
MOLLUSCICIDAL QUALITIES OF NaPCP AGAINST AUSTRALORBIS GLABRATUS 421

II y a quelques annees, Fuhrmann & Koenig (1955)b
ont rapporte que I'absorption de la chloroquine,
administree sous forme de base libre, etait inferieure
a celle du sulfate ou du diphosphate. Ces auteurs
ont trouve que 10 jours apres une dose unique de
300 mg de chloroquine base, administree soit sous
forme de base, soit sous forme de differents sels, le
pourcentage cumulatif de chloroquine eliminee dans

b Fuhrmann, G. & Koenig, K. (1955) Z. Tropenmed.
Parasit., 6, 431.

l'urine s'elevait a 14,5% pour la base, et a 18,8%
et 16,9% pour le diphosphate et le sulfate respec-
tivement.
Nous n'avons pas pu confirmer les resultats de

Fuhrmann & Koenig, et bien qu'il ne nous soit pas
possible de donner une explication de cette diver-
gence, il nous a neanmoins paru utile de la signaler.
Cependant, nous tenons a faire remarquer que le
petit nombre de nos observations et leur forte varia-
bilite ne permettent pas d'attribuer une signification
statistique aux differences constatees.
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Sodium pentachlorephenate (NaPCP) has not
fulfilled the hopes once held for it as a molluscicide
against vectors of bilharziasis. Nevertheless, al-
though newer and probably more effective mollus-
cicides are now known, it was deemed advisable to
make a comprehensive evaluation of NaPCP as a
means of recognizing the qualities that enabled it to
hold the position of " molluscicide of choice " for
15 years, as well as to determine the factors that
contribute to its limitation. With this basic objec-
tive, NaPCP was applied with both 6- and 24-hour
exposures, and against an entire stage-size array of
Australorbis glabratus. Previously these two aspects
of comprehensive molluscicidal evaluation have not
been studied critically.
The stage-size array of A. glabratus that was used,

the methods of testing employed and statistical
analyses were essentially those previously reported
for testing Bayluscide (Bayer 73).a

* The investigation was supported in part by a contract
between the World Health Organization and the University
of Puerto Rico.

a Ritchie, L. S., Berrios-Duran, L. A., Frick, L. P. &
Fox, I. (1963) Bull. Wld Hlth Org., 29, 281.

Results
24-hour exposures. NaPCP in a concentration of

1.0 p.p.m. elicited 100% mortality in eggs that had
incubated for 1-6 and 24-30 hours (Table 1), but at
0.5 p.p.m. mortalities of 99% and 62 %, respectively,
occurred. Thus, 1.0 p.p.m. may have been con-
siderably in excess of the 100% mortality end-point
for 1-6-hour eggs. LC50 and LCgo values (Table 2)
also indicate a higher chemical demand for destruc-
tion of 24-30-hour eggs; LC50 values for 1-6 and
24-30-hour eggs were 0.3 p.p.m. and 0.44 p.p.m.,
and LC90 values were 0.4 p.p.m. and 0.7 p.p.m.
For 4-5-day eggs the 100% mortality end-point was
3.0 p.p.m. and LC50 and LCgo values were res-
pectively 2.25 p.p.m. -and 3.0 p.p.m. Thus, it
appears that as incubation progresses, increasing
amounts of NaPCP are required to destroy eggs.
With 24-hour exposures NaPCP was about

equally effective against newly hatched and juvenile
(3-5 mm) snails. All such snails were killed with a
concentration of 2.0 p.p.m., but since 94% mortality
for both groups was observed with 1.0 p.p.m.
(Table 1), 2.0 p.p.m. may be in excess of the actual
requirement for the 100% mortality end-point.
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TABLE I
MOLLUSCICIDAL ACTIVITY OF SODIUM PENTACHLOROPHENATE IN 24-HOUR EXPOSURES

AGAINST A STAGE-SIZE ARRAY OF PUERTO RICAN AUSTRALORBIS GLABRATUS

Concentra- Egg mortality (%) at indicated Incubation time Snail mortality (%)
tion Newly Juveniles Adolescents Mature(p.p.m.)_______ 1-6 hours_ 24-30 hours_ 4-5 days hatched (3-5 mm) (8-10 mm) (13-15 mm)

0.25 38 10 6 10

0.5 99 62 27 44 43 0

1.0 100 100 0 94 94 80 72

2.0 100 100 39 100 100 97 93

3.0 100 100

4.0 100 100 99

6.0 100

LC5e and LC.0 values (Table 2) suggest that the The LC90 value increased by 50% between 3-5 mm
newly hatched required slightly more chemical than and 8-10 mm (0.9 p.p.m. as against 1.2 p.p.m.) and
the 3-5-mm snails; respective LC50 concentrations doubled between 8-10 mm and 13-15 mm (1.2 p.p.m.
were 0.66 p.p.m. and 0.5 p.p.m., and LC1,0 values as against 2.3 p.p.m.) (Table 2). This increase was
were 0.98 p.p.m. and 0.9 p.p.m. not as apparent for LC50 values, nor in the con-

