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A New Device for the Automatic Application
of Molluscicide to Streams
ANDREW L. GRAM 1 & WILLIAM R. JOBIN 2

A new apparatus has been developed for the application of molluscicides to flowing
streams. It is automatic in the sense that, once operation has been started, the rate of
discharge of the liquid feed remains proportional to the stream flow, so that a constant
concentration dosage of chemical is obtained. The unit employs a Sutro weir for stream
flow measurement, and a simple diaphragm valve controls the rate of gravity feed from
portable storage barrels.

One of the most successful methods of controlling
the Schistosoma mansoni variety of bilharziasis has
been the destruction of the vector snail by mollusci-
cides. While other techniques may be more economi-
cal over a long period, mollusciciding offers the
advantage that, when it is thoroughly and properly
carried out, it can effect an immediate drastic
reduction in the infection rate.
Among the procedures which have been used in

the application of molluscicides are the spraying of
swampy areas covered by low vegetation, broad-
casting of briquettes and pellets into stagnant bodies
of water, and the dosing of solution into flowing
streams. It is the latter process for which the
devices described herein were developed. The first
such device known to the authors which provided
for automatic control of molluscicide concentration
was constructed by Klock (1956). It consisted of a
plywood dam fitted in the centre with a Sutro weir
opening, and a mechanism which discharged a
variable flow of concentrated molluscicide solution
as controlled by the water elevation behind the dam.
Klock's apparatus functioned satisfactorily, and a
number of units were built and put into operation
by the Bilharziasis Control Unit of the Puerto Rico
Department of Health. However, a number of
minor problems arose in connexion with the original
machines. Their construction was a bit complicated;
they required an adjustment or " zeroing " in the
field before each use; and the concentrated mollusci-
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cide was fed through a U-shaped 3-mm glass siphon
which tended to become coated on the inside with a
chemical scale, with a resulting variation in feed rate.
The glass siphons were sometimes broken, and then
the instrument had to be recalibrated with a replace-
ment siphon. In order to eliminate or reduce these
difficulties, personnel of the Puerto Rico Field
Station, Public Health Service, US Department of
Health, Education, and Welfare, gave some thought
to simplifying the existing design and the Model B
resulted. Its principal feature was a horizontally
pivoted beam fitted with a float at one end which
rode in the pool behind the Sutro weir. Solution
from a constant-head box was fed into small-bore
dispensing tubes mounted along the opposite end
of the beam, which projected over the downstream
face of the weir. Later the Model D device was
conceived and fabricated. It operates on a principle
somewhat different from that of the Klock and
Model B designs, and is the subject of this paper.

PROBLEMS AND REQUIREMENTS IN

DISPENSER DESIGN

Optimum molluscicide concentrations and dura-
tions of treatment may be determined by field
experiments for any given chemical. Thus, when
sodium pentachlorophenate is used against the
snail Australorbis glabratus, maximum kills are
obtained for the least amount of chemical dispensed
when concentrations of 5-10 mg/litre are maintained
for about 24 hours (Klock et al., 1957). In order to
maintain the proper concentration, whatever lt may
be, over the period of treatment the molluscicide
must be continuously added to the stream at a rate
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proportional to the stream flow. This requires
measurement of the stream flow (manually or auto-
matically, at intervals or continuously), and subse-
quent or concurrent adjustment of the molluscicide
feed rate.
For purposes of flow measurement, portable

weirs of various shapes have served very well. The
precursors of the automatic dispensers used in
Puerto Rico were V-notch weirs; the flow rate was
determined from depth measurements, and the rate
of molluscicide feed was adjusted manually by
opening or closing a small valve. A disadvantage of
V-notch weirs as compared to other shapes is that at
the upper end of their flow range large changes in
flow result in relatively small changes in head, so
that the precision of measurement and control is
reduced at higher flows.

In the automatic dispensers, Sutro weirs have been
used exclusively. A change in the rate offlow through
a Sutro weir is accompanied by a proportional
change in the depth of the water behind the weir.
This characteristic makes it a comparatively simple
matter to match the flow of molluscicide to the
stream flow. The Sutro weirs constructed for the
Puerto Rican operations were of several sizes, and
had maximum flow capacities of from 55 litres/sec
to about 110 litres/sec. The weir openings were
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located so that the stream depth behind the weir
was about 30 cm at zero flow, and about 75 cm
at capacity. Smaller-aperture weirs would have
provided more precise control by backing the
stream up to greater depths, but in some cases they
would flood appreciable areas of stream bank and
in any event would have required excessive effort to
secure them in the stream bed against higher water
pressures.

