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The Molluscicidal Activity of N-Tritylmorpholine*
C. B. C. BOYCE,1 T. W. TYSSUL JONES 1 & W. A. VAN TONGEREN1

N-Tritylmorpholine (Frescon, WL 8008) is highly toxic to the intermediate-host
snails of the Schistosomatidae. Molluscicidal concentrations range from 0.1 ppm to
0.5 ppm for 1-hour exposures and from 0.01 ppm to 0.05 ppm for 24-hour exposures.
Under these conditions the compound is not toxic to snail eggs; recent work, however,
shows that longer exposures are toxic. It has been successfully used to control snails in
large-scale trials in several countries with very short exposures (4 ppm for 15 min), as well
as in prolonged treatments (0.025 ppm for 16 days).

These treatments have remarkably little effect on other forms of aquatic life; plants,
insects and the microfauna and flora are unaffected, and in certain circumstances it has
proved possible to control snails without harming fish populations. A detailed study of the
toxicology of N-tritylmorpholine in mammals has shown that it does not present any toxic
hazards.

N-Tritylmorpholine can be formulated in a variety of ways, e.g., as emulsifiable con-
centrates, water-dispersible powders and granules, as well as some specialized types of
formulations, such as baits and spreadinig oils. Laboratory andfield studies have shown that
environmentalfactors such as mud, light and vegetation have little effect on the performance
of N-tritylmorpholine, but hydrolysis and loss ofactivity may occur in acid water.

The control of bilharziasis presents a considerable
and growing challenge. Although it is possible to
help towards reducing the incidence of the disease by
controlling the snails that act as intermediate hosts
of the organisms that carry the disease, snail-control
programmes have not yet gained the support needed
to achieve a reduction in incidence comparable with
that already achieved with malaria. One of the
factors that has delayed a concerted attack has been
the lack of a range of molluscicidal formulations
suitable for treating the diverse habitats of snails.
The purpose of this paper is to summarize the

results obtained with a new molluscicide, N-trityl-
morpholine, which lends itself to a variety of formu-
lations and to some new application techniques, and
whose graphic formula is:

CI
N

0

EXPERIMENTAL METHODS AND RESULTS

Physical and chemical properties of N-tritylmorphol-
ine

N-Tritylmorpholine (Frescon, previously referred
to as WL 8008) is a colourless, crystalline, dimorphic
solid, melting at 176°C-178°C and 185°C-187°C.
It is virtually insoluble in water (approximately
0.01 ppm) but is soluble in a variety of organic
solvents (Table 1). It is stable to heat, sunlight and
alkalis but very susceptible to acid-catalysed nucleo-
philic attack, so that it is easily hydrolysed to
morpholine and triphenylcarbinol (triphenylme-
thanol) and the quaternized form cannot be isolated.
Under more rigorous conditions (50 % sulfuric acid)
it is cleaved to morpholine and the yellow triphenyl-
methylcarbonium ion, the high extinction coefficient
of which (E 35 000; A max. 410 nm and 430 nm) pro-
vides a convenient basis for estimating and detecting
N-tritylmorpholine.
The influence of these properties on the mollusci-

cidal activity of N-tritylmorpholine has been
evaluated using the snail Biomphalaria glabrata 2 as

* From " Shell " Research Ltd, Woodstock Agricultural
Research Centre, Sittingbourne, Kent, England.

1 Senior Scientist.
2Formerly Australorbis glabratus (Say).
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TABLE I

SOLUBILITY OF N-TRITYLMORPHOLINE IN VARIOUS
ORGANIC SOLVENTS

Solubility
Solvent of N-tritylmorpholine

(g/100 ml soln at 200C)

Chloroform 47.3

Carbon tetrachloride 34.5

Tetrachloroethylene 20.0

Dimethylformamide 20.0

Acetone 9.8

Benzene 9.4

Toluene 7.0

Diethyl ether 5.2

Hexane 1.6

Ethanol 1.1

Methanol 0.9

test animal. The snails were taken from a laboratory
colony when 10 weeks old and of shell diameter
12 mm. Unless stated otherwise tests were carried
out in tap water maintained at 20'C±t1C which
had been aerated for 48 hours before use and
had a pH of 7.8. Snails were exposed for the stated
time, transferred to clean water and mortalities
determined after allowing a 48-hour recovery period.

Formulations

Emulsifiable concentrates and water-dispersible
powders. The limited solubility of N-tritylmorphol-
ine in water is a dominant factor in its formulation.
The concentrations needed to kill snails are greater
than its solubility in water, while at these con-

centrations the solvents and surfactants used in
formulations are in complete solution. Therefore,
when N-tritylmorpholine is formulated as an emulsi-
fiable concentrate or a water-dispersible powder, it
becomes distributed in water as a suspension of solid
particles. It can be seen from the results presented
in Table 2 that the toxicity of these particles of
N-tritylmorpholine is markedly affected by their
size; the smaller the particles the more active they
are. The most finely divided and active suspensions
have so far been obtained by the controlled precipita-
tion of N-tritylmorpholine from emulsifiable con-

centrates. Water-dispersible powders are less active
when applied at similar rates because of the difficulty

