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The Use of Molluscicides in Egypt

by NAGUIB AYAD, M.D., D.M.S., Director-General, Bilharziasis Control Section, Ministry ofPublic Health,
Cairo, UAR

Summary of experience with molluscicides in Egypt
Egypt was one of the first countries in the world

to apply molluscicides in the control of bilharziasis.
The following account of the use of molluscicides in
Egypt may fairly illustrate the methods and tech-
niques of application and the various problems
involved.
A few years after Chandler,a in the United States

of America, had found that certain aquatic snails
were killed in 48 hours by a solution of copper
sulfate as low as 1-2 p.p.m. and had suggested that
this chemical might be effective against bilharzial
snails, Khalil,b in 1924, in Egypt, started a series of
experiments, using solutions of copper sulfate of
various strengths, and ascertained that concentra-
tions lethal to snails were not injurious to man,
warm-blooded animals or crops. In 1927, he
employed a method by means ofwhich the intake of a
stream in Dakhla Oasis was fed by a solution of
copper sulfate, running from a wooden barrel in
such a way as to keep a constant concentration of
5 p.p.m. for five days.c The experiment was successful
but the method could not be employed on a large
scale.

In 1939, I. S. Hilmy,d in Kom-Ombo, placed a
calculated quantity of copper sulfate crystals in sacks
at the intakes of, as well as at various points along,
snail-infested streams, after having closed them and
drained them of their water. Then, on reopening the
canals, the in-flowing water dissolved the copper
sulfate in the sacks. Unfortunately, the distribution
of copper sulfate was not homogeneous at all points
of the canals, partly because the copper sulfate reacts

a Chandler, A. C. (1920) J. agric. Res., 20 193.
b Khalil, M. (1927) J. roy. Egypt. med. Ass., 10, 791 (in

Arabic).
c Khalil, M. (1930) Combating trematode infections by

destroying the molluscan intermediate host, with special
reference to Schistosoma. In: Estr. di Arch. zool. ital. XVI,
Atti XI Congr. int. Zool, Padova, p. 1330.

d Khalil, M. & Hilmy, I. S. (1940) J. roy. Egypt. med.
Ass., 23, 720 (in Arabic; in English in J. roy. Egypt. med.
Ass., 1942, 25, 118).

rapidly with the weeds and the silt, and partly
because the canals, in some cases, could not be
completely drained of their water.

In 1941, the newly-established Bilharziasis Control
Section of the Egyptian Ministry of Health began
using a method that guaranteed a more or less even
distribution of copper sulfate in the water courses
by the following procedure:

(a) Removal of weeds growing in the irrigation
and drainage canals and on their slopes.

(b) Closure of all branches, as well as the intake,
of the stream to guarantee an exposure time of
1-3 days. In the case of streams with a relatively
steep gradient, mud-dams or dams made of sacks
filled with sand were erected at various points to
keep a suitable level of water in all parts of the stream
for the necessary exposure time.

(c) Calculation of the volume of water in the canal
and of the quantity of copper sulfate sufficient to
produce a concentration of 15-30 p.p.m.

(d) The dragging of sacks of copper sulfate, from
downstream up, in a zigzag manner by means of
two ropes extended from each side of the stream,
dissolving the sulfate evenly.

This method, although simple enough, could not
be employed in all cases, for there are main streams
which cannot be closed because of the urgent and
constant need of their water for irrigation, industry,
navigation or other purposes. There are also certain
agricultural seasons during which it is impossible to
close the canals for the periods necessary for treat-
ment. Because of these difficulties, sulfation was
restricted to secondary canals whose closure was
possible, and even then, the water level, in many
instances, fell gradually when the canals were closed,
so that the slopes and portions of the beds were
partly uncovered, leaving a great number of snails
out of reach of the copper sulfate solution, and
causing rapid reappearance of snails in the treated
streams. Moreover, most main streams, even if it
had been possible to close them, would have defied
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sulfation of their whole volume of water on account
of heavy cost.

In the second half of 1945,e a series of experiments
was begun in Fayum Province to study snail distribu-
tion in the streams under different ecological con-
ditions. These experiments consisted in the use of
palm-leaf mats as snail traps, placed at different
depths and in different parts of streams which varied
in width, depth, current and vegetation and thus
presented different ecological conditions. As a result
of these experiments it was shown that the majority
of Bulinus snails in the comparatively deeper and
swifter main canals, usually more than 5 m in
width, were confined to their sloping banks, where
weeds abound. Therefore it was first planned to
hedge in the shore waters by means of matted palm-
leaves reinforced with cane stalks and then to treat
them by sulfation. Experiments carried out on
these lines in Fayum in 1948 resulted in the death of
all snails in the treated portion. It was also found that
snails dipped in a stretch of water 50 m downstream
of the hedged portion were dead, because of the
leakage of sulfated waters from the treated portions.
Thus the possibility of sulfating the shore waters

