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Physico-chemical Properties of Substances Used
as Molluscicides

Precipitation and Adsorption *

A. H. MEYLING 1 & R. J. PITCHFORD1

When molluscicide solutions are applied to natural waters, the active substance may
be precipitated or adsorbed and its concentration in the water thus rapidly reduced below
the effective minimum. In this paper the authors describe experiments in which factors
affecting loss by precipitation and adsorption were examined separately for a number of
molluscicidal chemicals. It was found that the amount lost by precipitation depended on
the pH of the water and that at a given pH there was a maximum amount ofchemical that
would remain in solution. The amount lost by adsorption on a standard adsorbent (filter-
paper) appeared to be negligible with certain compounds, but with others it was found to
depend both on the salt content and on the pH of the water, decreasing with increased
dissolved solids and increased pH. It is therefore essential to take into consideration the
pH and turbidity of the water before applying molluscicidal treatment.

The behaviour of chemicals used as molluscicides
in natural waters varies considerably and for
numerous reasons. This paper attempts to show
how these substances react in relation to the two
physico-chemical properties, precipitation and ad-
sorption.

PRECIPITATION

Precipitation of a substance in aqueous solution
implies the separation of part or the whole of the
substance, in solid form, from the solution. This
can be brought about by a chemical change, such as
hydrolysis, or by combination with some other
chemical constituent of the water; the degree to
which precipitation takes place depends on factors
such as the pH of the water and the amount and
nature of other chemical constituents in the water;
the amount of chemical that remains in solution
frequently depends on these factors and has nothing
to do with the original concentration.

pH as a factor
Inorganic chemicals. Samples of a solution of

copper sulfate in distilled water containing 3.25 ppm
* This paper is published with the permission of the

South African Council for Scientific and Industrial Research.
1 Bilharzia Research Unit, South African Council for

Scientific and Industrial Research, Nelspruit, Eastern Trans-
vaal, Republic of South Africa.

copper, pH 5.7, were brought to various pH levels
between 5.7 and 8.2 by the addition of 0.01 N
sodium carbonate. The samples were left standing
overnight and then filtered. To minimize the effect
of adsorption by the filter-paper, the first and larger
portion of each filtrate was discarded. The pH was
measured and the amount of copper determined by
adding sodium diethyldithiocarbamate and ex-
tracting with chloroform. The considerable loss of
copper in solution in waters at pH 6.9 or higher
(Table 1) showed that the amount which remained
in solution was dependent on the pH of the water
irrespective of the original concentration of copper.
The corresponding pH levels for zinc salts and

barium chloride at which precipitation is greatly
increased are 7.3 and 8.4, respectively.
The observations demonstrate that the inorganic

salts of heavy metals are all likely to precipitate in
alkaline waters. However, if the precipitate remains
in suspension they might still retain certain toxic
properties, which would probably be lost with
settling and incorporation in the mud (see also
Pitchford et al. (1960) and Hopf, Duncan & Wood
(1963), who studied the behaviour of copper salts
in the field and in the laboratory).

Organic chemicals. Certain organic chemicals,
especially those that are combined with either a base
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or an acid to increase their solubility or toxicity in
water, are hydrolysed, but the hydrolysis is usually
less rapid than it is with inorganic compounds. In
solution, hydrolysis occurs and the active ingredient,
which may be less soluble than its combination with
the base or acid, may precipitate, as was found to
occur with ICI 24223 (Meyling, Schutte & Pitch-
ford, 1962).

Solubility of chemicals at various pH levels. Dis-
persions of about one gram of the purified com-
pounds, triphenyl tin acetate, ICI 24223 hydro-
chloride, bayluscide ethanolamine salt, sodium
pentachlorophenate, and a quaternary ammonium
compound-Hyamine 3500 1-in 250 ml of dis-
tilled water were prepared separately for each
compound; each of the five dispersions was then
distributed among four 500-ml flasks and the
following solutions added:

Flask 1: 10 ml of a 0.1 N solution of sodium
citrate;

Flasks 2 and 3: 10 ml of a 0.1 N solution of
potassium dihydrogen phosphate;

Flask 4: 10 ml of a 0.1 N solution of borax.
The pH levels of the dispersions in the four flasks

were adjusted to 5.0, 6.0, 7.0 and 8.0, respectively,
by titration with either 0.1 N hydrochloric acid or
0.1 N sodium hydroxide, and the contents of the
flasks were then agitated on a shaking-machine for
two hours. Owing to hydrolysis, the pH levels
altered during shaking and were readjusted to the
original levels. This procedure was repeated twice.
The solutions were then left shaking for 15 hours
to ensure equilibrium; the pH levels were again
measured and the solutions were filtered through
Gooch crucibles over asbestos, the first two portions
of the filtrate being discarded. The concentration of
the chemical was determined in each of the four
samples for each compound. The temperature was
not controlled and varied between 25°C and 35°C.
The results (shown in Table 1 and in the accompany-
ing figure) demonstrate that the concentration of
the chemical should be adjusted to the pH of the
water to prevent undue loss by precipitation. Field
trials of bayluscide in ponds (pH 7.6) in Tanga-
nyika have shown, for example, that a concentration
of 1.0 ppm may be reduced to 0.2 ppm in 24 hours
(Webbe, 1961).

