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Field Screening Tests on Molluscicides 'against Biomphalaria glabrata
in Flowing Water
by Luis A. BERRIOS-DURRAN,a LAWRENCE S. RITCHIEb and HENRY B. WESSEL,C
US Army Tropical Research Medical Laboratory,d San Juan, Puerto Rico

Field screening is a critical phase of molluscicidal
evaluations and tests for this purpose require
careful standardizing.e The tests should be simple,
both for general efficiency and to allow for the
testing of maximum numbers of compounds per
unit of time. Only small amounts of chemical
should be required and other costs must be minimal.
The plan of the test should provide information on
different combinations of time and concentration,
the effectiveness of chemical formulations, techniques
of application, effects of the environment on the
formulation, downstream efficiencies in flowing
water, and toxic effects on biota on a long-term
basis. These objectives have been achieved in
varying degrees by a limnited number of investiga-
tors.f-i
The report presented here gives the results of

field screening tests on 6 compounds and describes
the stream situations under which the results were
obtained. This study was reported previously in
abstract.J

Description of the test area
El Toro stream flows through a military post in

Puerto Rico for a distance of 2 km, of which an
upper section (1 /2 km) is cement-lined to a width
and depth of about 3 m x 2 m. Normal flow is
confined to a shallow trough (40 cm wide x 12 cm
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deep) that was constructed down the centre of the
lined ditch for 1 km. Below this section the water
flows over algal-covered cement at a width and
depth of 1 m x 3 cm. The flow-time for the entire
cement-lined sector is approximately 11/2 hours and
for most of this time the water is exposed to direct
sunlight. The normal volume of flow ranges from
400 litres/min to 1000 litres/min in correlation with
the dry and wet seasons.
The natural stream below the cement-lined section

was suitable for testing through a distance of 500 m.
It was shaded by trees, the bottom was muddy or
sandy, there was marginal vegetation, and the flow
was relatively slow. At the junction of the artificial
and natural sectors, there was an impoundment,
and a tributary increased the flow by 30%. Further
downstream, the effluent from a sewage-disposal
plant entered the stream and increased the flow
considerably. The last snail-cage station was
located about 100 m into this grossly contaminated
section.
Materials and methods

Short- and long-distance tests were performed
independently, using the cement-lined sector of the
stream both separately and in conjunction with the
natural sector of the stream. The same application
point was used for both types of test, and the amount
of chemical was doubled by time or concentration
for the long-distance test to compensate for dilution
in the natural sector. This was done in preference
to introducing a booster application downstream,
so that environmental influences would be imposed
against all the chemical over the entire distance.
Within the concentration series for each chemical,
we attempted to find one or more combinations of
time and concentration that approximated to the
mortality end-point.
For the short-distance test, caged laboratory-

reared Biomphalaria glabrata (= Australorbis gla-
bratus) were exposed at 4 sites (0, 1, 2, and 3) that
were -5 m, 30 m, 1050 m, and 1375 m from the
application point; and in the long-distance test,
snails were placed at sites 3, 4, 5, and 6 that were
1375 m, 1540 m, 1690 m, and 1840 m downstream.
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Usually, 40 snails were exposed at each site in cages
constructed of hardware cloth. Untreated specimens
in flowing water did not show signs of toxicity due
to this material. Snails used in the short-distance
test were returned to the laboratory on the same
day as the test was made, while those in the long-
distance test were returned the following day.
Recovery observations were continued until all sur-
viving snails showed normal activity and dead snails
could be identified by post mortem discoloration.

Control checks consisted in (1) testing snails in the
laboratory that were selected at random from among
those taken to the field; (2) placing snails upstream
while the test was being performed; and (3) duplicat-
ing the test without applying chemical. Snails in
categories (2) and (3) were returned to the laboratory
and tested immediately for comparison with those in
category (1). For these tests an LC value consi-
derably less than the mortality end-point is indicated.
The molluscicides were dispensed from inverted

bottles (1-20 litres) fitted with constant-head
adapters. These were 2-hole rubber stoppers with
tubes flush with their inner surface. A screw-clamp
on the efferent tube controlled the rate of applica-
tion. The second tube, an air-vent, was affixed ver-
tically to the side of the bottle. The bubbling of air
through the molluscicide tended to keep the sedi-
ment of wettable powders suspended. Liquid con-
centrates were dispensed without dilution.
The temperature of the water increased from

