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Field Trials in Egypt with Acrolein
Herbicide-NMolluscicide *

G. 0. UNRAU,1 M. FAROOQ,2 ISMAIL K. DAWOOD,8 LUIS C. MIGUEL4
& B. C. DAZO5

Acrolein is a dual-purpose chemical effective against both submersed weeds and snails,
and it may therefore be ofsignificance in bilharziasis control. During trials in the Egypt-49-
project area in 1962, it was effective in clearing heavy mats of the major submersed aquatic
weed Potamogeton crispus from irrigation canals. The resurgence ofsnails to pretreatment
levels was delayed by 8-12 months, and submersed weeds did not reappear until 8 months
after treatment. In phytotoxicity tests on local crops, it was found that the concentration
of acrolein requiredfor destroying submersed weeds (20-25 ppm) had no adverse effect on
the crops. The field tests showed that it is important to have complete control of the water
during the period of application.

INTRODUCTION

Bilharziasis is considered to be one of the most
important public health problems in Egypt, and
sustained efforts have been made there to con-
trol the disease. The increase in population and
the opening of new irrigated areas emphasize the
importance of continued study and research to pro-
vide more effective and economical methods of
controlling this water-related disease. The applica-
tion of molluscicides is considered at the present time
to be the most promising and practical single method.
The advantages of a dual-purpose chemical such as
acrolein 6 are obvious because it acts not only as an
efficient molluscicide but also as a potent herbicide,
killing the aquatic weeds that normally make ideal
habitats for snails. At the same time the benefits
derived from the increased efficiency of irrigation
systems are expected to broaden the scope of the
bilharziasis-control programme by enlisting the sup-

* This investigation was supported in part by a United
States Public Health Service Research Grant (No. AI-03717)
to the World Health Organization.

WHO Consultant, Egypt 49 project.
WHO Senior Adviser, Egypt 49 project.

'Agricultural Engineer, Malacologist, Egypt 49 project.
'WHO Public Health Engineer, Egypt 49 project.
'WHO Malacologist, Egypt 49 project.
The molluscicide-herbicide used in the trials described

in this paper was Aqualin-Herbicide, which is a registered
US trademark of the Shell Chemical Co., New York, USA.
Acrolein is the active ingredient of this herbicide.

port and co-operation of those in charge of irrigation
and agricultural schemes and of individual land-
owners.

Surveys made by the WHO bilharziasis advisory
team from 1958 to 1960 indicated that field trials of
acrolein were feasible in parts of the Sudan, Tangan-
yika and Egypt. The results obtained from field
tests in the Sudan have been reported by Ferguson,
Dawood & Blondeau (1965). The present report
gives the results obtained in a field trial with this com-
pound in Egypt.

PROJECT AREA

The site selected for the field trials was within the
project area of the Egypt 49 Bilharziasis Control
Pilot Project and Training Centre, which is a joint
Government/WHO/UNICEF undertaking (Fig. 1).
This is an area of 422 km2 situated in the north-
western section of the Nile Delta, in the vicinity of
Alexandria. It extends between two marine lakes,
Maryut and Idku, and has a population of 225 600.
This area was selected because (1) it has a compara-
tively high prevalence of both Schistosoma haemato-
bium and Schistosoma mansoni (over 35% of the
population) with relatively high densities of Bulinus
truncatus and Biomphalaria alexandrina in its water-
courses and (2) it represents one of the few virgin
areas in Egypt in which no mollusciciding or other
organized control measures against the disease have

' See article on page 243 of this issue.
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FIG. I

AREA OF EGYPT 49 PROJECT, IN WHICH FIELD TRIALS WERE CARRIED OUT

been undertaken in the past. The area presents
interesting demographic and physical features, on

the basis of which it can be demarcated into a

typical rural agricultural section with a vast network
of irrigation canals and drains, an industrial complex,
and a section reclaimed from Maryut Lake during the
past 10 years where modem and varied agricultural
operations and community development are in pro-
gress as a joint Egyptian-American Rural Improve-
ment Service (EARIS). The project area is served by
a single large irrigation-navigation canal (Mahmu-
diya, 77 km) which runs partly across it and then
becomes its northern boundary, separating the area

from Alexandria. Several main canals supply water
for irrigating the land on both sides of the Mahmu-
diya. A large main drain (El Umum, 44 km) forms
the southern boundary and constitutes a barrier
between the project area and the adjacent districts.
The area is served by fairly good roads, and all parts
of the project are accessible. There are roads
negotiable by motor-cars in fair weather along the
banks of all major canals and drains.

