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SYNOPSIS

The application of molluscicides to the breeding-places of Austral-
orbis glabratus-the intermediate host of Schistosoma mansoni in
Venezuela-is discussed, with special reference to the equipment
required and the techniques employed. The characteristics of the
three molluscicides in use-copper sulfate, sodium pentachloro-
phenate, and copper pentachlorophenate-are outlined, and the
treatment both of running waters (irrigation canals and streams) and
of still waters (ponds and marshes) is described in detail.

Bilharziasis is present in the north central section of Venezuela and it
is estimated that the endemic area covers approximately 7000 km2 or
roughly only 0.75% of the total area of the country. The infected zone,
however, coincides with the most densely populated area. It is estimated
that some 70 000 people are infected and that symptoms of disease probably
occur in about a third of these. The parasite involved is Schistosoma man-
soni. The intermediate host is a fresh-water planorbid snail, recently
classified by the malacologist Bengt Hubendick as Biomphalaria guade-
loupensis (Sowerby) but commonly known as Australorbis glabratus (Say).
This snail is small and disc-shaped, ranging in size up to about 3 cm. It
normally lives exclusively in water, though we have proved experimentally
that it can withstand desiccation for several days. It is bisexual and there-
fore a single specimen can produce offspring. The eggs are laid in masses
of about 20, on rocks or plants throughout the entire year.

In Venezuela the favourite breeding-places of this planorbid are, in
order of importance from a public-health angle: (1) irrigation canals in
which the water moves slowly; (2) drainage ditches; (3) swampy land;
(4) small natural or man-made depressions in the ground in which water

* This article will also be published, in Spanish, in the Boletin de la Oficina Sanitaria Panamericana.

487 -617-



J. A. JOVE

has accumulated (this includes ponds); (5) small reservoirs and concrete
tanks for irrigation or other purposes; (6) small streams with a sluggish
current.

It may be stated that very often the breeding-places are man-made and
in many cases they form part of the irrigation canals and drainage ditches
necessary for cultivating sugar cane. Although most of these waters harbour
minnows and other small fish, these fish have no importance as a source
of food.

Outline of Control Work

Molluscicides employed

Three molluscicides are used by the Ministry of Health of Venezuela
in its campaign against bilharziasis.

1. Copper sulfate. This chemical is used in the form of a complex with
tartaric acid, as the latter substance prevents the rapid precipitation of the
copper as copper carbonate, which would otherwise occur owing to reaction
with the bicarbonates present in the water. Copper sulfate is toxic to
snails in very small doses, and we believe that copper accumulates in the
body of the mollusc until it exceeds that critical amount necessary to cause
death. Laboratory experiments we have performed have shown that the
product of the concentration of copper sulfate in parts per million (p.p.m.)
and the contact time in hours must be approximately 100 in order to kill
the snails. Although 2 p.p.m. can cause death in 48 hours, we have chosen
for economic reasons to use 100 p.p.m. for 3 hours, obtaining thus a safety
factor of three. This increases the cost of chemicals but reduces the cost
of labour, which in Venezuela is high. For this concentration of copper
sulfate it is necessary to use about 20 p.p.m. of tartaric acid to prevent
precipitation.

2. Sodium pentachlorophenate. This chemical is toxic in concentrations
greater than 2-3 p.p.m. if applied for 24 hours. However, it is very irritating
to the snails even when used in such low concentrations, and we find that
the snails try to leave the water and escape the action of the chemical.
Above 10 p.p.m. the effect is so irritating that the snails withdraw to the
innermost part of their shells, expel bubbles of air, and may even excrete
certain substances which, in a great many cases, protect them and enable
them to withstand the treatment for an appreciable length of time.

3. Copper pentachlorophenate. This substance is toxic above 1 p.p.m.
For this concentration the time of exposure necessary is about 100 hours.
It is probably the best molluscicide as yet available, but our field experiences
are still too limited to draw definite conclusions. It is not irritating to the
snail, and therefore the mollusc makes no attempt to get away or to retract
its body even at high concentrations. Moreover, as in the case of copper

618



MOLLUSCICIDES IN BILHARZIASIS CONTROL IN VENEZUELA

sulfate, the copper has a cumulative effect in the body until it causes death.
The concentration which we apply is 15 p.p.m. each of copper sulfate and
sodium pentachlorophenate for six hours.

Personnel required

The molluscicide is applied by parties or squads made up of four men:
an inspector, a sub-inspector or first labourer, and two other labourers.
Occasionally additional temporary labourers are employed. The inspector
should be a man who has had long experience in carrying out treatment;
he must be able to drive a vehicle and direct the work of the other members
of the squad. It is his duty to plan the work to be done each day, preferably
in advance: he inspects the watercourse to determine the presence of snails
and supervises each treatment, checking the flow of water to be treated and
establishing the amount of chemicals to be used. It is his responsibility
to see that the squad is always supplied with the equipment and materials
needed. He checks the effectiveness of the chemical applications and makes
weekly reports to the central office on the different phases of the work.
The form used for reporting the results of inspection before and after
treatment is reproduced in Annex 1 (see page 635).

The sub-inspector is generally that labourer of each squad who shows
the greatest responsibility in his work. He must be able to read and write,
though it is not necessary that his education be very advanced. It is his
duty to direct the work of the other labourers whenever the inspector is
not present, and to help in every way with those phases of the work which
should not normally be entrusted to the other labourers.

The other two workers are of the ordinary labour type, but should
preferably be able to read and write.

Vehicle required

A vehicle is essential for this type of work, in view of the fact that four
persons and a considerable amount of equipment and materials must be
carried daily to places very distant from the base. A pick-up truck provided
with a roof over the back, so as to protect both personnel and equipment,
is the most suitable. If possible, the truck should have dual transmission,
as this is of obvious advantage on poor roads and muddy terrain. We are
using both trucks and jeeps. The jeeps are either provided with a small
trailer or the back is modified to permit carrying the materials and equip-
ment.

