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SYNOPSIS

The author discusses various aspects of the control of bilharziasis
by the application of molluscicides, including the chemicals to be
used, the preparation of molluscicidal suspensions or emulsions,
the rate, season, frequency and methods of application, tests for
evaluating the results of treatment, factors affecting the efficacy
of molluscicides and the repopulation of snails after treatment,
and the cost of molluscicidal operations. In addition, he reviews
briefly some of the encouraging results obtained in the field with
three of the most effective molluscicides-sodium pentachloro-
phenate, dinitro-cyclohexylphenol and copper sulfate-and puts
forward a number of suggestions as to future research on this
method of snail control.

Bilharziasis has long been endemic in various parts of the world and
investigations show that it is spreading to other areas (Coutinho & Pessoa,
1949; Machado & Martins, 1951; Watson, 1951; Greany, 1952; van der
Schalie, 1955).

Increased interest in the control of this disease has stimulated numerous
investigations in this field. Among the various control measures suggested
or tried out are engineering methods, biological control, mass drug therapy,
medico-social education, and application of molluscicides. The destruction
of the intermediate snail host by toxic chemicals is receiving special attention
by public health authorities since it is a method that offers a rapid means
of bringing the disease under control.

Compounds with Moliuscicidal Properties

In laboratory tests several thousand chemicals have been screened for
their molluscicidal activity against snails. The biologically active compounds
may be divided into three groups, according to their composition.

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

Nolan, Bond & Mann (1953), in testing 701 phenolic and related com-
pounds, found that the halogenated phenols, their metallic salts and the
dinitro-alkylphenols are the most active against snails. Halawani, Latif &
Taha (1951) have shown that pentachlorophenol and pentabromophenol
at a concentration of 10 parts per million (p.p.m.) were also lethal for the
cercariae, miracidiae and eggs of Schistosoma. Several of the laboratory-
tested compoun.ds were tried in field plot tests (Nolan & Berry, 1949;
Berry, Nolan & Gonzalez, 1950; Bustorff Pinto, Robert & Penido, 1951;
McMullen, 1951; Kuntz & Wells, 1951; Hunter et al., 1952; Dobrovolny &
Dobbin, 1955) and there was general agreement that pentachlorophenol
(PCP), its sodium salt (NaPCP) and dinitro-cyclohexylphenol (DCHP) are
among the most promising molluscicides. Some of these compounds are
now being employed on an increasing scale in various parts of the world.

Metals

The lethal action of the most common copper compounds (sulfate
carbonate, malachite, bordeaux-mixture) on snails is widely known. Bu
some other copper derivatives, such as Paris green (De Castro, 1954)
copper ricinoleate (Botafogo & Soares, 1955), copper phenylsalicylate and
copper acetylacetonate (Dobrovolny & Dobbin, 1955), have also been tested
with apparent success. The oligodynamic action of metallic copper has
been reported by Lagrange (195 lb).

Phenylmercuricacetate was the first of the mercury compounds that
was observed to have molluscicidal properties (Perlowagora-Szumlewicz &
Kemp, 1951). Later Bond & Nolan (1954) screened 32 chemicals, mostly
organo-mercuric compounds. Some of them killed the snails at a concen-
tration of less than 1 p.p.m., being in this respect superior to pentachloro-
phenol. Phenylmercuricacetate was tested in the field by Dobrovolny
(personal communication), but the health hazards involved in the handling
of this chemical and the possible toxic effects on domestic animals are a
serious handicap to its practical value.

Among the zinc compounds, the sulfate (Wasicky & Unti, 1951) and the
diethyldithiocarbamate (Bond & Nolan, 1954) have molluscicidal pro-
perties.

Mause & Languillon (1950) have reported on the lethal action of ferrous
sulfate in the presence of tartaric acid on a planorbid snail in concentrations
of 2-20 p.p.m., which are claimed to be non-toxic to fish.

Miscellaneous compounds
The molluscicidal activity of some organo-phosphorus compounds has

been reported by McMullen (1951) who, working with these products,
o hcerved that the snails were not irritated but died with the body extended.

976



BILHARZIASIS CONTROL BY MOLLUSCICIDES

He therefore suggested combining the application of organo-phosphorus
compounds with that of pentachlorophenol or copper salts, in order to
increase the effectiveness of the latter by forcing the snails out of their
shells and thus rendering them more vulnerable to the action of the phenolic
or copper compound.