MATERIALS AND METHODS

Acrolein (CH2:CH-CHO) is a clear liquid with a

boiling point of 52.69°C and a density of 0.841 g/ml

at 200C. It is a highly reactive chemical that will
polymerize slowly in the presence of air, forming
an insoluble white precipitate. Hydroquinone is
added to inhibit this polymerization. Acrolein is a

powerful irritant and lachrymator. Although it is
toxic to mammals, it does not remain in the vapour

state long enough to produce serious physiological
effects. Acrolein is not an insidiously acting chemical
and can be easily recognized in low concentrations
by its odour and lachrymatory effect, which serve as a

warning of its presence. Trained personnel with
proper equipment can apply the chemical safely,
without irritation or discomfort (Shell Chemical
Company, 1959).

Acrolein was first observed to have molluscicidal
properties during field trials as a herbicide for the
destruction of submersed weeds in California in 1957.
All typical submersed-aquatic-weed species and algae
appear to be susceptible and have been controlled for
distances of 15 to 20 miles below the point of appli-
cation. It was found to be highly effective against
native species of snails (Lymnaea and Helisoma) in
the canals treated (Van Overbeek, Hughes & Blon-
deau, 1959). In field and laboratory studies in 1958-
59, acrolein was found to be effective against the
bilharzial snail Australorbis glabratus in Puerto Rico
(Ferguson, Richards & Palmer, 1961).
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FIELD TRIALS IN EGYPT WITH ACROLEIN

FIELD TRIALS

Canals suitable for field trials with acrolein had to
be selected with care. Ideally a test canal should have
a good population of intermediate-host snails and
submersed aquatic vegetation, and it should be long
enough to give information on how far below the
point of application the chemical is effective. Since
no single canal in the project area had all the features
desired, it was necessary to use the herbicide-mollus-
cicide in a series of trials. There was, however, only
a limited supply of chemical, and this had been made
more than two years previously and had been subjec-
ted to a great deal of handling, storage and transfer,
all of which tended to deplete the polymerization
inhibitor. Samples tested showed that polymeriza-
tion had caused a reduction of about 45% in the
concentration of the active ingredient compared with
the original formulation. These factors restricted the
amount of water that could be treated.
Two canals, Old Abis and Geziret El Gama, were

selected for field trials with acrolein in order to test
the chemical under the varying conditions charac-
teristic of a large number of Egyptian canals. In all
instances, pre- and post-application data on snail
densities and aquatic weeds were collected both from
the treated canals and from the control canals. Snail
surveys were conducted from 2 to 4 days before
treatment and again at 48 hours and 8 days after the
application. Monthly surveys were continued for a

year, in order to observe the long-term effects on the
snail populations and on the vegetation.

First field trial

The first canal treated (Old Abis) is 3 km long and
varies in width from 6 to 10 m. It contained dense
growths of aquatic weeds and a large number of host
snails. As a control, the Nazeer canal was selected.
It was shorter and smaller than the experimental
canal but otherwise sufficiently similar to it to serve

for this purpose. It had been planned to have the Old
Abis canal drained before the application of the
chemical, in order to minimize the amount of ponded
water. Unfortunately, the gate was opened earlier

than was expected, and the canal was operating at
normal capacity on the day of the treatment.
Owing to the limited amount of the chemical

available, the regulator was set to deliver at the rate
33 700 m3/day during the application. This was
about 78% of the normal capacity for this irrigation
period. The water was treated at the rate of 25 ppm
of acrolein for 4 hours beginning at 10 a.m. on 2 May

1962. The weather was clear and moderately windy.
The air temperature ranged between 25°C and 37°C
and the water temperature was 25°C. At the head of
the canal, the water contained a moderate amount of
silt, but it was clearer at the lower end.
The acrolein was applied directly from the shipping

containers (55-gal drums) and injected into the canal,
using the pump-suction technique. Water was with-
drawn from the canal by means of a small centrifugal
pump (1000 gal/h) driven by a gasoline engine. The
chemical was drawn through a rotameter (Fisher-
Porter) into the suction side of the pump, and the
solution was returned through the pump discharge
into the canal. This method ensured a good mixing
in the water, reduced volatization and protected the
operators from contact with the chemical.
Water samples for acrolein analysis were taken at

