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Investigations on the Control of Bilharziasis Vectors
in Israel *
Z. SALITERNIK, M.Sc., Ph.D.' & G. WITENBERG 2

In spite of the arrival in Israel over the past decade of large numbers of immigrants
infected with bilharziasis and although during that period there have been two sporadic
outbreaks of the disease, there seems little immediate danger of bilharziasis spreading
in the country. However, hydrographical, agricultural and economic conditions are subject
to rapid changes in Israel and the present favourable situation may not be lasting. In
anticipation, therefore, ofpossible outbreaks, laboratory experiments have been conducted
to evaluate the efficacy in the control of Bulinus ova and adult snails and schistosome
cercariae ofa number ofknown molluscides and other substances. Although similar studies
have been made in several other countries, it was felt advisable to repeat them under local
hydrological conditions, particularly in view of the high carbonate content of the local
waters. While most of the substances tested exert some molluscicidal action, only copper
sulfate, sodium pentachlorophenate and common salt were found to be ofpractical value.
EPIDEMIOLOGY OF BILHARZIASIS IN ISRAEL

The following is a summary of investigations on
bilharziasis in Israel by the present authors, published in 1957 (Witenberg & Salitemik), and of
additional observations made subsequently.
The epidemiology of bilharziasis in Israel is
constantly changing. During the ten years in which
Israel has been an independent State, some half
a million immigrants from endemic regions in Asia
and Africa have entered the country: about 32%
of them from Morocco, 26% from Iraq, 10% from
Yemen and 6% from Iran. The epidemiological
analysis of Heller (1953) and the immunological
tests carried out by Davies & Eliakim (1955) showed
the following infection rate in the immigrants: from
Yemen 34 %, Iraq 8 %, Iran 6 %. Subsequently 13 %
of a group of 700 immigrants from Marrakech
(Morocco) proved to be infected with Schistosoma
haematobium. It is thus estimated that by 1953
30 000-40 000 immigrants from the Near Eastern
countries were carriers and at least 12 000 of them
* The work reported here is the second part of a
research
project on bilharziasis in Israel supported by a grant from
the Ford Foundation.
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excreted schistosome eggs. About 74 % of the cases
were infected with Schistosoma mansoni (mostly
from Yemen) and 26% with Schistosoma haematobium.
During the last ten years new cases of bilharziasis
have occurred as a result of two small outbreaks:
one, in 1951, involving 19 boys who contracted
Schistosoma mansoni while bathing in the Yarkon
river, near Tel-Aviv (Frankl, 1953); and the second,
in 1955, when about 100 schoolchildren became
infected with S. haematobium after bathing in a
water-storage reservoir in the settlement Tirat-Zvi
in the Beit-Shan district (Sosnitzky, 1957).
In the meantime many cases of S. mansoni infection have recovered spontaneously or as result of
treatment. Many people who were diagnosed as
infected with Schistosoma several years ago have
ceased to pass ova. Treatment was mainly responsible for the disappearance of Schistosoma haematobium, which can be more easily cured, although
its longevity appears to be greater than that of
S. mansoni.
Ecology and bionomics of Bulinus truncatus
As shown in our earlier paper (Witenberg &
Saliternik, 1957), the vector of Schistosoma haema-
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tobium, Bulinus truncatus, is widespread in Israel.
The vector of Schistosoma mansoni, Biomphalaria
alexandrina, which in the past was found only in
one focus, the Yarkon river, disappeared two years
ago, and we shall therefore restrict ourselves to
Bulinus. Up to the present the breeding of this
snail has been recorded in about a hundred local
foci. It is scarce in the hilly regions and in the
Negev area, which are poor in perennial natural
waters; the waters in the Negev, moreover, generally
have a high salt content.
In Israel Bulinus truncatus breeds in stagnant
water or in streams running up to 20 cm per second.
It prefers basins with a loamy bottom and a rich
horizontal vegetation, although in several instances
it has been found in dug fish-ponds or even in
concrete reservoirs devoid of visible plant life. The
plants serve as food, aerators, shelter from current
and sites for egg-laying. The snails are often seen
crawling on the bottom foraging on the organic
deposit rich in micro-organisms. In places where
there are no plants on which to lay eggs, the latter
are glued on to occasional extraneous objects or
even on to shells of similar snails. Large basins
with unsheltered banks subjected to relatively
strong waves (lakes, storage reservoirs, fish-ponds)
are unsuitable for Bulinus snails, but they may
occasionally be found in these sites among plants
or in crevices between stones, etc.
Bulinus apparently needs water containing some
dissolved organic matter, but excessive pollution
with urban and industrial wastes is harmful and may
even exterminate it. The optimum temperature is
25'C. The life-span of Bulinus is about 18 months
under optimal laboratory conditions. During this
period, the snail lays about 50 egg-clutches (each
containing 5-20 eggs) at irregular intervals. We may
quote one of our observations as an example of the
fertility of Bulinus: in November 1956 six adult
Bulinus snails were put in an aquarium in the
laboratory; they immediately commenced egglaying and a month later 170 young snails were
counted.
Fluctuations in the occurrence and density of a
Bulinus population in any particular spot are wide
and vary with the site, season and year as a result
of meteorological and other natural factors. There
are usually two peaks in their multiplication, one
in the early summer and the other in the late
autumn. In some instances the snails may multiply
to enormous numbers or, on the contrary, disappear
for unknown reasons.

The ability to survive dry periods by burrowing
in the muddy bottom of a slowly drying habitat
is one of the most important factors responsible
for the persistence of Bulinus in certain localities.
In such instances some specimens may remain alive,
but inactive, up to seven months. Subsequent
inundation awakens them and they crawl out into
the water and return at once to full activity and egglaying. However, if the water basin is drained
rapidly, snails die en masse because they cannot
survive rapid desiccation. Another physiological
characteristic allowing Bulinus to survive adverse
conditions is its ability to live for long periods
without visible food. In the laboratory this snail
may survive weeks without food, apparently existing
on the almost invisible layer of algae growing in
the glass vessel.
Winter torrents in natural water-courses, or
occasional rapid currents in drainage ditches, etc.,
may quickly wash away most of the Bulinus population and transfer it to the lower courses of the
stream or deposit them in the sea. During this
process Bulinus snails may be trapped in deep
bottom depressions, where they survive and return
to normal activity and breeding when suitable conditions have been re-established. In years with a warm
winter poor in rainfall many snails survive and
breed even during the winter season.
The highest chloride concentrations in which
Bulinus was found under natural conditions corresponded to 1140 parts Cl per million. In laboratory
conditions and in certain circumstances in nature,
the snail may survive higher concentrations for
limited periods. In the lower parts of water-courses
the lethal influence of the sea tide on these snails
may sometimes be effective for several kilometres.
Influence of human activities
The hydrographic conditions in the country
change constantly with the developing water management, and the distribution of the vectors changes
accordingly. Snails often disappear from places
where they were hitherto abundant or appear in
places where they were previously unknown. Apart
from deliberate snail control some human activities
may unintentionally influence the snail population
in either of these ways.
Among the human activities which are favourable
to the spread of Bulinus are: water storage for
irrigation and fish breeding; flooding by dams;
transfer of snails with water from breeding foci;
transfer of snails with fishing implements; introduc-
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tion of vectors with living fish brought from infected
ponds; slight pollution of natural waters with
domestic sewage; widening or deepening streams
(for instance, around pillars of bridges or near
irrigation pumps); creation of pools through seepage
and leakage of irrigation systems and fish-ponds;
neglect in care of channels, resulting in silting or
choking by vegetation; introduction of water plants
suitable for snail breeding.
The human activities which are deleterious to
Bulinus are: the emptying of salt water from factories as waste into rivers or streams; strong pollution
with urban and industrial sewage; increasing the
current in ditches to over 20 cm per second; removal
of water plants, mechanically or with herbicides;
rapid emptying of water reservoirs or water-courses.
Two examples of the most striking changes
observed may be cited. One is the complete disappearance of Biomphalaria alexandrina from the
Yarkon river (where it was breeding until two years
ago) as a result of the introduction of sea water
and excessive sewage into the stream. The second
example is the appearance of intensive breeding of
Bulinus in a system of irrigation reservoirs extending
over a distance of 100 km between Rosh-Haayin
(near Tel-Aviv) and Beersheba, erected one year
earlier and fed by spring water.
Predators
As noted in our previous communication (Witenberg & Saliternik, 1957), we could not attribute
any serious influence to the action of various predators and parasites on snail populations. We found
none which would give hope of biological control.
De Bont & De Bont-Hers (1952) and others observed
a reduction in sUail populations as a result of the
activity of snail-eating fish and proposed to use
these fish for the biological control of Schistosoma
vectors. Fish-breeding constitutes an important
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branch of local agriculture (some 8000 acres are
covered with fish-ponds), and numerous fish-ponds
have been found to harbour Bulinus snails in spite
of the four fish species-carp, Tilapia gallilea, T.
cili and T. nilotica-which are bred in them. In
some cases even fish-ponds kept in good condition
and devoid of plants harboured a rich snail population. It appears that the above fish species cannot
be regarded as a deterrent to Bulinus breeding in
fish-ponds.
Conclusions
It may be seen from the foregoing paragraphs
that in the absence of vectors there is no likelihood
of the spread of Schistosoma mansoni at present
in spite of the presence of numerous carriers. But
the wide distribution of Bulinus makes the threat of
Schistosoma haematobium very real, in spite of

