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Introduction

For the control of the rice stem borer, Chilo

suppressalis, Walker. one of the major pests of

rice plant grown in Japan, ethyl-and methyl-par

athion have been preferably used. Recently, how'

ever, Sumithion* has been' rapidly replacing

these insecticides, because this new organophos

phorus compound has been proved to be almost

as same effect against the said pest as parathion,

and moreover can be safely used owing to its

extremely low toxicity to mammals. In the ex

periments reported here. we applied phosphorus

-32 labeled Sumithion to rice plant at the prehead·

ing stage corresponding to the period of the

second hatching of the rice stem borer, and

examined its metabolic fate in the plant. We

also determined residual amount of Sumithion as

well as of other metabolic products contained in

* 0, O-Dimethyl, 0-C3-methyl-4-nitrophenyl)
phosphorothioate.

rice grains from the view·point of public health.

Materials and Methods

1) Radioactive Sumithion.

Phosphorus-32 labeled Sumithion was synthe

sized from phosphorus-32 trichloride, as described

previously!'. The purity of the preparation was

more than 99;'6 and the initial specific activity

was 9.0 me/g.

2) Application of Sumithion to rice plant and

methods of analysis.

Rice plants (variety Hatsushimo) were trans

planted on Aug. 7, 1964 to a space under the

similar conditions of a paddy field which had

been prepared in a vinyl tent. On Aug. 25, phos

phorus-32 Sumithion emulsion was sprayed uni

formly on the plants under the pressure of 3.1

kg/cm2 from a nozzle which was moving hori

zontally 50 ern above the top of the plants. The

emulsion used was as follows; emulsifiable con

centrate composed of 50 parts of phosphorus-32
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Sumithion, 30 parts of emulsifier Sorpol SM 100*

and 20 parts of xylene, was diluted to 1,000 times

(2,000 times, as compared with the active ingre

dient). Sprayed volume was enough to cover 75

1/10 ares. The weather was fine and the tempera

ture inside the tent was 32°C. At appropriate

intervals after application of Sumithion, 3 sheaves

of rice plants (average weight; leaf blade 140g,

leaf. sheath 230 g) were sampled at random by

cutting down at the base, and leaf sheath and

leaf blade were separated. Acetone was blown

onto the surface to wash adhering Sumithion

off. Subsequently leaf sheath and leaf blade

were sliced finely 'with a scissor and thoroughly

homogenized in a mortar with a pestle by addition

of sea sand and dry ice. The homogenate

obtained, after suspended in distilled water and

acidified with 1096 cold perchloric acid (the final

concentration 2 96), was extracted twice with

chloroform. Phosphorus-32 in the combined

chloroform layers was separated and identified

by thin-layer chromatography, as described in

detail elsewhere(in this case, Sumithion and Sumi

oxon that developed on the thin-layer plate were

assayed radiochemically). 2) The aqueous layer

was lyophilized and radioactive compounds were

determined by co-chromatography with the

'authentic compounds on paper as shown in one of

the previous papers. Il

3) Determination of Sumithion and its metabo

lic products in rice grains.

Rice plants sprayed with radioactive Sumithion

as mentioned above were reaped on Oct. 9, 1964

(46 days after application of Sumithion) and

residue of Sumithion and its metabolic products

in rice grains were determined.· In addition,

Sumithion and free p-nitrocresol** were analyzed

out of the rice grains of the following three

different varieties applied with Sumithion.

(A) Kin-nampu variety, sprayed with 700 times

diluted emulsion of 5096 emulsifiable liquid at a

rate of 501/10 ares on Aug. 28, 1964 and reaped

on Oct. 29.

(B) Ginga variety, applied with 3 kg of 596

granulellO ares on Aug. 3, 1964 and reaped on

Sep, 10.

* Manufactured by Toho Chemical Co.
** 3-methyl-4-nitrophenol.
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(C) Aichi-asahi variety, applied with 4 kg of 2 96

Sumithion dust per 10 ares on Aug. 23, 1964,

and reaped on Oct. 28.

Those rice grains were divided into rice bran

and polished rice, and Sumithion and p-nitrocresol

in both parts were determined by means of chloro

form extraction, followed by thin-layer chromato

graphy and colorimetric measurement of sodium

p-nitrocresolate under the alkaline condition, as

described already. According to the preliminary

test, p-nitrocresol is also extractable with chloro

form and can be recovered satisfactorily by the

same procedure. In the case of rice grains

sprayed with phosphorus-32 Sumithion, the band of

silica-gel of the thin-layer chromatoplate marked

with the authentic Sumithion was stripped off

and its radioactivity was counted. Control rice

grains of variety Hatsushimo were not available,

so content of p-nitrocresol could not be deter

mined. Aqueous layer from the rice grains sprayed

with radioactive Sumithion was chromatographed

on Dowex-l column, and degradation products of

Sumithion containing phosphorus-32 were deter

mined in the way as stated in the previous paper!',

Results and Discussions

1. Metabolic fate of Sumithion in rice plant.

Persistence of the applied Sumithion on the

plant surface and its penetration into the tissues

were determined. The results are shown in

Table I, Figs. 1 and 2. Under the present experi

mental conditions, 11.79 ppm of Sumithion was

Table 1. Distribution of a2p in leaf.
(pg equivalent/g tissue)