Methods of application of molluscicide

These are very similar for the three types of chemical used, differing only
as to details. However, running waters (canals, streams) require a different
technique from still waters, such as ponds or marshes.
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The detailed descriptions which follow apply to the use of the copper
sulfate complex. The changes necessary when using sodium pentachloro-
phenate or copper pentachlorophenate are discussed later.

Treatment of Running Waters with Copper Sulfate

The work involves the following operations:
1. Observation of the number of snails present before treatment and

setting out of cages containing live snails, so as to measure the efficacy of
the treatment.

2. Removal of vegetation and debris which may impede thorough pene-
tration of the chemicals.

3. Measurement of the flow of water to be treated.
4. Preparation of the molluscicide solutions.
5. Application of the chemicals.
6. Checking the efficiency of the treatment.

Observation of number of snails present before treatment

Equipment

(a) Nets for collecting snails. These nets are made of galvanized-wire
screens, gauges 8 and 16, placed one on top of the other on a light steel
frame about 30 cm x 35 cm. The handle should preferably be made
of aluminium pipe, 3/4 inch in diameter and about 1.6 m in length, as this
type of pipe is light and strong. The net should preferably be flat, to permit
easy spreading of the material collected as well as rapid identification of
the snails.

(b) Large tweezers for holding snails. Dissection tweezers, 25 cm
long, can be used, but we have found more convenient the tweezers manu-
factured from chrome-steel for picking up sterile material.

(c) Rubber boots, knee or hip length, for protecting the worker from
potentially Schistosoma-infected water.

(d) Rubber gloves, strong and durable, for occasional use.

Procedure

In order to estimate the efficacy of each treatment, the number of live
snails present before each application must be determined. This is a
difficult task, for vegetation, debris, and turbidity present in the water
prevent accuracy. The observations should be made by inspecting as much
of the length of stream to be treated as time permits. Very often, previous
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experience enables the workers to tell which parts are free from snails
and which are more likely to be harbouring them. The younger snails
cannot be counted, because they are too small to be seen, but by dipping
with a net along the bottom of the watercourse, snails of all sizes can
be obtained. We usually estimate the number per square metre, but at
best the figure obtained has only a relative value, because of the inaccuracy
of the method and the limited time that can be spent on inspection. This
work is performed by the inspector or sub-inspector, but often the labourers
are employed on it as well.

Removal of vegetation and debris from watercourse

This is always necessary, but is especially important when dealing
with small irrigation ditches. Unless the watercourse is inspected and
obstructions are removed, difficulties may be experienced during the applica-
tion of the chemicals. Often a considerable amount of clearing must be
done, and whenever possible this work should be carried out by personnel
provided by the hacienda or plantation which the irrigation canal or ditch
serves. This co-operation is hardly ever withheld, but often it is not obtained
rapidly, causing delays in the work schedule.

The equipment necessary for this type of work consists of spades, hoes,
picks, and, most important, " machetes " or broad-bladed agricultural
knives. Rubber boots should be provided whenever the workers have
to wade in potentially infected waters.

Measurement offlow of water to be treated

Equipment

(a) Weirs. These are made in two different sizes-2.00 m x 0.80 m and
2.70 m x 0.85 rm-and are constructed of galvanized-iron sheets of gauge
varying between No. 16 and No. 20. They are reinforced with steel angles
of from 1 inch x 3/16 inch to 11/2 inch x 3/16 inch. The weir opening is a
90° angle.

(b) A ruler about 40-50 cm long, divided in centimetres and milli-
metres, for measuring the depth' of water over the stake behind the weir.

(c) A wooden lath or straight edge, about 1.5 m long, for setting the
stake behind the weir on the same level as the vertex of the weir angle.

An ordinary carpenter's hand level, for levelling the stake behind the
weir and for levelling the weir itself.

(d) A tape-measure about 25 m long, for general use.
(e) Several wooden boards 5 cm thick, 30-40 cm wide, and of three

different lengths-2.00, 2.50, and 3.00 m-for bridging the canals and
streams and for supporting the constant-orifice box over the weir.
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Procedure

In Venezuela the irrigation canals and streams which must be treated
are almost always small and therefore the flow of water can be accurately
measured. We make it a practice to use a triangular weir for this purpose
in watercourses with a well-defined bed and with flows of up to about
150 litres per second.

When a canal is to be treated the weir is, and should always be, placed
as close as possible to the head of the canal. In the case of a stream the
weir is placed above the most remote upstream spot where planorbid
snails are found. In all cases the weir is left in place while the chemical
is applied. The weir site is almost always the place where the molluscicide
is applied to the water.

When flows greater than 150 litres per second are to be treated, or
when the shape of the stream bed does not permit the rapid or easy setting
of the weir, the cross-section of the watercourse is roughly measured and
the surface velocity of the water is estimated several times over a given
distance, floating leaves being used. The flow, Q, is then obtained by
multiplying the cross-section, A, by the surface velocity, V.

The inspectors are provided with tables which enable them to read
the flow of a watercourse once they have made the proper measurements
either with or without a weir. The table used for determining the volume of
water flowing over a 900 triangular weir is given in Annex 2 (see page 636).

It must be stressed that the flow of the stream should be checked several
times during the application of the molluscicide so that the amount of
chemical added can be regulated accordingly. Failure to do this may
lead to unsatisfactory results, especially where irrigation canals are
concerned.

Preparation of molluscicide solutions

Equipment

(a) Wine casks of 200 litres' capacity or any similar container. The
casks generally have a bung-hole on the side which must be stoppered
with wood. An opening about 25 cm square is made on the upper end and
a suitable cover is provided.