relatively few carriers. The spread of this form of
bilharziasis is, however, limited for several reasons.
It has been found that the local strain of Bulinus
appears to be incompatible with the imported
Moroccan or Iraqi strains of Schistosoma haematobium, and under laboratory conditions a small
proportion only of the snails become infected, and
that irregularly. On the other hand, local hydrographic conditions and habits of the population do
not facilitate direct contact between man and
Bulinus-infected waters; the water for irrigation is
mostly pumped from springs or deep wells and is
carried through pipes or concrete ditches; all linenwashing is done under home conditions; people
avoid bathing in polluted waters, and so on.
In the past, natural basins were the main breeding
foci of Bulinus snails; at present, artificial ponds
and reservoirs are becoming increasingly important.
Potential dangers of infection involve mainly schoolchildren bathing during the summer months and
workers in fish-ponds.

LABORATORY EXPERIMENTS WITH CHEMICALS ON CONTROL OF BULINUS OVA AND
ADULT SNAILS AND SCHISTOSOME CERCARIAE

Laboratory experiments were carried out in order
to determine the effect of chemicals dissolved in
local water, which contains much calcium carbonate,
mostly 20-40 p.p.m., on Bulinus snails, their eggs,
and cercariae of Schistosoma. The lowest concentration which causes 100% mortality during 24
hours, and the minimum period necessary for

achieving 100% mortality with different concentrations were taken as criteria of efficacy.
As the aim of these experiments was to find
practical ways of controlling molluscs under local
conditions, stress was laid on molluscicides which
had already been investigated and approved elsewhere, were available on the local market, and were
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comparatively inexpensive. A few chemicals were
included which are used locally in agriculture or in
malaria control, in order to find out what influence
they may exert on the snail population. No attempt
was made to evaluate new molluscicides.
In all experiments chlorine-free local tap water
was used as diluent. In every experiment a comparable number of ova or snails were kept as controls
in tap water, for it was found that this is perfectly
suitable for normal maintenance and breeding of
Bulinus. All experiments were carried out at a
constant temperature of 25°C. The results served
later as a basis for field experiments.
EXPERIMENTAL METHODS WITH OVA AND SNAILS

Ova of Bulinus snails were tested with only two
chemicals: technical-grade sodium pentachlorophenate (Santobrite, produced by Monsanto Co.) and
copper sulfate. The experiments were carried out
either on eggs laid on the inner walls of glass jars
or on egg-clutches removed from plants and kept
in shallow Petri dishes. The first method has the
advantage that individual egg-clutches labelled on
the outer side of the jar could be observed during
the experiment through a lens without disturbing
them in any way. The disadvantage of this method
is that it is not always possible to get the necessary
number of jars with comparable numbers of eggclutches for an experiment.
In experiments carried out in jars the latter were
filled with the solution of the substance tested which
was removed after 1, 3, 6, 12 and 24 hours, and
replaced by chlorine-free tap water with the addition
of aerating plants. The results were observed
during 20 days from the beginning of the experiment.
In the experiments with detached eggs a suitable number of the egg-clutches was placed in glass
dishes containing various dilutions of the chemical
tested. Some of the eggs were removed with fine
forceps 1, 3, 6, 12 and 24 hours after exposure,
rinsed in tap water and put in plain water
together with a piece of Ceratophyllum in a clean
Petri dish. A comparable number of untreated
egg-clutches were observed in plain water in a
Petri dish for control. Results were observed during
20 days.
It is easy to judge the reaction of the embryo
within the egg from its movement: living embryos
in all stages of development move inside the egg
slowly but incessantly. Changes in the embryo can
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therefore be easily observed; its whole development
lasts 12-14 days under normal conditions. For the
purpose of this investigation we distinguished 6
gross stages in the development of the embryo

(Fig. 1):
(a) a small, round group of cells; motionless;
attached to the inner side of the egg-shell (morula
stage);
(b) a group 2-3 times the initial size, consisting of
yellow cells surrounded by a narrow concentric
transparent rim; rotates slowly;
(c) embryo beginning to take shape; bent oval;
shell base formed; small snout distinctly visible;
slowly contracting; rotates;
(d) early shell distinct; snout big; contracting;
rotates and moves around but does not crawl;
(e) young snail formed; eyes visible; shell with
an almost whole whorl; nearly half diameter of the
egg; heart beating; contracts and moves around by
means of ciliar activity but does not yet crawl;
(f) shell has 1 1/2 whorls; snail crawling on the
inner side of the egg-shell, eventually tearing it
with the radula.
Experiments with adult snails were carried out
in 1-litre glass bowls in each of which 50 snails
were placed. After varying intervals groups of 10
snails were removed from every bowl, rinsed in
a sieve under a strong jet of tap water and placed
in a glass container with clear water and food.
Results were read 24 hours after the removal of
the last batch of snails; the number of living snails
was compared with that of the dead ones, which
were easily recognized. Experience has shown that
an observation period longer than 24 hours has
practically no advantage, as affected snails do not
survive a longer period.
An example of a protocol of one of these experiments is presented in the accompanying table.
EXPERIMENTAL RESULTS WITH OVA AND SNAILS

Common salt (NaCi)
In 3 % solution Bulinus snails and their eggs die
within one hour; in 1 % they die after 6 hours. In
order to obtain 100% mortality during 24 hours a
concentration of at least 0.5 % is required for
adults, while eggs can live and develop in this concentration for a week. Not all snails die in a concentration of 0.25% even after 36 hours, and the
eggs can attain final development in this concentra-

165

CONTROL OF BILHARZIASIS VECTORS IN ISRAEL

FIG. I
DEVELOPMENTAL STAGES OF BULINUS EMBRYO

d

e

tion, though young snails die soon after hatching.
Lower concentrations do not kill Bulinus even after
7 days' exposure.
EXAMPLE OF RESULTSa OBTAINED WITH
SODIUM PENTACHLOROPHENATE ON BULINUS SNAILS
Parts per million
of
Hours oControl
eposure
exposure
50
20
10
5

1

7/3

10/0 10/0

10/0

3

0/10
0/10
0/10
0/10

2/8 6/4
0/10 3/7
0/10 0/10
0/10 0/10

8/2
5/5
2/8
0/10

6
12

24

I

Magnesium sulfate (MgSO4,7H20)
The pure crystallized salt was applied. Ova of
Bulinus develop and hatch after being kept for 30
hours in 3 % MgSO4 (15 g of dry substance per
litre), but some of the young snails die soon after
hatching; 100% of adult snails die after submersion
in a 3 % solution for 12 hours but can withstand a
2% solution for 24 hours.

