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L, L. tL I; CDtt1'I c methyl parathion O)5tm;n CDffi!lQtt ~~iM vt.:. ? v- CDmii'IH~"?7J)Q:>5t
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~~ clot -o "(~, z,

This article reports the results of study on the degradation :mechanism of methyl

parathion in clay dust formulation. The reactions are found to be intermingled together

lS~



in the case of clay. However, the main features of mechanism are the same as stated

in the previous papers. The. most substantial and predominant factor of degradation at

room temperature would be attributable to the basicity of clay. The acid character of

clay due to the. present hydrogen ion would cause the catalytic isomerisation .of methyl

parathion to the unstable S-~ethyl isomer at' higher temperature,

The storage decomposition of methyl parathion
"arid EPN' dust prepared with tales has been

studied previously i? this series. And the

chemical and physical properties of tales have

been compared with the rate of decomposition

of the active ingredient.

The present investigation was undertaken to

obtain the extensive informations about the

storage decomposition of methyl parathion on

clay.

The s,o-called "clay" is widely used as the

carrier of various' pesticides. Clay is practically

defined as .a disperse system of mineral fragment

of hydrated aluminum silicate, which is derived

by weathering ofan aluminous mineral and has'

,'riot a definit chemical composition. From the

modern concepts of mineralogy,' clay comprises

three main groups" namely, the kaolin group,

the mont~i1riIlonite~roup,and the illite group.

The clay commercially available' in Japan is

random mixtures' of' ,several types of clay

minerals.

Materials

, Various commercial clays were kindly supplied

from many producers,' We selected eighteen

clays' and divided into two groups ,(dry process

group, from' A to I and wet 'process group from

J to R)' as given in ,Table 1.' These samples
, ,

which we used in this experiment belonged

, mainly to the kaolin group but contaminated

more or less with quartz, mica and montmoril­
. lonite.

Rate of Decomposition

The 1.5% methyl parathion dusts were

prepared by mixing clays with pure methyl

parathion in a porcelain bowl. The dust pro-,

ducts 'wer~ placed in tightly~stoppered bottle and

stored in thermostats at SOoC and 3D°C. They

\werea~alyzed for the acti~e ingredient spectro­

photometrically. The rate of decomposition of

the active ingredient was given in Table 2.
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Table 1. Materials

COdingl Mining I Producer IProcessingplace

A Nagano Asada Dry
Pref. process

B .~ - ~

C ' ~ Kantobentonaito ~

D ~ ~ ~

E ~ ~ '~

Hyogo,
,

F Nihonkogyo ~,
G ~ - ~

H Saitama - ~

I Tochigi Oonuki ~

J Okayama Okayama-clay Wet
process

K ~ ,~ ~

L ~ ~ ~

M ~ Shinagawa-clay ~

N ~ - ~

0 \~ Yoshinaga Sangyo ~

p Hyogo - ~

Q Ishikawa Hattori Kogyo ~

R - - ~

Chemical and Physical Properties

The 'amounts of water sorbed, the base

exchange capacity, total basicity, total acidity

and surface acidity were measured according to

the, method as described in the previous paper";

Results and Discussion

In order -to make' the results explicit, the data

in Table 2. were illustrated in Fig. 1, 2;3 and

4. In these figures normal capital letters show,

the sample for one week storage 'at, SOoC and

those with open circles are for two weeks storage

at sooC. The small letters correspond to the
samples stored three weeks at 30°C. '

,The present results differ in some ways from

those obtained in the' case of talc. In the case

of clay the reaction is so' complex that the

mechanism could not be explained in a single
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Table 2. Some of the chemical and ,physical properties of clays and their effect

.on the decomposition of methyl parathion dust formulation.

