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was then compared with that of control snails. The
results given below show no marked difference
between the three groups:

Snails surviving LDI50 ... . MLD = 0.224 p.p.m.
Snails surviving LD,O ... . MLD = 0.243 p.p.m.
Controls .... ...... . MLD = 0.216 p.p.m.

The survivors of the above experiment are being
reared in the laboratory and they have produced
offspring. These snails will be used to determine
whether the second generation has developed a
higher resistance to NaPCP. (See postscript below.)

Comments
The above review shows that Okabe et al.a and

Ota et al.b believe that Oncomelania snails develop
resistance to NaPCP, while the authors of the other
publications have not confirmed these findings. It
has been pointed out by Tsuda f that the suscepti-
bility of snails to molluscicides varies with the
season of the year. Okabe et al.a used snails collected
from treated and untreated areas at different times
of the year. For this reason, the data shown in
Table 1 were selected so that they show only the
results obtained from snails collected at the same
time (6 June 1956). Even with the elimination of
the seasonal variable, the LD,, of the snails from the
treated area is higher than that of the snails from the
untreated area. There is still the possibility that

f Tsuda, E. (1952) Tokyo Iji Shinshi, 69, 48.

the rather widely separated geographical locati ons o
the snail colonies have affected the results. In the
experiments made by the present authors, the snails
were collected from the same habitat in order to
eliminate the possible geographical variable. The
difference between our results and those obtained
by Ota et al.b cannot be explained.
At this time it appears that definite conclusions

cannot be made on the development of resistance to
NaPCP by Oncomelania. Investigations on this
problem should be conducted on a much larger
scale and should include the aquatic snails as well as
Oncomelania.

* *

Postscript
Since this manuscript was prepared, the following

results have been obtained with second-generation
snails. For obtaining dosage-mortality figures,
offspring with a shell-length of more than 6.0 mm
were submitted to different concentrations of
NaPCP. The results were:
Offspring of snails selected with
LD50 . . . . . . . . . . . MLD = 0.23 p.p.m.

Offspring of snails selected with
LD,* . . . . . . . . . . . MLD = 0.22 p.p.m.

Offspring of control snails . . . MLD = 0.26 p.p.m.
On the basis of these results, it is concluded that

no resistance develops with a higher selection
pressure of NaPCP.
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Even though the use of moiluscicides against the
vector snail has been found to be singularly in-
adequate for control of bilharziasis, a review of the
literature gives assurance that their use must con-
tinue to be investigated. The renewed emphasis on
the search for chemicals with greater molluscicidal

activity makes it timely to report a standardized
procedure which was developed for field-trial
evaluations of molluscicides against Oncomelania
nosophora in Japan. It is imperative that field trials
be imposed before large-scale field experiments are
attempted, in order to evaluate chemicals under the
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vagaries of field conditions and to determine the
optimum rate of application. It is inferred that this
phase ofevaluation should be standardized according
to such a plan as is currently being sponsored by the
World Health Organization for laboratory screening
tests. The procedure reported here has been desig-
nated a field-plot dilution test as it utilizes at least five
chemical concentrations with a twofold increment;
previously only one to three different amounts of
chemical had been used in such evaluations. a, b
Some of the results obtained from a series of 75 tests
on 31 compounds are included as a basis of evalua-
tion to reveal problems encountered, and to indicate
the nature of the results that may be anticipated.

Procedure

Irrigation channels located in Imazua vill-age,
Yamanashi Prefecture, Japan, were selected for the
field-plot dilution tests because numerous long
ditches of uniform size and construction with dense,
evenly distributed snail populations were available.
At any particular time all ditches were of equal
wetness or dryness. Such uniformity of conditions
ensured equally effective applications for all che-
micals.

Tests were made in April of 1952, 1953 and 1954
and in October 1952, these being the most suitable
periods in respect of both climate and farming
activities in Japan.

After critical selection of irrigation channels,
vegetation was reduced by cutting with hand sickles.
The ditches were then surveyed and 25-foot, or
about 7.5-m, sectors (approximately 100 square feet,
or 9.3 m2) were marked with numbered stakes. Five
such plots were used for the dilution series of each
chemical. Small retainer dams were made at the
limits of each plot to preclude mixing of chemicals;
furthermore, the dilution series was so applied that
chemical concentrations increased in the direction
of flow.
As many chemicals as possible were applied on the

same day to ensure uniform effects of climatic con-
ditions. Weather forecasts were followed in order
to avoid excessive rainfall, which tends to leach the
chemicals. To compensate for variations in climatic
conditions for different series of tests, two control
molluscicides (sodium pentachlorophenate and dini-

a McMullen, D. B., Komiyama, S., Ishii, N., Endo-
Itabashi, T. & Mitoma, Y. (1l91) Amer. J. trop. Med.,
31, 583.

