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Break-down of the Molluscicide N-Tritylmorpholine
in Soil and in Rice*
K. I. BEYNON & A. N. WRIGHT

The molluscicide N-tritylmorpholine (Frescon, WL 8008) is likely to be applied to
flowing water systems in bilharziasis control programmes. The treated water in irrigation
systems will sometimes be applied to growing crops, such as rice, and the nature of the
terminal residues of N-tritylmorpholine in rice has therefore been investigated.

Crops were grown under greenhouse conditions in soil treated with water containing
14C- and 3H-N-tritylmorpholine, using dosage levels very much greater than those that will
generally be used in the field. The major radiocomponent in the rice plants was triphenyl-
carbinol (triphenylmethanol), together with smaller amounts ofunchanged N-tritylmorphol-
ine and o-, m-, and p-hydroxytriphenylcarbinol. The hydroxytriphenylcarbinols were pre-
sent as the free hydroxy compounds and as plant conjugates.

Residues of the parent molluscicide and its break-down products are not considered
likely to present a toxic hazard to animals or men that eat the crops.

N-Tritylmorpholine (Frescon, previously referred
to as WL 8008) is a promising molluscicide (Boyce,
Crossland & Shiff, 1966) that can be applied in a
variety of ways. For irrigation systems a prolonged
low-dosage technique has been developed. Such an
application at up to 0.05 ppm will often be made to
irrigation ditches and canals whose water is used
subsequently on agricultural land, e.g., rice paddies.
The nature of the terminal residues of N-trityl-
morpholine and its break-down products in rice
treated in the greenhouse with aqueous solutions of
14C and 3H-N-tritylmorpholine has therefore been
examined. In separate experiments fresh loam soil
was treated with 14C-N-tritylmorpholine and stored
for 4 months in loosely capped jars.

In water, N-tritylmorpholine hydrolyses to tri-
phenylcarbinol (triphenylmethanol), and the de-
pendence of the rate of hydrolysis on the pH of the
water has been described elsewhere.'

EXPERIMENTAL PROCEDURE

Radiolabolled molluscicide
N-Tritylmorpholine, labelled in the aliphatic

carbon atom of the trityl group, was prepared with a

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

1 See the paper by Beynon, Crossland & Wright on
page 53 of this issue.

specific activity of 2.35 mCi/mmol. The sample was
over 99% pure radiochemically and chemically.
N-Tritylmorpholine was also prepared labelled
randomly with tritium in the morpholine group, with
a specific activity of 15.5 mCi/mmol; it also was
over 99% pure.
The molluscicide was formulated for dispersion in

water by the addition of 100 ,l of a mixture of
10% by weight of emulsifiers in tetrachloroethylene
to 16.5 mg of N-tritylmorpholine.

Unlabelled standards
Unlabelled standards were used for the identifica-

tion of break-down products of N-tritylmorpholine.
Triphenylcarbinol is commercially available.
o-Hydroxytriphenylcarbinol and m-hydroxytri-
phenylcarbinol were supplied by Tunstall Labora-
tories (" Shell " Research Ltd). p-Hydroxytriphenyl-
carbinol (m.p. 1600 C) was prepared as described by
Gomberg & Jickling (1915).

Plant growth and treatment
Rice seedlings (about 6) were transplanted at the

3-leaf stage into plastic buckets containing an
8-in (20-cm) depth of John Innes No. 2 compost
above a 1-in (2.5-cm) layer of stone chips. A 2-in
(5.0-cm) water layer was maintained above the soil
level during growth, although the water was allowed
to dry off before harvest to assist ripening of the
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grain. The plants were grown in a greenhouse with
extra light and warmth and were allowed to grow to
maturity.
The rice plants were treated with formulated

H- and 14C-N-tritylmorpholine after transplanting by
adding 3 litres of water containing N-tritylmforphol-
ine (750 ,ug active material (am) as formulation)
at 0.25 ppm (am) and maintaining a 2-in (5.0-cm)
water layer over the soil. This was the only treatment
of samples described as being once treated. Other
plants were treated repeatedly at I-week intervals
with the same amount of N-tritylmorpholine
(750 ,ug).

