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A Field Screening Test on a Slow-Release Formulation
of Sodium Pentachlorophenate for Molluscicidal Use

by LAWRENCE 5. RITcHIE,a Luis A. BERRIOS-DURAN b and ROGELIO SIERRA, US Army Tropical Research
Medical Laboratory," San Juan, Puerto Rico

Solid formulations of molluscicides have not been
developed or used extensively. The best example so
far is the briquette formulation of sodium penta-
chlorophenate (NaPCP) with a dissolution time of
6-8 hours. Solid formulations are, however, rela-
tively safer and more convenient to use, as almost no
equipment is required and they provide a convenient
means for prolonged applications. The feasibility of
prolonged applications has not been established, but
the emphasis being given to them is increasing.d, e, f, g

Recently, the Monsanto Company prepared an-
other solid formulation of NaPCP with a release-
time of 2 days or more. The object of this study was
to test this new product against Biomphalaria
glabrata in a field screening test. An approximate
LC90 was obtained through a distance of 1 km with
a predicted concentration of 1 ppm.

Materials and methods

The new formulation of NaPCP for slow release
was in the shape of rods (12 in x 1/2 in; i.e., 30.5 cm x
1.3 cm). Each rod weighed 50 g, of which 82% was
active ingredient. The rate of release at 30°C, the
approximate average daily temperature of the water,
was determined by the Monsanto Company to be
0.75 g/hour.a Because the rods were brittle, each
one had been encased in hardware cloth i and this

a Present address: Puerto Rico Nuclear Center, Bio-
Medical Building, Caparra Heights Station, San Juan,
Puerto Rico-00935.

b Present address: Tropical Disease Section, Ecological
Investigations Program, National Communicable Disease
Center, Bureau of Disease Prevention and Environmental
Control, US Department of Health, Education, and Welfare,
San Juan, Puerto Rico-00902.

C Laboratory closed on 30 June 1966.
d Boyce, C. B. C., Crossland, N. 0. & Shiff, C. J. (1966)

Nature (Lond.), 210, 1140.
e Yeo, D. (1965) Bull. Wid Hlth Org., 33, 144.
f Malek, E. A. (1962) Bull. Wid Hlth Org., 27, 41.
g Olivier, L., Haskins, W. T. & Gurian, J. (1962) Bull.

Wld Hlth Org., 27, 87.
h The material for these investigations was kindly

provided by the Monsanto Company, St. Louis, Mo.
i Galvanized screening of steel wire, woven with a fine

mesh.

provided a means of anchoring them in the streams.
Tests were made in typical stream habitats, and in
one impoundment in a stream; and the rods were
placed under some of the marginal vegetation to
make them inconspicuous.
The molluscicidal efficiency was determined by

placing caged snails in the streams, with controls
above the point of application and comparing
mortalities before and after treatment. A nearby
untreated stream provided an additional control
observation in one trial. Snails from the streams and
those in cages were taken to the laboratory to
determine mortalities: the criterion of death was
discoloration of the shell.
The volume of water requiring treatment was

determined by means of measurements of the cross-
section of the stream and of the speed of flow. On
occasions a spout was fitted over small waterfalls and
the water was caught and measured.J

Results

Tests were made with the slow-release formulation
of NaPCP in 3 different streams as shown in the
accompanying table. In stream no. 1, snail re-
population occurred after 31/2 months, and it was
then used for a second trial. In the first trial, the
molluscicidal concentration was computed to be
0.8 ppm. The resulting mortality for the natural
snail population was 94 %, and for caged snails, 98 %.
No mortalities occurred among caged snails placed
above the point of application. In trial no. 1, some
caged snails were removed after 24 h and replaced
by others for the second 24 h. In both groups all
snails were killed (not included in table). Water was
collected from several places in the stream after the
test had been in progress for 24 h and was tested in
the laboratory. All snails were killed in these water
samples, except for the one taken at the exposure
site furthest from the point of application.

