
320 NOTES

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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Recently Deschiens and his colleagues a-d reported
that a new molluscicide, cuprous chloride, under the
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57, 292-299.

commercial name Procida-22.07, acted selectively
against the intermediate snail hosts of Schistosoma;

b Deschiens, R., Floch, H. & Floch, T. (1964) Bull. Soc.
Path. exot., 53, 377-381.

C Deschiens, R., Floch, H. & Le Corroller, Y. (1965)
Bull. Wld Hlth Org., 33, 73-88.
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at a molluscicidal concentration of 1 ppm-2 ppm,
it was either not toxic or but slightly toxic to other
forms of aquatic life and had a residual effect that
might last up to a year under standardized laboratory
conditions. Chabaud, Deschiens & Le Corrollere
further reported that cuprous chloride at 3 ppm
killed all the molluscan vectors in a fish pond at
Marrakech and that molluscicidal activity persisted
for 8 days. In Iran, colonies of the snail Bulinus
truncatus are found in standing waters, such as
ponds and swamps, in which a molluscicide with
a residual effect might be expected to act effectively.
We were therefore led to try this new molluscicide
in Iran in comparison with copper sulfate, a well-
known molluscicide.

Materials and methods

Cuprous chloride (Procida-22.07), a very fine
wettable powder, has a metallic content of 62% and
is slightly soluble in water. Copper sulfate was
pulverized and kept in the laboratory for some time;
it had a metallic content of approximately 30 %. All
the snails (B. truncatus) used in experiments were
freshly collected from the field and measured 7 mm-
9 mm in length. Immediately after their exposure
to molluscicides, the snails were thoroughly washed
in clean water. Their mortality rate was determined
after a 72-hour recovery period following exposure.
The water used in the laboratory was obtained
directly from a river and contained approximately
350 ppm of total solids with a pH ranging from 7.4
to 7.9. Further details of the methods used are
described below for each experiment separately.

Results of experiment 1: effect in the laboratory in
the absence ofmud

After being separately weighed, appropriate quan-
tities of cuprous chloride and of copper sulfate were
immersed, with the small piece of plastic on which
they had been weighed, in 5-litre quantities of
water to make dilution series of 2 ppm, 4 ppm,
8 ppm, 16 ppm and 32 ppm for each molluscicide.
Two further containers with water only served as
controls. These 12 containers had a surface dia-
meter of 35 cm and a bottom diameter of 18 cm.
After manual shaking, the copper sulfate dissolved
completely and the cuprous chloride settled on the
bottom as a red precipitate.

* Chabaud, A., Deschiens, R. & Le Corroller, Y. (1965)
Bull. Soc. Path. exot., 58, 885-890.

Immediately after the solutions had been pre-
pared, 10 snails were introduced into each con-
tainer, for an exposure period of 1 day. For testing
the residual effect of these two chemicals, the water
level of each container was maintained by adding
fresh water 13, 43, and 91 days after preparation of
the solutions. On day 13, another 10 snails were
immersed in each container for an exposure period
of 3 days. On each of days 43 and 91, 30 snails were
immersed in each container, and 10 snails were then
removed from each at daily intervals to test their
survival during a 3-day period.
The initial molluscicidal effect of cuprous chloride

and copper sulfate with a 24-hour exposure period
was very similar (Table 1). The LC50 was 5 ppm-
6 ppm with a 24-hour exposure period for both
chemicals.f When the solutions were 13 days old,
all dilutions of both chemicals were fully mollusci-
cidal (90%-100%) with the 72-hour exposure
period. When the solutions were 43 days old, all
dilutions of cuprous chloride remained fully mollusci-
cidal with a 72-hour exposure period; the copper
sulfate required a minimal original concentration of
8 ppm-16 ppm to be effective. When the solutions
were 91 days old, a fully molluscicidal effect was
obtained at a minimal original concentration of
32 ppm for both chemicals with a 72-hour exposure
period; but the LC50 was approximately 4 ppm for
cuprous chloride and 12 ppm for copper sulfate.
Whereas the molluscicidal effect of these two
chemicals was the same with the 1- or 13-day-old
solutions, cuprous chloride was evidently better than
copper sulfate with the 43- or 91-day-old solutions.