A hole is drilled about 10 cm from the bottom in order to insert a ½/2-inch
bronze nipple. This nipple must extend inside the cask. Pieces of wood
about 2.5 cm thick are attached both inside and outside the cask at the
place where the nipple goes through, in order to make a stronger con-
nexion. On the outside the nipple should protrude about 10 cm and a
½/2-inch bronze gate-valve should be fitted to it, followed by a second
bronze or copper nipple, about 5 cm long. This nipple is connected to a
constant-orifice box by means of a ¾4-inch rubber hose about 2 m long.
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(b) A two-compartment constant-orifice box, for receiving the solution
which is prepared in the cask and for feeding it at a constant rate to the
stream. The box is made of wood and is coated with paraffin on the
inside. Each compartment is about 50 cm long, 18.5 cm wide, and 25 cm
high inside and is provided with a ½2-inch bronze inlet-valve and copper
float. On the bottom of the anterior end of each compartment there is an
opening through which is passed a bronze nipple. To each of these nipples a
3/8-inch flexible rubber hose is connected. Each rubber hose is provided
with a screw clamp (Hoffman-type clamp). The box is provided with a
hinged cover, and with a wing at the bottom of the anterior end. This wing
serves two purposes: as a resting-place for the container used for measur-
ing the chemical flow, and to direct the rubber hose vertically downwards.

(c) A spring scale of 10 kg capacity for weighing the chemicals.
(d) An enamelled measure, with graduation marks on the inside and

with a capacity of about 1 litre, for measuring the amount of chemical
solution flowing from the constant-orifice box. (Glass measures can also
be used, but they often break in the field.)

(e) Galvanized-iron buckets of about 10-15 litres' capacity for convey-
ing, from the stream to the casks, the water necessary for preparing the
solutions.

(f) A small cast-iron hand mill, such as is used in rural Latin America
for grinding boiled corn, for grinding the crystals of copper sulfate if they
are so large that they do not dissolve rapidly.

(g) A table for determining the amount of copper sulfate and tartaric
acid to be applied (see Annex 3, page 637).

(h) An enamelled or plastic funnel, 10 cm wide at the top, for trans-
ferring the sulfuric acid from the bottle and for other purposes.

(i) A wooden pole for stirring the solution during preparation.
(j) A wrist watch, if possible with a sweep second-hand and a luminous

dial, for measuring the velocity of streams and for controlling the applica-
tion of the solution.

Chemicals
(a) Copper sulfate, technical grade, preferably in powdered form or in

small crystals, packed in 50-kg or 100-lb. paper sacks covered with jute bags.
(b) Tartaric acid, technical grade, packed in the same way as the copper

sulfate.
(c) Sulfuric acid, 10% solution, in bottles of about 5 litres' capacity

packed, for protection, in a wooden box provided with a handle.

Procedure
After the stream flow has been measured, the casks are connected to the
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constant-orifice box and filled with 180 litres of water by means of the
buckets.

If the water contains a lot of leaves or trash, it is filtered through an
empty flour sack or some other similar type of bag. This avoids obstructions
in the hose and connexions. Care must be taken to ensure that the valves
are shut and that they do not leak. After the amount to be used has been
read from the appropriate table, the copper sulfate is weighed and placed
in one of the casks. When the crystals are large it is convenient to grind
them so that they will dissolve more rapidly. Whenever the amount of
copper sulfate is greater than about 10 kg, it is necessary to add 500 ml
of 10% sulfuric acid before introducing the salt, to prevent the latter from
precipitating in the cask. The solution should be stirred vigorously with a
pole until no crystals remain in the bottom. Whenever the amount of
copper sulfate to be dissolved is greater than 10 kg, it is advisable to apply
it to the water in portions so as to facilitate the moving of the pole.

In a similar way the correct amount of tartaric acid to be used is read
from the table, weighed, and placed in the second cask, and the water is
stirred until complete solution has been achieved.

Application of the chemicals

Procedure

The valve connecting each cask with the corresponding compartment of
the constant-orifice box is opened, care being taken to ensure that the
screw clamp on each rubber hose is closed. The constant-orifice box will
then fill.

The tables which we use have been compiled so that the rate of applica-
tion of each solution is 1 litre per minute.

The screw clamp of the compartment containing the copper sulfate
solution is released and the flow is measured, by means of the enamelled
container and the watch, and regulated until the rate of 1 litre per minute
is obtained. In a similar way the amount of tartaric acid solution is adjusted.
It is convenient to arrange the two outlet hoses so as to form one common
stream into the water. The time is noted and duly recorded. The treatment
has then started.

Whenever the amount of copper sulfate to be dissolved is greater than
30 kg it is advisable to use two casks so as to facilitate the process of solution;
in this case the rate of application is doubled, 2 litres of solution per minute
being applied to the stream. Under Venezuelan conditions this is not
required very often.

It is possible to prepare both solutions in one common cask, but such
a procedure is not advisable owing to the formation of copper tartrate,
which tends to deposit on the valves and obstruct the flow.

624



MOLLUSCICIDES IN BILHARZIASIS CONTROL IN VENEZUELA

Difficulties experienced

Water which contains much suspended clay or organic matter tends to
absorb the copper sulfate complex. Normally a treatment will be 100%
efficient as far as 1500-2000 m from the point of application, but when the
water carries much suspended clay or organic waste such as sewage, the
treatment may be effective for only 500 m.

We are not satisfied with the rubber hose and clamp adjustment for
feeding the solutions as they take much time to regulate to the rate of 1 litre
per minute. Moreover, particles in suspension tend to clog the tube at the
place where the clamp presses it, and this necessitates opening the clamp
and readjusting the flow. For this reason we are now trying to make some
nozzles that, under the head provided by the constant-orifice box when
full, will discharge about 1 litre per minute. This would make it possible
to remove any obstruction readily by inserting a wire.