without shutting them off from the rest of the stream
was considered. As a preliminary, a study was made
of the velocity of the current in main streams and it
was found that, within 2 m of the shore, where
weeds and snails abound, it was sufficiently slow to
allow for the exposure time necessary for sulfation
without closure of the canals. A number of experi-
ments was then started in Fayum to determine the
optimum dosage of copper sulfate for killing the
snails by this method. It was found that 4 kg of
copper sulfate for every 50 m of length on each side
of the stream were sufficient to kill all snails, when
the average breadth of shore water containing weeds
was 1.5 m and the average depth 0.5 m. The amount
of copper sulfate should, however, vary according
to differences in width and depth of the shore waters
and to the density of weeds, and should be increased
in curves and near intakes of branches as well as
when there is a lot of silt or organic matter.

This method of " open " or " shore " sulfation,
when applied to main canals, has the following
advantages over the " closed " method. Since closure
and damming become unnecessary, the treatment of
main streams becomes possible, thus reducing the
chances of restocking of the branches. For the same

e Ayad, N. & Azim, M. A. (1949) Trans. roy. Soc. trop.
Med. Hyg., 42, 231.

reasons, it becomes possible to treat those canals
promptly, once they are found to be infested,
thereby reducing the possibility of human bilharz-
iasis infection caused by delay until permission for
closure can be obtained and arrangements made for-
damming. Moreover, since by this method the
sulfation is performed at the highest water level, the
sulfated water now reaches sluices, connecting pipes,
stone facings, etc., and covers all weeds and shelves of
the banks. This method saves not only time and la-
bour but also a great deal of copper sulfate. Streams.
treated by the open method have shown results at
least equal to those obtained by the older methods.
By 1949, as the Bilharziasis Control Section at last

became able to deal with the main streams, the
shortage of molluscicide, from which it had suffered
from almost the very initiation of its work in Fayum
Province, became more and more acute, especially
as snail control activities were rapidly extending ta
other provinces while the amount of copper sulfate.
available annually dwindled from 2000 to 700 tons.
The consideration of priorities therefore became
imperative and has continued ever since to rule snail
control activities in Egypt.
By 1952, and as a matter of necessity and not of

choice, we had to resort to a system allotting strin-
gent priorities. The so-called " focal " concept was
adopted, f. g by which, in this instance, was meant
the restriction of the application of copper sulfate
to that " station " (i.e., a stretch of 500 m of the
stream) in which snails infected with schistosome
larvae were discovered. This concept was based on
the assumption that such a station represented a
" focus " of infection and that the most economical
use of molluscicide would be to clear up those foci.
According to this plan of action, it was necessary
to examine all collected snails for schistosome
infection. Many field laboratories were established
and the number of snails microscopically examined
every year increased from about 250 000 Bulinus and
160 000 Biomphalaria in 1952 to approximately
3 900 000 Bulinus and 2600 000 Biomphalaria in
1959. However, it soon became apparent that
repetition of infection in snails in the same station
was the exception rather than the rule and that such
infected stations could not therefore be considered
as foci in the proper sense of the word, but merely as
sites at which infected snails happened to have been
collected. In fact, many a site found to harbour

f Ayad, N. (1955) J. Egypt. med. Ass., 38, 223.
g Ayad, N. (1958) J. Egypt. publ. Hlth Ass., 33, 117.
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infected snails on one day, when resurveyed the next
day or a few days later was not found to contain any
infected snails, and the reverse also happened. If it
were possible to spot a snail once it became infected
and to destroy it then and there, this method would
indeed be the ideal one. Unfortunately, this is far
from attainable.
The following are some of the main shortcomings

of this method in practical application:
1. Owing to shortage of field personnel, our

"unit" areas can be covered only once every
2-6 months, which means that any particular stream
is surveyed only once every 2-6 months. Again the
usual method of survey-and it is the only possible
method with the present number of workers-is to
take stations along the stream at intervals of 20, 50,
100 or 500 metres from one another according to
the length of the stream, three dips being taken
from each station with bellied nets made of fine steel
gauze, each 0.3 m wide, so that the three dips would
represent a linear metre of the canal. This method
may be reasonably efficient in comparing infestation
with snails, but not in spotting bilharzial infections.
In fact, experience has shown that the more often a
stream is surveyed, and the more stations are taken,
the more snail infestations and snail infections are
spotted. Thus, there is no doubt that many infected
snails may be missed in the intervals between the
stations as well as in the intervals between the
surveys. And since each infected snail may be passing
thousands of cerciarae, the hazards of human
infection will continue to be high, especially as the
habits of the population involve frequent contact
with canal water.

2. Apart from the above is the matter of the
infection rate among the snails which, in Egypt, is
very low (see Table 1). With such very low rates of
infection, to obtain any statistically significant data
on snail infectivity each sample should comprise
30400 snails, which is impossible under Egyptian
conditions, since the rate of snail infestation at any
particular site usually falls far below this figure.

