
A SIMPLE MANIPULATOR FOR INSECT DISSECTION 471

Each consists of two parts (A and B) connected by a
swivel-joint (C). This joint is adjustable for tight-
ness with a spring-loaded screw-clamp (D) so that
part B can be rotated in a vertical plane but will
remain in position when the rotational force is
removed. A sleeve in part A fits over the vertical
brass post (P) attached to the microscope stand.
Fine adjustment of the sleeve for tightness is made
by a spring-loaded screw-clamp (E) which applies
pressure to the post (P) through a slot in the sleeve.
Thus the tightness of the sleeve can be adjusted until
the block can be moved up or down the post to
remain in any position without further adjustment of
the clamp. The block can also be rotated in a
horizontal plane on the post. A round-handled,
metal dissecting needle fits through a similar sleeve
(F) in part B of the block. Fine adjustment of the
pressure on the needle handle by means of a spring-
loaded screw-clamp (G) allows the needle to be
moved through the sleeve and to retain its position
when pressure is removed. Thus the needle can be
moved forwards or backwards, upwards or down-
wards and, at the same time, be rotated in a vertical
or horizontal plane, remaining in any position
without further adjustment of the clamps.

The sleeves in the brass blocks were carefully
machined to fit the posts and needle-handles, which
had respective diameters of 7.5 mm and 5 mm.
The manipulator has been found to work well
provided that all parts are polished and that the
posts and needle handles are very lightly coated with
oil. It has also proved possible to substitute a
" Shute " dissecting needle, which has a rubber-
covered handle of the same diameter, for one of the
metal-handled needles, but in this case the movement
of the needle is not so smooth and requires more
care. This manipulator has proved useful in de-
monstrating dissections (Fig. 3) and also in de-
monstrating the induced mating technique (Fig. 4).
It is invaluable for photography.
A possible improvement would be the use of

phosphorbronze, which is self-lubricating, instead of
brass. Making the parts, including the dissecting
needle handles, of phosphorbronze might also render
it possible to eliminate the clamps.

* *
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Chemical Stability of Molluscicidal Compounds in Water

by LAWRENCE S. RITCHIE a and LUIS A. BERRIOS-DURAN,b US Army Tropical Research Medical Laboratory,c
San Juan, Puerto Rico

The efficiency of a molluscicide must certainly be
related to its chemical stability, but just how stable a
compound need be for maximum efficiency has not
been determined. It is possible that individual
differences in stability may prove desirable, because
of other characteristics of the compounds, or perhaps
because of the types of snail habitat in which they
must be used, their methods of application, the
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domestic needs for the treated water, or because of
concern for ecological balances.

In the current study, the chemical stability was
determined for 9 different molluscicides. This was
done by allowing the approximate LC90 values for
24-hour exposures to stand for varying periods
before testing them against snails. Considerable
variation in the stabilities of the several molluscicides
was noted and these may relate to field efficiencies.

Materials and methods
For this study, the chemical stability of a mollusci-

cide was defined as the length of time its mollusci-
cidal activity remained unchanged when dissolved
in clear water at a concentration close to the LC9o
required for 24-hour exposures. The tests were
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CHEMICAL STABILITY OF MOLLUSCICIDES, AS DETERMINED BY ALLOWING LC,o
CONCENTRATIONS (24-HOUR EXPOSURES) TO STAND FOR VARYING PERIODS

BEFORE EXPOSING SNAILS

Approx. Mortality (%) after standing for (days) a
Chemical Source LC(1

(ppm) ° 2 |4 |6 |8 |16 |32

NaPCP Monsanto 2.0 100 100 100 - 100 100 100

Dinex Dow 0.8 100 100 100 - 100 100 10

Niclosamide Bayer 0.08 95 100 100 95 5 b -

Niclosamide Bayer 0.075 100 100 80 65 20 0 -

Molucid ICI 0.15 100 0 _ _ _ _ _

CUS04 _ 0.7 95 70 65 90 55 0 -

N-Tritylmorpholine Shell 0.05 100 20 0 - - - -

N-Tritylmorpholine Shell 0.08 100 100 80 - 0 - -

PSA Monsanto 0.05 100 100 90 - 80 10 -

PSA Monsanto 0.075 95 55 45 65 35 0 -

PSA Monsanto 0.1 - - 100 - 100 100 -

Bis(tri-n-butyltin)
oxide M & T 0.06 100 100 85 100 100 65 -

Tri-n-phenyllead
acetate (5 % liquid) Philips-

Duphar 0.6 100 100 90 100 95 0 -

a Two or more replicates of 10 snails each.
b After 7 days.

performed under normal laboratory lighting (fluo-
rescent) in tap water, dechlorinated by aeration, that
had a total hardness of about 100 ppm (as CaCO3),
a pH of about 7.5 and at a temperature of24°C-260C.
The molluscicides tested and their sources are

shown in the accompanying table. They were
prepared for testing in wax-lined paper containers
that held 1 litre of water. Disposable plastic liners
were not used in the containers, as some compounds
are inactivated by the plastic. The 2-tube schedule
of Fox & Garcia-Moll d was used to prepare the
required concentrations as follows: in tube A,
1 g of the molluscicide was dissolved in a suitable
solvent to provide a concentration of I %, e.g., 1 g,
containing 40% active ingredient, was dissolved in
sufficient solvent to give 40 ml; tube B was prepared
by mixing 1 ml of tube A with 99 ml of distilled
water. The 1 ml from tube B provided 0.1 mg of
active ingredient, which in 1 litre of water gave a
concentration of 0.1 ppm. Dechlorinated tap water
was used in preparing the final solutions, which were

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

allowed to stand for 2, 4, 8, 16 or 32 days before
snails were added. Water that evaporated was
replaced. The snails were exposed for 24 h and the
recovery period was sufficiently long for snails to
return to normal activity or to die; the period was
usually 24 h, but for some molluscicides was up to
72 h. The criteria of death were inactivity and dis-
coloration of the shell. Mortalities did not occur
among control snails that were handled similarly
but without chemical.