1

10/0
10/0
10/0
10/0
7/3

a Expressed as the number of snails surviving over the
number dying.

Copper sulfate (CuS04, 5H20)
Solutions of 1, 5, 10, 20 and 50 p.p.m. of copper
sulfate crystals (technical grade) were tested. When
CuSO4 is dissolved in the local tap water, which is
rich in calcium carbonate, a white deposit of copper
carbonate is formed. Therefore a 1: 1000 solution
of CuS04 in distilled water was used as stock solution, which was subsequently diluted with tap water.
It was observed that copper sulfate acts on snails
directly in solution; they are also subject to the
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action of copper carbonate, which they ingest after
scratching the deposit from the walls of the jar with
the radula. We realized that an almost invisible
film of copper compound is left on the wall of the
vessel in which CuSO4 solution remained for some
time. We experienced several failures at the beginning
because of the presence of this deposit; and we
therefore subsequently cleaned all vessels thoroughly before each experiment.
Experiments on ova gave the following results:
50 p.p.m. kills 100% of ova in 1 hour.
20
10
5

,,
,,
,,

,,
,,
,,

,,
,,
,,

,,,, 3 hours.
,,
,, 6 hours.
,,
,, 24 hours.

On adult snails these figures were obtained:
15-20 p.p.m. kills 100% of snails in 6 hours.
5-10 ,,
,,
,,
,,
,, 24 hours.
A solution of 1 p.p.m. is fatal for about 80% of
both eggs and adults during a 24 hours' exposure.

Sodium pentachlorophenate
The results of experiments with this compound
on ova were:
20 p.p.m. kills 100% of ova in 1 hour.
10
5

,,
,,

,,
,,

,,
,,

,,
,,

,,
,,

6 hours.
24 hours.

Varying proportions of the snails hatched from
eggs which were subjected to the action of 5 p.p.m.
of sodium pentachlorophenate died soon after
hatching.
On adult snails, the figures were:
50 p.p.m. kills 100% of snails in 6 hours.
20 ,,
,,
,,
,,
,, 12 hours.
10 ,,
,,
,,
,,
,, 24 hours.
5 ,, kills none in 24 hours.
Slaked lime (Ca (OH) 2)
Slaked lime is used as a molluscicide in Japan,
according to Miyajima (1939) and others, against
amphibious snails, which live at the water's edge.
Our experiments showed that even a solution of
1: 5000 does not ensure 100% mortality of Bulinus
(which lives immersed in water). This compound
therefore proved of no use as a molluscicide under
local conditions.
Formalin (38% formaldehyde solution)
This produced 100% mortality during 24 hours
in a concentration of 1: 2000, which is too expensive
and therefore impractical for use in the field.
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Potassium arsenite
This is sometimes introduced in fish-ponds at
the rate of up to 2 p.p.m. to control excessive
growth of algae. In our experiments it did not
show sufficient action on Bulinus even in a solution
of 10 p.p.m.

Calcium cyanamide
This is widely used as an artificial manure and
possesses some molluscicidal properties. It is very
slightly soluble in local tap water. In the form of a
suspension of fine powder it showed inconstant
action even in concentrations of 0.75 % and thus
it cannot compete with more effective molluscicides.
Ammonium sulfate ((NH4) 2SO4)
This is widely used in Israel, in amounts of 10
p.p.m., in fish-ponds as a plankton promoter or as
inhibitor of the injurious flagellate Prymnesium.
Our experiments have shown that a solution as
high as 50 p.p.m. does not ensure 100% mortality
of Bulinus after 24 hours.
Dieldrin
This was used in the form of a 20 % emulsion.
The following results were obtained:
20 p.p.m. kills 100% of snails in 6 hours.
10
,,
,,
,,
,, 24 hours.
1 ,,
,,
,,
,, ,, 24 hours(notalways).
Rotenone
One experiment was carried out, which showed
the following:
100 p.p.m. kills 100% of snails in 6 hours.
20 ,,
,,
,,
,,
,, 24 hours.
Dinitro-ortho-cresol
The tested material contained 4.3 % of the active
substance.
60 p.p.m. kills 100% of snails in 6 hours.
6 ,,
,,
,,
,,
,, 24 hours.
Shell PGE-10 herbicide
1/10 000 did not affect snails after 24 hours.

Dalapon herbicide (a,a-dichloropropionate)
This substance does not kill snails during 24 hours,
even in a concentration of 50 p.p.m.
Styrax
Local inhabitants used to catch fish by poisoning
them with the fruits of Styrax officinalis (now
forbidden). It was observed that this poison also
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kills snails. A few tests showed that the husk of the
fruit contains most of the active principle, while the
kernel contains only a small quantity, and the poison
is not sufficiently active to make it useful as a molluscicide. The following are the results of two experiments made with a suspension of powdered fruit:
Husk:
1: 1000 caused death of all snails after 3 hours.
1:10 000 ,,
,, ,, ,, ,, ,, 24 hours.
1: 100 000 did not affect snails.

Kernel.
1: 1000 killed 20% of snails after 24 hours.
1: 10 000 did not affect snails.

Copper ore
There are indications that copper ores (malachite,
containing copper carbonate-see Mozley, 1941)
may be used as an inexpensive molluscicide. There
is no malachite on the local market but copper ore
of the chrysocola type (containing copper silicate)
is found in the Timna Valley. Pulverized rock was
tested; 1 g was dispersed in a 1-litre jar, where it
soon settled, and 20 snails were put in; 4 of them
(20 %) died after 24 hours. In other tests 0.1 g of the
rock-powder did not affect the snails.

Conclusion
Although the above experiments were not sufficient
to determine the exact effectiveness of all the
chemicals tested, they are sufficient to indicate that
only CuSO4 and sodium pentachlorophenate are of
practical use as molluscicides. Rotenone, dieldrin
and dinitro-o-cresol have strong molluscicidal properties but are expensive; the latter two are also
toxic for man, animals and fish, and therefore not
practical for wide application.
EXPERIMENTS WITH CERCARIAE

It may be noted that chlorine, which is universally
used for the sterilization of drinking-water, will, as

shown by Witenberg & Yoffe (1938), quickly kil
the schistosome cercariae (at the standard rate of
0.8-1.0 p.p.m., depending on the form of chlorine
used) in cleared river water. In uncleared water
containing organic matter, the amount of chlorine
should be adjusted so as to leave 0.4-0.6 p.p.m. of
available chlorine ten minutes after mixing.
In the present studies the following experiments
were carried out with cercariae.
Freshly shed cercariae of S. mansoni in rich
2-ml suspensions were mixed in small dishes with
similar volumes of various dilutions of the substances tested. In the control dish 2 ml of plain
water were added. Results were read after varying
periods. Dead cercariae may be readily recognized
by lack of any movement and permanent straightening of the caudal furcae.
Common salt
In 2% of NaCl cercariae are killed at once. In
1 % NaCl 100% die after 24 hours' exposure (the
normal life span of cercariae is not much longer
than this period). In 0.7% NaCl not all cercariae
are killed even after 24 hours' exposure.
Ammonium sulfate
A concentration of 1: 1000 is the minimum
required to kill all cercariae in 24 hours.