Break-down in soil jars
In separate experiments, formulated 14C-N-trityl-

morpholine (10 ppm active material) was added to
moist fresh loam soil contained in a loosely capped
bottle and maintained at. near 22°C for about
4 months.

Extraction of crops and soils
Crops. Plant material was extracted by thorough

maceration with acetone in a manner similar to that

described previously (Beynon & Wright, 1967). The
over-all extraction ratio (g per ml) was generally
between 1: 5 and 1: 20. The plant residuum was
dried in a vacuum desiccator, although in some cases
it was first further extracted with water or 2-N
hydrochloric acid. Some of the residua were shaken
at pH 6 for 36 hours with a 1% aqueous solution of
,B-glucosidase.

Soils. Soil samples were extracted by shaking them
twice with acetone. The extracted soil was dried in a
vacuum desiccator and re-extracted with 200 ml of
2-N hydrochloric acid during one hour with shaking.
The residuum from the soil-jar experiments was
dried and the residual activity measured by a Van
Slyke oxidation procedure (Smith et al., 1964).

Before examination by thin-layer chromatography
the acetone and aqueous acid extracts of crops and
soils were treated as follows.

(1) Acetone extracts were concentrated by cau-
tious evaporation at below 30°C and at about
20-mm Hg pressure, and the watery residue was
extracted twice with 2 volumes of benzene. The
benzene extract was then dried, and the benzene and

FIG. 1
RADIOSCANS OF CHROMATOGRAMS a OF EXTRACTS OF SOIL BELOW RICE TREATED

WITH N-TRITYLMORPHOLINE (TABLE 5)
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BREAK-DOWN OF N-TRITYLMORPHOLINE IN SOIL AND IN RICE

FIG. 2
RADIOSCAN OF CHROMATOGRAM a OF ACETONE EXTRACT OF RICE STEM AND LEAVES

AFTER PARTITION TO BENZENE

a Silica gel GF254 eluted in chloroform.

aqueous phases were concentrated to a small volume
as above.

(2) Aqueous extracts were further extracted with
benzene, and the aqueous and benzene layers were
concentrated separately before application to thin-
layer plates as indicated above.
No loss of radioactivity took place as a result of

these procedures, as shown by radiocounting of the
extract before and after processing.

Thin-layer chromatography
The nature of the radioactivity in the extracts was

examined by thin-layer chromatography on plates
coated with silica gel GF254 or alumina GF254.
Radioactive components were located by means of
a Desaga radioscanner fitted with a 2--f head. Non-
radioactive markers were visualized by exposing the
plates to light of wavelength 254 nm. Markers were
normally run either mixed with the extract or on the
same plate on a parallel track.

After radioscanning, the radioactive components
were desorbed from the relevant areas of the layers,
using ether or ether-benzene for desorption. An
aliquot of the extract was subjected to liquid scintil-
lation counting and the remainder was used for
investigation of the nature of the desorbed com-
ponent in other chromatographic systems.

Radiocounting procedures
The liquid scintillation counting procedures have

been described previously (Beynon & Wright, 1967).

The activity remaining in the residuum of the plants
after extraction was determined by combustion of a
weighed sample and radiocounting of the 14CO02
produced (Dobbs, 1963; Wright et al., 1965).

RESULTS

Typical radioscans of thin-layer chromatograms
of plant and soil extracts are shown in Fig. 1 and 2.

Unchanged N-tritylmorpholine
Unchanged N-tritylmorpholine was identified in

many of the extracts by thin-layer chromatography;
the results are summarized in Table 1.

Triphenylcarbinol
Triphenylcarbinol was identified as a component

in the extracts by thin-layer chromatography in
systems such as those given in Table 2.

o-Hydroxytriphenylcarbinol
o-Hydroxytriphenylcarbinol was identified as a

component in the extracts, before and after hydro-
lysis, by thin-layer chromatography in systems such
as those listed in Table 3. The material appearing
after acid or /3-glucosidase hydrolysis was probably
present as a conjugate in the original sample.

m-Hydroxy- and p-hydroxy-triphenylcarbinol
m-Hydroxy- and p-hydroxy-triphenylcarbinol were

identified in some of the extracts before and after
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TABLE 1
THIN-LAYER CHROMATOGRAPHY OF N-TRITYLMORPHOLINE