TABLE 2
CONCENTRATIONS OF N-TRITYLMORPHOLINE

SUSPENSIONS WITH VARIOUS RANGES OF PARTICLE
SIZE REQUIRED TO GIVE 50 % AND 90 % MORTALITIES

OF BIOM. GLABRATA AFTER 24 HOURS' EXPOSURE

Particle size (iA) of LCso LCsoN-tritylmorpholine (ppm) (ppm)
suspension

< 2 0.025 0.038

2-6 0.045 0.070

6-15 0.070 0.12

10-25 0.17 0.27

of grinding and dispersing powders to the sub-
micron particle size required for optimum activity.
An emulsifiable concentrate based on tetrachloro-

ethylene with a mixture of hydrophilic and hydro-
phobic emulsifiers gave the most satisfactory physical
and biological performance out of a wide range of
concentrates evaluated. It is chemically stable at
55°C for at least 2 weeks, as well as in storage under
tropical conditions. When it is diluted with water
to give concentrations of N-tritylmorpholine above
100 ppm, the toxicant remains in a stable emulsion
of tetrachloroethylene and very little sedimentation
occurs, even over a period of 24 hours. At concentra-
tions below 5 ppm the solvent and emulsifiers com-
pletely dissolve in the water and the toxicant is
precipitated in a very active sub-micron, crystalline
form. In the concentration range from 5 ppm to
100 ppm the dispersion is less stable and the N-trityl-
morpholine is precipitated as crystals up to 10 ,u
long; this results in loss of activity. However, as
this range of concentrations is not likely to be used
in practice, the instability is not important.

Resins, granular formulations etc. Under normal
circumstances N-tritylmorpholine does not diffuse
into water from resins, granules and similar formula-
tions, because of its limited solubility. Consequently,
these types of formulation are not generally suitable
for providing a toxic medium for snails. However,
when- such formulations are based on water-soluble
materials such as polyethylene glycol, containing
suitable additives, dissolution of toxicant into the
main body of the water can occur, and this results
in good molluscicidal activity.

Spreading oils. It is possible to confine N-trityl-
morpholine to particular parts of a snail habitat by
taking advantage of its limited solubility in water.

2
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For example, when a solution of N-tritylmorpholine
in methylcyclohexanone (15% w/v) containing gum
dammar (I % w/v) as spreading agent was diluted
with 2 parts of gas-oil and applied to the surface of
an aquarium, a surface film was formed that was
toxic to Biom. glabrata. Snails that were prevented
from reaching the surface film by means of a layer
of nylon gauze were unaffected. Chemical analysis of
water samples taken 20 cm beneath the surface
showed that the molluscicide did not diffuse to that
depth from the film. However, when the tetra-
chloroethylene concentrate was first diluted with 2
parts of gas-oil and then applied to the surface of an
aquarium, a surface film was formed from which
approximately 50% of the molluscicide diffused
during the first 24 hours after application.

Edible formulations (baits). Another way of limit-
ing the distribution of N-tritylmorpholine to par-
ticular parts of a snail's habitat is to include it in an
edible formulation. Wheat was chosen as a basic
ingredient because it is readily eaten by snails. Thus,
when 8 pieces (5 cm x 5 cm) of Standen's food
(Standen, 1951), half with and half without added
wheat germ, were placed alternately on the bottom
of an aquarium, Biom. glabrata showed a preference
for the pieces containing wheat germ. Statistical
analysis of the percentage of each food eaten showed
that this preference was highly significant (P< 0.001),
the mean percentages, with their 99% confidence
limits, being:

Wheat-germ food 48.5% (44.3% - 52.6%)
Non-wheat-germ food 17.1 % (14.1 % - 20.3%)
When 250 mg of wheat granules containing

N-tritylmorpholine (5% by dry weight) were set
aside in 20 litres of water, the supernatant, which was
sampled after 24 hours, was not toxic to snails and
no N-tritylmorpholine could be detected in it
(i.e. concentration < 0.01 ppm), but the granules
were toxic to snails that were allowed to browse on
them.

Effect of environmental factors on molluscicidal
activity of N-tritylmorpholine formulations

Effect ofpH. When buffered suspensions (M/150
Sorensen's buffer) containing 1 ppm N-trityl-
morpholine were stored at several pH values and bio-
assayed at various time intervals, it was found that
at pH 5.0 molluscicidal activity was lost within
I hour; at pH 6.0 the suspensions remained active
for approximately 12 hours and at pH 6.5 they were
still active after 40 hours. A further increase in pH

EFFECT OF pH AND TIME OF STORAGE
OF N-TRITYLMORPHOLINE SUSPENSION (I ppm)

ON PERCENTAGE OF BIOM. GLABRATA KILLED AFTER
EXPOSURE FOR 24 HOURS

lot
pH 7.8

j pH 5.0 pH 6.0 pH 6.5
C,

a.

0 12 24 36 48
Time of storage (hours) w,o 7C 7'3

resulted in an extension of the residual activity (see
accompanying figure). The loss of activity is attrib-
uted to hydrolysis of N-trityimorpholine to the non-
toxic compounds triphenylcarbinol and morpholine,
which occurs under these conditions.
The rate of hydrolysis is dependent on the initial

concentration of N-tritylmorpholine, as well as on
the pH of the medium. When concentrations in
the range 0.01 ppm to 0.1 ppm were buffered at
pH 7.6, 50% of the original N-tritylmorpholine
remained after 30 hours, but at higher concentrations
(above 0.5 ppm), when most of the molluscicide was
present in crystalline form, the time taken to reduce
the concentration by 50% of its original value
exceeded 200 hours.
Wheat granules containing 1% N-tritylmorpholine

were still molluscicidal after 3 weeks in water
buffered at pH 6.2.

