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Molluscicidal Activity of WL 8008 (N-Trityl Morpholine) in Bait
Formulations against Australorbis glabratus *

by FRANK J. ETGES, Department of Biological Sciences, University of Cincinnati, Cincinnati, Ohio, USA,
and LAWRENCE S. RITCHIE, Chief Parasitology Branch, US Army Tropical Research Medical Laboratory,
Fort Brooke, San Juan, Puerto Rico

This note reports on tests performed to cha-
racterize the molluscicidal action of WL 8008 a
(N-trityl morpholine) formulated with food attrac-
tants, or baits, and to determine the effects of flow-
ing water on both the molluscicide and the attrac-
tants. Effective use of baited molluscicides has not
been achieved, but the need for exploring this means
of controlling snails has been recognized.b Investiga-
tions to find effective food attractants have been
carried out by Etges and his associates.c

Materials and procedures
Two different formulations combining attractants

with WL 8008 (1 %) were tested. They were identi-
fied as (a) EF 2020/c, with " wheat " (probably
unrefined ground wheat) as the attractant, and (b)
EF 2021/c, combining middlings and wheat germ
as the attractant. Baits containing 5% and 20%
WL 8008 were also available for comparison, and
the above 1% formulations were further diluted
with our food formula,d providing preparations
with 0.5% WL 8008.
The snails used were mature (13-15 mm) Puerto

Rican Australorbis glabratus from the Tropical
Research Medical Laboratory stock. Tap-water
dechlorinated by aeration was used in all experi-
ments except one, in which flowing tap-water was
used. The residual chlorine in the latter was regularly
less than 0.05 ppm. Unless otherwise indicated,
1-litre paper buckets lined with polyethylene plastic
sacks were used as the test container.

* This study was supported by an Interamerican Programs
Research Fellowship awarded by Louisiana State University,
School of Medicine, and carried out at the US Army Tro-
pical Research Medical Laboratory.

a A product of Shell Research Ltd., Woodstock Agri-
cultural Research Centre, Sittingbourne, Kent, England.

b WHO Expert Committee on Bilharziasis (1961) Wid
Hith Org. techn. Rep. Ser., 214.

c Etges, F. J. (1963) Amer. J. trop. Med. Hyg., 12, 686,
696, 701.

d Ritchie, L. S., Berrios-Duran, L. A. & Deweese, R.
(1963) Amer. J. trop. Med. Hyg., 12, 264.

Results

Mode of action. The basic test unit involved two
of the 1-litre containers filled with water to which
were added 5 g of formulation. In order to establish
that snails were killed by ingestion of the baited
molluscicides, rather than through contact with
dissolved chemical, a plastic screen was fitted over
the bait in one of the buckets, to preclude ingestion
of the " bait ". Ten (10) snails were placed in each
of the two containers, and untreated controls were
kept in a third. The test was replicated six times
with both the " wheat " and "middlings/wheat-
germ" formulations, using 1-hour, 6-hour and
24-hour feeding intervals. For the " wheat"
formulation the respective mortalities were 7 %,
53% and 88 %, and with " middlings/wheat-germ "
5 %, 58% and 90%. For that phase of the test that
incorporated the feeding barrier, the corresponding
figures were 2%, 5%, and 15% and 2%, 10% and
27%. (Six replicate control tests (three with and
three without unformulated wheat germ) gave 0.3%
and 3% mortalities for the three feeding intervals).
Thus it appears that the mode of action was pri-
marily, though not entirely, due to ingestion of the
baited molluscicide. The results with the two for-
mulations were similar, and since this was con-
sistently true in all tests, the data for each were
subsequently used as replicate tests.

