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Analytical Methods for the Determination of the
Molluscicide N-Tritylmorpholine in Water*

K. I. BEYNON & G. R. THOMAS

A colorimetric method has been developed for the determination of the molluscicide
N-tritylmorpholine (Frescon, WL 8008) in water. The method is based on the production,
from N-tritylmorpholine in strong acid, of the typical yellow colour of the tritylcarbonium
ion.

Two procedures are recommended for field use, neither of which distinguishes between
N-tritylmorpholine and its hydrolysis product triphenylcarbinol (triphenylmethanol).
A more precise laboratory procedure is described, by means of which both N-tritylmorphol-
ine and triphenylcarbinol can be determined separately.

The molluscicide N-tritylmorpholine (Frescon,
previously referred to as WL 8008) shows consider-
able promise for the control of the major species of
snails responsible for the transmission of bilharziasis,
and several large-scale field trials have already been
carried out.' In such trials there is a need for an
analytical method for the determination of low con-
centrations of the molluscicide in order to assess its
rate of travel and uniformity of distribution when it is
applied to water and to provide a chemical correla-
tion with biological control. Such a method has
been developed and is described in this paper.

PRINCIPLE OF THE METHOD

N-Tritylmorpholine is extracted from the sample
of water with either cyclohexane or di-n-butyl ether.
The aqueous layer is run off and the organic layer is
shaken with 85% (v/v) sulfuric acid to produce the
yellow colour typical of the tritylcarbonium ion.
The intensity of the colour, and hence the N-trityl-
morpholine content of the sample, is determined by
one of three techniques:

(1) simple field procedure-Lovibond comparator
or an equivalent instrument

(2) field procedure for low dosages-battery-
operated colorimeter

(3) laboratory procedure-prism or grating spec-
trophotometer.

* From "Shell" Research Ltd, Woodstock Agricultural
Research Centre, Sittingbourne, Kent, England.

I See the paper by Crossland on page 23 of this issue.

If cyclohexane is used for the extraction, column
chromatography may be employed, if necessary, to
reduce background interference or to remove tri-
phenylcarbinol (triphenylmethanol), the hydrolysis
product of N-tritylmorpholine.

APPARATUS

Glassware and other preparative equipment 2
(a) Separating funnels, 1-litre and 50-ml capacity.
(b) Separating funnels, 250-ml capacity.
(c) Measuring cylinders, 10-ml, 25-ml and 1-litre

capacity.
(d) Test-tubes, 12.5 cm x 1.5 cm, fitted with poly-

ethylene stoppers.
(e) Beakers, 15-ml and 50-ml capacity.
(f) Chromatographic columns approximately

30 cm long and of internal diameter 14 mm, fitted
with ground-glass taps.

(g) Chromatographic columns approximately
30 cm long and of internal diameter 8 mm, fitted with
ground-glass taps.

(h) Pipettes, 10-ml graduated.

2 All glassware should be washed with acetone and water
before use. The acetone must be completely removed since
it reacts with sulfuric acid to produce a yellow colour.

Items b, c, d, h, j and k are required for the simple field
procedure.

Items a, c, f, h, j, k and I are required for the field pro-
cedure for low dosages.

Items a, C, e, g, i, j, k, I and m are required for the labora-
tory procedure.
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(I) Micro-syringe, 10-,ul capacity, graduated in
I-pi or 2-,l divisions.

(j) Reagent bottles with ground-glass stoppers,
1-litre capacity.

(k) Filter-paper (any grade).
(l) Cotton-wool.
(m) Supply of clean compressed air or inert gas.

Colour-measuring apparatus
(1) Simple field procedure-Lovibond comparator

fitted with Nesslerizer disc NN (normally used for
silica determination). Obtainable from Baird &
Tatlock Ltd, London, England.

(2) Field procedure for low dosages-Battery-
operated colorimeter, e.g., a Hilger Biochem
absorptiometer or a Unicam SP 1300,-fitted with a
high-transmission band-pass filter with maximum
transmission at or near 435 nm. Such filters can be
obtained from Sir Howard Grubb-Parsons Ltd,
Newcastle, England.

(3) Laboratory procedure-Prism or grating spec-
trophotometer sensitive at 435 nm (e.g., Unicam
SP 600) and fitted with 1-cm glass cells.

REAGENTS"1

(a) Di-n-butyl ether, laboratory-reagent grade;
remove peroxide by storing over chromatographic-
grade alumina and filter before use.

(b) Cyclohexane, laboratory-reagent grade; purify
before use by percolation through silica gel.