Days after 32p on the
treatment Total a2p Penetrated a2p surface

0 11. 79 0 11. 79

1 6.97 5.68 1. 29

2 5.79 5.01 0.78
4 5.51 4.97 0.54

7 5.00 4.68 0.32

10 4.80 4.47 0.33

attached to the surface immediately after spray,

and during the subsequent twenty-four hours

approximately one half of the amount was obser

ved to have penetrated into the tissues. Only

rene-tenth of the initial Sumithion attached re-
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Fig. 2. 32p content in leaf sheath after spraying
32P-Sumithion.
• Total 32p, 0 Acetone washing, ctChloroform
soluble, DWater soluble, • Precipitate.

SumioxonSumithion

Leaf sheath

1 0.19 0.03
2 0.06 0.02
4 0.02 (0.01

7 0.01 0.01
10 0.01 (0.01

Leaf blade

1 4.46 0.83
2 1. 46 0.86

4 0.33 0.27
7 0.23 0.15

10 0.16 0.08

Days after
treatment

Table 2. Contents of Sumithion and
Sumioxon* in chloroform extract of
leaf. (pg equivalent/g tissue)

fied in both leaf blade and leaf sheath. This

result confirms the previous one that rice plant

tissues can oxidize Sumithion to Sumioxon!'.

* Oxygen analog of Sumithion, 0, 0-dimethy1
0-(3-methyl-4-nitrophenyl) phosphorate.

Rice plant tissues seem to be capable of meta

bolizing Sumithion rapidly under the experimen

tal conditions since twenty' four hours after spray

an appreciable amount of water soluble radioa

ctivity was already demonstrated. This radio

activity in aqueous layer increased in accordance

with the decrease of the active ingredient and

one week afterward the amount reached 8096 of

the total radioactivity in leaf blade. In leaf

sheath the increment of water soluble radio

activity surpassed the decrease of radioactivity

in chloroform layer plus acetone washing. There

fore, translocation of water soluble metabolites

from leaf blade was suspected. Those water

soluble metabolites from Sumithion were sepa

rated and identified. The results are shown in

Table 3. In leaf blade dimethylphosphorothioic

acid, phosphorothionic acid and phosphoric acid

were considered to be the major degradation

products. Besides, desmethylsumithion** was

identified in the samples obtained within two

days after application. In the case of leaf sheath

dimethylphosphorothioic acid, phosphorothionic

** O-methyl O-hydrogen 0-(3-methyl-4-nitro
phenyl) phosphorothioate.

•
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Fig. 1. 32p content in leaf blade after spraying
32P-Sumithion.
.Total 32p, OAcetone washing, (}Chloroform
soluble, 0 Water soluble, .Precipitate.
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mained on the surface after one day. The rest

was lost, presumably by evaporation. Further

decrease of Sumithion on the surface was rather

gradual. Sumithion adhered on the leaf blade

about 20 times more than on the leaf sheath per

gram. Decrease of the attached Sumithion pro

ceeded nearly at the same rate in both parts.

The contents of Sumithion and Sumioxon in leaf

blade and leaf sheath are indicated in Table 2.

As is clear, approximately 4.5 pg and O. 2/lg of

Sumithion (3396and 3096 of the total radioactivity

that had penetrated) per g 'of leaf blade and leaf

sheath respectively were. present one day after

application and then decreased rather rapidly.

On the seventh day the contents reduced to 5 96

of that on the first day. Sumioxon, an oxygen

analog formed from Sumithion, was also identi-

47



Table 3. Water soluble metabolites of
Sumithion in leaf blade.
(pg equivalent/g tissue)

1 5.21 0.45 1. 24 3.52

2 7.22 0.02 1. 75 5.47

4 8.85 1. 76 7.09

7 8.29 1. 53 6.76

Phospho-
Days Desmethyl- Dimethyl rothionic
after Total Sumithion phosphoro- and/or
treatment thioic acid phospho-

ric acid

Sumithion such as desmethylsumithion*** des

methyl sumioxon, dimethylphosphoric acid, mono

methylphosphorothioic acid and monomethylphos

phoric acid were not detected. Besides, rice

grains contained some amount of unidentified

free p-nitrocresol
(pg/g)

Sumithion
(pg/g)