25°C to 35°C during the daylight hours, making it
necessary to run each test at approximately the same
time each day. The pH values ranged between 7.4
and 8.
A chemical analysis of water from El Toro stream

on 13 January 1967 provided the following informa-
tion (given in mg/litre unless otherwise indicated).
Turbidity (expressed in SiO2 standards) 22.0;
pH, 7.6; total alkalinity (CaCO3), 130.7; total
hardness as CaCO3, 75.8; dissolved oxygen, 5.94;
chlorides, 52; chromates, 32.5; nitrates, 5; phos-
phates, 1.6; silica, 15.2; sulfate, 6; sulfite, 62; and
conductivity, 185 ,amhos.
The molluscicides tested and their source include:

niclosamide (Bayluscide; Chemagro, St. Louis, Mo.,
USA); dinex (DN-1; Dow Chemical Co., Michigan,
USA); Molucid (Imperial Chemical Industries,
Ltd, Cheshire, England); 2',5-dichloro-4'-nitro-3-
phenylsalicylanilide (PSA) (supplied by Monsanto
Co., St. Louis, Mo., USA, as a 12% liquid formula-
tion-PSA-172); bis(tri-n-butyltin) oxide (bio Met
TBTO; M & T Chemicals Inc., New York, N.Y.,

USA); and N-tritylmorpholine (Frescon, WL-8008;
18 % liquid concentrate, "Shell" Research Ltd.,
Woodstock Agricultural Research Centre, Sitting-
bourne, Kent, England; and Shell Development Co.,
California, USA).k

Results

Short-distance tests in cement-lined stream (Table 1).
When niclosamide was applied for I hour at 1 ppm
and 2 ppm, some snails survived but with 1 hour at
3 ppm all were killed at the 3 stations in the cement-
lined ditch. Molucid for 1 hour at 1 ppm killed 95%
of the snails at sites 1 and 2, and 5% at site 3, while,
for 1 hour at 2 ppm, it killed all snails at all 3 places.
N-tritylmorpholine was active when applied for 1
hour at 0.5 ppm, killing 100%, 78%, and 15% of
the snails at sites 1, 2, and 3 respectively; but with
a 4-fold increase to 1 hour at 2 ppm, there were a
few survivors at site 3. PSA was only slightly active
when applied for 1 hour at 0.5 ppm but it killed all
snails at each of the 3 sites when applied for 1 hour
at 1 ppm. Bis(tri-n-butyltin) oxide had been rela-
tively ineffective in the laboratory with 1-hour
exposures but gave good results with 6-hour expo-
sures; consequently 6-hour treatments were used in
the field; there was considerable activity with
6 hours' application at 0.25 ppm and 0.5 ppm, while
6 hours at 1 ppm killed all snails at all 3 sites.
The above tests showed that niclosamide, Molucid,

N-tritylmorpholine, and PSA are all highly efficient
with short exposures of 1 or 2 hours. The ppm x h
values that approximated to the mortalityend-points
in the short-distance tests (I1/2 km) were as follows:
PSA, 1; Molucid and N-tritylmorpholine, 2; niclo-
samide, 3; and bis(tri-n-butyltin) oxide, 6.
The untreated control snails that were placed

5 m above the application point showed only 1 death
in 18 replicates of over 500 snails. When these
specimens were returned to the laboratory and
tested immediately, there was no evidence that they
had been weakened by handling or by exposure to
field conditions.

Long-distance tests (Table 2). In these tests, the
point of application was the same as for the short-
distance tests but the amounts of chemical used were
doubled to compensate for dilution occurring in the
natural sector, as has been stated above. Therefore
100% mortalities could be expected throughout

k Mention of these products is not to be taken to con-
stitute their endorsement by the authors.