(c) Chloroform, laboratory-reagent grade.
(d) Diethyl ether, laboratory-reagent grade.
(e) Methanol, laboratory-reagent grade.

(f) Sulfuric acid, 85% (v/v).
(g) Alumina, 100-120 mesh (152,u-124,u)chromato-

graphic grade (e.g., type H from Peter Spence Ltd,
Widnes, England).

(h) Isopropanol, laboratory-reagent grade.
(i) Sodium bicarbonate, laboratory-reagent grade.
(j) Acetone, for cleaning glassware.
(k) A formulated sample of known N-trityl-

morpholine content.
(1) Pure N-tritylmorpholine and pure triphenyl-

carbinol.
1 Items a, f, h, i, j and k are required for the simple field

procedure.
Items b, c, f, g, h, i, i and k are required for the field pro-

procedure for low dosages.
Items b, d, e, f, g, h, i, j and I are required for the labora-

tory procedure.

SIMPLE FIELD PROCEDURE

This procedure is suitable for the determination of
N-tritylmorpholine down to concentrations of
0.1 ppm with a precision of ±0.05 ppm (mean
deviation) at this concentration.

Calibration of Nesslerizer disc
Prepare 10 solutions by adding, by pipette, for-

mulated N-tritylmorpholine to 500-ml volumes of
distilled or clean tap water (i.e., drinking water) to
give concentrations of molluscicide in the range
0.1 ppm to 1.0 ppm. Process 200-ml aliquots of each
solution together with a further 200 ml of distilled
or clean tap water as a blank, in the following
manner.
Shake the 200-ml aliquot in a stoppered 250-ml

separating funnel with 5 ml of di-n-butyl ether for
30 seconds. Allow the vessel to stand for 5 minutes.
Any emulsion present can be broken up by adding a
small amount of solid sodium bicarbonate or a few
drops of isopropanol. Run off and discard the
aqueous layer.
Dry the stem of the funnel with filter-paper and

run the di-n-butyl ether into a clean, dry test-tube.
Add 5 ml of 85% (v/v) sulfuric acid, stopper the
tube and shake. Allow the solution to stand for
10 minutes (di-n-butyl ether and sulfuric acid are
miscible).

Place the test-tube containing the blank in the
left-hand side of the comparator and the test-tubes
containing the calibration solutions, in turn, in the
centre. Rotate the comparator disc until the closest
colour match is obtained and mark the small white
disc in the bottom right-hand corner of the com-
parator with the appropriate concentration (in ppm)
of N-tritylmorpholine.

Analysis of untreated water samples
It is not always possible to obtain valid untreated

water samples at the same time as treated samples.
However, it is recommended that water samples be
taken from a minimum of 5 locations within the
water system of a given field-trial area before treat-
ment starts.

Large particles of foreign matter and slime should
be removed before analysis by filtration through
muslin. Filter-paper should not be used.

Aliquots (200 ml) of each sample should be
analysed for apparent N-tritylmorpholine content as
described in the previous section, the colour intensity
being measured with the calibrated Nesslerizer disc.
A mean blank value is thus obtained and it is recom-
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mended that this be taken as the lower limit of
determination of the method in a particular trial.

Analysis of treated water samples
Aliquots (200 ml) of the water samples are treated

as described in the section on untreated water sam-
ples, and their colour intensities, and hence N-trityl-
morpholine contents, are determined with the aid of
the calibrated Nesslerizer disc.'
The results should be corrected for the mean blank

value obtained with untreated controls. If this has
been determined on water samples from the test
locations before treatment with N-tritylmorpholine
it should be used with caution, as day-to-day varia-
tions in blank values can occur, especially when the
rate of water flow changes after rain.
By extracting 800-ml volumes of water the sensi-

tivity of the method can be increased. The procedure
is the same as that already described for the calibra-
tion of the Nesslerizer disc, except that the periods
of shaking and settling are doubled. If this modifica-
tion is used, the colour disc should be recalibrated
by extracting 800-ml volumes of water containing
N-tritylmorpholine in the range 0.025 ppm to
0.25 ppm.

Determination ofrecovery values
Recovery experiments should be carried out by

adding known amounts (e.g., 0.5 ppm) of N-trityl-
morpholine to valid untreated control water for
which the blank value is known and processing these
samples as described in the previous section. Con-
sistent recoveries of between 70% and 90% of added
N-tritylmorpholine have been obtained from a wide
range of natural waters.

FIELD PROCEDURE FOR LOW DOSAGES

This procedure is suitable for determining con-
centrations as low as 0.01 ppm, with a precision of
±0.005 ppm (mean deviation) at this concentration.

