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A Review of the Use of Non-Residual Molluscicides
in the Transvaal*

R. J. PITCHFORD 1

The non-residual molluscicides mainly used in the Transvaalfor bilharziasis control are
copper sulfate andsodiumpentachlorophenate. The author reviewsprevious experience with
these compounds in the Transvaal and discusses the physical and epidemiological conditions
bearing on their use there.

Extensive field trials with copper sulfate have shown that it does not sufficiently reduce
the incidence of Schistosoma mansoni or S. haematobium to warrant the expense of a
control programme based on it. Sodium pentachlorophenate is not of much greater value
since it is rapidly broken down by sunlight in the clear waters of the Transvaal.

It is concluded that use of non-residual molluscicides cannot be recommended as a
general control measure in the Transvaal although they might usefully be applied as an
adjunct to other methods of bilharziasis control.

Snail control by molluscicides has for a long time
been the main and often only line of attack in the
control of bilharziasis. Reports on its effectiveness
vary, but so far as is known no country has claimed
control of the disease by this method over wide
areas of endemicity. South Africa is certainly no
exception.

This review is confined to the two most widely
used molluscicides, copper sulfate and sodium penta-
chlorophenate, but much of it applies to any non-
residual molluscicide.

COPPER SULFATE

Annecke & Peacock (1951) first reported the use
of this compound in South Africa. They had some
success when they used it in low concentrations
(0.6-1 p.p.m.) in dams and slow-flowing water, but
concentrations of 10-20 p.p.m. or more were
necessary to obtain control in running water. Their
work was of an experimental nature directed to-
wards reducing the snail population " to below the
transmission density ". This was not demonstrated.

* This paper is published with the permission of the South
African Council for Scientific and Industrial Research.

I Bilharzia Research Unit, South African Council for
Scientific and Industrial Research, Nelspruit, Eastern
Transvaal, Republic of South Africa.

They stressed the futility of treating a portion of a
stream (focal control) and appreciated that an
assessment of bilharziasis control with molluscicides
should be made on large " blocks of country ".
This, for obvious reasons, applies to any mollusci-
cide and to any control measure. They stated that
copper sulfate was " very far from being an ideal
molluscicide ... it is unstable and not ... as selective
in its action as would be desirable ", but they felt
it was the " molluscicide of choice within economic
limits". a

After five years of field trials, Pitchford et al.
(1960) assessed the value of copper sulfate on various
water types found in the Transvaal. Their results
showed that with applications of copper sulfate
(20 p.p.m.) at intervals of six weeks and, at times,
of very much less, they were unable to eradicate the
Biomphalaria spp. population in even the smallest of
natural streams and seepage creeks; they were,
however, able to demonstrate that Bulinus (Physop-
sis) spp. disappeared for periods of up to 18 months
in these streams after sulfation. They used methods
that were impracticable over large areas.

In areas watered by small to medium-sized rivers
they practised focal control for two years but their
efforts were vitiated by summer floods, by the
inadvisability of clearing vegetation because of soil
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erosion, and because they were unable to reduce the
number of infected snails found during the two-
year period. Total snail numbers were reduced.

Finally in one entire irrigation scheme they found
that even with tremendous reduction in the Biom-
phalaria and Physopsis population due to the appli-
cation of copper sulfate at intervals of six weeks
over a four-year period there was no reduction in
the human infection rates of Schistosoma mansoni
and haematobium in the age-groups 1-4 and 5-9 years.
This they did not feel was good enough, at a cost
of £ SA 1580 per annum for labour and mollusci-
cides alone.
They concluded that copper sulfate had little to

commend it and would " play an ever diminishing
role in any anti-bilharzia campaign in the Eastern
Transvaal ".

SODIUM PENTACHLOROPHENATE

Annecke et al. (1955) stated that "preliminary
field tests . . . are not very encouraging ". It is
known that they were referring to NaPCP when
applied by spray pump to a small stream exposed
to the sun and having a total alkalinity of some
750 p.p.m., measured as calcium carbonate.

