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Field Tests for the Colorimetric Determination
of the Molluscicide Bayer 73 *

REIMER STRUFE, Sc.D.1

A simple and accurate field test for the estimation of the active principle in biologi-
cally active substances, such as molluscicides, that are used in high dilution is necessary for
the proper control of the application ofsuch substances. Colorimetric methods have proved
very successful in this connexion, and the present paper describes two such methods for the
quantitative determination of 5,2'-dichloro-4'-nitrosalicylicanilide-the active ingredient of
the molluscicide Bayer 73-in very low concentrations. In the first method, the mol-
luscicide is extracted from the water sample with amyl acetate, a methanolic solution of
sodium hydroxide is added to the extract, and the resulting yellow colour is measured at
385 m,t in an electrophotometer. In the second method, the dye safranin is added to the
sample, the colour complex then formed with the molluscicide is extracted with a mixture
of organic solvents, and the colour intensity of the extract is determined by means of a
wedge colorimeter, which does not need electric current for its operation. The first method,
though more exact, is less suitable for use in the field than the second method, which is
simpler and gives results of acceptable accuracy.

During work on the development of the mollusci-
cide Bayer 73, the necessity arose for detecting by
colorimetric means the active ingredient-5,2'-
dichloro-4'-nitrosalicylicanilide-present in the mol-
luscicide, and for determining it quantitatively in
very low concentrations. The main requirement was
to develop a field test for the estimation of thie mol-
luscicide that would be simple and could be carried
out with a minimum of equipment.

ENRICHMENT OF MOLLUSCICIDE FROM AQUEOUS
SOLUTIONS

Since for snail control Bayer 73 is used at concen-
trations of 0.5-2 p.p.m., corresponding to 0.5-2 mg/
litre, it first proved necessary to find a suitable
method for enriching the molluscicide from aqueous
solutions.
We selected for this purpose two basically dif-

ferent procedures:
(a) Extraction with polar solvents only slightly

miscible with water.

*Paper submitted to the WHO Expert Committee on
Bilharziasis, September 1960.

1 Chemotherapy Institute, Farbenfabriken Bayer A.G.,
Wuppertal-Elberfeld, Germany.

(b) Adsorption on ion exchangers.
The extraction of aqueous, strongly diluted mol-

luscicide solutions with amyl acetate was not success-
ful unless the solubility of the molluscicide was
sufficiently lowered in the aqueous phase by acidifi-
cation with sulfuric acid. The m6lluscicide present
in the organic phase could then be quantitatively
determined by means of the yellow colour formed
on the addition of a solution of sodium hydroxide
in methanol.

It was not always possible, however, to prevent the
formation of emulsions on extraction of the water
samples, especially in the case of waters with mass-
ive microbiological contamination, despite the use
of different solvents, and we therefore examined the
possibility of enriching the molluscicide from aque-
ous solutions by adsorption on ion exchangers, and
subsequently testing the extract for content of active
ingredient.
By using acid cation exchangers, such as Amerlite

IRC 50 (H +-form), it was possible to adsorb
Bayer 73 from dilute aqueous solution and elute it
again with organic solvents and solvent mixtures.
Adsorption on strongly basic anion exchangers,

such as Amerlite IRA 400 or Lewatit MN or MNS,
can also be successfully carried out if the molluscicide
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present in aqueous solution is first converted into the
corresponding amino-compound by the addition of
a reducing agent-for example, sodium dithionite
(Levine & Fischbach, 1951), stannous chloride, tita-
nium trichloride (Glazko, Wolf & Dill, 1949) or zinc
and hydrochloric acid. The reduced molluscicide
can be quantitatively determined by a suitable
colour reaction. In order to obtain an adequate
colour intensity, we selected, inter alia, the reaction
with ferric chloride in different organic solvents or
the diazotization and subsequent coupling with
ethyl-l-naphthylamine (Hecht, 1938), sulfomethyl-
aminonaphthalene-8-sulfonic acid (Druey & Oester-
held, 1942), Chicago acid SS, N-(1-naphthyl)-
ethylenediamine (Bratton & Marshall, 1939) or
R-salt. For detecting the reduced molluscicide, the
reaction with amino-antipyrine and potassium ferni-
cyanide in weakly ammoniacal solution (Emerson &
Kelley, 1948) as well as the reaction with aniline and
ferric chloride (Zhitkova, Kaplun & Ficklen, 1936)
proved to be suitable.

