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Sumithion (O, O-Dimethyl O-(3-methyl-4-
nitrophenyl) phosphorothioate) is now being
widely used to control harmful insects of rice,
vegetables and fruit trees. Although metabolic
studies in mammals have been extensively carried
out!-1®, those in plants have been limited to
rice!, corn and bermudagrass'®, In this study
we applied carbon-14 labelled Sumithion to apple
fruits in the field and examined its metabolic
fate in apple fruits,

Materials and Methods

Chemicals

Radioactive Sumithion labelled with carbon-14
at m-methyl groupvhad a specific activity of 3.16
mCi/mmole. The chemical purity of the pre-
paration was more than 99% and the radioactive
impurities were not detected by thin layer
chromatography!®, Desmethylsumithion (O-me-
thyl' O-hydrogen O-(3-methyl-4-nitrophenyl)
phosphorothioate) was prepared by the reaction
of Sumithion with sodium thiophenolate in abso-
lute ethanol¥, The sodium salt of desmethyl-
sumioxon [O-methyl O-hydrogen O-(3-methyl-4-
nitrophenyl) phosphate] was prepared by reacting
Sumioxon with equimolar sodium iodide in
acetone at 60°C for 1 hr. S-methyl Sumithion

(O, S-dimethyl O-(3-methyl-4-nitrophenyl) phos-
phorothiolate] was prepared by reacting desme-
thylsumithion with methyl iodide. p-Nitrocresyl-
B-glucoside was synthesized starting with
tetraacetyl-a-bromoglucose and p-nitrocresol'®,
Other authentic compounds such as Sumithion,
Sumioxon ([0, O-dimethyl O-(3-methyl-4-nitro-
phenyl) phosphate] and p-nitrocresol (3-methyl-
4-nitrophenol) were synthesized in this laboratory.
Application of “C-Sumithion

Apple fruits on the tree were dipped in a 0.1
% emulsion (a.i.) of “C-labelled Sumithion (3.7
pCi/mg/ml) and maintained wunder natural
weather conditions. (26, Oct. 1972) Sumithion
emulsion for treatment was prepared in distilled
water with 0.5% v/v of sorpol 2001 (Toho
Chemicals Co.) emulsifier. Weather and tem-
perature during the experimental period are shown
in table 1, The zero-time samples were collected
immediately after the surface deposit was dried
and other samples were harvested at 1, 3, 7,
10, 14 and 21 days after treatment.
Preparation of Samples for Radioactivity
Measurement

The radioactivity on thé surface of apples
were collected by washing with acetone, Radioa-
ctivity inside the treated apples was extracted

49



B B B ¥ & 39 B-I

Table 1.

Weather conditions.

Data was presented from Nagano local meteorological observatory.

Temperaturq

Weather

Date Déys* max. min. Humidity »Rainfall

Oct. 26 0 17.3 ¢ 6.4 ¢ 7% 0.0 mm D -

27 1 21.6 10.6 76 - 3.0 ©

28 2 18.6 6.9 66 - 0]

29 3 20.9 8.7 74 — Q

30 4 20.4 6.4 77 1.0 O

31 5 13.3 2.6 71 2.0 o

Nov. 1 6 14.0 —-0.7 68 — O

2 7 17.7 0.9 64 — 0O

3 8 14.3 10.4 80 3.5 P

4 9 14.4 9.2 87 0.5 o

5 10 11.2 6.2 78 0.0 ©

6 11 16.1 5.3 82 5.5 [

7 12 12.2 . 4.0 77 0.0 (]

8 13 10.0 2.2 75 . 0.0 (@)

9 14 12.7 —0.4 78 - [0

10 15 9.8 6.2 91 9.0 [ ]

11 16 10.2 1.9 66 0.0 ()

12 17 13.8 -1.6 75 —_ @)

13 18 14.2 0.3 83 0.0 (@)

14 19 13.5 5.0 49 0.0 O

15 20 12.1 8.2 75 11.5 o

16 21 19.6 10.3 77 1.0 ©

* Days after treatment

by homogenization with 70% acetone solution
(2 ml/g) in a Waring blender. The homogenate
was centrifuged, and the precipitate was extracted
The combined
supcrnatants were evaporated under vacuum at
40°C and the remaining aqueous layer (pH about
4,0) was
volume of benzene. The aqueous fraction was
acidified to pH 1.0 with hydrochloric acid-and
extracted three times with benzene.

again in a similar manner.

extracted three times with equal

Separation and Identification of the Radioactive
Metabolites

The benzene layers after dehydrated with
anhydrous sodium sulfate, were concentrated
under vacuum at 40°C and analyzed by thin layer
chromatography. Silicagel plates (HF254, Tokyo
Kasei) with the thickness of 0.25mm were used
and the plate was developed with the following
systems: (A) benzene: ethylacetate (4:1), (B)
toluene : ethyl formate : formic acid G:7:1),
(C) n-butanol : acetone: water (4:5:1). The
RF values for Sumithion and its derivatives in
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Table 2. Thin-layer chromatographic Rf values
of Sumithion and its derivatives in
different solvent systems.

