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Molluscicidal Activity of Bis(tri-n-butyltin) Oxide formulated in Rubber
by Luis A. BERRios-DURAN a and LAWRENCE S. RITCHIE, b

US Army Tropical Research Medical Laboratory,c San Juan, Puerto Rico

The study reported here was a definitive screening
test on the molluscicidal activity of rubber impreg-
nated with bis(tri-n-butyltin) oxide. This formula-
tion is unique among molluscicides, because of its
solid and long-lasting qualities. The toxicant per se
has been reported previously to kill all snails with
0.1 ppm-0.2 ppm in 24-hour exposures.d-f More-
over, it is toxic for eggs, particularly those with
early embryonic stages,-i and the newly hatched
snails are particularly susceptible.i
The " toxic rubber" was originally developed to

protect surfaces exposed to sea water from being
fouled by marine organisms. Subsequently, it was
found to be insecticidal, molluscicidal and cerca-
ricidal.J-m Release of the toxicant appears to be
by a more complex process than a simple elution.
It is soluble in rubber and consequently there is a
concentration equilibrium throughout the matrix.
As the molecules cross the rubber-water interface,
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they are continually replenished from within under
a controlled rate of diffusion. The latter, combined
with the low solubility of the organotin compound
in water, allows the rubber matrix to serve as a long-
lasting source of the toxicant. It has been predicted
that antifouling and insecticidal activity will be
retained by the rubber for 5 years or more.

Preliminary molluscicidal tests were previously
made by placing varying amounts of the toxic
rubber in water with snails.' The toxicant was
released at rates approximating 0.0003 ppm, 0.003
ppm and 0.03 ppm per hour and all snails in each
exposure group were killed after 117, 62 and 18 hours
respectively. When cercariae were exposed to the
toxicant at 0.1 ppm, all were killed within 10
minutes. Neither bass (Micropterus) nor bluegill
(Lepomis) fish were killed within 25 days following
a toxic release of about 0.5 ppm over a period of
3 days. Thus, for fish the compound appears to
have a good margin of safety when used in the
concentrations required to kill snails. In a field
trial, mosquito larvae did not survive in a drainage
ditch where 300 feet (91 m) of toxic rubber cord
(¼/4-in (6.3-mm) diameter) were placed. The larvae
were abundant upstream and in adjacent puddles
and swamps but not downstream.m

Procedures
The item received for testing was a piece of rubber

sheeting (25 cm2) that had been impregnated with
bis(tri-n-butyltin) oxide.n Initially, the entire piece
was soaked for 24 hours in each of 5 successive
litres of water. After the first 5 soakings the rubber
was divided to provide pieces that were 12 cm2
and 6 cm2. These were tested in parallel. Con-
tinuing as before, these smaller pieces were each
soaked for 24 hours in 15 successive litres of water
(shown in the accompanying table as 3 series of
5 litres each). This added up to 20 litres of water

n Provided through the courtesy of Mr George A. Janes,
Program Manager, Antifouling Development, B.F. Goodrich
Company, Akron, Ohio, USA; and Dr Donald B. McMullen,
Walter Reed Army Institute of Research, Washington, D.C.,
USA. This paper does not imply commercial endorsement
of the test compound.
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for which the rubber had provided toxicant. Finally,
pieces of the repeatedly used rubber which were only
l15 cm2 in size were used in single tests (the 21st litre
of water).

Mature Biomphalaria glabrata (=Australorbis
glabratus) and Bulinus globosus and eggs of Biom.
glabrata were used in the tests. They were exposed
to the toxicant from each soaking for 24 hours and
death was determined on the basis of post mortem
discoloration of the snail and dissolution of the
embryos. Snails handled similarly, but without
exposure to the toxicant, served as controls.
The basic chemical stability of the toxicant was

determined by letting the treated water stand for
as long as 3 weeks before testing it against snails.

Results
A total of 34 Biom. glabrata snails were tested in

5 successive litres of water in which the entire piece
of rubber (25 cm2) had been soaked for 24 hours,
and only 1 survived (see the table). Of 82 snails of
this species tested in the water samples treated with
the 12-cm2 piece there was also only 1 survivor;
for the 6-cm2 piece, 113 snails were tested and 11 sur-

vived. Bul. globosus snails were found to be less
susceptible than Biom. glabrata; only 46 out of 73
of these snails were killed in water treated with
rubber measuring 12 cm2, and 56 of 75 with a

piece that was 6 cm2. Finally, in single tests, each
species of snail was exposed in water treated with
only 1.5 cm2 of the repeatedly used rubber. Some of
both species of snail were killed by the toxicant
from this small amount of rubber.

Water that was allowed to stand for 3 weeks after
it had been treated with toxic rubber (12 cm2 and
6 cm2) still killed all Biom. glabrata. This indicates
that the toxicant is chemically stable, which was also
found to be true for the unformulated bis(tri-n-
butyltin) oxide.
Eggs were exposed for 24 hours to water treated

with 25 cm2 of toxic rubber and diluted with an

equal amount of untreated water. As a result, all
embryos in 9 clutches of eggs were killed.