Detailed accounts of the hydrolytic stability of
N-tritylmorpholine have been reported separately
(Meyling et al., 1966).1

Effect oflight. No detectable reduction in the con-
centration of N-tritylmorpholine was found when a
I-ppm suspension, 1-cm deep, was irradiated for
3 hours with a broad-spectrum sunlight lamp
(Philip's 150-W, CS Xenon, compact source) placed
50 cm above the surface of the water.

Effect oftemperature. The effectiveness of N-trityl-
morpholine over a 4-hour exposure period has been
determined at 15°C, 21°C and 280C, using snails
that were acclimatized for I week before the experi-

1 See also the paper by Beynon, Crossland & Wright
on page 53 of this issue.
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TABLE 3
EFFECT OF TEMPERATURE ON CONCENTRATIONS
OF N-TRITYLMORPHOLINE REQUIRED TO KILL
BIOM. GLABRATA AFTER A 4-HOUR EXPOSURE

Temp. (IC) - LCso (ppm) LC.o (ppm)

15 0.14 0.28

21 0.10 0.17

28 0.05 0.10

ment. The results are summarized in Table 3. In
this temperature range, Qlo for Biom. glabrata is 2.3.'

Effect of adsorption by mud. Attempts have been
made to assess the importance of mud adsorption
by vigorously shaking 2 litres of 1-ppm suspensions
of N-tritylmorpholine with 10 g ofmud for 4 minutes.

The results of chemical analyses of the supernatant
liquor taken 4 hours after shaking suspensions of
various concentrations of N-tritylmorpholine with
Babati mud (5 g/litre) for 4 minutes are given in
Table 5; together with the results of the bio-assays,
they suggest that N-tritylmorpholine is not strongly
adsorbed by these particular types of mud.

In a large-scale experiment at the Arusha Chini
Sugar Estate, Crossland 2 found no evidence of
significant losses of N-tritylmorpholine when water
was treated at 0.025 ppm. In early work with a
dimethylformamide concentrate in experimental
canals, Crossland, Webley & Mesmer 8 found losses
ranging from 40% to 49% of active material, which
were provisionally ascribed to mud adsorption but
which are now attributed to the relatively poor sus-
pensibility of this formulation.

Tests with wheat granules, described later, showed
that mud does not affect their performance.

TABLE 4
EFFECT OF MUD ON PERCENTAGE KILL OF BIOM. GLABRATA AFTER 24 HOURS' EXPOSURE

TO N-TRITYLMORPHOLINE a

Percentage of Biom. glabrata killed
Initial concn
of N-trityl- Arusha mud Babati mud
morpholine

(ppm) Blank Bio-assayed Bio-assayed Blank Bio-assayed Bio-assayedan__________ Iafter 24 h after 48 h after 24 h after 48 h

1.0 100 100 100 100 100 100

0.5 100 100 100 100 100 100

0.25 100 100 100 100 100 100

0.125 100 100 100 90 80 100

0.06 90 60 70 90 0 20

0.03 80 0 0 80 0 0

a Exposure to solutions prepared from 2 litres of a 1-ppm suspension of N-tritylmorpholine shaken for 4 min with 10 g of mud.

After 24 hours, when practically all the mud had
settled, 2 samples were withdrawn from the super-
natant liquor. One was bio-assayed in serial dilution
immediately; the other was left for a further 24 hours
until the suspended mud particles had settled com-
pletely and then the supematant liquor was carefully
decanted off and bio-assayed. Controls, which had
not been treated with mud, were assayed in parallel
tests. The results with Arusha Chini mud are given
in Table 4, together with results of a similar experi-
ment with Babati mud.

1 Q1, is the temperature quotient for an increase of 10
deg C, e.g., ratio LC,. for 15°C to LC5, for 25°C.

Molluscicidal activity

Comparative susceptibility of various species of
snail to N-tritylmorpholine suspensions

Intermediate hosts of schistosomes. The LC50
and LCQO values for Biomphalaria glabrata and
Bulinus truncatus with a 24-hour exposure period are
given in Table 6, together with comparative data for
these and other intermediate hosts of Schistosoma

'See the paper on page 23 of this issue.
8 Crossland, N. O., Webley, D. J. & Mesmer, E. T. (1964)

Tropical Pesticides Research Institute, Miscellaneous Report,
No. 433, Arusha (unpublished.)
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TABLE 5
AMOUNT OF N-TRITYLMORPHOLINE REMAINING

IN SUSPENSION AFTER SHAKING VARIOUS
CONCENTRATIONS WITH BABATI MUD (5 g/LITRE)

FOR 4 MIN

Nominal cDetermined Determined
concn

~concn in concn inconcn untreated mud-treated
(ppm) suspension (ppm) suspension (ppm)

1.0 0.96 0.70

0.5 0.42 0.40

0.25 0.23 0.17

0.1 0.11 0.09

mansoni and S. haematobiurn determined in other
laboratories.
We have not tested N-tritylmorpholine against

intermediate-host snails of S. japonicum, but Komiya
(unpublished data) found the LC50 value for Onco-
melania nosophora to be approximately 0.5 ppm.

