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Fenitrothion microcapsule was compared with fenitrothion 609, emulsifiable concentrate

in applicability to insect-proof plywood.

Microencapsulated fenitrothion was more stable

than fenitrothion formulated in emulsifiable concentrate in four kinds of adhesives, especially
in highly alkaline adhesives such as alkaline phenol resin, in which nonencapsulated feni-

trothion easily decomposed when the adhesive was hardened.
taining fenitrothion microcapsule against Lyctus brunncus was excellent.

The efficacy of plywood con-
Fenitrothion

microcapsule was more effective than fenitrothion emulsifiable concentrate to be used for
insect-proof plywood, because it retained residual cfficacy at a smaller dosage even after
stored in severe conditions regardless of the sort of adhesives used with.

INTRODUCTION

Fenitrothion is one of the most widely used
organophosphorous insecticides because it has
high insecticidal activity against many kinds
of insect pests as well as excellent safety for
mammalia and environment. Because of its
an excellent efficacy against Lyctus brunneus
(Lyctus powder-post beetle), fenitrothion 60%
emulsifiable concentrate (Ranbert®) has been
used for insect-proof plywood.?”

Four kinds of adhesives are generally used
as glues for plywood, ¢.e., melamine-urea resin,
urea resin, modified phenol resin and alkaline
phenol resin. However, it was difficult to apply
fenitrothion emulsifiable concentrate to strong-
ly alkaline adhesives such as alkaline phenol
resin, because fenitrothion easily decomposed
under strongly alkaline conditions.

Microencapsulation is one of the most suitable
methods to solve this problem, because the
wall of microcapsule is expected to prevent
fenitrothion from contacting adhesives.>»® We
prepared a fenitrothion microcapsule with poly-
urethane wall by interfacial polymerization

and studied whether it would be applicable to
insect-proof plywood.*?

MATERIALS AND METHODS

1. Preparation of a Fenitrothion Microcapsule

Fenitrothion was microencapsulated by inter-
facial polymerization method with polyiso-
cyanate and ethylene glycol.”” The wall mate-
rial was polyurethane and the mass median
diameter was about 20 um. The concentration
of fenitrothion was 20 wt%, in the final aqueous
slurry.

2. Compatibility of Fenitrothion Microcapsule
with Adhesives

Twenty grams of an adhesive, 0.12 g of the
fenitrothion 209, microcapsule or fenitrothion
609, emulsifiable concentrate as an active
ingredient and 0.1 g of a hardener were mixed
with deionized water to make 21 g of mixture.
One gram of the mixture was spread onto a
Petri dish (i.d., 5 cm). After drying, the treated
Petri dish was kept at the prescribed temper-
ature for 20 min until the mixture hardened.
Adhesives used in this study and hardening
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Table 1 Adhesives used in this study.

b

Adhesive®> Type pH Hardener Te(‘?g)' ’
Ohshika resin 210 Urea 7.0 NH,Cl 120
Ohshika resin pwp-8 Melamine-urea 8.8 NH,C1 120
Dianol DM-465 Modified phenol 8.8 NH,CI 120
Dianol D-17 Alkaline phenol 10.8 HOT P-5% 140

2) Supplied by Ohshika Shinko Co., Ltd.
tween adhesives and two formulations.

temperatures are shown in Table 1.

Samples were grinded into powder with a
mortar immediately after hardening or after
storage at 50°C for 1 month. Five milliliters of
formic acid and 40 ml of toluene were added to
the powder and the slurry was kept at ambient
temperature for 12 hr to extract fenitrothion
from the powder. The fenitrothion content in
the extracted solution was analyzed by GC
under the following conditions: detector, FPD:
column, 1.1 m and 3 mm i.d.; liquid phase, 3%,
silicone XE-60; support, Chromosorb W AW
DMCS (60-80 mesh); column oven temper-
ature, 180°C; injection temperature, 200°C;
detector temperature, 200°C; carrier gas,
nitrogen (50 ml/min).

3. Stability of Fenitrothion Microcapsule and
Emulsifiable Concentrate in Alkaline Con-
dition

Ten milligrams of fenitrothion microcapsule
or fenitrothion emulsifiable concentrate as an
active ingredient was mixed with 10 ml of

0.1 ¥~ NaOH solution in a glass ampoule. After

the ampoule was stored at 120°C for the pre-

scribed period, fenitrothion was extracted with

20 ml of ethyl acetate and 5 ml of formic acid.

The fenitrothion content in the extracted solu-

tion was analyzed by GC under the same condi-

tions described above.

