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Bilharziasis Control in Pump Schemes near Khartoum,
Sudan, and an Evaluation of the Efficacy
of Chemical and Mechanical Barriers *

EMILE A. MALEK 1

Agricultural schemes irrigated by pumps are of significant importance in the spread of
bilharziasis in the Sudan. On the basis of detailed pre-control studies and ofpost-control
evaluation in some of these schemes near Khartoum, a procedure is recommended by which
it is thought that satisfactory results could be obtained.

Although use of a " chemical barrier " (i.e., the continuous application of a concen-
tration of 0.125 p.p.m. of copper sulfate as a maintenance dose) has apparently been
successful in reducing the snail population in the Gezira irrigation scheme in the Sudan,
where it was initiated, it has not yielded satisfactory results in certain other countries.
An evaluation of this method and of mechanical barriers has been attempted in the studies
reported here and it wasfound that the canals remained suitable habitatsfor snails introduced
downstreamfrom the site ofapplication ofthe maintenance dose. The principle ofcontinuous
application of low concentrations of molluscicides is probably sound and might be effective;
further investigations are, however, necessary to improve the method, and to provide further
data on the possibility of a residual effect resulting from continuous application.

From 1953 on, occasional snail collections have
been made from irrigation canals in the Khartoum
area of the Sudan. These canals are in agricultural
plots varying in size from about one hundred to
several hundred acres, irrigated by pumps from
either the Blue Nile or the Main Nile, and composing
what are called agricultural pump schemes. The
snail Bulinus truncatus-the intermediate host of
urinary bilharziasis-and the potential host B.
forskalii were common in these canals. The snail
Biomphalaria riippellii-the intermediate host of
Schistosoma mansoni-was recently encountered in
one canal (Table 4 below). Urine examinations of
some children and agricultural labourers in one
village revealed the presence of viable eggs of
Schistosoma haemnatobium. It was not until 1957
that an extensive project could be carried out on
the epidemiological aspects of the disease in an
effort to reduce its prevalence.

* This investigation was supported by a grant from the
World Health Organization.

1 Department of Tropical Medicine and Public Health,
Tulane University School of Medicine, New Orleans, La.,
USA; formerly of the University of Khartoum, Sudan.

Two agricultural schemes and the near-by village
of Shambat, 6 miles (or about 10 km) north of
Khartoum, were chosen in which to carry out the
studies. Basic data were accumulated on the
distribution of the snail population, on the fluctua-
tion of the snail population density, on the ecological
factors which influence the distribution and fluctua-
tion, and on the seasonal prevalence of infection
among the snails for 18 months in one scheme and
four months in the other prior to the application
of control methods. Schoolchildren in the village
were examined for schistosome eggs.

Control work started in December 1958 and was
directed towards the eradication of the snail inter-
mediate hosts and the treatment of the school-
children. After the application of an initial dose of
the molluscicide (copper sulfate) on 5 December
1958, checks were made every two weeks on the
snails in the canal system, and a low concentration
of the molluscicide (0.125 p.p.m.) was applied
continuously into the two pump schemes. The
objectives of the application of the maintenance dose
were: to evaluate the efficacy of low concentrations
of copper sulfate applied continuously in irrigation
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canals in preventing the reintroduction of snail
hosts into them; and to investigate the possible
building up of a residual or cumulative lethal effect
of copper on the snails as a result of the continuous
application. Snail control by this method, which is
also referred to as the application of a " chemical
barrier ", initiated in the Gezira irrigation scheme
in the Sudan, has received worldwide attention
owing to its apparent success in bringing about a
considerable reduction in the snail population. The
method (some workers using higher concentrations
than 0.125 p.p.m. CuSO4) did not yield satisfactory
results when employed in a few other bilharziasis
endemic areas but noticeably eliminated certain
weeds and aquatic snails in a number of channels
in England (Foster & Plant, 1956; Chancellor et al.,
1960) and controlled weed growth in water reser-
voirs in California, USA (Derby & Graham, 1953).

Attempts were also made to evaluate the efficacy of
mechanical barriers in preventing the introduction
of snails into irrigation canals.

Canals in two other schemes were included in the
studies as controls for experiments on both the
chemical and the mechanical barriers.
Although individual pump schemes are usually

small in size, the total area of existing schemes on
the Blue, White and main Nile is 624 000 feddans
and that of the proposed pump schemes one million
feddans.1 The threat of bilharziasis in these schemes
could equal if not exceed its importance in the
existing gravity scheme, the Gezira. Their canals,
which are designed to dry completely when the
pump is not operating for some time, actually have
deep parts along their beds which create ideal
habitats for the establishment of snail colonies and
aquatic weeds.

EXPERIMENTAL AREAS

The first pump scheme (Fig. 1), which was
studied for 18 months before control measures were
started, is that of the Ministry of Agriculture farm,
6 miles (about 10 km) north of Khartoum, irrigated
from the main Nile, i.e., below the confluence of
the Blue and White Niles. The pump irrigates about
210 acres (85 ha) of cultivated land and about
20 acres (8 ha) of gardens for near-by houses and
offices. The output of the pump is 612 m3 per hour;
it operates for seven hours daily except Fridays.
The main watercourse is about 3.5 km long with
a regulator at point R and a booster at point X

1 1 feddan is approximately equal to 1 acre or 0.4 hectare.

(see Fig. 1). The average width of the canal is
2.3 m and the average depth 0.75 m. Secondary
and a few tertiary canals are filled only intermit-
tently. Water is always present towards the end
of the main course of the canal near the village
and in certain deep stretches but the remaining
portions tend to dry up on Fridays.
The University farm (Fig. 2) covers about 600 acres

(about 240 ha) but usually only 300-400 acres (about
120-160 ha) are cultivated at one time. Its pump,
also on the main Nile, has the same capacity as
that of the Ministry of Agriculture farm, but
operates for 10 hours per day, and often on Fridays.
Two control areas for the experiments included

the Abu-el-Ela pump scheme, 20 miles (or about
30 km) north of Khartoum, and a canal near Kober
prison in Khartoum North which is irrigated from
a big scheme on the Blue Nile. There are two main
canals in the Abu-el-Ela scheme, the west canal
running parallel to the Nile, about 2 km in length,
and the other canal at the eastern edge of the
scheme, running parallel to the first canal, but about
4 km in length and ending blindly near the Nile.
The average width and depth of the canals in the

control areas are similar to those in the Ministry
of Agriculture scheme.
Human activity in the schemes includes children

swimming, washing of vegetables, some ablutions,
and agricultural labourers using the irrigation canals.

PRE-CONTROL STUDIES

Snail survey
Sampling methods. Snail sampling was carried out

with a scoop net when the water in the canals was
shallow. The net has a 30 x 30-cm frame of steel
bars with an 8-cm blade soldered to it, is covered
with wire netting having a mesh of 16 to the linear
inch (approximately 6 per cm), is 10 cm deep, and
has a wooden handle opposite the blade.