Another group of compounds with a relatively high toxicity for snails is
represented by the quarternary ammonium salts. Lagrange and his co-
workers (Lagrange, Scheecqmans & Sarkissian, 1950; Lagrange, 195 la) have
found two commercial products of this type (Cetavlon, Zephyron) highly
toxic to snails. Vallejo-Freire, Fonseca Ribeiro & Fonseca Ribeiro (1954),
testing various quaternary ammonium compounds in the laboratory,
found them more efficient than NaPCP since, at comparable concentrations,
they produced a higher death-rate at shorter periods of contact. These
workers also pointed out that quaternary ammonium compounds are
less toxic to animals than PCP.

Two chemically related compounds, both plant products, are worth
mentioning. Saponin extracted from various plants was found to be lethal
to snails in concentrations above 20 p.p.m. The root or fruit finely ground
and added to water in concentrations from 100 to 500 p.p.m. killed all the
snails. Barbosa et al. (1952) in Brazil, Torrealba et al. (1953) in Venezuela,
and Teesdale (1954) in Kenya tested saponin extracts alone or in combina-
tion with NaPCP. These authors called attention to the fact that the plants
used in their studies were very common in their countries. Nevertheless,
no further reports on the use of saponin in any snail-control programme
have been published.

Another molluscicide of vegetal origin is resin soap (Perlowagora-
Szumlewicz & Aguiar, 1952). Its active ingredient is abietic acid. Nolan &
Bond (1955) have investigated several derivatives of this compound, and
activity at 10 p.p.m was found for Resinamin D and abietylamine. Tested
in the field they were quite effective at concentrations ranging from 10 to
20 p.p.m. in still water (Dobrovolny & Dobbin, 1955).

Formulation of Moliuscicides

The water-soluble molluscicides may be applied in solid form or in
solution, but several of the effective compounds cannot be easily applied in
the field because they are insoluble in water. The preparation of an emulsion
or suspension of an organic compound in most instances presents no
problem in the laboratory, but it may be difficult in the field. The problem
lies mainly in the choice of a suitable agent to render emulsification easv
and give a stable emulsion. According to Freytag, Hunter & Ritchie (1955),
the available commercial surfactants may be rapidly screened for efficiency
in mixtures with oil solutions of molluscicides.
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The combination of two different types of compounds (for example,
PCP and organo-phosphates) has been suggested by McMullen (1952).
Copper pentachlorophenate efficiently combines the biologically active
radicals of copper sulfate and NaPCP. Some synergistic action was observed
by Barbosa et al. (1952) in the combination of NaPCP and saponin extract.
A mixture of resin soap and NaPCP was tested by Pereira & Mendonsa
(1954) in the hope of increasing the range of activity of the phenolic compo-
nent, but without success.

Rate of Application

The lethal concentrations of molluscicides, as determined by laboratory
tests, have only limited value in the field. The laboratory results represent
the efficacy of the compounds under ideal conditions, and the rates of
application on a large scale should always be tested under various field
conditions (for example, in still and in flowing water). Thus it was found
in the laboratory that copper sulfate at 30 p.p.m. killed 100% of the molluscs
in one hour (Perlowagora-Szumlewicz & Dias, 1955a), whereas in Vene-
zuela it was recommended that 100 p.p.m. for three hours should be used
in the field-that is, 10 times the laboratory rate (Jove, 1956). In Brazil,
the same product was applied by Aguirre, Fran9a & Tavares (1955) at
10-20 p.p.m. for 48-72 hours with apparent success. Zakaria (1955) in
Iraq used 20 p.p.m. in canals. Greany (1952) reports the use of 30 p.p.m.
in still water and 8 kg per 50 m in canals with flowing water.

In the laboratory, NaPCP at 3 p.p.m. gives a 100% death-rate after a
contact period of 24 hours, but in the field the rates of application are
usually 5-10 p.p.m. in stagnant water (Dobrovolny & Dobbin, 1955) and
10-20 p.p.m. for periods of 8-24 hours in running water (Dobrovolny & Bar-
bosa, 1953). In Egypt it was observed (Halawani, 1954) that concentrations
below 10 p.p.m. were ineffective in flowing water, but that between the
vegetation the water was stagnant enough to store the chemical for three
days, thus promoting the molluscicidal action.

