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Study and Application of Molluscicides in Japan*
YOSHITAKA KOMIYA 1

For several years after the First World War calcium oxide was the main compound
used in the control of Oncomelania nosophora in Japan. This was generally replaced in
1944 by calcium cyanamide; since 1952 the prefectural authorities in areas of endemic
bilharziasis have increasingly turned to the use of sodium pentachlorophenate as the mol-
luscicide of choice. Applied at a rate of S g per m2, this compound has been found to kill
70 %-80 % ofsnails per application.

Laboratory andfield experiments with calcium-arsenic compounds have been conducted
in Japan and have indicated that these products have a relatively high molluscicidal effect;
they have, however, not been used on a wide scale for snail control.

STUDIES ON MOLLUSCICIDES

Lime (calcium oxide)
Narabayashi (1915) was the first in Japan to

recommend lime as a molluscicide. He examined the
molluscicidal effect of various compounds against
Oncomelania nosophora and demonstrated that cop-
per sulfate was very effective. It killed snails in con-
centrations of from 1/2000 to 1/20 000 but he
considered its use in the field unpractical because of
its toxic effect on animals and plants, particularly on
rice plants. The molluscicidal activity of lime was
less than that of copper sulfate but it was less toxic
for animals and plants. He found that a 1/100 lime
solution killed 90% of the snails in 24 hours and that
a 1/1000 solution killed all the young snails in 10
hours. Fujinami & Sueyasu (1919) found that a
four-day immersion (in April and May) in a 1/500-
1/1000 solution killed all of the snails. This con-
centration was similar to that used for agricultural
purposes. They applied a 1/1000 solution under
field conditions and found that all of the snails were
killed in four to five days.

Calcium cyanamide
Miyagawa (1913, 1916) was the first to demon-

strate that calcium cyanamide was molluscicidal.
Fujinami & Sueyasu (1919) later attempted to use it
under field conditions and found that a 1/4000
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solution killed all of the snails in the test plot.
Okabe & Shibue (1952b) re-examined the mollusci-
cidal properties of this compound and found that
immersion for five days in a 1/10 000 solution killed
all of the snails. They also applied it in the field and
found that about 80% of the snails were killed.

Sodium pentachlorophenate (NaPCP)
As a result of screening tests made on a series of

compounds McMullen, Ishii & Mitoma (1948)
reported that NaPCP was molluscicidal. Later
Hunter et al. (1952) made an extensive field test of
this compound (Monsanto Santobrite), using 390 g
in 20 US gallons of water (1/200) and obtained a
mortality rate of 98 %-99 %. With continued use of
this compound for several years, the population
density of the snails decreased almost to nil. After
a flood occurred in June 1953, there was an increase
in the population density.
Okamoto (1951) and Okabe & Shibue (1952a)

tested the molluscicidal effect of NaPCP made in
Japan (Mitui Co.). It was found that a 24-hour im-
mersion in a 1/10 000 solution killed all of the snails.
Exposure to the compound on filter-paper moistened
with a 1/5000 solution killed half of the snails in 24
hours (in October). They sprayed a 1/200 solution
of this product on a series of snail habitats and
obtained mortalities of 80%-100y%-except in one
instance, when only 40% of the snails were killed.
Hosaka et al. (1957) tested NaPCP (Monsanto) in

areas with various soil types. They found that 12
days after the application of 0.5 g per m2, 80% of the
snails were found dead, provided that there was no
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rainfall during this period. However, young plants
in the fields were unfavourably affected by the
application at this rate. lijima et al. (1958) made
comparative field tests, using the Monsanto and
Mitui products, and found that there was no differ-
ence in their effectiveness.

Dinitro-o-cyclohexylphenol (DN-J)
McMullen, Komiyama et al. (1951a, 1952b) and

McMullen (1952) demonstrated that DN-1 was

highly molluscicidal. Hosaka et al. (1957) applied
0.5 g of40% DN-1 per square foot (5 g per m2) under
field conditions and obtained about the same snail
mortality as they obtained with NaPCP in the
experiments mentioned in the previous paragraph.

Calcium-arsenic compounds
In tests with a series of compounds against

Oncomelania quadrasi in the Philippines, McMullen
& Graham (1947) found that calcium arsenate was

molluscicidal. Su (1954) made a series of tests with
calcium arsenite against 0. hupensis in the laboratory
and in the field in China.