TABLE I
RESULTS OF SHORT-DISTANCE FIELD SCREENING TESTS OF MOLLUSCICIDES

Application Mortality (%) of laboratory-reared snails
Molluscicide Lab time x con- Exposure sitesa Controls

LCgo centration J_____ ExouestsaCnrlb(h x ppm) 0 1 2 3 Lab Field

I x I 0 77 77 12 16 54

Niclosamide 2.2 ppm x I x 2 5 100 92 70 60 66
1 h 1 x 3 0 100 100 100 85 75

2 x 3 0 100 100 100 - -

I x I 0 95 95 5 45 70
Molucid 1.6 ppm x I x 2 0 100 100 100 95 80

l h
1 x 4 0 100 100 100 100 100

I x 0.5 0 100 78 15 85 98

N-tritylmorpholine I ppm x I x 1 0 90 100 0 95 100
I h 1 x 2 0 100 100 95 100 98

2 x 1 0 100 100 90 75 90

I x 0.5 0 25 33 0 0 0
PSA I ppm x 1 x 1 0 100 100 100 80 70

lh
1 x 2 0 100 100 100 100 100

6 x 0.25 0 100 43 0 - -

Bis(tri-n-butyltin) 0.3 ppm x 8 x 0.5 0 95 80 70 - -
oxide 6 h

6x 1 0 100 100 100 100 95

a Distances downstream from application point: site 0 =-5 m; site I = 30 m; site 2 1050 m; site 3 = 1375 m.
b " Lab " controls = snails not taken to field. " Field "controls = snails under field conditions without chemical, and then

tested in the laboratory. - = not done.

the cement-lined sector, but snails were placed at
exposure site 3 as a check and at sites 4, 5, and 6 in
the natural sector.
Niclosamide was effective as far as exposure site

6 with 2 hours at 3 ppm, but tended to fall short of
100% mortality at site 4 where dilution was the
least, yet killed all snails at sites 5 and 6 where
dilution was greatest. With dilution there was a
reciprocal increase in the time of exposure due to an
impoundment, marginal vegetation, and more rapid
flow at the surface and middle of the stream. One
of the last trials performed, when the chemical was
2 years old, gave inferior results, which were con-
firmed in laboratory tests. The loss in activity was
compensated for by increasing the chemical by one-
third (Table 2).

Molucid killed all snails at sites 4 and 5 with
2 hours at 3 ppm but failed completely at site 6, the
sewage-contaminated station. A night application
extended its efficiency to 100% at site 6.

N-tritylmorpholine was not included in the long-
distance test because of insufficient chemical.
Dinex, a wettable powder of dinitro-o-cyclohexyl-
phenol, was tested with a 1-hour application at
20 ppm (active ingredient). With this time x con-
centration all snails were killed at sites 3, 5, and 6
but only 90% at site 4. The results, then, are about
the same for niclosamide at 6 ppm x h and for dinex
at 20 ppm x h, and indicate a favourable position
for dinex on the basis of a cost-efficiency ratio.
PSA gave good activity with 1 hour at 1 ppm

but when applied for 2 hours at 2 ppm it still fell
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TABLE 2

RESULTS OF LONG-DISTANCE FIELD SCREENING TESTS
OF MOLLUSCICIDES

Mortality (%)
*Appliation of laboratory-reared

Mollusci- time x concentration snails at exposure
cides hxconenraio site: a

3 4 5 6

Niclosamide 1 x 3 80 39 30 56

1 x 6 100 100 100 100

2 x 3 100 89 100 100

2 x 3 100 90 100 100

2 x 3 100 100 90 97

2 x 3 90 58 58 95

2 x 4 - 90 100 100

Molucid

Day 2 x 3 100 100 100 0

Night 2 x 3 100 100 100 100

Dinex 1 x 20 100 90 100 100

PSA 1 x 100 100 96 73

2 x 2 100 92 93 100

Bis(tri-n-
butyltin)
oxide 6x 1 100 100 100 37

Controls b None 0/40 0/20 0/40 0140
None 0/40 0/20 0/40 0/40

None 0/40 0/20 0/40 0/40

a Distances downstream from application point: site 3 =
1375 m; site 4= 1540m; site5= 1690 m; site 6= 1840 m.

b Snails placed in stream on 3 occasions for standard periods
without chemical; when returned to laboratory and tested,
susceptibilities were not increased.

a little short of 100% mortality at sites 4 and 5,
although it killed all snails at site 6. This regimen
of 4 ppm x h was about as effective as niclosamide
at 6 ppm x h.

Bis(tri-n-butyltin) oxide with 6-hour applications
at 1 ppm killed all snails at sites 3, 4, and 5 and
37% of snails at site 6. Thus, with 6 ppm x h
regimens, this organotin was only a little less effective
than niclosamide.