The relation between the time of exposure and the molluscicidal concen-
tration has been investigated in the laboratory both for copper sulfate
(Hoffman & Zakhary, 1953; Perlowagora-Szumlewicz & Dias, 1955a)
and for NaPCP (Perlowagora-Szumlewicz & Dias, 1955a). The results
suggest that low concentrations (less than 10 p.p.m.) applied for a long
time (24-48 hours) are more effective and less expensive, considering only
the material consumed, than high concentrations applied for a shorter
time. This phenomenon may be explained on the assumption that a natural
defence process of the snail (Kuntz, 1956) comes into play-a process that
increases proportionally with the concentration of the molluscicide up to
a critical concentration, beyond which the relation becomes inverse, the
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higher concentrations encountering diminished resistance. To the explana-
tion of the latter phenomenon, Paulini (1956c) has applied some physico-
chemical considerations. The critical point is much lower for copper
sulfate (10-50 p.p.m.) than for NaPCP (200 p.p.m.); i.e., the former product
requires a shorter period of contact than the latter to obtain the same
effect at the same concentration. Under some conditions, when a long
period of treatment is not feasible, it may be more desirable and more
economic to use copper sulfate at a rate of 100 p.p.m. for a short time
(1-2 hours) than NaPCP.

Even in the control of the aquatic planorbid snails it is necessary to
treat the banks of water collections, since many specimens may be found
on the banks, having been deposited there during cleaning operations,
for example, or having migrated there in search of food. If the area is
swampy or the surface is wet, NaPCP is effective when applied at a rate of
1-2 g per M2. But on well-drained surfaces, where the snails are retracted,
rates as high as 25 g per m2 have failed to give good results (Dobrovolny,
personal communication). Hunter et al. (1952), by applying a 0.5% solution
of NaPCP at a rate of 4 g per m2, obtained good control of the amphibious
snail, Oncomelania nosophora.

Methods of Application

Until recently less attention has been given to the methods of application
than to the search for new molluscicides. It is obvious, however, that even
the best product, when applied by methods not adapted to the particular
local conditions, will give poor results and may represent a waste of money
and effort. The cost of labour and of the chemical are the most important
items in the cost of snail control. In view of the economic importance,
therefore, it seems desirable to carry out more investigations on methods
of application.

Molluscicides are usually applied either as solids, or as liquids in solution
or suspension.

Application in solid form
The method of placing muslin bags or sacks filled with copper sulfate

crystals or NaPCP briquettes in running water, or pulling them along the
margin of the water, is widely known and used. The inconvenience of this
method is that the rate of dissolution will vary greatly according to the
velocity of the flow. This difficulty can be eliminated by using a simple
apparatus with a " false bottom " and exposing only a small part of the
material to the solvent action of the water (Paulini, 1956a).

The use of apparatus can be dispensed with altogether by employing
the molluscicide in regular prefabricated form. NaPCP can be purchased
in 1-lb balls or briquettes, which are very convenient to use and cost little
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more than the powder. The balls placed in a stream will dissolve in two
to five hours, depending on the velocity of the flow. Several applications
are usually required to maintain the requisite concentration over a given
period of time. The number of balls applied at each interval of time is
based on the rate of dissolution at the place of application.

If balls or briquettes are not available it is also very easy to prepare
"home-made " briquettes by mixing NaPCP powder (240 parts) with water
(60 parts). The resulting plastic mass is compressed in any convenient form
(for example, in wooden frames, 12 cm x 6 cm x 4 cm) and then dried
for 6-14 days before use (Paulini, 1956b).

Rotary dusters for dispersing the powdered chemicals have been used,
but to a limited extent because of the irritating property of most of the
products. Now, however, there is at least one form of NaPCP on the
market that the manufacturer claims to be non-irritating, so that the use
of dusters for the application of NaPCP in snail-control work should be
reconsidered.

Application in liquid form

Knapsack or compression sprayers are commonly used in treating small
bodies of water and the banks of canals or small streams; a garden sprinkler
is also very useful for applications to irrigation channels on small farms.
However, various authors (Vaughn et al., 1954; Ritchie, 1955) agree that
all these methods are slow and laborious.