Results of experiment 2: effect in the laboratory in
the presence ofmud
Forty-three crystallizing dishes, each 18 cm in

diameter and 8 cm in depth, were layered with
100 g of mud from the field; river water was then
added. After the mud particles had settled, aliquots
of 0.1% copper sulfate and 0.1 % chloridated
cuprous chloride in aqueous solution were pipetted
into each dish in order to make respective dilution
series of 25 ppm, 50 ppm, 100 ppm, 200 ppm, and
400 ppm. In each dish, the aqueous content was
fixed at 1 litre and the water level was marked.
When pipetting the cuprous chloride in aqueous
solution, the flask was shaken manually to distribute
the particles evenly in the water. Four replicates of

f LC,. values were calculated by the method of Litch-
field, J. T. & Wilcoxon, F. (1949) J. Pharmacol. exp. Ther.,
96, 99-133.
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TABLE I

MOLLUSCICIDAL EFFECT OF CUPROUS CHLORIDE AND COPPER SULFATE
IN THE LABORATORY IN THE ABSENCE OF MUD a

Exposure Mortality ( %) of 10 B. truncatus
at concentration of:

Molluscicide Period Days after -____ ____-____
Molluscicide_ |(days) pfreparation 2 ppm 4 ppm 8 ppm 16 ppm 32 ppm

Cuprous 1 0-1 0 40 70 100 100
chloride

3 13-16 100 100 100 100 100

1 43-44 0 0 20 20 20

2 43-45 30 50 100 100 100

3 43-46 100 100 100 100 100

1 91-92 0 0 0 10 30

2 91-93 0 10 60 60 80

3 91-94 20 50 80 80 100

Copper 1 0-1 10 40 60 100 100
sulfate

3 13-16 90 100 100 100 100

1 43-44 0 0 40 50 30-

2 43-45 10 20 90 100 100

3 43-46 40 80 90 100 100

1 91-92 0 0 0 20 20

2 91-93 0 0 10 50 80

3 91-94 0 0 0 90 100

a All control snails survived.
b The first figure indicates the day after preparation of the solution on which the snails were

immersed, and the second figure the day on which they were removed.

the dilution series for each chemical were prepared.
The remaining 3 dishes were used as controls.

Initial molluscicidal activity. Immediately after
the solutions had been prepared, 10 snails were

introduced into each dish. The exposure periods
were set at 2 hours, 4 hours, 6 hours, and 24 hours
for each concentration. The results presented in
Table 2 indicate that with a 24-hour exposure

period all snails were killed by each of the concen-

trations of the two chemicals, but that with shorter
peiiods of exposure copper sulfate showed a greater
initial molluscicidal effect than cuprous chloride.

Residual effect. On days 11, 50, and 100 after
preparation of the dilution series, fresh water was

added up to the original water level in such a

manner as to ensure minimal disturbance of the

mud. Then 10 snails were introduced into each
dish of 3 replicate dilution series and into the control
dishes. Exposure periods were set at 1, 2, and 3 days
respectively for the 3 replicate series.
The results (Table 3) indicate that the active

ingredients of both chemicals rapidly lose their
effectiveness in the presence of mud. With a
3-day exposure, a fully molluscicidal effect was
obtained at 100 ppm-200 ppm on day 11 and at
400 ppm on day 50, but not obtained at 400 ppm
on day 100. The patterns of chemical degradation
under experimental conditions appear to be similar
for both cuprous chloride and copper sulfate. The
residual molluscicidal effects of cuprous chloride
were not much better than those of copper sulfate
in the 11- to 100-day-old solutions. We do not feel
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TABLE 2
INITIAL MOLLUSCICIDAL EFFECT

OF CUPROUS CHLORIDE AND COPPER SULFATE
IN THE LABORATORY IN THE PRESENCE OF MUD

Mortality ( %) of 10 B. truncatus
Molluscicide Exposure at an initial concentration of:

(hours) 25 50 100 200 400
_________ ~ ppm ppm ppm |ppm ppm

Cuprous 2 0 0 20 0 20
chloride

4 0 60 30 80 60

6 30 50 60 80 90

24 100 100 100 100 100

Copper 2 30 70 80 100 100
sulfate

4 50 80 90 100 100

6 100 100 100 100 100

24 100 100 100 100 100

Control 6 0 0 0 0 0

24 0 0 0 0 0

that these chemicals should be recommended for
use as far as their residual effect is concerned, because
the effective concentration required is too high.