3. The stage of infection in snails that can be
discovered is, in practice, the cercarial stage; the
sporocyst and daughter sporocyst stages are gene-
rally missed.

4. In most. instances the stations are merely
measured by " pacing " and there is no doubt that
in the absence of permanent markings the exact site
of infected snails may be missed when applying the
molluscicide to the infected station some days later.

5. Even if we were able to spot and to apply
molluscicide to the exact site of infection, the fact
would still remain that the water in the streams is
moving and cercariae shed from infected snails
upstream would be carried far during their span of
infectivity.

6. With the use of such a very localized applica-
tion of molluscicide, restocking with vector snails
from upstream is very rapid and as long as the human
excretors of schistosome ova (about half the
Egyptian population) and the habits of pollution
continue to exist, the chances of infection of the
re-established snails with bilharziasis will be mani-
fold.
To sum up, the above method, although seemingly

economical, is but apparently so, since it falls far

TABLE I
RATES OF INFECTION IN THE SNAIL INTERMEDIATE HOSTS OF BILHARZIASIS IN EGYPT, 1952-59

Bulinus Biomphalaria
Year Infected with SuvydInfected with %ifce

Surveyed schistosomes % infected Surveyed schistosomes % Infected

1952 244 394 3 104 1.27 156 325 5 984 3.76

1953 1 352 102 5 932 0.43 668 952 8 565 1.28

1954 3 020 471 9 863 0.33 2 002 651 8 786 0.44

1955 3 012 902 5 532 0.18 2 479 660 7 692 0.31

1956 2 907 628 4 069 0.14 2 271 476 6 169 0.27

1957 4 218 086 4 824 0.11 2 942 973 7 958 0.27

1958 3 569 160 4 523 0.13 2 777 899 8 095 0.29

1959 3 904 106 5 107 0.13 2 639 432 4 285 0.16
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short of giving a reasonable amount of protection to
the population against bilharziasis.

Meanwhile, research was proceeding in the joint
WHO/Egyptian Ministry of Health Pilot Project at
Mena Area, Giza. It was there that repetition of
infection in the same stations had been found to be
the exception rather than the rule. And it was there
also that it was discovered that the majority of
infected stations and of infected snails occurs
within a radius of 500 m around inhabited places.
This follows logically from the fact that within that
radius occurs the most frequent association between
man and snail. Reciprocally it is within that radius
that infection to snail and to man might reasonably
be expected to occur, particularly as regards children
and adolescents who are, at the same time, from a
medical and social standpoint the sector of the
population which stands in greatest need of pro-
tection. " They are the most important source of
viable, hatchable, schistosome ova and snail-
penetrating miracidia and, because of their habits, are
also the main source of infection to snails and thus
of the maintenance of the life cycle of Schistosoma."h
This is the rationale of " radius control " by which,
in this instance, is meant the treatment of snail-
infested canals and drains within a 500-m radius
from the periphery of inhabited places, regardless
of whether bilharzial infection is discovered in the
snails or not. This method does not obviate at
least two of the shortcomings of the so-called
" focal control ", in which molluscicides are applied
only to the sites where infected snails have been
discovered-namely: (1) rapid snail reinfestation of
treated stretches, and (2) the possibility of human
infection by cercariae coming from upstream. Still,
in cases where owing to shortage of molluscicides
generalized snail control is an impossibility and
therefore priorities have to be considered, the
" radius " control method seems to make for the
best use of the available molluscicide. In fact, with
such a policy, stricter vigilance and more frequent
checks and treatments of snail-infested streams
would be possible. Unfortunately, even this mini-
mum of snail control could be established in only
about one-third of the areas as yet covered by snail
control activities, which, in turn, constitute only
one-half of the agricultural lands in Egypt.
One of the most serious handicaps in snail control

is that, whatever the method or the molluscicide
used, repopulation with snails from untreated

h Ayad, N. (1956) Bull. Wid Hlth Org., 14, 1.