Molluscicides in liquid form may be applied to streams by the drip
method (Haskins & Dobrovolny, 1953; Jove, 1956; Paulini, 1955b), the
apparatus being constructed in such a way as to maintain a constant rate
of flow during the application. A relatively important improvement to
this type of dispenser was recently made by Klock (1956), who coupled the
dosing device to the water-flow measuring equipment, thus obtaining an
automatic regulation of the chemical in proportion to the volume of water
to be treated. It is claimed that even with drastic changes of flow, such as
occur in an irrigation system, uniform treatment has been obtained.

Where the area to be treated is large and has much standing water,
motor-driven centrifugal pumps have proved to be efficient and economical
(Dobrovolny & Barbosa, 1953). In Egypt, a continuous-feed apparatus
attached to a pump and powered by a tractor is used to apply concentrated
solutions of NaPCP in the form of a wet spray. A similar apparatus,
designed for special conditions in Brazil, has been developed by Paulini
(I 957a).

Evaluation of Results of Treatment

The results of treatment may be evaluated by biological or chemical
tests. The biological test (Jove, 1956) consists in exposing snails to the action
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of the molluscicide in cages placed in the water at various intervals along
the course of the stream under treatment. The difficulties inherent in
biological testing considerably reduce the value of this method of evaluation.

The chemical tests, developed for the semi-quantitative determination
of microquantities of molluscicides, have the advantage of furnishing rapid
and reasonably reliable results, and thus enabling the worker to make any
necessary correction (regarding faulty application) during the treatment.
Moreover, chemical analysis provides valuable information regarding the
range of dispersion and dilution of the molluscicide.

For the determination of copper in natural waters, Clarke & Goodliffe
(1955), Magalhaes, Moraes & Fran9a (1954) and Paulini (1955a) have
develop- d simple colorimetric techniques. PCP and its derivatives may be
estimated by Haskins' method (Haskins, 1951) or by a recent modification
thereof (Paulini, 1957b).

Season and Frequency of Application

Since seasonal fluctuations in the snail population and in egg-laying
may differ greatly from one area and region to another, ecological studies
are necessary to indicate when applications can most effectively be made
(Wright, 1950). Thus, in areas where the breeding-places are dried up for
four to six months of the annual dry season (Watson, 1951; El-Gindy,
1954; Olivier, 1955) two applications may be sufficient-one at the beginning
of the rainy season and the other towards the end of the breeding period.
Hoffman & Zakhary (1951) recommend that molluscicide applications be
made in midsummer, when temperature of the water is highest, since the
toxic activity of the chemical is enhanced in warm water. Parent & Lietar
(1955) are of the opinion that the molluscicides usually do not affect the
egg-clusters and therefore should be applied when the egg-laying activity
is at a minimum, in order that the repopulation may be slower. They
recommend repeating the application about one month later in order to
eliminate the newly hatched generation. Bustorff Pinto, Robert & Penido
(1951) even advocate two applications within 20 days, since they observed
that young snails reached sexual maturity in 26 days.

Factors affecting Efficacy of Moliuscicides

It was shown in an earlier section that the molluscicide should be applied
in the field at higher concentrations than those found to be lethal in the
laboratory. There are several factors which may contribute to the loss of
efficacy of the toxic compounds in the field. Laboratory tests have shown
that the effectiveness of copper sulfate was lower in water collected from
the snail habitats than in tap water (Hoffman & Zakhary, 1953; Egypt,
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Ministry of Public Health, 1954). The fact that the precipitation of a basic
copper salt is proportional to the alkalinity of the water has already been
demonstrated (Mendon9a, 1955). Mud and colloidal particles have a great
affinity for copper ion and adsorption takes place rather rapidly. Thus
20 p.p.m. of copper may drop to 1 p.p.m. in two hours (Zakaria, 1955)
or 2288 p.p.m. be reduced to 173 p.p.m. in six hours (Magalhaes et al., 1953).
Moreover, the capacity for adsorption of the mud may be very great.
Greany (1952) reports the results of analysis of mud samples; these samples
were found to contain 450-960 p.p.m. copper but to have no toxic effect
whatsoever on the snails. In the laboratory the residual activity of copper,
in the presence of mud, at concentrations of 5-25 p.p.m. was three to five
days (Perlowagora-Szumlewicz, 1955).

