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The Action of Very Low Concentrations of Sodium
Pentachlorophenate on Freshly Laid Eggs of

Australorbis glabratus*
LOUIS OLIVIER,' WILLARD T. HASKINS 2 & JOAN GURIAN3

This paper describes experiments to test the action of low concentrations of sodium
pentachlorophenate against freshly laid eggs of Australorbis glabratus, the principal inter-
mediate host of Schistosoma mansoni in the western hemisphere. Techniques for col-
lecting the eggs without damage andfor conducting the tests are described. This compound
wasfound to be 4-10 times more toxic for the eggs than for the adult snails. Strain differ-
ences in susceptibility of the eggs were also found. The demonstration of greater suscepti-
bility of the eggs to the compound suggests that snail control might be accomplished more
economically in some situations if the chemical were directed primarily against the eggs.
The possibility of using eggs instead of adults for screening potential molluscicides is also
discussed.

This is a record of experiments designed to test the
action of sodium pentachlorophenate (NaPCP) on
freshly laid eggs of Australorbis glabratus. We have
earlier shown that A. glabratus maintained in very
low concentrations of NaPCP produce few eggs
(Olivier & Haskins, 1960). Moreover, the eggs
produced by these snails were usually dead when
observed on the day they were laid. Death of these
eggs could have resulted from injury before they
were laid and, indeed, there was evidence suggesting
that such injury did occur, although it appeared to
be small. However, it seems likely that most of the
deaths were attributable to exposure to the chemical
after the eggs were laid. This consideration led to an
investigation of the toxicity of NaPCP for Austral-
orbis glabratus eggs.
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N. M. Etherington of the National Institute of Allergy and
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MATERIAL AND METHODS

Source of eggs and snails
The eggs were from four laboratory strains of

A. glabratus. Two strains are unpigmented: one
derived from a Brazilian/Puerto-Rican cross (M)
(Newton, 1955), and the other from Venezuelan (Vm)
stock. The third strain (PR) is pigmented and was
derived from Puerto Rican stock. The fourth strain
is a pigmented Brazilian strain (Br) of Newton &
Haskins (1953).

All juvenile and adult snails were from strains M,
Vm and PR. Juveniles ranged from 2 mm to 10 mm
in diameter, while the adults were 10 mm or more in
diameter and were known to have produced eggs.

Collection of eggs
All eggs used in these experiments had been

deposited on plastic sheeting floated on the water
(Fig. 1). In aquaria, Australorbis usually lay their
egg clutches on vegetation or on the glass. Removal
of eggs from such surfaces may seriously damage
them and it is not practical to use them in situ. When
thin (0.0015 inch; 0.038 mm), polyethylene sheeting
is floated on the water surface (Olivier & Haskins,
1960) snails readily deposit their eggs on it and
usually prefer it to glass or vegetation. This has
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FIG. I
FLOATING PLASTIC SHEET ON WHICH A. GLABRATUS

SNAILS HAVE LAID EGG CLUTCHES

FIG.
DISCS CUT FROM PLASTIC SHEET AND CONTAINING

ONE EGG CLUTCH EACH

FIG. 3 FIG. 4
NEWLY LAID EGGS OF A. GLABRATUS, CONTAINING TWO-CELL STAGES (STAGE 2) OF EGGS OF A. GLABRATUS

FERTILIZED OVA (STAGE 1)

many advantages for collecting eggs. Separate egg
clutches can be obtained by cutting discs of plastic,
each containing one clutch, from the plastic sheeting
after removal from the aquaria. Such a disc with its
attached egg clutch can be held easily with forceps
and moved from dish to dish without damage. If the
back of the disc is dry, the disc will float, clutch side
down, on the water surface. In this position the egg
clutch is constantly immersed and low-power ob-
servations are possible through the plastic. If the
disc is submerged and observed with the clutch
uppermost more meticulous observation is possible.
One can readily observe the eggs in transmitted light,

count the number of eggs in the clutch, and determine
the stage of embryonic development. Moreover, one
can distinguish living from dead embryos with
accuracy and speed.