4. Preparation of Insect-Proof Plywood

Plywood pieces used in this study were pre-
pared by Ohshika Shinko Co., Ltd., under the
following conditions:

1) Composition: 2 sharings 4.0 mm thick as
face and back parts and 1 sharing 3.0 mm
thick as core part. (The face and back of
the core sharing were treated with ca. 400g of

®> Hardening temperatures in the compatibility test be-
¢) Supplied by Ohshika Shinko Co., Ltd.

an adhesive per one square meter, respec-
tively.)

2) Dosage of fenitrothion per 1 m? of ply-
wood: 300 g of fenitrothion microcapsule or
400 g of fenitrothion emulsifiable concentrate
as active ingredient.

3) Cold press: 10 kg/cm?® for 20 min at
ambient temperature.

4) Hot press: 10 kg/cm? for 100 sec at 115°C
for urea resin and meramine urea resin, at
125°C for modified phenol resin and at 140°C
for alkaline phenol resin.

5. Storage Stability of Insect-Proof Plywood

After stored at 40°C for 3 months, the insect-
proof plywood was cut into two equal parts
diagonally. The cut surface was shaved with a
hand plane and the wooden powder was col-
lected. ca. 1-2 g of the powder was weighed
and mixed with 5 ml of formic acid and 40 ml
of toluene, and the mixture was kept at ambient
temperature for 12 hr to extract fenitrothion.”®
The fenitrothion content in the extracted solu-
tion was analyzed by GC under the same condi-
tions described above.

6. Boring Prevention Test

Immediately after preparation or after stor-
age at 60°C for 2 months, an aluminum pannel
(8 cm x5 cm) with 32 holes (3.5 mm i.d.) was
attached to a piece of plywood (8 cm <5 cm).
A mature larva of Lyctus brunneus (Lyctus
powder-post beetle) was inoculated into each
hole of the aluminum pannel and the holes
were packed with artificial diet powder, and
another piece of plywood (8 cmx5cm) was
mounted onto the aluminum pannel.® Boring-
preventive effect was examined by investigat-
ing whether the plywood was bored by newly
emerged Lyctus brunneus after incubation for
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Fig. 1

2 months in the dark at 25°C and 709, humidi-
ty (Fig. 1).

RESULTS AND DISCUSSION

1. Stability of Fenatrothion in Adhesives

In the case of fenitrothion 609, emulsifiable
concentrate, remaining fenitrothion immedi-
ately after hardening was much lower than the
feeding amount as shown in Fig. 2. The order
of adhesives with high content of remaining
fenitrothion was as follows; melamine-urea
resin, urea resin, alkaline phenol resin and
modified phenol resin. On the other hand,
encapsulated fenitrothion was much more
stable than that applied as emulsifiable con-
centrate, especially in modified phenol resin
and alkaline phenol resin.

Figure 3 shows the stability of fenitrothion
after stored at 50°C for 1 month. The amount
of remaining fenitrothion was not so lower than
that immediately after hardening in all adhe-
sives.

From the results in Figs. 2 and 3, the relative
ratio (RR) of remaining fenitrothion in micro-
capsule to that in emulsifiable concentrate
under the same experimental conditions was
calculated by the following Eq. (1).

(remaining fenitrothion )

o/ in microcapsule

RR (%) = (remaining fenitrothion in
emulsifiable concentrate)

(1)

As shown in Table 2, the RR was more than
100%, in all the conditions and the order of ad-
hesives with high RR was as follows; modified
phenol resin, alkaline phenol resin, urea resin
and melamine-urea resin. That is, the RR
increased with a decrease in the stability of
fenitrothion applied as emulsifiable concentrate.
This result shows that microencapsulation is

% 100

\ plywood
larva inoculated in the hole

Method for the boring prevention test.

100]
(%)
AP

Fig. 2 Percentage of remaining fenitrothion in
adhesives to the feeding amount immediately
after heat curing.

Fenitrothion: ——, fenitrothion 209, micro-
capsule; «--.- , fenitrothion 609, emulsifiable con-
centrate. Adhesive: U, urea resin; MU, melamine-
urea resin; MP, modified phenol resin; AP, alka-
line phenol resin.

effective to stabilize of fenitrothion, especially
in case non-encapsulated fenitrothion decom-
poses a great deal. On the other hand, the RR
after storage was similar to that immediately
after heat curing for the same adhesive. This
shows that storage stability of fenitrothion
applied as microcapsule form in the adhesive
is not so much different from that applied as
emulsifiable concentrate.