NaPCP is also reported to be affected by the presence of mud (Dobro-
volny & Haskins, 1953) but not as much as copper. Since soft mud causes
a lowering of the concentration of NaPCP in proportion to the amount
present, it may be regarded as a dilution factor. In the laboratory, the
residual effect of NaPCP in muddy water was observed to be 9 days at
2 p.p.m. and to rise to 59 days at 25 p.p.m. (Perlowagora-Szumlewicz, 1955).
According to Kuntz & Wells (1951), the presence of mud had apparently
no effect on the activity of DCHP. In order to avoid the rapid adsorption
of any molluscicide that is affected by mud, it is recommended that the
water be kept undisturbed and care taken not to stir up the mud during or
after the application.

The exposure of weak (10 p.p.m.) solutions of NaPCP to direct sunlight
for eight hours almost completely destroyed the biological activity of this
product (Dobrovolny & Haskins, 1953). The effect is due to the photo-
chemical decomposition of NaPCP in alkaline solutions (Paulini, un-
published data). There is no evidence, however, of its being a factor to
be taken into consideration under field conditions, since the snail habitats
are mostly shaded and the water too deep for the penetration of the sun's
rays.

Several authors (Aguirre, Fran9a & Tavares, 1955; Jove, 1956; Parent
& Lietar, 1955) recommend that the snail habitats should be cleared of
plants before the application of molluscicide, in order to facilitate the
distribution of the chemical. This is a very expensive operation, involving
much manual labour and exposing the workers to infection. Under some
conditions it may be possible to dispense with the removal of vegetation
by using more powerful motor-driven pumps for the application of mol-
luscicide, since the high-pressure jet (2-5 atmospheres) penetrates even the
most dense plant cover (Paulini, 1957a).

Higher temperatures increase the efficacy of molluscicides according
to some workers (Hoffman & Zakhary, 1951; Kuntz & Wells, 1951).

The specific susceptibility of the snail vector may vary slightly in
different regions (Newton & Haskins, 1953), but it is not so great as to
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influence the snail-control operation and there is as yet no evidence of snail
resistance to molluscicides. Paulini & Pellegrino (1956), in some recent
experiments, have shown that the infected snails are about twice as suscep-
tible to the action of NaPCP or CuSO4 as the non-infected ones.

Repopulation of Snails after Treatment

The final test of every snail-control operation is the length of time
before the treated area becomes repopulated. Some factors influencing
this process are known, others are controversial, and probably many are
still unknown.

The survival of snails outside the water has already been mentioned,
as has the possibility of some egg-clusters escaping the toxic action of the
chemical. In some recent experiments (Chaia, Paulini & Queiroz, 1956) it
was shown that the egg-clusters were more resistant to the lethal action of
CuSO4 than were the adult snails. With NaPCP in place of CuSO4 the sus-
ceptibility was reversed, the eggs being more susceptible than the adults.
These findings may explain some of the long-lasting good results obtained
with NaPCP. It is also possible that snails may be introduced from
untreated areas.

It has still not been established that snails can escape the lethal action
of the molluscicides by burrowing into the mud. Laboratory experiments
do not support this theory (Perlowagora-Szumlewicz, 1955), but some
field workers have found living snails in the mud or under a soil cover
10-40 cm deep (Watson, 1951; Lobato Paraense, 1955).

The resistance of snails to desiccation is one of the most important
aspects of the biology of snail vectors insofar as the repopulation problem
is concerned (Barbosa & Dobbin, 1952).

Cost of Moliuscicidal Operations

There are few data available with regard to the cost of molluscicide
application. Veloso (1953) calculated the cost of copper sulfate treatment
for an area of six hectares to be Cr$ 0.27 per m2 (US$ 0.002), labour
accounting for 30% and the materials consumed for 70%.

According to an estimate worked out at the Centro de Pesquisas de
Belo Horizonte, the application of molluscicides by motor-driven pumps
at rates of 200 m2 per man-hour and 2g per m2 of NaPCP would cost
Cr$ 0.16 (US$ 0.001) per m2, not including transport, inspection survey,
administration expenses and depreciation of equipment. The proportion
of cost of materials to cost of labour is 2:1.

The rate of application with sprinkling cans is about 30-50 m2 per man-
hour (Dobrovolny, personal communication). According to these figures,

20
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the proportion of cost of materials to cost of labour would be 2: 4, and the
total cost of application would be doubled.

