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TABLE 4
INFECTION IN CHILDREN 0-9 YEARS OF AGE,

PAHANG TUA IRRIGATION AREA

Average
Micro- microfilaria count

Year No. No: with filaria in 20 mm3 bloodexamined
a

rat All Positive
films films

1953 a 502 179 35.7 11.1 33.0

1957 a 593 139 23.4 4.4 19.0

1966 399 10 2.5 0.26 10.2

a Pre-treatment survey.

a long-lasting reduction in transmission of filariasis
has occurred in this area, in spite of the presence of
a potential animal reservoir of infection.

Discussion

These results seem to have been obtained largely
because the doses of drug were administered under
supervision to a high proportion of the population in
the endemic areas. There has been no systematic

campaign against the vector mosquitos; although
some residual spraying of houses was done, this was
intended as an antimalaria measure. Certain points
must however be emphasized:

(a) Information is lacking about the effects of the
control campaigns on the incidence of the clinical
manifestations of filariasis.

(b) The control teams whose results are cited
above have had considerable experience and their
work has been of a high standard, with a large
proportion of the population completing the full
course of treatment.

(c) B. malayi is more susceptible to diethyl-
carbamazine than is W. bancrofti, and the total dose
approximating 30 mg of the citrate salt per kg of
body-weight used in Malaysia would be unlikely to
produce such a marked effect in populations infected
with W. bancrofti.

Nevertheless these results indicate that supervised
spaced doses of diethylcarbamazine given to a
sufficient proportion of the population, and sup-
plemented by follow-up surveys and treatment of
those found infected, can bring about a long-lasting
reduction in infection rates in areas of endemic
filariasis due to either form of B. malayi.

Laboratory Evaluation of Biocidal Rubber Pellets 633B as a Residual
Molluscicide Against Biomphalaria pfeifferi
by A. FENWICK, Research Officer, Tropical Pesticides Research Institute, P. 0. Box 3024,
Arusha, Tanzania

This note describes preliminary laboratory inves-
tigations into the residual molluscicidal properties
of Biocidal Rubber Pellets 633B against the schisto-
somiasis vector snails Biomphalaria pfeifferi. The
pellets contain 2 known molluscicides-tributyltin
oxide (3 %) and niclosamide (8 %)-incorporated in
a neoprene base. It is predicted by the manufacturers,
Goodrich Chemical Co., Akron, Ohio, USA, that in
water the molluscicides will be released slowly and
continuously over a period of up to 5 years.
Various formulations of tributyltin oxide in differ-

ent rubber bases were shown to protect surfaces from
fouling by marine organisms and to be insecticidal
and molluscicidal.a A piece of rubber sheeting

impregnated with tributyltin oxide was shown to
retain molluscicidal properties for 21 consecutive
24-h exposures by immersion in water.b Pellets
633B were designed specifically as a molluscicide
and in addition to tributyltin oxide, niclosamide-a
proven molluscicide-was incorporated in the matrix,
as stated above.
Methods
Three experiments were carried out with the

pellets.
a Unpublished report to the B. F. Goodrich Co. (1966)

by N. F. Cardarelli, R. F. Keller and D. L. Jackson.
b Berrios-Duran, L. A. & Ritchie, L. S. (1968) Bull.

Wld Hlth Org., 39, 310.
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RESIDUAL MOLLUSCICIDAL EFFECT OF BIOCIDAL RUBBER PELLETS 633B

The first experiment was designed to test how
quickly B. pfeifferi snails died when exposed to pellets
in water. Ten snails were immersed in 1 litre of water
in beakers and in 8 litres of water in glass aquaria.
One, 2, 3 and 4 pellets were added to the beakers and
to the aquaria and left there until the 10 snails had
died. All test concentrations were duplicated and
controls were run with snails in pellet-free water.

In the second experiment the continuity of the
molluscicide release was tested. Five, 10 and 20
pellets were added to 1 litre of water and left there
for 24 h. After this period the pellets were removed
and placed in a fresh litre of water. This was repeated
for 82 consecutive days and in each case the treated
water was tested for molluscicidal activity bybioassay.
This was done by adding 10 Biomphalaria pfeifferi
snails to the water immediately after the pellets had
been removed, and leaving them exposed to the
treated water for a 24-h period. At the end of the
exposure the snails were rinsed and then left for a

24-h recovery period in fresh water before the mortal-
ity was assessed.
The third experiment was designed to test the

effectiveness of the pellets in running water. Two
laboratory " ponds " were constructed from enamel
baths, each with a capacity of 18 litres. The inlet to

the " ponds " was from a constant-head apparatus
through a Y-tube with one leg running to each tank.
The outlet was an overflow pipe which kept the
" pond " volume constant. The outlet was covered
with gauze to prevent snails from floating away. The
pellets (50 g) were placed in a polyethylene bottle
and one limb of the Y-tube was led to the bottom of
the bottle. A second tube penetrated the cork and
led to one of the tanks. The water pressure from the
constant-head apparatus forced water into the bottle,
over the pellets and subsequently into the tank. The
second tank had no pellets incorporated into the
inlet and was used as a control.
Twenty Biomphalaria pfeifferi snails were intro-

duced into each tank. When only 15 snails remained
alive, 10 more were added so that the numbers of live
snails fluctuated between 25 and 15. The water flow
was adjusted to 250 ml/min and was measured twice
daily by collecting water from the overflow in a

measuring cylinder. The temperature of the water was
taken daily and the experiment was run for 58 days.