Because the snails had shown considerable
distress with 5 g of bait in the container, and since
this amount was greatly in excess of what was
consumed, tests were run with 0.25 g (1-2 pellets)
in 800 ml of water. The " feeding barrier " feature
of the test was omitted and the number of snails
was varied per test, 2, 5, 10 and 20 specimens being
used. With feeding intervals of 1 hour and 6 hours
the mortalities were again low (the respective
ranges being 0-3% and 7 %-23 %), while for the
24-hour feeding period, with a 24-hour recovery
time, the mortalities were 25 %, 30 %, 58% and
61 %. When the recovery period was extended to
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48 hours, the corresponding figures were 42 %, 54 %,
85% and 75 %. (In the control tests there were four
scattered deaths among 111 snails in 12 buckets.)
There is no apparent reason why mortalities were
lower with 2 and 5 snails per test, as opposed to
10 and 20, but since there was agreement in six
replicates the difference should be valid. There was
always a residue of baited formulation left from the
0.25-g servings, so it is probable that higher mor-
talities with the 5-g quantities were due to dissolu-
tion and dispersion of molluscicide into the water.
Furthermore the differences in mortalities about
equalled those obtained when ingestion was pre-
cluded (see above). The real efficiency of the baited
formulations then appears to be more correctly
represented by the 0.25-g servings. If this is correct,
the balance between the attractant and repelling
action of the molluscicide seems to be too much in
favour of snail survival.

In the comparison of baits containing 200%, 50%
and 1% WL 8008, 1 g of each formulation was
placed in a test bucket containing 800 ml of water
and 30 snails were included in each bucket, 10 being
removed after 1-hour, 6-hour and 24-hour intervals.
The test was repeated three times with reasonably
consistent results; the highest mortalities were
obtained with the 5% formulation (17%, 63% and
87% mortalities for the three feeding intervals),
the lowest with the 20% preparation (0, 17%, and
53 %). However, the differences in results for the
three formulations were not marked, at least they
were not commensurate with the differences in the
amount of molluscicide. This suggests that the
attractant quality of the formulation is more critical
than the amount of molluscicide incorporated.
An attempt to improve the attractant quality of

the formulation was made by dilution of the 1 %
formulations with an equal amount of our snail food
formula, containing Cerophyl, wheat germ, Glan-
dex, and powdered milk.d One gram of the prepara-
tion was provided for 35 snails in 800 ml of water,
5 snails being removed after 1/2, 1, 2, 3, 4, 6 and
24 hours. The diluted formulations (0.5% WL
8008) were consumed much more readily by the
snails and higher percentages of snails were killed
with shorter intervals in spite of the reduced con-
centration of molluscicide. Mortalities of 25%,
55%, 85% and 90% were obtained with 2-hour,
3-hour, 4-hour and 6-hour feeding intervals, while
these intervals accounted for no mortalities with
5-g servings of the undiluted 1% formulations. These
were not parallel tests and 5-g quantities of the latter

constituted a possible bias, but it was against rather
than in favour of the test objective. The observa-
tions and mortalities indicated that the attractant
quality was improved; the reduced concentration
of molluscicide may also have contributed to the
improved results.

The residual activity of WL 8008 in baitedformula-
tions. The persistence of the molluscicidal activity
of WL 8008 in bait was determined periodically
while the formulation was under the eluting action
of slowly flowing tap-water. This was done by means
of biological tests using guppy fish (Lebistes reticula-
tus), and two species of snails (Australorbis glabratus
and Ampullaria sp.). A funnel-like container was
partially filled with packed glass-wool. This served
to support a 25-g sample of baited WL 8008 that
was wrapped in three layers of filter-paper. Tap-water
was allowed to drip on to the filter-paper at a rate
varying from 15 to 30 litres per day. The funnel-
like container was supported above two vertically
oriented 10-litre aquaria equipped with overflow
facilities. These aquaria were inverted 5-US-gallon
(19-litre) carboys from which the bottoms had been
removed by means of an electrically heated wire.
An overflow tube was fitted into the cork of each.
The upper aquarium received the water that dripped
on to the baited molluscicide, and its overflow water
in turn entered the lower aquarium. Intervening
between the two aquaria was a charcoal filter
through which the overflow water of the upper
aquarium passed before entering the lower one. In
both cases, the water entering the two aquaria was
introduced near the bottom of each. Seven guppies,
five Ampullaria and 20 Australorbis were maintained
in each of the aquaria. Control observations were
made on these three test species for 7-15 days before
the baited molluscicide was introduced; during this
time no deaths occurred. Throughout the experi-
mental period, dead snails and fish were removed,
recorded and replaced daily with normal specimens.
Of the Australorbis, 98% were killed in the upper
aquarium during the first day of the experiment.
The mortality declined progressively to 40% on
the 17th day. Of the guppies, 5 of 14 died on the
first day, but never more than two on subsequent
days. Ampullaria showed good survival until the
12th day, when 8 of 10 were dead; thereafter, there
was only one death through the 22nd day. In the
charcoal-filtered water of the lower aquarium,
mortalities were much reduced. No Australorbis died
on the first day, while deaths increased progressively
through the 15th day, declining thereafter. Austral-
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orbis was more susceptible, then, than guppies or
Ampullaria snails. It is impressive that about 0.25 g
of WL 8008 in 25 g of bait continued to show con-
siderable molluscicidal activity (40%) even after
17 days of elution by a total of at least 300 litres
of water.