Various authors (Pesigan, 1953; Meleney, 1954; Schwetz, 1954) consider
snail control by application of molluscicides to be too expensive at the
present time. It seems that more detailed studies are required before a
definite judgement can be made in this respect.

Results obtained in the Field

Dobrovolny & Barbosa (1953), in extensive field studies, reported
that with only one application ofNaPCP they obtained a 90-100% reduction
in the number of snails after varying periods of time-namely, one month
after treatment in 42 streams (67% of the total number of streams), two
months after in 31 streams (49 %), and three months after in 15 streams
(24 %). Repeated applications, usually at an interval of three to four
months, maintained the snail population at a very low level. When the
most effective methods of application were used, no snails were found for
periods ranging from 4 to 12 months after treatment. Vaughn et al. (1954)
obtained a 100% reduction in snails for six months after application of
NaPCP.

Good control has been obtained with NaPCP and DCHP in Japan
(McMullen et al., 1951a, 1951b; Hunter et al., 1952), where two applica-
tions, one in the spring and the other in the autumn, reduced the snail
population by 95 % and 990%, respectively.

Complete control for five months after treatment with copper sulfate
has been reported by Veloso (1953). An average of 92% reduction in snail
numbers was obtained in the State of Bahia, Brazil (Aguirre, Fran9a &
Tavares, 1955). Copper sulfate treatment gave a reduction of 95 % in Iraq
(Zakaria, 1955) and effected the virtual elimination of Bulinus from the
western oases of Egypt (Egypt, Ministry of Public Health, 1954).

The effect of snail-control measures on the incidence and severity of
bilharziasis in man is inconclusive. The few existing data available, from
Puerto Rico (Biaggi, 1950), Japan (Ritchie, 1955) and Africa (Maclean
& Hay, 1954), do not permit assessment of the molluscicide treatments
alone, because other control measures were also used. Definite information
in this respect will be available only after the carrying-out of carefully
planned pilot experiments, which must be continued over a period of years
to make proper evaluation possible.

Conclusions

Various workers engaged in bilharziasis control agree that the applica-
tion of molluscicides is a very useful snail-control measure because it can
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be carried out without the active co-operation of the people and brings
about a rapid reduction in the snail population; but it is generally considered
a temporary measure and relatively expensive. A review of the work already
done on molluscicide treatment shows the need for further field studies
if the real value of this method of control is to be assessed. It is suggested
that it would be desirable to:

(a) continue the screening of chemicals for molluscicidal activity in
the hope of finding better and cheaper molluscicides;

(b) develop new formulations for the known molluscicides with a
view to increasing their efficacy and ease of application;

(c) study and experiment with various methods of application with a
view to reducing the cost of treatment;

(d) determine the best season for molluscicide application in each region,
through ecological and other studies of the local snail vectors;

(e) study the factors which affect repopulation after treatment and find
methods of preventing it;

(f) study the factors which reduce the efficacy of molluscicides;
(g) establish the role of snail control in the struggle against bilharziasis,

after some of the above-mentioned problems have been resolved.

RJtSUMI!

L'auteur passe en revue les principaux molluscicides utilises. 11 evalue leur efficacite
relative et celle des produits chimiques en general dans la lutte contre la bilharziose.
Les milliers de molluscicides essayes en laboratoire peuvent etre classes en trois groupes:
les ph6nols, les sels metalliques et les composes mixtes.

Ce sont les phenols halogenes, leurs sels metalliques et les dinitroalkyles qui sont les
plus actifs sur les mollusques. Le pentachloro- et le pentabromo-phenol, a raison de
10 p.p.m. tuent les cercaires, les miracidia et les ceufs de schistosomes. A la suite d'essais
sur le terrain, on considere que le pentachlorophenol, son sel sodique et le dinitro-cyclo-
hexylphenol sont parmi les molluscicides d'avenir. Ils sont employes de plus en plus dans
diverses parties du monde.