Intermediate hosts of Fasciola. The LC50 values
for Lymnaea auricularia and L. truncatula are less
than 0.1 ppm for a 24-hour exposure. The LC50 and
LCgo values for L. natalensis for a 5-hour exposure

are 0.033 ppm and 0.07 ppm respectively (Shiff &
Ward, 1966).

Other species of snail. A variety of freshwater
snails, including Physa fontinalis, Planorbis corneus,

TABLE 6

CONCENTRATIONS OF N-TRITYLMORPHOLINE REQUIRED TO KILL 50 % AND 90 % OF SEVERAL SPECIES
OF INTERMEDIATE-HOST SNAILS AFTER 24 HOURS' EXPOSURE

Species Author ~~~~~~~~~~~Type, temp.
Formulation LCso LC.o

Species Size and origin Author of water (emulsifiable (PPm) (ppm)
concentrate)

Biomphalaria 12 mm, lab., Brazil Boyce, Crossland Tap, pH 7.8, 21°C Tetrachloroethyl- 0.025 0.042
glabrata & Shiff (1966) ene b

12 mm-27 mm, Paulini (1964) a Tap, 240C ± 2°C Carbon tetrachloride 0.052 0.082
wild, Brazil

10 mm-12 mm, lab. Duncan & Hopf a pH 7.0 (M/1000 Dimethylformamide 0.04 0.07
phosphate buffer)

Adult, wild, Ritchie a _ Carbon tetrachloride 0.18 0.31
Puerto Rico

Adult, lab., Ritchie a - Carbon tetrachloride 0.04 0.062
Puerto Rico

Biom. pfeifferi 5 mm-12 mm, wild, Shiff (Boyce, Tap, pH 8.0, 22°C Tetrachloroethylene 0.014 0.023
S. Rhodesia Crossland & Shiff,

1966)

Biom. alexandrina Adult, wild, Egypt El Tawil a Tap, 25°C-270C Carbon tetrachloride 0.014 c 0.025 c

Biom. sudanica 10 mm-12 mm, lab., Webbe & Sturrock Tap, pH 7.5-7.8, Carbon tetrachloride 0.044 0.078 c
tanganyicensis Tanzania (1964) 22°C-240C

Bulinus (Physopsis) 10 mm-15 mm, lab., Webbe & Sturrock Tap, pH 7.5-7.8, Carbon tetrachloride 0.09 0.18 C
nasutus productus Tanzania (1964) 22°C-240C

Bul. (P) globosus 7.0 mm-12.5 mm, Shift (Boyce, Cross- Tap, pH 8.0, 22°C Tetrachloroethylene 0.05 0.085
wild, S. Rhodesia land & Shiff, 1966)

Bul. truncatus 5 mm, lab., Egypt Shiff (Boyce, Cross- Tap, pH 7.8, 21°C Tetrachloroethylene 0.053 0.10
land & Shiff, 1966)

Adult, wild, Egypt El Tawil a Tap, 25°C-270C Carbon tetrachloride 0.04 c 0.06 c

a Personal communication.
b Similar results were obtained with suspensions in carbon tetrachloride and in dimethylformamide.
c Estimated graphically from data provided by the authors.

5
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Lymnaea peregra and L. stagnalis, are killed by con-
centrations of 0.1 ppm or less of N-tritylmorpholine
after 24 hours' exposure, but a number of terrestrial
molluscs, including Helix aspera and Agriolimax
reticulatus, survive 24 hours' exposure to concentra-
tions of up to 10 ppm.

Crossland (1965) found that Lanistes ovum, an
operculate snail that is a pest in rice paddies, was
unaffected by 24 hours' exposure to 5 ppm of
N-tritylmorpholine. During the course of field trials,
Crossland (unpublished data) found that the sparse
populations of two other operculate snails, Cleopatra
ferruginea and Melanoides tuberculata, in experi-
mental canals were not noticeably affected by
0.1 ppm of N-tritylmorpholine applied for 6 hours,
but there was a 93% kill of Bul. tropicus. Shiff
(personal communication) found that Ferrissia sp.
were killed during trials in Southern Rhodesia,
which is of interest because Ferrissia tenuis is claimed
to be an intermediate host of S. haematobium in a
focus in India.
Ova of intermediate-host snails. Embryos of

Biom. glabrata were not perceptibly affected when
capsules were treated with N-tritylmorpholine at
90% lethal concentrations for adults, but when egg
capsules more than 60 hours old were exposed to
5 ppm of the compound for 24 hours, most embryos
died soon after they hatched. Under the same con-
ditions, the development of embryos in capsules
treated when less than 60 hours old was delayed and
they eventually died without hatching.1 2
Egg capsules of Bul. truncatus were also unaffected

under the conditions necessary to kill adults, and
Webbe & Sturrock (1964) found no ovicidal activity
when egg capsules of Biomphalaria sudanica tanga-
nyicensis and of Bulinus (Physopsis) nasutusproductus
were treated with N-tritylmorpholine at concen-
trations between 0.1 ppm and 1 ppm for 24 hours.