Copper sulfate
Solution of 10 p.p.m. kills all the cercariae in
6 hours, 5 p.p.m. after 9 hours, 1 p.p.m. after
20 hours.
Sodium pentachlorophenate
It was found with this compound that:
10 p.p.m. kills all cercariae after 1 hour.
5
3
1

,,
,,
,,

,,
,,
,,

,,
,,
,,

,,
,,
,,

,,
,,
,,

3 hours.
6 hours.
12 hours.

EXPERIMENTS AND OBSERVATIONS ON DESTRUCTION OF BULINUS SNAILS
IN THE FIELD
EXPERIMENTAL SITES

The experiments described below were carried out
in sites where Bulinus was abundant and easily
observed. (These are shown in Fig. 2, which also
shows all places where molluscicides were tested
during the period 1952-53.)

There are indications by various authors on the
use of food traps (palm leaves, etc.) in order to
detect Bulinus snails when they are scanty. Our
attempts to devise traps in which choice food was
placed did not succeed. Bulinus snails apparently
crawl blindly on the bottom and only by chance
reach plants or suitable food on which they may
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FIG. 2
ANTI-BULINUS CAMPAIGN IN ISRAEL, 1952-58
Sites In which molluscicides
wero tested:
1. Government fish-ponds,
Ginossar
2. Wadi Rabadyle and N.W.
shore of Lake Tiberias
3. Drain of fish-ponds, TelKazir
4. Irrigation ditch, Gesher
5. Storage reservoir, HavatShmuei
6. Storage reservoir, BeltYossef
7. Storage reservoir, HavatDeshen
8. Fish-pond, Reshafim
9. Storage reservoir, Reshafim
10. Swamp near Beit-Shan
11. Fish-ponds, Ein Hanaz1v
12. Fish-ponds, Kfar Rupin
13. Fish-ponds, Shiukhot
14. Storage reservoir, HavatShifa
15. Canal, Abu-Farage
1S. Storage reservoir, Tirat-Zvi
17. Drains, Kfar Masaryk
18. Naamein springs
19. Old Naamein branch
20. Kurdani Swamp
21. Fish-ponds, Kfar-Makabi
22. Fish-ponds, RamatYbhanan
23. Storage repervoir, Hassoliim
24. Fish-ponds, Dor
25. Becker's well
26. Difla swamp
27. River Hadera
28. Wadi Zarghanya
29. Wadi Um-Haruz
30. Uyoun-es-Sawar
31. Wadi Hadera
32. Damaira swamp
33. Tcherkas swamp
34. Birket Safra
35. Birket-Taz
36. Zelta drain
37. Wadi Forein
38. Birket Ata swamp
40. Yarkon river
41. Sutitsky swamp
42. Wadi Mir
43. Wadi Abu-Lejja
44. Wadi Sukreir (Lakhish)
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eventually concentrate. We found the use of food
traps of no value. We observed, however, that the
tendency of Bulinus to look for shelter from the
current in quiet corners may be utilized to trap
them, and it is sometimes possible to detect the
presence of small numbers of Bulinus snails in
streams, with the following type of trap. Square
structures consisting of a network of interwoven
twigs of eucalyptus, not wider that one-third of the
width of the stream and higher than the depth of
the water, are fastened to the bank in such a way
that their lower rim reaches to the bottom and they
form an angle with the bank of approximately
450, opening against the current. Two or three
pairs of such structures placed opposite each other
5-10 metres apart make a system of quiet corners
which serve as snail traps (Fig. 3). Once introduced,
the snails do not return to more turbulent midstream waters and may start breeding on the leaves.
Such a system, left for some time, may reveal the
presence of snails which are otherwise hard to
detect.
FIG. 3
SCHEMATIC DIAGRAM OF BULINUS TRAP
5-10 Metres-

7/7

E
to
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_
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.\E

trop

comparison.
As numerous Bulinus snails remain alive for some
time inside heaps of removed water plants, we
burned or otherwise destroyed the plants in order
to avoid the reintroduction of snails into the water
on the feet of men or animals or by wind. Two
months after treatment only a few Bulinus could be
found among the remains of plants in the first pool.
In the two partially cleared ponds a few Bulinus
were found in every scoop. In the pool which was
not cleared the number of Bulinus was very large.
Favourable results were observed in the following
year in the pond from which plants had been removed most thoroughly, while in the ponds from
which plants were only partially removed a large
snail population was re-established. There is no
doubt that keeping fish-ponds free from vegetation
reduces the breeding capacity of snails and keeps
their numbers down.
ERADICATION OF WATER-HYACINTH IN YARKON RIVER,

1954

'a-;

Direction of the flow -

trap

four fish-ponds in Galilee (in April). The bed of the
fish-ponds contained a thick growth of Potamogeton
pectinatus, Nitella translucida and Myriophyllum sp.,
as well as a rich population of Bulinus. In one of the
ponds thorough plant clearing was carried out
consistently. In two other ponds clearing was
partial, and the fourth pond was left untreated for

trap

REMOVAL OF AQUATIC VEGETATION

Although Bulinus may thrive and multiply in
tanks and reservoirs devoid of plants, removal of
aquatic vegetation generally deprives snails of one
of the important factors which facilitate their breeding. It should therefore be regarded as one of the
important control measures. Removal of vegetation
from natural waters is often a difficult and neverending task. It is, however, practicable in certain
local conditions, for instance, near settlements in
fish-ponds, water reservoirs, etc., which provide
an immediate threat of the spread of bilharziasis.
In order to evaluate the practicability of this
measure in fish-ponds, a trial was carried out in

