
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  of  Japan

J. Pest'tcide Sci. 16, 41-46  C1991)

111HIII!umllllMrtbbLltlllllllm"IMM)11LmpElrmdlld"

OriginalArticle
,tbbllbllLllltllHltllM["dttlblblLltllllUM"IPMI:tl][ltbml

Application

           for
of  Fenitroth

Insect-proof
ion Microcapsule
Plywood

Misako  KAwAsHIMA,  Toshiro OHTsuBo,  Shigenori TsuDA,

           Takaaki  IToH ancl  Kozo  TsuJi

   Tahavaguka  I?escarch Cente". Set-mitova･to Cltemical Co.. Ltd.,

           Tahatsttkas-. TakaJ'aruka  665L fa-Pan

               <ReceiN･ed July 13, l990)

   Fcnitrothiun  microca,psule  was  cempared  with  fcnitrothion  60DG  emulsifiable  conccntrate

in applicabMty  to  insect-proof plywood.  Microencapsulated  fenitTothLon was  
morc

 
st.ablc

than  fenitrothion forinulatcd jn eniulsi  fiable conccntrate  in four kinds  of  adhesiN.es,  espec{alty

in his.hly alkalinc  adhesives  such  as  alkaline  phenol  res{n.  in which  nonencapsulated  
feni-

troLhien eusily  dccomposed  when  the  adhesive  was  hardened.  The  eMcacy  of  plywood 
cun-

taiiiing fenitrvthion microcapsule  as,ainst  LJ,cti,ts EJy"7ineus was  excellent.  
Fenitrothion

microcapsule  was  Tnore  effective  than  fenitrothLon ernulstfiable  cuncentrate  to be used
 
for

insect-proof pl.v",oocl, bccause  it rctained  resicluul  efficacy  at  a  smaller  dosag'e evcn  alter

stored  in scvcre  conditions  regardless  ef  the  sort  o{  adhesives  used  with.

             INTRODUCTION

  Fenitrothion  is one  of  the most  widely  used

organophosphorous  insecticides because  it has

high insecticiclal aetivity  against  many  kinds

of  insect pests as well  as  excellent  safety  for

mammalia  and  environment.  Because  of  its

an  excellent  ecacacy  against  LLvcttts brunneus

(Lyctus pewder-post  beetle), fenitrothion 600f6

emulsifiable  concentrate  (Ranbert@) has been

used  for insect-proof plywood.i)
  Four kinds of  adliesives  are  generally used
                                      '
as  glues for pLyvLrood, i.e,, melamine-urea  resin,

urea  resin,  modified  phenol resin  and  alkaline

phenol resin.  However,  it was  difllcult 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  rnicrocapsule  is cxpected  to prevent
fenitrothion from  contacting  adhesives.2,3)  XVe

prepared a  fenitrothion microcapsule  with  poly-
urethane  wall  by  interfacial polymerization

and  studied  whether  it would  be applicable  to

insect-proof plyweod,`:5)

       MATERIALS  AND  METHODS

1. PreParation of a  Fenitrothion MicrocaPsttle

  Fenitrothion was  microencapsulated  by  inter-

facial polymerization method  with  polyiso-
cvanate  and  ethylene  glycol.6) Tl]c wall  mate-

ri"al  was  polyurethane and  the  mass  median

diameter  was  about  20 psm. The  concentration

of  fenitrothion was  20 wt%  in the  final aqueous

siurry.

2. ComPatibilidyt of Fenitrothion Micrecmpsttle
   rc,ith Aahesives

  Twenty  grams of  an  adhesive,  O.12g oE  the

fenitrothion 2e%  microcapsule  or  fenitruthion

60Ll,6 emulsifiable  concentrate  as  an  active

ingredient and  O.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).  Atter drying, the  treated

Petri dish was  kept  at  the prescribed temper-

ature  for 20  min  until  the mixture  hardencd,

Adhesives used  in this study  and  hardening
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Table1  Adhesives usud  in this  study.

Adhesivea) Type pH I'Iardener
Temp.b)

 (oC)

Ohshika  resin  210

Ohshika  resin  p"'p-B
Diano]  DM-465

])ianol D-17

UreaMelaminc-urea

Modified  phcnol
Alkaline  plienol

 7.0

 8.88,8IO,8

NH4ClNH4CLNH4ClHO'l'

 P-sc)

l20120l20140

"]
 Supplicd by  Ohshika  Shinko  Co., Ltd.

tween  adhesives  and  two  formulations.
 

b)
 Hardenjng  tcinperatures  in thc compatibility  test be-

C)
 Supplied by  Ohshika  Shinko  Co,, Ltd,

temperatures  are  shown  in Table  1,

  Samples were  grinded into powder  with  a

mortar  immediately  after  hardening or  after

storage  at  500C  for 1 month.  Five  milliliters  of

formic acid  and  40  in1 of  tQIuene  were  added  to
the powder  and  the slurry  was  kept at  ambient

temperature  for 12 hr to extract  
'fenitrothion

from  the powdcr.  The  fenitrothion content  in
the extracted  solution  was  analyzed  by  GC
uncler  the fo]lowing 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,  1800C; injection temperature,  2000C;
detector temperature, 2000C; carrier  gas,
nitrogen  (50 ml/min).