b Hunter, G. W., III, Freytag, R. E. & Ritchie, L. S.
(1952) J. Parasit., 38, 509.

tro-o-cyclohexylphenol) were always used. Che-
micals were all weighed in appropriate quantities in
the laboratory and put into screw-cap jars of appro-
priate size prior to the day of application. A twofold
increment series of five concentrations was used for
each chemical. Amounts applied per square foot
ranged from 0.0125 g to 0.8 g, the selection of incre-
ments within this range depending on the relative
efficacy of the chemical.c Chemicals were dispersed
in water at the rate of 200 ml per square foot. A
common garden watering can was used to make the
application and care was taken to ensure uniform
coverage of the test plots.
A pretreatment collection of about 100 snails was

made from each plot, followed by similar post-treat-
ment collections at four and 14 days after treatment.
Care was taken to ensure that collecting was done
uniformly over each plot. Each collection was
washed to remove any residual chemical on the shells
and then placed in Petri dishes with enough water
to cover the specimens. All snails which moved were
counted as living, and immobile ones were crushed
to determine viability. In this manner mortality rates
were determined.
Such elaborate procedures were deemed necessary

to minimize human error and the effects of environ-
mental conditions, which are inevitable under field
conditions.

Evaluations and discussion

Appropriate times of the year to perform the field-
plot dilution tests are limited in Japan owing to
climatic conditions and farming practices. In the
final analysis there are no ideal times and the tests
must be performed as the situation permits. It is not
practical to make the tests earlier than April because
of low temperatures and resulting inactivity of the
snails. April was judged the most satisfactory time
to perform the test, but by the end of the month
farmers are beginning to use the irrigation channels.
If this is not anticipated tests are apt to be lost.
Another possible period for testing occurs in early
October after irrigation is stopped. At this time,
however, there is heavy vegetation to contend with;
rainfall is heavier and this increases the chance of
chemicals being washed away from the test sites; and,
although temperatures are about the same as in
April, they become progressively lower rather than
higher. On the single occasion that chemicals were
tested in the fall, applications were made on 9 Octo-

c 1 g per square foot o 10 g/m'.
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EFFECTIVENESS OF SELECTED CHEMICAL AGENTS AS MOLLUSCICIDES AS INDICATED BY STANDARDIZED
FIELD-PLOT DILUTION TESTS

Mean percentage mortality at concentrations shownNumber (g/square foot) b
Chemical or proprietary formulations a of _g_square_foot)_b

tests 1.0 0.8 0.6 0.4 0.2 0.1 0.05 0.025 0.0125

Dinitro-o-sec-butylphenol (CE-30) 2 97 79 58 69 50

Dinitro-o-sec-butylphenol (Dupont Weedkiller) 2 95 89 61 62 65

Dinitro-o-sec-butylphenol 3 98 99 75 68 33 24

Dinitro-o-sec-amylphenol 2 86 52 49 11 50

Dinitro-o-cyclohexylphenol (DN-1) 4 92 81 82 67 43

Dinitro-o-cyclohexylphenol (CE-28) 2 91 71 57 34 36

Dinitro-o-cresol (DN-2) 3 100 97 93 79 77 43 36

Dinitro-isopropylphenol (CE-27) 2 98 68 69 54 38

Dinitro-phenylphenol (CE-29) 2 76 67 64 44 55

2,4,5-Trichlorophenol (Dow 2) 2 99 100 97 93 70 63 46

Sodium 2,4,5-trichlorophenate (Dowcide B) 2 100 99 99 92 38 29 8

2, 2-Methylene bis 4,6-dichlorophenol (CP-536) 2 99 80 63 19

1,3-Diphenylguanidine pentachlorophenate (CP-1558) 2 95 90 72 38

Pentachlorophenol (CE-31) 2 94 79 65 22 19

Sodium pentachlorophenate (Santobrite) 4 99 95 89 85 83 73 45

Sodium pentachlorophenate (Dowcide G) 2 99 99 79 85 66 51 36

a The DN, CE, Dow and Dowclde formulations were supplied by Dow Chemical Co. and the CP series and Santobrite
by Monsanto Chemical Co.
b 1 g/square foot c, 10 g/m3.

ber and heavy rains followed. On the assumption
that the chemicals had probably been washed away,
replicate tests were made on 16 October; yet the
results were better for the initial tests. As McMullen
et al. d concluded, extremes of temperature and
rainfall surely reduce molluscicidal effectiveness, but
the range of tolerance has not been adequately
determined. Regardless of this, fall tests were not
continued in the belief that those performed in the
spring afforded more uniform results; furthermore,
this is the time of year when molluscicides are most
likely to be applied in Japan.
So many uncontrollable factors are encountered

in any type of field test on molluscicides that replica-
tions are necessary. These may be made in the same
season, but it appears advisable to make them over
a period of two or more years. Rainfall, temperature,
and other environmental conditions vary from one

d McMullen, D. B., Komiyama, S., Ishii, N., Endo-
Itabashi, T., Ozawa, K., Asakawa, T. & Mitoma, Y. (1951)
Amer. J. trop. Med., 31, 593.