Adsorbent Elution mixture T Rf of 14C_ Rf of
component N-tritylmorpholine

Alumina GF254 20 % (v) ether in hexane 0.51-0.53 a 0.51-0.55
40 % (v) chloroform in hexane 0.85-0.87 a 0.86-0.88
40 % (v) ether in hexane b 0.56 0.54

Silica Gel GF254 5 % (v) ether in hexane 0.37 0.35
10 % (v) ether in hexane 0.53 0.49
20 % (v) ether in hexane 0.70 0.70

a Co-chromatographed, mixed with authentic standard, in two dimensions on a 20 cm x 20 cm
plate. Rf values correspond to upper and lower edges of the spot.

b Freshly activated plate.

TABLE 2

THIN-LAYER CHROMATOGRAPHY OF TRIPHENYLCARBINOL

Adsorbent Elution mixture 1 Rf of 14C- Rf of
component triphenylcarbinol

Alumina GF2s4 20 % (v) ether in hexane 0.21-0.28 a 0.21-0.25
Chloroform 0.86-0.90 a 0.88-0.91
40 % (v) ether in hexane b 0.17 0.18

Silica Gel GF254 5 % (v) ether in hexane 0.20 0.21
10 % (v) ethanol in hexane 0.43 0.45
20 % (v) ether in hexane 0.51 0.50
10 % (v) ethanol in benzene 0.92 0.92

a Co-chromatographed as stated in note to Table 1.
b Freshly activated plate.

TABLE 3

THIN-LAYER CHROMATOGRAPHY
OF o-HYDROXYTRIPHENYLCARBINOL

ON SILICA GEL GF254

Elution mixture ompRfof nC- tRfofo-hydroxy-
Elutionmixture

componenit triphenyl-

20 % (v) ethanol in hexane 0.33 0.33

10 % (v) ethanol in hexane 0.83 0.81

5 % (v) ethanol in benzene 0.56-0.62 0.62-0.68

20 % (v) ether in hexane 0.25-0.32 a 0.26-0.33

Chloroform 0.28-0.32 a 0.28-0.34

30 % (v) ether in hexane 0.37-0.43 a 0.37-0.43

a Co-chromatographed as stated in note to Table 1.

TABLE 4

THIN-LAYER CHROMATOGRAPHY OF m-
AND p-HYDROXYTRIPHENYLCARBINOL

ON SILICA GEL GFEs4

1
f Of 14C_ Rf of m-

Elution mixture Rf of '4C- or p-hydroxy-
component triphenyl-

carbinol

5 % (v) ethanol in benzene 0.48-0.52 a 0.48-0.52

70 % (v) chloroform in hexane 0.18-0.22 a 0.18-0.22

10 % (v) ethanol in chloroform 0.81-0.86 a 0.82-0.85

20 % (v) ether in hexane 0.18 0.21

10 % (v) ethanol in benzene 0.70 0.68

5 % (v) ethanol in benzene 0.73-0.76 a 0.73-0.76

30 % (v) ether in hexane 0.70-0.75 a 0.71 -0.73

a Co-chromatographed as stated in note to Table 1.
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hydrolysis. The material appearing after acid or
,B-glucosidase hydrolysis was probably present in the
original sample as a conjugate.

m-Hydroxy- and p-hydroxy-triphenylcarbinols are
not separated in the thin-layer chromatography
systems described here (Table 4), and the results in

TABLE 5
THIN-LAYER CHROMATOGRAPHY OF m-

AND p-HYDROXYTRIPHENYLCARBINOL BEFORE
AND AFTER ULTRAVIOLET IRRADIATION

Rf
Component Before After

irradiation irradiation

4C-extract 0.55 0.82 + 0.95

m-Hydroxytriphenylcarbinol 0.6 0.82

p-Hydroxytriphenylcarbinol 0.6 0.95

this table indicate only the presence of either or both
of the compounds in the extracts. However, it was
found that both compounds could be converted by
ultraviolet radiation (254 nm) pn thin-layer plates to
give products that were readily separable, that from
p-hydroxytriphenylcarbinol being fuchsone. The
"IC-component from rice plants was accordingly
converted on a plate (silica gel GF2,4) and eluted in
5% (by volume) ethanol in chloroform. The
standards were similarly treated on the same
plate. The Rf values obtained were as shown in
Table 5.