Discussion

Solid formulations of molluscicides that are
durable and remain active for long periods should
be ideal for prolonged treatments, particularly in
natural watersheds where many application points
are required. The rubber formulation of bis(tri-n-
butyltin) oxide is such a product. Since the toxicant
is known to be highly active against one or more

stages of the snail,' the most efficient concentration-
snail-stage combination could be employed to keep
down the cost of chemical. The final product can

be prepared in a variety of forms, providing a

choice for all snail habitats. It should be possible
to apply it easily with only a limited amount of
equipment. Moreover, there apparently is no

hazard for persons handling the toxic rubber and the
limited information available indicates that it may
not be dangerous in drinking-water.m It is important
that long-term studies be made on the effect that
the toxic rubber might have on the fauna and flora
in natural snail habitats. If it is not directly toxic

PROLONGED MOLLUSCICIDAL ACTIVITY OF RUBBER IMPREGNATED WITH BIS(TRI-n-BUTYLTIN) OXIDE AS SHOWN
BY SOAKING PIECES OF THE RUBBER SEQUENTIALLY FOR 24 HOURS IN A SERIES OF WATER SAMPLES OF I LITRE EACH

Mortalities (dead/total) a for each size of rubber
Sequential
24-hour Biomphalaria glabrata Bulinus globosussoakings

25 cm2 12 cm2 6cm2 1.5 cm2 12 cm2 6cm2 1.5 cm2

1-5 33/34 - - - -_

6-10 - 26/27 13/18 - 11/28 -

11-15 - 35/35 40/45 - 16/25 20/35

16-20 - 20/20 49/50 - 19/20 36/40 _

21 - - - 5/5 - - 2/5

Total 33/34 81/82 102/113 5/5 46/73 56/75 2/5

a _= no test performed.
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for fish, tests should be extended to determine its
effects on the food chain of the fish.0
A long-lasting solid molluscicide such as the

rubber formulation of bis(tri-n-butyltin) oxide might
make continuous applications feasible. If so, the
possibility of controlling transmission of schisto-
somiasis by destroying miracidia and cercariae
could be entertained. This would, of course, depend
on one or both of these larval stages being extremely
susceptible to the toxicant.
A means for quantitating the rate of release of

the toxicant needs to be developed. There is a
possibility that the chemical identity of the organotin

o Shiff, C. I. & Garnett, B. (1961) Bull. Wld Hith Org.,
25, 543.

is changed through combination with the rubber
and that the toxicant released may be other than
bis(tri-n-butyltin) oxide. An analytical test for tin
in organotins has been devised,P but it has not been
reported whether it is suitable for assaying the
toxicant released from the "toxic rubber ".

* *
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Comprehensive Laboratory Evaluations of the Molluscicide
2',5-Dichloro-4' -nitro-3-phenylsalicylanilide (PSA): Time-concentration
Relationships and Susceptibilities of Stage-size Arrays of Snails *

by LAWRENCE S. RITCHIE,a US Army Tropical Research Medical Laboratory,b San Juan, Puerto Rico,
and IRVING Fox, Department of Medical Zoology, School of Medicine-School of Tropical Medicine,
University ofPuerto Rico, San Juan, Puerto Rico

Definitive laboratory screening tests in our
laboratories have shown that compound PSAc
is sufficiently molluscicidal to warrant comprehen-
sive laboratory evaluation. Two laboratory studies
are here reported-namely, time-concentration
relationships and the susceptibilities of various
stages and sizes of snail.
Materials and methods
PSA is a nitrosalicylanilide with the chemical

formula 2',5-dichloro-4'-nitro-3-phenylsalicylani-
lide. It differs from the base-compound used in
preparing niclosamide by the presence of the
phenyl radical. Two technical-grade lots of this
compound were received (PSA 2 and PSA 3).
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These were prepared for use by dissolving them
in acetone in " tube 1 " and diluting with water
in "tube 2" of the " 2-tube system " of Fox &
Garcia-Moll.d A liquid formulation (PSA-172;
12%) was also received and used in a field screen-
ing test that is reported separately.e
The snails used for the time-concentration

relationship tests included young-mature speci-
mens of the Tropical Research Medical Labora-
tory stock of Biomphalaria glabrata (= Austral-
orbis glabratus), and Bulinus globosus (obtained
from Nigeria by courtesy of Dr S. G. Cowper).
Exposure times of 1, 3, 6 and 24 hours were used
with suitable concentrations for determining the
LC50 and LC90. A rather complete series of stages
and sizes of B. glabrata was tested.
The procedures involved in making the above

tests were essentially those recommended in An-
nexes 1 and 2 of the memorandum Molluscicide

d Fox, I. & Garcia-Moll, 1. (1961) Science, 133, 646.
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