Laboratory experiments. Su (1954) exposed 0.

hupensis to calcium arsenite on paper that had been
sprayed at the rate of 5 g per M2. The exposure was,
for 20 minutes and at room temperature. The snails
were examined at various intervals after exposure,
from 20 minutes to 120 hours. It was found that
some of the snails showed the effects of the toxicity
of this compound in as short a time as 30 minutes,
and some continued to die after a five-day recovery

period. In order to determine the effect of different
exposure periods, he placed snails on the treated
paper for various intervals and examined the snails
after a 24-hour recovery period. Some of the snails
were affected by as little as five minutes of exposure
but the maximum effect was attained after 120
minutes. To test the residual effect of this compound,
a small section of a field test plot that had been
treated previously with this compound was brought
into the laboratory. The soil surface remained mol-
luscicidal for a considerable period.
Komiya et al. (1958a) sprayed varying amounts of

this compound on paper placed in a tray that had
been moistened with water. The snails were exposed
to the various concentrations for 24, 48 and 72 hours
and they were examined after 24- and 48-hour
recovery periods. It was found that the mortality
rates after 48 and 72 hours of exposure were not
significantly different but that a 24-hour exposure
gave a lower rate. It was found that the LD50 for

the compound was 3.5 mg per 100 cm2 when the
longer periods were used (exposure temperature:
17°-23°C).
The results of experiments with calcium arsenate

and calcium biarsenate on 0. nosophora were
reported by Komiya et al. (1958b). The amounts
used were 8, 16, 32 and 100 mg per 100 cm2. The
snails were examined after a 48-hour recovery period.
It was found that the 48-hour recovery period gave
the best results. The experiments with calcium
arsenate showed that the LD5a, was 6.9 mg per
100 cm2 (15°-23°C). The effect of temperature was
studied with the second compound. The LD50 at
28°-32°C was 3.3 mg per 100 cm2, and at 20°-24°C it
was 1.6 mg.

lijima et al. (1959) found that calcium arsenate
gave a relatively high mortality rate if 0. nosophora
was exposed for three to four hours and the recovery
period was extended to four days.

Sasa et al. (1959) applied calcium arsenate, bi-
arsenate and arsenite to filter paper in a 3% starch
suspension. 0. nosophora was exposed to the com-
pounds for 48 hours at 25°C. The toxic effects were
slightly lower than those reported by Komiya et al.
(1958b).

Field experiments. McMullen & Graham (1947)
applied calcium arsenate in field test plots designated
as " small natural ", " natural " and " pond ". The
average kill of 0. quadrasi in the natural plots was
85% when they were dusted at the rate of 450
pounds per acre (about 504 kg per hectare). In the
pond plots, 99% of the snails were killed after a four-
day exposure when 485 pounds per acre were used
(about 543 kg per hectare). It was observed that this
compound appeared to be less effective when applied
as a spray.

lijima et al. (1959) used three different kinds of
test plots and applied calcium arsenate at the rate of
1, 2, 4, 8 and 16 g per M2. Snails (0. nosophora) were
examined from the plots on the fourth, eighth, 14th
and 30th days after application. In the most success-
ful plot, 75% ofthe snails were dead on the eighth day
and this had increased to 80% on the 14th and 30th
days. At the other extreme, only 40% of the snails
were killed. As a result of these experiments, the
authors recommended that this compound should be
used at the rate of 4-8 g per M2. They concluded that
it was better to apply it as a spray rather than as a
dust.
The molluscicidal activity of calcium arsenite

under field conditions in summer and winter was
compared by Su (1954) in China. In early summer
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(average temperature 21'Q, more than 90% of the
snails (0. hupensis) were dead in areas treated with
10 g per m2 and examined on the fourth and sixth
days after the application. In early winter, about
70% of the snails were killed by a 5-10 g per m2
application. It was concluded that the compound is
less effective in winter than in summer.

APPLICATION OF MOLLUSCICIDES IN THE FIELD

Lime (calcium oxide)
In Japan, lime was initially used as a molluscicide

under field conditions in 1918 in the endemic area of
Hiroshima Prefecture. The application of this com-
pound was started in the endemic area of Yamanashi
Prefecture in 1924. The methods used were as
follows.

(1) The molluscicide was applied in April or May.
(2) Snails on the bank of the ditch were swept to

the bottom and a dam was used to fill the ditch with
water and prevent flow.

(3) Lime was mixed with the water in the ditch at
the rate of 1/100; the treated water was kept in the
ditch for several days.

(4) If the flow could not be completely stopped,
the amount of lime was increased so that some of the
compound remained in the bottom of the ditch.