sources upstream inevitably takes place after a
comparatively short period. This had led to the
trial of mechanical and chemical barriers installed at
the inlets of the irrigation canals in an attempt to
delay their reinfestation with snails. Such an
attempt was first made in the Sudan Gezira,' where
it was claimed that it had succeeded in reducing the
rate of infestation from about 100000 bilharzial
snails per kilometre of irrigation channels to nearly
0.6 snails/km. In 1957, it was thought advisable to
try the same method in Tahrir Province in Egypt,
a new perennial irrigation development of about
14 000 acres, then having 1256 streams totalling
349 km, which had been in operation for two years
and which had begun to suffer increasing infestation
of its canals. On 27 May 1957, a mechanical barrier
consisting of a wire screen with eight meshes per
linear inch was established at a point about 300 m
downstream from the intake of the Tahrir canal,
which is 18 km long and is the only feeder of the
province. 'This barrier reaches about 70 cm below
the water surface and serves to screen the top layer
of water containing the floating debris with the
attached snails and snail egg clutches; these are
removed daily and the snails are counted. One
month later (i.e., on 27 June 1957), a generalized
blanketing of the entire irrigation system with
copper sulfate at 10 p.p.m. for eight hours was
performed. Immediately following this general
sulfation, a chemical barrier of copper sulfate was
installed at a point about 25 m below the site of the
mechanical barrier. The chemical barrier consists of
a series of 14 sacks of drill cloth attached to a line
and pulley arrangement, by means of which the
supply of copper sulfate is renewed twice daily.
The water discharge at the site of the chemical
barrier is estimated by the use of a current metre.
A dose of 0.125 p.p.m. of copper sulfate, calculated
to this discharge, is continuously applied. Here,
the automatic dispenser designed by Klock,i
supplied with a weir to measure the flow of water,
might have been very useful, but unfortunately we
could not obtain one. It has also not been possible
to determine chemically how far the copper sulfate
is carried by the water or what concentrations are
actually obtained at various points below the barrier.
But the area is surveyed monthly and separate counts
are made of the snails caught at and downstream of
the barriers. The snails collected are examined

i Ayad, N. & Schalie, H. van der (1956) unpublished
WHO working document EM/BIL/5.

J Klock, J. W. (1956) Bull. Wid Hith Org., 14, 639.
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TABLE 2
RANGES OF SNAIL INFESTATION (MONTHLY SURVEYS) AT THE MECHANICAL BARRIER

AND IN THE IRRIGATION SYSTEM OF TAHRIR PROVINCE BELOW THE BARRIER,
MAY 195i-JULY 1960

In irrigation system At mechanical barrier

Year Lengths Infested with Snails collected j Snails collected
snails (km) Bulinus Biomphalaria Bulinus Biomphalaria

1957 0.6-23.5 3-260 0-10 0-46 0-7

1958 0.348.8 0-131 0-4 0-68 0-106

1959 0.3-7.3 0-113 0-3 0-4 0-44

1960 8.7-28.4 0-321 0-25 0-38 0-32

Nofes:
The maximal figures for 1957 (i.e., 23.5 km of infested streams with a yield of 260 Bulinus and 10

Biomphalarla) refer to the month of May, before the Initiation of the mechanical barrier and the
initial blanketing of the area with copper sulfate. The snail catches at the barrier began in June 1957.

The negative flgures refer mainly to the winter months.
The rise in the infestation figures in the system in 1960, represented by 28.4 km of infested streams,

with a yield of 321 Bulinus and 25 Biomphalaria, was found during July, afterthetemporary stoppage of
the chemical and mechanical barriers.

The Tahrir system is still developing. Between 1957 and 1959, 500 streams, measuring 140 kilo-
metres, were added.

microscopically for schistosome infection. Cercarial
infections have not yet been found, except once in
a fish-rearing pond which was promptly sulfated in
June 1958 and has remained negative ever since.

Probably the initial generalized sulfation of the
irrigation system prior to the establishment of the
barriers was not sufficient to destroy all snails, but
it is also possible that the small snail colonies
cropping up may be due to some snails escaping the
action of the two barriers. The infested lengths are
sulfated promptly but the general blanketing of the
irrigation system has not been repeated. The rate
of infestation by bilharzial snails in the first half of
1957, before the establishment of the chemical and
mechanical barriers, had been 1.03 snails per kilo-
metre of the total length of the irrigation system,
whereas it was 0.70 snails/km in the second half of
that year after the establishment of the barriers,
0.74 snails/km in 1958 and 0.52 snails/km in 1959.
Towards the end of May 1960, the chemical and
mechanical barriers were temporarily stopped,
partly owing to shortage of copper sulfate, and by
July there was an increase in the snail-infested
lengths as well as in the number of snails collected.

Table 2 illustrates the monthly ranges of snail
infestation at the mechanical barrier and in the
irrigation system downstream of the barrier.

It should be noted, however, that Tahrir Province
offers the following distinctive ecological features
which influence snail infestation:

(a) All the irrigation canals are constantly dredged.
(b) The smaller irrigation ditches are cement-lined

and have almost perpendicular banks.
(c) The irrigation system has only recently been

established.
(d) Drains are completely absent.
(e) The soil is sandy reclaimed desert.
(f) The area is secluded and has but one feeder

with no anastomoses with other irrigation systems.
As regards human infection rates, no statistical

survey for bilharziasis has been performed, either
before or since the inauguration of the snail control
activities. The schoolchildren, however, were sur-
veyed during March 1960; 1327 pupils were exa-
mined, of whom about 26% were found positive
for bilharziasis, after one urine and stool examina-
tion, using the routine sedimentation methods. It
is intended to repeat the examination of the school-
children yearly for evaluation purposes. It is also
intended to study the streams in which rebuilding
of snail colonies occurred, to find out if this can be
attributed to any special ecological conditions.