Checking efficiency of treatment

Equipment

(a) Rubber boots for protecting the workers from infection.
(b) Nets for collecting snails.
(c) Large tweezers as already described.
(d) Plastic boxes of the type commonly used for holding bars of soap.

Five rows of 6-mm round holes, three to a row, are drilled in each cover.
(e) A glass bottle containing sodium hydroxide (15%-20%) and a

petri dish or enamelled dish. This equipment should be enclosed in a
suitable wooden box to prevent breakage or spillage.

Procedure

In order to find out whether a treatment of a watercourse has been
successful some sort of check should be made afterwards. Snails should
be taken from the watercourse and examined to determine whether they
are living or dead. Such snails should be captured not less than 48 hours
after the chemical application has been concluded, and preferably 72 hours
after. This interval is necessary as sometimes death does not occur imme-
diately after treatment.

The inspector should cover the entire length of the watercourse, giving
preference to the sites where the snails are most abundant. In recording
the results he should give the percentage killed and the distance between
the spot where they were taken and the point of application of the mollusci-
cide.

In Venezuela, in addition to making this type of observation, we place
cages with live snails in the watercourse before starting the treatment. The
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cages used are plastic containers of the type described above. Of course
other types of cage may be used, but we have found this type the most
convenient. Wood and jute cloth on a wire frame have been found accept-
able. Cages made from bamboo stalks could be used but they deteriorate
very rapidly. Galvanized wire should not be used with copper sulfate as
the copper tends to deposit on the wire after a time, killing the snails placed
inside and giving erroneous results.

Ten snails, 1 cm or more in size and preferably taken from the water-
course, are placed in each cage. Care should be taken, in manipulating the
snails, not to break their shells or otherwise damage them.

The cages are tied to stakes in the centre of the watercourse in such a
way that they are completely submerged, with sufficient margin to allow
for alterations in the level of the water. It is wise to cover or hide the cages
as much as possible so that children will not remove them. The number
of cages used is proportional to the length of the watercourse to be treated.
The first cage is placed 500 m from the application site, and the others
about 200 m apart up to the limit where it is believed the treatment will
be effective. The effective distance varies considerably according to the
local conditions, but with experience an inspector can usually make a fair
estimate.

In the case of irrigation canals or ditches with ramifications, cages
should also be placed in the branch canals, provided that the flow of water
through them is sufficient. If the water does not flow readily or when there
is any doubt, the solution should be sprayed by means of pressure pumps
as specified under the treatment of still waters. For purposes of compari-
son, another cage with snails is placed in the water above the point of dosage.

Three days after the treatment the cages are recovered and marked with
numbers, care being taken to identify those which are missing or were
found out of the water. The cages with the snails are turned over to the
inspector, who proceeds to determine how many snails are dead in each trap.

There are many ways of telling whether snails are dead: by the character-
istic odour of decayed animal matter they give off; by the fact that no
blood oozes out when they are crushed; etc. Our standard method is to
immerse them two or three at a time in a small amount of 15 %-20% sodium
hydroxide in a petri dish or white enamelled dish; if bubbles and blood
come out of the shell, the snail is recorded as alive; if not, it is recorded
as dead. Many other substances can be used effectively in place of sodium
hydroxide.

From the results of the observations on the snails taken directly from
the water and on those enclosed in the cages, the inspector can estimate
the total percentage mortality, which is included in his report. Care must
be taken to ensure that the materials used for the cages are not toxic to
the snails, since if they are harmful death may be attributed to the mollusci-
cide when it is really due to the cage. Whenever a new material is to be

626



MOLLUSCICIDES IN BILHARZIASIS CONTROL IN VENEZUELA

used, extensive trials should be made in the laboratory and in the field
without the application of the chemicals. Should there be any doubt
about whether the cages might in time become impregnated with the
chemicals used, tests should be carried out to settle the question.

The direct inspection of the watercourse after treatment is of great
importance for gauging the efficacy of the chemicals and of the method of
application. We believe that the results obtained from direct inspection
are more reliable than the observations on the caged snails, as the latter
do not have the freedom of movement of the free-living molluscs.

With copper sulfate, the results obtained by these two different types
of observations are generally in agreement. The same cannot be said,
however, for some other chemicals-for example, sodium pentachloro-
phenate. Whenever the results show that the treatment has not been
successful, a check should be made and the treatment repeated.

Treatment of Still Waters with Copper Sulfate

Still waters are understood to mean marshy land, ponds, choked
drainage ditches, and pools in river beds and similar places. In general,
the molluscicide is applied to this type of breeding-place through knapsack
sprayers or small pumps driven by petrol engines. The operations involved
in the treatment of still waters are as follows:

1. Observation of the number of live snails present before treatment.
2. Removal of vegetation which may interfere with the treatment.
3. Measurement of the volume of water to be treated.
4. Preparation of the molluscicide solution.
5. Application of the chemicals.
6. Checking the efficiency of the treatment.

Observation of number of snails present before treatment

The number of live snails present before each application is determined
in a similar way to that described under the treatment of running waters.
The setting out of cages containing snails is done only for special experi-
mental treatments.

Removal of vegetation

This is important, because when the vegetation is very thick, much of
the chemical sprayed is prevented from penetrating into the water. When
feasible, the vegetation should be cut as close to the water as possible and
the cuttings removed to dry land where they will not be in the way. This
part of the work is very often the most difficult and time consuming. The
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equipment required is the same as that described under the treatment of
running waters.