As shown in Table 3, the microencapsulated
fenitrothion is more stable than non-encapsu-
lated fenitrothion in the alkaline aqueous solu-
tion. The reason seems to be that microen-
capsulated fenitrothion was protected from
direct contact with the alkaline medium by
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Fig. 3 Percentage of remaining fenitrothion in

adhesives to the feeding amount after storage at
50°C for 1 month.

Symbols are the same as Fig. 2.

Table 2 Relative stability of fenitrothion micro-
capsule to fenitrothion emulsifiable concentrate
in adhesive.

RR value (%)

Adhesive Immediately After storage at
after 50°C for
preparation 1 month
Urea® 139 109
M urea® 135 139
M phenol® 317 350
A phenol®> 215 252

*> Relative ratio calculated by the following
equation;

(remaining fenitrothion

RR— microcapsule) x 100

(remaining fenitrothion
emulsifiable concentrate)

b> TUrea resin. ¢ Melamine-urea resin.
% Modified phenol resin. ¢ Alkaline phenol
resin.

the wall. The difference in the stability of feni-
trothion in the two formulations in the alkaline
solution is supposed to be the cause of the dif-
ference in the stability during the hardening
process. The wall prevents the microencapsu-
lated fenitrothion from direct contact with ad-
hesive slurry.

After heat curing, however, adhesives are no

Table 3 Stability in alkaline aqueous solution.

Decomposed

Storage conditions fenitrothion (9)

Temperature Period Micro- Emulsifiable
(°C) (min)  capsule*> concentrate®
120 30 2.0 10.0
120 60 6.6 14.1

#) Fenitrothion 209, microcapsule.
b) Fenitrothion 609, cmulsifiable concentrate.

longer aqueous slurry but solidified. Thus,
droplets of fenitrothion emulsifiable concentrate
dispersed in an adhesive are supposed to be
covered with polymerized adhesives and no
longer to meet with alkaline aqueous slurry.
This, in a sense, is the same situation of the
microencapsulated fenitrothion. That is sup-
posed to be a reason why the storage stability
of fenitrothion applied as emulsifiable concent-
rate is almost the same as that applied as micro-
capsule in adhesive during storage.

2. Application to Insect-Proof Plywood
Figures 4 and 5 show percentage of the
remaining fenitrothion in the insect-proof ply-
wood immediately after preparation and after
storage at 40°C for 3 months.
Stability of fenitrothion applied in emulsi-
fiable concentrate decreased with an increase

1001

(%)
AP

Fig. 4 Percentage of remaining fenitrothion in

plywood to the feeding amount immediately after

preparation.

Symbols are the same as Ifig. 2.
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Fig. 5 Percentage of remaining fenitrothion in
plywood to the feeding amount after storage at
40°C for 3 months.

Symbols are the same as Fig. 2.

Table 4 Relative stability of fenitrothion micro-
capsule to fenitrothion emulsifiable concentrate in

plywood.
RR value (9,)®
Adhesive Immediately After storage
after at 40°C
preparation for 3 month
UreaP? 102 102
M urea® 124 189
M phenol® 173 236
A phenol® 767 1480

2> Relative ratio calculated by the following
equation;
(remaining fenitrothion in

RR microcapsule) x 100
" (remaining fenitrothion in

emulsifiable concentrate)

b) Urea resin. ¢ Melamine-urea resin.
4 Modified phenol resin.
resin.

e) Alkaline phenol

in the pH of adhesives and the temperature of
hot pressing in preparation. On the other hand,
percentage of microencapsulated fenitrothion
remaining were high regardless of the sort of
adhesives not only immediately after prepara-
tion but also after storage. The RR value in
Table 4 showed that microencapsulation im-
proved the stability of fenitrothion in the

Table 5 Boring prevention test.

Number of damaged
plywood pieces®)

Formulation Adhesive
Tnitial _ter
storage
EC® Urea® 0 0
M Ureca® 0 0
M Phenol®> 0 1
A Phenol®> 0 1
MCP Urea® 0 0
M Urea® 0 0
M Phenol®> 0 0
A PhenolD 0 0
Untreated Urca® 3 4
M Urea® 3 —
M Phenol®? 4 —
A Phenol® 3 4

2) Fenitrothion 609, emulsifiable concentrate.
b) Fenitrothion 209, microcapsule.

¢> Urea resin.

4> Melamine-urea resin.

¢> Modified phenol resin.

) Alkaline phenol resin.

8) Total 4 pieces of plywood were observed.

alkaline phenol resin as shown in the test result
of compatibility between adhesives and two
formulations.