Preparation of eggs for tests

Fresh snail eggs were collected by placing plastic
sheets on the surface of the aquaria in the morning
and, after several hours, cutting the newly deposited
egg clutches from the sheets with a 12-14-mm cork
borer (Fig. 2). These clutches were examined with a
dissecting microscope and a record was made of the
number of normal, viable eggs and the stage of

88



ACTION OF SODIUM PENTACHLOROPHENATE ON A. GLABRATUS EGS 89

FIG. 5
PLASTIC RAFT WITH CORK FLOATS AND NUMBERED

PERFORATED CUPSa

~~~7I~~~~~I

aOne plastic disc containing an egg clutch can be placed In
each cup.

development of the embryos. For co'nvenience in
notation the cleavage stages were given arbitrary
numbers. The one- two-, and four-cell stages were
given numbers 1, 2 and 3 respectively (Fig. 3 and 4).
Embryos ranging from the 8-cell stage to the early
morula stage were called stage 4, and those judged
to be in the late morula stage or blastula stage were
called stage 5. The latter stage was reached about
six hours after the eggs were laid. A very small
proportion of all the eggs used were in stage 5. Older
embryos were not used because of possible variables
in susceptibility that might be related to age or
embryonic differentiation. Dead embryos were
rarely seen. Eggs with more than one embryo were
seen occasionally.

Method of handling eggs for chemical test
Plastic rafts with perforated compartments were

used as containers for the egg clutches during
exposure to the chemical (Fig. 5). The rafts were cut
from'sheets of transparent plastic cups designed for
use in certain biological and serological procedures.'
The cups are about 10 mm deep and 18 mm in
diameter at the top. The sides'slope inwards so that
the bottom, which is fiat, is about 14mm in diameter.

"Disposo*Trays" model 96-CV, Linbro Chemical Co.

The rafts contained 9, 12, 15 or 20 cups. Each cup
was perforated with a hot needle on the sides and
bottom to allow free passage of fluid into it. Cork
floats were attached to support the raft at the water
surface. Each raft was given a code letter and each
cup was numbered.

In all egg tests the clutches were exposed to
chemical dilutions as follows. A plastic disc con-
taining an egg clutch was placed in each of a series
of numbered cups with the clutch side down. The
raft was then floated in an 8-inch (20-cm) finger bowl
containing 1 litre of test solution. In order to ensure
uniform distribution of the chemical, the test solution
was stirred with a magnetic stirring device (Fig. 6).
Thus, the rafts provided a way of exposing a large
series of identified egg clutches to a single chemical
dilution, and permitted repeated observations on
individual clutches when necessary. Moreover, eggs
of more than one strain or age could be tested in the
same chemical solution.

All egg exposures were for 24 hours at 25°C-27°C.
At the end of the exposure period a record was made
of the dead embryos (Fig. 7) in each clutch and these
records are the substance of this report. In some
experiments the clutches were held in fresh water for
24 hours after removal from the chemical but the
number o; dead embryos did not increase signifi-
cantly dung this time. Mortality among eggs held

FIG. 6
PLASTIC RAFTS WITH EGG CLUTCHES IN CUPS

FLOATING ON TEST SOLUTION STIRRED
WITH MAGNETIC STIRRER

b | | I | _~~~~~~~~~10
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FIG. 7
DEAD EMBRYOS OF A. GLABRATUS 24 HOURS AFTER

BEING PUT IN WATER CONTAINING A LETHAL
CONCENTRATION OF SODIUM PENTACHLOROPHENATE

as controls in untreated water for 24-48 hours did
not exceed 1%Y in any experiment and usually there
were no deaths.

Snail exposure method
Juvenile and adult snails were exposed&r 24 hours

at 25°C-27°C by the second method ofNewton &
Haskins (1953). The mortality data were collected
after the snails had been held in fresh water for
24 hours following exposure. There were no deaths
among the untreated control snails.

Chemical dilutions
The dilutions of NaPCP were made from a

100 p.p.m. stock solution prepared as described by
Olivier & Haskins (1960). This was done by, de-