COMPLEX FORMATION WITH ORGANIC DYESTUFFS

In addition to studying the foregoing methods of
detection, we investigated whether Bayer 73, like
pentachlorophenol (Haskins, 1951), can be determi-
ned simply and with adequate accuracy for explora-
tory field tests by means of a complex formation
with organic dyestuffs.
The main prerequisite for a dyestuff suitable for

complex formation is that it should form a complex
that is more readily soluble in an organic solvent
than in water, at least at a certain pH value. Further-
more, it should possess a colour that can be easily
differentiated by the human eye-for example, blue
or red-and must be obtainable at all times in the
same quality.
We tested approximately 25 dyestuffs for their

power of complex formation with Bayer 73, and
found those of the safranin group to be especially sui-
table. The following types of this group were tested:

Safranin 0 . . . . (Farbwerke Hoechst A.G.)
Safranin TH, extra

concentrated . . ( ,, ,, *, )
Safranin HMN, con-

centrated . . . . ( ,, ,, ,, )
Safranin . .... (E. Merck A.G., Darmstadt)
Safranin standard . (Farbenfabriken Bayer A.G.)

Of these, safranin TH (extra concentrated) in an
alkaline aqueous medium displayed the least
extractability with a number of organic solvents, and,

by virtue of 'its very low " blank value ",' was thus
suitable for the detection of Bayer 73 by means of
dyestuff complex formation.
The complex formed by Bayer 73 with safranin TH

has subsequently to be extracted with an organic
solvent. A suitable solvent for such extraction
should satisfy the following conditions:

(a) Very slight miscibility with water.
(b) Optimum solubility for the dyestuff complex.
(c) Very low " blank value ".
(d) No appreciable formation of emulsion upon

extraction.
(e) Quick phase separation.
(f) Slightest possible turbidity of organic phase.

Aliphatic and aromatic hydrocarbons, as well as
other non-polar solvents, were unsuitable owing to
their poor ability to dissolve the dyestuff complex.
Symmetrical and asymmetrical low aliphatic ethers
gave rather too high a " blank value" with the dye-
stuff. Aliphatic esters of acetic acid were in the main
strongly turbid after extraction with the aqueous
phase, but the amyl ester of acetic acid (amyl acetate)
displayed only slight turbidity, which could be almost
completely suppressed by the addition of 5-10%
hexane.
We also investigated the optimum pH range for

the formation and the extraction of the dyestuff
complex. In an acid medium we found that there was
either no colouring or only a fluctuating, very slight
colouring of the organic phase. The extraction was
not reproducible in a neutral medium, either. We
first obtained satisfactory results in the pH range
9.0-9.5.

In order to counteract the variations in the acidity
and alkalinity of natural waters in the determination
of the molluscicide, the water samples taken for
analysis had to be adequately buffered. This was best
achieved with a sodium borate buffer containing
potassium chloride.

METHODS SUITABLE FOR FIELD TESTS

This section presents two methods for determining
Bayer 73 in water samples at concentrations ranging
from 0.2 p.p.m. to 2 p.p.m. The first method out-
lined (method 1) is suitable for carrying out an exact
determination of the active ingredient in the water
samples, but it has the disadvantage of requiring
very careful and precise handling and the use of an

1 The " blank value " is the colour of the organic layer
in the absence of the molluscicide.
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electrophotometer which is not always possible in
the field.
The second method (method 2) has two variants,

A and B. Method 2A provides only approximate
values of the content of molluscicide in the water,
but is very easy to apply and can be carried out in
the field without any special technical equipment.
Method 2B, on the other hand, employs a simple
colour-wedge colorimeter, which is not dependent
upon a source of electric current for its operation
and can thus be easily used in the field. The Zeiss
Ikon Polytest colorimeter proved to be most suitable
for this purpose. This instrument, which is especially
suitable for medical colorimetric analyses,' is provi-
ded with interchangeable colour-wedges; the colour-
wedge No. 119, used for determination of haemo-
globin, proved to be best suited for measuring the
colour intensity of the molluscicide-dyestuffcomplex.
Measurements are carried out in glass vessels with
a layer thickness of 10 mm.