Relation between exposure time and lethal concen-
tration

From the LC50 and LC90 values given in Table 7
for 5 snail species exposed for 1, 4 or 5, and 24 hours
it can be shown that in each case the product of
concentration and time tends to increase as the
exposure time increases. A detailed study of the re-

1 See the paper by Boyce, Tieze-Dagevos & Larman on
page 13 of this issue.

2 Crossland has recently found that lower concentrations
and longer exposures result in identical effects. This may lead
to the ovicidal activity of N-tritylmorpholine having a
practical value (see the paper on page 23 of this issue).

lation between lethal concentration and lethal expos-
sure time for Biom. glabrata with exposure periods
ranging from 6 minutes to 32 hours has shown,
however, that over a more extended range of
exposure times the variation of concentration-time
product with exposure is complex and that there is
an unusual two-phased relation between the loga-
rithms of lethal concentration and exposure time
(Boyce & Williams, 1967). With Bul. truncatus there
is a more usual hyperbolic relation.

In the field, concentration-time products of
I ppm-h to 2 ppm-h are effective against a variety
of snails when the exposure time is between I hour
and 48 hours.

Molluscicidal activity of edible formulations of N-tri-
tylmorpholine

When 200 mature Biom. glabrata were placed in a
20-litre glass tank together with 250 mg of bait for
24 hours, mortalities were 96%, 98% and 97% at
N-tritylmorpholine contents of 0. 1%, 1.0% and
5.0%, respectively.
Under more adverse conditions, when 250 mg of

granules containing 1 % N-tritylmorpholine were
uniformly distributed on the mud substratum of an
aquarium containing 30 litres of pond water, the bait
was infected by bacteria (Bacillus type) and by fungi
(probably an Oomycete) after 3 days and began to
disintegrate after 10 days. After 28 days the bait
granules were no longer distinguishable from the
mud. The growth on the granules did not appear to
affect their palatability to snails, and high mortalities
of Biom. glabrata were obtained when they were
added to the aquarium for 24 hours during the first
28 days of the experiment, but after a total of
5 weeks snails were no longer affected.
A variety of aquatic snails, including Bul. trun-

catus, Tropicorbis obstructus, Biom. sudanica tanga-
nyicensis and Biom. pfeifferi were killed in laboratory
tests. (Results with the three latter species were
given in personal communications from Dr Malik,
Dr Purnell and Mr Crossland, respectively.)

Other biological effects

Toxicity to mammals. A full account of a study of
the toxicology of N-tritylmorpholine and of some of
its formulations has been given by Brown, Steven-
son & Walker.3 These workers found that N-trityl-
morpholine produced no chronic effects when fed to
rats over a period of 90 days at a rate of 1000 ppm in

'See the paper on page 73 of this issue.
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TABLE 7
CONCENTRATIONS OF N-TRITYLMORPHOLINE REQUIRED FOR 50 % AND 90 % KILLS OF SEVERAL SPECIES

OF SNAIL AFTER VARIOUS PERIODS OF EXPOSURE a

Period of exposure

Snail species Size and origin 1 hour 4 hours 5 hours 24 hours
LCso LCso LCso LC,o LCso MLCe LCso LCG
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Biomphaliria glabrata 12-mm diam., lab. strain 0.20 0.34 0.10 0.17 0.025 0.042

Bulinus truncatus 5-mm long, lab. strain 0.45 1.0 0.11 0.25 0.053 0.10

Bulinus globosus 7.0 mm-12.5 mm long, wild 0.22 0.60 0.11 0.28 0.050 0.085

Biomphalaria ofeifferi 5.0 mm-12.0 mm diam., wild 0.13 0.25 0.034 0.062 0.014 0.023

Lymnaea natalensis 9.0 mm-14.0 mm long, wild 0.033 0.070

a At 21°C-22°C and after a recovery period of 48 h in fresh water.

the diet. It did not show any significant irritant pro-
perties and the acute oral toxicity of the pure
material administered as a solution in dimethyl
sulfoxide was found to be approximately 1400 mg/kg
body-weight.

Toxicity to fish. The toxicity of N-tritylmorpholine
to fish depends on a number of factors, among
which are the species of fish, the exposure time and
the formulation used. In laboratory tests there is a
marked difference between the sensitivities of Biom.
glabrata and Lebistes reticulatus (guppy fish) when
N-tritylmorpholine is applied in an edible form.
In replicate tests, mortalities of guppies did not
exceed 10% after 14 days when 20 of these were fed
solely with a food (500 mg) containing I % by
weight of N-tritylmorpholine. Under the same condi-
tions complete kills of B. glabrata occurred after
24 hours' treatment.
When a water-insoluble dye (0.5% w/w Fire

Orange) was incorporated into the food with the
N-tritylmorpholine, the dye was detected after
48 hours in the gut of the fish as well as in their
faeces, proving that the bait had been eaten.

In field trials some fish, including Tilapia, Barbus
and Clarias spp., have been killed when the tetra-
chloroethylene concentrate has been used in static
water to give a concentration of 0.2 ppm N-trityl-
morpholine. Fish have also been killed in canals
treated at the same concentration for approximately
6 hours, but estimates df the percentage mortality
have not yet been made. Using lower concentrations
(0.025 ppm) with longer exposures, Crossland 1 was

' See the paper on page 23 of this issue.

able to control snails in a large irrigation system
without harming some species of fish. Shiff,
Crossland & Millar (1967) have since found that
there are marked differences between the susceptibi-
lities of different species; whereas Tilapia mossam-
bica survived 7 days' exposure in flowing water
treated at a rate of 0.04 ppm N-tritylmorpholine,
only 37% of T. melanopleura survived under these
conditions.