intervals throughout the application period, in order
that the desired concentration could be maintained.
Varying degrees of polymerization in various con-
tainers caused a greater fluctuation than would
normally occur, but the tests showed that the acrolein
concentration a short distance downstream was
relatively uniform. The concentration of acrolein
declined from 25 ppm to 20 ppm at 1180 m below
the application point, to 18 ppm at 2000 m and
finally to 10 ppm at 3000m, the end of the canal (Fig.
2). The average velocity of the chemical wave was
approximately 0.375 km/h (Fig. 3). This low rate of
travel was partly due to the gate being closed 1 Y2
hours after the chemical application was stopped.
It remained closed for 2 hours, and when it became
apparent that movement of the chemical was almost
at a standstill the gate was opened again for an
additional 3 hours. Under these conditions the
downstream loss in concentration was somewhat
greater than would be expected from volatilization
alone. In spite of these difficulties, the fact that the
canal had a small drain resulted in the maintenance
of 10 ppm for at least 10 hours at a distance of
3 km below the point of application.
The sampling of snails before and after treatment

was accomplished by the use of the Hairston drag
scoop. Samples were taken from both banks at
right-angles to the canal. Thirty samples (15 per
side) at 5-m intervals were taken at each station.
There were three stations along the Old Abis canal,
located at points 930, 1580 and 2190 m from the
point of application. The total number of samples
per survey was therefore 90. Snails and vegetation
were collected from each sample and placed in plastic
bags, which were numbered and taken to the labora-
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FIG. 2
EXPOSURE CURVES OBTAINED IN ACROLEIN TRIAL IN OLD ABIS CANAL, MAY 1962
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tory for counting. Snails were sorted as to size and
species and whether alive or dead. Egg masses found
on the leaves and stems of the vegetation were also
recorded as well as the types of weed found in each
sample. The snails found in these canals were Bulinus
truncatus, Biomphalaria alexandrina, Physa and
various species of operculate. The Bulinus popula-
tion predominated and consisted primarily of small
and medium-sized individuals. In the pretreatment
survey, a total of 2354 Bulinus and 15 Biomphalaria
were collected (Table 1). Also three sampling stations
were set up along the untreated Nazeer canal.

Significant changes took place in both the experi-
mental and the control canals during the period of
observation (Table 1). These changes were taken
into account in estimating the percentage mortality
due to acrolein. This was done by dividing the num-
bers from the first series of samples from the control
canal into the numbers from each subsequent series
from that canal. The results were then multiplied by
the pretreatment number from the experimental
canal, giving the theoretical number of snails that

would have been expected in the experimental canal
in the absence of the molluscicide. The theoretical
numbers were then divided into the numbers actually
collected during the appropriate post-treatment
samplings to give the estimates of the proportion
surviving the treatment. Since the control canal was

manually cleared of weeds and silt between the
survey made on the 35th day and the survey made on

the 60th day, the data from the latter were not valid
for a period of at least several months, and those from
the earlier survey were used. Estimates based on

these calculations show that 99.97%, 99.81 %, 99.60%
and 99.82% of the Bulinus population had been elimi-
nated 48 hours, 8 days, 35 days and 60 days, respec-
tively, after the application of the chemical. The
data from later collections indicate that the snail
population failed to reach its former density in 12
months, but there was evidence that it was increasing.
The Biomphalaria population in the experimental
canal was too sparse for accurate determination of
the percentage killed. However, it appeared that the
mortality rate of this snail was also high. Snail
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FIG. 3
CHEMICAL-WAVE-VELOCITY CURVES OBTAINED

IN ACROLEIN TRIALS
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density in the untreated control canal fluctuated
erratically, apparently owing to frequent silt and
weed removal. Such factors tend to limit the value of
the data obtained from the control canal.
The presence of relatively large numbers of egg

masses before the application and the fact that a new

generation of snails did not appear until several
months later indicate that acrolein is an effective
ovicide.
Although aquatic and ditch-bank grasses are

troublesome, submersed aquatic weeds constitute
the most difficult problem and cause most of the
reduced water flow in irrigation ditches. Surveys
show that the greatest number of snails and egg
masses are found where thick mats of the pond weed
Potamogeton crispus occur. This was the major
aquatic weed in the experimental canal, and it

occurred as relatively thick mats in the centre of the
stream. Other vegetation consisted of Panicum
repens, Polygonum serrulatum and Cyperus alopecu-
roides.

