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Preliminary Field Trials of Acrolein in the Sudan *
FREDERICK F. FERGUSON,1 ISMAIL K. DAWOOD2 & RENt BLONDEAU 3

Field trials of acrolein for the simultaneous control of aquatic weeds and snails were
conducted in the Sudan.

Phytotoxicity studies at 25 and 50 ppm showed minor or no damage to furrow-irrigated
crops, but flood irrigation of vegetable seedlings at 15 ppm was toxic.

Effective downstream carriage ofacrolein was demonstratedfor a distance of1.6 km at
a concentration of 25 ppm. Planorbid snails (Bulinus and Biomphalaria) were almost
completely eliminated (98-99 % kills). All submersed aquatic weeds were destroyed.

INTRODUCTION

Field tests in the Sudan from 13 October to
27 November 1961 demonstrated the feasibility of
using acrolein4 for controlling submersed aquatic
vegetation and the intermediate snail hosts of bil-
harziasis in irrigation systems.

Earlier investigations (Ferguson & Palmer, 1961;
Ferguson, Richards & Palmer, 1961; Van Overbeek,
Hughes & Blondeau, 1959) showed the remarkable
ability of acrolein to destroy simultaneously sub-
mersed water weeds and aquatic snails in the con-
tinental United States of America and in Puerto Rico.
Trials in canals in Puerto Rico indicated that control
of vegetation and molluscs occurred as far as 20 miles
(32 km) downstream from the point of a single ap-
plication of acrolein at a dosage of 2.5 US gal 5 for
every cubic foot per second of water flow (334 litres
for every cubic metre per second), applied over a
period of 3.25 hours, giving an initial concentration
of 26 ppm. Obviously, such a technique should have
great appeal in many parts of the world, both for the
operators of irrigation systems who are compelled to
remove flow-impeding vegetation periodically from
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canals and for public health officials who are seriously
concerned with the bilharziasis that often closely fol-
lows the establishment of irrigation projects. Both
aspects are of great importance in many regions of
Africa and will become increasingly critical as ad-
ditional areas are reclaimed by irrigation develop-
ments. The intense interest of the World Health
Organization in the control of bilharziasis in these
agricultural projects led to the arrangement of field
trials of acrolein in the Sudan.
The prime objective of the test in the Sudan was

to determine whether acrolein had a potential for
control of aquatic snails and submersed vegetation
in typical canal systems in Africa. Although the
product had performed well in tests in the USA,
it was necessary that its efficacy be demonstrated
under these different environmental conditions
before extensive trials could be considered. An
integral part of the project was to determine the
effect of acrolein on crops irrigated with treated
water.

PHYTOTOXICITY AND RESIDUAL STUDIES

Prior to the combined molluscicide-herbicide trial,
a series of phytotoxicity tests were conducted on
local crops. At the Gezira Research Station at Wad
Medani, an excellent set of small replicated field
plots was established. These plots were planted in
four major field crops: Sorghum vulgare (millet,
or durra), Arachis hypogea (peanuts), Dolichus
lab-lab (lubia, a forage legume), and Gossypium
barbadense (Egyptian long-staple cotton). Plantings
of the crops were made on 7, 15 and 21 July and
23 September 1961. Small plantings of local veget-
ables (tomatoes, peppers and peas) also were made
within the same plot plan on 15 October 1961.
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The plots were irrigated on 23-25 October 1961
with water containing 25 or 50 ppm by volume of
acrolein. The herbicide was applied with gravity-
flow apparatus and a rotameter at the point where
the water was being conducted to the plots from a
reservoir ditch. The treated water was conducted
along a head ditch and into each plot in order to
provide a normal deep irrigation. During applica-
tion, air temperatures ranged up to 40°C; soil
temperatures (1 cm below the surface) were as
high as 60°C; and the water temperature was 24°C-
27°C. Winds were light and variable. Observations
of the treated plants were made at weekly intervals
for 5 weeks following treatment.

Dosages employed were in the range that had
given good snail and weed control in canals in
numerous tests in the USA and Puerto Rico without
harm to most furrow-irrigated crops (Blondeau,
1960). Of particular significance in relation to crop
damage were trials on young cotton plants (Gos-
sypium hirsutum) in Arizona under conditions
similar to those in the Sudan, in which two applica-
tions of acrolein at 80 and 100 ppm did not affect
fibre yield (Arle & McRae, 1959, 1960).
With the field crops, phytotoxicity of significance