i World Health Organization (1965) Snail control in the
prevention of bilharziasis, Geneva (World Health Organiza-
tion: Monograph Series, No. 50).
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FIELD SCREENING OF A SOLID FORMULATION OF NaPCP WITH A RELEASE-TIME OF ABOUT 2 DAYS

Snail mortalities (dead/total, and %)
Stem Volume Molluscl ____________- ____ - No.Stream | of flow cide Natural population Caged snails Controls of rods
no. (Ilm in) oncn I__ (50 g)

(ppm) Before After After Before After
a Upstreamtreatment treatment treatment treatment a treatmen

1 458 0.8 1/79 (1 %) 102/109 (94 %) 52/53 (98 %) - - 0/24 (0 %) 30

1 c 189 1.2 6/381 (2 %) 412/482 (86 %) 85/85 (100 %) 4/523 (1 %) 40/686 (6 %) 0/39 (0 %) 18

2 60 0.5 - - 0/40 (0 %) - - - 2

2 60 1.0 11/85 (13 %) 90/93 (97 %) - 2/145 (1 %) 4

3 d | 7 3.0 0/149 (0%) 178/179 (99 %) - - 4

a Snails in an adjacent stream.
b Caged snails or free population above the point of application.
c A second test was carried out in stream No. I after repopulation.
d An impoundment of about 40 000 litres in a stream.

At the time of the second trial in stream no. 1, the
volume of flow was reduced because of the onset of
the dry season. The concentration of NaPCP
applied was calculated to be 1.2 ppm. Mortality
among the free natural population was 86% and for
caged snails 100%. Above the point of application,
the occurrence of dead snails did not change during
the test, and snails confined in a cage all remained
alive. In the adjacent untreated stream there was no
significant change in mortality during the test period.

In stream no. 2, an application rate of 0.5 ppm of
NaPCP did not kill any snails among 40 caged speci-
mens and mortalities were negligible among the free
population. Four days later, a second application of
0.5 ppm gave the same results. Then, a week after
the second exposure, an application of 1.0 ppm gave
97% mortality in the natural population of snails; no
mortalities occurred above the point of application.

In the third stream, the volume of flow was too
low for a test (7 litres/min), but a large impoundment
in the stream, with an abundance of snails (16 mm-
18 mm), served as a test site. The impoundment
held about 40 000 litres of water and received an
inflow of about 20 000 litres in 2 days. Sufficient
rods were placed in the affluent flow to maintain
a concentration of NaPCP of about 3 ppm. The
mortality rate was 99% after 72 h.

Discussion
The release-time of NaPCP from the new formula-

tion was tested by bioassay. Chemical analysis

would have been preferable for this, but we were
unsuccessful in laboratory trials with Haskins'
method k at 1 ppm of NaPCP. In the first of the
5 trials, we placed laboratory-reared snails in the
stream for the first 24 h and replaced them with a
second group during the second 24 h of the test.
Water was also collected after 24 h and 48 h and
taken to the laboratory for bioassay. In all cases,
all of the snails were killed, indicating that release of
the chemical probably occurred for at least 48 h,
approaching the 60-h release period predicted by the
Monsanto Company. The bioassays showed that we
may have applied more than the calculated 0.8 ppm
in the first trial, because 2.3 ppm is the LC90 for our
laboratory-reared snails with 24-h exposures.'
Whether some snails might have avoided lethal

exposures by crawling out of the low concentration
of NaPCP is a matter for concern.m We observed
some snails attempting to do this, but it was not
determined with certainty whether they actually
escaped. If they did, they apparently represented
only a low percentage of the survivors. The rapid
repopulation of the stream with snails could have
been due partly to the influx of untreated snails from
upstream and from marginal swamps. Further

k Haskins, W. T. (1951) Anal. Chem., 23, 1672.
1 Ritchie, L. S., Frick, L. P., Berrios-Duran, L. A. &

Fox, I. (1963), Bull. Wld Hlth Org., 29, 421.
m Klock, J. W., Gerhardt, C. E., Ildefonso, V. &