After the application of acrolein, the submersed
aquatic weeds became darker in colour and finally
disintegrated entirely. Therefore they did not clog
the gates, weirs and pump of the irrigation system,
as may happen after manual or mechanical clearing.
One week after the application, the entire canal was
free of submersed aquatic weeds and the same was
true of a small field drain through which a part of the
treated water was allowed to pass and which, prior to
treatment, had been completely choked with Potamo-
geton crispus. This canal remained weed-free for a
period of 8 months. Then regrowth started in a small
section of the canal about 100 m in length at the end
of January and was evident in other parts during
February.

Like most molluscicides, acrolein is also a pisci-
cide, and many small fish were killed during the trial.
In many instances, the downstream travel of the
chemical may be followed by observing the reaction
(jumping and rapid swimming) of the fish trying to
escape ahead of the chemical. If the fish are not
overtaken by the chemical wave and there is a large
body of water downstream where the chemical be-
comes diluted, many fish may survive the treatment.
It was observed that the fish became re-established in
the canals a few weeks after treatment.

Second field trial
It seemed desirable to investigate the effectiveness

of acrolein in a longer canal. For this purpose many
canals could not be considered because of the limited
amount of chemical remaining from the previous test.
Of all the canals surveyed, Geziret El Gama canal
seemed the best suited for this test. While it did not
contain large amounts of aquatic weeds, snails were
present throughout its 8.2-km length. A nearby
canal, El Beida, 10.2 km in length, was selected as a
control.

Pretreatment and post-treatment snail surveys
were conducted in the same manner as in the previous
test, except that the number of samples was increased
to 120. Also the same technique of application was
employed as in the previous test. Acrolein was
applied to Geziret El Gama canal at the rate of 20
ppm for 5 hours beginning at 8 a.m. on 9 May 1962.
The temperature of the water was 21.5°C and the
temperature of the atmosphere ranged from 19°C to
23°C. The weather was clear, with a light wind.
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TABLE 1
SNAIL-POPULATION DATA AND OBSERVATIONS ON WEEDS DURING FIRST FIELD TRIAL

Treated canal-Old Abis Untreated control canal-Nazeer

Bulinus Bm- aBulinus BImphalaria phalaria
Time of survey 0 0

*~~0 ~~O E ~Remarks e 0 E Remarks
CD0 ~ cm0

Before treatment

-4 days

After treatment

48 hours

8 days

35 days

2 months

3 months

4 months

5 months

61/2 months 16

7Y2 months 124

8

427

43

259

97

69

42

20

44

3

12

4

O
0

2

15

0

0

0

4

0

0

0

0

2

9

4

0

5

5

2

4

4

1

1

0

2

0

0

0

0

50

4

4

0

0

0

0

0

9

4

3

58

73

4

Aquatic weeds
Pofamogeton crispus and
Panicum repens
abundant

P. crispus and P. repens
discoloured

P. crispus and P. repens
decayed

Low water rotation

Low water rotation

Low water rotation.
P. repens manually
removed above water
surface, leaving roots

Water concentrated in
narrow strip at the
bottom of canal

Medium water rotation

Low water rotation.
Potamogeton crispus
appeared 100 m down-
stream from injection
point

Low water rotation.
P. crispus reappearing
along the canal

High water rotation.

Medium water rotation.
P. crispus increasing

Low water rotation.
P. crispus increasing

High water rotation.
P. crispus increasing

222 6 112 5 7

301

166

211

17

4 169 16

134 7

17 133 38

10 66 1 14

7

7

0

2

Aquatic weeds
Potamogeton crispus,
Eichhornia crassipes and
Panicum repens present

P. crispus manually
removed

High water rotation. Silt
removed at 2nd station

Survey suspended

2

6

18

2

4

0
2

2

13 21 2 High water rotation

36 20 4 Medium water rotation

61 26 8 Medium water rotation

21 1 28

28

12 0 81

43 0 88

18

0

5

2

7

12

Medium water rotation.
Weeds manually re-
moved from many spots,
leaving few E. crassipes
and P. repens