occurred only in cotton. The injury was in the form
of a scorching and bleaching of the leaf blade. The
effects were acute, and they were apparent within
48 hours of treatment, but no further symptoms
developed after this time. The damage was variable
and scattered, and wa$ observed mostly at the low
ends of plots, where the water stood longest. From
the location and nature of the leaf injury (higher
up on the stalk), it was apparently the result of
acrolein vapour escaping from the water. Damage
was generally greater at the higher concentration
(50 ppm) and more serious and extensive with the
1-month-old plants. Two weeks after treatment,
normal vigorous growth was occurring rapidly on
the young cotton plants; and, in this respect, they
were no different from the controls. There was no
evidence of chronic or residual toxicity in these
cotton plots. Five weeks after treatment, it was
observed that the previously damaged seedlings
were indistinguishable from the untreated controls.
The other field crops showed minor local damage

on leaves that were very close to the treated water
or actually in contact with it. None of this appeared
to be of a serious nature.
The vegetable seedlings of the crops noted above

were two weeks old at treatment and were in the
cotyledon stage. Presumably, these tender plants

would show injury at any point contacted by treated
water. Flood irrigation, even at 15 ppm acrolein,
was toxic since the entire seedling was submerged
in the treated water. Furrow irrigation at 25 ppm
acrolein had no effect except where the treated water
reached seedlings planted on the sides of the
ridges.
The other phytotoxicity tests were conducted on

cotton. The first of these was on Gossypium hirsutum
(variety Acala 4-42), approximately 3 months old
and bearing mature-sized bolls. A full irrigation
with 12 ppm acrolein was without observable effect
on these plants. For the second test, a 3-month-old
planting of G. barbadense (BAR 14-25) was treated
with a range of dosages from 16 to 50 ppm of acro-
lein at air temperatures up to 35°C. Damage was
very mild or absent and was confined to the lower
ends of plots. Leaf scorch was evident at 50 ppm
dosage in one plot but was absent at 30 ppm or
below.
The phytotoxicity to cotton exhibited by acrolein

in these tests was somewhat surprising, since
extensive experience in the arid western region of
the USA had shown Gossypium hirsutum to be quite
tolerant of acrolein. Although it was anticipated
that some injury might occur at 50 ppm dosage,
none was expected at 25 ppm, except where foliage
came in contact with treated water. We concluded
from the Sudanese investigations that under con-
ditions of high air and soil temperatures Gossypium
barbadense is sensitive to acrolein, especially in the
seedling stage, and can be damaged at acrolein
dosages as low as 25 ppm of active ingredient.
The injury is transitory, however, and the plants
recover quickly. At moderate temperatures the
deleterious effects at these concentrations are absent
or inconsequential.

Significantly, these results do not prohibit the use
of acrolein in canals carrying water to G. barbadense,
since with any pesticide there are proper methods
that make its use feasible. With acrolein three
methods are available when phytotoxicity is prob-
able: (1) control of water diversion from a treated
canal so that none enters specific fields during
passage of the treatment wave for a period generally
of 3-6 hours; (2) prevention of water diversion to
specific fields until the treatment wave has travelled
far enough downstream to attenuate the concentra-
tion to innocuous levels; and (3) use of tolerable
concentrations initially, but extension of the injection
time in order to provide the necessary dose (ppm-h)
for adequate snail and weed control.

244



FIELD TRIALS OF ACROLEIN IN THE SUDAN

The widespread use of Sudanese canal water by
animals and humans has prompted questions
concerning the length of time acrolein would remain
unaltered in treated water. Two tests were conducted
in the same area as the phytotoxicity studies to
determine the residual life of the compound in such
water. The herbicide was injected into a small
canal of flowing water (about 100 m3 per hour) at
25 ppm, and the canal was then sampled for acrolein
at 6 and 20 ft (ca 2 and 6 metres) downstream.
During the 30-minute injection period, several
analyses at both downstream points revealed
20-25 ppm acrolein. Five minutes after injection
was stopped, with the canal still flowing, no acrolein
could be demonstrated at the 6-ft station and only
a trace occurred at the 20-ft station. Ten minutes
later, none could be detected at either point. Clearly,
the chemical had passed downstream with the
water, indicating that in canals the water will be
free of chemical shortly after the treatment wave
has passed. For the second test, a small rectangular
pond of about 25 000 gal (95 M3) capacity was
treated with the compound to give a dosage of
12 ppm acrolein, which is somewhat high for
treatment of static water (Blondeau, 1960). Water
was sampled at intervals and analysed. At 24 hours
after treatment, the concentration had dropped to
2 ppm (84% loss) and was detectable only as a
trace at 48 hours. These results indicate that, at
field concentrations, 75% or more of the initial
dosage will be lost in 24 hours.