Method I
Principle. The molluscicide is extracted with

amyl acetate from a water sample acidified with
sulfuric acid, and the active ingredient then present
in the organic solvent is quantitatively determined by
means of the yellow colour formed on the addition
of a methanolic solution of caustic soda.

Chemicals required:
Amyl acetate, pure.
Dilute sulfuric acid (approximately 2 N).
Test solution: 0.2% sodium hydroxide in me-

thanol, prepared by dissolving and stirring 0.5 g of
sodium hydroxide (analytical reagent quality) in
250 ml of methanol (pure). A slight turbidity in the
test solution is not a disturbing factor.

Test procedure. 200 ml of a water sample are
filtered, acidified with 5 ml of 2N sulfuric acid,
mixed with 10 ml of amyl acetate, and shaken with
moderate vigour for 30 seconds in a 250-ml bottle
which is closed by means of a glass or rubber stopper.
Usually no emulsions are formed. If they do form,
which they are particularly liable to in microbiologi-
cally contaminated water samples, the shaking-out
operation must be performed more slowly. After the
extraction, tap water is poured into the 250-ml bottle
until practically the whole of the amyl acetate layer
has risen into the neck of the bottle. Then exactly

1 The Zeiss Ikon Polytest colorimeter was used by
Fuhrmann (1960) for the estimation of chloroquine in urine.

5 ml of the upper amyl acetate phase are pipetted
into a test-tube, and 1 ml of the test solution added.
The intensity of the yellow colour that forms should
be determined within 10 minutes, either by comparing
it visually with previously prepared colour standards
according to the known methods (for example, the
comparator method), or by measuring it photo-
electrically at 385 m,u against a blank. This blank is
obtained by shaking 10 ml of amyl acetate with 10 ml
of water, pipetting off 5 ml of amyl acetate and
adding 1 ml of test solution. The blank must be
colourless, and should not become turbid within a
period of 10 minutes. The measurements carried out
at 385 m,u (layer thickness of 10 mm) are evaluated
from the calibration curve shown in Fig. 1.

FIG. I
CALIBRATION CURVE FOR METHOD 1
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Note. In some water samples, it may happen that the
solution being examined becomes turbid after the test
solution has been added. It is, therefore, expedient to
measure the colour intensity immediately after the test
solution has been added. If this is not possible, any
turbidity that may appear can be removed by adding a
few drops of methanol or ethanol. It has also been
established that the results obtained with the tap water
(approximately 150 German hardness) used in the prepa-
ration of the calibration curve (Fig. 1) also apply to
waters with a larger salt content, but it is possible that
other natural waters may give different values. In such
cases, we recommend that a separate calibration curve
should be plotted for each water that is used.

Method 2

Principle. Bayer 73 forms a red complex with
safranin TH at pH 9.0-9.5 which is shaken out with
amyl acetate. The determination of the colour



R. STRUFE

intensity of the organic phase is carried out either by
means of a visual colour comparison in test-tubes
(method 2A) or by means of a simple compensation
colorimeter which is not dependent upon a source of
electric light (method 2B). Both methods are sui-
table for field tests.

Chemicals required:

Dyestuff buffer: 100 mg of safranin TH (extra
concentrated) are completely dissolved in 100 ml of
distilled water. 15.5 g of boric acid (pure) and 17.5 g
of potassium chloride (pure) are dissolved in 240 ml
of distilled water, 160 ml ofN sodium hydroxide are
added and the solution is then mixed with the
safranin solution (total volume of 500 ml). The final
solution should be filtered off, and is then ready for
immediate use.

Extraction solution: 450 ml of amyl acetate
(pure) are mixed with 50 ml of hexane (pure).