The chromatograms obtained indicated that both
m-hydroxy- and p-hydroxy-triphenylcarbinol were
present in approximately equal amounts.

Distribution of the break-down products in rice and
soils

The distribution of the radioactivity in the different
samples is shown in Tables 6-8.

TABLE 6
RESIDUES OF N-TRITYLMORPHOLINE AND ITS METABOLITES IN RICE AT HARVEST

Residue of N-tritylmorpholine
and metabolites (ppm) c

Treatment a Sample b

Extractable Other Totalin acetone

I application of Grain 0.16 0.06 0.2

'4C-N-tritylmorpholine Plant 1.2 0.12 1.3

at transplanting Soil d 0.06 ca 0.005 0.06

16 weekly applications Grain 1.1 0.42 1.5

of '4C-N-tritylmorpholine Plant 4.5 1.5 5.9

Soil d 0.7 0.08 0.78

1 application of Grain 0.03 0.002 0.03

'H-N-tritylmorpholine Plant 0.15 0.38 0.53

at transplanting Soil d ca 0.002 - ND e

16 weekly applications Grain 0.17 0.13 0.30

of 'H-N-tritylmorpholine Plant 0.39 2.1 2.5

Soil d 0.10 - NDe

a Application of 0.75 mg N-tritylmorpholine in 3 litres of water (0.25 ppm) as indicated.
b Sampled at harvest, 18 weeks from transplanting and first treatment (no water sample available

owing to drying off to assist ripening of grain).
c As ppm of N-tritylmorpholine equivalent to radioactivity found.
d John Innes No. 2 compost with approx. 2 in (5 cm) water cover.
e ND = not determined.
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TABLE 7
RESIDUES OF '4C-N-TRITYLMORPHOLINE AND ITS METABOLITES

IN RICE AT HARVEST a

1 Content of '4C-component in plant (ppm) b
Component

Grain Plant Soil

N-Tritylmorpholine <0.05 1.0 0.2

Triphenylcarbinol 0.9 3.0 0.5

o-Hydroxytriphenylcarbinol <0.05 0.1

m- and p-Hydroxytriphenylcarbinol <0.05 0.1 c No positive

Extractable glucosides of detection
o-hydroxytriphenylcarbinol 1 0.12 Of se
m-and p-hydroxytriphenylcarbinol 0.20 0.06 components

Glucoside of triphenylcarbinol 0.03

Unextractable activity 0.40 1.5 0.08

Total 1.5 5.9 0.78

a Treatment as inTable 6:16 applications of 'C-N-tritylmorpholine at weekly intervals.
b As ppm of N-tritylmorpholine equivalent to radioactivity found.
c Shown to be near 1: 1 ratio by photQlysis.

TABLE 8

RESIDUES OF N-TRITYLMORPHOLINE AND ITS METABOLITES
IN LOAM SOIL a

Extract analysed Component determined Amount presentin ppM b

Extractable in acetone N-Tritylmorpholine <0.05 c

Triphenylcarbinol 5.7

Other 0.06

Extractable in benzene Triphenylcarbinol 1.9
(after acid hydrolysis)

o-Hydroxytriphenylcarbinol 0.06

m- and p-Hydroxytriphenylcarbinol 0.04

Unextractable activity 1.6
(by Van Slyke oxidation) _

Total 9.4

a Composition at 4 months after treatment with "C-N-tritylmorpholine at 10 ppm. Soil: Loam
from Mendlesham, East Anglia, England; pH 8.0, 15% moisture (% dry-weight), maintained in
loosely capped jars at 220C.

b Expressed as ppm N-tritylmorpholine equivalent to radioactivity found.
c Limit of detection 0.05 ppm.

DISCUSSION AND CONCLUSIONS

Rice plants
The rice was treated once or repeatedly with

N-tritylmorpholine, each time at a concentration
greater than that which will generally reach the field.
The concentrations of residues found in these

greenhouse studies are likely to be many times
greater than those in the field, especially as there will
be no losses in the greenhouse due to leaching from
the soil.