Results

Considerable variation in stability was found
among the 9 molluscicides tested (see accompanying
table). The activity of sodium pentachlorophenate
(NaPCP) at 2 ppm was not reduced after 32 days.
Dinex was unchanged in activity at 0.8 ppm after
16 days, but was almost completely inactive after
32 days. On the other hand, Molucid was inactive
after standing for 2 days. With copper sulfate at a
concentration of 0.7 ppm, the activity declined from
a mortality of 95% to 50% after 8 days and it was



CHEMICAL STABILITY OF MOLLUSCIDAL COMPOUNDS IN WATER 473

inactive after standing for 16 days. Niclosamide,e
the molluscicide of choice among those commercially
available f was almost fully active after 6 days at
0.075 ppm and 0.08 ppm but was inactive after
7 days. A new molluscicide, PSA (5, 2'-dichloro-
4'-nitro-3-phenylsalicylanilide),g which is a deriva-
tive of niclosamide differing only by the presence of
the phenyl radical, deteriorated after 8 days at
0.05 ppm, but was fully active at 0.1 ppm after
16 days. N-Tritylmorpholine at 0.05 ppm killed all
the control snails (day 0) but its activity declined
to 20% after 2 days; its activity persisted, however,
through 4 days at 0.08 ppm. At a concentration of
0.06 ppm, bis(tri-n-butyltin) oxide had declined in
activity about one-third after 16 days. Tri-n-phenyl-
lead acetate (5% formulation by Philips-Duphar)
became ineffective after 8-16 days.

Discussion
For the nine molluscicides tested, the approximate

order of stability from greatest to least was NaPCP,
Dinex, bis(tri-n-butyltin) oxide, tri-n-phenyllead
acetate, niclosamide, PSA, copper sulfate, N-trityl-
morpholine and Molucid. Clearly this order will be
affected by physico-chemical factors of the snail
habitat. Whereas NaPCP and Molucid are the
extremes in the order of stability, both are in-
activated by sunlight, indicating a lack of correlation
between stability as measured in our test and in-
activation by a physico-chemical factor.

Just what the basic stability of a molluscicide
should be to afford maximum efficiency is not clear.
Our results suggest that considerable individual
variation is tolerable, and by inference, desirable,
because of other possible characteristics of a com-
pound, for instance the types of habitat in which it
may be used, its manner of application, domestic
needs for treated waters, and concern for ecological
balances. If a molluscicide is highly selective for
snails, prolonged stability could be tolerated in
almost any snail habitat. On the other hand, a
compound with marginal toxicity for man, and

e Name recommended by the International Organization
for Standardization (ISO): previously known as Bayluscide.

f Buill. Wld Hlth Org., 1965, 33, 567.
g Ritchie, L. S. & Fox, I. (1968) Bull. Wld Hlth Org., 39,

312.

which has a broad biocidal spectrum, might be
acceptable only if its stability were of a low order.
Relatively low stability might be compensated for by
quick action. However, impoundments in natural
streams may account for the poor downstream
efficiency of unstable compounds, and the latter may
fail to carry through irrigation systems and thus may
not be active in drainage channels. Because swamps
are difficult to treat, very stable compounds may be
advantageous for them. For "local " as against
" area " applications, different considerations may be
warranted relative to stability. Ecological balances
are not economically important in some snail
habitats, but the destruction of even " trash fish "
may eliminate a natural control agent for schisto-
somiasis, since guppy fish (Lebistes reticulatus) are
known to eat large numbers of cercariae.h
An evaluation of our findings may be made in

light of field results. The marked stability of
NaPCP in laboratory tests was reflected in field use in
Egypt, where the chemical carried through the
irrigation systems and remained active in the drainage
channels.O This efficiency was probably related to the
protection from sunlight afforded by the dark-
coloured water,1 since in other endemic areas, where
the water was clear, the basic stability of NaPCP
was not apparent.k Niclosamide, with average
stability and moderate vulnerability to physico-
chemical factors, has proven very effective in both
standing and free-flowing water. However, we have
noted only limited downstream carriage when there
were impoundments in the streams. The 2 mollusci-
cides that showed the lowest basic stability in our
tests (Molucid and Frescon) have given commend-
able results in field trials., m However, in most
cases these tests were apparently completed within
24 hours.

h Pellegrino, J., De Maria, M. & De Moura, M. F. (1966)
Amer. J. trop. Med. Hyg., 15, 337.

i Wright, W. H., Dobrovolny, C. G. & Berry, E. G. (1958)
Bull. Wid Hlth Org., 18, 963.

j Hiatt, C. W., Haskins, W. T., & Olivier, L. (1960) Amer.
J. trop. Med. Hyg., 9, 527.

k Pitchford, R. J. (1961) Bull. Wld Hlth Org., 25, 559.
1 Unrau, G. O., Farooq, M., Dawood, I. K., Miguel, L. C.

& Dazo, B. C. (1965) Bull. WId Hlth Org., 32, 249.
m Boyce, C. B. C., Crossland, N. 0. & Shiff, C. J. (1966)

Nature (Lond.), 210, 1140.