Variety of
rice plant

Rice bran
Kin-narnpu <0.1 0.13
Ginga <0.1 <0.1
Aichi-asahi <0.1 0.36

Polished rice

Kin-narnpu <0.1 <0.1
Ginga <0.1 (0.1

Aichi-asahi <0.1 <0.1

radioactive phosphorus (about 200pg/600g of rice

grains). If rapid decomposition of Sumithion in

rice plant mentioned above is taken into account,

most of the unidentified radioactivity is presumed

to come from the normal constituents of the

tissues containing the newly incorporated phos

phorus-32. Contents of Sumithion and free p
nitrocresol were analyzed in rice grains of three

different varieties to which Sumithion had been

applied. The results are reproduced in Table 5.

Table 5. Contents of Sumithion and free
p-nitrocresol in rice grains treated with
Sumithion. *. **)

* Concerning the conditions of ap.plication,
see text.

** Control values were subtracted.

Residue of Sumithion contained in both rice bran

and polished rice of three varieties was found to

be less than O. 1 pg/g of samples. No samples

of polished rice contained detectable amount of

free p-nitrocresol, although this degradation pro

duct of Sumithion was found in the rice bran of

two varieties tested.

Thus, it can be concluded' from the above res

ults that from the view-point of public health

the residual amount of Sumithion and its

metabolites is considered to be completely harm

less to human body. This, coupled with the

low toxicity to mammals.Av might ensure the

favorable use of Sumithion for the control of

noxious insects of rice plants.

Acknowledgement: We wish to express our

thanks to Sumitomo Chemical Co., Ltd. for per

mission to publish this work. Radioactive Surni

thion used in this experiment was synthesized

*** O-methyl O-hydrogen 0-(3-methyl-4-nitrophe
nyl phosphorate.
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acid and phosphoric acid were detectable.

Although the presence of such compounds as

dimethylphosphoric acid, monornethylphosphoro

thioic and monomethylphosphoric acids was

presumed in consideration of the rapid decrease of

Sumithion and Sumioxon, these were not detected.

In both leaf blade and leaf sheath an appreciable

amount of radioactivity unextractable either with

chloroform or with perchloric acid was present,

but has not yet been characterized.

2. Determination of Sumithion residue in rice

grains.

Rice plants to which phosphorus-32 labeled

Sumithion had been applied were reaped and the

content of Sumithion remaining in rice grains

was determined. 0.26pg and O. 17pg of Sumithion

were found in 27 g of rice bran and 570 g of

polished rice respectively. No Sumioxon was

detected.

Aqueous layers from both bran and polished

rice were obtained and radioactive compounds

were separated and identified. The results are

shown in Table 4. Other degradation products of

Table 4. Water soluble metabolites of
Sumithion in rice grains.
(expressed as pg equivalent)

Polished rice(570g)

102

Rice bran(27g)

Phosphoric acid 71
Phosphorothionic

acid
Dimethylphosphoro
thioic acid
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by Mr. M. Endo, to whom we are much obliged.

Summary

1. Metabolic fate of Sumithion was studied in

rice plant after the emulsion of this insecticide
labeled with phosphorus-32 had been sprayed on

the plant at the preheading stage.

Sumithion penetrated into the tissues was de

composed rather rapidly to desmethylsumithion,

dimethylphosphrothioic acid and phosphorothionic

acid. Presence of the oxygen analog (Sumioxon)

was also demonstrated.

2. Residual amount of Sumithion and its meta

bolites in rice grains of several varieties of rice

plant applied with Sumithion under the various

conditions were determined. Sumithion and

Sumioxon were hardly detectable. Only minute

amount of such degradation products as di

methylphosphorothioic acid, phosphorothionic

acid and free p-nitrocresol was identified.

From the results it can be concluded that the

residual amount of Sumithion as well as of its

metabolic products in rice grains lies within the

permissible limit from the view-point of public

health.
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Introduction

In cocoa producing countries such as Nigeria

and Ghana, benzene hexachloride (r-BlIC) has

mainly been used for the control of mirids,

Distantiella theobroma and Sahlbergella singula
ris, the most noxious insects to the plant. Re

cently, however, these insects have become more

and more resistant against the insecticide and

much effort is now being exerted in search of

alternative compounds. Sumithion, or 0, D-dime-

thyl 0-(3-methyl·4·nitrophenyl) phosphorothioate,

has proved to be very effective against the

mirids l ,21 and it is now under study for practical

application. One of the most pivotal points is

to establish whether or not the residue of Sumi

thion in cocoa beans remains within the per

missible limit from the medical view-point.

In this report we determined residual amount

of Sumithion as well as 3-methyl-4-nitrophenol

(abbreviated as p-nitrocresol) in cocoa beans

which had been applied with Sumithion,
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