Medium water rotation.
Weeds and silt manually
removed from several
spots

Low water rotation.
Some P. crispus noted

High water rotation.
E. crassipes, P. crispus
and P. repens all present
again

The canal was operating at low capacity prior to application of the molluscicide when the canal was
to the start of chemical application. The water-flow operating at reduced flow would leave surviving
rate was 65 800 mi/ day, which was about 52% of the snails on the bank above the water-line, but this risk
normal capacity of the canal. It was feared that had to be taken because of the limited quantity and
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FIG. 4
EXPOSURE CURVES OBTAINED IN ACROLEIN TRIAL IN GEZIRET EL GAMA CANAL, MAY 1962
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quality of the chemical available. From the results
obtained in these trials it appears that further study
of the effectiveness of application after a period of
low rotation and with flows below normal capacity
should be considered. If effective snail control can be
achieved by mollusciciding under these conditions, a

great saving in the cost of mollusciciding the larger
canals could be realized.
Water samples for acrolein were again taken at

intervals throughout the application period near the
application point and at various stations downstream
throughout the day and part of the night in order to
follow the chemical wave until it reached the end of
the canal. Concentration fluctuations were similar to
those in the previous test, again due to the variation
of the chemical concentration in the different drums.
The downstream losses in the concentration of acro-

lein were no greater than would be expected under
similar conditions. The peak concentrations that
were measured at 670, 3000, 5000, 7000 and 8200 m
below the application point were 20, 19, 16, 16 and 15
ppm respectively (Fig. 4). The average velocity of the
chemical wave was approximately 0.745 km/h (Fig.
3).
The snails found in the experimental and control

canals were Bulinus truncatus, Physa, a very few
Biomphalaria alexandrina and various operculates.
Changes in snail densities were taken into account,

and the data were subjected to variance analysis. It
will be noted in the summary of the results (Table 2)
that 98.85 %, 100% and 99.60% of the Bulinus snails
collected 48 hours, 8 days and 31 days after applica-
tion, respectively, were dead. The data from later
collections indicate that the snail population of

08.00
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TABLE 2
SNAIL-POPULATION DATA AND OBSERVATIONS ON WEEDS DURING SECOND FIELD TRIAL

Treated canal-Geziret El Gama Untreated control canal-El Beida

Bulinus Bm- aBulinus BomTume ofsurvephalaria D phalaria
Time of surveyX

E E
>, Zn a Remarks co >, co E Remarks
< a w Li

Before treatment

2 days 275 25 3 0 14 Aquatic weed 145 8 3 0 3 Aquatic weed
Panicum repens present Panicum repens present

After treatment

48 hours 1 123 0 0 1 P. repens survived 46 0 0 0 1
acrolein treatment

I week 0 165 0 6 0 29 2 0 0 0

1 month 1 6 0 1 0 320 2 0 0 1 Low water rotation

2 months 4 10 0 0 0 Medium water rotation 83 8 1 0 0 Medium water rotation

3 months 12 34 0 0 0

4 months 14 61 1 0 0 Low water rotation Survey suspended

5 months 4 3 0 0 0

6 months 58 6 0 0 1 13 4 0 0 0 Low water rotation

7 months 130 0 1 0 2 39 0 2 0 2 High water rotation

8 months 293 9 0 1 44 Medium water rotation 26 2 0 0 5 Low water rotation. Silt
at fourth station manu-
ally removed

9 months 652 0 1 0 204 0 0 0 0 0 Low water rotation. Silt
was removed from the
whole length of canal.
No weeds present

10 months 76 2 0 0 11 Medium water rotation. 0 0 0 0 0 Medium water rotation.
P. repens at the 4th sta- The canal still free of
tion only weeds

11 months 25 3 0 0 4 High water rotation 0 0 0 0 0 Low water rotation. Few
P. repens

12 months 542 2 0 0 28 Low water rotation. 0 0 0 0 0 Low water rotation.
Most of P. repens at Few P. repens
4th station

Bulinus had failed to recover at the end of 5 months.
Thereafter, the number of snails started to increase,
and 8 months after the application of the chemical
the original density was re-established. As in the
previous trial, there were too few Biomphalaria to
give an accurate estimate of the kill. Disturbances in
the control canal made it impossible to make a
direct comparison of the data. In the experimental
canal also, during the 10th month, silt was removed
from the sections of the canal where the first, second
and third snail-collecting stations were located. At
that time, 74 of the 76 snails collected were obtained
at the fourth station, which had been undisturbed.
When the collections were made 12 months after the

application, 23 Bulinus were collected at the second
station, 78 small and medium-sized snails at the third
station, and 441 snails of all sizes at the fourth
station.