1 A 50% aqueous solution of alkyl dimethyl benzyl
ammonium chloride; average molecular weight 358. The
alkyl is a mixture of 50% C,,H,,, 40% C,,H,, and 10% C,.H,,.
Manufactured by Rohm and Haas, Philadelphia, Pa., USA.

TABLE I

SOLUBILITY OF VARIOUS CHEMICALS
IN WATER AT DIFFERENT pH LEVELS

Chemical r pH Solubility
(p pm )

Copper sulfate 6.25 2.75 a

6.60 2.0 a

6.90 0.60 a

7.18 0.35 a

7.40 0.12a

8.20 O.15 a

Triphenyl tin acetate 4.89 9.1

5.94 3.5

6.25 3.4

8.10 2.9

ICI 24223 hydrochloride 5.21 2.2

6.08 1.9

7.01 2.0

7.71 2.15

Bayluscide ethanolamine 6.15 0.19
salt

7.08 0.44

8.30 5.18

Sodium pentachlorophenate 5.0 79

6.08 640

6.99 <4 000

8.03 >4000

Hyamine 3500 Soluble in all dilutions with
water of high or low pH

a Solubility as Cu.

Effect of filtration in estimating concentration.
Analysis of water containing chemicals is often done
after filtration. If the amount of chemical applied
to the water was greater than the solubility level for
the pH of the particular water, the chemical may
still be present in suspension at the time of filtra-
tion; since the suspended portion may be retained
on the filter and thus escape analysis, it is advisable
to alter the pH of the sample before filtration to
increase the solubility and prevent this apparent loss.
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SOLUBILITY CURVES FOR VARIOUS CHEMICALS
IN WATER AT DIFFERENT pH LEVELS

pH
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Triphenyl tin acetate
Copper sulfate
Bayluscide
ICI 24223

ADSORPTION

Substances that lower the surface tension between
a solid and a liquid are adsorbed on the solid-liquid
interface. The amount adsorbed is dependent on the
surface area of the adsorbent; as a result a fine mud
will, weight for weight, adsorb substances to a
greater extent than a coarse mud. The relationship
between the amount adsorbed and the concentration
was expressed by Freundlich (1920) as

x
-=a.c. 1/n,
m

where x is the amount adsorbed, m is the weight of
the adsorbing solid, c is the concentration of the
non-adsorbed substance, and a and n are constants
depending on the nature of the adsorbent and
adsorbed substances; n is always greater than 1, and
l/n usually lies between 0.3 and 0.7. From this
formula it follows that the smaller the concentration
of chemical applied the greater will be the per-
centage adsorbed.

Inorganic salts reduce the surface tension to a
lesser degree than organic substances and con-
sequently are adsorbed to a lesser degree (Freund-
lich, 1920).

Freundlich (1920) states empirically that if an
adsorbent A adsorbs a substance X to a greater
extent than substance Y, the same will hold true for
adsorbent B. For this reason and because of its
convenience, filter-paper was used in all experiments
as a standard adsorbent. Naturally occurring
adsorbents such as muds cannot be used because of
their inconsistency.

Experiments were carried out with three different
waters: (1) distilled water; (2) natural river water,
pH 7.6, conductivity 84 micromhos; and (3) natural
stream water, pH 8.4, conductivity 865 micromhos.
There was no temperature control.

Importance of chemical substances already present
in water

Precipitation of chemicals occurs when some
natural constituent of the water forms an insoluble
compound with the chemical applied. For example,
up to 95 ppm barium chloride will be precipitated as
insoluble sulfate in natural waters with sulfate con-
centrations of up to 44 ppm.

Gonnert & Strufe (1962) found that the adsorption
of bayluscide by river mud was irreversible and
that the chemical could not be extracted with water
or any organic solvent. It is therefore likely that
an insoluble compound had been formed.

