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Absence of residues from crops irrigated with water
treated with trifenmorph for schistosomiasis control
K. I. BEYNON,1 P. BOSIO,2 & A. N. WRIGHT 3

The fate of the molluscicide trifenmorph (N-tritylmorpholine) following its use in
irrigation systems to control *the intermediate hosts of schistosomes was studied by
laboratory and field experiments. Laboratory studies with 14C-trifenmorph indicated that
bean plants did not take up detectable residues when the soil in which they were grown was
irrigated with water containing trifenmorph in concentrations likely to occur in the field.
These laboratory studies have been complemented by field irrigation studies of growing
crops in southern Africa and the Sudan. Residues oftrifenmorph and its breakdown product
triphenylmethanol could not be detected in the crops and the limit of detectability was
0.01-0.02 ppm. These results indicate that residues are not likely to be present in irrigated
crops following the treatment of the irrigation water systems with trifenmorph.

Schistosomiasis is, after malaria, the most impor-
tant parasitic disease of man in tropical and sub-
tropical areas, being a major problem in South
America, Africa, the Middle East, China, and Japan.
The situation is frequently made worse by the con-
struction of artificial lakes and reservoirs, since the
intermediate hosts of the parasites are snails that
thrive in warm, slowly moving water.

Trifenmorph (N-tritylmorpholine) 4 has been found
to be a promising molluscicide for controlling these
snails (Boyce et al., 1966). It can be applied by
means of a prolonged low-dosage technique to irriga-
tion systems, canals, and waterways at levels of up to
0.1 ppm or by a single application to static water at a
higher dosage level.

Although the toxicity of trifenmorph for mammals
is low (Brown et al., 1967), it is desirable that the
fate of the residues should be studied when the
treated water is used to irrigate growing crops. In
previous studies (Beynon et al., 1967) it was shown
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that trifenmorph was relatively stable in water ofpH
greater than 8, but that it hydrolysed rapidly to form
triphenylmethanol in water below pH 7.
The breakdown of 14C-trifenmorph in soils has

been studied in the laboratory (Beynon & Wright,
1967). It was found that 4 months after the treatment
less than 0.5% of the parent compound remained in
the soil. The main breakdown product was triphenyl-
methanol (57% of applied activity) together with
conjugates of triphenylmethanol and of the o-, m-,
and p-isomers of monohydroxytriphenylmethanol
(20% of applied activity), together with unextracted
components (17% of applied activity).
The breakdown of 14C-trifenmorph has also been

examined (Beynon & Wright, 1967) in rice grown in
the laboratory under simulated paddyfield condi-
tions. An exaggerated dosage level (0.25 ppm) was
applied to the water and residues were detected in
the grain, stems, and leaves of the mature plants.
These residues were mainly triphenylmethanol with
smaller amounts of trifenmorph, the isomers of
monohydroxytriphenylmethanol, and conjugates.

In the present study, the likely degradation pro-
ducts in a vegetable crop that has been irrigated with
14C-trifenmorph have been determined under labora-
tory conditions. These laboratory experiments have
been complemented by field studies in which crops
have been irrigated with water containing trifen-
morph under realistic conditions.
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EXPERIMENTAL PROCEDURE

Indoor experiments

Trifenmorph labelled in the aliphatic carbon atom
of the trityl group was prepared with a specific
activity of 5.8 nCi/,ug and was over 99 % pure radio-
chemically.
Broad beans ( Viciafaba cultivar Aquadulce Super-

claudia) were sown directly into 25-cm diameter pots
filled to a depth of 20 cm with potting soil (John
Innes No. 2 compost) prepared from unsterilized
local loam; the plants were later thinned to 2 plants
per pot.
When the plants were about 12 cm high the soil in

the pots was treated with 14C-trifenmorph, using a

solution containing 108 ,ug/ml in a 20% by volume
solution of acetone in water. The volumes applied
were 1 800 ,ul for the treatment at 0.06 kg/ha and
900 ,ul for the treatment at 0.03 kg/ha. The top 5 cm
of soil was thoroughly broken up to incorporate the
pesticide and the soil was watered to saturation.
These treatments were designed to simulate an appli-
cation of 12 cm of water containing trifenmorph at
rates of either 0.05 or 0.025 ppm. At the time of
harvest the roots extended throughout the pot, in-
cluding the top 5 cm of soil, and were thus in close
contact with the molluscicide.
Crops and soils were sampled at harvest, 51/2 weeks