Results
Continual exposure ofsnails to pellets in water. The

results of the first experiment are shown in Table 1.
The time taken to kill all snails in each beaker or

TABLE 1
B. PFEIFFERI MORTALITYWHEN EXPOSED TO LOW DOSAGE OF 633B PELLETS

No. of snails (out of 10) killed at indicated time
Pellets 3 24 48 72 96 120 144 168 192 216

h h h h h h h h h h

4/litre 0 0 2 10

4/litre 0 0 2 7 10

3/litre 0 1 3 9 10

3/litre 0 0 1 9 10

2/litre 0 0 3 7 9 10

2/litre 0 0 1 7 9 10

1/litre 0 0 0 2 5 8 8 10

1/litre 0 0 1 3 6 7 9 10

4/8 litres 0 0 0 4 5 6 10

4/8 litres 0 0 0 2 4 6 8 10

3/8 litres 0 0 0 2 5 7 8 10

3/8 litres 0 0 0 3 6 7 10

2/8 litres 0 0 0 1 4 4 7 9 9 10

2/8 litres 0 0 0 2 6 7 9 10

1/8 litres 0 0 0 1 2 3 6 9 10

1/8 litres 0 0 0 1 4 4 7 8 9 10
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aquarium varied from 96 h with 4 pellets/litre to 216 h
for 1 pellet/8 litres. From these results it would appear
that the lower concentrations are more efficient than
the higher since 1 pellet/8 litres took only 2.25 times
as long to kill all the snails as 4 pellets/litre-
32 times the concentration. There are two reasons
for this. Firstly, it is very difficult to establish the
precise time of death of a snail, and so snails were
left in the solution until they were definitely dead
(i.e., showing prolonged retraction into their shells or
bleeding). Secondly, the snails absorbed a lethal dose
of molluscicide quite a time before death occurred.
Thus there is a large experimental error in the results
shown in Table 1. But they did give an indication of
concentrations suitable for use in future trials.
From the results of this experiment dosages of

5,10 and 20 pellets per litre were chosen for use in
the second experiment.

Bioassay of consecutive 24-h water samples after
immersion of pellets. The snail kills achieved by
82 consecutive litres of water each exposed for 24 h
to the pellets (5, 10 and 20 per litre) are tabulated in
Table 2. From the table, it can be seen that the rate
ofmolluscicide releasewas not constant from the start.

Initially 5 pellets/litre released sufficient chemical
to kill all 10 snails but by the 3rd day only 7 died.
From the 5th to the 82nd day snails died in small
numbers, suggesting that an almost constant low
level was reached. The rate of 10 pellets/litre killed
all 10 snails for 3 days and then achieved a total kill
of 134/170, or 79% in the next 17 days. Again a
low constant level was reached which gave a kill
of 269/620, or 43.4 %, over the final 62 days.
As 10 pellets/litre killed all 10 snails for only the

first 3 days, whereas 5 pellets/litre killed all 10 snails
for the first 2 days, it would appear that the pellets'
initial release rate dropped by 50% on the first 2 days
and dropped further by the 4th day.
The rate of 20 pellets/litre killed all snails for the

first 7 days and 118/130 on the next 13 days. The
lower level reached was sufficient to kill 442/620, or
71.3 %, of the snails in the final 62 days.

This suggests that the final level reached by the
20 pellets was just below the initial release rate of
5 pellets/litre, or about 20% of the initial release
rate. The initial rate drops to about half after 3 days,
to one-quarter in 8 days, and then more slowly to
one-fifth after 20 days. The rate of decline in release
rate appears to be negligible after the 20 day.

633B pellets in flowing water. The experiment in
the laboratory " ponds" ran for 58 days. During that

TABLE 2
RESULTS OF EXPERIMENTSWITH 633B PELLETS

IN CONSECUTIVE 1-LITREWATER SAMPLES

Day
no.

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

No. of snails
(out of 10) killed
with indicated no.

of pellets

5 10 20

10
10
7
7
5
3
4
1
6
6
1
4
4
6
8
1
8
6
5
6
0
0
1
4
6
3
2
4
1
2
2
2
2
1
2
2
0
1

0
00

10
10
10
9
8
6
6
7
8
9
7
9
6
8
9
8

10
8
8
8
5
4
4
8
10
8
7
7
4
4
5
8
7
6
1
3
1
4
2
3
2

10
10
10
10
10
10
10
7
9

10
10
10
7
8
10
10
9
9
9
10
7
7
8
9

10
10
9
8
8
8
7
9
8
9
8
7

10
8
6
4
4

Day
no.