Meyling et al. (1959) were even more pessimistic
about the use of this compound when used in
Eastern Transvaal waters. They found that it was
rapidly destroyed, within hours, by sunlight, and
that when applied continuously for two and a half
days to a small creek exposed to the sun the con-
centration dropped from 10.2 p.p.m. just below the
point of application to 0.9 p.p.m. 3/4 mile (about
1200 m) downstream. They also found that the
breakdown cf NaPCP was more complete and more
rapid in hard water.

In view of the fact that most of the important
bilharziasis transmission waters in the Transvaal are
small shallow streams or creeks and small irrigation
canals and dams which are usually completely
exposed to the sun for most of the day and in which
for the past three years a turbidity of more than 100
has been recorded only six times out of 750 estima-
tions on 83 different stretches of water, the residual
effect of NaPCP in these waters should prove, and
has proven, to be almost nil.

This unfortunately reduces NaPCP almost to the
level of copper sulfate, but it is superior in that
vegetation does not have to be cleared from waters
before application. This at once reduces costs by
more than half.

PHYSICAL AND EPIDEMIOLOGICAL

CONDITIONS BEARING ON USE OF MOLLUSCICIDES

IN EASTERN TRANSVAAL

Method of irrigation

The method of irrigation is virtually the same
throughout the Transvaal and is such as to encour-
age reinfestation of canals and dams by snails after
molluscicide treatment. Water flows by gravity or
is pumped from natural streams or rivers into canals.
From the canals it flows continuously into a series
of small ground-storage dams and thence to the
fields. The schemes are mainly privately owned;
they are all small (the majority take less than 5 cubic
feet-0.039 litre-of water per second), very few
are cement-lined, and even fewer are covered.

Living conditions in Native reserves

There are no or very few villages in the reserves;
the people live scattered about and have an abun-
dant water supply from numerous small streams
and rivers. These require treatment over their
entire length (a) because reduction of infected snails
was not obtained by focal control, and (b) because
of the widely scattered living conditions of the
Natives. But great lengths of these rivers are
inaccessible; clearing banks of vegetation is pre-
cluded because of the danger of soil erosion and
cost; many of these watercourses dry up, forming
pools during the winter and occasionally during the
summer as well; floods occur in summer, making
molluscicide application almost impossible during a
good rainy season.

Waters of little danger

There are numerous waters which would auto-
matically be excluded from a mollusciciding pro-
gramme on the grounds of their being of minimal
importance in transmitting bilharziasis from snail
to man. These waters include large rivers, lakes and
large man-made reservoirs supporting little Native
population in their immediate vicinity. The Euro-
pean population who use these waters for pleasure
will not affect the over-all bilharziasis picture in the
slightest even if a few of them do contract the disease,
which is primarily one of the Bantu. Any control
measures should therefore be directed against the
nucleus of the disease among the Bantu; without
this nucleus there would in all probability be no
great problem.
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Transmission from snails
Recent observations have shown that the trans-

mission period of S. mansoni to mammals might be
very short-a matter of some three to four months
only, during the summer. This, if found to be
constant and generalized, would be of immense
benefit in a mollusciciding campaign against S. man-
soni. There is, however, no evidence to show that
this is so for the terminal-spined schistosomes. It
is certainly not true for one of them (S. mattheei)
(unpublished data). There are no pure S. mansoni
areas in the Republic of South Africa and it is felt
that if both parasites co-exist they should be tackled
simultaneously.
Transmission to snails
There is no doubt that during the winter, trans-

mission from man to snails is greatly reduced:
(a) there is no bathing, and (b) there is very little
rain. Also the incubation period in the snail is
greatly prolonged. On the other hand, there is a
greater snail population density in natural waters
due to these drying up and forming small pools.
During the summer Biomphalaria spp. kept out-

side under near-natural conditions shed cercariae as
soon as four weeks after exposure. This may have
been one of the reasons why a mollusciciding cam-
paign planned on a six-week interval basis failed.
A mollusciciding programme planned on a

"transmission from man to snail and from snail to
man" basis is theoretically reasonable and would
reduce costs enormously, but it takes no account
(1) of natural waters where it was found impossible
to eradicate Biomphalaria spp. from the smallest
creeks with molluscicides applied at two- or three-
day intervals; (2) of the finding that a very consider-
able reduction in snail numbers over four years was
not sufficient to reduce the infection rate in the
human population; and (3) of the terminal-spined
schistosomes, one of which, S. mattheei, is known to
be transmissible from snails throughout the year.
Migrant labour
Up to 80 %-90% of the farm labour on some farms

in the Eastern Transvaal is migrant, travelling to and
from neighbouring territories. This means that
molluscicides would have to be applied to irrigation
schemes for an indefinite period in order to protect
the local indigenous farm labour and their children,
unless some method or molluscicide is found to
protect these irrigation schemes from becoming
reinfested by snails from the large rivers and lakes
via the irrigation canals.