Scooping is started at the edge of the water,
following and scraping the bottom and the vegeta-
tion to a distance of about 75 cm towards the
middle of the canal. The scoop is then drawn up
vertically with a slight shake through the water and
vegetation. The material obtained from six such
scoops from each sampling station were put together
in a bucket, taken to the laboratory,,washed, and
the snails counted in enamel trays. After the snails-
were checked for their schistosome and other
trematode infections, the negative ones were returned
to their respective stations. Sampling at all stations
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FIG. I

MINISTRY OF AGRICULTURE FARM PUMP SCHEME
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FIG. 2

UNIVERSITY FARM PUMP SCHEME

was carried out every month, and the analysis of

the data is based on the relative number of snails

in each scheme, not the absolute number.

Ten sampling stations were chosen in the Ministry

of Agriculture farm and six in the University farm.

In the Ministry of Agriculture scheme the first seven

stations on major canals were at 690, 1025, 1165,

1516, 1746, 2102 and 2325 m from the pump, and

station No. 10 at 1522 mn; the other two stations

were on secondary canals (Fig. 1). In the University

farm (Fig. 2) they were at 710, 1042, 1210, 1540,

1392 and 2190 m.

T'hese sampling methods were also followed later

with the control canal in Abu-el-Ela scheme, after

the start of the control operations.

Each station was representative of the section of

the canal in which it was located, and provided

information on the effect of certain ecological

factors on the snail populations. The choice of

stations is justifiable for such a short stretch of

watercourse and as long as data on the relative

and not the absolute number of snails are the aim.

Moreover, if for ideal sampling more stations were

chosen at regular intervals along the entire water-

course, some of these would be situated in areas

which dry up and consequently would harbour no

snails or unstable and non-permanent colonies.

Nevertheless, occasional observations and sampling

were carried out on parts of the watercourse between

the stations.

Snails collected. The number of snails collected

at each station each month are recorded in Table

for the Ministry of Agriculture farm. Only these data

will be discussed as they were collected over a much

longer period than those from the University farm.

The three collections made in the latter, in October,

November and December 1958, show the same
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TABLE I
RESULTS OF SURVEY OF MINISTRY OF AGRICULTURE FARM DURING PRE-CONTROL PERIOD,

SHOWING NUMBER OF BULINUS a SNAILS OF ALL AGES RECOVERED

Collecting station

Date 1 2 3b 4b 5 6bb 7 8 9 | 10

B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f. B.t. B.f.

1957

July 0 0 78 31 7 0 28 37 35 11 21 3 2 8 0 0 0 0 0 0

Aug. 0 0 37 5 1 0 2 6 12 4 14 3 0 11 1 0 2 0 0 0

Sept. 0 0 23 9 0 0 3 1 13 1 15 1 3 0 0 0 1 0 1 0

Oct. 0 48 17 2 0 12 4 18 11 53 6 7 0 0 1 0 0 0 0

Nov. 1 0 63 13 2 1 32 11 18 12 97 8 18 5 0 0 2 2 0 0

Dec. 7 2 162 18 3 1 54 17 75 7 86 10 31 5 4 0 10 0 1 0

1958

Jan. 4 1 187 33 19 2 85 28 107 7 194 19 72 7 9 0 1 0 0 1

Feb. 2 0 261 43 8 4 211 55 151 25 305 26 174 18 22 2 1 1 1 0

March 13 0 385 91 27 20 302 83 334 62 328 42 93 12 2 0 17 1 1 0

April 5 2 643 140 38 7 232 205 285 64 593 89 73 43 5 0 2 1 5 0

May 6 0 602 227 9 4 37 4 373 88 112 17 107 64 5 1 11 5 0 0

June 0 0 537 122 12 0 40 13 391 45 95 14 22 12 13 2 3 0 0 0

July 1 0 305 84 1 1 3 14 195 16 54 22 15 14 0 0 0 0 1 0

Aug. 0 0 144 8 4 0 7 4 62 9 18 2 3 1 1 0 0 1 2 1

Sept. 2 0 36 21 0 0 11 0 18 1 5 1 0 1 2 0 0 1 0 0

Oct. 0 0 45 25 9 0 37 10 11 3 31 4 11 2 0 0 1 0 0 0

Nov. 1 3 98 39 8 4 45 32 57 7 52 27 10 19 7 0 0 0 0 1

Dec. 2 2 137 78 15 2 62 38 51 26 63 18 36 32 3 0 3 1 1 0

a B.1. = Bulinus truncatus; B. f. - Bulinus forskalil.
b Stations disturbed by clearance in April 1958.

population trends. Three stations were somewhat
disturbed by the incomplete clearance of the vegeta-
tion by the farm management. Stations not disturbed
by clearance (of which two examples are illustrated
in Fig. 3) showed similar seasonal fluctuation patterns
in the size of their snail populations. In general the
number of snails shows a slight rise in October and
continues gradually during November, December
and January. Considerable breeding was noticeable
during January and February, and the peak of the
population for all the stations lies somewhere
between February and June, unless the habitat is
disturbed by clearance. In the case of stations
undisturbed by clearance a decrease in the popula-
tion is noticeable in June or July and the decrease
is accelerated with the arrival of the flood waters

which reach the scheme some time in the second half
of June and continue until the end of September
or early October. Stations 3, 4, and 6 were affected
by the partial clearance of mud and weeds in April
1958 and did not build up their population densities
before the arrival of the flood water. The decline
in the size of the population during June or July
may be due to a number of causes, among which
are probably the death of many old snails and the
high temperatures which may prevail in small pools
in May and June.

Factors affecting snail population and density
The distributional pattern of snails in this scheme

(Ministry of Agriculture) and the fluctuation in their
density as shown in Table 1 are evidently governed

4
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FIG. 3
MONTHLY COLLECTIONS OF BULINUS SNAILS AT STATIONS 2 AND 5,
MINISTRY OF AGRICULTURE FARM, DURING PRE-CONTROL PERIOD

by ecological factors which condition the habitat;
among these factors are the current velocity, non-
permanence of the habitat, silt content of the water,
temperature, and density of aquatic weeds and algae.
For a detailed discussion of the effect of these
ecological factors on bilharziasis intermediate hosts
the reader is referred to the report of the WHO
Study Group on the Ecology of Intermediate Snail
Hosts of Bilharziasis (1957), Watson (1958) and
Malek (1958).

Current velocity. The absence of aquatic weeds
and the difficulty of establishing snail breeding

colonies for a distance of about 500 m from the
pump are evidently due to the swift current. Occa-
sional bulinid snails were collected toward the end
of this reach. As the current velocity decreases,
snail colonies and aquatic weeds build up gradually.
This was also found true of the other schemes
investigated. At the Ministry of Agriculture farm,
few snails were collected at station 1 (690 m from
the pump) and aquatic weeds were first encountered
about 60 m further downstream.