In 1953 an unusual occurrence disturbed the
natural conditions in the Yarkon' river, one of the
main Bulinus foci in the country. The water-hyacinth,
Eichhornia crassipes, hitherto unknown in Israel,
appeared and spread along the river, causing an
unprecedented increase in all snails, among them
Bulinus and Biomphalaria. It covered the whole
width of the stream in some places and suppressed
other aquatic plants. In its place of origin
(Central America) this plant constitutes a menace
and in spite of much effort no method for its full
eradication has yet been devised. It threatened to
become an important factor in the propagation of
vectors of bilharziasis in Israel. Preliminary attempts
to eradicate the plant with herbicides, such as 2, 4-D,
Dalapon, 2, 4, 5-T or CuSO4, before it spread to other
water basins caused only partial destruction. It was
decided, therefore, to destroy it by mechanical
means. A large mechanical rake installed on a strong
motor-boat tore pieces of hyacinth thickets from the
shore. These were encircled by wide fish-nets
supported on corks and hauled away to sea with the
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help of two small motor-boats. The remaining
sprouts, which could give rise to new plants, were
subsequently removed by hand during a period of
several months. Complete eradication of the waterhyacinths was thus achieved by the beginning of
the following year. A large number of snails was
removed together with the plants. After the completion of the campaign only a few Bulinus and
Biomphalaria were found in the river. The results
of this action were still evident the next year. While
in 1953 and in the early spring of 1954 snails were
very numerous, in 1955 the first Bulinus was not
found until May and the first Biomphalaria in
August. More Bulinus appeared in July, when
patches of Potamogeton began to regenerate and to
spread along the banks. Up to May 1959 the waterhyacinths have not reappeared and other aquatic
plants have been removed as soon as they have
appeared.
CONTROL WITH MOLLUSCICIDES
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was in general carried out uniformly, but consideration was given to deep parts, where comparatively
more material was used than in shallow ones. Stress
was always laid on coves and small corners in which
the snails often concentrate.
Local conditions during the field trials must be
considered in order to avoid mistakes in interpretation.
For instance, if the treatment has been carried out
in a site which is in the process of desiccation, some
snails may already be buried in the ground and thus
escape the action of molluscicide. Reappearance of
snails after subsequent inundation does not necessarily mean that the molluscicide is unsatisfactory.
The action of molluscicides in laboratory experiments does not usually correspond exactly to their
action under natural conditions. In an experimental
jar molluscicides act in solution in full strength as
contact poisons. In the field several factors limit
their effectiveness-namely:
(1) the chemical contents of the treated water,
mainly the presence of substances neutralizing or
impeding the action of the molluscicides;
(2) the presence of water vegetation;
(3) an abundance of rotting vegetation or organic
matter deposited on the bottom which rapidly
inactivates the molluscicides;
(4) the influx of fresh snails with infested water
from upstream or from reservoirs.
There are undeniably other factors, not yet
elucidated, which are responsible for lack of uniformity in the results of experiments carried out under
apparently similar conditions.

As laboratory findings indicated that copper
sulfate and sodium pentachlorophenate are the most
promising molluscicides under local conditions,
experiments with these two compounds were carried
out in order to assess their value in the field. These
experiments were performed in 44 infested water
basins of various types and in about 70 km of
streams. In some of these places repeated experiments have been performed.
The molluscicides were applied by the following
methods.
(1) Copper sulfate in coarsely ground form or
sodium pentachlorophenate powder, without any
addition or mixed with road dust or sand in a ratio Experiments with copper sulfate
of 1: 3 or 1: 4, was spread by hand or mechanical
Eighty-seven experiments were carried out; the
duster over the surface of the water (52 experiments
with copper sulfate and 7 experiments with sodium dilutions tested were 70 p.p.m. (1 experiment),
40 p.p.m. (2 experiments), 30 p.p.m. (6 experiments),
pentachlorophenate).
(2) Copper sulfate was sprayed in solution (31 ex- 20 p.p.m. (36 experiments), 15 p.p.m. (12 experiments), 10-12 p.p.m. (21 experiments), and 2-7.5
periments).
p.p.m. (9 experiments).
(3) Porous sacks, each containing about 10 kg of
The results are as follows:
copper sulfate, were deposited on the bottom of
Snails disappeared from 12 sites and did not
the stream at 500-m intervals or dragged behind reappear. These sites were small water-collections,
a boat until dissolved (4 experiments).
puddles, or reservoirs and ponds thoroughly cleared
(4) Sodium pentachlorophenate in the form of of vegetation before treatment. Elimination of
pressed briquettes was uniformly distributed in snails was achieved in some cases after repeated
fish-ponds (3 experiments).
treatment (in one case after four treatments, in
The required amount of the compounds to be another case after three treatments and in three
applied was estimated according to the volume of cases after two treatments). In 12 experiments the
water to be treated. Dispersion of the molluscicides snails reappeared in less than a month. In most of
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these cases the treatment was carried out on a limited
stretch of an infested stream or network of channels
covered with water, or in sites subjected to irregular
change of water.
In the remaining experiments the reappearance
of snails followed after variable periods, as seen
from the following figures:
Number of
experiments
17
8
3

No. of months
during which
snails were absent

l

1

2
3
4

6
8
6
3

6
7
8

5

1

9
10
11

2

12

2

The results of experiments with CuSO4 are so
that a simple explanation covering all cases
is not possible. In some instances dilutions as high
as 30 p.p.m. cleared the snails for only a short
period, though in others they caused permanent
disappearance; concentrations as low as 5-7 p.p.m.
showed similar diversity in results. It should be
pointed out that copper sulfate in dilutions as high
as those used in some of our experiments acted as a
herbicide and destroyed a part or most of the water
plants.
The following are three examples of field experiments with copper sulfate.
uneven

Experiment in Wadi Abu-Lejja. In July 1953
Wadi Abu-Lejja was overgrown with Ceratophyllum
and Potamogeton nodosus and contained a rich
population of several species of snails, among them
Bulinus. CuSO4 was spread at the rate of 70 p.p.m.
along a section of 1 km. On the following day all
snails, tadpoles and fishes were dead and the aquatic
vegetation showed total wilt. The bottom and wilted
plants were covered with a white sediment of copper
carbonate. The absence of animal and plant life
continued for three months, while in the upstream
section of the wadi the density of the snail population
increased. Doubtless the slow but constant current
brought snails continuously from the populated
upper section of the stream to the treated one but
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they could not establish themselves because of the
residual action of CuSO,. Three months after treatment the first sign of regeneration of plants appeared
(Potamogeton pectinatus and Nitella), and among
them single specimens of the snail Physa acuta. A
month later a few Lymnaea auricularia snails were
found. Seven months after treatment (Februaty
1954), after the winter rains, a few living Bulinus
were collected among Nitella on the bottom of the
treated section of the wadi. Further observations
on this spot were discontinued because the introduction of sewage from Petach-Tiqva eliminated snails
from the whole length of the wadi.
In this experiment treatment of slowly-running
water with CuSO4 at a rate 70 p.p.m. exerted a
residual action for at least three months.
Experiment in Kfar Masaryk. Experiments with
CuSO4 were carried out in the main drain near
Kfar Masaryk, along a stretch of 1140 m. The ditch
was packed with Potamogeton nodosus in its lower
part and with Ceratophyllum demersum in its upper
part. The water was almost stagnant and its level
was a little lower than usual because of the action
of pumps in the immediate vicinity. Numerous
snails belonging to at least eight species, and among
them many Bulinus, were found in the vegetation.
CuSO4 was used in a mixture of 1: 4 with road
dust, at the rate of 20 p.p.m. In order to ensure
uniform spreading the treated ditch was divided in
100-m sections and a suitable amount of powder
was allotted to each section according to its average
width and depth (i.e., water content). Twenty
hours after the dusting all fish were killed but
plants were not harmed; several live Bulinus were
taken in each scoop and numerous Bythinia snails
clung to Potamogeton. The next observation, made
a fortnight later, showed the water level to be 20 cm
higher than at the time of dusting; Potamogeton
was mostly wilted; only a few Bythinia and Melanoides (both operculated snails) remained; no living
Bulinus or Lymnaea could be found. A month after
the dusting, a few living Bulinus (mostly young)
were found along the ditch. Bythinia and Melanoides were numerous and Lymnaea sparse.
In this experiment CuSO4 dusted at the rate of
20 p.p.m. was effective against Bulinus for no longer
than one month. It should be stressed that the
treated site was intentionally not cleared of thick
aquatic vegetation, and snails were undoubtedly
introduced continually with the influx of water from
the untreated upper parts of the ditch.
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Treatment of storage pools in Tirat-Zvi. After
an outbreak of urinary bilharziasis among children
of Kibbutz Tirat-Zvi (Beit-Shan district) which
originated from two small storage pools used for
swimming, treatment of these pools was carried
out with CuSO4 in May 1955. The snails were found
in the bottom mud among Potamogeton nodosus.
Prior to treatment, the pools were filled to the rim
and estimation gave a volume of 1500 m3 each.
CuSO4 was dusted (mixed with sand) at the rate of
7 p.p.m. in one pool and 5 p.p.m. in the other. A
week later the pools were gradually emptied in order
to concentrate the snails which remained alive.
No living snails were found, however. The pools
were then cleaned of vegetation (both aquatic and
on the banks) and the bottom was ploughed. The
pools were again filled and treated with CuSO4
at the rate of 5 p.p.m. No Bulinus were found

