus) tropicus (Krauss), Buli-
nus (Bulinus) scalaris (Dunker), Bulinus (Bulinus)
forskalii (Ehrenberg), Gyraulus sp.
When spraying was completed a second survey

was carried out. Those surviving foci of medically

important snails were again treated by local applica-
tions of the compound.
No rain fell while spraying operations were being

carried out. Surface water temperatures varied from
200 C to 300 C, with the average temperature approx-
imately 230 C. Each day a series of water samples
was collected and brought to the laboratory for
analysis by the method of Strufe. The results can be
seen in Table 6.
During the 35-day period which elapsed between

the second and third resurveys, 4 April to 9 May
1960, extremely heavy unseasonal rains fell in the
area. As a result the water levels were raised to
above those which were treated with the mollus-
cicide. It is probable, therefore, that in this way
certain aestivating snails left earlier in the season by
the receding waters became inundated and repopula-
tion of some habitats took place. To this, then, is
ascribed the large increase in the number of foci
found containing snails during the third survey.
Because of the good results obtained in storage
dams with similar concentrations of the molluscicide,
it is felt that this build-up is not due to isolated
survival of egg batches. This is further borne out by
the fact that the majority of the snails taken during
the third survey were large, mature snails. Egg
masses collected in the area after spraying have been
examined; of 150, not one was viable.
The actual efficacy of the molluscicide is clearly

shown in Table 7 when the results of the first two
surveys are compared.

TABLE 6

ANALYTICAL DATA FROM BANDA CATCHMENT

Cloud Temperatture (0 C)
Interval bet-

ween spraying
and

sampling
Water body Quantity used (g) IConc. (p.p.m.)

4/8 310 1 hour Large pool; dense aquatic vegetation 56 0.42
4/8 27.50 3 hours Stream; heavy grassed verge 28 1.5
4/8 240 _ Large pool 28 0.98

5/8 23° 1 hour Small pool; dense aquatic vegetation not recorded 0.65

5/8 23.5° 1.45 hours Large pool not recorded 0.51

518 220 45 minutes Large pool not recorded 0.50

5/8 - - Small dam; dense aquatic vegetation 336 0.69
5/8 - - Small dam; dense aquatic vegetation 280 0.39
5/8 23.5° 6 hours Small reservoir; dense aquatic 672 1.2

vegetation

8
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TABLE 7

MALACOLOGICAL DATA FROM BANDA CATCHMENT

No. of checks Survey before treat- Surveys after treatment
containing a ment (28.3-60) 4.4.60 10.5.60

0 snails 3 61 66

1-10 snails 9 2 22

11-60 snails 18 0 11

+61 snails 12 0 0

a Important host species only are shown. Snails populations
are expressed as the number collected per man-half-hour of
searching.

CATCHMENT TREATED WITH BAYER AT 1.0 p.p.m.
FOR A PERIO

Continuous drip-feed. An attempt was made to
apply Bayer 73 to a small river catchment by means
of a series of drip-feeds operating on all the tribu-
taries flowing into a stream (see the accompanying
figure). The drip feeds were maintained for a period
of seven hours, and each was adjusted to give a final
dilution of 1 p.p.m. in the flowing water.

The continuous drip-feeds were very simple, con-

sisting of a 4-gallon (18-litre) oil can set on a sand-
bag or similar firm base. The contents of the can
were siphoned out by means of a rubber tube which
was constricted at the outflow by a glass nozzle
regulated to discharge the contents of the can in

BY MEANS OF CONTINUOUS DRIP-FEEDS OPERATING
D OF 7 HOURS

N

LEGEND

X DRP FEED

0 CHECK POWT
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At each check point two nylon gauze cages (each containing 10 B. pfaifferi) were immersed in the stream_for 24-48 hours. Only
at check points 1 and 2 were satisfactory mortalities obtained.

It was felt that the water lying in the marsh areas between 1 and 3 and between 3 and 4 diluted the molluscicide so much that
snails in the downstream areas were not affected.
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TABLE 8

RESULTS WITH BAYER 73 USING CONTINUOUS DRIP-FEED METHOD a

Exposure Control ontrol (Field) 902 m from 1353 m from 1804 m from
time (Lb)Cnrl(il) rip-feed drip-feed drip-feed

24 hours 0/20 1/10 9/10 9/10 8/10

48 hours | - ] 3/10 10/10 5/5 5/10

a The apparatus used was adjusted to give a final dilution of 1.0 p.p.m. Bayer 73. Numerator
refers to number of snails dead; denominator to total number of snails used.