Non-permanence of the habitat. The periodic
fluctuation in water level which leads to near desicca-
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tion of parts of the watercourse in these schemes
reduces considerably or eliminates the bulinid snails.
This is noticeable in stations 8, 9, and 10; the
variation in the number of snails depends on the
degree of desiccation. The absence of weeds which
could provide shade and humidity for the estivating
snails until the water returns (usually from a few
days to a week) adds to the adverse conditions in
these parts of the watercourse.

Silt. It appears from the data in Table 1 that
high silt content of the water was a limiting factor
for the establishment of large snail colonies during
the flood period. Stations 2, 4, 5, 6 and 7, with a

high density of snails in the months of February
through June, harboured comparatively small colo-
nies during the months of August, September and
October. Silt apparently acts through a reduction
in light intensity and consequently a noticeable
reduction in the aquatic weeds which serve as

support and as a surface on which the snails crawl
and deposit their eggs, and in the microflora on which
the snails feed. It seems also that silt has a harmful
impact on the physiological processes of the snail.

Temperature. The temperature range of 18°C to
32°C that prevailed during the pre-control period
seemed to have favoured the activity and breeding
of the snails. Breeding took place all the year round
but with a maximum deposition of eggs during
January through June. During pre- and post-
control periods a maximum water temperature
range of 29°C-32°C was encountered in April through
June of 1958 and 1959. A minimum water tempera-
ture range of 18°C-20°C occurred in December and
January of both years.

In February and March of 1958 the average water
temperature was 26°C, i.e., higher than that in the
corresponding months of 1959 (23°C). Tempera-
tures as high as 33.5°C were not uncommon in April
and May 1958 in residual pools during low water.

Trematode infections. Infections with trematodes
as a factor reducing snail populations seem, in
general, to be insignificant in the Ministry of
Agriculture scheme. Only a few B. truncatus and
B. forskalii were found, on repeated examinations,
to be infected with trematodes other than schisto-
somes. Even with Schistosoma haematobium the
percentage of infected B. truncatus was very low
(Table 2), and no B. forskalii were found infected.
The operculate Melanoides tuberculata in the same

canals was found heavily infected with larval trema-
todes, apparently those of fish and birds.

Incidence of S. haema-tobium in the intermediate snail
host
Table 2 shows the number of B. truncatus examined

and the number and percentage found infected with
S. haematobium in the 10 stations in the Ministry of
Agriculture farm over 18 months. It is evident that
the incidence of S. haematobium in the snails is very
low. Such very low infection rates of B. truncatus
with S. haematobium, responsible for a high inci-
dence of vesical bilharziasis, are not uncommon
(Greany (1952) in the Sudan Gezira; van der
Schalie (1958) in Qualyub, Egypt). Table 2 also
shows an important factor in bilharziasis transmis-
sion: infected snails occur almost all the year round
and therefore contact of inhabitants with cercariae-
infested waters is always possible. The percentage
of infections from January to June is low, but with

TABLE 2
INCIDENCE OF SCHISTOSOMA HAEMATOBIUM IN BULINUS
TRUNCATUS COLLECTED ON MINISTRY OF AGRICULTURE

FARM DURING PRE-CONTROL PERIOD

No. snails Positive Stations atNoxsamils Poitv which in-
Date exat all __ Positive_ |_fected

stations No. % fonals

1957

July 171 0 0.0

Aug. 69 0 0.0

Sept. 59 0 0.0

Oct. 140 0 0.0

Nov. 233 1 0.43 6

Dec. 332 1 0.30 2

1958

Jan. 678 1 0.15 5

Feb. 1136 2 0.18 4,6

March 1502 2 0.13 5

April 1881 3 0.16 4, 6

May 1262 3 0.24 2, 5, 7

June 1113 1 0.09 6

July 575 1 0.17 5

Aug. 241 1 0.41 2

Sept. 74 0 0.0

Oct. 145 0 0.0

Nov. 278 1 0.36 2

Dec. 373 0 0.0
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many snails present the cercarial concentrations
during that period must be fairly high.

Incidence of S. haematobium among schoolchildren
in Shambat village
Urine examinations of schoolchildren in Shambat

village close to the Ministry of Agriculture and
University farms showed the following infection
rates with eggs of Schistosoma haematobium. Before
the onset of control procedures infection was
detected in 38 of 237 boys (16%) in February 1958
and 45 of 207 boys (21.7%) and none of 204 girls
in October 1958. Shortly after the beginning of the
control operations infection was present in 55 of
232 (23.7 %) boys and 3 of 191 girls (1.6%.) in
January 1959 and 30 of 157 boys (19.1 %) in July
1959.

SNAIL CONTROL AND EVALUATION OF CHEMICAL
AND MECHANICAL BARRIERS

The following is an outline of the work which
was carried out in the four agricultural schemes for
snail control and for an evaluation of chemical and
mechanical barriers.

1. Ministry of Agriculture farm: initial sulfation,
maintenance dose (chemical barrier).

2. University farm: initial sulfation, maintenance
dose, mechanical barrier.

3. Kober canal: initial sulfation.
4. Abu-el-Ela scheme:

(a) West canal: initial sulfation, mechanical
barrier.
(b) East canal: control.

Clearance and initial sulfation
Before sulfation, when the pump was not operat-

ing, a team of labourers cleared the canals of mud
and vegetation by hand and with hoes. Thus large
numbers of snails and egg masses were taken out of
the canal system.

Sulfation was carried out at 30 p.p.m. when the
canals were full of water. The molluscicide was
placed in a bag to which two ropes were tied, one
to be held at each bank. It was dissolved evenly,
starting downstream and moving slowly upstream;
the concentration was raised to 50 p.p.m. in parts
known to be heavily infested with snails. The
operations extended from about 10.30 a.m. until
the pump was stopped at about 2 p.m. Thus advan-
tage was taken of the higher midday temperatures

(average 26°C) and the more or less still water
towards the end of and after the operations. The
mud at the bottom was stirred up as little as possible
during the application. Dead snails were observed
at the end of the day and the following morning,
and whenever weeds were encountered they were
removed. The next day (Friday), when the pump
was not operating, copper sulfate was applied at
100 p.p.m. in deep spots of the canal and at places on
the banks where water was permanent and which
were known from pre-control studies to be reser-
voirs from which the snail population in the canal
system was restocked. Altogether 248.5 kg of
CuSO4 were used in the whole sulfation operation.
Repeated daily examinations proved the absence

of bulinid snails.
Essentially the same procedures were followed in

the University farm, the West canal of the Abu-el-Ela
scheme and in Kober canal. However, in the
Abu-el-Ela canal clearance had to be carried out
with the canal full of water, and there was also
much stirring of the bottom during sulfation. Kober
canal was not sulfated until the first week of
February, i.e., two months after sulfation of the
other schemes.