Adjustment of the molluscicide application rate is
accomplished by some mechanism which translates
the depth of water behind the weir into the proper
rate of flow of concentrated solution. One such
system is described in the following section. What-
ever the mechanism employed, its function will be to
maintain a constant ratio between the stream flow
and the molluscicide feed flow. This ratio may be
fixed approximately in the design of the mechanism,
but its exact value must be found experimentally
through a process of calibration. For this purpose,
the apparatus is merely put into operation, preferably
at several different stream flow rates, and both
stream and feed flows are simultaneously measured.
Having thus obtained the average dilution ratio
afforded by the dispenser, one can calculate the
concentration of molluscicide to be used in the feed
solution in order to produce any desired concentra-
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INSTRUCTIONS:

1. Measure the stream flow with the scale affixed to
weir face.

2. On graph, read the Kg of NaPCP on the upper
horizontal scale, directly above measured stream
flow.

3. From measured stream f low on horizontal axis
draw a vertical line. From its intersection with
inclined line corresponding to the proper feed
concentration extend a horizontal line to vertical
axis and read litres of water needed to make
up feed.

BASIS OF CALCULATION:

Weight of NaPCP in kg =

0.76 x Stream flow in lit res/sec

Water volume in litres =

0.76x Stream flow in litres/sec

NOPCP Conc.in kg/litre
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tion in the stream (the strength of the concentrate
is simply equal to the desired stream concentration
multiplied by the dilution ratio).
When a dispenser is set up for use in the field, the

concentrated feed solution is customarily prepared
on the spot and stored in 200-litre drums or barrels.
A hose connects the barrels with the dispenser, and
several barrels may be connected together so that a
sufficient supply of feed solution may be prepared to
last through a 24-hour treatment period. In order to
minimize the labour of filling the feed barrels, it is
desirable to design the dispenser for use of a feed
solution as concentrated as possible, but the solubi-
lity Qf the molluscicide limits the feed strength.
With sodium pentachlorophenate, feeds stronger
than 10% or 15% tend to deposit considerable
chemical scale in the dispenser mechanism and there-
by increase maintenance problems.
To facilitate calculation of the quantities of

chemical and water to be used in making up the
feed for a given treatment, graphs such as that in
Fig. 1 may be convenient. The measured stream
flow being read on the lower horizontal scale of
the chart, the required weight of molluscicide is
read off directly above on the upper horizontal scale.
The required volume of water is read as the ordinate
in conjunction with the sloping line representing the
proper feed strength. These quantities are measured
out in the field, the water being taken directly from
the stream in a graduated bucket, and the mollusci-
cide powder weighed on a portable spring-scale.

Fig. 1 was based on dispensing sodium penta-
chlorophenate to give an active stream concentration
of 7 mg/litre for 24 hours, using 88 % active chemical
and making up 10% surplus solution to allow for a
possible stream flow increase during the treatment
period. Similar charts could be easily prepared for
other concentrations and treatment duration.

DESCRIPTION OF DISPENSER

The dispenser is illustrated in Fig. 2, 3 and 4.
Like its predecessors, it depends upon a portable
Sutro weir for stream flow measurement, and controls
the gravity feed of concentrated molluscicide solution
from storage drums. The control unit is contained in
a thin plywood compartment, 20 cm square, which
forms part ofthe dam face. A sheet-plastic membrane
separates the interior of the compartment from the
pool of water behind the dam. The centre of the
membrane is rigidly attached to the plunger of
the small valve which permits solution to enter the

compartment from a connecting hose. The effect of
the membrane and valve is to maintain the head of
solution inside the compartment equal at all times to
the head of water behind the dam. Solution leaves
the compartment through a vertical copper tube
which rises from its upper surface and is fixed to the
downstream face of the dam adjacent to the weir
opening. Four 1.02-mm (0.040-inch) diameter ori-
fices are bored through the tube wall at spacings
such that the total discharge of feed through them
is closely proportional to the level of the solution in
the tube. Care must be taken to ensure clean edges
on the orifices.