Measurement of volume of water to be treated

Except in the case of small pools in river beds or elsewhere, the area to
be sprayed is measured roughly and the average depth estimated. The
approximate number of cubic metres to be treated is thus obtained, and the
amount of solution of a given concentration that must be applied is then
calculated. Small pools are estimated by eye-a method which is acceptable
in view of the small volume concerned and the experience which the men
have acquired. In ponds or small reservoirs used for irrigation purposes,
no attempt is made to treat farther than 10 m from the shore, because the
snails are not usually found at the depth of water normally obtaining at that
distance from the edge, and because such large quantities of chemicals
would be required for treating the greater depths. Large bodies ofwater are
not treated as the expense involved would be out of proportion to the funds
available. It must be stated that we have few lakes or impounded waters
in the region, and to the best of our knowledge those we have do not con-
stitute a bilharziasis problem.

Preparation of molluscicide solution
Equipment
(a) 200-litre wine casks of the type described under the treatment of

running water, for treating ponds.
100-litre wine casks from which one of the ends has been removed,

for treating marshy areas and drainage ditches. No connexions or fittings
are needed for these smaller casks, which are lighter in weight and can be
carried more easily by the workers.

(b) Knapsack sprayers. These must be made of copper or brass.
Sprayers with steel or iron parts should not be used as they are destroyed
very rapidly. We have used mainly two types: Knapsack Sprayer No. 1,
manufactured by the Champion Sprayer Company of the USA, which has
a brass tank of 4.5 US gallons' (about 15 litres) capacity and a No. 69
nozzle, and Sprayer Pump " Fiorentina" manufactured by Pietro Ferrari
Eredi of Padua, Italy, which has a copper tank of 15 litres' capacity and a
so-called " rack spray " nozzle.

(c) Bronze pumps of the gear type, with ½2-inch inlet and outlet valves, and
driven by a 1 or 1l4HP petrol engine. These are provided with a ½2-inch
suction hose, 2 m long, and a 10-m discharge hose of the same diameter.
The hose is fitted with a shop-made brass nozzle with a 4-mm opening.
With this nozzle a stream can be thrown as far as 10 m from the nozzle.

(d) Rubber boots.
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(e) Glasses for protecting the eyes of the men using the sprayers.
The rest of the equipment is similar to that already described for treating

running water, except for the constant-orifice box and the watch, neither of
which is needed.

Procedure

In making up the solution, we use one cask for both the copper sulfate
and the tartaric acid, as it is the only convenient way. Sulfuric acid is added
first at the rate of 250 ml for each 100 litres of solution. Then 10 kg of
copper sulfate for each 100 litres are added and dissolved, and finally
200 g of tartaric acid. It should be noted that the proportion of tartaric
acid to copper sulfate (1: 50) is much smaller than that used for running
waters. This reduction is necessary to prevent the formation of copper
tartrate, which would clog the sprayer parts and make it impossible to
carry out the work.

Application of the chemicals

Marshy land is treated by means of the knapsack sprayers, unless it is
very extensive, in which case a motor pump is used. The 100-litre casks
are set up around the periphery of the area to be sprayed, and from them
the sprayers are filled. The area is thoroughly covered, the nozzle being
directed low over the water so as to avoid getting the solution on plants.
The contents of one sprayer (15-16 litres) will usually cover about 150 m2
and the operation of spraying takes from 7 to 10 minutes. We aim to apply
about 10 g per M2; when the water is not very deep this gives a concentra-
tion of about 100 p.p.m. Very often the swampy area can be wholly or
partially drained, which helps to concentrate the snails in ditches where
they can be more easily killed by the molluscicide.

Drainage ditches are treated by means of knapsack sprayers. Where
the ditches are about 30-40 cm wide and contain little water, one man walks
along the side of the ditch, taking care to spray all holes and animal tracks
which contain water. A length of about 200 m is sprayed with the contents
of one sprayer, and the operation takes from 7 to 10 minutes. For ditches
of up to about 80 cm in width we prefer to have two men, one covering
each side, and walking uniformly, but the work can be done by one man
only, provided he walks along one side of the ditch and returns along the
other. For this size of ditch the sprayer contents last for about 50 running
metres. The amount of chemical applied averages between 20 g and 30 g
per linear metre, but the dosage achieved, in p.p.m., is most variable.

Ponds and large marshy areas are sprayed with a motor pump. When
pumps are used, the 200-litre casks are to be preferred for holding the
solution. The casks are set out around the periphery of the pond or marsh
about 25 m from each other. The reach of the stream will be about 20 m
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from the place where the cask stands. In ponds we do not attempt to spray
any farther than 10 m from the shore, for the snails are not usually found
in the deeper water, but in marshes we cover the whole area, and when
necessary both the cask and pump are carried towards the centre of the
marsh. As the work proceeds the area covered by the spraying is marked
with sticks, as this helps to control the operation.

Water tanks, when infested with snails, are also treated. In such cases,
the owners are asked to lower the water level nearly to the bottom so
as to economize chemicals, and to clean the walls with a brush or stiff
broom. The volume of water left is then measured and the molluscicide
solution is added from buckets, stirring being carried out when necessary.
The chemical is applied at a dosage of about 100 p.p.m., and is allowed to
remain for about three hours before the water is drained off. People are
warned to rinse or hose down the interior of the tank before refilling.

Checking efficiency of treatment

This is carried out in the manner described under the treatment of
running water, except that the setting out of cages with snails is omitted.

Use of Sodium Pentachlorophenate

This chemical is applied in a similar way to that described for the copper
sulfate complex, but only one substance has to be used in the preparation
of the solutions. The equipment required for the treatment of both
running and still waters is exactly the same as that described earlier.