Maintenance dose (chemical barrier)
A maintenance dose of 0.125 p.p.m. of copper

sulfate was applied in the Ministry of Agriculture
and University farms. The output of the pump in
the Ministry of Agriculture farm was 612 m3 per
hour and the pump operated for seven hours daily.
A total dose of 535.5 g of the molluscicide was fed
during this period at a distance of 160 m from the
pump. In the case of the University farm the pump
operated for 10 hours and a total dose of 764.98
(765) g was used during the 10 hours.
For the initial applications of the maintenance

dose the procedure used in the Gezira irrigation
scheme in the Sudan (Sharaf el Din & Nagar, 1955)
was followed. During the first week the crystalline
molluscicide was therefore placed in a jute bag in
the middle of the canal. It was later replaced by a
muslin bag, but whatever fabric was used, the bag
allowed the chemical to dissolve very quickly, and
thus the contact and " barrier " effect of the recom-
mended concentration could not be maintained. A
simple drip method adapted from Haskins &
Dobrovolny (1953), Paulini (1955), Jove (1956) and
Klock (1956) was then introduced. The required
amount of the molluscicide was dissolved in canal
water and the solution placed in a plastic box, up
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to a mark near the top of the box. A glass-and-
rubber tubing was fitted into a hole in the middle
of the bottom of the box. A screw clip on the
rubber tubing allowed for adjustment of the rate
of flow of the molluscicide so as to last for the whole
time of operation of the pump. The plastic box was

placed inside a wooden one with a lid and suspended
over the centre of the canal. The dimensions of the
plastic boxes were 20 x 23 x 28 cm in the Ministry
of Agriculture farm and 20 x 32 x 45 cm in the
University farm.

Mechanical barriers
A mechanical barrier adapted from that used in

the Gezira scheme was placed immediately before
the chemical barrier (maintenance dose) in the
University farm and at the beginning of the West
canal in the Abu-el-Ela pump scheme. Made of
iron rails and wire screen with 8 meshes to thq
inch (approximately 3 per cm), the barrier was

painted to prevent rust, placed across the canal, and
fitted into both banks. The barrier was more

or less L-shaped, with the lower side of the L
submerged and at an angle of 800 to the erect part.
About 20 cm of this erect portion were submerged
and the remaining 60 cm were above the water.
It was not possible to submerge the barrier for more
than 20 cm because of objections by the agricultural
authorities. It was thought that the barrier would
stop the regular flow of the water and cause over-

flow if submerged more deeply. The width of the
barrier was 2.15 m, including the part fitting into
the banks. The barrier was supported by iron angles.
The screen was cleaned regularly and the debris was

brought to the laboratory for examination.

Planting of snails at various distances from chemical
barrier
In this experiment snails were placed at various

distances below the point where the molluscicide
was introduced, in order to determine whether they
were affected by low concentrations, and, if so, for
what distance. Two methods were used:

(a) In the Ministry of Agriculture farm, 500
Bulinus truncatus snails of various ages were placed
in a cage made of a wooden frame and wire screen

(dimensions of cage: 100 x 75 x 75 cm). The cage
had a tightly fitting door covered by another layer
of screen. Dead banana leaves, mango leaves and
ordinary wrapping paper were also placed in the
cage. One cage was placed at each of three sites
located at 220 m, 735 m and 1943 m from the

chemical barrier. Later, a somewhat smaller cage was
used at two sites, at distances of 100 m and 1028 m.
The snails Biomphalaria sudanica and Lymnaea

natalensis, which do not occur in any scheme in the
neighbourhood, were also planted in the box at a
distance of 1943 m.

(b) In the University farm, two partitions with
steel frames and screen placed across the canal
provided the boundaries of a natural habitat on a
section of the canal about 4-6 m long. Four of these
enclosures were established at 557 m, near the
booster at 1250 m, near farm buildings at 1240 m,
and near the village at 2130 m from the chemical
barrier. Altogether 500 Bulinus truncatus snails of
various ages were placed in each enclosure. The
sites for these enclosures were chosen in such a way
that they did not interfere appreciably with irrigation
and that they contained enough water on Fridays,
when the pump was not operating, to maintain a
suitable habitat. To prevent the effect the escape
of snails would have on the results, the secondary
canals below the enclosures were excluded from the
final survey. Snails did escape from the enclosure
at 1218 m.
An apparent reduction in the size of the colony

on the University farm at a distance of 557 m was
noticed shortly after planting the snails. This reduc-
tion was probably due to the swift current in that
spot, where water dropped for a few feet from a
pipe in the main canal into a branch canal. In order
to rule out the current factor 500 snails were then
caged in at a distance of 15 m.

In April 1959 water analyses of three schemes
were carried out, and Table 3 shows that their
waters are more or less similar in composition.

TABLE 3
WATER ANALYSES OF THE EXPERIMENTAL IRRIGATION

SCHEMES

Ministry Abu-el-
of Agri- University Ela pmculture farm chpumpfarm shm

Water temperature (OC) 25 25.5 25.5
pH 8.0 8.0 8.2
Turbidity Slight Slight Slight
Dissolved oxygen (p.p.m.) 10.2 10.0 9.5
Hardness

Temporary
(CaCo, in p.p.m.) 125 125 132.5

Permanent
(CaCos in p.p.m.) 0 0 0

Total (CaCos in p.p.m.) 125 125 132.5
Calcium (Ca in p.p.m.) 13.5 12 11.5
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Results and observations

Bulinid snails were not found in regular examina-
tions at the Ministry of Agriculture farm and Univer-
sity farm after December 1958, or in Kober canal
after February 1959. Examinations were carried out
both at high and at low water. Unfortunately, clear-
ance of the canals by the agricultural authorities in
the third week of May and in early June upset any
reliable data for June. Improper clearance and
sulfation of the West canal in Abu-el-Ela scheme
resulted in repopulation of the canal, especially at
its northern end. Clearance was carried out with
the canal full of water and there was disturbance
of the mud during clearance and sulfation. On
15 March 1959, two specimens of B. forskalii were

collected; on 23 April 1959, 6 B. forskalii; on
24 May, 16 B. forskalii and 5 B. truncatus; and on

22 June, 73 B. forskalii and 12 B. truncatus.
The operculate Melanoides tuberculata appeared

in large numbers in the Ministry of Agriculture farm
from the middle of March and in Kober canal start-
ing in April.
Table 4 shows results of examinations of the

control canal (East canal of the Abu-el-Ela scheme),
and illustrates how the snail colonies built up from
the time the examination started in December until
towards the end of April, when clearance of the
canals was undertaken and reduction in the number
of snails at each station took place.

Regular observations were carried out with a

minimum disturbance to the habitat on snails
planted in boxes in the Ministry of Agriculture farm
and on those in enclosures in the University farm.
When the water was low snails were seen inside the
boxes and in the enclosures. At the end of the
experiment, at the end of June, the boxes were taken
out of the water and the contents thoroughly checked
for surviving snails. The numbers of survivors in
both boxes and enclosures are shown in Table 5
and Table 6. There was a noticeable increase in the
number of snails in the enclosures at 1218 m and
1220 m. As expected, the boxes proved to be
unnatural habitats compared with the enclosures.
A considerable amount of flotsam was retained by

the barrier but none of this included aquatic weeds.
In the third week of May, three young B. truncatus
snails were found clinging to a small piece of stem,
]robably of millet, at the University farm barrier.
These were the only snails caught by the barriers
during the period of seven months. It is very
interesting to note that the Gezira workers report
that most of the snails detained by their mechanical
barriers are young ones. It may be that young snails
can cling to the flotsam more efficiently than the
adults.