Results of experiment 3: field trials

In February 1966, 6 rectangular ponds were chosen
for field experiments. These ponds were naturally
infested with B. truncatus but in low density; a

moderate number of Lymnaea gedrosiana were also
present. The water was supplied by garden drains.
Sparse submerged plants were present in moderate
number, and a few emerged plants grew on the
edges. The water was clear, with a muddy bottom.
The pH of the water was around 7.8-8.0; its diurnal
temperature ranged from 1 5°C to 23°C; and it
was up to 50 cm deep. The chemical composition
of water had been previously analysed and was

known to contain approximately 420 ppm total
dissolved solids. Tadpoles were abundant. The
volume of water in each pond was estimated by
taking measurements to determine the average

depth, width, and length.
The necessary quantity of cuprous chloride to

give the desired concentration in each pond was

dispersed in water in a plastic barrel and stirred
with a stick. After settling, the dissolved portion

of the chemical was sprayed into the pond by
means of a hand sprayer. Water from the pond
was then added to the undissolved portion of
the chemical and stirred and allowed to settle;
the portion of the chemical thus dissolved was
sprayed into the pond again. This procedure
was repeated until no more chemical particles
remained on the bottom of the barrel, and the barrel
was finally washed in the pond. Cuprous chloride
at estimated concentrations of 5 ppm, 20 ppm,
30 ppm, and 40 ppm respectively was applied
serially to 4 ponds. Copper sulfate at an estimated
concentration of 30 ppm was applied to a fifth pond.
The remaining pond was left untreated and used
as a control. Immediately after treatment, 2 cages
containing 10 snails each were immersed in each
pond for an exposure period of 24 hours.
The resutts in Table 4 show that, in order to

achieve complete immediate kill of the snails in
their natural habitat with cuprous chloride, the
minimum effective dosage is 30 ppm, a dosage
commonly used for copper sulfate.
Nine days after the application of molluscicides,

Pond 3 and Pond 5, which had been treated at
30 ppm with cuprous chloride and copper sulfate
respectively, were chosen for testing the residual
effect. Six cages with 10 snails in each were immersed
in each of these 2 ponds. The same number of
cages of snails was immersed in the control pond.
Over a period of 3 days, 2 cages from each pond
were taken daily to the laboratory for testing the
survival of snails. The results (Table 5) show that
at the concentration used practically no residual
effect was observed for either cuprous chloride or
copper sulfate in the field.

Results of experiment 4: toxicity of the molluscicides
to fish

Cuprous chloride and copper sulfate were added
to 2 enamelled aquaria respectively, each in 5-g
quantities. Each aquarium contained 0.5 m3 of
water, thus giving a 10-ppm solution of each
chemical. 'Shortly after even distribution of the
chemicals had been achieved, 7 species of local
fishes, from 7 cm to 15 cm in length, were introduced
into each aquarium. Their deaths were recorded
at intervals after exposure of from 8 to 96 hours.
The results (Table 6) show that cuprous chloride is
as piscicidal as copper sulfate at the concentration
used and that the susceptibility of fish to the che-
micals varies with the species.
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TABLE 3
RESIDUAL MOLLUSCICIDAL EFFECT OF CUPROUS CHLORIDE AND COPPER SULFATE