from treatment when the first beans were mature.
The samples, both soil and plant, were extracted

immediately with acetone (Beynon & Wright, 1967).
Procedures for the liquid scintillation counting of
extracts, and the determination of radioactivity in
plant and soil residua have also been described
previously (Beynon & Wright, op. cit.).

Field studies
Crops grown in southern Africa or in the Sudan

were irrigated with water that had been treated with
trifenmorph at levels of 0.05 or 0.1 ppm. The irriga-
tion conditions and the treatment levels are shown in
the tables.
Crop and soil samples were transported from the

field in a frozen state at a temperature below -10°C
and were stored for up to 30 weeks at that tempera-
ture. Separate experiments confirmed that the resi-
dues were stable when stored under these conditions.
The samples were extracted and analysed for trifen-
morph and triphenylmethanol using the method de-
scribed previously by Beynon et al. (1970).
Recovery experiments were carried out by adding

known amounts (0.05-0.1 ppm) of trifenmorph or

triphenylmethanol to crop or soil samples; the mean
recoveries were 80% for trifenmorph and 85% for
triphenylmethanol.

RESULTS

Indoor experiments
The analysis of the broad bean plants at harvest is

summarized in Table 1. In no case were residues of

Table 1. Residues of 14C-trifenmorph and its breakdown products in beans. The
plants were grown in soil treated with trifenmorph at rates of 0.06 and 0.03 kg/ha

and harvested 5'S weeks after treatment

Residue (as trifenmorph equivalent
Weight Rate of application to the radioactivity detected)Sample ,g9 of trifenmorph
Sample(g) to soil (kg/ha) Extracted in Unextracted in Total residue

acetone (ppm) acetone (ppm) (ppm)

pods and beans 312 0.06 <0.01 <0.005 <0.01

216 0.03 <0.01 <0.005 <0.01

236 untreated <0.01 <0.005 <0.01

leaf 200 0.06 <0.01 <0.005 <0.01

259 0.03 <0.01 <0.005 <0.01

199 untreated <0.01 <0.005 <0.01

stems 155 0.06 <0.01 <0.005 <0.01

199 0.03 <0.01 <0.005 <0.01

154 untreated <0.01 <0.005 <0.01
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TRIFENMORPH RESIDUES

Table 2. Residues of 14C-trifenmorph and its breakdown
products in soil underneath bean plants

Residue of trifenmorph equivalent
Depth of to the radioactivity detected

Sample sampling
(cm) Extracted in Unextracted in

acetone (ppm) acetone (ppm)

soil treated at 0-5 0.039 0.008

0.06 kg/ha 5-12.5 0.002 -

soil treated at 0-5 0.028 -

0.03 kg/ha 5-12.5 0.002 -

untreated soil 0-7.5 <0.002 -

14C-activity detected in the plants and the values
quoted represent the limit of detectability.
The analysis of soil taken from underneath the

bean plants is summarized in Table 2. There was

very little loss of radioactivity and 92% of the
applied activity was recovered, mainly in the form of
triphenylmethanol, from the 0-5-cm layer.
The residues of 0.039 ppm extracted from the

0-5-cm soil layer were shown by thin-layer chroma-

tography to be triphenylmethanol (75 %) and trifen-
morph (25 %).

Field experiments

The analysis of field crops that had been irrigated
with water treated with trifenmorph is shown in
Table 3.

DISCUSSION AND CONCLUSIONS

In the laboratory 14C-trifenmorph was applied in
water to soil around growing bean plants at a dosage
level equivalent to 0.03 or 0.06 kg/ha and the plants
were examined 51/2 weeks later when the beans were

mature. The conditions of application were chosen
to simulate field conditions where a crop is irrigated
by surface flooding with up to 12 cm of water
containing 0.025 or 0.05 ppm of trifenmorph.
The plants contained no detectable radioactivity

and the limit of detectability was 0.01 ppm or. less.
Residues were detected in the soil, mainly in the
form of triphenylmethanol, and represented a large
proportion of the material applied; this persistence is
in agreement with previous laboratory results
(Beynon & Wright, 1967).