Observations were also made on weed growth
in canals receiving a maintenance dose after clear-
ance and initial sulfation (Ministry of Agriculture
farm), and on others which were cleared and

TABLE 4
RESULTS OF SURVEY OF EAST CANAL OF ABU-EL-ELA PUMP SCHEME (CONTROL CANAL), SHOWING

NUMBER OF BULINUS a AND BIOMPHALARIA a SNAILS OF ALL AGES RECOVERED

Collecting station

Date 1 2 3 4

B. t. B. f. Biom. B. t. B. f. Biom. B. t. B. f. Biom. B. t. B. f. Biom.

1958

Dec. 43 10 0 8 15 1 15 23 2 17 35 13

1959

Jan. 92 18 0 11 8 1 66 4 11 49 42 63

Feb. 264 27 2 33 19 3 145 31 12 87 22 116

March 203 51 2 92 5 14 227 63 19 165 64 103

April 241 48 1 157 23 31 286 59 56 73 85 145

May 64 7 0 19 4 0 52 2 7 23 14 19

June 91 6 0 32 4 9 93 11 13 10 36 27

a B. t. = Bulinus truncatus; B. f. = Bulinus forskalii; Biom. = Biomphalaria ruppellii.
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TABLE 5
RESULTS OF PLANTING SNAILS IN MINISTRY OF AGRICULTURE FARM AT VARIOUS DISTANCES

FROM CHEMICAL BARRIER (MAINTENANCE DOSE)

DistancefromObsrvationSnails planted Snails surviving and egg masses
Distanuce from Observation Snispatdat end of experiment

Box chemical barrier period at.end_of_experiment
(m) (months) Species No. Species No. Egg masses

100 2'/2 Bulinus truncatus 500 Bulinus truncatus 254 0

II 220 4 Bulinus truncatus 500 Bulinus truncatus 143 0

ill 753 4 Bulinus truncatus 500 Bulinus truncatus 332 2

IV 1 028 2 '/2 Bulinus truncatus 500 Bulinus truncatus 231 0

V 1 943 4 Bulinus truncatus 500 Bulinus truncatus 14 0

Biomphalaria sudanica 250 Biomphalaria sudanica 23 0

Lymnaea natalensis 250 Lymnaea natalensis 1 0

TABLE 6
RESULTS OF PLANTING SNAILS IN UNIVERSITY FARM AT VARIOUS DISTANCES

FROM CHEMICAL BARRIER (MAINTENANCE DOSE)

Distance from Observation Snails planted Snails surviving and egg masses
Enclosure chemical barrier period at end of experiment

(m) (months) Species No. Species No. Egg masses

500 4 Bulinus truncatus 500 Bulinus truncatus 42 0

1 210 4 Bulinus truncatus 500 Bulinus truncatus 677 5

Biomphalaria sudanica 250 Biomphalaria sudanica 85

ill 1 218 4 Bulinus truncatus 500 Bulinus truncatus 823 13

Biomphalaria sudanica 250 Biomphalaria sudanica 0 0

Lymnaea natalensis 250 Lymnaea natalensis 0 0

IV 2 114 4 Bulinus truncatus 500 Bulinus truncatus 71 1

received an initial sulfation only (West canal of
Abu-el-Ela scheme and Kober canal). Canals with
a maintenance dose became choked with rooted
Potamogeton spp., mainly P. crispus, and this was
covered with thick algal growth. The weeds appeared
during February 1959 in the localities in which they
had thrived before the clearance on 5 December 1958.
Along the course of the main canal the weeds com-
menced at about 750 m from the pump. The
vegetation also recovered in the Kober canal and
West canal of Abu-el-Ela scheme shortly after
clearance and sulfation. A few Potamogeton plants
introduced into some enclosures in the University
farm, which also received a maintenance dose, grew

to fill the enclosures and the secondary canals in
which they were placed.

Costs of control operations

As shown in Table 7, the total cost of clearance
and initial sulfation in the Ministry of Agriculture
farm (230 acres, or 93 ha, approximately; main
watercourse, 3670 m) was £S 54.10.1 For a suggested
second clearance another £S 25.00 would be needed.
In the case of schemes for which a mechanical
barrier is recommended, the costs would be an
additional £S 23.00 (ES 9.00 for the barrier, another

1 £S1 = USS2.88.
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TABLE 7
COSTS OF CLEARANCE AND OF INITIAL SULFATION

OF MINISTRY OF AGRICULTURE FARM

CostCosting item (;sa)

Labour:

Clearance of vegetation and mud 50 labourers 25.00
(2 days)

Application of molluscicide 4 labourers 2.00
(2 days)

Copper sulfate used 248.5 kg 27.10

Total 54.10

a £SI = US $2.88.

£S 9.00 for a spare barrier, and another £S 5.00 for
spare parts). Cleaning of the barrier could be
carried out by agricultural labourers who are super-
vising the canal system; it is not necessary to employ
special labourers.
On the basis of the findings in the present study

and at the present state of our knowledge it is felt
that a maintenance dose of 0.125 p.p.m. CuSO4 iS
not necessary for the control of bilharziasis in such
pump schemes, and accordingly the cost of the
continuous application is not included in the total
cost of control.

DISCUSSION

It is evident that the experiments should have been
followed up for another year or two to make proper
evaluation possible. However, even at this stage of
the work certain accomplishments deserve comment.
Information has also been gathered which could be
of use in control of bilharziasis in pump schemes
and for a follow-up of the present investigations.
Pump schemes are very significant in the spread of
bilharziasis in the Sudan, but a greater degree of
control could be possible with them than is the case
with large gravity schemes.
The results of initial sulfation of canals in the

Ministry of Agriculture farm, University farm, and
Kober canal show that no snails reappeared during
the period of the experiment-a period of seven
months in the case of the first two schemes, and
four and a half months in the case of the Kober
canal. On the other hand, snail colonies in the
control canal, the East canal of Abu-el-Ela scheme

(Table 4), continued to build up during the same
period of observation. The correctness of the pro-
cedure of snail control followed in these schemes
becomes more evident when it is compared with
that followed with the West canal of Abu-el-Ela
scheme, where owing to some difficulties clearance
and sulfation were carried out improperly and the
canal thus became repopulated with snails shortly
afterwards.
For the last few years the value of low concentra-

tions of molluscicides when applied continuously
in preventing the introduction, repopulation or both
of irrigation canals with bilharziasis intermediate
hosts has drawn the attention of workers in the
field of bilharziasis control. In the Gezira scheme,
where the method was initiated, it has been reported
-and has been my own observation as well-that
a considerable decrease in the density of the snail
population is noticeable, as snail colonies now occur
only sporadically in the major and minor canals,
unlike the situation prevailing towards the beginning
of the control experiments in 1953. Various workers
outside the Gezira, however, have tried the con-
tinuous application of 0.125 p.p.m. CuSO4 and have
failed to obtain satisfactory results.
Attempts were made during the studies at

Khartoum to find an explanation for the variable
results.
Two principal theories have been presented as an

explanation of the effectiveness of the continuous
application of CuSO4; first, the method produces a
molluscicidal concentration in the water between the
bags and the regulator; and, secondly, snails are
killed because the molluscicide circulates throughout
the system, and possibly because a residual effect is
established as a result of the continuous application.
The evidence that led to the first theory is that

placing the barrier above the regulator gate gave
better results than placing it below the gate. It is
very likely that the method produces a high con-
centration between the bag and the regulator.

