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Laboratory experiments were conducted to study the molluscicidal activities of slow-
release hexabutyldistannoxane (TBTO) and copper sulfate under various environmental
conditions. Organic materials such as mud and weeds reduced the molluscicidal efficacy of
both chemicals. TBTO can be considered a good long-lasting molluscicide but, because of
uncertainty as to its general toxic effects, it should not be used in field trials. The
molluscicidal activity of slow-release copper sulfate was short-lived in plain lake water and
was nil in the presence ofmud or weeds at the concentration used.

Cardarelli et al. (unpublished observations 1966)
first introduced slow-release molluscicides in rubber
for snail control programmes. Berrios-Durin &
Ritchie (1) tested a rubber formulation containing
hexabutyldistannoxane in the laboratory and found
that it remained active for long periods; they con-
sidered the molluscicide to be ideal for the prolonged
treatment of snail habitats.

In man-made lakes such as the Volta Lake in
Ghana, transmission of Schistosoma haematobium
occurs mostly in habitats that are small in area, and
these could be ideal for testing slow-release mollusci-
cides. In order to select candidate slow-release mol-
luscicides for such field testing, laboratory experi-
ments were first conducted in containers simulating
actual snail environments. In these experiments, the
effects of the weed Ceratophyllum, mud, and silt were
also tested since, in some parts of the lake, snail
habitats often contain Ceratophyllum as the domi-
nant aquatic vegetation and the bottoms of these
habitats are usually muddy or silty.
Two molluscicidal rubbers were used, both in

tablet form: hexabutyldistannoxane (TBTO), sup-
plied by M & T Chemicals, Rahway, NJ, USA, and
copper sulfate (E-51) supplied by N. Cardarelli,
McKechnie Chemicals Ltd, UK.
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MATERIALS AND METHODS

The rubber formulation of TBTO contained 5%
active ingredient by weight and the average weight of
the tablets was 0.4 g; that of copper sulfate contained
50% active ingredient by weight and the average
weight of the tablets was 0.5 g. For the experimental
studies, plastic containers with a capacity of 8 litres
were used, each containing ten 2-month-old labora-
tory-bred Bulinus rohlfsi at each exposure. The ex-
posure time was 24 h for both of the molluscicides;
the recovery time after exposure was 72 h for TBTO
and 48 h for copper sulfate. The water was taken
from the Volta Lake. Throughout the experiments,
the diurnal water temperature ranged from 200 to
33°C in the laboratory. For TBTO, snail exposures
were carried out every 3-5 days for the first 70 days,
twice a month in the period between 4 months and
11 months, and once a month in the last period. For
copper sulfate, snail exposures were carried out
fortnightly. During snail exposure, fresh water was
added to replenish loss due to evaporation. Controls
in which no chemical was added were maintained
for all experiments.

Concentration-time products for both TBTO and
copper sulfate had been determined previously. Dos-
ages demonstrating full molluscicidal activity during
the second 24-h period in plain lake water were
selected for the experiments: one tablet per 4 litres
of water for TBTO and one tablet per 5 litres of
water for copper sulfate.

3535 - 417 - BULL. WORLD HEALTH ORGAN., Vol. 54. 1976



418 K. Y. CHU

Table 1. Percentage mortality of B. rohlfsi after exposure for 24 h to slow-release TBTO

Time from Experimental conditions Control conditions
start of

experiment water water + water + water + water water + water + water +
(days) only silt weed mud only silt weed mud