3. Stab･ilidy' qf Fenitrothion Alicrecmpsbl･le and

   Emttlsijfable Concentrate in Alhaline Con-
   dition

  Ten  milligrams  of  fenitrothion microcapsule
or  fenltrothion emulsifiab]e  concentrate  as  an

active  ingredient was  mixed  with  10ml  of

O.1 N  NaOH  solution  in a  glass ampou]e.  After
the  ampoule  was  stored  at  1200C  for the pre-
scribed  period, fenitrethion was  extracted  with

20  ml  of  ethyl  acetate  and  5 ml  of  formic acid.
The  fenitrothion content  in the  extracted  solu-

tion was  analvzed  bv  GC  under  the same  condi-           " J

tions describcd above.

4. Proparation  of Insect-Proof Pluvve,oea
  Plywood  pieces used  in this study  were  pre-
parecl by  Ohsl)ika Shinko Co., Ltd., under  the
following conditions  :

  1) Compesition: 2 sharings  4.0 rnm  thick as
face and  back parts and  1 sharing  3.0mm
thick  as  core  part. (The face and  back of

the core  sharing  were  treated with  ca.  400g  of

an  adhesive  per one  square  meter,  respec-

tively.)

  2) Dosagc  of  fenitrothion per 1m3  of  ply-
wood:  300g  of  fenitrothion microcapsule  or

400 g of  fenitrothion emulsifiable  concentrate

as  active  ingredient,

  3) Cold press: 10 kg!cm2 for 20 min  at

ambient  temperature.

  4) Hot  press: 10 kglcmZ for IOO sec  at  1150C
ior urea  resin  and  meramine  urea  resin,  at

1250C for modified  phenol resin  and  at  l400C
for alkaline  phenol  resin.

5, Stomge Stabigily of Insect-Proof PILvte'ooa
  After stored  at  400C for 3 months,  the insect-

proof plywood  was  cut  into two  equal  parts
diagonally. The  cut  surface  was  shaved  witli  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  furmic acid  and  40 ml

of  toluene, and  the mixture  was  kept at  ambient

temperature  for 12 hr to extract  fenitrothion.',S)

The  fenitrothion content  in the extracted  solu-

tion was  analyzed  by  GC  under  the  saine  condi-

tions described above.

6. Boring P7event･ion Test

  Immediately  after  prcparation or  after  stor-

age  at  600C  for 2 months,  an  aluminum  pannel
(8 cmx5  cm)  with  32 holes (3.5 mm  i.d.) was

attached  to a  piece ef  plywood  (8 cm × 5 cm).

A  mature  Iarva of  4,cttfs brunneus  (Lyctus
powder-post beetle) was  inoculated into each

hole of  the aluminurn  pannel  and  the holes
were  packed  with  artificial diet powdcr,  and

another  piece of  plyweod  (8cmx5cm) was

mounted  onto  the aluminum  pannel.9) Boring-

preventive effect  was  examined  by  investigat-
ing whether  the plywood  was  bored by  newly

emerged  1lyctus br･unneus after  incubation for

NII-Electronic  
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Fiss.1 Method

                fenitrethion-treated
                pfywood

                artificial diet powder

                aluminum  plate

                fenitrothion--treated
                plywood
          larva inoculated in the  hole

for the  borinst prcvcntion  test.

2 months  in the dark at  25CC and  700/. humidi-

ty (Fig. 1).

        RESULTS  AND  DISCUSSION

1. Stability ofFenit･rothion in Adhesives

  In the case  of  fenitrethion 600f･S emulsifiable

concentrate,  remaining  fenitrothion immedi-

ately  after  hardening was  much  lower than the

feeding amount  as  shewn  in Fig. 2. The  order

of  adhesives  with  high content  of  remammg

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  ienitrothion

after  stored  at  500C for1  month.  The  amount

of  remaining  fenitrothion was  not  so  lewer than

that immediately aftcr  hardening in all adhe-
 'slves.