Test procedure for method 2A. 10 ml of a filtered
water sample are shaken 30 times with 5 ml of dye-
stuff buffer and 5 ml of extraction solution in a test-
tube. Depending upon the content of molluscicide,
the upper phase will then have a deep or light red
colour, and could be visually compared with a
blank, prepared by shaking 10 ml of tap water 30
times with 5 ml of dyestuff buffer and 5 ml of extrac-
tion solution.
Once the upper and lower phases have separated,

the former will be stained only if the concentration
of the molluscicide is higher than 0.4 p.p.m. In this
case the colour will be intense enough to be estimated
in a test-tube even by the naked eye.
For an orientating estimation of the molluscicide

Bayer 73 under field conditions (range from 0.4
p.p.m. to 1 p.p.m.) the following colour values may
be used:

Concentration
of Bayer 73
(p-p-m.)
<0.4

0.4 - 0.6
0.6 - 0.8
0.8 - 1.0
>1.0

Colour intensity

Not perceptible
Faint pink
Pink
Light red
Red

Test procedure for method 2B. 50 ml of a filtered
water sample are mixed with 5 ml of dyestuff buffer
and 5 ml of extraction solution in a bottle closed with
a glass or rubber stopper, and shaken 30 times. The
upper phase is then pipetted into a glass vessel to

form a layer 10 mm in thickness. The measurement
in the Polytest colorimeter is carried out each time
against a blank, prepared by shaking 10 ml of tap
water 30 times with 5 ml of dyestuff buffer and 5 ml
of extraction solution. The results of the measure-
ment are evaluated from the calibration curve
shown in Fig. 2.

FIG. 2

CALIBRATION CURVE FOR METHOD 2B
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Note. During the first few minutes after the extraction,
the red-coloured organic phase appears slightly turbid
owing to the presence of finely dispersed water particles.
Usually the turbidity subsides after a few minutes so that
the measurement in the Polytest colorimeter should
not be carried out until about 5 minutes after the
extraction.

It is expedient to plot a separate calibration curve,
at least once, for each water sample that is used:
30 mg of the ethanolamine salt of Bayer 73 or 35.6 mg
of Bayer 73 wettable powder should be dissolved,
without addition of an emulsifier, in 1 ml of a 0.2%
solution of sodium hydroxide in methanol (test
solution for method 1), and the solution made up
with the water sample in question to a volume of
250 ml. The ready-for-use solutions in the range
0.2-2 p.p.m. are then prepared from this concen-
trated solution (100 p.p.m.) in the known manner
by further dilution with the water sample. The
values obtained with the Polytest colorimeter for
these molluscicide dilutions should be compared
with those shown in the calibration curve (Fig. 2),
which should then be corrected, if necessary, in the
appropriate manner.
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R-SUMI

II est necessaire qu'un test, simple et pr6cis, permette de
controler, sur le terrain, la pr6sence ou la r6manence de
substances biologiquement actives, telles que les mollus-
cicides. Des methodes colorimetriques se sont montrees
tres utiles, et I'auteur en d6crit deux, grace auxquelles il
est possible de determiner quantitativement de faibles
concentrations du principe actif du Bayer 73 -l'anilide
de I'acide dichloro-2,5 nitroso-4 salicylique.
Dans la premiere methode, le molluscicide est extrait

de l'echantillon d'eau par I'acetate d'amyle, puis une
solution methanolique d'hydoxyde de sodium est ajout6e

A 1'extrait, et 1'intensit6 de la couleur jaune qui prend
naissance est evalu6e par un electrophotometre, a 385 m&.
Dans la deuxieme methode, on ajoute de la safranine

A 1'echantillon d'eau, le complexe colore est extrait par
un melange de solvants organiques, et 1'intensit6 de la
couleur de 1'extrait 6value dans un colorimetre A prisme,
qui ne demande pas de courant electrique.
La premiere m6thode, quoique plus pr6cise, se prete

moins bien au travail sur le terrain que la seconde, qui est
plus simple et donne des resultats d'une precision
acceptable.
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