IN THE LABORATORY IN THE PRESENCE OF MUD a

Exposure Mortality (%) of 10 B. truncatus at
an initial concentration of:

olluscicide Days after

(days) solution o 25 ppm 50 ppm 100 ppm 200 ppm 400 ppm

Cuprous 11 11-12 0 0 10 80 90
chloride

2 11-13 0 50 80 80 100

3 11-14 50 80 90 100 100

1 50-51 0 0 0 0 10

2 50-52 0 0 0 30 80

3 50-53 0 0 10 80 100

1 100-101 0 0 0 0 0

2 100-102 0 0 0 0 10

3 100-103 0 0 0 0 50

Copper 1 11-12 0 10 40 50 100
sulfate

2 11-13 0 10 100 100 100

3 11-14 0 70 100 100 100

1 50-51 0 0 0 0 20

2 50-52 0 0 0 30 70

3 50-53 0 0 30 70 100

1 100-101 0 0 0 0 0

2 100-102 0 0 0 0 0

3 100-103 0 0 0 0 30

a All control snails survived.
b The first figure indicates the day after preparation of the solution on which the snails were

immersed, and the second figure the day on which they were removed.

Discussion

According to Hopf et al.,9 the molluscicidal
activity of copper compounds of low solubility is
due to the action of the copper ion rather than to
that of the chemical molecule. It appears that the
initial molluscicidal activity of a copper compound
may be largely a function of solubility and that the
residual effect may be derived from copper ions
slowly released from the compound or eluted from
the particles in which the ions were previously
adsorbed or precipitated.

g Hopf, H. S., Duncan, J. & Wood, A. B. (1963) Bull.
Wld Hlth Org., 29, 128-130.

The initial molluscicidal activity of copper sulfate
as shown in our experiments is stronger than that
of cuprous chloride. This may be interpreted as
due to the difference in their solubility. In habitats
such as drains and swamps where there are abrupt
fluctuations of water level, a molluscicide with a
rapid destructive effect is desirable. In this case,
copper sulfate would be superior to cuprous chloride.
The results of our experiments in the absence of

mud in the laboratory showed that the effects of
the two chemicals were the same in solutions up to
13 days old, whereas cuprous chloride was the
more effective in the 43- to 91-day-old solutions.
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TABLE 4
INITIAL MOLLUSCICIDAL EFFECT OF CUPROUS CHLORIDE AND COPPER SULFATE

IN THE FIELD

Estimated Bioassay test" FPond Molluscicide concentra- (B. truncatus) Effects on L. gedrosiana
no. tio (ppm)

Cg Cae2and tadpoles

I Cuprous chloride 5 3/10 2/10 Some of each were killed.

2 Cuprous chloride 20 8/10 7/10 Some L. gedrosiana killed;
all tadpoles killed.

3 Cuprous chloride 30 10/10 10/10 All killed.

4 Cuprous chloride 40 10/10 10/10 All killed.

5 Copper sulfate 30 10/10 10/10 All killed.

6 None (control) 0 0/10 0/10 All alive.

a Numerator = no. of snails dead; denominator = no. of snails immersed.

TABLE 5

RESIDUAL MOLLUSCICIDAL EFFECT OF CUPROUS CHLORIDE AND COPPER SULFATE
IN THE FIELD

Exposure
Original -Mraiy()oPond no. Molluscicide concentration Days after 20 B. truncatus
(ppm) Period preparation of 20Btrnau

- _ _ _ _ - _ _ _ _ ~~~~~~~(days) solution a _ _

3 Cuprous 30 1 9-10 1
chloride

2 9-11I 0

3 9-12 15

5 Copper 30 1 9-10 0
sulfate

2 9-11 0

3 9-12 20

6 None 0 3 9-12 0
(control)

a The first figure indicates the day after preparation of the solution on which the snails were
immersed, and the second figure the day on which they were removed.

The concentration of copper ions was equally great
for the first 13 days for both chemicals; in the older
solutions no particles of copper sulfate remained,
whereas the residue of cuprous chloride still released
copper ions. In the presence of mud, on the other
hand, such ions released from the residue were
inactivated by the mud particles, thus reducing the
molluscicidal activity of cuprous chloride.