FIG. 2
DRAWING OF AUTOMATIC MOLLUSCICIDE DISPENSER

s- HOSE FROM SOLUTION STORAGE

-SUTRO WEIR OPENING

The Sutro weir openings used in the past have
been of such shape that the ratio of litres/sec stream
flow to metres of weir head is from 130 to 230.
With reference to the diagram of the opening shown
in Fig. 3, the shape of the curved portion should
have the following formula, given by Rouse (1950):

x/b = 1-(2/7T) arctan y/a

As indicated, the zero flow water level for purposes
of the proportionality between level and flow is at a
distance a/3 over the weir lip. There will actually be
some flow through the weir when the upstream pool
is at the zero level, and the flow will not be truly
proportional to the head until the water surface is
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FIG. 3

SECTIONAL VIEWS OF AUTOMATIC MOLLUSCICIDE DISPENSER
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FIG. 4
PHOTOGRAPH OF AUTOMATIC MOLLUSCICIDE

DISPENSER

within the curved portion of the opening. The stream
flow is then given by the formula

Q = K (h-a/3),

where Q is the stream flow, and h is the height of
the upstream water surface over the weir lip. The

constant of proportionality, K. is given by the
formula

K= Cb \/2ga,

where g is the gravitational constant and C is a
coefficient somewhat dependent on a and b, but
virtually equal to 0.615. Using C = 0.615, a =
0.050 m, and b = 0.38 m will result in a K of 0.23
m8/sec per metre, or 232 litres/sec per metre. The
maximum capacity of a weir opening 0.46 m high
and having a K of 232 is 106 litres/sec. For weirs to
be used in smaller streams, a K of about 130 litres/
sec/m should be used in order to maintain a high
degree of sensitivity in the dispensing mechanism.
The weir opening should have sharp edges, and it is
convenient to cut the opening in galvanized iron
sheeting, then bolt the plate to the upstream side of
the plywood dam over a slightly larger opening cut
in the wood.

PERFORMANCE

The feed rating curve of an actual dispenser
selected at random from the inventory of the Puerto
Rico Field Station is shown in Fig. 5. It may be

FIG. 5
TYPICAL DISPENSER RATING CURVE
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noted that the elevation of the feed reservoir had
no influence on the feed rate, at least up to a height
of 3.3 m over the control water level. Because the
feed rate is controlled by a series of orifices which
begin flowing one at a time as the control water
level rises, the rating curve has the shape of several
concave upward scallops. However the departure
from linearity is well within 10% up to a head of
about 40 cm.

In practice the units have functioned reliably and
with a low labour requirement. To set up for treat-
ment the control crew must first carry the light
plywood dam and the rather heavier feed barrels
from the vehicle to the application point. Normally
there is no difficulty in finding a suitable location
along the watercourse in which to set up. Natural
streams are of irregular width, and the 2.4-m dam
can be placed where it will entail a minimum of
hand labour. The normal stream water surface at
the installation point must not be above the weir
lip or the head-discharge relation will be altered;
this requirement corresponds to a maximum permis-

sible stream depth of about 45 cm. Some shovelling
is necessary to set the dam in the stream bed, and
the feed barrels must be filled with stream water.
These operations are inherent in any application
technique which involves stream flow measurement
and dispensing of molluscicides in solution form.
When the hose connexions have been made, the
cocks on the feed barrels may be opened and the
dispenser will dose chemical to the stream at
the precalculated concentration until the barrels are
exhausted. Since the operation is entirely automatic
once the feed has been started, it is possible for the
same crew to set up several units for simultaneous
operation.
An advantage of the device which may be even

more important than its ability to adjust automati-
cally to changing stream flows is the fact that
practically no calculations are required in making
up the feed; a given feed strength always produces
the same concentration in the stream. However,
the volume offeed to be provided in a treatment must
be estimated.

REISUM

Les auteurs decrivent un nouvel appareil permettant la
diffusion de molluscicides dans les cours d'eau, a une
concentration constante, maintenue proportionnelle au
d6bit de 1'eau par un m6canisme automatique. Cet appa-
reil, plus massif que celui de Klock couramment utilise,

distribue le molluscicide liquide par une s6rie d'orifices,
faciles a entretenir. Des formules sont donn6es, indiquant
comment doivent etre calcul6es les diverses parties de
I'appareil, et le debit.
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