Irrigation procedures differ widely in the rice-
growing areas of the world and no single procedure
can be regarded as being representative. When the
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field is irrigated with water containing N-trityl-
morpholine one can envisage two broad classes of
treatment level:

(a) Lower level. The rice field is flooded once with
water containing up to 0.05 ppm of N-tritylmorpholine.
Any subsequent irrigation of the field or topping-up of
the water level is carried out with water not containing
N-tritylmorpholine.

(b) Higher level. The rice field is flooded once with
water containing up to 0.05 ppm of N-tritylmorpholine
and the water level is maintained or further irrigation
carried out with water containing similar concentrations
of N-tritylmorpholine. The total amount of water con-
taining N-tritylmorpholine that is passed into such a field
can vary considerably and will depend, among other
factors, upon the leakage and evaporation of water from
the field.

In practice a rice field will generally receive a
dose of N-tritylmorpholine which corresponds to the
lower-level treatment or, where the throughput
of water is low, to the higher-level treatment.
A single dose of 0.25 ppm therefore corresponds to a
greater amount of N-tritylmorpholine than will
generally reach a rice field. However, it represents
a total dosage comparable to that received in the
higher-level treatment when there is a high through-
put of water. The use of 16 applications of water
containing 0.25 ppm of N-tritylmorpholine is very
much in excess of the likely field use.
The residues actually found in the rice at harvest

(Table 6) are, in view of the above, not unduly high.
The rice grown in soil treated once at 0.25 ppm with
14C-labelled N-tritylmorpholine contained 0.22 ppm
of N-tritylmorpholine and its metabolites in the grain
and 1.3 ppm in the plant. The rice grown in soil
treated 16 times contained 1.5 ppm in the grain and
about 6 ppm in the plant. Similar treatments of the
soil with 3H-N-tritylmorpholine gave total residues
for a single treatment of 0.03 ppm in the grain and
0.53 ppm in the plant, and, for 16 treatments,
0.30 ppm in the grain and 2.5 ppm in the plant.
These results suggest that the 3H label was less
readily taken up than the 14C label, and therefore
that the residues in rice were mainly of triphenyl-
carbinol or its metabolites.

This conclusion is borne out by the analysis of the
components in rice grain and plant at harvest after
repeated (16 times) treatment (Table 7), which
shows that, apart from N-tritylmorpholine (I ppm),
the residue in the plant was mainly free triphenyl-
carbinol (3 ppm). Some triphenylcarbinol was
probably also present as a plant conjugate hydrolys-

able by acid or ,B-glucosidase. Small amounts of all
the monohydroxylated derivatives of triphenyl-
carbinol were also present, both free (at 0.05 ppm
or less) and as plant conjugates (0.1 ppm or less),
which were probably glycosides, since they were
hydrolysable by /3-glucosidase as well as by hydro-
chloric acid.
Only a small amount of rice grain was available

and the concentration of conjugate could not be
determined precisely. Some part of the material in
the grain described as conjugate may in fact be
triphenylcarbinol itself, since this was not completely
extracted by acetone.
The grain and plant of rice treated with 3H-N-

tritylmorpholine were less extensively examined,
since it proved impossible to locate tritiated com-
ponents by radioscanning at these low concentra-
tions. However, when extracts of the repeatedly
treated plant at harvest were chromatographed and
sections of the plates were counted in the Packard
Tri-Carb, the 3H activity was found mainly at the
retention values expected for unchanged N-trityl-
morpholine and morpholine. It is probable, how-
ever, that some of the morpholine formed on hydro-
lysis in the water, soil or plant becomes bound to the
plant tissues, since the plant residuum after extrac-
tion contains significant amounts of 3H activity.