In Hiroshima Prefecture lime was applied each
year until 1947, except during the years 1930-36.
The amounts used are shown in Table 1. In Yama-
nashi Prefecture, for economic and political reasons,
the compound was applied only once every three
years. No records of the molluscicidal effect after
application were kept.

Calcium cyanamide
The use of calcium cyanamide as a molluscicide

was started in the endemic areas of Yamanashi
Prefecture in 1944, Hiroshima in 1948, Saga in 1949,
and Fukuoka and Chiba Prefectures in 1950. Since
1952 NaPCP has more or less taken its place. The
methods used for the application of calcium cyana-
mide were as follows.

(1) The molluscicide was usually applied once a
year from April to June. Sometimes the application
was repeated in October.

(2) Before each application a snail survey was
made in the irrigation ditches to be treated. This
was done by local inhabitants, with the assistance of
prefectural or community sanitary officials, or both.

TABLE I

ANNUAL CONSUMPTION OF CALCIUM OXIDE
AS MOLLUSCICIDE IN HIROSHIMA PREFECTURE

Year CaO consumedear_________________ (tons)

1918

1919

1920

1921

1922

1923

1924

1925

1926

1927

1928

1929

1930

1931

1932

1933

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

1946

1947

225.0

240.0

375.0

1 173.0

502.0

1 078.5

582.0

564.0

597.6

532.0

525.0

525.0

No application
No application

No application
No application
No application
No application

No application
108.0

100.5

157.5

162.0

112.5

103.5

76.5

585.0

225.0

81.0

72.0

Total | 8 712.5

(3) Sweeping and dam installation were carried out
as described above in connexion with the use of lime.

(4) The application was started in the lower por-
tions of the series of ditches to be treated and finished
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TABLE 2

ANNUAL CONSUMPTION OF CALCIUM CYANAMIDE AS MOLLUSCICIDE IN FIVE JAPANESE
PREFECTURES

Calcium cyanamide consumed (tons)

| Yamanashi Pref. Saga Pref. Fukuoka Pref. Hiroshima Pref.1 Chiba Pref.

1940 77.0

1941 No application

1942 29.3

1943 33.8

1944 734.2

1945 17.1

1946 212.8

1947 191.0

1948 258.6 39.2

1949 353.6 171 39.2

1950 1186.6 90 60 95.9 28.7

1951 589.8 80.5 81 56.2 14.1

1952 Unknown 112.5 84 22.5 11.2

1953 NaPCP NaPCP 41.5 20.2 11.6

1954 NaPCP NaPCP 25 NaPCP

1955 NaPCP NaPCP NaPCP 24.8

Total 3 683.8 454 291.5 298 65.6

TABLE 3
ANNUAL CONSUMPTION OF SODIUM PENTACHLOROPHENATE IN FOUR JAPANESE

PREFECTURES

NaPCP consumed (kg)
Year

Yamanashi Pref. Saga Pref. Fukuoka Pref. Hiroshima Pref.

1952 - 530 -

1953 5 283 7 465 2 800 _

1954 17 067 6 050 4 718 3 349

1955 16 632 4 153 7 300 151

1956 20 000 3 780 6 000 508

1957 20 482 3 200 6 620 563

1958 15 835 2 250 5 330 560

1959 16 030 5 800

Total 111329 30428 38568 5131
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TABLE 4
MOLLUSCICIDAL EFFECT OF SODIUM PENTACHLOROPHENATE IN TWO JAPANESE PREFECTURES

Effect In spring Effect in autumn

Year No. No. No. otlt No. No. No. otltlocalities snails dead Mortalit localities snails dead Mortality

examined examined snails (%) examined examined snails (%)

Yamanashi Prefecture

1953 6 943 5 123 73.79

1954 70 2 940 1 901 64.66 207 1 486 1 178 79.27
1955 60 2 913 2 399 82.44 78 2 618 2 084 79.60
1956 66 2 623 2 150 81.97 72 2 894 2 320 81.16
1957 2 637 2011 76.26 86 2 642 2 019 76.42
1958 79.15

1959 18 2 268 2 180 96.10 20 2 292 1 997 87.13

Fukuoka Prefecture
(Data from Okahara, 1959)

1955 21 1 206 838 69.5
1956 24 3694 3166 85.7 11 1 034 794 76.8
1957 13 534 389 72.8 8 256 186 72.7

Fukuoka Prefecture
(Data from Section of Public Health)