0 0 20 0 0 0 0 0 0

3 100 100 60 60 0 0 0 0

6 100 100 90 90 0 0 0 0

9 100 100 70 100 0 0 0 0

12 100 100 100 100 0 0 0 0

15 100 100 100 100 20 0 30 10

18 100 100 90 100 20 10 20 10

21 100 100 70 100 10 30 10 30

24 100 100 90 100 10 20 30 30

27 100 100 80 100 30 20 40 10

32 100 100 100 100 0 20 40 50

36 100 100 80 90 0 0 0 0

41 100 100 70 100 0 0 0 0

46 100 100 100 100 0 0 0 0

51 100 100 40 70 0 0 0 0

56 100 100 100 100 0 0 0 0

62 100 100 100 100 0 0 0 0

70 100 100 30 100 0 0 0 0

122 100 100 100 10 0 0 0 0

133 100 100 100 100 0 0 0 0

152 100 100 100 20 0 0 0 0

166 100 100 100 40 0 0 0 0

177 100 100 100 20 0 0 0 0

190 100 100 100 90 0 0 0 0

209 100 100 100 100 0 0 0 0

225 100 100 100 90 0 0 0 0

240 100 100 100 100 0 0 0 0

256 100 100 100 90 0 0 0 0

268 100 100 100 100 0 0 0 0

284 100 100 100 100 0 0 0 0

299 100 100 100 20 0 0 0 0

315 100 100 100 0 0 0 0 0

328 100 100 100 10 0 0 0 0

359 100 0 0 0 0 0 0 0

389 100 0 0 0 0 0 0 0

420 60 0 0 0 0 0 0 0

451 40 0 0 0 0 0 0 0

482 0 0 0 0 0 0 0 0



EFFECTS OF ENVIRONMENT ON MOLLUSCICIDAL ACTIVITY

Table 2. Percentage mortality of B. rohlfsi after exposure for 24 h to slow-release
copper sulfate

Time from Experimental conditions Control conditions
start of

experiment water water + water + water + water water + water + water +
(days) only silt weed mud only silt weed mud

0 70 70 10 0 0 0 0 0

1 90 100 10 0 0 0 0 0

16 50 100 10 0 0 0 0 0

27 100 100 10 0 0 0 0 0

46 20 0 0 0 0 0 0 0

62 20 0 0 0 0 0 0 0

Four groups of experiments were carried out for
both TBTO and copper sulfate: (a) the rubber
formulations were tested on snails in lake water
alone; (b) 15 g of silt was added to the lake water
and stirred three times daily during snail exposure;
(c) 20 g of live Ceratophyllum weed was placed in the
containers; and (d) 300 g of mud was placed in the
containers and covered with lake water. The tablets
were then added to each container.

RESULTS

TBTO
Table 1 gives the results for TBTO. A total of 38

snail exposures was carried out for a period of 482
days. In plain lake water, TBTO at the concentration
used was fully molluscicidal for 389 days and in silty
water for 328 days. In the presence of Ceratophyl-
lum, the results were inconsistent for the first 70
days, but thereafter TBTO gave 100% control up to
day 328. The Ceratophyllum died after 2 months in
the container with the molluscicide but not in the
control container. The period of inconsistent results
coincided with the presence of living weed, and it is
possible that the weed provided micro-environments
of lower TBTO concentration in which some of the
snails survived. The presence of mud in the bottom
of the container resulted in inconsistent snail mor-
tality throughout the experiment, possibly because
the rubber tablets were covered by the mud and
diffusion of TBTO into the water was thus hindered.
In the presence of mud, the tablets lost all mollusci-
cidal properties after 300 days.
The sides of all the containers with TBTO tablets

became covered in a green algal growth, which did

not appear in the control containers. When the
molluscicidal effect of the preparation ceased, the
green alga also disappeared.

Copper sulfate
Table 2 gives the results for copper sulfate. The

molluscicidal activity of the slow-release copper sul-
fate tablets lasted for only 27 days in both plain lake
water and lake water plus a little silt. In the presence
of Ceratophyllum or mud, the same concentration of
copper sulfate failed to show any molluscicidal
properties.