Evidence similar to that obtained in the first trial
indicated that the compound is ovicidal.
As previously mentioned, this canal contained a

relatively small amount of submersed aquatic weeds.
However, a field channel that was almost entirely
choked with Potamogeton received water from the
main canal during the treatment. Acrolein analysis
showed that the concentration reached 10 ppm in
this field channel. Inspection a week later revealed
the complete destruction of the submersed weeds and
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a much improved water flow. The field channel was
still clear when inspected again about 5 months later.
On the other hand, the P. repens in the El Gama
canal was not affected by the application of acrolein.
Although many extra men were distributed along

the canal to prevent the human consumption of the
water during the treatment, it was reported that four
labourers from nearby construction camps drank the
water from the El Gama. Water analysis showed
that three of the labourers drank water with 16 ppm
and the fourth water with 10 ppm of acrolein. The
only reaction they experienced was some tickling and
a very slight burning sensation in the throat. No
other incidents or complaints were noted in connex-
ion with these trials.

PHYTOTOXICITY STUDIES

In order for acrolein to be practical in irrigation
schemes, it is necessary to apply it to canals supplying
water to crops. For this reason it was essential to
make phytotoxicity tests. These tests were conducted
on plots of corn, clover, Karnak cotton and vegeta-
bles (tomatoes, cucumbers, beans and okra) at the
farm at Kom lshu (Fig. 1) made available through
the courtesy of the EARIS project. The clover and
Karnak cotton had been planted 158 and 37 days

prior to the tests while all the other crops had been
planted 26 days before the tests.
Each plot, except for that containing cotton, was

divided into three equal parts. Two parts were
treated with acrolein, one at 20 ppm and the other at
40 ppm, and the third part was untreated and served
as a control. It is believed that 20 ppm is near, or
slightly higher than, the concentration that would be
found in the fields in practice, and the treatment at
40 ppm therefore allowed for a considerable margin
of error.
The weather was partly cloudy, with air tem-

peratures ranging from 18°C to 22°C, and the water
temperature was 20°C during the application. All the
crops were treated on the same day except the cotton.
A careful inspection of the plants was made fol-

lowing the application and again one week later.
The plants were counted and the number that were
dead or showed damage were recorded. Results of
the effects are summarized in Table 3. Slight injury
including temporary discoloration and/or localized
scorching of the leaves. Most of the injurious effects
on tomatoes and cucumbers occurred in the first row
beside the field channel that was feeding these vege-
table plots. All other injurious effects noted occurred
in low spots, where some flooding and ponding
occurred.

TABLE 3
SUMMARY OF PHYTOTOXICITY STUDIES

Crops Damage

Control crops Crops treated at Crops treated at
Age Height _________ 20 ppm 40 ppm Remarks

Type (days) (cm) Slightly. Killed Slightly Killed Slightly Killed
damaged damaged damaged

Beans 26 15 0 0 0 0 0 0

Clover 158 50 0 0 0 0 0 0

Corn 26 25 0 0 0 0 0 0

Cotton 37 15 0.9 0.1 14.3 1.0

70 a 30-50 0 0

Cucumbers 26 10 0 0 1.8 0 17.2 9.0 All effects near field channel or
in low areas

Okra 26 5-7 _ - - - - - Poor ridges, some flooding. Plants
being very small were not counted
before treatment. Severe damage
to small plants noticed at 40 ppm.

Tomatoes 26 20-25 0 0 0 0 4.0 1.7 All effects near field channel.

a Second experiment. First experiment not valid for 20 ppm test; see text.

8
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There were no noticeable effects on the clover, corn
and bean plants. The okra plants were only 5-7 cm
tall, and the very large clods and poor ridges in this
plot resulted in the plants often being in direct
contact with the treated water. Only the plants on

the higher ridges survived.
The cotton plot was divided into four parts. The

initial plan was to treat two of these with acrolein at
concentrations of 20 ppm and 40 ppm and to leave
the other two parts to serve as untreated controls.
The furrows and ridges in the plots were no better
than those in neighbouring fields. As a result, pond-
ing occurred in a few spots, and the small plants in
them came into direct contact with the treated water
for short periods of time. The air temperature during
the treatment of the cotton ranged from 22°C to
28°C, and the water temperature was 21°C at the
start of the irrigation and later in the afternoon
reached 260C in the field channel.
During the application of the acrolein at 40 ppm,