Year No. localities No. snails examined No. dead snails Mortality (%)examined

1954 25 371 94 25.3

1955 4 28 22 78.6

1956 32 1755 1299 74.0

1957 33 961 818 85.1
1958 62 1 580 1 122 71.0
1959 38 615 459 80.5

at the upper ends of the irrigation units. The volume
of water in each section was determined and a
measured amount of the compound was mixed with
it. The solution was kept in the ditches for five to
seven days and during this period the solution was
sprinkled on both banks with dippers.
The amounts of this compound that have been

used in the various areas are shown in Table 2. The
average amount used per hectare varied from 15 kg
in Fukuoka Prefecture to 42 kg in Hiroshima
Prefecture. No records of the effect of these applica-
tions were kept. Recent experience indicates that the
compound and the method of application were not as
effective as had been supposed. This was partly due
to the fact that the solution often soaked into the

ground rather quickly and the exposure period was
much shorter than indicated above. Also, during
and after the Second World War a considerable
portion of the allotments of this compound appears
to have been used as fertilizer in the rice fields
instead of for snail control.

Sodium pentachlorophenate (NaPCP)
When the efficacy of NaPCP as a molluscicide had

been established the prefectural authorities gradually
adopted this compound in place of calcium cyana-
mide. This change was first made by Saga Prefecture
in 1952 and then followed by Yamanashi, Fukuoka,
and Hiroshima Prefectures in 1954. The methods of
application now in use are as follows.
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(1) Prior to application a snail survey is made,
vegetation and debris are removed, and precautions
are taken to prevent damage to crops and animals.

(2) Each working unit during application consists
of three persons to prepare the molluscicide solution,
one to apply it, and three helpers. The equipment
consists of scales for weighing, two containers for
mixing the solution, two buckets, and a sprayer.

(3) The solution is applied by a motor-driven or
portable sprayer.

(4) The solution is applied as evenly as possible,
paying particular attention to seepages, culverts, etc.,
and taking care to prevent damage to crops and in
fish ponds.

(5) The rate of application is 5 g per M2. In
practice 50 g is added to 14 litres of water and this
is applied to 10 M2.

(6) Water should not be allowed to flow in the
treated ditches for at least 10 days.
The amount ofNaPCP used in each of the endemic

areas is shown in Table 3. The average amount used
per hectare varied from 1.02 kg in Hiroshima Pre-
fecture to 1.73 kg in Yamanashi Prefecture. Records
on the snail mortality after application have been

kept in each area and the results from some of them
have been summarized in Table 4. It will be noted
that about 70%-80% of the snails are killed by each
application.

Calcium-arsenic compounds
In recent years, calcium arsenite has been widely

used on the mainland of China to eradicate 0.
hupensis. According to Su's report (1958), 85% of
the snails are killed after a seven-day exposure in
areas sprayed with this compound at the rate of
5-10 g per M2. For its application, a new design of
sprayer has been developed. He recommends that
each batch of the compound be tested for quality by
using the following method:

(1) Spray a 1% suspension in water on paper or
a stone plate to obtain 5 g per M2.

(2) Place snails on test surface for 24 hours at
room temperature.

(3) Test snails for viability after this exposure. If
the mortality is 100%, the material is considered
suitable for use.

Calcium-arsenic compounds have, however, not
been used for major snail control operations in
Japan.

RISUMt

Des molluscicides ont W appliques des 1915 au Japon,
dans la lutte contre Oncomelania nosophora, vecteur de
Schistosoma japonicum. La valeur du sulfate de cuivre
fut reconnue de bonne heure, mais on renonsa a en tirer
parti, a cause de la toxicite du produit pour les cultures,
le riz en particulier. La chaux, moins efficace, mais aussi
moins toxique pour les plantes et les animaux, fut
employee de 1918 au debut de la Deuxieme Guerre
mondiale. Le cout 6lev6 de la cyanamide calcique, dont
I'action molluscicide fut reconnue des 1914, limita son
emploi jusqu'en 1944. Des lors, et jusqu'en 1953, elle fut
largement utilis6e.

En 1948, a la suite de 1'Ntude d'une s6rie de composes,
le pentachloroph6nate de sodium, pr6par6 dans le pays
meme, fut largement appliqu6. II remplasa, depuis 1952
environ, la cyanamide calcique que l'on utilisa plut6t
comme engrais dans les rizieres. A la dose de 5 g/m2
(50 g dans 14 1 d'eau r6pandus sur 10 m2 de gites A
mollusques), il d6truit 80% de ces derniers.
Des arseniates de calcium, dtudi6s en laboratoire, ne

sont pas appliques pratiquement en raison de leur toxicit6
Le dinitro-o-cyclo-hexylphenol (DN-1), essay6 en labo-
ratoire, est trop couteux pour etre utilise sur de grands
espaces.
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