Preparation ofcalibration curve
Prepare 4 solutions by adding, by pipette, for-

mulated N-tritylmorpholine to 1-litre volumes of
distilled or clean tap water to give concentrations of
0.025 ppm, 0.05 ppm, 0.075 ppm and 0.10 ppm of
N-tritylmorpholine. Process 800-ml aliquots of

'If the N-tritylmorpholine concentration exceeds 1 ppm
a smaller volume of sample should be taken and should be
diluted to 200 ml with untreated water prior to extraction of
the molluscicide.

each solution together with a further 800 ml of dis-
tilled or clean tap water as a blank, in the following
manner.
Shake the aliquot in a stoppered 1-litre separating

funnel with 20 ml of cyclohexane for 60 seconds.
Allow the vessel to stand for 10 minutes. Any
emulsion present can be broken up by the addition
of a small amount of solid sodium bicarbonate or a
few drops of isopropanol. Run off and discard the
aqueous layer.
Dry the stem of the funnel with filter-paper and

run the cyclohexane into a 50-ml separating funnel.
Wash the walls of the large separating funnel with
5 ml of cyclohexane and add this to the cyclohexane
in the smaller funnel.
Add 10 ml of 85% (v/v) sulfuric acid to the cyclo-

hexane and shake.2 Allow the mixture to stand for
10 minutes. Run the sulfuric acid into the colori-
meter cell (1-cm light-path) and measure the absorb-
ance. The colorimeter reading should be adjusted to
zero before this measurement is made, using a
similar cell containing distilled or clean tap water.

Prepare a calibration curve by plotting ppm
N-tritylmorpholine (for 800-ml water samples)
against absorbance. Generally, an 800-ml water
sample containing 0.05 ppm of N-tritylmorpholine
will give a sulfuric acid solution with an absorbance
of about 0.25 unit when 10 ml of acid are used for the
extraction.

Analysis of untreated water samples

The previous comments concerning the sampling
of untreated water from several parts of the trial site
and removal of foreign matter and slime apply to this
procedure (see above).

Aliquots (800 ml) of each sample should be
analysed for apparent N-tritylmorpholine content by
processing them as described in the previous section,
using the prepared calibration curve.

If the apparent N-tritylmorpholine contents of all
of the untreated samples are below 0.025 ppm and
none of the values differs from the mean by more
than i 0.005 ppm, satisfactory analysis of treated
samples containing 0.04 ppm to 0.05 ppm of N-trityl-
morpholine is possible. If the apparent N-trityl-
morpholine contents exceed 0.025 ppm or the values
differ from the mean by more than the specified
amount, the cyclohexane extracts should be treated

2If the 1-cm cells used with a particular colorimeter have
a capacity of 5 ml or less, the volume of sulfuric acid used for
the extraction can be reduced to 5 ml, with a corresponding
increase in the sensitivity of the procedure.
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as described in the next section to reduce the extent
of interference. Similarly, if it is desired to determine
N-tritylmorpholine at the 0.02 ppm to 0.03 ppm level,
then the " clean-up " procedure should be used un-
less the blank values are all less than 0.01 ppm and
the variation is less than 0.003 ppm.

"Clean-up " of samples

If the examination of untreated water indicates
that "clean-up " is necessary, the following pro-
cedure should be used.

Set up the chromatographic column (14 mm
internal diameter) and plug the base with cotton-
wool. Add cyclohexane to the column until it is
almost full, and then add 5 g alumina. Allow the
alumina to settle and drain the solvent down to the
upper surface of the alumina.

Extract the water sample (800 ml) with cyclo-
hexane as described above in the section on calibra-
tion.
Add the cyclohexane extract to the column

without disturbing the alumina and allow it to drain
to the upper surface of the alumina; reject the eluate.
Add a further 10 ml of cyclohexane, followed by
20 ml of 15 % (v/v) chloroform in cyclohexane, allow-
ing each eluant to drain separately to the surface of
the alumina. Reject both of these eluates. Add
30 ml of 60% (v/v) chloroform in cyclohexane to the
column and collect the eluate in a 50-mi separating
funnel; this fraction will contain the N-tritylmorphol-
ine.
Develop the colour by shaking the fraction with

10 ml of 850% (v/v) sulfuric acid and measure the
absorbance as described above. The apparent N-
tritylmorpholine content of the untreated water
sample can then be read from the calibration curve.

Analysis of treated water samples

Large particles of foreign matter and slime should
be removed before analysis by filtration through
muslin.