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

No. of snails
(out of 10) killed
with indicated no.

of pellets

5 10 20

2 4 5
3 4 5
1 0 8
1 2 5
1 2 7
2 1 7
0 1 3
1 6 5
1 8 9
0 2 5
1 4 7
0 2 1
5 8 10
4 5 5
2 5 9
2 4 10
4 1 7
2 6 7
1 2 5
2 3 9
2 3 8
4 8 10
2 2 7
1 4 9
1 2 8
4 3 7
3 3 5
1 4 6
7 7 7
3 8 9
2 3 7
0 4 6
2 8 7
1 5 7
0 5 6
1 4 7
4 5 8
3 6 9
3 4 4
2 5 5
1 3 7

period the average flow rate of 132 measurements
was 228 ml/min, varying from 185 ml/min to
290 ml/min. The total volume of water treated
was approximately 19000 litres or 330 litres/day.
An amount of 50 g (being approximately 1100

pellets) of 633B was incorporated in the inlet of the
experimental tank. The results from the second
experiment suggested that the release rate would

a
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settle down at one-fifth of the initial rate. Therefore
the effective concentration would be equivalent to
220 pellets to treat 330 litres/day, or 0.67 pellet per
litre-day. From the first experiment, this concentra-
tion should kill newly added snails in about 5 days.

In practice it was found that it was necessary to
replace the snails at the rate of 10 every second day,
indicating a 100% mortality in 4 days. The differ-
ence may have been due to the differences in temper-
atures at which the experiments were carried out;
the third experiment was done at 19°C-20°C (the
tap-water temperature) while the first and second
experiments were at 25°C. Also, tap water was used
in the third experiment whereas boiled tap water was
used in the first and second. The results indicate that
the pellets released molluscicide into the water
continuously for at least 82 days. The rate of release
dropped very quickly from its initial level and after
about 8 days settled down to an almost constant
release rate of about 20% of that seen on the first day.
The contributioris of the individual molluscicides

tributyltin oxide and niclosamide to the snail
mortality in these trials is unknown. However, Goll
(personal communication) found pellets 633A, which

contain niclosamide only, to be inactive when given
only a 24-h exposure. This would suggest that
tributyltin oxide is the active ingredient in the pellets.
A possible practical use of the pellet formulation

is as a chemical barrier against repopulation after
the existing population have been killed by a single
molluscicide application. Several weeks afterwards,
the pellets could be suspended in the water to
prevent repopulation.
The number of pellets required for this operation

is difficult to gauge but from the above work where
0.67 effective pellet per litre killed snails in 4 days and
from the results in the first experiment where 1 pellet/
8 litres killed snails in 216 hours, it appears to be a
very low dose, perhaps 1 pellet/4 litres or lower
sufficing as a chemical barrier. At I pellet/4 litres
in flowing water this would require about 29 kg of
pellets per ft3/s of water, or a little over 1 kg per
litre/s, for perhaps 5 snail-free years.

* *

The author is grateful to the B. F. Goodrich Co. for
supplying the pellets and to Dr A. Smith, Tropical Pesti-
cides Research Institute, for reviewing the manuscript.

Biological Control of Biomphalaria glabrata by Marisa cornuarietis
in Irrigation Ponds in Puerto Rico

by ERNESTO RuIz-TIBEiN,a Chief, Bilharzia Control Unit, Tropical Disease Section, Ecological Investigations
Program, National Communicable Disease Center, Public Health Service, San Juan, Puerto Rico,
JUAN R. PALMER, Vector Control Section, Bureau ofEnvironmental Health, Puerto Rico Department ofHealth,
and FREDERICK F. FERGUSON, Tropical Disease Section, Ecological Investigations Program,
National Communicable Disease Center, Public Health Service, San Juan, Puerto Rico

Despite the increasing interest in Marisa cor-
nuarietis (Gray) as an agent for biological control of
schistosome-bearing snails, there has been a need for
large-scale field tests from which to develop cost-
efficiency data for this control method. As a result, a
gap has been created between the state of develop-

a Requests for reprints should be sent to the senior
author at the following address: Tropical Disease Section,
Ecological Investigations Program, National Communicable
Disease Center, Health Services and Mental Health Adminis-
tration, Public Health Service, US Department of Health,
Education, and Welfare, Box 52, Old San Juan, Puerto
Rico 00902.

ment of chemical and of biological control tech-
niques. This gap has prevented the integrated use
of biological and chemical agents for the control
of schistosomiasis. During 1955 the Puerto Rico
Department of Health, in its pilot project for control
of schistosomiasis mansoni, was faced with the high
cost of eliminating Biomphalaria glabrata, the
intermediate molluscan host, with chemical toxicants
in artificial impoundments. Thus, during 1956 it was
decided to implement a study on biological control
in 111 irrigation ponds of the Guayama-Arroyo
project using M. cornuarietis as the control agent.
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