Phytotoxicity. In glasshouse experiments with
cotton and rice, Chapman 2 found no effect when
N-tritylmorpholine was applied in the irrigation
water during a 60-day experiment at a concentration
of 0.25 ppm. No cases of phytotoxicity have been
reported during field trials.

Effect on other aquatic life. When samples of
water were taken from a dam before, and 1 week
after, treatment with 0.2 ppm N-tritylmorpholine, no
significant differences in the numbers of microfauna
and florawere found (Boyce, Crossland & Shiff, 1966).
The detailed results are given in Table 8.

In a laboratory test, cercariae of S. mansoni were
unaffected after 6 hours' exposure to N-trityl-
morpholine at concentrations of up to 10 ppm.

DISCUSSION

The work of Clarke and his colleagues (Clarke,
1963) in Southern Rhodesia provides evidence that
snail control can result in a reduction in the incidence
of bilharziasis, and the theoretical studies of Mac-
donald (1965), who has proposed a mathematical

2 See the paper on page 43 of this issue.
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TABLE 8
ANALYSIS OF FAUNA SAMPLES TAKEN IMMEDIATELY

BEFORE AND ONE WEEK AFTER TREATMENT
OF A RESERVOIR WITH 0.2 PPM
OF N-TRITYLMORPHOLINE a

No. of fauna
Type of fauna- __ ______

Typa

Beforetreatment |After treatment

Turbellaria 10 6

Nematoda 43 10

Rotifera 3 78

Oligochaeta 7 6

Cladocera 145 103

Ostracoda 12 3

Copepoda 2 521 1 367

Ephemeroptera 302 206

Chironomidae 54 27

Acari 22 3

a Results of nine composite samples, each of three sweeps
with a net 12 cm in diameter.

model of the cycle of transmission, lead to the con-
clusion that snail control or control of human
exposure to infected water, together with therapy of
the human host, is likely to be the most fruitful
approach to the control of bilharziasis. If mollusci-
cides are to play an important role in future control
programmes, as these practical and theoretical
results suggest they could, suitable formulations and
techniques for applying them must be developed, so
that they can be used efficiently and economically.

Molluscicidal activity
N-Tritylmorpholine, which was developed from a

chemical synthesis programme based on the report
(Chemical Biological Co-ordination Centre, 1956)
that bis-diphenylmethyl ether was toxic to Biom.
glabrata at 0.5 ppm with 24 hours' exposure, is
highly effective against the intermediate snail hosts
of the Schistosomatidae. The aquatic species are
killed by concentrations of 0.1 ppm or less with
24 hours' exposure, whereas with 1 hour's exposure
1 ppm or less is lethal. The speed at which a lethal
dose is assimilated is a feature of this molluscicide.
Biom. glabrata, for example, may be killed after only
5 minutes' exposure without the need for a marked
increase in the amount of chemical applied (i.e., the
concentration-time factor).

When the 24-hour LC50 value is taken as a basis
for comparative susceptibility, the results (collected
in Table 6) show that Biom. pfeifferi and Biom.
alexandrina are the most susceptible species, with
an LC50 of 0.014 ppm; Biom. glabrata is half as
susceptible (LC50=0.025 ppm) and Bulinus spp.,
including the subgenus Physopsis, are half as sus-
ceptible again (LC50=0.050 ppm). Less is known
about the susceptibility of the amphibious genus
Oncomelania, but unpublished studies of Komiya
show that the LC50 for 0. nosophora exposed by
immersion is approximately 0.5 ppm. In general the
genus Lymnaea, which provides intermediate hosts
for liver flukes causing fascioliasis, is very sus-
ceptible. The tolerance of terrestrial snails, some of
which are of economic but not medical importance,
is striking.

However, these generalizations may apply to
only one particular set of comparative conditions,
because the factors affecting the susceptibility of
various species of snail to N-tritylmorpholine are
complex. Even with constant environmental condi-
tions, the percentage mortality, the exposure time
and the size of the snails all have important effects
on the relative susceptibilities. For example, if the
LC50 values for Biom. glabrata and Bul. truncatus are
compared, the latter species is seen to be twice as
tolerant with 1 or 24 hours' exposure but equally
tolerant with a 4-hour exposure (Table 7), and with
an exposure period of 4 hours the LC50 for 3-mm
Biom.glabrata is one-tenth that for20-mm specimens."
An interesting point to emerge from Table 6 is the

similarity between the LC50 values of laboratory
strains and of wild snails used for laboratory tests.
In fact, wild snails are equally as susceptible as
laboratory strains to N-tritylmorpholine even in
their natural environment. For example, when
experimental canals in Tanzania were treated for
6 hours at a rate of 0.1 ppm N-tritylmorpholine, a
99% kill of Biom. pfeifferi was obtained. In the
laboratory the same mortality was obtained with
0.1 ppm and 5 hours' exposure. In Egypt, no Bul.
truncatus survived in a canal treated for 6 hours at
0.25 ppm, a result that compares favourably with
the laboratory results, where an LCgo of 0.25 ppm
for 4 hours' exposure was found.