Aliquots of the samples are treated as described
above, the chromatographic " clean-up " step being
included if necessary,' and their N-tritylmorpholine
contents are read from the calibration curve.2

I If this step is employed with the treated samples, it must
also be included in the analysis of the untreated control
samples.

I If the N-tritylmorpholine concentration exceeds 0.1 ppm
a smaller volume of sample should be taken and should be
diluted to 800 ml with untreated water prior to extraction of
the molluscicide.

The results should be corrected for the blank
values obtained with untreated controls. If the mean
blank value has been determined using water samples
taken from the test locations before treatment with
N-tritylmorpholine it should be used with caution,
as day-to-day variations in blank values can occur,
especially when the rate of water flow changes after
rain.

Determination of recovery values
Recovery experiments should be carried out by

adding known amounts (e.g., 0.05 ppm) of N-trityl-
morpholine to valid untreated control water for
which the blank value is known and processing these
samples as described in the previous section, with a
" clean-up " if necessary. Consistent recoveries of
70% or above have been obtained from a wide range
of natural waters.

LABORATORY PROCEDURE

This is suitable for the determination of the mol-
luscicide down to a concentration of 0.01 ppm, with
a precision of ± 0.002 ppm (mean deviation) at this
concentration.

Preparation of calibration curves
Weigh (to the nearest 0.1 mg) about 0.5 g of pure

N-tritylmorpholine and transfer it to a 100-ml
volumetric flask. Make up to volume with methanol
and mix thoroughly. By means of a microlitre
syringe transfer 2-,ul, 4-Ftl, 6-pl and 8-pl volumes of
this solution into separate 15-ml beakers and add
5 ml of 85 % (v/v) sulfuric acid. Mix thoroughly and
allow to stand for 5 minutes. Measure the absorb-
ance of these solutions (at 435 nm), using the spectro-
photometer with 1-cm cells and distilled or clean tap
water as reference. Prepare a graph of absorbance
against concentration of N-tritylmorpholine (i.e.
2 pg/ml, 4 ,ug/ml, 6 ,ug/ml and 8 ,ug/ml of sulfuric
acid).

Prepare a similar calibration graph, using tri-
phenylcarbinol solutions in the range 2 ,ug/ml to
8 ,ug/ml of sulfuric acid (85 % v/v).
Analysis of treated and untreated water samples

Extract the samples as in the field procedure for
low dosages (above). Prepare a chromatographic
column (8 mm internal diameter) containing 2 g of
alumina, as described above under " clean-up " of
samples. Allow the cyclohexane extract to percolate
through the column until the liquid level reaches the
upper surface of the alumina, and reject the eluate.
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Elute the column with 5 % (v/v) diethyl ether in
cyclohexane until 30 ml of eluate have been collected.
Shake this eluate, which contains the N-tritylmorphol-
ine, with 5 ml of 85 % (v/v) sulfuric acid and measure
the absorbance of this acid solution at 435 nm by
means of the spectrophotometer. The concentration
of N-tritylmorpholine in the acid solution is de-
termined from the appropriate calibration curve and
that in the original water (in ppm) can be obtained
by dividing this value by 160.1

Finally, elute the column with 50% (v/v) diethyl
ether in cyclohexane until 40 ml of eluate have been
collected. Concentrate this eluate, which contains
the triphenylcarbinol, to about 2 ml by blowing a
jet of clean air over the surface of the solution. This
step is necessary to reduce the amount of diethyl
ether, which, if present in significant quantity, will
dilute the sulfuric acid solution.
Add about 8 ml of cyclohexane and shake the

mixture with 5 ml of 85 % (v/v) sulfuric acid. Meas-
ure the absorbance of this acid solution at 435 nm by
means of the spectrophotometer. The concentration
of triphenylcarbinol in the acid solution is determined
from the appropriate calibration graph and that in
the original water (in ppm) can be obtained by
dividing this value by 160.1

Valid untreated control samples should be pro-
cessed in the same way as the treated samples and
the results of the latter corrected accordingly. If
valid controls are not available, the simple field
procedure detailed above (p. 49) should be followed.

Determination of recovery values
Recovery experiments should be carried out by

adding known amounts (e.g., 0.05 ppm) of N-trityl-
morpholine and triphenylcarbinol to valid untreated
control water for which the blank value is known, or,
if such a sample is unavailable, to either distilled or
clean tap water, and processing these samples as
described in the preceding section. Consistent re-
coveries of between 70% and 90% of both N-trityl-
morpholine anid triphenylcarbinol have been ob-
tained from a wide range of natural waters.