Determination

Adsorption of the various chemicals was deter-
mined as follows:
For each chemical, solutions of four different

concentrations were made up in distilled water.
One Whatman No. 1 filter-paper (12.5-cm diameter,
weight about 1.02 g) was disintegrated, by means
of a stirrer, in 250 ml of each solution. The solutions
were shaken concurrently for 20 hours and then
filtered through a porcelain Gooch crucible, the
paper pulp forming the mat. The filtrate and the
original solutions were analysed at the same time.
The difference in concentration between the two
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TABLE 2
PERCENTAGES OF CHEMICALS LOST BY ADSORPTION ON 1.02 g OF FILTER-PAPER

DISINTEGRATED IN 250 ml OF SOLUTION

Triphenyl tin ICI 24223 Bayluscide Sodium
acetate hydrochloride ethanolamine salt pentachlorphenate Hyamine 3500

% Temp.
PP

% Temp.
m

% Temp. % Temp.
P

% Temp.ppm loss (0C) ppm loss (0C) ppm loss (°C) ppm loss (°C) ppm loss (OC)

Distilled water

0.5

1.0

2.0

3.0

0.1

0.2

0.3

0.4

7.0

11.7

4.0

21.5

27-34
2

5

10

5.8

10.6

10.2

10.2

25-33
2

5

10

95.5

84.6

61.7

46.8

23-29

River watr

River water

0.5 22.7 0.25

1.0 20.7 0.5
23-32

2.0 14.9 0.75

3.0 6.2 1.0

11.3

3.0

6.5

5.8

22-29

Stream water

80.4

64.9
18-21

50.1

39.4

gave the percentage loss. The experiment was
repeated with the filtered river and stream waters.

Results (see Table 2)
The loss of ICI 24223, bayluscide and sodium

pentachlorophenate in all waters and of triphenyl
tin acetate in stream water was too small for inter-
pretation. However, triphenyl tin acetate in dis-
tilled and in river water, and Hyamine 3500 in all
waters showed an appreciable percentage loss,
which increased as the concentration decreased and
therefore followed Freundlich's law.

Calculated according to Freundlich's formula,
x, i.e., the amount of compound adsorbed in mg
on I g of filter-paper, was as follows:

(a) Hyamine 3500: 0.76c 0.33 in distilled water,
0.57c 0.42 in river water and 0.21c 0-36 in stream
water.

(b) Triphenyl tin acetate: 0.467c 0.30 in distilled

water and 0.046c 0.31 in river water. The concentra-
tion of non-adsorbed compound, c, is expressed in
ppm.

Thus Hyamine 3500 was adsorbed to a greater
extent than triphenyl tin acetate and the amount
adsorbed of both compounds decreased with in-
creased dissolved solids and increased pH. This
decrease in adsorption was more noticeable with
triphenyl tin acetate than with Hyamine 3500.

CONCLUSIONS

It would appear from the above few observations
that factors such as the pH and the turbidity of
natural waters have to be taken into account in the
choice and application of molluscicides and in the
interpretation of the results of analyses. Field trials
of chemicals in waters of different pH and turbidity
would give a clearer understanding of the picture.
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Annex

ANALYSIS OF CHEMICALS USED

1. Triphenyl tin acetate (Method adapted from
Aldridge & Cremer, 1957)

Reagents:
(a) Buffer solution pH 9.2. Dissolve 25 g of borax

(Na2B407, 10H2O) and 1.25 g of disodium edetate
(EDTA) in distilled water and dilute to 500 ml.

(b) Buffer solution pH 4.6. Dissolve 25 g of glacial
acetic acid and 25 g of sodium acetate in distilled water
and dilute to 250 ml.

(c) Dithizone solution. Dissolve 10 mg of dithizone
in about 100 ml of carbon tetrachloride in a separating-
funnel; add about 200 ml of distilled water and make
slightly alkaline with a few drops of ammonia. Shake
until the dithizone has dissolved in the water layer and
discard the bottom layer. Wash with a few millilitres of
carbon tetrachloride. Add 100 ml of purified carbon
tetrachloride and acidify with hydrochloric acid. Shake
until all the dithizone has passed into the carbon tetra-
chloride. Filter the dithizone solution and dilute with
carbon tetrachloride until the extinction at 615 mFL is
between 1.2 and 1.5, using pure carbon tetrachloride as
reference.

Method. Shake 100 ml of water containing not more
than 1 ppm triphenyl tin acetate for about two minutes
with 10 ml of buffer solution pH 9.2 and 10 ml of
dithizone solution in a separating-funnel. After separa-
tion, draw off about 8 ml of the bottom layer into a
10-ml glass-stoppered cylinder. Add 1 ml of buffer
solution pH 4.6, shake for about one minute and, after
clearing, measure the extinction of the dithizone solution
at 615 mI. Run a blank at the same time.
At pH 9.2 dithizone combines with both diphenyl and

triphenyl tin to form a yellow-orange compound soluble
in carbon tetrachloride. The excess dithizone goes into
aqueous solution. On shaking the carbon tetrachloride
extract with acid buffer (pH 4.6), only the dithizone of
the triphenyl-tin dithizone complex is set free, so that
the amount of triphenyl tin acetate, which is directly
proportional to the extinction of the dithizone, can be
determined.