livering the required amount of stock solution into
a 1- or 2-litre volumetric flask and diluting to' the
mark. Serial dilutions were sometimes made. In
some experiments the concentration of the chemical
was measured at the start and at the end of the
24-hour exposure period by the methylene blue
method of Haskins (1951), and densities were deter-
mined spectrophotometrically. It was found that
reliable and repeatable measurements could be made
down to the level of 0.2 or 0.3 p.p.m. However, con-
centrations calculated to be 0.1 p.p.m. or less could
not be measured by the methylene blue method.
Where it could be measured, the fall in chemical
concentration during the exposure period did not
exceed 10%./O

Method of analysis of data

The median lethal dose (LDIo) of molluscicide was
estimated for the eggs and snails of the various
strains by the use of probit analysis as outlined by
Finney (1952), with some modifications. At each
dose level the average lethality (pj) over several
clutches (of eggs) or experiments (of snails) was used
in employing the probit method.

Analysis of the snail lethality data showed little,
if any, heterogeneity between experiments, so that
the results from the various experiments could be
pooled, giving

Pi = &d4j nij,

where d;> of nij snails exposed to thejth dose level in
the ith experiment died. Probit analysis could be
used without modification.
However, the egg lethality data showed consider-

able heterogeneity between clutches. For this case,
it can be shown that it is more appropriate to take

Pi= (Edsil) k=(l7Pii) /k

where kI is the number of clutches exposed at the jth
dose level. The weights necessary in the probit
analysis become k1Z2/s92, where s12 is the estimate
of a2, the between-clutch variance, and Z the ordinate
of the normal deviate corresponding to ij (tabulated
in Finney).
The justification for the two averaging procedures

is as follows:
Theoretically the variance of the estimate of the

average lethality across clutches (experiments), 7r,
given by the sample lethality, pi1 = dij/nij, observed
for a single clutch (experiment), selected at random,
is

V(pti) = (7T(l -iiK)-cr2)/nv + a2
where a2 is the between-clutch variance in lethality.
It can be recognized that V(pjj) contains two com-
ponents:

(77(1-7T)- a2)fnq
the average binomial variance within clutches,' and
a2 the variation between clutches.

Binomial variation within clutches:

E [ Pij (1-pij) ] E#pj -Epj'
nij nij

fli(,7,2 a2) i( 7r)l-a2
n= n j



ACTION OF SODIUM PENTACHLOROPHENATE ON A. GLABRATUS EGGS

The least squares estimate for the average lethality,
7t, is p = 2w0p0/Zwij, where the weight, wij is the

reciprocal of the variance, V(pij). For the snails the
lethality between experiments being fairly homo-
geneous, a2 is virtually equal to zero, so that V(pij) is
proportional to l/nj, and wjj proportional to nfj. Then
Pi = Znijp0/lnj = £d0/jnij. In contrast, with hete-

rogeneity between clutches in egg lethality the
variance of the p0's is dominated by the a2 com-
ponent which is uniform for all clutches. In the
present instance the estimated a2's and ranges of
clutch sizes were such as to make approximately
equal the estimates of the various V(p13)'s at a dose
level, thus justifying taking the w0's as equal. With
this approximation 1j becomes, as stated above.

1 dnj-z
iy flzj

RESULTS

Susceptibility offreshly laid eggs to NaPCP

A large series of experiments using 0.03-0.5 p.p.m.
of NaPCP demonstrated the susceptibility pattern of
freshly laid eggs of Australorbis glabratus. In some
experiments a single dilution was used with a series
of egg clutches from one or more snail strains. Other
experiments included three or four serial dilutions of
the chemical with 5-10 egg clutches of a given strain
for each dilution. Fig. 8 presents summarized results
of the egg tests.
The results demonstrate that the snail eggs are

highly susceptible to NaPCP. A concentration as
small as 0.03 p.p.m. killed some (0.3% of 951) of
the eggs. A large proportion of all the eggs were
killed by 24-hour exposure to 0.15 p.p.m. of the
chemical.