DISCUSSION

TBTO has been reported by various investigators
to kill all snails at a concentration of 0.1-0.2 mg/litre
in 24 h (4, 5, 8). Ritchie et al. (8) found that, on the
basis of toxicity over a 24-h exposure period, four
organotin compounds were as molluscicidal as niclo-
samide but that for shorter exposure periods, niclo-
samide was superior. Since 1966, when the first slow-
release rubber-formulated molluscicide against fresh-
water snails was developed, the amounts of active
ingredient in preparations containing organotin
compounds, especially TBTO, have increased stead-
ily, giving the newer preparations longer mollusci-
cidal activity.

Although its long-lasting efficacy is excellent, the
toxicity of TBTO remains uncertain. Piver (7) has
recently reviewed the industrial applications of and
biological investigations on organotin compounds in
general. Pelikan & Cerny (6) studied the acute toxi-
city of tri-n-butyltin derivatives in white mice and
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found direct involvement with the digestive tract,
liver, and spleen. In biochemical studies on the
inhibition of oxidative phosphorylation by trialkyltin
compounds, Stockdale et al. (9) showed that the
decreasing order of effectiveness in inhibiting coupled
respiration was tributyltin, tripropyltin, triphenyltin,
and trimethyltin compounds. Because of the uncer-
tain toxicity of organotin compounds, it would not
be wise to carry out field trials with TBTO in Ghana,
even though the molluscicide has been tested in the
field in Brazil (3).
The molluscicidal activity of the slow-release cop-

per sulfate in our experiments was short-lived in
comparison to TBTO. A 0.5-g tablet of copper
sulfate rubber contained 50% by weight of active
ingredient which could make a 50-mg/litre solution
of copper sulfate if all the chemical dissolved. At
this concentration in plain water, the molluscicidal
activity of inorganic copper sulfate would last much
longer than that obtained in our experiment with
slow-release tablets. The results indicate that slow-
release copper sulfate has no benefit over conven-
tional copper sulfate treatments or other copper-
based molluscicides (2).
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RtSUMt

EFFETS DES FACTEURS ENVIRONNEMENTAUX SUR LES ACTIVITfS MOLLUSCICIDES

DES HEXABUTYLDISTANNOXANE ET SULFATE DE CUIVRE A LIBERATION LENTE

Une etude de laboratoire a ete effectuee sur les effets
des facteurs environnementaux sur les activit6s mollusci-
cides de formulations a liberation lente d'hexabutyl-
distannoxane (TBTO) et de sulfate de cuivre. On a utilis6
une pastille de caoutchouc au TBTO pesant 0.4 g et
contenant 5% de composant actif, ce qui donnerait une
concentration de 5 g/litre dans les recipients d'essai si
toute la substance chimique 6tait libr&e a la fois. La pas-
tille de sulfate de cuivre pesant 0,5 g contenait 50% de
composant actif. Ces formulations biocides ont et6 eprou-
vees dans de l'eau de lac soit seule, soit avec de la vase
qui etait agitee trois fois par jour pendant l'exposition
des mollusques, soit dans de l'eau de lac en presence
de Ceratophyllum vivant, et dans de l'eau de lac addi-
tionnee de boue. Les resultats montrent que les subs-

tances organiques telles que boue et vegetaux reduisent
l'efficacit6 molluscicide du TBTO mais que cette formu-
lation a liberation lente peut etre consideree comme un
bon molluscicide A action prolong6e (durant 13 mois en
eau claire; 11 mois en eau de lac contenant une petite
quantite de limon ou de Ceratophyllum et 9 mois en pre-
sence de boue). L'activit6 molluscicide du sulfate de cuivre
a liberation lente ne durait que 27 jours dans l'eau de
lac seule ou contenant du limon, mais en pr6sence de
Ceratophyllum ou de boue, cette dose de sulfate de cuivre
ne presentait pas la moindre activite molluscicide. On
estime qu'il n'est pas souhaitable d'effectuer des essais
pratiques de la formulation TBTO-caoutchouc, en raison
de l'incertitude sur la toxicite des compos6s d'organo-
etain.
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