CANAL TEST

Through the courtesy of the Sudan Gezira Board
and the Department of Agriculture, a trial with
acrolein was arranged in the Gondal Pump Scheme,
which is a small fan-shaped area on the bank of
the Blue Nile, irrigated with water lifted from the
Gezira Main Canal. The last 3 km of El Shati
canal, an unlined channel, was used in this test.
This area was relatively free of weeds and snails
except for a section between 1.3 and 1.6 km from
the head of the canal. The major observations on
the effects of treatment were made in this 300-m
section, where abundant submersed aquatic weeds
and snails were present. The test section ranged
in depth from 60 cm to 30 cm going downstream,
and the width averaged 3 m. The earthen banks
were gently sloping, and the bottom was silted.
Aquatic weeds consisted of a thick mat of Najas
and Ceratophyllum, confined principally to the

upper half of the test section; the lower half was
less weedy but was sparsely overgrown with Ipomea.
Both banks were covered with mixed grasses. El
Shati canal is subjected daily to marked fluctua-
tions of water level. During the test, the flow
was slow, and there was no wave action. Planorbid
snails were mostly confined to the upper part of
the test section, which contained matted vegetation,
while operculate snails usually occurred in the lower,
relatively barren part. During the night preceding
the treatment, the canal was drained to minimize
the amount of ponded water. However, at test time
it was estimated that 1 m3 of water per linear metre
remained in the canal.
A small neighbouring canal, Gabarona, of similar

size and construction to El Shati served as an un-
treated check. It contained submersed vegetation,
although this was less abundant, and some filamen-
tous algae. Planorbids were much less abundant in
Gabarona canal, but operculates were numerous.
For the test, a water flow of 500 m3 per hour was

discharged into El Shati from the main canal. The
water was treated at a rate to provide 25 ppm acro-
lein. Injection began at 8 a.m. and continued for
31/2 hours. Water temperature was 21°C-27'C;
the maximum air temperature was 35°C. The
weather was clear, with little air movement. The
water was slightly turbid.

Injection of the herbicide into the canal was
accomplished by means of the pump-suction tech-
nique (Shell Chemical Co., 1959). Water was with-
drawn from the canal at its source with a small
centrifugal pump working at the rate of 1000 gal/h
(3800 litres/h) and driven by an internal-combustion
engine. Chemical was drawn from a 55-gal (208-
litre) shipping drum through a rotameter into the
suction side of the pump. Thus, the solution formed
was returned via the pump discharge into the canal,
ensuring good mixing.
When the wave of treated water reached the start

of the test section, acrolein analyses were made at
the rate of two to four per hour, so that the dose re-
ceived by the snails and weeds could be determined.
Similar but less extensive samplings were made at the
downstream end of the 300-m test section, and the
results are shown in the accompanying figure.
Calculation of the area under the curves indicates
that weeds and snails received an exposure of about
70 ppm-h at the upstream end of the test section.
The maximum concentration of acrolein declined
from 25 ppm at the injection point to 21 ppm at
1.3 km and 18 ppm at 1.6 km.
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ACROLEIN EXPOSURE AT EACH END OF TEST SECTION
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Snail sampling was accomplished with a standard
wire sieve. The long-handled wire scoop, 25 cm
wide, was manipulated with the intention of mini-
mizing the loss of snails and weeds taken in swaths
made at right angles to the channel. Each scoop
skimmed the canal bottom. Snails and vegetation
were carefully collected at numbered stations ap-
proximately five paces apart and were held in dam-
pened canvas bags for counting. Each sample was
hand washed at the laboratory in Wad Medani dur-
ing the same day, and snails were sorted as to species,
size and whetheralive or dead. Natural motion in water
was the principal criterion fordetermining living snails.
At four and five days prior to treatment, 60 snail

samples were taken from the test section in El Shati,
30 from each side. Half the samples were collected
from the heavily populated upper end of the test
section and half from the lower end. A total of
30 samples were taken in a similar manner from the
untreated Gabarona canal. Post-treatment samples
were taken at 48 hours and at one week. However,
to save time and labour, only 30 samples, all from
the upper reaches of the test section, were taken at
each post-treatment collection in El Shati.
More than 10 000 snails were collected in the

pretreatment sampling. The snails in the two canals
consisted of Bulinus truncatus, B. forskalii, Biom-
phalaria sp., Cleopatra sp., and Bythinia sp. Of the
planorbids, relatively few Biomphalaria were col-

lected, especially in Gabarona canal. The Bulinus
population was dominant and consisted mainly of
small sizes. The effects of the treatment are summa-
rized in the accompanying table.

Counts made 48 hours after treatment indicated
almost total eradication of planorbid snails in the
El Shati test section. The data showed kills of 99.9 %
of Bulinus and 98.1 % of Biomphalaria. This status
was maintained at the one-week count. Operculate
forms were unaffected by the treatment. Appaiently,
they are able to retreat protectively into the shell
and thus avoid contact with the molluscicide. This
has been observed in Puerto Rico with operculated
Marisa cornuarietis, which has been noted floating
downstream in treated water for several hours after
treatment, apparently unharmed.
The snail population in the untreated Gabarona

canal declined moderately during the test period.
The reason for this is not known but may be related
to the rather extensive disturbance of the habitat
caused by sampling. Environmental conditions-
temperature, water supply and aquatic weeds
remained apparently normal.