Until a few years ago, copper sulfate was the only
molluscicide used on a large scale in Egypt. How-
ever, in 1953, a successful snail control project, using
sodium pentachlorophenate (NaPCP) was instituted
in the Warraq el Arab area, Giza. The project tract
measures about 25 km2 and has a population of
about 50 000, living in seven villages. NaPCP was
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applied at the intake of the main feeder canal and
also at further points downstream in order to
maintain a concentration of 10 p.p.m. for eight
hours. The area became free of snails within five
days of the application; most of the subsidiary canals
and some of the drains did not need separate
treatment because the chemical distributed itself by
the normal flow of water. Only certain terminals,
where the flow of water was negligible, and a few
drains having no communication with the treated
water, as well as a stream taking directly from the
Nile, had to be treated separately. After a few
months, reinfestation with snails began from up-
stream, as was expected, and it was found necessary
to repeat the generalized treatment of the irrigation
system about three times a year to keep the area
virtually free of snails. When a few snail colonies
crop up, they are immediately knocked off by a
localized treatment. Regular antibilharzial treat-
ment of the population in the area has been delibe-
rately withheld. The schoolchildren (aged 6-10 years
and over) are examined yearly. Snail control alone
led, within five years, to a decline of bilharziasis in
the schoolchildren from 40.2% to 23.7% for
Schistosoma haematobium infections, and from 5%
to 1.8% for S. mansoni infections. The decline in
the 6-year age-group was even more significant,
being from 13.2% to 4.9% as regards S. haematobium
and from 1.5 % to 0 as regards S. mansoni infection.

Relative merits of molluscicide application and mass
treatment

It has often been questioned whether the use of
molluscicides is a necessary step in the control of
bilharziasis in an endemic area, or whether a human
mass treatment campaign alone is sufficient. To
answer this question, certain points of epidemio-
logical importance will have to be considered. Even
if in a treatment campaign all budgetary and per-
sonnel difficulties could be overcome it would still
suffer from the following shortcomings: f. g

1. It would not be possible to reach all the
population or to obtain specimens of excreta from
all of them, except in closed communities. Experi-
ence in Egypt and elsewhere has proved this beyond
a doubt.

2. A single urine and stool examination, using the
ordinary sedimentation methods, would miss many
cases of light or chronic infection.

3. Many of the positive cases discovered would
not complete the course of treatment eQn1 their

condition had improved. It is recognized that the
relapse rate is at least 20 %-30% of those who com-
plete the routine course of treatment even with
tartar emetic, which is supposed to give the highest
cure rate. And unfit persons, the treatment of
whom is contra-indicated, must not be forgotten.
There are thus so many loopholes that thousands

of residual positive cases would be left over. This
is of prime epidemiological importance, as long as
the habits of pollution and of using the canals for
all purposes persist, since each infected snail can
shed thousands of infective cercariae.

Health education and environmental sanitation
have been advocated as solutions to the problem,
but they are of necessity long-range measures.
Human habits are modified so slowly that we must
look for a more direct attack. It is impossible to
leave millions of people exposed to the hazards of
bilharzial infection for many years to come, parti-
cularly at a time when the problem is being aggrava-
ted by the vast irrigation and agricultural development
programmes going on in the tropics and subtropics.
Thus it seems that vector control through the use

of molluscicides, costly as it still is, will continue for
many years to constitute an essential means in
limiting the prevalence and the intensity of the
disease, which is rightly considered to be one of the
worst enemies of rural populations in the tropics and
subtropics.

Procedure for control measures envisaged
Snail control work in irrigation areas should begin

with a survey of the area. After a preliminary study
of the irrigation and drainage systems, all water
courses should be mapped, measured, listed and
numbered according to their ramifications.
The programme envisaged in Egypt is to divide

the area into " zones ", each comprising a length
of 200-300 km of watercourses and operated by
three trained " permanent field workers " provided
with bicycles. The underlying idea is to be able in
this way to survey the zone at least once a month
and thus to discover and kill any snail intermediate
host before the parasite develops in it to the cercarial
stage, infective to man. Also, if some snail eggs
which are more resistant to the action of the mollus-
cicide should survive, especially when copper
sulfate is used, it will be possible to kill the newly-
hatched breed before it becomes mature and able
in turn to lay eggs.
The zone is the smallest field " cell " of control.