It is also clear that the snail eggs are sensitive to
very small changes in concentration of the chemical
and that the difference in the amount of chemical that
will kill a few eggs and that needed to kill almost all
the eggs is very small. For example 0.06 p.p.m.
killed less than 5% of the eggs of the M strain while
0.25 p.p.m. killed most of them.
The data also indicate there is a difference among

snail strains with reference to the susceptibility of
the eggs to NaPCP (see the table and Fig. 9). In the
table, strain Vm is shown to be clearly more suscep-
tible than the other two.

FIG. 8
PERCENTAGES OF EGGS AND ADULTS OF A. GLABRATUS
KILLED BY 24-HOUR EXPOSURE TO VARIOUS DILUTIONS

OF SODIUM PENTACHLOROPHENATEa
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CONCENTRATION (p.p.m.) WHO 2147

a Each point for eggs of strains Vm, M and PR is based on
results from 408-2002 eggs. All but three points were based on
results from at least 699 eggs.
Each point for post-embryonic (" adult ") snails of strains Vm

and M is based on 20-100 specimens.
Relatively few eggs of Brazil mutant strain and " adults " of

PR strain were used. Therefore the data were not analysed for
significan although the curves for these are plotted.

TOXICITY OF SODIUM PENTACHLOROPHENATE FOR
AUSTRALORBIS GLABRATUS a

LD50 95% confidenceStrain b a (PaP limits for LDso
b (.im (p.p.m.)

Eggs

PR 6.765+0.432 0.125 0.134-0.117
M 5.070+0.318 0.119 0.122-0.117

Vm 8.164+1.043 0.079 0.083-0.075

Snails

M: 2-4 mm 4.735+1.407 0.461 0.509-0.373

M: 4-10 mm 5.394:0.485 0.717 0.759-0.676

M: 10-18 mm 5.558+1.403 0.526 0.622-0.445
(adults)

Vm:10-18 mm 3.931+0.211 0.699 0.801-0.610
(adults)

a Both the slopes (b), and LDso values were obtained by the
method of probit analysis, using log dose.

91



L. OLIVIER, W. T. HASKINS & J. GLRIAN

FIG. 9
LDso VALUES, WITH 95% CONFIDENCE LIMITS,

FOR FRESHLY LAID EGGS OF THREE STRAINS OF
A. GLABRATUS

STRAIN;
LD50

PR

L050
M 'L.LJ

Vm 50

I
0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14

CONCENTRATION OF NaPCP (ppm) W, 21"

FIG. 10
LDso VALUES, WITH 95% CONFIDENCE LIMITS,1

FOR TWO STRAINS OF POST-EMBRYONIC A. GLABRATUS

STRAIN: SIZE:

M4: 2-4mm LD50

M 4-10mm

M: IO- 15mm L50
(adults)

Vm 10-18mm J
(adults)

0.3 0.4 0.5 0.6 0.7 0.8 0.9
CONCENTRATION OF NaPCP (Rpm) WHO21.

It should be mentioned that while the response of
the eggs to concentrations of the chemical which
killed either very few or very many of the eggs was
quite uniform from egg clutch to egg clutch, the
response to intermediate dilutions was not always
so uniform. Thus, it was sometimes observed that in
intermediate dilutions the percentage kill for the
eggs of some clutches was widely different from that
of the remaining clutches. There is no reason to
believe this wide clutch-to-clutch differenqwas due
to variables resulting from the design the ex-
periments. However, the cause remains unknown.
This variation reduces to a degree the reliability of
the points along the middle range of the curves and
the calculated LDI50 values are therefore somewhat
less exact than the calculated limits suggest. The
existence of these unexplained variations does not
alter the fact that real differences between the strains
exist.

Susceptibility ofjuvenile and adult snails to NaPCP

Post-embryonic snails of strains Vm, M and PR
were exposed to NaPCP in order to compare toxicity
of the chemical for this stage with that of eggs of the
same strain. In each experiment 10-20 snails of one
strain, having a limited size range and of about the
same age, were exposed to a given dilution of the
chemical. In some tests more than one strain or size
group was tested in the same jar or in a series of jars
filled with parts of the same solution, while in other
tests two to four dilutions were used simultaneously
against equal portions of a large, uniform snail pool.
The dilutions ranged from 0.3 p.p.m. to 4.0 p.p.m.
Fig. 8 and 10 and the table present results of the
tests.

The results of the tests indicate a high degree of
susceptibility of the snails to NaPCP. The suscepti-
bility of these strains is of about the same order of