compounds (A)  (B) c)

Sumithion 0.95 0.91 —

p-Nitrocresol 0.59 0.73 0.91

Sumioxon 0.29 0.59 —_

Desmethylsumithion 0 0.27 0.75

Desmethylsumioxon 0 015 0.47

p-Nitrocresy! glucoside 0 0.08 0.80

(A) benzene : ethylacetate (4:1)
(B) toluene : ethylformate : formic acid (5:7:1)
(C) butanol : acetone : water (4:5:1)

the tlc systems used are listed in Table 2.
Sumithion, Sumioxon and p-nitrocresol were
completely extracted into benzene from aquéous
layer and they were identified by solvent systems
(A) and (B).
thylsumioxon were extracted into benzene from
the acidified aqueous fraction and identified by
solvent systems (B) and (C). p-Nitrocresyl-g-
glucoside was

Desmethylsumithion and: desme-

remained in aqueous fraction,
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The radioactivity was localized by a radio thin
layer scanner (Aloka JTC203) or by autora-
diography, and identified by cochromatography
with the authentic compounds, and radioassayed,
The radioassay was made with a liquid scintil-
lation spectrometer (Beckmann LS-230 or Packard
Tricarb 3375).
the tissues was determined after combustion with

Radioactivity unextractable from

an autosample oxidizer (Packard Tricarb 305).

Gaschromatographic analysis was made with a
Yanagimoto Model 550F and hydrogen flame
detecter. A l-meter glass column was packed
with 5% DC-200 and 10% QF-1 on 60- to 80-
mesh chromosorb W, Operating temperature was
195°C with helium flow rates of 13m/ per minute,
hydrogen 17 m/ per minute and air 0.7! per
minute. Under these conditions, retention times
were 5.3 minutes for Sumithion, 6.7 minutes for
Sumioxon and 10.2 minutes for Sumithion
S-isomer,

Results and Discussion

Sumithion initially applied (approximately 4.5
ppm) decreased rapidly during the first day,
probably due to evaporation and at 24 hrs post-
treatment, 1.5 ppm and 1.2 ppm of Sumithion
equivalent of residues were present on the surface
and in the tissues, respectively (Fig.1, Table.3)

Total carbon-14 on and in apple fruits were
1.4 ppm and 0.87 ppm on 7 th and 14 th day,
respectively, The content of internal residue
was highest on 1 st day, amounting 1.1 ppm
equivalent and from 7 th day on it surpassed
the residue on the surface. The possible loss by

Total residue

w

(ppm equivalent to Sumithion)

01 7. 10 14 21
Days after treatment
Fig. 1. Content of radiocarbon on and in apple
fruits. o

O—O on surfaces -
@®—@ internal

a little rainfall on the initial day was denied by
the supplimentary experiments in which extra
apple fruits were dipped, and the treated apples
were shaded with a polyethylene cover in order
to prevent the effect of rainfall, and decrease
of Sumithion was compared with the present
trial. Degradation of Sumithion on the surface
was relatively slow; on 21 st day nearly 86%
of the remaining residue on the surface was
On the other hand, in the tissues
Sumithion was rapidly degraded and
approximately 45% of “C were degradation
products on 21 st day. Residue of Sumithion in
both parts was 2.5 ppm on 1 st day, 1.1 ppm
on 7 th day, 0.67 ppm on 14 th day and 0.52
ppm on 21 st day (Table. 3).

Sumithion,
more

Table 3. Sumithion and its degradation products on and in the apple.

Days Sumithion Sumioxon p-Nitrocresol Unidentified®
0 4,35 (3.94, 0.41)» N. D, 0.002 (n.p., 0.002) 0.101 (0.088, 0.013)
1 2.52 (1.44, 1.08) 0.014 (0.014, n.p.) 0.037 (0.018, 0.019) 0.122 (0.031, 0.091)
3 1.90 (1.15, 0.75) 0.017 (0.017, w~.p.) 0.037 (0.020, 0.017) 0.190 (0.045, 0.145)
7 1.12 (0.54, 0.58) 0.014 (0.014, ~.p.) 0.044 (0.018, 0.026) 0.255 (0.053, 0.202)
10 0.80 (0.38, 0.42) 0.014 (0.014, ~.p.) 0.032 (0.012, 0.020) 0.197 (0.026, 0.171)
14 0.67 (0.25, 0.42) 0.008 (0.008, ~.p.) 0.024 (0.006, 0.018) 0.168 (0.025, 0.143)
21 0.52 (0.21, 0.31) 0.005 (0.005, w~.p.) 0.024 (0.009, 0.015) 0.277 (0.023, 0.254)