Reservoir hosts
Rodents. Four species of wild rodent have been

found harbouring schistosomes (S. mansoni and
S. mattheei) in the Transvaal. However, after two
years' experience of these rodents and their schisto-
somes it is thought that they are of no importance in
the epidemiology of bilharziasis and need not be
taken into consideration in any antibilharziasis
campaign (unpublished data).

Cattle and other large mammals. S. mattheei has
been found infecting man with fairly high incidences
(up to 40%) in some areas in the Eastern Transvaal
(Pitchford, 1959). There is also evidence that the
parasite is hybridizing with S. haematobium in man
(Pitchford, 1961). Cattle are by far the most im-
portant source of S. mattheei in the Eastern Trans-
vaal, although goats are of considerable importance
in the Native reserves. Wild antelopes and equines
and sheep, although they have been found infected,
are probably of no importance. Cattle then will have
a considerable effect on a mollusciciding campaign
planned on a transmission basis. The transmission
from snails continues throughout the year and there
is negligible reduction in transmission from cattle
to snails during the winter months. There are,
however, other and better means of dealing with
cattle and their schistosomes, as there are other and
better means of dealing with human beings and their
schistosomes, than by the use of non-residual mol-
luscicides.

CONCLUSION

Non-residual molluscicides in the Eastern Trans-
vaal require application every three or four weeks
during the summer because of the short incubation
period of the parasite (S. mansoni) in the snail.
During the winter the interval could be prolonged.
This programme would have to continue for an
indefinite period with the ultimate aim of eradication
of both the intermediate hosts, not only from the
small waters but also from large rivers and lakes
which supply water and snails to irrigation schemes.
This is clearly impossible and it is rather doubtful
whether the Republic of South Africa could under-
take financially a campaign of this nature which
would cover some 80 000 square miles (207 000 kM2)
of endemic area. It seems, therefore, that non-
residual molluscicides cannot be recommended as an
over-all control measure: as a minor supplementary
measure in some circumstances, they can be used
as an adjunct to other control methods.
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RIn-f~SUM

Les auteurs discutent les possibilites d'emploi du
sulfate de cuivre et du pentachlorophenate de sodium
pour detruire les mollusques vecteurs de Schistosoma
mansoni au Transvaal, et confirment les r6sultats d'autres
chercheurs, selon lesquels l'action de ces substances est
insuffisante s'il s'agit de vastes regions, oiu 1'hydrographie
et les systemes d'irrigation sont divers et varies.
Le traitement focal par le sulfate de cuivre est inutile

dans les cours d'eau, en raison des inondations estivales
et du danger d'erosion qui decoule de la destruction de
la vegetation. Le pentachloroph6nate de sodium est
rapidement detruit par la lumiere, qui annule son action
dans les cours d'eau fortement ensoleilles du Transvaal.

Apres 4 ans d'application de ces substances a un

systeme d'irrigation, la frequence de la bilharziose dans
les groupes d'age de 1-4 et de 5-9 ans n'avait pas diminu6.
I1 est donc vain de poursuivre des op6rations aussi
cou'teuses.

Parmi les observations faites au cours des essais, les
auteurs mentionnent les suivantes: I1 est confirme que la
periode d'incubation de S. mansoni est courte; celle de
S. mattheei ne l'est pas. La transmission est reduite
pendant l'hiver, parce que c'est la saison seche, que l'on
ne se baigne pas, et que la periode d'incubation du para-
site est plus longue. Le betail joue un r6le dans la trans-
mission, dans certaines regions; la transmission des
parasites du betail aux mollusques et vice-versa a lieu
durant toute l'annee.
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