Tests have shown repeatedly (Kuntz & Wells,
1951; Hoffman & Zakhary, 1953) that time-concen-
tration relationships are important considerations
in the use of CuSO4 for killing the aquatic snail
hosts of the schistosomes. Nothing comparable to
the desirable exposure of 20 p.p.m. for six hours
or its equivalent occurs in the vicinity of the
" chemical barrier " in the Gezira. The snails are
no doubt detained in this area. It is not known
how long they remain there, but the time is unlikely
to be more than 15 minutes at the most.
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In the absence of any adequate microanalysis
methods to detect in the water such low concen-
trations of copper as 0.125 p.p.m. or less, the effect
of the chemical below the barrier was tested in the
present studies by planting snails at various dis-
tances in the canal system. The canals below the
barrier proved to be suitable as snail habitats. The
results presented in Tables 5 and 6 show that a
maintenance dose of 0.125 p.p.m. of CuSO4 did not
exterminate these snails, a variable number surviving
for the period of the experiment (2½/2-4 months).
In some enclosures the snails reproduced and
increased in number, and egg masses were observed.
A few specimens of the snail Biomphalaria sudanica
and of Lymnaea natalensis, which do not occur in
these schemes in the Khartoum area, also survived
the continuous molluscicide application. The death
of snails among each group was probably for
reasons other than the effect of the chemical, a
contention supported by the survival of a larger
number of snails closer to the chemical than among
those further away from it. The survival over two
and a half months of 254 snails out of 500 placed
in a box at 100 m from the chemical in the Ministry
of Agriculture farm is no doubt a challenge to the
effect of the molluscicide.
The possible establishment of a residue of active

copper as a result of the application of CuSO4
(whether as a high initial dose or as a maintenance
dose) and the effect of this residue in exterminating
the snail hosts are not definitely known and require
further studies. The loss of the copper ion in natural
waters is well known. Soluble copper is absorbed
by plants and combines with organic and inorganic
compounds, such as clay, to form complexes in
which the copper is bound or fixed.

Analyses of mud from canals treated with an
initial dose of CuSO4 or continuously with low
concentrations proved the presence of copper. In
Wisconsin, USA, Nichols et al. (1946) showed that
mud from two lakes treated with CuSO4 for five
years contained 415 mg copper per kg and 595 mg
copper per kg dry matter. In another lake which
was occasionally treated the copper content of the
mud was 145 mg per kg, and in a lake which did
not receive any treatment there were 33 mg per kg
of mud.
Mud scrapings from the surface of beds of pre-

viously sulfated Gezira canals have also been
analysed. The copper content was 960 p.p.m. in the
mud from canals where the weeds have been re-
moved and 450 p.p.m. from the mud of canals

where the weeds have not been removed (Greany,
1952). More significant is Greany's finding that
this mud from canals previously sulfated at periods
varying from a week to 15 months did not have a
lethal effect on the snails Bulinus and Planorbis
(=Biomphalaria) when these snails were placed in
basins with this mud and fresh water for a period
of two weeks.

In England Chancellor et al. (1960) analysed mud
from a channel that had been treated continuously
with 1 p.p.m. copper (CuSO4, 5H2O, 4 p.p.m.) over
131 days and found that it contained the following
amounts of copper in p.p.m. dry matter: at 40 yards
(36.5 m) below the treatment point, 180; at 1090
yards (996.7 m), 95; and at 2070 yards (1893 m), 95.
No attempt was made, however, to determine the
molluscicidal action of mud from these channels.

In the same experiments the authors showed that
the same or higher amounts of copper were taken up
by various plants in the channel. Similar findings
were reported for two more watercourses in the
same experimental area.
Barbosa et al. (1956), using the insoluble copper

carbonate as a molluscicide, obtained up to 100%
elimination of Tropicorbis centimetralis in Brazil.
They found copper present in the mud on the
bottom of some streams at least 12 months after
treatment; this mud had a lethal effect on snails
when tested in the laboratory. These authors com-
mented that bilharziasis snails are bottom feeders
and ingest a considerable amount of mud; in the
above case mud with copper acted as a stomach
poison.

It is evident, therefore, that it is necessary to
carry out thorough studies over long periods on
mud and vegetation from canals treated continu-
ously with CuSO4 to determine their copper content
and their molluscicidal action. Until such matters
are clarified one explanation that can be presented
of the apparent success of the control methods in
the Gezira in notably reducing the snail population
is that this success is due to the combined effect of
several measures-the initial sulfation, the very
effective mechanical barriers, the regular and
constant survey of snails in the canals and their
extermination by focal control, and the excellent
organization of the team workers and co-ordination
of public health and irrigation personnel.

It became evident from the present studies that
the need for and the efficacy of mechanical barriers
depend on the characteristics of the irrigation
scheme involved. What is effective for one scheme
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may not be for another. Mechanical barriers in the
Gezira scheme, for example, are no doubt very
effective. There the Sennar reservoir, where the
main canal supplying the scheme starts, acts as a
giant aquarium for both snails and aquatic weeds.
The barrier prevents them from entering the distri-
bution system.
For small pump schemes in the Khartoum area,

it may be that only a wire screen with large meshes,
placed over the pump outlet, is enough to catch
incidental flotsam; but in other parts of the Sudan
pump schemes supplied by the White Nile or
Sennar reservoir it would be necessary for a mecha-
nical barrier to be placed at the beginning of their
main canals. Placing a mechanical barrier at the
main canal in the University farm and in the West
canal of the Abu-el-Ela scheme has shown that
introduction of weeds and snails from the Nile into
pump schemes is rare. This statement could only be
fully verified if observations on the effect of mecha-
nical barriers were carried out for longer periods.
The fact remains, however, that over seven months
only three young Bulinus truncatus snails were caught
by the University farm barrier. It is interesting to
note that reports by other workers evaluating the
effect of mechanical barriers state that only young
snails are caught. This could be explained by the
fact that young snails can cling to the flotsam much
more firmly than large (adult) snails.