® ppm equivalent to Sumithion
b figures of first column in parentheses
N.D.: not detected :

: on surface; second column: internal.
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Slow decrease of Sumithion residue as well as
a meager formation of metabolites possibly
resulted in part from the cool temperature under
the present experimental conditions. Only on
the surface Sumioxon was identified, and the
0.017 ppm at
Sumioxon concentration was relatively constant
from 1 st day through 10 th day and on 21 st
day it decreased to 0.005 ppm. Another com-
pound tentatively identified on the surface at 3
By
gaschromatographic analysis it was eluted at the

amount was its maximum.

days was S-methyl isomer of Sumithion.

retention time corresponding to the authentic
S-methyl Sumithion, )
Sumioxon and S-methyl isomer of Sumithion
may be formed from Sumithion by radiant energy
and atmospheric oxygen, as reported for para-
thion!®,

constant from 1 st to 21 st day, namely 0.01~

p-Nitrocresol residue was relatively
0.02 ppm either on the surface or in the tissues.
Among the water soluble radioactive compounds,
neither desmethylsumithion nor desmethylsu-
mioxon was detected, as evidenced by tlec, except
that desmethylsumithion was only detected in

. (0]

#—I1

samples harvested on 21 st day, approximately
2.8% of the remaining residue in apple tissues.
Presence of p-nitrocresyl-8-glucoside was demon-
strated in water soluble radioactivity by cochro-
matography with authentic p-nitrocresyl-8-gluco-
side and by hydrolyzing either with 1N hydro-
chloric acid or with pg-glucosidase and by
identifying the liberated radioactivity as p-nitro-
cresol. That is, after acid treatment of the 21
day. aqueous fraction, about 50% of the radioa-
ctivity was identified to be p-nitrocresol by tlc.
Hydrolysis by pg-glucosidase (emulsion from
almonds) was carried out after parﬁal purification
of 21 st day aqueous layer by active carbon
treatment. The radioactive sample was incubated
with enzyme for 20 hrs at 30°C', About 45% of
the radioactivity was in the form of glucosylated
It seems that the absorbed Su-

mithion was gradually hydrolyzed to p-nitrocresol

p-nitrocresol.

"in the tissue and it was conjugated with glucose
(Fig.2).
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Metabolic pathway of Sumithion in the apple
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Summary

To assess biodegradability and metabolism of
Sumithion in apples, radioactive Sumithion
labelled with carbon-14 at m-methyl group was
applied to apple fruits in the field, The rate of
decrease of Sumithion was very rapid during 3
days after treatment, approximately 60% of the
applied dosage disappeared during the period.
The amounts of Sumithion residue on and in
apples were 1,12 ppm on 7th day, 0.67 ppm on
14th day and 0.52 ppm on 21th day. The major
degradation products on the surface were Su-
mioxon and p-nitrocresol. Sumioxon residue was
highest after 3 days, and the amount was appro-
ximately 0.02 ppm. Traces of S-methyl Sumithion
Metabolism of
Sumithion in the apple proceeded slowly and
water soluble metabolites were gradually increa-
sed with time, The glucoside of p-nitrocresol
was found among the metabolites, which suggests
that p-nitrocresol derived from Sumithion was

conjugated with glucose.

were also found at 3 days.
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Disruption of Gypsy Moth Mating with Microen-

capsulated Disparlure. E. Alan Cameron, C.P.
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< 444 (Porthetria dispar L) O¥E7 0%
viX, cis-7,8-epoxy-2-methyloctadecane & [i{iiZ X
. disparlure & BT GNT WS, w4 = 4 R
i3 disparlure OFNICoNTHRNUT., M
Utz disparlure BIFIOHMRIE KD ML TH B, 2.2
% disparlure & VUK GfiTH XTI F LS
SAF 9 VBBEILIZT v oh Sy (HEE 100 ~ 250
pm) 17.6%, 757 942 22%, 1% =F) 7 MEW

20%, 1%t —2KIHmL. 79, K49.7% % B{y
Uiz 0.

16ha iRz disparlure %L, — 52 DT
CHFA IR LI % X v 2RIk ATKDRITE H D
3z, 2%, COflb o THEU MR U,
H BV Z O AL LI R U 5T, RS,
7 2 0 BT URRWRELT & 1522 - 1,

Lo b WNH -1oDid, 15g/ha ZiUAE Uil
T 16%4/700m? D #i% & b D13 1A% 9. 8 B DMEHSZZHS
AT UIICTEY, v bo~ L RD47.9% 1T 1
~BEEL (32 18.08 p<<0.001), 15g/ha DT,
3254/700m? & W S EEDEBET § 5. 4B DRIERTZ D
BDa b~ 583.2% I B E T oL IEL (F
71.01 p<<0.001) 72 > TW5, HEAUBIFNE, 7E%)
#3 Xv, (EEES)
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