subsequently.
Experiments with sodium pentachlorophenate
Ten experiments were performed in streams and
reservoirs. In seven of them the powdered substance
was applied mixed with road dust or sand in a ratio
of 1: 3, giving dilutions of 10-25 p.p.m. In the
remaining three experiments briquettes were used
in fish-ponds, giving dilutions of 20, 13 and 10
p.p.m. respectively. The limited number of experiments does not justify generalizations, but permits
some observations on the efficacy of sodium pen-

tachlorophenate.
The following is an evaluation of these experiments. In an experiment in which 25 p.p.m. was
applied in a drainage ditch 1.3 km long, Bulinus
disappeared for three months. Its reappearance
followed the influx of water from a fish-pond
containing Bulinus.
Bulinus disappeared permanently in one site and
for seven months in two other sites after the application of 20 p.p.m. Application of 15 p.p.m. was
effective for nine months in one site and for six
months in another site. In one experiment, 10 p.p.m.
were applied around the shore of an inundated
swamp (Birket-Ata). The treated area was 1 km
long and about 3 m wide. The snails disappeared
from the shore but were again found a month later.
In one experiment 13 p.p.m. were applied in a
fish-pond in the form of briquettes. The snails
disappeared after a few days (apparently because of
slowness of diffusion of the molluscicide) and
reappeared after five months. In other fish-ponds4
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where 10 and 20 p.p.m. respectively were applied,
the disappearance of snails lasted for five months.
The following is an example of field experiments
with sodium pentachlorophenate. For this experiment a section of a main drain near Kfar Masaryk
was used. The surface of the treated stream was
3140 m2, and the water volume 1887 m3. The water
was almost stagnant and partly covered with
Potamogeton nodosus. Many snails were present,
and among them numerous Bulinus. The length of
the ditch was divided into four sections, to each
of which a quantity of sodium pentachlorophenate
mixed. in the proportion 1: 3 with road dust was
allotted to make a concentration of 25 p.p.m. The
ditch was cleared of thick aquatic vegetation a few
days before the dusting.
Five hours after the dusting numerous dead fish
floated on the surface of the ditch (carp, eel, Tilapia);
no living fish were seen. A few living Bulinus were
found among the remaining twigs of Potamogeton.
Next morning no living snails of any species could
be found. The mass of Potamogeton was wilted.
A week after dusting no living snails were seen in
the treated ditch. Three months after dusting, the
ditch was found filled with newly-grown Potamogeton and contained numerous Bulinus and other
snails.
It must be pointed out that a fortnight before the
last-mentioned visit neighbouring fish-ponds containing Bulinus were emptied into the ditch. Apparently snails were introduced with this water and
they found suitable breeding conditions in the
ditch.
Copper sulfate versus sodium pentachlorophenate in
field use
The effectiveness of molluscicides depends upon
concentration and period of exposure. Experience
has shown, however, that both copper sulfate and
sodium pentachlorophenate are more effective in
lower concentrations over a long period than in
stronger concentrations during a short period.
Both methods have advantages and disadvantages.
Copper sulfate is cheaper, readily available, not
toxic to higher animals, and in low concentrations
may be tolerated by fish. It is, however, not stable
when dissolved in local natural waters and soon
precipitates in the form of insoluble copper carbonate. In low concentrations it does not kill eggs
or molluscs.
Sodium pentachlorophehate is more stable and
more active in comparable concentrations, is less
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sensitive to the chemical composition of the water
and is more toxic to eggs of Bulinus than copper
sulfate. It is, however, more expensive, not readily
available on the local market, more toxic to fish and
unpleasant in use because it is irritant to respiratory
organs and to the skin.
Both copper sulfate and sodium pentachlorophenate gave the best results when broadcast in the
form of powder, either undiluted or mixed with
sieved sand or road dust. Both gave better results
in stagnant waters than in streams. In order to
destroy all snails the application of molluscicides
should be carried out when the basin to be treated
is full of water. Its distribution should be uniform
and include not only the isolated breeding focus
of snails but also all the water channels connected
with it. Repeated treatment is usually necessary
in order to achieve prolonged elimination of snails.
The use of the above molluscicides in fish-ponds
presents a difficult problem because both are poisonous to fish at certain concentrations.
Our experience, however, leads us to the conclusion that practical control of Bulinus may be
achieved during its main breeding season in Israel
(from April to October, when the mean temperature
is 21.2°-23.4°C) by the application of copper sulfate
at a rate of 20 p.p.m. or of sodium pentachlorophenate at a rate of 10-15 p.p.m.
Additional observations
In addition to the experiments with copper sulfate
and sodium pentachlorophenate described above,
some field observations have been made on the
molluscicidal action of several other chemicals.
Rotenone. In one case this material was introduced into a fish-pond at the rate of 2 p.p.m. for the
purpose of eliminating wild fish. This pond was
infested with Bulinus. After the treatment Bulinus
disappeared for six weeks and then reappeared.
Dalapon (a,a-dichloropropionate). This chemical
was applied as a herbicide in a Bulinus-infested
fish-pond at the rate of 3 kg per 1000 M2. Some
dead snails could subsequently be seen but the
majority survived.
2% emulsion of DDT (75%) and y-BHC (25%)
mixed. This mixture was applied as a larvicide in
mosquito control experiments in a natural pool
rich with water vegetation and infested with Bulinus
snails. It was observed that in places where the
emulsion penetrated into the midst of the plants and
came in prolonged close contact with the snails

173

reduction of their population density resulted.
However, where the emulsion did not penetrate
well through the vegetation no effect was noted.
COMBINED TREATMENT

In the previous sections we have discussed the
results of treating Bulinus-infested waters with
molluscicides. It should be stressed, however, that
the use of molluscicides alone is often insufficient
and should be combined with other methods, such
as clearing vegetation, rapid drying of basins,
lowering or raising the water level, filling, draining,
etc., according to the particular circumstances.
The following is an example of eradication of
Bulinus by combined treatment in an isolated focus;
it illustrates the variety and complexity of Bulinus
distribution and problems of control. In midsummer 1956 the water level of Lake Tiberias rose and
overflowed a narrow strip of the shore along which
Bulinus appear in order to breed and spread over a
stretch of about 6 km. As a first step the level of the
lake was lowered by some 20 cm by partial opening
of the dyke where the River Jordan flows out.
Most of the inundated surface dried up as a result
of this measure, and snail breeding became limited
to the deeper pools separated from the lake, some
drainage channels and small bays. The pools were
drained and the drainage channels repaired and
cleared of vegetation, the removed plants being
burned. Breeding facilities were thus further
reduced. Finally the remaining breeding places
were treated three times, at intervals of 2-3 weeks,
with copper sulfate at the rate of 20 p.p.m. As a
result, Bulinus snails were completely eradicated
throughout the area involved.
Local contingencies may effectively supplement
or even render unnecessary measures for the eradication of the snail population. The following is
an example. In 1956, after the eradication of the
water-hyacinth which appeared in the Yarkon river
and caused mass breeding of Bulinus and Biomphalaria (as explained above), it was planned to
eradicate the remaining snails by a large-scale
chemical campaign. It was observed, however, that
snails disappeared in a stretch of about 5 km of
the river as a result of salinity caused by introducing
sea water into the stream. Shortly afterwards
observations showed that snails disappeared throughout a further 8 km as a result of the introduction of
heavy sewage. The costly campaign which had been
planned became unnecessary and was abandoned.
3
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FACTORS INFLUENCING REPOPULATION BY BULINUS AFTER TREATMENT