Serrano, J. M. (1957) Bull. Wld Hlth Org., 16, 1189.
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observations are required on the tendency of snails to
crawl out of water containing low concentrations of
NaPCP.
The slow-release formulation of NaPCP, like the

briquettes of this chemical, appears to be easier and
safer to apply.n Prolonged applications of mollusci-

11 Paulini, E. (1958) Bull. Wid Hlth Org., 18, 975.

cides should be more practicable with solid formula-
tions, since no equipment is necessary, at least in
some habitats. The destruction of either miracidia or
cercariae as a means of interrupting transmission of
schistosomiasis may become possible through the use
of long-lasting, solid formulations and it appears
that consideration should be given to preparing
solid formulations of each candidate molluscicide.

Supplying Cell Cultures Regularly to Distant Laboratories
by J. P. JACOBS and F. T. PERKINS, National Institute for Medical Research (Hampstead Laboratories)
Medical Research Council of Great Britain, London, England, and W. FERREIRA, Virus Diseases,
World Health Organization, Geneva, Switzerland

For the past 5 years the Hampstead Laboratories
of the Medical Research Council of Great Britain
have been successfully supplying, on a regular basis,
85 laboratories in the United Kingdom with monkey
kidney cells and 30 laboratories of the Public Health
Laboratory Service (England and Wales) with human
fibroblast cells. At the request of the World Health
Qrganization, which made a grant for the purpose,
the scheme was extended in 1967 to a number of
laboratories in different countries, mainly with warm
climates, which were taking part in a collaborative
survey of lower respiratory tract infections of proba-
ble viral origin in children admitted to hospital.

Cells supplied
The human cells supplied are fibroblast-like,

diploid, and originate from human embryonic lung
tissue. They were developed by Hayflick & Moor-
head a and designated WI-38. Experience has shown
that under standard conditions of serial cultivation
these cells have a limited life of 40-S50 cell doublings.
Stock cells, stored frozen in liquid nitrogen at the
source laboratory, are at the 8th population doubling
at the time of being frozen. Cells reconstituted from
frozen stock are serially cultivated at 3-4-day
intervals, using a subculture ratio of 1: 2 throughout
their lifetime. When cells are reconstituted to
extend their propagation for subsequent use, and
at about every 8th passage thereafter, they are tested
for the presence of microbial contaminants, parti-
cularly mycoplasmas. Cultures of these cells are

a Hayflick, L. & Moorhead, P. S. (1961) Exp. Cell Res.,
25, 585-621.

being sent to a total of 10 laboratories situated in
Europe, Africa, Asia and Central and South America.
One or more monolayer cultures are being sent on
alternate weeks to each laboratory, where they are
propagated and used as shown in Fig. 1.
As well as what is, in effect, a standardized cell

substrate (WI-38 cells), the chemically defined
medium (Eagle's basal medium) and calf serum
required for propagating cells are also supplied.
Each laboratory receives a 4-fl oz (125-ml) flat-sided
bottle (" medical flat ") containing cells (40-cm2
monolayer) and filled with maintenance medium to
prevent loss of cells in transit, and, when supple-
mented with serum, this medium is used for growing
the cells; a second 125-ml bottle containing addition-
al maintenance medium is also supplied, together
with a smaller bottle containing 10 ml of calf serum
already tested for its suitability for growing these
cells. On arrival, all except about 10 ml of the
medium from the bottle containing the cells is
poured off and, together with the additional main-
tenance medium, is kept either at room temperature
or refrigerated for subsequent use. One millilitre of
serum is added to the 10 ml of medium in the culture
bottle and, depending on the condition of the cells,
the culture is either subcultured immediately or is
incubated at 37°C overnight.

Trypsinization of the human diploid cells
To remove the confluent monolayer of human

diploid cells from the bottle, the spent medium is
poured off and replaced by 2 ml-3 ml of a 0.25 %
solution of trypsin. Trypsin is allowed to remain in
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