Persistence of the attractant quality of baited
formulations of WL 8008. Samples of leached, or
eluted, bait in the above experiment were removed
periodically to determine how long its attractant
quality persisted. About 0.25 g was removed each
time and placed at one corner of a polyethylene pan
(33 x 25 x 14 cm), containing 2 litres of water. Ten
Australorbis were then placed at the diagonally
opposite corner, and the criterion of attraction was
the number of snails on or within 2.5 cm of the bait

after 10, 20, 30, 45 and 60 minutes. Thereafter, the
snails were allowed to feed overnight (16-24 hours)
for further observations on toxicity. Samples
removed after from one to nine days of elution
attracted about 30% of the snails (after 45 and
60 minutes). Thereafter, on the 12th, 15th and 18th
days, the percentages increased to 58 %, 80% and
680% respectively, while on the 21st day the bait was
essentially ineffective. Therefore, it appears that the
attractant quality was improved after 10 days of
elution; however, there was no corresponding
increase in mortality. Actually the mortalities were
quite uniform from the second to the 15th day,
ranging from 65% to 85%. This uniformity may
have resulted from increasing consumption of bait
by the snail as the concentration of WL 8008 de-
creased, due to leaching.

Molluscicidal Time-Concentration Relationships of
Dinitrophenol Compounds *

by LAWRENCE S. RITCHIE, Chief, Parasitology Branch, and HENRY B. WESSEL, Student Technician,
US Army Tropical Research Medical Laboratory, Fort Brooke, San Juan, Puerto Rico

Dinex (2-cyclohexyl4,6-dinitrophenol) has been
recognized as an effective molluscicide against both
amphibious and aquatic vectors of human schisto-
somes, and its cost-efficiency index is very similar
to that of sodium pentachlorophenate (NaPCP). a-d
These were the most effective molluscicides available
for about a decade after the Second World War.
Although they have been almost superseded by newer
compounds, under certain conditions they might
merit consideration because of their lower price.
Dinex is no longer commercially available, but

other closely related dinitrophenols are known to
have molluscicidal properties. Several of these have

* This investigation was supported in part by a contract
between the World Health Organization and the University
of Puerto Rico.

a McMullen, D. B. et al. (1951) Amer. J. trop. Med.,
31, 593.

b Kuntz, R. E. & Wells, W. H. (1951) Amer. J. trop.
Med., 31, 784.

c Ritchie, L. S. & McMullen, D. B. (1961) Milit. Med.,
126, 733.

d Ritchie, L. S., Fox, I., Frick, L. P. & Berrios-Duran,
L. A. (1963) Bull. Wid Hlth Org., 29, 545.

been provided by the Dow Chemical Company,
Midland, Michigan, through the courtesy of Dr E.
E. Kenaga, for evaluation. The results of tests on
time-concentration relationships of these dinitro-
phenols constitute the subject of this report.

Materials and methods
The compounds evaluated in these tests were

2,4-dinitro-6-phenylphenol (DN-PP), 2,4-dinitro-6-
tert-butylphenol (DN-O-TBP), and 2,4-dinitro-6-
sec-butylphenol (DN-O-SBP); the results on dinex
previously reported d have also been included for
comparison. The procedures used for testing these
compounds closely parallel those recommended by
the WHO Expert Committee on Bilharziasis e and
have been described in detail previously by us.J
Tests were limited to mature Australorbis glabratus
snails (13-15 mm) in exposure times of 1, 6 and

e WHO Expert Committee on Bilharziasis (1961) Wld
Hith Org. techn. Rep. Ser., 214.

f Ritchie, L. S., Berrios-Duran, L. A., Frick, L. P. &
Fox, I. (1964) Bull. Wld Hlth Org., 31, 147.
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