La toxicite pour les mollusques de sels de cuivre tels que le sulfate, le carbonate ou
la bouillie bordelaise, est bien connue. Des composes organiques de cuivre semblent egale-
ment actifs et l'action oligodynamique du cuivre m6tallique sur les mollusques a 6t6
signalee. Les composes organiques du mercure, tres actifs, sont d'un usage trop dangereux
pour se generaliser. Le sulfate ferreux, a la concentration de 2-20 p.p.m. serait letal en
presence d'acide tartrique et non toxique pour les poissons. Les mollusques atteints par
des composes organo-phosphores meurent, le corps relache, hors de la coquille. On a
suggere d'augmenter l'efficacite des molluscicides usuels en leur ajoutant ces substances
qui, faisant sortir les mollusques de leur coquille, leg rendent plus vulnerables. Les sels
quaternaires d'ammonium sont plus toxiques pour les mollusques que les pentachloro-
phenates et moins toxiques pour les autres animaux. La saponine est l6tale i des concen-
trations superieures a 20 p.p.m., ainsi que l'ont montre certains auteurs au Venezuela,
au Bresil et au Kenya, utilisant pour les preparer les racines et les feuilles de plantes tres
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communes dans ces pays. L'acide abietique et la Resinamin D, extraites de resines, sont
efficaces dans les eaux dormantes A raison de 10-20 p.p.m.

Les molluscicides solubles dans l'eau sont utilises sous forme solide ou en solution.
Les composes insolubles doivent etre 6mulsifies, ce qui est difficile sur le terrain. La dose
letale en laboratoire ne correspond guere a la dose letale dans la nature. C'est sur place,
dans les eaux courantes ou dormantes suivant le cas, qu'il faut etablir la dose utile. Les
chercheurs s'accordent a preferer, pour son efficacite et son coat moindre, l'application
de faibles doses pendant un temps assez long, plutBt que la formule inverse. Les rives
des collections d'eau, sur lesquelles se sont refugies ou ont echoue les mollusques seront
traitees aussi, suivant le degre d'humidite et le type de vegetation.

L'auteur passe en revue les diverses techniques d'application et la frequence des
traitements, suivant les saisons et le stade de developpement des mollusques. Les composes
toxiques peuvent perdre dans 1'eau une partie de leur efficacite. L'alcalinite favorise la
precipitation des sels basiques de cuivre. Ainsi, une heure apres que l'on ait repandu
20 p.p.m. de cuivre, on peut n'en retrouver plus que 1 p.p.m. La boue peut fixer jusqu'A
450-960 p.p.m. de cuivre qui, sous cette forme adsorbee, est sans action sur les mollusques.
Le pentachlorophenate est moins fortement adsorbe par la boue que les sels de cuivre.
Les rayons solaires directs detruisent en quelques heures l'activite de cette substance.

La sensibilite specifique des mollusques peut varier d'une region a I'autre, mais
pas assez toutefois pour influencer le resultat des traitements. On ne connait pas
d'exemple de resistance des mollusques aux molluscicides. Les mollusques infectes par
les schistosomes sont deux fois plus sensibles A l'action du pentachlorophenate que les
mollusques sains.

La duree de la periode qui separe le traitement des eaux de leur repopulation par les
mollusques sert de crit6re d'evaluation du succas de la lutte. Certains auteurs ont obtenu
une reduction de 90-100 % du nombre des mollusques un, deux ou trois mois apres le
traitement. Des applications de molluscicides repet&es tous les 3-4 mois maintiennent la
population des mollusques a un niveau tres bas.

11 est difficile de preciser les effets de la destruction des mollusques sur l'incidence de
la bilharziose, car dans la plupart des cas, d'autres mesures de lutte sont appliquees en
meme temps. Le traitement par les molluscicides est tres utile, de I'avis general, parce
qu'il peut etre applique sans le concours de la population, et qu'il entraine une rapide
reduction du nombre des mollusques. Mais il est cofiteux et n'a qu'un effet passager.
Les recherches doivent etre poursuivies dans diverses directions: examen de nouvelles
substances, actives et peu cofuteuses; augmentation de l'efficacite des molluscicides
connus, par de nouvelles combinaisons chimiques; reduction du cout d'application du
traitement et d6termination de la saison la plus favorable, d'apr6s le regime hydrogra-
phique et la biologie des mollusques locaux ; etude des facteurs qui determinent la repo-
pulation et des moyens de l'empecher, ainsi que de ceux qui diminuent I'efficacite des
produits chimiques ; evaluer ensuite le role de la lutte chimique dans l'ensemble des
proced's de lutte contre la bilharziose.
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