  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
                    in microcapsule>
         -  --  × 100  RR  <9/o' )
         

-
 (remaining fenitrothion in

             emulsifiable  concentrate)

                                   (1)
  As  shown  in Table  2, tbe RR  was  more  than

1OO%  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

MU

Uloe[eZ')
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                c%)
                 AP

Fig.2  Percentage  of  remaining  fenitrothion in

adhesives  to the feedin.u aniount  immediately

after  heat  curing.

Fenitrothion: 
,
 fenitrothion 209'I, micro-

capsule;  ･･-･･･, ienitrothion 60%  emulsifiable  eon-

eentrate.  Adhesive  : U, urea  resin;  MU,  melamine-

urea  resin;  MP,  modified  phcnol  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  mueh  different from  that  applied  as

emulsifiable  concentrate.

  As  shown  in Table  3, thc  microencapsulated

fenitrothion is mere  stable  than  non-encapsu-

lated fenitrothion in the alkalinc  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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Table3  StabMty  inalkalinen.queous  solution.

MU

Storage  conditions
  1)ecomposed
fenitrothion <?a)

MP

Temperature

   (oC)
Period(min)

120120

                 (%)
                   AP

Fig. 3 I'ercentage  of  remaining  fenitrothion in

adhesives  to the  leedinbff amount  after  storage  at

50:C  for l month,

Symbo13  arc  the  sarnc  as  Fig. 2.

Table  2 Rclative  stabilitv  of  fenitrothion micro-

capsule  to fenitrothion emulsifiable  concentrate

in adhesivc,

LH]
 Fenit}6tAion"

  b)  Fonitrothion

RR  value  (9b' )a)

  30

  60209,66og･a

   "･Iicro- Emulsifiable
  capsulea)  concentrateb)

     2.0  IO.O

     6,6  14.1

Tnicro'cabsule.

emulsifiable  concentrate,

AdhcsiveImmediately
   after

pleparation

After storage  at

   50'C Ior
   1 month

Ureab)M

 ureac)

M  phcnolLi)

A  phenole>

139135317215

")
 I{elatixl･e ratio  

'calcul'atcd
 by  the

  equation;

       (rcmair]ingfenitrothion
              microcapsulc) × 1OO

109139350252following

RR=
     <remaining fenitrothion
       emulsifiab]e  concentrate}

IJrea resin,  C)  )Ie]amine-urca  iesin.

)rodified  phenel  rcsin,  
e)

 Alkaline  phenol
resin.

longer aqueous  slurry  but solidified.  Thus,
droplets of  fenitrothion emulsifiable  con  centrate

dispersed in an  adhesive  are  supposed  to be
covered  with  polymerized  adhesives  and  no

longer to meet  with  alkaline  aqucous  slurry.

This, in a  sense,  is the same  situation  of  thc

microencapsulated  fenitrothion. That  is sup-

posed  to be a  reason  why  the storage  stability

of  fenitrethion applied  as  emulsifiable  concent-

rate  is almest  the same  as  that applied  as  micro-

capsule  in adhesive  during storage.

2. APPIilcation to Insect-Proof Plywood

  Figures 4 and  5 sl]ow  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 apptied  in emulsi-

fiable concentrate  decreased with  an  increase

                     U

b)d)

the wall.  The  difference in the stability  oll feni-
trothiun 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. TIie wall  prevents the microencapsu-

lated fenitrothion from direct contact  with  ad-

hesive slurry,

  After heat  curing,  however, adhesives  are  no

MU

100(?t')'L't''"1s

' N
''it50NN1

' N
'' N

t N
x N

/ s
' N

t s

oot!")
'50･-...-.--o"--.."---50

(100o/o)

50

ISO

MP

                 IF.f,)
                  AP

Fig. 4 I'urcentage of  remaining  fenitrothion in

plywood  to the leedin.cr. amount  imrnediately  after

preparatlon,
Symbols  are  the  same  as  Fig. 2.
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Table  5Boring.  prevention  test.
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 oi  damaged
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 Aftersterag.
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 Uread)
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oooo oooo

                (F.S)
                  AP

Fig. 5 Percentage  of  remaining

plywood  to thc feedin.u amount

40eC  for 3 nionths.

Symbols  are  the samc  as  Fig, 2.

 fenitrothion m

after  stora.rr. e  at

Table  4 Relative  stability  of  fenitrothion niicro-

czpsule  to fenitrothion emulsiliable  conc ¢ ntrate  m

plywood.

RR  value(%)a)

I.J/ntreatcd UreaC)  3 4

           MUread)  3 
--

           MPhenolC)  4  -

            APhenolf)  3 4

a)
 Fenitrethion  60?'e' emulsifiable  concentrate.

b)  Fenitrothion  20%  microcapsule.

c)  IJ/rea resin.

