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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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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.
6 Berrios-Duran, L. A., Ritchie, L. S. & Wessel, H. B.

(1968) Bull. Wld Hith Org., 39, 316.
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TIME-CONCENTRATION RELATIONSHIPS FOR PSA

Concentration I Exposure periodConcentration
(ppm) 24 hours 6 hours 3 hours 1 hour

Mortality (dead!total=

0.025 1/40= 2.5

0.0375 17/30 = 57 3/40 = 8

0.05 37/40 = 93 23/70 = 33 0/15 = 0

0.075 30/30 = 100

0.1 40/40 = 100 56/70 = 80 5/15 = 33 0/40 = 0

0.188 7/40= 18

0.25 30/30 = 100 14/15 = 93 29/40 = 73

0.5 40/40 = 100

Lethal concentrations

LCD. 0.0375 0.065 0.125 0.215
(0.034-0.041) (0.058-0.073) (0.089-0.175) (0.2-0.23)

LC.. 0.048 0.125 0.23 0.285
(0.042-0.055) (0.117-0.133) (0.13-0.40) (0.26-0.31)

LCi.. 0.075 0.25 >0.25 0.5

Time x concentration (h x ppm)

LC.. 0.9 0.39 0.375 0.215

LCgo 1.15 0.75 0.69 0.285

LC,. 1.8 1.5 >0.75 0.5

Slope function

S 1.2 1.63 1.6 1.28

Screening and Evaluation.1 Details of their use in
our laboratory have been reported previously.g h

Results of studies of time-concentration (T x C)
relationships
Mortality rates (%), LC values, T X C values

and slope functions are shown in the accompanying
table. The data show that 1-hour exposures are
more efficient than longer periods up to 24 hours.
This inverse relationship is shown best by the
ppm X h values for the LC50 and LC90. These
values indicate that almost 2 and 4 times as much
chemical is required for 3-hour and 6-hour, and
for 24-hour exposures, respectively, as for

f Bull. Wld Hlth Org., 1965, 33, 567.
g Ritchie, L. S., Berrios-Durdn, L. A., Frick, L. P. &

Fox, I. (1963) Bull. Wld Hlth Org., 29, 281.
h Ritchie. L. S., Berrfos-Duran, L. A., Frick, L. P. &

Fox, 1. (1964) Bull. Wld Hlth Org., 31, 147.

1-hour exposures. There may be a bias in this
comparison, since a time gradient (2, 4, 8, 12, 16
and 24 hours) with a single concentration-
0.05 ppm-(the LC9o for 24-hour exposures is
0.048) showed that a mortality of almost 90% had
occurred after 16 hours.
The activities of PAS and niclosamide were

compared by plotting concentrations for given
mortalities against time of exposure, as suggested
in a personal communication from N. G. Hair-
ston. This was done for PSA against both Biom.
glabrata and Bul. globosus, and for niclosamide
against Biom. glabrata (Fig. 1). Straight-line
curves are obtained by using double logarithmic
paper; for the LC50 and LCjO of niclosamide
these are in general nearly parallel to each other
and to a base-line on which T X C equals a
" constant." However, the results from the 3-hour
and 6-hour exposures were irregular in being con-
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siderably off the lines. This is believed due to low
efficiencies for these exposure times.g The close-
ness of the LC50 and LCgo curves shows that these
values are proportional. For PSA against both
Biom. glabrata and Bul. globosus the curves were
flatter than for niclosamide, which reflects the
relatively higher efficiencies for PSA with shorter
exposures. However, the convergence of the
cur-ves for the two compounds indicates that these
products may be equally efficient with prolonged
exposures. The efficiencies of PSA with 3-hour
and 6-hour exposures were more " in line " with
the 1-hour and 24-hour treatments than was true
for niclosamide. Biom. glabrata and Bul. globosus
were equally susceptible to PSA with 1-hour ex-
posures, but Bul. globosus was more resistant

FIG. I

TIME-CONCENTRATION RELATIONSHIPS FOR PSA
AND NICLOSAMIDE AGAINST

BIOMPHALARIA GLABRATA AND BULINUS GLOBOSUS

10.0
7.0
5.0

3.0

2.0'

0.1
.07

.02

.01

0

-f.. -. -.. ' . .

1 2 3 5 7 10 20 30 5070 100

HOURS EXPOSURE

--e Niclosamide: LCso for Biom. glabrata.
*--(G Niclosamide: LCso for Biom. glabrata.