It was found necessary to have spare screens for
the replacement or repair of screens in use. Irrigation
authorities and farmers object to the installation of
screens that extend down to the bottom of the
canals as they may seriously impede the flow of water.
The value of clearance of canal vegetation prior

to snail control and- molluscicide operations using
CuSO4 has been indicated by Barlow & Azim
(1945-48), Greany (1952), Jove (1956), van der
Schalie (1958) and others. In the present work
clearance of bank vegetation and aquatic weeds was
carried out. It has been observed (see " Results ")
that neither the chemical nor the mechanical barrier
prevented the return of weeds in the cleared canals.
To prevent such return the removal of weeds must
include the pulling out of their roots. This is con-
trary to the claim by Sharaf el Din & el Nagar (1955)
that considerable control of aquatic weeds was
achieved by the application of a maintenance dose
of 0.125 p.p.m. of CuSO4. It is evident from the
present work that weeds have regrown from roots
or seeds remaining after clearance. It is very likely
that if weeds and bottom mud had been cleared

out by more effective, mechanized means than hand
and h6e the regrowth would have been effectively
hampered.

It was the general belief among medical and public
health authorities in the Sudan that bilharziasis in
Khartoum Province is negligible and that most of
the cases encountered have been introduced from
endemic areas, mainly the Gezira, the White Nile
and the south. This is still claimed by many medical
people. Archibald (1933), in his survey of the
disease in the country, reported the occurrence of
urinary bilharziasis in Khartoum Province and the
absence of the intestinal type. In the annual report
of the Sudan Medical Services for 1949-50 the
incidence of urinary bilharziasis for the province
was given as 1.7% and for the intestinal type as
0.30%.
The early picture has apparently changed. Agri-

cultural development under irrigation by means of
pumps from the Blue and main Niles has evidently
created ideal habitats for the snail hosts and enhanced
the chances of transmission. Bulinus truncatus snails
are widely distributed in the irrigation canals and
recently a canal in Abu-el-Ela pump scheme, 20 miles
(about 30 km) north of Khartoum, was found to
harbour Biomphalaria riippellii (Malek, 1960). The
Stack laboratories in Khartoum conducted a survey
of the Khogalab area and some pump schemes, and
reported a 10.86% infection rate with S. haematobium
among children examined (Sudan Medical Services,
1954).
The Shambat area, in which the present work was

carried out, had not been surveyed by the health
authorities. As was indicated before, single urine
examinations, which may miss at least 25% of the
active cases, gave in the present investigations infec-
tion rates of 23.7% in one school and 21.7% in
another among boys aged 6-12 years. Occasional
examinations of agricultural labourers and of
inhabitants of Shambat of the age-group 14-22 years
also gave an indication of the great prevalence of
the disease in that community.

Inquiries into the history of the cases showed that
they are all autochthonous. Infection was contracted
in irrigation canals in the neighbourhood of Shambat
through various activities: swimming, playing in the
water, working in the fields and washing vegetables.
The survey showed that the disease is much more
prevalent among the boys than among the girls of
the village, owing apparently to social customs.
Among the children and the agricultural labourers
a large number showed pronounced haematuria and
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many viable eggs, indicating the high miracidia-
producing capacity of this section of the community.

Stool examination of some inhabitants in the
neighbourhood of the canal harbouring Biomphalaria
riippellii showed no evidence of infection with
S. mansoni.
The urine examinations in July 1959 covered only

children of three school-years, not the newcomers
in the first year. There was a slight reduction in the
incidence of the disease and the over-all incidence
would have been lower had the first-year boys been
included; usually only a few among these are found
infected. The fourth-year boys of previous examina-
tions, among whom infection was high. had gradu-
ated.

It is not to be expected that the effect of snail
control measures in reducing the incidence of the
disease in the near-by community would be notice-
able in the short time covered by the present studies.
But if we consider the infected children in the July
examinations individually we find that their treat-
ment may have been effective. This contention is
based only on the disappearance of symptoms and
abscence of-eggs in the urine of 18 boys who received
injections. Fourteen boys found infected in the July
examination were new cases, i.e., they were negative
in previous examinations. These children may have
been infected before but were not found positive on
a single urine examination only.

It is evident that an exact assessment of the snail
control measures and of the treatment of the
infected children would be possible only through a
follow-up of their examination for some years.
On the basis of observations and from results

of the present work it appears that for the control
of bilharziasis in such pump schemes some such
procedure as the following is desirable:

1. A thorough survey of the scheme should be
made over several months to determine its snail
fauna, the snail and aquatic weed distribution
throughout the canal system, and the seasonal
fluctuation in density of both snails and weeds.

2. Before applying the molluscicide, a thorough
clearance of bank vegetation and aquatic weeds
should be carried out after the pump has been
stopped for a few days. Clearance of large canals
should preferably be done by modern mechanical
means (bulldozer and dredge). Ploughing the bottom
of the canal is also recommended if mechanical
means are not available. If clearance is to be per-
formed by labourers, removing at least a foot of the

bottom of the canal is essential to clear out all rooted
vegetation.

3. CuSO4 at 30 p.p.m. for 8 hours could be used
as a molluscicide when the canal is full of water,
and at higher concentrations, up to 50 p.p.m., in
areas known to harbour snail colonies. During
periods when the pump is not operating, sulfation
at 100 p.p.m. can be applied to residual pools and
the ends of the canals.
The operations could be performed more cheaply

by use of sodium pentachlorophenate. Wright et al.
(1958) demonstrated the efficacy of this molluscicide
under Brazilian and Egyptian conditions and indi-
cated the much higher costs had copper sulfate
been used.

4. For pump schemes on the White Nile and those
supplied by the Sennar Reservoir a mechanical
barrier placed at the beginning of the canal is
necessary. For other schemes, on the main Nile, a
screen placed at the pump's outlet may prove
adequate.

5. Regular and adequate weed clearance should
be repeated every five or six months, once in October
or November when the building up of snail colonies
is still at a minimum, and again in March or April
when the density of the snails is high. The effort
required for such repeated clearance would not be
great if the first were done properly.

6. The required frequency of molluscicide applica-
tion could not be determined in the above experi-
ment; such determination would depend on conti-
nued close observation of the snail fauna of the
scheme and its possible repopulation. Surveillance
would show the need for focal or radius or total
application.

7. Attention should be given to regular examina-
tion and treatment of the inhabitants of the near-by
villages, especially the children, who carry the major
part of the disease in those schemes. Environmental
sanitation should be improved and health education
encouraged. In the northern Sudan, with a high
degree of health consciousness among the people,
this aspect of disease control should not be difficult
to achieve.