year to the next, and all may have very definite
effects on Oncomelania and the test. The snail, for
example, requires certain optimal conditions of
moisture and temperature for its activation. Under
conditions of extreme dryness or below certain
temperatures the snail becomes dormant. At such
times the snail might not come into contact with the
molluscicide. Thus a seemingly good chemical in
laboratory tests would appear to be relatively
ineffective in the field. Consequently, if tests were
made over several seasons the net effect of field con-
ditions could be evaluated more closely, thereby
increasing the reliability of the mean efficiencies of
the chemicals.
The merits of the four- and 14-day intervals for

post-treatment collections warrant review. For the
dinitro-phenols there was little difference in mor-
talities for these two periods, but the effects of the
halogenated phenols were delayed and not apparent
until the 14-day collections. This difference is
deemed valuable, so the four-day interval should be
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maintained. The second one must be delayed to
show full benefits, but should not be prolonged more
than necessary because of field hazards to the
experiment. For example, a complete series of tests
was lost in 1955 on the thirteenth day when a farmer,
who needed water, flooded the test ditches. A
10-day period for the second collection might well
be considered.
By using the twofold dilution series, it was appa-

rent from some of the tests (see the table) that, as
near-maximum mortalities are attained, a mortality
plateau is reached, and a doubling of the applications
may increase the rate of kill only a few percentage
figures, necessitating costly amounts of chemical to
attain 100% kill. It was judged that about the
second concentration in the plateau might be the one
of choice for field control. To strive for destruction
of all snails with one application has never been
considered feasible, but the cost of several heavier
applications for possible eradication must be
equated against the cost for suppressive applications
for an indefiniite period. An eradicative application
followed by repopulation control is an alternative."
Mean percentage mortalities for replicate tests on

16 of the better chemicals are summarized in the
table. All results were based on the 14-day post-
treatment collection. In general, dinitro-phenols
were more effective than the halogenated phenols,
but the latter were less expensive. Two brands of
sodium pentachlorophenate, Santobrite (Monsanto
Chemical Co.) and Dowcide G (Dow Chemical Co.)
gave comparable results. Both were less effective
than the unsubstituted pentachlorophenol (CE-31),
and the same was true for 2,4,5-trichlorophenol and
its sodium; salt. The greater effectiveness of the
unsubstituted forms may be due to their insolubility,
which is offset by difficulties encountered in dispers-
ing them in water. Dinitro-o-cyclohexylphenol was

* Williams, J. E., Otori, Y., Moon, A. P., Frick, L. P.
& Ritchie, L. S. (1957) Amer. J. trop. Med. Hyg., 6, 304.

about equally effective in the two formulations,
DN-l and CE-28. Similar results were obtained with
dinitro-o-cresol (DN-2) and dinitro-o-sec-butylphe-
nol. The latter gave some very impressive results
at times, but not consistently so in different formula-
tions; and in a field test the Dupont Weedkiller
formulation failed to equal the results obtained with
dinitro-o-cyclohexylphenol. f' g

In all series of tests made, both DN-1 and Santo-
brite were used as control chemicals and thus were
tested on four occasions. The former was consist-
ently better, approaching the advantage of a 4: 1
ratio of efficiency, as reported by McMullen et al.4
Also the same ratio was obtained in an extensive field
comparison on terraced hillsides.f However, this
advantage for DN-1 is offset by the fact that it costs
about four times as much as Santobrite. This evalua-
tion is based on applications against 0. nosophora
in the dry or moist irrigation ditch, and it has since
been shown that when these two chemicals are used
in immersion tests the difference in efficiency is
minimal.h
The use of field-plot tests is essential before

selecting chemicals for large-scale field experiments
in order to avoid costly evaluations, and our efforts
indicated that the number of chemicals given field
trials must be kept to a minimum through more
critical laboratory evaluations.? With fewer chemicals
necessary replicates could be performed before
large-scale use. A proper sequence of evaluations,
co-ordinating both laboratory and field-plot trials,
could minimize costs in reaching an ultimate judge-
ment of potential molluscicides.

f Annual reports of the 406th US Army Medical General
Laboratory for the years 1953 to 1956.

g Williams, J. E., Freytag, R. E., Fonseca, J. R. C. &
Ritchie, L. S. (1953) J. Parasit., 39, Suppl., p. 26.

h Moon, A. P., Frick, L. P. & Asakura, S. (1958) Amer.
J. trop. Med. Hyg., 7, 295.

i Ritchie, L. S. (1955) Amer. J. trop. Med. Hyg., 4, 426.