Table 3. The analysis of field crops and soils for residues of trifenmorph and triphenylmethanol

Residues (ppm)
Site of trIal Irrigation Treatment with Samle Date of

procedure trifenmorph Sampling Trifenmorph Triphenyl-
Site of trial Trifenmorph ~~~~~~~~~~~~~~~methanol

southern intermittent 0.05 ppm added continuously potato tubers, 13 August 1967, <0.01 <0.01
Africa overhead spray to irrigation water from tomatoes, 13 August 1967, <0.01 <0.01

25 Mayto 15 June 1967 soil 20 June 1967 0.02

0.05 ppm added continuously beetroot, 2 October 1967 <0.02 <0.02
to irrigation water from onions 2 October 1967 <0.01 <0.01
25 May to 15 June 1967

followed by 0.025 ppm from
1 September to 10 September,

and 21 September
to 1 October 1967

channel 0.05 ppm added continuously potato tubers, 2 October 1967 <0.01 <0.01
irrigation to irrigation water from onions, 2 October 1967 <0.01 <0.01

25 May to 15 June 1967 French beans 2 October 1967 <0.01 <0.01
followed by 0.025 ppm from (dried)

1 September to 10 September,
and 21 September
to 1 October 1967

Sudan gravity 0.1 ppm added continuously onions, 28 February <0.02 <0.02
feeding to to canal for 3 days red peppers, 1970 <0.02 <0.02
channels from 15 January 1970, and then wheat grain, <0.02 <0.02

0.075 ppm for 27 days sweet potatoes, <0.02 <0.02
ground-nuts, <0.02 <0.02

okra, <0.02 <0.02
aubergine (egg-plant) <0.02 <0.02
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The indoor experiments indicated that residues
were unlikely to be taken up in the field by growing
crops irrigated with water containing the mollusci-
cide. This has been confirmed by the analysis of a
range of crops that were irrigated with treated water
by different procedures. Residues were not detected
in crops even when dosage levels (0.075-0.1 ppm) at
the higher end of the recommended range were

used. The studies included flood and spray irrigation
procedures, and both root crops and crops growing
above ground.

Small residues (0.02 ppm) of triphenylmethanol
were detected in one sample of field soil, indicating
that small amounts of the residues reach the fields
although they are not taken up from the soil or
through the foliage of irrigated crops.
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RESUME

ABSENCE DE RESIDUS DANS LES CULTURES IRRIGUEES AU MOYEN D'EAU TRAITIE
PAR LE TRIFENMORPH POUR LUTrER CONTRE LA SCHISTOSOMIASE

Le trifenmorph (N-tritylmorpholine), molluscicide qui
a donne des resultats prometteurs, peut etre utilise en
application continue dans les systemes d'irrigation a des
concentrations pouvant atteindre 0,1 partie par million,
ou en application unique en eau stagnante a des dosages
plus 6lev6s. II importait de s'assurer de la presence ou de
l'absence de r6sidus du compos6 ou de ses produits de
degradation dans les cultures irriguees au moyen d'une
eau ainsi traitee.
Au laboratoire, des feves ont ete cultivees dans des pots

et la terre a ete arrosee a I'aide d'une solution de trifen-

morph marque au 14C, de maniere a simuler l'application
d'un traitement a la concentration de 0,05 ou 0,025 partie
par million. Apres 51/2 semaines, on n'a decele aucune
trace de trifenmorph ou de ses produits de degradation
dans les plantes. Les residus - principalement sous la
forme de triphenylmethanol, produit d'hydrolyse du
trifenmorph - trouves dans la terre representaient 90%
environ de la quantit6 de molluscicide employee pour le
traitement.
Des essais reels effectues sur des cultures en Afrique

meridionale et au Soudan ont confirme ces resultats.
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