It is important to bear in mind that the snails are so much irritated by
the sodium pentachlorophenate that they will try to get out of the water
or withdraw into their shells to escape from contact with the molluscicide.
For this reason, when treating running streams, it is necessary to use very
low concentrations, or many snails will withstand the treatment. We have
found that, for our snails, 5 p.p.m. applied for 24 hours gives excellent results
in running water. The table used for determining the amount of sodium
pentachlorophenate required to treat a given flow of water at this dosage
is given in Annex 4 (see page 638). The sodium pentachlorophenate has
an advantage over the copper sulfate in that it does not precipitate out and
is not as easily absorbed. Consequently, it will prove effective for distances
from three to four times as long as those covered effectively by the copper
sulfate. We have found it to be very effective as far as 6 km from the point
of application.

For still waters this chemical seems to us to have many advantages over
the copper sulfate complex. We use for spraying a solution containing 1 kg
of the molluscicide in each 50 litres. The amount applied to marshes is
2-3 g per m2 as compared with 10 g for copper sulfate, and in ditches 5-8 g
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per linear metre are used in comparison with 20-30 g for the copper sulfate.
Very often we find waters in which we have to double, triple, or even
quadruple the amount of copper sulfate normally required, in order to
counteract the adverse effect of precipitation on the efficacy of the treat-
ment; with the sodium pentachlorophenate, however, this is not necessary,
and an economy in chemical is achieved. In short, we prefer the sodium
pentachlorophenate to the copper sulfate complex for long watercourses
and for still waters. Yet, it must be said that there are many things that
we do not know about this chemical, and that treatments often give erratic
results. It should also be pointed out that perhaps we could learn more
about this molluscicide if we had a reliable test for determining its concen-
tration, under field conditions, after it has been applied. The best method
that we know is Haskins' method, which gives good results with clear waters
down to about 5 p.p.m. In the field, however, clear waters are not found
easily, and the results are affected by the substances present in the water,
giving doubtful conclusions. With turbid or coloured waters we are never
certain whether the concentrations obtained by Haskins' method are correct,
and when the dosage is below 5 p.p.m., exact determination is impossible.
It is therefore most important that some reliable method be developed for
determining the concentration of sodium pentachlorophenate in the field
in quantities as low as 1 p.p.m.

Sodium pentachlorophenate is very irritating to the human skin and
to the mucosa. The workers manipulating this chemical should be provided
with gloves and dust masks. We also provide them with face shields of
the type used for protection during grinding operations, as these are helpful
when handling the material. For spraying operations glasses should be
worn, as the wind will occasionally blow the spray into the eyes, causing
them to smart. It is better to obtain the chemical in briquettes than in
powder form.

When checking the efficacy of a treatment with sodium pentachloro-
phenate one should not place very much trust in the results obtained from
snails in cages. It has very often happened that the snails which are trapped
in cages in the water show a 100% mortality rate after treatment, whereas
those which are fenced off within the water, but are at liberty to crawl
either to the shore or on to vegetation, show quite a different mortality rate.

Use of Copper Pentachlorophenate

The equipment used for treatment with this molluscicide is essentially
the same as that used for the copper sulfate treatment. Our experience
with this substance has been limited to watercourses. The chemical is not
soluble in water. It will dissolve in alcohol, but the use of alcohol is
unpractical because of the high cost. We produce the copper pentachloro-
phenate by applying solutions of copper sulfate and sodium pentachloro-
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phenate from separate casks, through the two compartments of a constant-
orifice box. In this way a colloidal suspension of copper pentachlorophenate
is produced. No tartaric acid or sulfuric acid is added to the copper sulfate,
as this is contra-indicated. The streams should be directed to fall near
each other, preferably one ahead of the other, the distance between them
varying from 2 cm to 15 cm, according to the strength of the parent solutions.
After the initial setting, water should be scooped up from the watercourse
being treated, a short distance ahead of the second stream, in order to
determine whether the insoluble copper pentachlorophenate salt is being
produced-a substance which will be immediately recognized as a brownish
precipitate. If it is forming, the streams should be separated further. The
colloidal suspension gives a pink colour to the water. The equipment available
at present does not permit easy application of copper pentachlorophenate
to still waters.

Copper pentachlorophenate has the good qualities of both the mollusci-
cides from which it is formed, and has none of their drawbacks. It does
not precipitate out; it is not easily absorbed by clay or organic matter;
the snails are not aware of its presence, even in high concentrations, and
therefore make no attempt to escape; and it is effective for as long distances
as is the sodium pentachlorophenate.

Although our experience with this molluscicide is as yet rather limited,
for we have been using it in the field for only a year, and only on a small
scale, we nevertheless think that for running waters at least it is the most
promising molluscicide. We are applying 15 p.p.m. of each of its com-
ponent parts for six hours, and are apparently achieving 100% destruction
of the molluscs.

Observations
When treating watercourses, we have experienced considerable difficulty

in maintaining the flow of molluscicide at the given rate. This rate (1 litre
per minute) is quite low, and will therefore be affected by any small
particles which may lodge in the discharge tubing. It would be desirable
to replace the Hoffman clamp by a small valve, which could be cleaned
readily and readjusted rapidly to discharge the molluscicide at the same
rate as before.

The knapsack sprayers which we have been using are not very strong,
though the product of one manufacturer seems to be of better material and
therefore lasts longer than the other. We presume that these sprayers are
intended mainly for use on small farms, and that they are used only a
few times during the year, thus giving satisfactory service for many years.
However, when a sprayer has to be used every day, its component parts
must be made of long-lasting materials.

The surface of the tank and other component parts, when made of
brass, flake off readily or develop pits after they have been in use for some
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time, and this gives rise to leaks or breaks. The tubing inside the cylinder
or pressure chamber also deteriorates very fast, and as a result clogging
occurs. The hose is sometimes of poor quality and tends to remain flattened
at the places where it is bent.