approximately 20 minutes. As a continuous agitating
device such as that described by Foster & Poulton
(1960) requires frequent attention to stir the main
reservoir of molluscicide and because it requires a
12-volt motor-car type of accumulator and wind-
screen-wiper motor, it is fairly expensive. Further to
this, observation in the laboratory has shown that
Bayer 73 in 1 %-2% suspensions is stable for several
minutes and can be maintained by intermittent
stirring. It was therefore decided that it would be
expedient to use the simple siphon operated by a
labourer. The required amount of molluscicide was
measured into small polythene bags and the labourer
had merely to replenish the can as it emptied, pour in
a measure of the compound and stir intermittently.
At the time of this experiment the analytical

method of Strufe was not known to the writer and
the only means of evaluation of the molluscicide
was to expose the snails in cages to the treated
water. The cages were made of nylon gauze, six
meshes to a centimetre, which covered a cylindrical
frame made of thin galvanized iron wire. They were
exposed, ten in a bag, and in each instance two
replicates were used. Unfortunately, owing to the
predations of large Crustacea which cut holes in the
bags, many of the snails escaped. As can be seen
from laboratory controls in Table 8 the bags appear
to have no toxic effects on the snails. However,
mortalities are not altogether satisfactory. It is
considered that the technique is not suitable for this
type of catchment.

DISCUSSION AND CONCLUSIONS

For some years molluscicides have been in use on
a large scale in Southern Rhodesia in an effort to
control the aquatic snails which are the intermediate
hosts of bilharziasis and fascioliasis. The compounds
in general use are copper sulfate and sodium

pentachlorophenate. Although very effective in
killing snails, neither of these chemicals can be con-
sidered an ideal molluscicide, the drawbacks of both
being well known.
The introduction of Bayer 73 would appear to be

a major step towards more efficient snail control.
The compound is highly toxic to aquatic snails and
their eggs at much lower concentrations than those
of other molluscicides in current use. It is far more
stable than sodium pentachlorophenate under similar
conditions of sunlight and, unlike copper sulfate,
is not adversely affected by the alkaline waters
which occur in the natural waterways of Southern
Rhodesia. It is neither very toxic nor irritant to
mammals and it is not unpleasant to use. As only a
very low working concentration is required, the
problems of carrying cumbersome quantities of
supplies to the spraying teams does not arise.

Shiff & Garnett 1 have shown that Bayer 73 at
1 p.p.m. has no permanent unbalancing effect on the
plankton occurring in a biologically stable pond.
The population trends were approaching normal in
all instances 30 days after treatment. This is impor-
tant when restocking of dams and pools with fish
subsequent to spraying is considered.
The trials which have been carried out in Southern

Rhodesia with Bayer 73 are very encouraging.
Under conditions prevailing in the territory it is the
most promising compound that has been utilized
to date.
The use of a helicopter fitted with spray bars is a

new departure in the field application of mollus-
cicides. Although costly to operate, the machine is
capable of rapidly covering large tracts of snail
habitat; and from the brief observations carried out
it would appear to be not only extremely effective in

1 See the article on page 543 of this issue.
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giving complete coverage, but, owing to the speed at
which the machine can operate, in certain habitats
this method would be economical. It is unfortunate

that the trials could not be taken further because
sufficient quantities of the compound were not
available.
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RItSUMIt

Le Bayer 73 a fait l'objet de nombreux essais dans les
conditions qui regnent en Rhod6sie du Sud. II a donn6
des r6sultats extremement satisfaisants pour la destruc-
tion des mollusques, hotes intermediaires des parasites
de la bilharziose et de la distomatose. Le compos6 est
suffisamment stable a la lumiere ultraviolette et il n'est
pas pr6cipit6 par l'eau dure. La meilleure m6thode
d'application consiste a disperser une suspension du
produit au moyen, soit d'une pompe a 6trier install6e
sur la rive des cours d'eau et des 6tangs, soit d'une pompe
centrifuge a haute pression montee sur un petit bateau

a rames, lorsqu'il s'agit de grands etangs ou de grands
r6servoirs.

L'emploi d'un helicoptere pourvu de lances est une
innovation en matiere d'application de molluscicide.
Bien que d'un emploi couteux, l'appareil est capable de
traiter rapidement de larges 6tendues peupl6es de mol-
lusques; d'apres les quelques experiences faites jusqu'ici,
il semble que cette methode permet non seulement de
couvrir trEs efficacement la totalit6 de la zone consid6r6e,
mais de proc6der 6conomiquement dans le cas de certains
habitats, en raison de la rapidite d'operation de l'h6li-
coptere.
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