'])  "･Telamine-urea resin.
e)  Modified  phenol  resin.

r)
 Alkaline phenol  rcsin.

g)  
'1'otal

 4 pieccs of  plywood  werc  obset'vcd.

Adhesivc Immediatelv
   after

preparation

Aftcr storage

  at  40nc
for 3 rnon ±h

IJ/ reab])'I

 ureac)

M  phenold)

A  phenolc)

102124I73767  102

 189

 2361480

a)
 Rclativc ratio  calculated  by  the

  equation  i

       (remaining fenitrothion in

              microcapsulc)  x  IOO

following

b)d)

RR=
     (remaining fcnitrothion in
       emulsifiable  concentrate)

Urca res{n.  
C)

 Melamine-urea  resin,

Modified  phenol  resin.  
")

 All{aline  phcnol
resm,

in the pll ef  adhesives  and  the temperature  oi

hot pressing in preparation. On  the other  hand,

pcrcentage  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 inicroencapsulation  im-

proved  the stability  of  fenitr()thion in the

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  adliesive  but

without  fenitrothion was  all bored bv  Lyctus

brztn"eus. The plywood treated witri  fefiitro-

thion emulsifiab]e  concentrate  was  prevented
from  boring  at  the initial stage,  but after  stored

at  600C  for 2 months,  one  plywood  piece out  of

4 rcp!ications  with  melamine  urea  resin  and

alkaline  phenol resin  was  damaged  by  It},ctus

br"nneus. Of course,  as  the storage  conditions

at  600C  for2  months  is too severe  cornpared

with  the actual  conditions  under  which  ply-
wood  is normally  used,  the  eflicacy  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  L.x,ctus brifnneus even  m

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 　acti 、
・e　ingredient（30091m3 ＞

was 　 lower　 than 　 that　 of 　 fenitrothion　 emulsi 一

丘able 　 c ⊂）ncentrate （400　g，1m3）．　 The 　improved

stability 　of　the　microencapsulated 　fenitrothion
during　the　hardening　process　in　preparation ，

especially 　in　 the　 alkaline 　 phenol 　 resin ，　 may

havc　 affccted 　the　result 　 of　the　biological　test

described　above ，

　The　 way 　 of 　 action 　 of 　 fcnitrothion　 micro −

capsule 　 in　 plywood 　 against 　 Lyctu・s　 brunneus
has　not 　been 　examined 　yet．　 However

， y々c伽 ∫

ろru ・n．neus 　is　supposed 　to　break　microcaps 　ule 　and

contact 　with 　 fenitroth重on 　as 　 cockroaclles 　 and

termites　do．10 ）

　　In　 conclusion ，　 it　 was 　 found 　 that　 micro −

encapsulated 　fenitrothion　was 　considerably

useful 　for　the　insect−proof　plywood 　because　o 正

reducing 　the　dosage　and 　keeping 　the 　residual

ef丑cacy 　even 　under 　 severe 　storage 　conditions

independent　of 　the　kind　of　adhesives ．
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要 約

　　フ ェ ニ ト ロ チ オ ン マ イク ロ カプ セ ル の 防虫合 板

　へ の 適 用性

　　　　　　　　　　　　　　　川島操子 ，大坪 敏朗，津田 重典

　　　　　　　　　　　　　　　　　　　　　　伊藤高明 ， 辻　孝三

　 フ ェ
ニ ト ロ チ オ ン マ イ ク ロ カ プ セ ル の 防虫合板 へ の 適

用性を フ ェ
ニ ト ロ チ オ ソ 乳剤 と比較 して 検討 した．マ イ

ク ロ カ プ セ ル 化 され た フ ェ
ニ ト ロ チ オ ン の 4 種 の 合板用

接着剤中 で の 安定性 は ，い ずれ も乳剤化され た場合 の そ

れを上 回 っ た ．と くに ア ル カ リ フ ェノ
ー

ル 型樹 脂 の よ う

な強 ア ル カ リ性の 接着剤中に お い て ，そ の 安定化効果は

顕著 で あ っ た ，それ に 伴 い ，
マ イ ク ロ カ プ セ ル を用 い た

防虫合板 の ヒ ラ タ キ ク イ ム シ に 対 す る 効果 は ，乳剤 を 用

い た 場合 よ りも優れた もの とな っ た．フ ェニ ト ロ チ オ ン

マ イ ク ロ カ プ セ ル は，乳剤 と比較 し て，乳剤 よ b も低薬

量 で ， 使用接着剤 の 種類 に 無関係 に 安定 し た 効果を示す

優れ た製剤 で あ る こ とが確認 さ れ た ．
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