it was possible to maintain a fairly uniform concen-

tration until the plot had received a normal watering.
This plot contained about 2600 plants. Assessment
of the damage showed that 14.3% of the plants had
only minor damage on lower leaves and that 1.0%
had been killed. In the control plots, with about 3500
plants, 0.91 % of the plants showed the type of leaf-
drying seen in the experimental plot, and 0.1 % of the
plants were dead.
During the application of acrolein at 20 ppm, a

sudden and drastic reduction of the water flow due to
interference with the channel gates and a large pump
upstream from the test section led to serious difficul-
ties. An attempt was made to dilute the resulting
high concentration, estimated at more than 100 ppm,
by adding untreated water. It was more than an

hour before the concentration could be brought
down to the 20-ppm range. This severe treatment
damaged some of the plants in the centre of the field,
where the ground was low and some flooding oc-

curred. The plants on good ridges and subjected
only to furrow irrigation showed no damage. About
16.3% of the plants in this plot died and 13.7%
showed temporary damage.
Because of the difficulties with the 20-ppm appli-

cation, one of the two control plots was later used for
a valid test at this concentration. The application
was made 41/2 weeks after the previous test. This
time there were no complications, and it required
about 3 hours to complete the normal irrigation of
the plot. Tests showed an average acrolein concen-

tration of 20.5 ppm. The weather was clear, and the

air temperature was 31°C and the water temperature
28°C. No plant damage of any kind resulted from
this application.
The cotton plants were 15 cm tall at the time of

treatment. A few days later plants about 3 cm tall
were noticed in all the field plots. These had ob-
viously grown from some ungerminated cotton seeds
in the field at the time of the application of the
chemical, and this fact indicates that the germinating
capacity of cotton seeds was not destroyed by the
acrolein.

Crop yields

Crops, with the exception of cotton, were gathered
on different dates between 7 June and 4 August from
the different plots and carefully weighed. A sum-
mary of the result is given in Table 4. The yields of
cotton gathered from the experimental and control
plots on 24 September are shown in Table 5.
With the exception of the cucumber plots, the

yields of vegetables from the treated plots were not
significantly different from those obtained from the
control plots. In the case of the cucumber crop, the
plot treated with acrolein at 20 ppm had a signi-
ficantly higher yield than that of the control
plot.
The yield of cotton from the plots treated with

acrolein at 20 ppm was also significantly higher than
the yield from the controls. The yield from the plot
treated with 40 ppm did not differ from the control,
but the yield from the crop that had received a
fluctuating dose (ranging up to 100 ppm) produced a
significantly lower yield.

TABLE 4
CROP YIELD FROM TREATED AND CONTROL PLOTS

Total yield (kg)

Crop Treated plots
Control plot

20 ppm 40 ppm

Corn 63 000 65 800 78 500

Tomatoes 115 324 192 214 124160

Cucumber 20 922 34 670 21 730

Haricot beans 11 185 10 434 13 997

Okra 20 713 19 206 - a

a Field inadvertently ploughed by farmers before harvest.

258



FIELD TRIALS IN EGYPT WITH ACROLEIN

TABLE 5
COTTON YIELDS FROM TREATED AND CONTROL PLOTS

Plot 1 eDate of Size of plots Average Cofton yieldPlot ~~~treatment (in) 1height of plants Cotogyel
_(c

Treated 20 ppm 10 June 1962 17 x 60 100 145

Treated 40 ppm 6 May 1962 19 x 60 80 88

Treated 20-100 ppm 7 May 1962 19 x 60 40 a 57

Control _ 19 x 60 100 87

Control _ 19 x 60 100 90

a Spaces between individual plants wider in this plot, owing apparently to overdose of acrolein.

DISCUSSION AND CONCLUSIONS

For some years acrolein has been used on a large
scale in the USA and on a smaller scale in Puerto
Rico in an effort to control submersed aquatic weeds
in irrigation canals. This compound has also been
found to be highly effective against aquatic snails in
areas where it has been used. In most instances,
mechanical or manual cleaning of irrigation canals is
expensive, and in areas where human schistosomes
are endemic it can be hazardous. During the trials in
Egypt, it was shown that acrolein was highly effective
against heavy mats of submersed aquatic weeds and
the intermediate hosts of bilharziasis. It was also
demonstrated that the compound can be applied
without endangering the operators of the dispenser
or the people living in the treated area.