Water Base Total Total Rate of decomp, ,(%)
Code sorbed ex. cap. basicity acidity pKa at 5O·C 30·C

% me/100g me/lOOg me/100g 1 2 3 weeks

A 0.56 1.6 - 0.17 1. 61 1.5-3.0 4.8' 7.3 2.3

B 0.55 1.8 0.36 1.11 V 7.2 9.9' 3.7

C 0.88 1.8 0.37 1.48 V 5.5 8.4 2.2

D 0.65 1. 3 ' 0.14 1.12 V 4.2 6.7 '2.3

E 0.61 1.3 0.12 1.43 V 4.9 7.3 2.5

F 2.15 4.1 0.29 2.60 V 7.0 12.4 3.1

G 1.32 2.9' , 0.47 1.57 V 9.9 14.1 4.5

H 0.43 2.0 0.23 0.87 V 5.9 ' 8.7 2.6

I 0.68 1.9 0.16 0.82 V 5.0 7.7 2.1

J 1.34 3.1 0 2.50 V 7.7 16.0 1.0

K 1. 07 3.0 0.01 0.58 V 3.7 ' 7.6 0.9

L 1.67 2.9 0.04 2.14 V 6.1 11.1 1.7

M 1. 00 2.8 0.03 . 1.90 V 4.5 9.6 1.4

N 2.12 3.3 0 3.00 V 6.4 12.8 1.9

0 1. 75 4.4 0 2.30 V 7.8 15.3 1.3

P 1.94 4.8 0.02 2.42 1.5 8.1 16.6 1.7

Q 4.16 4.5 0 2.72 1.5 5.2 11.2 1.5

R 0.90 2.1 0.03 1.92 1.5-3.0 4.5 8.9 0.9

feature.

To make the matter more complicated, the

chemical and physical characteristics of clays

were converted' to some extent 'by adding

chemicals during wet process; Particularly, the

value of total basicity and acidity were disturbed

considerably by wet processing. We could not '

measure detectable amounts of base in some of

wet proce~sed clay.

No significant informations could not be

gained from the data of water sorption. The

base exchange capacity and total acidity seemed

to have slight correlation with the rate of

degradation.

: The total basicity had high correlation with

the degradation of methyl parathion, especially

at low temperature as shown in Fig. 3.

Although the clays which were manufactured '

by wet process by acid solution denatured their

apparent basicity, those manufactured by natural

dry process displayed considerable linear

correlation between basicity and the rate of

degradation even at 50·C.
The most substantial and predominant factor

162

of degradation would be attributable to the

basicity of carrier.

As 'mentioned in Table 2. clays exhibit i:~ther

acidic character than basic. This acidity is caused

by the known tendency of the aluminum atom

to acquire a pair of electrons. To the authors

it is apparent that the prese!1ce of such Brdnsted

acid in clay is not a foremost common mechanism

for the decomposition of methyl parathion at '

room temperature. The most probable mecha-

.nism of Bronsted acid would be isomerising

reaction of methyl radical by proton transfering

action as illustrated' in Fig. 5. We could -,

ascertain considerably high, amounts of Some

thyl isomer in clay stored at 5n·c by paper

chromatography. Clays which had highly acidic

properties 'are found to be highly catalytically

active to the conversion of methyl parathion

into Smethyl isomer, which would undergo

hydrolysis or other secondary degradation more

easily than methyl parathion.

.In ; order to confirm the effect of acidity

and basicity on the decomposition of methyl

parathion, the acidity and basicity of clay No.



Table 3 The effect of acidity and 'basicity of clay on the' decomposition' of the active

ingredient of 1. 5% methyl parathion dust

Clay treated with Decomp. (%) of methyl

(ml/100g)
parathion stored at Total acidity' ·.Total basicity

- 50°C for 2 weeks.

N - (NH4h S2 o, 20 . 8.9 3.4 0.44

V 10 7.4 " 2. 0 . 0.46
None - 7.3 2.8 0.46
N-NaCl ... 10 9.9 0.7 0.84

V 20 11.4 '0.6 1."23

V 40 13.8 0.6 3.58

HO s6-" /p

/"MeO 0-

/ M.
+. I

~H~" '0 S
. -" /

--->- p

/ " .MeO 0-

A was' altered by adding ammonium persuI£ate

and sodium chloride respectively and by igniting

. at 800°C for two days. A'rid the decomposition

rate of' 1. 5~~ methyl parathion dust prepared

from the treated clays was determined. The

data are given in Table 3.

It appeared reasonably to conclude that the

basicity of .clay contribute substantialIy to the

degradation of methyl parathion.
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