Every four zones form a " sector ", operated by a
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" sanitary overseer " of intermediate technical educa-
tion, provided with a motorcycle, who supervises
the snail control operations and checks closely and
continually the survey work performed by the field
workers. Every five " sectors " form an " irrigation
district" supervised by a "district inspector ",
usually an agricultural engineer, provided with a
" pick-up" automobile for checking the survey and
the mollusciciding operations in the zones of his
district and for personally directing the major
operations. Every four of those districts comprise
a " central inspectorate ", which is the biggest unit
of snail control in Egypt, usually covering an area
of about 400 000 acres, and which is supervised by
two agricultural engineers: a central inspector and
his deputy. This elaborate system of checking and
counterchecking is essential in field operations
usually performed away from direct supervision.
The above method of subdivision is what we are
aiming at and slowly but surely achieving. Owing to
shortage of funds and of field personnel, many
of our zones are still 2-5 times the size they should
be and may be manned by only one or two field
workers instead of three; our " sectors " also mostly
comprise seven to ten instead of four zones.
The waterways are surveyed for intermediate

snail hosts by use of the dip net and the station
system previously described. Lightly infested streams
found negative by dipping are surveyed by the slower
but more selective palm-leaf traps. It must be
recognized, however, that negativity is merely
relative. It is well known that in human bilharziasis
surveys, if more accurate methods are employed,
such as rectal and liver biopsies or complement-
fixation tests, many cases found " negative " by the
routine concentration methods used would be proved
positive. So also in snail surveys; if more elaborate
methods are used, such as Eckman's grab or Hair-
ston's scoop, many so-called negative streams would
be proved positive. Therefore, theoretically speak-
ing, vector eradication should include total mollus-
cicide blanketing of the whole irrigation system.
This is, of course, a budgetary impossibility and has
never been tried. Owing to relatively rapid re-
stocking, even generalized control-by which is
meant, in this instance, total mollusciciding of
streams found positive for vector snails by the
routine methods of examination-was also found to
be financially unattainable, except in a few instances
in the oases of the Western Desert, in Tahrir Pro-
vince and in the Warraq el Arab area of Giza
Province. Another instance where generalized con-

trol will be used is the Moheit drain in Middle Egypt,
where the recently established Biomphalaria snails
should be wiped out. Formerly restricted in Egypt
to the Delta, they have now gained a foothold in
that drain. Although schistosome infection in those
snails has not been confirmed, we cannot ignore the
possibility of the spread of the debilitating Schis-
tosoma mansoni to Middle Egypt, the presence of the
intermediate host being often the precursor of the
spread of the disease to new territory according to
past experience in some other countries of north-
east Africa and the Red Sea area." NaPCP will be
used in this extensive and intensive campaign.

Apart from these few instances, " radius control ",
as previously mentioned, is being performed in
about one-third of the " sectors " covered by s;nail-
control activities, which amount to half of the agri-
cultural lands of Egypt. In the other two-thirds,
owing to shortage of molluscicides, only so-called
" focal control " is being applied to obvious danger
spots.

In spite of all the limitations previously described,
a great deal of work is being done, as can be seen
from Table 3 (see also Table 1).

Evaluation of results
As previously mentioned snail control work in

Egypt has suffered from shortage of molluscicide
from its very initiation in Fayum Province. Snail
control activities were always ruled by the amount of
available molluscicide and the policy followed had
often to be changed accordingly. There was there-
fore such a constant dovetailing of methods, as
regards both time and location, as to make proper
evaluation of any one particular method impossible.
Moreover, no bilharziasis survey of the human
population, satisfying statistical requirements, has
yet been done in Egypt. As a matter of fact, the
only two house-to-house surveys made in some
villages were Scott's k summary survey, several years
before snail control activities started on a large scale,
and a parallel survey (unpublished) performed in
1955 by the Egyptian Ministry of Public Health,
which showed a definite lowering of the incidence
rate. It is planned to make an extensive survey,
employing sampling methods in accordance with
more stringent statistical requirements, for the first
time in Egypt.

k Scott, J. A. (1937) The incidence and distribution of the
human schistosomes in Egypt. In: Collected papers by mem-
bers of the International Health Division of the Rockefeller
Foundation, New York, vol. 14, part 2, p. 566.
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TABLE 3
SCOPE OF SNAIL CONTROL WORK IN EGYPT DURING 1959 a

Activity Numbers Length (km) Manjdays of CUS04

Net surveys:

Surveyed 1 487103 512-978

Infested with Bulinus 136 190 140 998

Infested with Biomphalaria 71 607 58 404

Trap surveys b

Surveyed 9 970 19147

Infested with Bulinus 1 646 4 450

Infested with Biomphalaria 16 34

Treatment:
Stretches sulfated 17 414 13 844 16 560 892

a The snails recovered amounted to almost 4 million Bulinus and to over 2 million Biomphalaria
(cf. Table 1).

b Mostly in main canals.

It is, however, worth mentioning that in Dakhla
oasis, where generalized sulfations have succeeded
in eliminating Bulinus since 1952, bilharziasis inci-
dence, formerly high (65% in Rashda village in
1926) has fallen to 3%, and the case histories of
these 3% show that they presumably contracted
their infection in the Nile Valley. Another instance
previously cited is the lowering of bilharziasis inci-
dence among schoolchildren, especially in the
younger age-groups in Warraq el Arab, where the
snails are virtually under control.