Several factors may be responsible for the
reappearance of Bulinus and repopulation of previously treated sites by this snail:
(1) The molluscicides may not completely destroy
the snails or their eggs because of some defect in
treatment (poor quality of molluscicide, insufficient
concentration, faulty technique, etc.).
(2) Some snails may be protected by thick vegetation or may burrow into the bed of the stream and
thus escape the action of the molluscicide.
(3) Some snails, stimulated or only slightly
affected by the molluscicide, may rise to the surface
and be carried away by the current to another site,
where they may survive.
(4) If the treatment is carried out when the water
level is low, some snails present on the bank above
the water level may escape the action of the molluscicide.

(5) New snails may be brought down by the
water current into the treated basin after the
molluscicide has ceased to act. Such currents may
be due to the emptying of fish-ponds or irrigation
reservoirs in the vicinity or to torrents following
heavy rains. Bulinus may also be carried in with
water pumped from a snail-infested source.
(6) Snails may be introduced by nets, boats or
other fishermen's equipment.
(7) The possibility of introducing snails or their
eggs on the feet of water birds or on the bodies of
water beetles has been suggested by several observers.
(8) The spread of Bulinus to neighbouring water
basins may be due to the action of winds, which can
easily carry small snails, which often crawl out of
the water when conditions are unfavourable. The
eggs of snails may possibly be similarly transferred
on fragments of water plants removed by man.

MEASURES FOR PREVENTION OF BILHARZIASIS IN ISRAEL
Observations and experiments in the field during
the last few years have shown that there is no single
infallible method of destroying schistosome vectors
which would be applicable under all circumstances.
Satisfactory control of bilharziasis through permanent or temporary elimination of snail vectors or
their reduction to insignificant numbers can, however, be achieved in limited areas by an appropriate
combination of measures.
In a small country such as Israel antimalaria
authorities can effectively undertake preventive
action against bilharziasis, without duplication of
public health personnel. The staff of this organization is familiar with and supervises all the water
basins in the country and it possesses the transport
and technical facilities necessary for control of
breeding of both mosquitos and snails. Methods of
survey and control of breeding of both mosquitos
and snails are similar and it has been found that
antimalaria inspectors can easily acquire the
necessary knowledge of mollusc morphology and
bionomics to cope with additional duties.
The following recommendations are suggested
for organization of Bulinus control.
(1) Constant surveillance of all waters with which
people come in contact is desirable in order that the
appearance of vectors should be detected as soon as

possible and precautionary measures taken. Every
new case of bilharsiasis should be notified and
immediately given a full course of treatment. A list
of places where the patient has bathed in the course
of the past year should be reported to the health
authorities so that the source of infection may be
traced.
(2) Constant supervision of fish-ponds by competent personnel should be compulsory. All
workers in artificial fish-ponds and storage reservoirs
and those engaged in clearing aquatic plants should
be under Government supervision and subjected to
periodical helminthological examination. Those
found infected with schistosomes should be withdrawn from work until specific treatment renders
them free from parasites.
(3) All bathing places should be supervised by
public health staff and should be kept free from
aquatic vegetation. Concrete tanks should be
periodically emptied, dried and cleared of muddy
deposit.
If vectors are discovered in a site used for bathing,
the basin must be uniformly treated when full of
water, after the aquatic vegetation has been removed;
copper sulfate should be applied at the rate of
20 p.p.m. and the treatment repeated at least twice
at an interval of a fortnight. Renewal of bathing
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can be allowed when repeated examination made
during three weeks after the last treatment reveals
no vector snails. Wherever possible, salty water
(0.5 % or more) should be used for swimming pools.
All recognized sites must be provided with suitable
lavatories, kept in good condition, in order to avoid
water pollution.
All known Bulinus breeding places which may
possibly be used for bathing should be marked and
provided with signs warning of the danger of bathing, or stating that bathing is forbidden. Warning
signs should also be placed at the sea shore in the
immediate vicinity of the estuaries of Bulinusinfested streams, as active cercariae may be brought
down with the current of sweet water.
(4) Systematic removal of plants favouring the
establishment and mass breeding of vectors from
fish-ponds, storage reservoirs and infected natural
waters in the immediate neighbourhood of settlements should be organized. The following plants

should be eliminated:
Aquatic plants:
Potamogeton nodosus
Potamogeton pectinatus
Ceratophyllum demersum
Nitella translucida
Nuphar luteum
Eichhornia crassipes

Grasses

on

banks:
Cynodom dactylon
Panicum spp. (5 spp.)
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Frequent periodic drying by rapid emptying of
reservoirs, canals and ditches, should be practised
whenever possible.
Routine control of Bulinus snails by chemicals
should be carried out only in limited foci such as
bathing places, fish-ponds and storage reservoirs.
(5) Water for filling pools should be drawn from
sources free from Bulinus snails through a conducting
system secure from pollution or introduction of
Schistosoma vectors en route.
Leakage from pipe systems which may give rise
to puddles and pools should be immediately repaired.
Constructional adjustments in natural and artificial streams in order to ensure a velocity of at least
20 cm per second are desirable.
(6) Domestic sewage must not be introduced
into natural water-courses or artificial pools without
proper treatment ensuring freedom from viable eggs
of schistosomes.
(7) Obligatory instruction on the bionomics of
vectors, the mode of infection with bilharziasis and
its prevention should be included in the curriculum
of all schools. Every year in the early summer, and
especially during the summer vacations, health
propaganda should be initiated to remind the
public, especially schoolchildren, of the existing
threat of bilharziasis and to inform them of preventive measures. New immigrants, in particular,
should be given elementary information on bilharziasis and its prevention.