SUGGESTIONS FOR FURTHER RESEARCH

Investigations on chemical and mechanical barriers
should be followed up in the same or similar pump
schemes in Khartoum Province or in a small experi-
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mental area in the Gezira. These schemes have the
advantage of containing an adequate number of
separate and more or less identical canals where
investigations on molluscicides and mechanical
barriers, and on various other means of bilharziasis
control, could be carried out under field conditions.
The canals in the Khartoum area are short and lend
themselves readily to such investigations at reason-
able cost. Further research is needed on the follow-
ing aspects of snail control.

1. Experiments to evaluate the efficacy of various
concentrations of copper sulfate applied continu-
ously in canal water on the survival and reproduc-
tion of bilharziasis intermediate hosts should be
conducted. Concentrations of 0.125, 0.5, 1.0,
2.0 p.p.m. or even higher could be tried in separate
but similar canals and the effects observed. Another
canal receiving no maintenance dose should be used
as a control.

2. The effect of the high silt content of the Nile
water on copper sulfate when applied continuously
should also be investigated to find out whether it is
of any value at all to proceed with the application
of the maintenance dose during the flood period.

3. The experiments outlined in paragraphs 1 and 2
above should be repeated with sodium pentachloro-
phenate (NaPCP) and other potential molluscicides
to obtain comparative data on their efficacy under
similar field conditions.

It was shown in the laboratory that low concen-
trations of NaPCP (0.05 and 0.1 p.p.m.) reduced
appreciably the egg viability, egg production or both
of certain strains of Australorbis glabratus, and that
0.1 p.p.m. of the same molluscicide killed relatively
few (23 % and 26% as against 2% and 10% among
the controls) of the adult snails (Olivier & Haskins,
1960). However, low concentrations with copper
sulfate maintain their strength (and may be effective)
only during the first few hours but do not seem
to be effective at all if applied under nield conditions
(Louis Olivier-unpublished data).

4. The construction of the container (plastic box)
for the application of the molluscicide could be
modified to correct the difference in the concentra-
tion caused by falling pressure during the discharge
of the solution. Elaborate modification of this drip
method has already been reported by Klock (1956).
Simple modifications with the object of reducing the
initial and final hydrostatic pressure were suggested
by Mr. Z. Buzo of the WHO Bilharziasis Advisory
Team (personal communication) whereby the box

could be made wider or could be placed on a stand
and supplied with a long glass-and-rubber tubing.
For its use by untrained personnel and where
elaborate apparatus is unnecessary, this simple
modification seems adequate.

5. More data could be obtained on the possibility
of a residual effect resulting from the continuous
application of low concentrations of the copper
sulfate. Regular microanalyses of weeds and mud
taken at various distances from the chemical should
be carried out. One could then determine the time
necessary for such residual effect to be felt and the
limiting distance at which this effect is operative.
If the experiments reveal that such a time is not less
than about six months, then in those canals which
are cleared periodically to ensure a regular flow of
water any residual effect of copper, even if established
to be of molluscicidal value, would be destroyed.

6. Observations on the effect of mechanical
barriers on weeds, snails and eggs should be made
over long periods. Data should also be collected on
the size of mesh most suitable for the purpose, the
depth to which the barrier should be placed and its
effect on the discharge capacity of the canals.

Additional barriers could be introduced in the
same canal to stop any snails and weeds that may
have escaped the first barrier.

7. Studies could be carried out on water velocity
in these canals and its relation to the establishment
of snail colonies and aquatic weeds, and on the
possibility of utilizing an unfavourably high velocity
as a means of controlling snails and weeds.
An evaluation could be made of the so-called

closures, when the pumps are stopped for various
periods, provided that the delay of water inflow to
crops is permissible. The effect of these prolonged
dry periods on the snail population in these parti-
cular schemes could be determined. An evaluation
of the effect of other means of ecological control is
desirable. It has already been indicated by McMullen
(1952) that for sound bilharziasis control there is a
great need of co-operative engineering-agricultural-
ecological research to be done in agricultural areas
under irrigation.

8. A follow-up of the examination of the school-
children and the record of incidence of the disease
are necessary to evaluate the efficacy of all control
measures used. Treatment of schoolchildren and
agricultural labourers should be continued. There
has been considerable co-operation from the school,
farm and public health authorities along these lines.
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RISUMI

L'irrigation des cultures par le pompage des eaux du Nil
et leur distribution par canaux jouent un r6le important
dans la dissemination de la bilharziose au Soudan, dans
la region de Khartoum. En prevision d'une campagne
d'assainissement, et afin de juger de l'efficacite des
barrages chimiques et mecaniques qui pourraient etre
utilises, il a ete procedd a des experiences preliminaires
qui ont et conduites minutieusement. Elles comportaient
notamment le releve des conditions hydrographiques des
territoires consideres, l'etude approfondie des mollusques
vecteurs, de leurs variations numeriques, et de leur
infection eventuelle par Schistosoma haematobium; au
voisinage des reseaux d'irrigation, on a effectue la
recherche systematique du parasite chez les enfants
d'age scolaire. Les canaux renferment des populations
nombreuses de Bulinus truncatus et de B. forskalii, alors
que Biomphalaria riippellii n'a ete rencontre' que dans un
seul reseau. Parmi les enfants examines, l'indice para-
sitaire A S. haematobium atteignait 23,7 Y.; il etait inferieur
a 1% chez B. truncatus.
La premiere mesure a consiste A debarrasser a la main

et au sarcloir les canaux de la boue et de la vegetation
qu'ils contenaient. A partir de decembre 1958, les
procedes de lutte suivants ont ete appliques: a) sulfa-
tage initial en veillant a maintenir une faible concentra-
tion de CuS04 (0,125 p.p.m.); b) meme operation que la
precedente, mais completee par la mise en place d'un

barrage mecanique; c) sulfatage initial; d) meme opera-
tion, avec etablissement d'un barrage mecanique sur un
canal et maintien d'un canal libre aux fins de compa-
raison.

Selon les observations faites, les canaux demeuraient
un habitat convenable pour B. truncatus avec les deux
premiers procedds de lutte, lorsque les mollusques se
trouvaient en aval des barrages. Par ailleurs, les canaux
qui contenaient la dose d'entretien ont 6te progressive-
ment encombres par le developpement des plantes
aquatiques a racines. Enfin, dans le deuxieme procede
de lutte, le barrage mecanique n'a retenu que trois
jeunes B. truncatus.

Etant donne la brievet6 de la periode de surveillance
(7 mois) qui a suivi la lutte contre les mollusques vecteurs,
il n'a pas ete releve de r6duction appreciable de l'indice
parasitaire 'a S. haematobium chez les enfants d'age
scolaire.

I1 est a souhaiter que ces observations soient pour-
suivies et que l'enquete se prolonge suffisamment pour
permettre de doser le Cu fixe par la boue et la vegetation,
ainsi que l'effet molluscicide obtenu dans les canaux
traites de maniere continue avec de faibles concentrations
de CuSO4. I1 conviendra aussi de mesurer l'effet residuel
ou cumulatif d'autres molluscicides et de continuer a
examiner periodiquement les enfants des ecoles pour
detecter chez eux les infestations a S. haematobium.
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