Table 5 shows the result of the boring pre-
vention test. Plywood with an adhesive but
without fenitrothion was all bored by Lyctus
brunneus. The plywood treated with fenitro-
thion emulsifiable concentrate was prevented
from boring at the initial stage, but after stored
at 60°C for 2 months, one plywood piece out of
4 replications with melamine urea resin and
alkaline phenol resin was damaged by Lyctus
brunneus. Of course, as the storage conditions
at 60°C for 2 months is too severe compared
with the actual conditions under which ply-
wood is normally used, the efficacy of the
emulsifiable concentrate is supposed to be
acceptable.

On the other hand, plywood containing feni-
trothion microcapsule was completely pro-
tected from boring by Lyctus brunneus even in
the condition where plywood containing feni-
trothion emulsifiable concentrate was pene-
trated, in spite that the dosage of fenitrothion
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microcapsule as an active ingredient (300 g/m?)
was lower than that of fenitrothion emulsi-
fiable concentrate (400 g/m®). The improved
stability of the microencapsulated fenitrothion
during the hardening process in preparation,
especially in the alkaline phenol resin, may
have affected the result of the biological test
described above.

The way of action of fenitrothion micro-
capsule in plywood against Lyctus brunneus
has not been examined yet. However, Lyctus
brunneus is supposed to break microcapsule and
contact with fenitrothion as cockroaches and
termites do.'®

In conclusion, it was found that micro-
encapsulated fenitrothion was considerably
useful for the insect-proof plywood because of
reducing the dosage and keeping the residual
efficacy even under severe storage conditions
independent of the kind of adhesives.

ACKNOWLEDGMENTS

The authors are indebted to Sumitomo Chemical
Co. Ltd., for permission to publish this work.

REFERENCES

—

) T. Itoh, M. Kawashima, K. Tsuji, K. Kawachi,
M. Itagaki & C. Hirose: Wood Preserv. 24, 18
(1983)

2) T. Maeda, M. Kawashima, T. Itoh, M. Sakurai
& K. Tsuji (Sumitomo Chemical Co., Ltd. and
Shinto Toryo Co., Ltd.) Jpn. Kokai Tokkyo
Koho JP 59-5007 (1984)

3) K. Hushiki, Y. Ohta, T. Ohta & Y. Katsuzawa:
Wood Preserv. 14, 18 (1988)

4) M. Kawashima, T. Ohtsubo, S. Tsuda, T. Itoh

& K. Tsuji: 7th International Symposium on

Microencapsulation Glasgow, 88, 1990

5) M. Kawashima, T. Ohtsubo, S. Tsuda, T. Itoh,
T. Suzuki, G. Shinjo & K. Tsuji: 12th Ann.
Meceting Pesticide Soc. Kawasaki, A202, 1987

6) H. Fuyama, G. Shinjo & K. Tsuji (Sumitomo
Chemical Co., Ltd.): Jpn. Kokai Tokkyo Koho
JP 58-144304 (1983)

7) T. Maeda, M. Kawashima, T. Itoh & K. Tsuji:
Wood Fiber Sci. 17, 102 (1985)

8) T. Maeda, M. Kawashima, T. Itoh, M. Sakurai
& K. Tsuji (Sumitomo Chemical Co., Ltd. and
Shinto Toryo Co., Ltd.): Jpn. Kokai Tokkyo
Koho JP 58-21537 (1983)

9) T. Itoh & C. Hirose: Appl. Entomol. Zool. 15,
496 (1980)

10) T. Ohtsubo, S. Tsuda, H. Kawada, Y. Manabe,
N. Kishibuchi, G. Shinjo & K. Tsuji: J. Pesticide
Sci. 12, 43 (1987)

= #

Z2x=ZbAFFARA 70N TEILVLDBFERER
~DERM
B, KPR, dEmEm
PR, & #F=
TZez=tuFFvAf27uh T rDPFRERANDHE
A7 2=tesrd vHAFEHEL TR L. <1
rafhFerbtIdNic7 2= b eFrvo4BOERE
BEERFCTORERT, WThAALIhBEDL
hx EElSf. T TAHIY 727 —ABBIED X5
TR T A Y HEOBBEFIFICR T, LORERBFI
BEHETH T, FRITHE, =14 2en Tl wrr
BFREH DO 5 2% 7 4 & VKT 25081, AFE2H
WA I VLB DE ot T o= brFF Y
= r7mH ey, AFEHBRLT, FH I HEK
BT, HREEAOCEBICEBRICEE LIHRERT
BRICEAITH D LRI

NI | -El ectronic Library Service