2. ICI 24223 (Method adapted from Meyling, Schutte &
Pitchford, 1962)
Method. Shake 100 ml of a sample containing not

more than 0.5 ppm ICI 24223 with 2 ml of a saturated
solution of sodium bicarbonate in water and 10 ml of puri-
fied hexane in a separating-funnel. Repeat the extraction
with a further 10 ml of hexane. Dry the combined
extracts with sodium sulfate. Shake the dry extract with
1 ml of concentrated sulfuric acid for five minutes. Add
5 ml of dilute sulfuric acid, 1 : 1 by volume, and mix.
Transfer the bottom layer of yellow sulfuric acid to a

test-tube. Place the test-tube in a water-bath at 50°C and
pass air through until the solution is clear (about 2
minutes). Measure the extinction at 410 mH against
dilute sulfuric acid, 1: I by volume, running a blank at
the same time.

3. Bayluscide (Strufe, 1962)
Reagents. (See Strufe, 1962).
Method. Shake together 200 ml of sample, 5 ml of

2 N sulfuric acid and 10 ml of extraction liquid in a
separating-funnel. Wash the extract three times with 10 ml
of distilled water. Transfer part of the extract (about
5 ml) to a 10-ml glass-stoppered cylinder; add 5 ml of
buffered safranin solution, shake for one minute and
measure the extinction of the top layer at 530 mit, using
the extraction liquid as reference. With concentrations
higher than 0.4 ppm dilute the sample. Run a blank at
the same time.

4. Sodium pentachlorophenate (Haskins, 1951)
Reagents. As for bayluscide (see Strufe, 1962)
Method. Shake together 50 ml of sample, 2 ml of 2 N

sulfuric acid and 10 ml of extraction liquid in a separating-
funnel. Wash the extract three times with 5 ml of dis-
tilled water. Dry the extract with sodium sulfate and
transfer to a 10-ml glass-stoppered cylinder. Shake with
5 ml of buffered safranin solution and measure the extinc-
tion of the top layer at 370 mp. With concentrations
higher than 1 ppm, dilute the sample. Run a blank at the
same time.

5. Hyamine 3500
Quaternary ammonium compounds give a precipitate

with picric acid in alkaline solution. The precipitate can
be extracted with amyl acetate and the yellow colour
measured with a photometer.

Reagents:
(a) Buffered picric acid solution. Dissolve 16 g of

borax (Na2B407, 10 H20) and 16 g of sodium chloride in
distilled water, add 10 ml of a saturated solution of
picric acid in distilled water and dilute to 500 ml.

(b) Extraction liquid (Strufe, 1962). Amyl acetate and
hexane, 9: 1 by volume.

Method. Shake 200 ml of sample with 10 ml of
buffered picric acid solution and 10 ml of extraction
liquid. Measure the extinction of the extract in a photo-
meter against the extraction liquid at 370 m,u. The colour
is stable and the extinction is directly proportional to the
concentration of the quaternary ammonium compound.
With concentrations higher than 1 ppm, dilute the
sample suitably. Run a blank at the same time. Ammo-
nium and potassium salts do not interfere.
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R-SUMmt

L'action des substances chimiques molluscicides
ajout6es a une eau naturelle depend de nombreux fac-
teurs. Les auteurs ont etudie l'influence de deux pheno-
menes physico-chimiques, la precipitation et I'adsorp-
tion, qui peuvent abaisser rapidement la concentration
d'un molluscicide au-dessous du minimum efficace. Ils
decrivent les experiences qu'ils ont faites avec divers
composes inorganiques et organiques pour dvaluer
separement 1'effet du pH des eaux et de leur concentra-
tion en sels sur la precipitation et I'adsorption des subs-
tances actives.
La quantite de molluscicides perdue par precipitation

depend du pH de 1'eau et, pour chaque compose, une
quantite maximale de substance active demeure en

solution A un pH donn6. L'adsorption a ete mesur6e sur
une substance adsorbante standard (papier filtre) en
estimant que si un adsorbant A adsorbe une substance X
en plus grande quantit6 qu'une substance Y, la meme
relation existera avec un adsorbant B. Cette adsorption
est negligeable pour certains composes mais, pour
d'autres, elle depend du pH de l'eau et de sa concentration
en sels, variant en raison inverse de ces deux facteurs.
L'adsorption de certains produits par la vase est irr6ver-
sible. I1 est donc essentiel de tenir compte du pH de l'eau,
de sa concentration en sels et de sa turbidite avant
d'appliquer un traitement molluscicide.

Les auteurs donnent en detail les m6thodes de dosage
spectrophotom6trique des composes etudies.
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