RES'UME
Avant la fondation de l'Etat d'Israel, il existait sur le
territoire actuel quelques foyers endemiques d'infection
A Schistosoma haematobium et A S. mansoni, qui ont
disparu depuis. Cependant, au cours des ann6es r6centes,
des milliers d'immigrants, dont beaucoup 6taient porteurs
de l'une ou l'autre de ces deux especes de parasites, sont
venus de foyers d'end6micite situ6s en Asie et en Afrique;
il a donc fallu proceder d'urgence A une enquete visant
A rechercher les sujets porteurs et les vecteurs de l'infestation. Les r6sultats enregistres en 1957 par les auteurs
de l'article montrent que, malgre deux episodes sporadiques survenus au cours des dix demieres annees, il
n'y a pas de danger immediat de propagation de la
maladie dans le pays. Bien qu'on ait trouv6 sur l'ensemble
du territoire un nombre important- de gites a Bulinus

truncatus, plusieurs facteurs semblent limiter la propagation de la maladie. D'une part, les souches de S. haematobium importees par les immigrants ne sont pas bien
adapt6es A la souche locale de Bulinus truncatus.
D'autre part, du fait des conditions locales, les contacts entre porteurs humains et mollusques ne sont
pas frequents.
Certaines activit6s economiques, telles que la construction de barrages hydrauliques, le developpement des
reseaux d'irrigation et la pisciculture, contribuent A la
propagation des vecteurs, alors que le drainage des
marais et le deversement dans les cours d'eau des effluents
urbains et industriels agissent en sens contraire.
La plupart des cas importes etaient des infections A
S. mansoni, mais, du point de vue de la sante publique, la
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bilharziose intestinale peut etre negligee car son vecteur,
Biomphalaria alexandrina, que l'on trouvait anterieurement dans un seul cours d'eau (le Yarkon), a disparu
completement depuis deux ans.
11 convient cependant de noter que la situation hydrographique, agricole et economique change rapidement en
Israel et que l'etat de choses actuel, qui est defavorable
a S. haematobium, pourrait encore se modifier. Il faut
donc prevoir d'eventuelles flambees epidemiques.
Divers molluscicides approuves ainsi que d'autres
produits qui sont deverses dans les nappes d'eau A des
fins agricoles ou sanitaires, ont et soumis a des experiences
preliminaires en laboratoire en vue de determiner leur
efficacite contre les mollusques du genre Bulinus (aeufs
et adultes) et contre les cercaires de schistosomes. Des
etudes analogues ont dejA e faites dans plusieurs pays,
mais il a paru preferable de les renouveler dans les
conditions locales, notamment pour tenir compte de la
forte teneur des eaux en carbonates. On a constate que la
plupart des produits essayes ont une action molluscicide,
mais trois d'entre eux seulement - le sulfate de cuivre,
le pentachlorophenate de sodium et le sel ordinairepresentent un interet pratique. On a pris pour mesure
de leur efficacite la dilution qui provoquait une mortalite de 100% apres 24 heures de contact.
L'essai pratique de ces molluscicides a confirme leur
efficacite, mais il a fallu utiliser des concentrations superieures A celles qui avaient donne de bons resultats au
laboratoire. Quel que soit le produit employe, son action
dans les conditions de la pratique depend de plusieurs
facteurs tels que la temperature, la teneur de l'eau en
substances minerales et organiques, la nature du lit des
cours d'eau, la presence de plantes vivantes ou en decomposition, etc. Tous ces facteurs doivent entrer en ligne
de compte lorsque l'on envisage d'utiliser des molluscicides.
En Israel, Bulinus se reproduit tout au long de l'annee,
mais principalement entre avril et octobre, periode
pendant laquelle la temperature moyenne est comprise
entre 21,2 et 23,40 C. En pratique, la lutte peut etre
entreprise, au cours de cette periode, par l'application
de sulfate de cuivre A raison de 20 mg/l ou de pentachlorophenate de sodium A raison de 10-15 mg/l. On
obtient de meilleurs resultats en appliquant a plusieurs
reprises des concentrations faibles qu'en deversant en
une seule fois une concentration elevee. Les molluscicides
sont plus efficaces dans les eaux stagnantes que dans les
eaux courantes.
D'autre part, une concentration de sel ordinaire sup&rieure A 0,5 % detruit Bulinus. Il y a meme eu des cas ou
l'introduction d'eau de mer a permis d'eliminer ces
mollusques. Ainsi donc, le seul fait que l'eau soit suffisamment salee peut suffire A empecher l'etablissement
de Bulinus.
La presence d'une epaisse vegetation aquatique
facilite la proliferation de Bulinus. Cette vegetation
fournit aux mollusques une nourriture de choix, offre
des abris naturels, se prete bien A l'oviposition et facilite
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l'aeration de l'eau. En outre, elle reduit l'efficacite des
molluscicides en les absorbant et en genant leur diffusion.
En toutes circonstances, l'eclaircissement de cette veg&tation renforce l'action des molluscicides. Il est donc
important de detruire les plantes aquatiques, horizontales
ou verticales, pour assurer le succes de la lutte contre les
mollusques. A elle seule, cette mesure suffit souvent A
produire une remarquable reduction de la population de
mollusques aquatiques.
L'article mentionne la proliferation sans precedent
d'une plante import6e, la jacinthe d'eau (Eichhornia
crassipes), qui a e introduite dans le Yarkon. La
presence de cette plante a permis une multiplication
extremement rapide des mollusques des genres Bulinus et
Biomphalaria. Apres elimination par des procedes mecaniques, on a constate une reduction spectaculaire de la
population de mollusques.
Les methodes d'exploitation des ressources hydrologiques viennent en second rang dans l'ordre d'importance
pour la lutte contre Bulinus. Elles peuvent a elles seules
produire une reduction rapide et marquee de la population de mollusques. Les methodes recommandees sont
les suivantes: assechement rapide des etangs, mares
et cours d'eau, de fa$on a ne pas laisser aux mollusques
le temps de s'enfouir dans le fond et d'echapper ainsi A
la dessication; utilisation alternative des canaux d'irrigation; transport des eaux d'irrigation en aqueducs
couverts ou en canalisations; envoi d'un courant rapide
dans les canaux; colmatage des fissures permettant
l'infiltration; elimination des dep6ts de boue dans les
reservoirs en ciment; etc.
Chacune de ces methodes peut donner des resultats
interessants, quelquefois des le debut de son emploi,
mais le plus s6uvent on ne peut obtenir un effet durable
qu'en combinant plusieurs procedes et en les appliquant
de fa9on repetee.
On en doit pas perdre de vue que les mesures les plus
efficaces n'ont qu'un effet limite dans le temps et que les
bassins traites peuvent toujours &tre reenvahis par Bulinus
sans que la nouvelle colonisation provienne necessairement du reliquat de la population anterieure. En effet, le
mollusque peut etre reintroduit par des cours d'eau
drainant des emplacements infestes, par l'homme luimeme ou par ses instruments de travail, par des animaux
sauvages (oiseaux et insectes aquatiques), par le vent,
etc. Il est donc souhaitable d'intervenir sur l'ensemble
d'un bassin hydrologique infecte et, le cas echeant, de
renouveler les mesures prises.
La lutte contre la bilharziose n'est pas complete sans
un effort pour detruire les cercaires de schistosomes. A
la concentration de 1 mg/l, le sulfate de cuivre et le
pentachlorophenate de sodium permettent d'obtenir une
destruction complete. Le sel ordinaire donne egalement
de bons resultats a une concentration d'au moins 15%.
Dans les estuaires oa I'eau douce remplace par intermittence l'eau de mer, Bulinus et les cercaires de schistosomes peuvent parfois rester actifs pendant un temps
assez long pour contaminer l'homme. Il convient donc
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d'eviter les baignades dans ces endroits. Le chlore permet
egalement de detruire les cercaires.
S'inspirant des resultats de leurs recherches, les auteurs
presentent un certain nombre de recommandations pour
la prevention de la bilharziose en Israel; ils preconisent
notamment la surveillance constante de toutes les eaux
avec lesquelles l'homme entre en contact (surtout les
eaux poissonneuses et les baignades), le traitement rapide
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de toute collection d'eau oui l'on a trouve des vecteurs,
1'elimination systematique des plantes qui favorisent la
reproduction des vecteurs au voisinage des agglomerations, l'utilisation d'eau provenant de sources exemptes
de mollusques et amenee par canalisations, et 1'education
de la population sur les dangers de la bilharziose et les
moyens de s'en proteger.
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