The carrying straps in all cases are of very poor quality. The bottom
of the tank deteriorates very fast. The stirrer is very thin, flakes off, and
finally breaks. The hose clamps are made of galvanized material and are
rapidly destroyed. The top of some tanks is very thin and cannot stand up
to wear. The strainers sometimes last only a very short time.

If it is eventually considered advisable to use knapsack sprayers for
routine destruction of snails in countries where the bilharziasis problem
is much greater than it is in Venezuela, and where consequently many
sprayers would be in continuous use, it will be necessary to draw up speci-
fications to guide manufacturers.

RIASUMJ1

La bilharziose A Schistosoma mansoni sevit sur quelque 700 km2 dans la partie centrale
et septentrionale du Venezuela. Le planorbe vecteur (Biomphalaria guadeloupensis =

Australorbis glabratus) vit dans les marais, les etangs, les canaux d'irrigation, de drainage
et les autres collections d'eau creees par l'activite humaine et le developpement des
cultures.

Les trois molluscocides decrits ci-apres sont appliques dans les campagnes contre
la bilharziose entreprises par le Ministere national de la sante.

Le sulfate de cuivre est toxique pour les mollusques a faible dose dejA, et son efficacite
est augmentee du fait qu'il s'accumule dans l'organisme du planorbe jusqu'a atteindre
la dose letale. D'apres des essais en laboratoire, l'efficacite minimum de cette substance
peut ere exprimee par le facteur 100, chiffre qui represente le produit de la concentration
du sulfate de cuivre (en parties pour un million, p.p.m.) par le nombre d'heures de contact
du mollusque avec cette substance. Au Venezuela, pour assurer une efficacite optimum,
on a eleve cette norme A 300, soit 100 p.p.m. de sulfate de cuivre pendant 3 heures. On
ajoute au sulfate de cuivre de l'acide tartrique, afin d'6viter la precipitation du cuivre
sous forme de carbonate par les bicarbonates de l'eau.

Le pentachlorophenate de sodium est toxique A des concentrations superieures A
2-3 p.p.m. maintenues pendant 24 heures. Mais il est si irritant que les mollusques se
retirent dans leur coquille, secretant meme dans certains cas, semble-t-il, une substance
qui parait les proteger contre l'action du molluscocide.

Le pentachlorophenate de cuivre est toxique a des concentrations superieures a
I p.p.m. pendant 100 heures. On le prepare, sous forme colloidale, en melangeant du
sulfate de cuivre et du pentachlorophenate de sodium, sans addition d'acide tartrique
ou sulfurique. C'est probablement le meilleur molluscocide connu. Il a les qualites des deux
substances dont il derive sans avoir leurs defauts. Comme le sulfate de cuivre, il s'accumule
dans le corps des mollusques. I1 ne precipite pas, n'est pas absorbe par l'argile ou les
nwati6res organiques. 11 n'irrite pas les tissus des mollusques et n'exerce donc pas sur eux
l'effet repulsif du pentachlorophenate de sodium. It reste actif A plusieurs kilometres du
point d'application. Son emploi parait prometteur, surtout dans les eaux courantes.
En utilisant 15 p.p.m. de chacun des constituants pendant 6 heures, on obtient 100%
de destruction. Mais, pour connaitre mieux encore son efficacite, il faudrait disposer
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de tests permettant d'estimer des concentrations inf6rieures A 5 p.p.m., meme dans les
eaux troubles.

L'auteur passe en revue les diverses 6tapes du traitement des eaux courantes ou
stagnantes par les molluscocides et les procedes qui permettent d'en verifier l'efficacite.
I1 d6crit le type de personnel n6cessaire, l'equipement et le materiel employes, la prepa-
ration des solutions molluscocides. I1 mentionne les difficultes rencontrees au cours des
operations, les qualites requises des pulverisateurs a dos, des buses et des materiaux
utilises pour leur construction, ainsi que les precautions a prendre en manipulant le
pentachlorophenate de sodium, qui irrite la peau et les muqueuses.
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Annex 1

FORM FOR REPORTING INSPECTION BEFORE AND AFTER TREATMENT

SANITARY ENGINEERING DEPARTMENT: BILHARZIASIS CONTROL SECTION

Details of Inspection of Watercourses

Inspected by .............................................................

Date ...........................................................

1.Name of watercourse .................................

2.Hydrographic basin ..............................

3.Name of nearest village ............................

4.Length of watercourse .................................

5.Type of terrain .................................................

6.Type of vegetation ...................................

7.Date of last treatment ..............................

8. Result of last treatment .....................

9. Date of last inspection .............................

10. Details of last inspection ..........................

11. Presence of A. glabratus (snail) ...............

Where found along S T Number per square Characteristics
the watercourse Stze metre of site

12. Do the inhabitants visit the sites mentioned? ..

13. Is it necessary to put up warning signs? ...........

14. Remarks ............ ...................................................

Signature ...................................................... .........

4

............................................................................................................

............................................................................................................

......................................................................

............................................................................................................

...........................................................................................................

......................................................................................................

......................................................................................................

................................................................................

................................................................................