Specificity of N-tritylmorpholine
The treatment of snail-infested water with N-trityl-

morpholine has remarkably little effect on the rest of

1 See the paper by Boyce, Tieze-Dagevos & Larman on
page 13 of this issue.
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the environment. Shiff (Boyce, Crossland & Shiff,
1966) sampled the microfauna and flora after treating
a reservoir at 0.2 ppm and found no significant
effect on their numbers (Table 8). N-Tritylmorphol-
ine is not phytotoxic 1 nor is it toxic to insects, bac-
teria or fungi, and it is harmless to mammals at, or
even considerably above, the rates needed to control
snails.2 In general, the differences between the sus-
ceptibilities of snails and fish are small; consequently,
fish haye been killed in some trials, but it has been
shown recently that under certain conditions it is
possible to control snails without harming fish
populations (Crossland;3 Shiff, Crossland & Millar,
1967).

Formulation and application

The high degree of molluscicidal activity of
N-tritylmorpholine and its relatively specific effect
against snail populations have encouraged us to
examine a number of ways in which it might be
formulated and applied to water. The physical
properties of the compound and the nature of the
snail habitat determine how this might be done most
effectively.

Flowing water. The most suitable formulations for
application to flowing water in irrigation systems
are those that give a rapid and uniform dispersion of
molluscicide in the water and that are stable both at
the dosage level in the water and in the much higher
concentrations used in the dispensing apparatus.
The formulation itself must have a satisfactory
storage life over a wide range of temperatures.
Finally, with N-tritylmorpholine, which is virtually
insoluble in water, the toxicant particles must be as
small as possible, preferably of sub-micron size, for
satisfactory activity.
An emulsifiable concentrate based on tetrachloro-

ethylene has been developed which fulfils these re-
quirements. The mixture of emulsifiers in the con-
centrate was chosen to give a stable emulsion which,
when further diluted with water, gives a fine and
stable dispersion of the toxicant. The concentrate
itself, or aqueous emulsions, can be applied by
spraying on or pouring into water. By dispensing
aqueous emulsions from a single point, control of
snails has been achieved throughout a complex
irrigation system in Tanzania.3

1 See the paper by Chapman on page 43 of this issue.
2 See the paper by Brown, Stevenson & Walker on

page 73 of this issue.
3 See the paper by Crossland on page 23 of this issue.

Standing water. In contrast to the flowing water
of irrigation systems, there is little water movement
to aid dispersion of the chemical in standing water-
bodies; dispersion therefore depends mainly on
the characteristics of the formulation used.

Applications of undiluted tetrachloroethylene
concentrate at 5-m intervals along drains and in
small ponds give a relatively uniform distribu-
tion of N-tritylmorpholine within 24 hours, and
with this technique it is possible to treat a greater
area than can be covered in a similar time by
spraying the whole surface. If the water is cov-
ered with dense vegetation, the technique has the
advantage that the chemical will not be held by the
vegetation as it is when it is sprayed. As an ex-
tension of this technique, the concentrate can be
encapsulated with a water-soluble material, such as
gelatin, and the capsules can be applied at spaced
intervals.
The problem of treating large bodies of standing

water is considerably greater and is as much one of
economics as of technical difficulty. In some cases
only the margins of the habitat require treatment
and, consequently, a good dispersion of the mollusci-
cide throughout the body of water may be wasteful.
One possible means of restricting N-tritylmorpholine
to particular parts of the snail habitat is to use a
granular formulation, because N-tritylmorpholine is
so sparingly soluble in water that only a negligible
amount of it diffuses. For the same reason it should
also be possible to achieve a residual molluscicidal
effect. As it is probable that N-tritylmorpholine is
not toxic by contact alone, these granules must be
eaten by snails to be effective.

Clearly it would be advantageous to have granules
that were attractive to snails. Michelson (1960) and
Etges (1963) have shown that wheat-germ promotes a
chemokinetic response from Biom. glabrata and our
results show (which the other studies do not) that
Biom. glabrata eat significantly more food if wheat-
germ is added. Wheat was therefore chosen as a
basis for an edible molluscicidal granule. N-Trityl-
morpholine, unlike a range of other molluscicides, is
effective when included in these granules at rates
ranging from 0.1% to 10% by weight, and in the
laboratory the granules are toxic, even under ex-
tremely adverse conditions, for 4-6 weeks. In a
field trial they gave more than 90% control of Biom.
pfeifferi but were effective for only 3 days. The
reasons for this short-lived effect in the field are
unknown, but in another trial the granules were
quickly eaten by guppies, without ill-effect, and con-

2
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sequently gave poor snail control. However, the
benefits which this type of formulation might bring
to snail control in static water make a further de-
velopment of the principle worth while.
The use of spreading-oil formulations, on the lines

of those used for the control of mosquito larvae,
offers an alternative possibility for achieving econo-
mic and practical advantages in the treatment of
large bodies of standing water. These formulations
cover a large area of water with a thin film of oil from
a single point of application, the oil acting as the
vehicle of distribution of the toxicant. By selecting
suitable additives it is possible to control the amount
of N-tritylmorpholine diffusing from these films.
When there is no release of toxicant the effectiveness
of the film depends on snails coming to the surface
during the life of the film, for example, to obtain
oxygen or to congregate in the relatively warm sur-
face water, as Shiff (1967) has shown that Bulinus
(Physopsis) globosus do during sunny winter days
in Southern Rhodesia. When there is some diffusion
from the film, as happens when the tetrachloro-
ethylene concentrate is pre-diluted with gas-oil, the
effectiveness does not rely so much on snails coming
to the surface, nor is it likely to be so badly affected
by an impediment to the film, such as debris or
vegetation. Both types of film are effective in the
laboratory and trials with them are in progress in the
field.
When using the emulsifiable concentrate in large