On 3 occasions, snails were placed at exposure
sites 3, 4, 5, and 6 without molluscicides being
applied. They were left in the stream for the same

time as when chemical was applied. There were no
mortalities for a total of 420 specimens (Table 2).
When these snails were returned to the laboratory
for prompt exposure to chemical, there was no
evidence of harm resulting from the 24-hour trans-
plantation.

Discussion

A stream that had been cement-lined 25 years
previously for malaria control provided an ideal
place to develop a standardized field screening test
for molluscicides. Well-defined time x concentration
regimens were possible because the application and
exposure times were almost the same owing to
narrowness of the stream, the absence of marginal
vegetation and the lack of impoundments. These
conditions and much run-off water from surrounding
hard surfaces ensured quick removal of the chemical,
and, by using caged snails, the tests could be repeated
frequently. By adding a further, natural, section
downstream, commonly encountered environmental
factors were involved, including direct sunlight,
organic material, marginal vegetation, impound-
ments and dilution. The 3 latter factors, combined
with more rapid flow at the centre and surface of the
stream, accounted for the progressive decrease in the
concentration of molluscicide downstream and a
reciprocal increase in the time of exposure. The
test was economical and required relatively small
amounts of chemical, commonly about half a
pound (or about 250 g).

If either laboratory-reared or field snails are
transplanted for field screening tests, proper checks
should be made to determine whether handling or
the conditions in the new environment alter the
susceptibility of the snails. We did this by following
the full routine of the test without application of
chemical and then returning the snails to the labora-
tory for prompt testing. In comparison with ran-
domiy selected specimens that were kept in the
laboratory, there was no evidence of change in
susceptibility. Laboratory snails have the advantage
of uniformity of age and size and routine availability.
In limited use, field snails gave somewhat less con-
sistent results.

Constant-head adapters proved effective in dis-
pensing liquid concentrates without dilution with
water. By this means we avoided precipitation of
the chemical in dispensers. For multiple applications
along natural streams and tributaries, small con-
tainers with constant-head adapters may prove
practicable.
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We used niclosamide as a reference chemical
because it is at present considered the molluscicide
of choice.e Our results with this molluscicide in the
field were similar to those we obtained in the
laboratory. The laboratory LC,90 was 2.2 ppm, while
in the field-screening tests, 3 ppm with 1 hour's
application killed all snails at the exposure site
furthest downstream (short-distance test). Molucid
was highly effective but is relatively unstable. This
would probably preclude its use in natural streams
where impoundments occur or where the flow is
otherwise slow. On the other hand, quick action
and rapid decay would be advantageous in standing
water needed for domestic uses. In our short test,
N-tritylmorpholine was a little more effective than
niclosamide. " Field trials " have already shown the
effectiveness of this product, but since it is not or
only slightly ovicidal, prolonged applications are
recommended.L m It appears that 2 or more applica-
tions at 2-3-week intervals might also be effective in
destroying snails that were unhatched at the time
of the first exposure. PSA, in laboratory tests,
proved to be highly and uniformly effective against
all hatched snails.8 This was reflected in the field-

t Boyce, C. B. C., Crossland, N. 0. & Shiff, C. J. (1966)
Nature (Lond.), 210, 1140.

m Boyce, C. B. C., Tieze-Dagevos, J. W. & Larman, V. N.
(1967) Bull. Wld Hlth Org., 37, 13.

'n Ritchie, L. S. & Fox, 1. (1968) Bull. Wld Hlth Org., 39,
312.

screening test, since PSA showed the highest activity
of all the compounds tested. It is less active against
eggs than against hatched snails. Bis(tri-n-butyltin)
oxide is a slower acting compound than niclosamide,
but in our test with 6-hour exposures its efficacy
approximated to that of niclosamide. It appears to
warrant further testing under field conditions.
Although dinex was only one-third as active as
niclosamide, its lower cost may still give it a favour-
able cost-efficiency index. This compound has never
rated as well as sodium pentachlorophenate, but
both these compounds were evaluated before the
detoxifying effects of environmental factors were
considered.
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Comparative Studies of the Molluscicidal Effect of Cuprous Chloride
and Copper Sulfate in Iran *
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Recently Deschiens and his colleagues a-d reported
that a new molluscicide, cuprous chloride, under the
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commercial name Procida-22.07, acted selectively
against the intermediate snail hosts of Schistosoma;
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