Soils

The rice plants were grown in sterilized John Innes
No. 2 compost, to assist plant growth and favour
good cropping of the grain. Analysis of the re-
peatedly treated soil at harvest (Table 4) showed the
presence of unchanged N-tritylmorpholine and tri-
phenylcarbinol only. However, since this compost
was " sterile " initially, the range of metabolites may
have been atypical of those that could be obtained in
the field, owing to the reduced content of soil flora
and fauna. Nevertheless, the soil would not have
remained sterile for very long. The break-down pro-
ducts of N-tritylmorpholine were examined, how-
ever, in an unsterilized loam sample.
The products formed from N-tritylmorpholine

after 4 months in this loam are shown in Table 8.
There was no evidence of N-tritylmorpholine being
present at the 0.05 ppm level. The major component
detected was triphenylcarbinol, as in the rice soils,
but part of this was extracted only after hydrolysis
with dilute hydrochloric acid, suggesting that it was
present as a conjugate with organic matter from the
soil. In addition, small amounts of hydroxylated
triph-nylcarbinols were identified in the extract after
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hydrolysis. Their presence as minor components is
interesting since they are considered unlikely to form
except as a result of a metabolic process in soil
microflora or fauna.

N-Tritylmorpholine has been shown 1 to have
little or no effect on the health of rats at dietary
intakes of 100 ppm and none at 10 ppm. It has an

1 See the paper by Brown, Stevenson & Walker on
page 73 of this issue.

LD50 (rat acute oral) of 1200 mg/kg under conditions
where the LD50 of triphenylcarbinol is 2000 mg/kg
and that of morpholine is near 1000 mg/kg. Thus all
are of low toxicity, and residues of N-tritylmorphol-
ine and triphenylcarbinol are therefore considered
most unlikely to present a toxic hazard to animals or
men who eat the crops.
The residues of the hydroxylated components are

small and it is unlikely that these compounds could
be detected in field samples.
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RtSUMI

La N-tritylmorpholine (Frescon) est un molluscicide
prometteur pour la lutte contre les mollusques h6tes
intermediaires des schistosomes responsables de la
bilharziose. Comme il sera probablement utilise dans les
eaux d'irrigation, on a etudie sa decomposition dans les
sols et dans le riz cultive sur ces sols, par des experiences
faites en serre sur un produit marque.
Le riz a ete cultiv6 dans des recipients garnis de terre

recouverte d'une suspension aqueuse de N-tritylmorpho-
line (correspondant a 0,25 partie par million du produit
dans l'eau) marquee au 14C et a 1'3H. Un certain nombre
de plants de riz ont et6 arroses une seule fois avec la sus-
pension de N-tritylmorpholine et les autres ont et traites
seize fois a intervalles d'une semaine. A ces concentra-
tions relativement elevees, les observations prouvent que
des residus de triphenylcarbinol peuvent se trouver dans
la plante (jusqu'A 3,0 parties par million) et dans la
graine (jusqu'a 0,9 partie par million). I1 peut egalement
y avoir dans la plante de petites quantites (0,16 partie par
million ou moins) de triphenylcarbinols hydroxyles, le
plus souvent sous forme de glucosides. Ces produits de
degradation ne se trouvent vraisemblablement pas en

quantite decelable dans les 6chantillons traites it plus
faible concentration (0,05 partie par million au plus dans
l'eau), celle qui, generalement, atteint les champs. Les
residus de ces produits dans les recoltes trait6es par une
suspension aqueuse de N-tritylmorpholine ne paraissent
pas presenter de danger de toxicite.
On a montr6 qu'a la suite des 16 traitements decrits

ci-dessus le sol situe au-dessous des plantes de riz contient
du triphenylcarbinol (0,5 partie par million) ainsi que
de la N-tritylmorpholine non degradee (0,2 partie par
million).
Dans une autre experience, on a traite du terreau non

sterile par de la 14C -N-tritylmorpholine a 10 parties par
million (par rapport au poids de terreau humide) et on l'a
conserve pendant 4 mois a une temperature voisine de
22°C dans un flacon non hermetiquement obture. A la fin
de cette periode, on n'a pas trouve de quantites decelables
de N-tritylmorpholine, l'activite du 14C etant due au
triph6nylcarbinol libre (5,7 parties par million), au tri-
phenylcarbinol conjugue (1,9 partie par million), au
triphenylcarbinol hydroxyle (pres de 0,1 partie par mil-
lion) et 'a l'activite non extractible (1,6 partie par million).
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