Destruction of submersed aquatic vegetation was
estimated to be total at one week following herbicidal
application in the test section. The emergent
Ipomea was badly scorched, but not killed. The
bank grasses were unharmed, except for occasional
seedlings in the water.
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SUMMARY OF DATA ON SNAIL-POPULATION DENSITY

Numbers of snails

Sampling times Blomphalaria Bulinus Operculates

Alive Dead Alive Dead Alive [Dead

El Shati canal: treated

Before treatment 218 6 9998 281 1175 215

48 hours after treatment 4 31 13 1 448 3 081 360

7 days after treatment 2 30 20 2 986 1 883 932

Gabarona canal: untreated

Before treatment of El
Shati 0 0 317 81 3 450 329

48 hours after treatment of
El Shati 0 1 221 73 3081 360

7 days after treatment of
El Shati 1 0 108 49 2 171 158

A total of 55 man-days was required for the pre-
treatment snail surveys, and less labour was needed
for the subsequent surveys. Work was performed
by bilharziasis-control-project supervisors and field
aides guided by the acrolein-application team. The
snail surveys were judged to be satisfactorily per-
formed under conditions of intensive breeding of
bilharziasis vectors.

DISCUSSION

Epidemiologically, bilharziasis may or may not be
associated with natural water bodies in Africa.
However, there is a growing conviction that this
disease closely follows expanding irrigation facilities
(McMullen et al., 1962). The need for the develop-
ment and testing of chemical compounds that are
able to destroy both the molluscan intermediate
hosts of Schistosoma and the matted aquatic vegeta-
tion that offers food and protection for these snails
is urgent. Obstruction of water flow, uncertain
water deliveries, and the expense of manual or
mechanical removal of aquatic vegetation are
established problems for irrigation-systems officials.
The practicability of using acrolein in irrigation

systems to solve these important problems has been
demonstrated in the USA and Puerto Rico and in the

Sudanese trial. The main advantage of acrolein is
that single applications produce treatment waves
that will control harmful submersed vegetation and
snails for many miles downstream in irrigation
canals. A labour-saving feature of the method is
that submersed weeds simply dissolve and disappear.

Like all pesticides, acrolein has limitations. In a
sufficient concentration in air, it is irritating to the
eyes and the mucous membranes; however, this
serves as an effective warning, because tolerable
concentrations are well below harmful levels. The
product is flammable and must be used from rela-
tively fresh stocks. Owing to these and other chemical
and physical properties, acrolein should be handled
by trained personnel using properly designed applica-
tion equipment.
Most crops can be irrigated with water containing

useful molluscicidal-herbicidal acrolein concentra-
tions without danger of phytotoxicity. However,
when sensitive crops or high concentrations are
involved, or when adverse environmental conditions
occur, phytotoxicity can be avoided by proper
management of water diversion from treated canals.

Acrolein can be routinely applied without harm to
crews or to persons or animals nearby. It is already
being used in this way in the USA and Puerto Rico.
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RtSUMI

Des essais effectues au Soudan ont demontre 1'efficacite
de l'acrol6ine dans les canaux d'irrigation, pour la des-
truction des mauvaises herbes aquatiques et 1'elimination
des mollusques vecteurs de la bilharziose.
Au cours d'epreuves preliminaires de phytotoxicite, le

produit, a la concentration de 25 ppm et 50 ppm, n'a
provoque que peu ou pas de dommages a des cultures de
millet, d'arachides et de plantes fourrageres, lorsque
l'irrigation etait assuree par un systeme de canaux. En
revanche, de jeunes plants de legumes submerges par une
eau renfermant 15 ppm d'acrol6ine ont souffert de l'action
toxique du produit. Surtout a la concentration de 50 ppm,

F'acroleine a egalement montr6 une certaine toxicite, favo-
risee par une temperature elev6e, & 1'egard d'une variete
de coton egyptien. Dans ce dernier cas cependant les
dommages ont ete rapidement et completement reversibles.
Des essais a plus grande echelle dans un canal d'irriga-

tion ont prouve que l'acroleine, a la concentration de
25 ppm, exerce son action jusqu'a 1,6 km en aval du
point de melange a l'eau. Toutes les mauvaises herbes
submergees du canal ont ete detruites. Quant a 1'effet
molluscicide, il a ete extremement prononce: 98,1 % des
Biomphalaria et 99% des Bulinus vivant dans la zone de
1'essai ont ete e'limines.
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