It is well known that copper sulfate is rapidly
precipitated out of water with a high pH, which is

" hard "g, h, i In Khuzestan, the water is alkaline
and very hard. In our experiments in the laboratory
and in the field, the water was of a pH ranging from
7.4 to 7.9 and contained from 350 ppm to 420 ppm
total dissolved solids. Under our conditions, the
LC50 and LC9o of copper sulfate for adult snails

h WHO Expert Committee on Bilharziasis (1961) Wld
Hith Org. rechn. Rep. Ser., 214.

i Meyling, A. H. & Pitchford, R. J. (1966) Bull. Wld
Hlth Org., 34, 141-146.



326 NOTES

TABLE 6

SUSCEPTIBILITY OF FISH TO 10 ppm OF CUPROUS CHLORIDE OR OF COPPER SULFATE IN OUTDOOR AQUARIA

Cuprous chloride (10 ppm) Copper sulfate (10 ppm)
SpeciesI
of fish a No. of No. dead at following exposure periods No. of No. dead at following exposure periods

fisthd 8 24 48 72 96 tfisthd 8 24 48 72 96
tested hours' hours hours hours hours este hours hours hours hours hours

Species I 5 3 2 5 3 2

Species ll 1 1 1 1

Species III 1 1 1 1

Species IV 1 1 3 1 2

SpeciesV 1 1 3 1 2

Species Vl 4 3 1 3 3

Catfish 4 2 1 1 3 1 2

a Species 1-Species VI were all Cyprinidae.

were 5 ppm-6 ppm and 12 ppm respectively using
river water for a 24-hour exposure period. Hoffman
& Zakhary i showed that, in laboratory tests, the
effectiveness of copper sulfate was less in water
collected from snail habitats than in tap water.
Bruaux & Gillet k obtained LC50 and LC90 values
for copper sulfate of 0.25 ppm and 0.54 ppm respec-
tively for Biomphalaria with a 24-hour exposure
period. According to the memorandum Mollusci-
cide Screening and Evaluation,' the LC.0 of copper
sulfate ranges from 0.8 ppm to 4.2 ppm for adult
snails with a 24-hour exposure period. This wide range
is apparently due to differences in the pH and chemi-
cal composition of the water and to the different spe-
cies of snails used. With regard to cuprous chloride,
Deschiens and his colleagues, using tap water of
pH 6-7, obtained complete kills of Australorbis
glabratus (=Biomphalaria glabrata) and Bulinus
contortus at a concentration of 2.5 ppm in their
laboratory; but under our laboratory conditions the
LC0o0 of cuprous chloride was 16 ppm-a difference
of 6.4 times. Chabaud, Deschiens & Le Corroller,e
using 3 ppm of cuprous chloride, killed their snails
in a muddy pond of 5000 m3 at a pH of water of 6-7;
in our case the minimum effective dosage of cuprous
chloride in the field was 30 ppm. As the copper ion

i Hoffman, D. 0. & Zakhary, R. (1953) Amer. J. trop.
Med. Hyg., 2, 332-336.

k Bruaux, P. & Gillet, J. (1961) Bull. Wid Hlth Org., 25,
5 19-523.

1 Bull. Wld Hlth Org., 1965, 33, 567-581.

per se, rather than the cuprous chloride molecule, is
the active ingredient, the reasons for the big difference
are the same for copper sulfate.

In a certain number of snail habitats in Iran, such
as swamps, ponds, and drains, the water is shallow
and the bottom is soft, with thick mud; it is possible
that the concentration of mud in the water would be
higher than that used in our experiments, which have
shown that there is rapid degradation of the active
ingredients of both copper sulfate and cuprous
chloride in the presence of mud. Therefore it is
highly desirable that a mud substratum be used for
trials of copper compounds in the laboratory,
since, given this experimental condition, the results
obtained may be applied to the field.
Judging from our results, cuprous chloride at

molluscicidal concentrations was as piscidal as
copper sulfate and could not be regarded as a
selective molluscicide. As far as the effective dosage
and residual molluscicidal effect are concerned,
cuprous chloride has the same disadvantages under
field conditions as copper sulfate and we cannot
recommend its use in conditions such as those
obtaining in Iran.
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