magnitude as that found by Newton & Haskins
(1953) for other strains of A. glabratus. Nevertheless,
the post-embryonic snails are clearly less susceptible
than eggs of the same strain. The difference is about
fourfold for strainM and about tenfold for strain Vm.
The difference between the chemical concentration

killing most of the post-embryonic stages and
that killing very few is small. For example, 1.0 p.p.m.
killed most of the strain M snails while 0.4 p.p.m.
killed only a small proportion.
The difference between the LDI0 of strain M

adults and that of strain Vm adults is significant at
the 5% level. This was not surprising since Newton
& Haskins (1953) had noted such strain differences.
The differences in susceptibility found among

three size- and age-groups of strain M snails is
somewhat surprising. The mature snails and the
very small, young snails did not differ in suscepti-
bility to NaPCP but the snails 4-10 mm in diameter
were distinctly less susceptible to the chemical.

DISCUSSION

There have been few studies in which pulmonate
snail eggs have been critically tested with mollusci-
cides. Moreover, in all reported experiments, the
age of the snail eggs was uncontrolled. It is clear
that in most, if not all, previous studies, the eggs
were older than those used in our experiments and
the age of the eggs in any given experiment varied
widely. Therefore no previous work is strictly
comparable with ours.
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A number of workers-Chandler (1920), Abdel
Azim (1948), Pinto et al. (1951), Lietar (1956),
Tredre (1957)-have reported that copper sulfate is
less toxic for the eggs of pulmonate snails than for
the adults. These claims were based on limited
observations, some of them made in the field, and
none is based on convincing evidence. On the other
hand, Barlow & Abdel Azim (1948), Greany (1952),
and Kuntz & Wells (1951) found that copper sulfate
is fairly effective against schistosome intermediate
hosts and Saliternik & Witenberg (1959) found that
the eggs were killed about as readily as the adult
snails. Our (unpublished) experience with A. gla-
bratus has shown that in the laboratory the eggs are
at least as susceptible as the adults.
Sodium pentachlorophenate has been tested

against eggs of pulmonates by Kuntz (1956), Chaia
et al. (1956), Klock et al. (1957) and Salitemik &
Witenberg (1959). Kuntz found that the eggs of
Biomphalaria were not all killed when exposed for
24 hours to 2 p.p.m ofNaPCP but over 90% of the
eggs were killed by 5 p.p.m. These kills were roughly
comparable with his kills of adult snails under the
same conditions. Chaia et al. found that exposure to
NaPCP at 10, 20, and 40 p.p.m. for 3 hours did not
kill all the eggs of A. glabratus but that 6 hours'
exposure killed all the eggs. Klock et al. found that
the NaPCP toxicity for eggs and adults of A. gla-
bratus was about the same. Saliternik & Witenberg
found that 5 p.p.m. for 24 hours killed all eggs of
Bulinus but no adults. It must be re-emphasized that
in all these cases the age of the embryos was not given
and many eggs must have been well advanced in
embryonic development. Our (unpublished) ex-
perience has shown that older embryos are more
resistant to NaPCP than freshly laid eggs.

Field use of chemicals against eggs
The demonstration of great susceptibility of

freshly laid snail eggs to NaPCP and the prior de-
monstration (Olivier & Haskins, 1960) that the
chemical can interfere with snail reproduction,
suggest that consideration be given to the possibility
of snail control through the use of low concentrations
of NaPCP. Three possibilities suggest themselves.
First, a low concentration of the chemical could be
used over a long period with the objective of in-
hibiting fertility of the snails and killing the eggs
without necessarily destroying adults. This might
be useful in areas where a small number of snails
survive a seasonal climatic stress such as drought or
cold. Introduction of the chemical in very low con-

centrations with the return of moisture or the advent