W PSA: LCso for Biom. glabrata.
+ PSA: LCso for Biom. glabrata.

-- PSA: LCoo for Bul. globosus.
- * PSA: LCso for Bul. globosus.

with 24-hour treatments. Moreover, for Bul.
globosus, the divergence of the LC,o and LC9o
curves reveals that the LC90 is disproportionately
higher than the LC50 with 24-hour exposures.

Results of susceptibility tests on the stage-size
array of Biom. glabrata

The liquid formulation of PSA was used in
testing the various stages and sizes of Biom. gla-
brata with 6-hour exposures. In Fig. 2 the results
are compared with data for niclosamide, some of
which were reported previously.9 The liquid for-
mulation of PSA was found to be more effective
than the technical grade dissolved in acetone.
Eggs that had been incubated for 1-6 hours and
for 4-5 days were equally susceptible to PSA, the
respective LCgo values being 0.5 ppm and 0.49
ppm. All hatched snails up to 15 mm in size
were considerably more susceptible than the eggs.
Newly hatched snails (24 hours old) required only
about one-tenth as much chemical as eggs. As
the snails grew larger, progressively more chemical
was required, but the increases were small. The
LC,o values for newly hatched, 3-5 mm, 8-10-mm
and 13-15-mm snails were 0.04 ppm, 0.05 ppm,
0.06 ppm and 0.066 ppm, respectively.
Eggs that had been incubated for 4-5 days were

only a little more susceptible to niclosamide with
6-hour exposures than to PSA. However, the
newly hatched snails and all sizes up to 15 mm
were more susceptible to PSA than to niclosamide
with 6-hour exposures. On the other hand, niclos-
amide with 24-hour exposures and 8-10-mm and
13-1 5-mm snails almost equalled PSA in effec-
tiveness.

Discussion
By adding the phenyl radical to 2',5-dichloro-

4'-nitro-3-salicylanilide, new molluscicidal qualities
were obtained. The resulting compound was
found to be more efficient with 1-hour exposures
than with 3-hour, 6-hour or 24-hour exposures on
the basis of ppm x h values. This is unique
among molluscicides, but to what extent it is an
advantage remains to be determined. Quick ac-
tion, if combined with rapid chemical decay,
should be especially suitable for static water that
is required for domestic use. On the other hand,
the inverse relationship between length of ex-
posure and efficiency might prove unfavourable
in flowing water. This is suggested by the fact
that exposure time increases and concentration of
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FIG. 2
LCso AND LC9o VALUES FOR PSA AND NICLOSAMIDE AGAINST A STAGE-SIZE ARRAY

OF BIOMPHALARIA GLABRATA a

1.0

.8

a.- .6a.

z

.06

C-)
.04

.02 I I

Eggs Eggs Newly Juveniles Adolescents Mature
1-6hrs old 4-5 days old hatched (3-5mm) (8-10mm) (13-15mm)

STAGE-SIZE ARRAY

a LC9o values are indicated by the shaded areas:
Black (and broader columns): PSA, 6 hours' exposure;
Vertical lines: niclosamide, 24 hours' exposure;
Stippled: niclosamide, 6 hours' exposure.

LCso values are indicated by the unshaded areas in the respective columns.

chemical decreases in flowing water owing to
dilution resulting from more rapid movement at
the surface and centre of the stream.
When relatively short, single applications of

molluscicides are used (24 hours or less), as is the
current practice, the concentrations must be high
enough to kill the most resistant stage of the snail.
On the other hand, with prolonged or frequently
repeated applications the concentration could
probably be lessened in order to kill only the
more susceptible stages. In comparing PSA and
niclosamide in the above relationships, it appears
that niclosamide with 24-hour applications (but
not with 6-hour) should be more efficient than
PSA owing to resistance of eggs to the latter. On
the other hand, PSA is more effective against
hatched snails, especially the newly hatched, and
might be effective in prolonged or repeated expo-
sures. The possible use of prolonged exposures
has been reported recently for the non-ovicidal or
slightly ovicidal molluscicide N-tritylmorpho-

line,'-i but the feasibility of such applications is
still not proven.
There could be a bias in the comparison of

activity against eggs, because individual eggs were
used as the test unit for niclosamide and clutches
for PSA. The use of clutches as the test unitm
may require higher concentrations of chemical.
Moreover, the hatchability of eggs after less than
lethal concentrations should be determined for
PSA and niclosamide, and PSA should be tested
against eggs with 24-hour exposures.

*
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