If an evaluation according to snail infection rates
is to be accepted, we would draw attention to
Table 1, showing a steady lowering of infection rates

in both Bulinus and Biomphalaria since 1952, when
microscopical examination of snails for schistosome
infection was initiated on a large scale.
As regards snail infestation rates, the annual re-

ports of the Bilharziasis Control Section show a
steady decrease both as regards infested stream
lengths and as regards the number of Bulinus snails
per 100 dips by survey net, at least up to 1952, when
the generalized control of snails was stopped and
treatment of infected sites only (so-called " focal"
control) was adopted.

Table 4 gives figures for four of the older inspect-
orates in which generalized sulfation over the whole
length of snail-infested waterways was relatively

TABLE 4
COMPARISON OF THE EFFECT OF " GENERALIZED " SNAIL CONTROL IN FOUR EGYPTIAN

PROVINCES, FROM THE YEAR OF CONSOLIDATED ESTABLISHMENT
TO THE ABANDONMENT OF THE METHOD

Streams

lnspectorate Year Length Infested with Bulinus Bulinus
surveyed (kin) Lnt(kin) in10dp

Fayum 1944 17 000 5 009 29.5 32
1952 37 055 3 062 8.3 4

Giza 1945 5 323 1 625 31.1 27
1952 7 260 1 792 24.7 9

Qualiublya 1947 7 541 3 677 48.8 46
1952 8 971 1 890 21.1 11

Beni Suef 1949 5 224 2 679 51.3 33
1952 5 938 1 684 28.4 6



NOTES

well established for periods of 3-8 years from the
proper establishment of these inspectorates until
1952, when generalized control operations stopped.

Research

Some of the more important findings of investiga-
tions made in Egypt have already been alluded to:
for instance, (a) that concentrations of copper
sulfate lethal to snails were innocuous to crops, man
and warm-blooded animals; b (b) that, in main
canals, the majority of snails was confined to the
shore waters e-hence the evolution of the shore
sulfation method; and (c) that the majority of
infected stations and of infected snails occurs within
a radius of 500 m around inhabited places-hence
the evolution of the concept of radius control when
shortage of molluscicide prohibits generalized con-

trol.
The following are some of the other items of study

related to molluscicides at present going on in the
joint WHO/Egyptian Ministry of Health Pilot
Project at Mena Area, Giza.

Evaluation of different methods of snail control
through the use of molluscicides. Radius control and
so-called " focal " control are being compared as
regards their effect on bilharzial incidence in school-
children. A base line has been established by exam-
ining schoolchildren for bilharzial infection in
1959 and a yearly follow-up is planned. The 1960
survey showed that in the three villages where radius
control is being carried out, the over-all incidence
in the schoolchildren has dropped from 62.4% in
1959 to 57.4% in 1960, whereas in the other three
villages where " focal control " has been adopted,
the figures were 63.2% for 1959 and 64.8% for 1960.
Of course, it is still very premature to draw any con-
clusions. It was not thought necessary to evaluate
" generalized control " as it has already been evalu-
ated in Dakhla oasis and in Warraq el Arab.

Evaluation of different methods of snail population
survey. Since snail population surveys are important
in assessing the effect of different molluscicides and
different techniques of application, an evaluation
was made of the routine method of survey in which
three dips are taken by net at stations 20 m apart
from each other, and of a more accurate method of
" consecutive dipping " in which 60 adjacent dips
are made on each side of the stream in every 20-m
stretch. Two streams, one an irrigation and the
other a drainage ditch, were chosen for this study
and left without interference of any kind. The two

ditches were surveyed by both methods; the snails
were counted and then replaced at the same place,
dip by dip. A monthly comparison was made of
the survey results. The number of snails collected
by the "consecutive dipping" method was 4-116
times that collected by the routine method, the
difference being less marked when the water level
was high.

Study of the optimum seasons for the application of
molluscicides. Ecological studies are being carried
out. They show that in May and November there
usually exist two peaks in both snail population
densities and snail infection rates and that it is
therefore advisable to apply molluscicides shortly
before those peaks.

Study of a different technique in the use of copper
sulfate. In November 1959 a canal 3.7 km long
was treated with copper sulfate applied in the same
way as that used routinely with NaPCP, i.e., feeding
the inlet at a concentration of 10 p.p.m. for eight
hours. Using a colorimetric test for CuSO4 described
by Haskins (unpublished), it was found that the
concentration dropped to 2.5 p.p.m. at the end of
the canal and remained at that concentration until
the second day. The canal system remained negative
for snail intermediate hosts for two months.
Another canal system was treated in May 1960

with CuSO4 by the same method. Seven hours after
the start of feeding, the concentration was found to
be 1 p.p.m. at 4.5 km from the intake and 0 at the
end of the canal system (6 km). On the second day,
however, the concentration there was found to be
2.5 p.p.m. Shortly after treatment, however, the
canal itself was found still infested, though to a
much lesser degree, but the branches were found
negative.