DISCUSSION

Simple field procedure
The procedure is adequate for rates of application

of N-tritylmorpholine above about 0.2 ppm, and

1 Ift he N-tritylmorpholine or triphenylcarbinol concentra-
tion exceeds 0.1 ppm a smaller volume of sample should be
taken and should be diluted to 800 ml with untreated water
prior to the extraction process.

if low blank values are obtained it can be used down
to about 0.05 ppm when 800-ml water samples are
employed. The merit of this procedure is that it is
rapid, because di-n-butyl ether and sulfuric acid are
miscible and therefore do not require separation.
Furthermore, only very simple, inexpensive equip-
ment is needed. However, the method is not suffi-
ciently precise or sensitive at the low concentrations
currently being used in some field work.2

Field procedure for low dosages

The shortcomings of the simple field procedure
have been overcome by the use of a colorimeter
fitted with a special filter, together with the replace-
ment of di-n-butyl ether by cyclohexane as the
extraction solvent. In addition, cyclohexane gives
lower and less variable blank values with dirty water
samples (e.g., from slow-flowing streams or irriga-
tion canals) and fewer problems arise from emul-
sification. Moreover, it is possible to clean up cyclo-
hexane extracts by column chromatography, whereas
this is more difficult with the polar di-n-butyl ether.
The procedure is suitable for the determination of

concentrations down to about 0.01 ppm, although
the practical limit of determination will depend on
the blank value obtained with untreated water.
When very clean water (i.e., water giving a low

blank value) is treated with N-tritylmorpholine,
di-n-butyl ether can be used as the extraction solvent
in place of cyclohexane, with some saving in time.
However, owing to the miscibility of di-n-butyl
ether and sulfuric acid there will be a decrease in
sensitivity.

Laboratory procedure

Neither field procedure will distinguish between
N-tritylmorpholine and its hydrolysis product,
triphenylcarbinol. In the field there may, in some
cases, be an appreciable time interval between samp-
ling and analysis, during which at least partial hydro-
lysis of the N-tritylmorpholine will occur. In such
cases a method that distinguishes between the two
compounds may give misleading results.

Provided that the time interval between sampling
and analysis is kept small, the laboratory procedure,
which permits the separation of N-tritylmorpholine
and triphenylcarbinol so that they may be determined
separately, will give an accurate estimate of the
amounts of each present at the time of sampling.
The column chromatographic separation is not as

I See the paper by Crossland on page 23 of this issue.
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convenient as the field procedure, but it could be sitivity and precision to be attained, but the colori-
used in the field if necessary. Spectrophotometric meter could be used if preferred, although there
measurement is included to allow the highest sen- would be some loss in sensitivity and precision.

RtSUMt

Le present article d6crit en detail une methode colori-
m6trique simple permettant de d6celer de faibles concen-
trations du molluscicide N-tritylmorpholine et ainsi
d'estimer sa vitesse de diffusion et l'uniformite de sa
r6partition dans les eaux trait&es. Elle est bas&e sur
l'extraction de la N-tritylmorpholine par le cyclohexane
ou l'6ther-oxyde de di-n-butyle. L'addition d'acide sulfu-
rique a 85% v/v fait apparaitre une coloration jaune
caract6ristique de l'ion trityl-carbonium dont l'intensite,
indice du contenu en molluscicide de l'echantillon, est
d6termin6e par colorim6trie ou, au laboratoire, par
spectrophotometrie ou chromatographie sur colonne.
Deux variantes de la technique de base ont 6t6 mises au

point. La premiere permet de deceler des concentrations
de N-tritylmorpholine de l'ordre de 0,1 partie par million
avec une pr6cision de ±0,05 partie par million (deviation

moyenne) A cette concentration. La seconde peut etre
utilis&e pour l'analyse d'eaux traitees A des concentra-
tions de l'ordre de 0,01 partie par million, avec une pre-
cision de ±0,005 partie par million (d6viation moyenne)
A cette concentration. Dans les deux cas, du point de vue
pratique, la limite inferieure d'application de la methode
d6pend des valeurs obtenues avec des echantillons non
trait6s. Lors d'essais effectu6s avec divers specimens
d'eau renfermant de la N-tritylmorpholine a des concen-
trations variant de 0,02 A 1 partie par million, on a pu
retrouver 70 A 90% du molluscicide utilise.

Les deux premi6res techniques, simples, sont utilisables
sur le terrain, mais ne permettent pas de differencier la
N-tritylmorpholine de son produit d'hydrolyse, le tri-
phenylcarbinol. La methode de laboratoire, plus precise,
rend possible cette distinction.
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