................................................................................
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Annex 2

TABLE FOR DETERMNH ING VOLUMlE OF WATER FLOWING OVER

A 900 TRIANGULAR VEIR

H* QH Q** H*Q
(cm) (litres per (cm) (litres per (cm) (litres persecond) second) second)

2.5 0.14 18.5 20.7 34.5 98.1
3.0 0.22 19.0 22.1 35.0 102.0
3.5 0.32 19.5 23.6 35.5 105.0
4.0 0.45 20.0 25.1 36.0 109.0
4.5 0.60 20.5 26.7 36.5 113.0
5.0 0.78 21.0 28.4 37.0 117.0
5.5 1.00 21.5 30.1 37.5 121.0
6.0 1.24 22.0 31.9 38.0 125.0
6.5 1.51 22.5 33.7 38.5 129.0
7.0 1.82 23.0 35.6 39.0 133.0
7.5 2.16 23.5 37.6 39.5 138.0
8.0 2.54 24.0 39.6 40.0 142.0
8.5 2.96 24.5 41.7 40.5 146.0
9.0 3.41 25.0 43.8 41.0 151.0
9.5 3.90 25.5 46.1 41.5 156.0
10.0 4.44 26.0 48.4 42.0 160.0
10.5 5.01 26.5 50.7 42.5 165.0
11.0 5.63 27.0 53.1 43.0 170.0
11.5 6.29 27.5 55.6 43.5 175.0
12.0 7.00 28.0 58.2 44.0 180.0
12.5 7.75 28.5 60.8 44.5 185.0
13.0 8.55 29.0 63.5 45.0 191.0
13.5 9.39 29.5 66.3 45.5 196.0
14.0 10.30 30.0 69.2 46.0 201.0
14.5 11.20 30.5 72.1 46.5 207.0
15.0 12.20 31.0 75.1 47.0 212.0
15.5 13.30 31.5 78.1 47.5 218.0
16.0 14.40 32.0 81.3 48.0 224.0
16.5 15.50 32.5 84.5 48.5 230.0
17.0 16.70 33.0 87.8 49.0 236.0
17.5 18.00 33.5 91.1 49.5 242.0
18.0 19.30 34.0 94.6 50.0 248.0

* H = height of water
** Q = flow
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Annex 3

TABLE FOR DETERMINING AMOUNT OF COPPER SULFATE AND TARTARIC
ACID REQUIRED TO TREAT A GIVEN FLOW OF WATER AT THE RATE

OF 1 LITRE PER MlNiUTE *

Flow |oCopper sulfte Tart(aricacid Copper sulfate Tartaric acid
(litres per (kg)slft (atakg)ci (litres per (k)kg
second) (g(k) second) (k)kg

0.50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0.540
1.080
2.160
3.240
4.320
5.400
6.480
7.560
8.640
9.720
10.800
11.880
12.960
14.040
15.120
16.200
17.280
18.360
19.440
20.520
21.600
22.680
23.760
24.840
25.920
27.000
28.080
29.160
30.240
31.320
32.400
33.480
34.560
35.640
36.720
37.800
38.880
39.960
41.040
42.120
43.200
44.280
45.360
46.440
47.520
48.600
49.680
50.760
51.840
52.920
54.000

0.108
0.216
0.432
0.648
0.864
1.080
1.296
1.512
1.728
1.944
2.160
2.376
2.592
2.808
3.024
3.240
3.488
3.672
3.888
4.104
4.320
4.536
4.752
4.968
5.184
5.400
5.616
5.832
6.048
6.264
6.480
6.696
6.912
7.128
7.344
7.560
7.776
7.992
8.208
8.424
8.640
8.856
9.072
9.288
9.504
9.720
9.936
10.152
10.368
10.584
10.800

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

55.080
56.160
57.240
58.320
59.400
60.480
61.560
62.640
63.720
64.800
65.880
66.960
68.040
69.120
70.200
71.280
72.360
73.440
74.520
75.600
76.680
77.760
78.840
79.920
81.000
82.080
83.160
84.240
85.320
86.400
87.480
88.560
89.640
90.720
91.800
92.880
93.960
95.040
96.120
97.200
98.280
99.360
100.440
101.520
102.600
103.680
104.760
105.840
106.920
108.000

11.016
11.232
11.448
11.664
11.880
12.096
12.312
12.528
12.744
12.960
13.176
13.392
13.608
13.824
14.040
14.256
14.472
14.688
14.904
15.120
15.336
15.552
15.768
15.984
16.200
16.416
16.632
16.848
17.064
17.280
17.496
17.712
17.928
18.144
18.360
18.576
18.792
19.008
19.224
19.440
19.656
19.872
20.088
20.304
20.520
20.736
20.952
21.168
21.383
21.600

Amunofslui cdrqie:50m ia oueo ahslto:10lte

637

* Amount of sulfuric acid required: 500 ml Final volume of each solution: 180 litres



J. A. JOVE

Annex 4

TABLE FOR DETERMINING AMOUNT OF SODIUM PENTACHLOROPHENATE
REQUIRED TO TREAT A GIVEN FLOW OF WATER AT A DOSAGE OF 5 PARTS

PER MILLION FOR 24 HOURS

Flow Sodium
( Flw Sodium

(litesprseond) pentachiorophenate Flowpe eon pnaclrphnt~~~~~~~(k)(litresper second) pentahiorohena)

0.50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

0.216
0.432
0.864
1.296
1.728
2.160
2.592
3.024
3.456
3.888
4.320
4.752
5.184
5.616
6.048
6.480
6.912
7.344
7.776
8.208
8.640
9.072
9.504
9.936
10.368
10.800
11.232
11.664
12.096
12.528
12.960
13.392
13.824
14.256
14.688
15.120
15.552
15.984
16.416
16.848
17.280
17.712
18.144
18.576
19.008
19.440
19.872
20.304
20.736
21.168
21.600

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

22.032
22.464
22.896
23.328
23.760
24.192
24.624
25.056
25.488
25.920
26.352
26.784
27.216
27.648
28.080
28.512
28.924
29.376
29.808
30.240
30.672
31.104
31.536
31.968
32.400
32.832
33.264
33.696
34.128
34.560
34.992
35.424
35.856
36.288
36.720
37.152
37.584
38.016
38.448
38.880
39.312
39.744
40.176
40.608
41.040
41.472
41.904
42.336
42.768
43.200
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