Increased amounts of NaPCP were needed as the centration that gave 100% mortality.
snails approached maturity (8-10 mm, adolescents) 6-hour exposures. A positive correlation between
and still more after maturity was attained (13-15 mm). incubation time of eggs and chemical requirement

TABLE 2
TOXICITY OF SODIUM PENTACHLOROPHENATE TO FOUR CLASSES OF PUERTO RICAN AUSTRALORBIS GLABRATUS

IN 6- AND 24-HOUR EXPOSURES

LC5o In p.p.m. (and 95 % confidence limits) LC.o in p.p.m. (and 95 % confidence limits)
Stage or size

6-hour exposure 24-hour exposure 6-hour exposure 24-hour exposure

Eggs a:
1-6 hours 0.9 0.3 1.5 0.4

(0.25 to 3.5) (0.08 to 0.85) (not computable) (not computable)

24-0 hours 1.3 0.44 2.4 0.7
(1.2 to 1.4) (0.4 to 0.5) (2.2 to 2.7) (0.6 to 0.8)

4-5 days 3.4 2.25 4.8 3.0
(1.8 to 6.5) (2.1 to 2.4) (not computable) (2.7 to 3.3)

Snails:
Newly hatched 2.6 0.66 5.6 0.98

(2.3 to 2.9) (0.6 to 0.7) (4.9 to 6.4) (0.9 to 1.1)

3-5 mm 1.75 0.5 3.1 0.9
(1.5 to 2.0) (0.4 to 0.6) (2.6 to 3.7) (0.8 to 1.11)

8-10 mm 2.4 0.4 25 1.2
(1.2 to 4.8) (0.3 to 0.55) (not computable) (0.6 to 2.4)

13-15 mm 6.0 0.7 20 2.3
(4.6 to 7.8) (0.4 to 1.1) (10 to 39) (0.8 to 6.5)

a Incubation time.
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TABLE 3
MOLLUSCICIDAL ACTIVITY OF SODIUM PENTACHLOROPHENATE IN 6-HOUR EXPOSURES

AGAINST A STAGE-SIZE ARRAY OF PUERTO RICAN AUSTRALORBIS GLABRATUS

Concentra- Egg mortality (%) at indicated Incubation time Snail mortality (%)

tpiomn 1- or 43 or - as Newly Juveniles Adolescents Maturetion|) 146 hours 24-30 hours 4-5 days hatched (3-5 mm) (8-10 mm) (13-15 mm)

0.5 10 4

1.0 55 32 45 10

2.0 100 81 0 36 63 47

4.0 100 76 73 97 53 35

8.0 99.7 100 100 65 52

16.0 90 84

24.0 96 83

28.0 100 82

32.0 90

for measurable effect was also apparent in 6-hour
exposure tests, although the difference in effectiveness
*on 24-30-hour eggs as compared with 4-5-day eggs
was not as striking as it was in 24-hour exposures.
Six-hour exposure data (Table 3) also tended to
reduce the evidence from 24-hour tests that eggs and
snails are two independent systems toxicologically.
Inadequacy of data from 6-hour tests on 4-5-day
eggs may be inferred from the very broad range of
the 95% confidence limits for the LC50 (1.8 p.p.m.
to 6.5 p.p.m.) and the fact that confidence limits
could not be computed for the LCgo (Table 2).
Newly hatched and juvenile snail mortalities

remained in the same relationship as in 24-hour
exposure tests; the 100% mortality end-point for
both groups was 8.0 p.p.m., but again LC50 and
LC9o values suggested that NaPCP was slightly
less effective against newly hatched snails than
against juveniles (Table 2).
For eggs and for newly hatched and juvenile

snails the increased chemical demand for the
shorter, 6-hour tests was commensurate with
the reduction in time of exposure. However, this
is not true for later stages of the snail, dispro-
portionately higher concentrations being required
for near-mature (8-10 mm) and particularly mature
snails of 13-15 mm (Table 4). The LC50 and
LC90 concentrations for 6-hour exposures with
13-15-mm snails were 8.8 and 8.9 times greater than
for the 24-hour application. The 100% mortality
end-point concentrations were 28 p.p.m. and
>32 p.p.m. for 8-10-mm and 13-15-mm snails,

respectively, while for 24-hour exposures they were
only 3 p.p.m. and >4.0 p.p.m.