water-bodies in Southern Rhodesia, Shiff (1966)
observed an interesting phenomenon that provides
another means of controlling snails economically.
When the tetrachloroethylene concentrate was
diluted with water (1: 3) and the emulsion was
sprayed on the water surface from a boat, a cloud of
molluscicidal emulsion formed in the water and then
slowly sank before more complete diffusion took
place. Shiff considered that snails were killed by the
molluscicide cloud as it sank through the water and
found that it was possible to treat the water on an
area rather than a volume basis.

Effect of environmentalfactors
The pH of the water is one of the most important

physical properties of the aquatic environment
affecting the performance of N-tritylmorpholine.
In water with a pH above 7.5 the stability of N-trityl-
morpholine is sufficient to prevent any limitations on
its performance, but at lower pH values hydrolysis
to inactive products might limit its usefulness in some
circumstances (e.g., in the prolonged low-dosage
treatment of irrigation water). As the rate of hydro-
lysis is also dependent on the concentration of
N-tritylmorpholine applied, hydrolysis at concentra-
tions above 0.2 ppm at pH values above 6.5 is
probably too slow to affect the toxicity to snails.

Laboratory studies suggest that neither sunlight
nor adsorption is likely to affect the performance of
N-tritylmorpholine and this is confirmed by the
excellent downstream penetration in the large-scale
trials. The temperature of the water has some effect
on the molluscicidal activity of N-tritylmorpholine.
With Biom. glabrata, a 10 deg C increase in water
temperature reduces the LC50 almost 21/2 times.

Studies so far made with N-tritylmorpholine
reveal that it is an exceptionally active molluscicide
with many desirable features. Its poor ovicidal
activity in short exposures is at first sight a dis-
advantage, but if the bionomics of the snail popu-
lations and the epidemiology of the disease are
taken into account it can be used in a variety of
ways to interrupt the transmission of bilharziasis
(Yeo, 1965). Two of these, the prolonged low-
dosage technique and the application of N-trityl-
morpholine at times of limited breeding, have already
proved effective in large-scale trials. Other tech-
niques-e.g., that aimed at preventing snails from
becoming infective, by applying the molluscicide at
intervals that take account of the period of develop-
ment of the parasite within the snail-remain to be
proved technically feasible. An important considera-
tion in the evaluation of any of these techniques is
that of economics, and in this respect the prospects
for N-tritylmorpholine are encouraging.
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RISUMt

Cet article resume les resultats obtenus lors d'essais,
en laboratoire et sur le terrain, d'un nouveau molluscicide,
la N-tritylmorpholine (Frescon).
La N-tritylmorpholine fait preuve d'une toxicite elev6e

pour les mollusques h6tes intermendiaires de Schistosoma
et notamment pour Biomphalaria glabrata. Les concen-
trations molluscicides varient de 0,1 a 0,5 partie par
million pour une duree d'exposition de 1 heure, et de
0,01 a 0,05 partie par million lorsque le contact est de
24 heures. Dans ces conditions, on ne note aucune action
toxique sur les ceufs des mollusques. Au cours d'essais
pratiques, le produit s'est montre actif que le contact
ait ete de faible duree ( 4 parties par million pendant
15 minutes) ou prolong6 a concentration reduite (0,025
partie par million pendant 16 jours). L'absence d'effet
ovicide est certes un inconvenient, mais il peut etre
attenue si l'on tient compte des caracteristiques ecolo-
giques des populations de vecteurs.
Aux concentrations molluscicides, la specificite de la

N-tritylmorpholine apparait satisfaisante et son action
sur les autres formes de la vie aquatique - plantes,
insectes, microfaune et microflore - est remarquable-
ment faible. Par contre, on note une certaine toxicite pour

les poissons, plus ou moins nette selon l'espece, la durie
d'exposition et la forme sous laquelle le produit est
applique. Tilapia mossambica resiste pendant 7 jours
dans les eaux traitees par le produit a la concentration de
0,04 partie pour un million, alors que 37% des T. melano-
pleura seulement survivent dans les memes conditions.
L'emploi de concentrations faibles (0,025 partie par mil-
lion) pendant une duree prolong&e a cependant permis
de detruire des populations de mollusques sans dommage
pour les poissons. Des experiences sur le rat ont d6montr6
l'absence de toxicite du compose pour les mammiferes.
Quant a l'application de la N-tritylmorpholine, elle peut
s'effectuer sous differentes formulations: concentres pour
emulsion, poudres dispersables dans l'eau, granules,
preparations huileuses, appats.

Les recherches de laboratoire et les essais pratiques ont
montre que les facteurs de milieu comme la turbidite de
l'eau ou l'intensite de l'eclairement n'ont aucune influence
sur l'efficacite de la N-tritylmorpholine, mais que l'aug-
mentation de la temperature de l'eau entraine une reduc-
tion de l'effet molluscicide. Le pH des eaux traitees a une
grande importance: en cas d'acidite trop elevee, le pro-
duit est hydrolyse et perd de son efficacite.
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