Unfortunately, Lymnaea cailliaudi, an intermediate
host of Fasciola hepatica, which is relatively prevalent
in cattle in the Delta region, was not present in the
two canals that were treated. It is believed that
acrolein would destroy the intermediate host of this
parasite also. If this is true, additional benefits would
be realized from a snail-control programme.
From the results of the post-treatment surveys

made in the Old Abis canal, it is apparent that the
Bulinus population did not return to its pretreatment
density during the 12-month period of observation.
In the El Gama canal, repopulation took place more
rapidly but even so did not reach its former density
until 8 months after the application of the herbicide-
molluscicide. In the months that followed, more
snails appeared in El Gama than had been present at
the beginning of the experiment. These observed
differences may be partly due to the fact that acrolein
is more effective against Potamogeton crispus than

against the emergent grass Panicum repens. Both
weeds were present in the Old Abis canal, but only
P. repens grew in the El Gama canal. In the former
P. crispus was very prevalent, and the removal of this
plant brought about a drastic change in the habitat.
This was not the case in the El Gama canal, where the
P. repens was not affected by the application. It is
possible that these differences had some effect on the
repopulation patterns in the two canals.

In both canals it was apparent that by November
and December the snail populations were increasing
in density. On the basis of this it is believed that a
second molluscicide application would be necessary
at about that time, in order to obtain adequate snail
control. Since submersed weeds are not usually a
problem at that time of year, it would not be neces-
sary to use acrolein. Other molluscicides, without
herbicidal properties and less expensive than this
compound, could be used for this second appli-
cation.
The phytotoxicity tests showed that water from

treated canals can be used for irrigating various
crops, provided the flow of water and the concen-
tration of the chemical are carefully controlled. It is
concluded that a concentration of 20-25 ppm can be
used in the canals without adverse effects on crops.
An additional margin of safety can be expected as a
result of the normal loss in concentration that occurs
before the water reaches the fields.

Submersed aquatic vegetation, especially P. crispus,
provides protection and egg-laying sites for the inter-
mediate hosts of bilharziasis, impedes the flow of
water, lowers the carrying capacity of the canals,
favours silting, and increases water losses by evapo-
ration and transpiration. In areas where these
conditions exist, acrolein appears to have consider-
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able promise. If it can be used in lieu of the manual
clearance, it may be less expensive, and it would
eliminate the exposure of the labourers to cercariae.

Irrespective of the chemical used, mollusciciding
as a method of snail control is a recurring measure,
and the cost of an effective programme is sometimes
considered excessive. Therefore, health authorities
must be made aware of the other benefits that would
accrue from snail-control programmes. The com-
bined herbicidal and molluscicidal properties of acro-
lein appear to offer many benefits to those interested

in irrigation and agriculture. If this proves to be true
in practice, it may be possible to obtain an equitable
distribution of the cost of such programmes. It may
also be that at a later stage of such a development,
the Government could legitimately expect individual
landowners to bear, or at least contribute toward,
the cost of the control programme.

It should be stressed that mollusciciding operations
in irrigated areas will not be successful unless the
individual responsible has complete control of the
water during the period of application.
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R12SUMI

Les auteurs ont proc6d6 a des essais pratiques destin6s
A 6valuer l'action molluscicide et herbicide de I'acro-
l6ine.
Le d6versement du produit dans 1'eau de deux canaux

d'irrigation d'une region agricole d'Egypte, realisant une
concentration d'acrol6ine de 20-25 ppm, a provoqu6 la
disparition quasi complete (98,85-100%) de la population
de Bulinus du secteur. Les rares Biomphalaria ont 6gale-
ment 6t6 6limin6s dans une tres forte proportion. Le
produit d6truit 6galement l1s aeufs des mollusques

aquatiques, dont la population n'est revenue A son
niveau initial que 8-12 mois apres le traitement par le
molluscicide.
Aux memes concentrations, F'acrol6ine 6limine la

v6g6tation immergee, constitu6e essentiellement par
Potamogeton crispus, pour une p6riode de 8 mois. Par
ailleurs, des 6preuves de toxicit6 montrent que l'eau des
canaux traites ne provoque aucun dommage aux cultures,
a condition de surveiller 6troitement les m6thodes
d'irrigation et la concentration du produit.
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