of warm weather might prevent the population from
recovering. Second, one might be able to control a
population by using sufficient chemical to kill most
of the adult snails and then following this with a
continued low concentration of NaPCP to prevent
repopulation by the small number of survivors.
Third, NaPCP in a low concentration might be used
as a " chemical barrier" in a water distribution
system or in a natural stream after destruction of
most or all of the snails by use of large amounts of
chemical. A very small amount of the chemical
might be released into all the water passing into the
treated area in order to inhibit reproduction of
snails entering the area from upstream. A low con-
centration of CuSO4 appears to have been used this
way with success in Sudan (Sharaf el Din & el Nagar,
1955; el Nagar, 1958), and it seems likely that NaPCP
would serve at least as well.

Use of eggs for molluscicide screening

Our experience suggests that serious consideration
should be given to the desirability of using snail eggs
instead of adults for routine screening of potential
molluscicides. Our method for collection and mani-
pulation of the egg masses ensures a large and con-
venient supply of relatively uniform test material.
Moreover, it is far less expensive and time-consuming
to produce an egg mass suitable for testing than to
produce a snail of any age or size. Since the egg
membranes are transparent one can judge viability
more readily and more accurately than one can judge
viability of post-embryonic snails. Subtle effects
of a chemical on the embryos could also be ob-
served.
There seems to be no reason to prefer adult snails

to eggs for routine screening purposes. The eggs are
more sensitive to NaPCP than are the older snails
and our (unpublished) experiments have shown that
in the laboratory both CuSO4 and Bayer 73 kill eggs
at least as well as they kill adult snails. Therefore
these three compounds would not have been missed
if an "egg " screen had been used. Even if the
egg screening method occasionally missed an

"adult " molluscicide, this loss might well be com-
pensated by the lower cost per compound, which
would permit the screening of many more com-
pounds. Moreover, the method could reveal a useful
ovicide which might be missed by the " adult"
screening method. A screening method always re-
quires arbitrary choices and choice of the egg method
seems to offer no serious disadvantages.
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RtSUME

Le pentachlorophenate de sodium a et teste au labo-
ratoire sur des ceufs fraichement emis appartenant 'a
quatre souches d'Australorbis glabratus, qui est l'h6te
intermediaire principal de Schistosoma mansoni dans les
Ameriques. D6pos6s a la surface de feuilles ultraminces
de polythene qui flottaient ia la surface des bacs, les ceufs
etaient recueillis dans les heures suivant la ponte pour
etre soumis pendant 24 heures a l'action du NaPCP en
solution maintenue a 25-27°C. L'experience a montre
que ce produit est 4 is 10 fois plus toxique pour les
ceufs des mollusques que pour les individus adultes.
Outre des differences de sensibilite selon les souches
considerees, il est apparu que de faibles variations
de concentration se repercutaient de facon marquee
sur la ktalite: 0,06 p.p.m. de NaPCP detruit moins

de 5% de la souche M, tandis que 0,25 p.p.m. elimine
la presque totalite des aeufs appartenant a cette
espece.
La mise en evidence du fait que les ceufs d'Australorbis

glabratus sont, immediatement apres la ponte, tres
sensibles a I'action des substances chimiques - bien
qu'a des degres divers - laisse penser que l'elimination
des mollusques pourrait etre parfois obtenue a moindres
frais si l'on faisait agir le produit directement sur les
ceufs. En conclusion, l'article envisage de tester les
agents molluscicides sur ces derniers plut6t que sur les
mollusques adultes, et enumere les avantages de cette
fa$on de proceder: facilite d'obtention d'un materiel
abondant et uniforme, lecture rapide et sure des resultats,
sensibilite superieure ou egale de la reponse.
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