Other experiments on the same lines will be
performed.

Comparison of mollusciciding with NaPCP at
10 p.p.m. for eight hours with and without the use of
mechanical barriers. Two canal systems were
treated with NaPCP at 10 p.p.m. for eight hours.
A double mechanical barrier, consisting of wire
screens having eight meshes per linear inch, had
been placed at the intake of one system. Both
systems had been surveyed before the application of
the molluscicide, using the more accurate method
of consecutive dipping described above. They were
also surveyed monthly after the treatment, using
the same method. The system with the mechanical
barrier at the inlet remained negative for four

720



USE OF MOLLUSCICIDES FOR BILHARZIASIS CONTROL IN PUERTO RICO 721

months, after which light infestation started to
occur. The other system, without the mechanical
barrier, became reinfested one month after the
treatment. The experiment will be repeated.

Testing new molluscicides. Experiments have
lately started to test the effect of Bayer 4780 (con-
taining 70% of Bayer 73 wettable powder as active
ingredient) on snails, snail eggs, cercariae and fish.

Concentrations as low as 0.7 p.p.m. of Bayer
4780 (0.49 p.p.m. of the active ingredient) in canal
water, in vitro, gave 100% kill for both Bulinus and
Biomphalaria after an exposure of six hours at a
temperature of 270 C. A small, isolated pond con-
taining both types of snail intermediate hosts was
sprayed with Bayer 4780 to give a solution corre-
sponding to 0.6 p.p.m. of the active ingredient;
weekly surveys showed the pond to be negative for
seven months.

In flowing water, the chemical was applied to a
canal system at 1 p.p.m. of the active ingredient
(Bayer 73) by a continuous-drip feed applied at
the inlet of the canal for six hours. The canal is
2.2 km long and has 74 tertiaries totalling 10.1 km in
length. At the tail of the canal the concentration
was found to have fallen to 0.6 p.p.m. of Bayer 73.
The whole canal system, surveyed by the " con-
secutive dipping" method, remained negative for
intermediate snail hosts for 82 days, after which
a very light infestation occurred. Testing the effect
of this chemical on fish in vitro, concentrations of
1 p.p.m. of Bayer 4780 in canal water proved 100%
lethal to six Tilapia and two Alestes but did not kill
one Clarias. Further tests of this molluscicide are
proceeding and it is hoped that the final results of
these experiments will form the subject of a separate
paper.

Use of Molluscicides for Bilharziasis Control in Puerto Rico*

by FREDERICK F. FERGUSON, Chief, Puerto Rico Field Station, Biology Section, Technical Development
Laboratories, Technology Branch, Communicable Disease Center, Public Health Service, US Department of
Health, Education, and Welfare, San Juan, Puerto Rico and JUAN R. PALMER, Chief, Bilharzia Control Unit,
Bureau ofEnvironmental Sanitation, Puerto Rico Department ofHealth, Santurce, Puerto Rico

Sodium pentachlorophenate for snail control
The methods of dispersion of chemical mollusci-

cides at present in practice in Puerto Rico may be
divided into manual techniques, drip-can methods,
power-spraying methods, and automatic weir disper-
sion.
Sodium pentachlorophenate (NaPCP) is the

molluscicide of choice in Puerto Rico for a number
of reasons: it is relatively inexpensive in view of its
extraordinary ability to kill intermediate host snails
at a dosage range of 5-7 p.p.m.; it is reasonably
soluble in water and in a variety of organic solvents;
and it is essentially non-toxic to warm-blooded
animals at the low dosages used.

Initial laboratory studies showed that the time
necessary for 100% mortality of Australorbis gla-

* Note submitted to the WHO Expert Committee on
Bilharziasis, September 1960.

bratus varied inversely with the dosage of NaPCP,
ranging from 30 hours at 3 p.p.m. to 12 minutes at
200 p.p.m. In ovicidal tests, snail eggs hatched when
held for 30 hours in 3 p.p.m.; but at 5 p.p.m., they
remained unhatched after exposure for 8 hours. In
other laboratory tests the concentration of NaPCP
was reduced from 50 p.p.m. to 20 p.p.m. by filtering
through stream-bed sand. All dosages up to
20 p.p.m. were shown to irritate snails, causing them
to attempt escape from the containers.

NaPCP had been given limited field trials in
1951.a NaPCP was applied first in the bilharziasis
control programme in Puerto Rico in October 1953
in streams of the Patillas Project. It was applied in
the form of briquettes and pellets; the results of the
applications were poor. Application of NaPCP for

a Berry, E. G., Noland, N. 0. & Gonzalez, J. 0. (1950)
Publ. Hlth Rep. (Wash.), 65, 939.
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