Discussion
From the practical point of view, there are obvious

advantages in knowing the relative effectiveness of a

TABLE 4
INCREASE IN CONCENTRATION OF

SODIUM PENTACHLOROPHENATE REQUIRED
TO GIVE INDICATED RESULTS AGAINST

AUSTRALORBIS GLABRATUS IN 6-HOUR EXPOSURE
AS COMPARED TO REQUIREMENT IN 24-HOUR EXPOSUREa

Increase ( -fold) for:
Stage or size LC50 |___-Cso| mor_

LC.so LCs. mortality

Eggs: b

1-6 hours 3.4 3.9 2.0

24-30 hours 2.9 3.4 4.0

4-5 days 1.5 1.6 2.7

Snails:

Newly hatched 3.9 5.7 4.0

3-5 mm 3.5 3.3 4.0

8-10 mm 6.1 20.8 9.3

13-15 mm 8.8 8.9 c

a 24-hour exposure = 1.
b Incubation time.
c An approximation.
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candidate molluscicide on all stages and sizes of
vector snails. Approximate concentrations of
NaPCP that will kill all snails have been determined
for representative stages and sizes of Australorbis
glabratus, and LC50 and LCgo values, and their
95% confidence limits were computed in order to
permit statistical comparisons with other mollus-
cicides. The results obtained in this study revealed
the difficulty in obtaining a satisfactory 100%
mortality end-point even with a twofold dilution
series.
The capacity of a molluscicide to kill an entire

stage-size array of snails within a narrow range of
concentrations is a distinct advantage. NaPCP has
this attribute with 24-hour application, the range of
concentrations being only 1.0 p.p.m. to 4.0 p.p.m.
Within this limited range two overlapping ones oc-
curred that involved stages of egg incubation and
hatched snails. All eggs were relatively susceptible;
however, they exhibited increased tolerance to
NaPCP as incubation progressed. Newly hatched

snails were more susceptible than older egg stages
and in effect initiated a new toxicity range that
tended to rise with the size of the snail. These
observations suggest that eggs in different stages of
incubation cannot necessarily be equated with
motile snails of various sizes in establishing dilution
series for testing of molluscicides.
For economical employment of manpower, 6-hour

molluscicidal applications are preferable to 24-hour
applications. For this reason it is important to
determine the slope of the time concentration curve
in order to find out whether the molluscicide in
question is effective at reasonable concentrations for
short periods of exposure. The data from the
present experiments indicate that when the exposure
time was reduced from 24 to 6 hours, about nine
times as much NaPCP was required to give an LC90
for mature snails. The disproportionate increase in
molluscicide requirement as time of exposure was
reduced was also characteristic of Bayluscide and
to about the same degree.a

Structure and Activity in Molluscicides: the Phenacyl Halides,
a Group of Potentialiy Useful Molluscicides

by J. P. DE VILLIERS, National Chemical Research Laboratory, and J. GRANT MACKENZIE,
National Institute for Water Research, Council for Scientific and Industrial Research, Pretoria, South Africa

The importance of molluscicides as a means of
controlling the snail vectors of bilharziasis is well
established. The basis, however, on which com-
pounds are selected for testing as molluscicides
remains largely empirical and any approach that
enables selection to be made with a better under-
standing of molluscicidal activity would be an
advance.
A study of the nature and mode of action of

molluscicides shows that most of them fall into one
of two groups. The one group is characterized by,
among many other effects, interference with the
osmoregulatory system of the snail when dosed at
low rates. A wide variety of compounds such as
Bayluscide, pentachlorophenol, dinitrocyclohexyl
phenol and ICI 24223 belong to this group. There
is at present no mechanism postulated as to how any
member of this group actually kills the snail.
The other group of molluscicides, to which copper

sulfate, arsenic salts, acrolein and the very toxic

organic derivatives of tin, lead, and mercury belong-
are all compounds known to poison sulfhydryl,
containing enzyme systems. They are thus expected to
kill snails by interfering with such enzyme systems.
Most of the common organic molluscicides, with

the exception of acrolein, belong to the first group of
compounds. As a novel approach it was decided to
investigate compounds that fall into the second
class, but do not rely on a heavy metal atom, such
as copper, lead, and mercury, for activity.

In connexion with lachrymatory activity, Mack-
worth a and Dixon b made a detailed study of simple
organic compounds that are specific for sulfhydryl
groups. Dixon showed that these compounds,
though normally rather unreactive, react rapidly and

a Mackworth, J. F. (1948) Biochem. J., 42, 82.
b Dixon, M. (1948) Reactions of lachrymators with

enzymes andproteins. In: Williams, R. T., ed., The biochemical
reactions of chemical warfare agents (Biochemical Society
Symposia No. 2), Cambridge, University Press, p. 39.
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