
13 OCT 2004 Debugging Method of Expelling Harmful Insect by Chemical
Volatilization Technical Field The present invention relates to a debugging
method of ex- cluding or expelling a harmful or noxious insect by chemical
volatili- zation that is high in repellent potency, allows the potency to
last for  a long time and is capable of evaporating or volatilizing the
chemical  at a room temperature and yet at a reduced amount of energy.
Background Art There has also been known an electric mosquito-repellent
utensil as a means to expel noxious or harmful insects such as mos-
quitoes. This apparatus has a mat or core impregnated with a chemical  and
is operated with a power supply available in a house and con- verted into
thermal energy to heat the mat or core, thereby thermally  volatilizing the
chemical. This means, however, has the inconvenience  that it cannot be
used where the power supply is unavailable. In order to resolve this
problem, a study is en route to develop  a portable mosquito-repellent
apparatus powered with a battery to ob- tain heat energy sufficient to
thermally volatilize a chemical. A bat- tery used by such an apparatus
consumes up quickly and it is now the  situation that it is hard to make
the apparatus practically usable. Because any of allethrin,
d,d-T80-prallethrin and the like  which is an insecticidal technical
product used for the mos- quito-repellent apparatus has low volatility, so
that it needs more en- ergy to be volatilized. - 1  13 OCT 2004 Debugging
methods proposed in an attempt to resolve this  problem includes, for
example, a method in which a porous carrier  such as of a resin is
impregnated with dichlorvos which is an organo- 



phorus chemical and hung in the air, and a method in which such a car- rier
is accommodated in a receptacle to allow the chemical under the  fan's wind
force to volatilize and diffuse. However, the use of an orga- nophosphorus
chemical to expel harmful or unhygienic insects has met  with consumers'
resistance from rise in safety awareness these days,  and neither of these
methods has been found satisfactory. Accordingly, on paying an attention to
transfluthrin, a pyre- throid chemical, which is volatile at a room
temperature and less harm- ful to men and beasts, a debugging apparatus is
being developed in  which a porous carrier impregnated with this chemical
is ventilated  with an air flow from a fan to volatilize and diffuse the
active ingredient.  The apparatus has been found effective to certain
harmful or noxious  insects such as mosquitoes, but its expelling efficacy
so far not very  sufficient as yet. In order to make up for the
insufficiency in expelling  efficacy, there is no choice but to make larger
in size the carrier to make  it impregnable with a larger amount of the
chemical. It should also be mentioned that a debugging apparatus or
utensil capable of volatilization at a room temperature and thus finding
frequent opportunities of being used outdoors or in a field is more port-
able or handy as the apparatus or utensil is smaller in size. However,
with the chemical described above, the problem with the size of the ap-
paratus or utensil are left unresolved. Accordingly, it is an object of the
present invention to provide a  method of debugging by chemical
volatilization that makes a debugging  apparatus advantageously smaller in
size, that allows an active ingre- dient to thermally volatilize not only
by electric heating but at a lower -2 13 OCT 2001 temperature using a
warmer packed with chemical material, and  further that permits an active
ingredient to volatilize spontaneously. Disclosure of the Invention 



The present invention provides in a form of implementation  thereof a
debugging method of excluding or expelling a harmful or nox- ious insect by
chemical volatilization, characterized by using a prepara- tion containing
a chemical which is non-organophosphorus chemical and  which is higher in
vapor pressure than d, d - T80 - prallethrin and  higher in debugging
potency than transfluthrin. According to the present invention, using a
chemical prepara- tion which is higher in vapor pressure than d, d - T80 -
prallethrin al- lows an active ingredient to thermally volatilize not only
by electric  heating but at a lower temperature using a warmer packed with
chemi- cal material. Also, a battery may be used to rotate a fan and to
allow an  active ingredient to volatilize with a wind created by the fan.
Further,  an active ingredient can be volatilized spontaneously and thereby
a  debugging can be carried out where a power supply is unavailable.
Further, high debugging potency of a chemical for use in the  present
invention permits using the chemical effectively in a reduced  amount,
enables its carrier or carriers to be reduced in volume, and  makes a
debugging apparatus advantageously smaller in size, compact  and portable
or handy. These and other features, objects and advantages of the pre- sent
invention will become more readily apparent to those of ordinary  skill in
the art from the following detailed description of the preferred -3- 13 OCT
2004 forms of embodiment thereof as illustrated in the various drawing Fig
ures. Brief Description of Drawings In the accompanying drawings: Fig. 1 is
a graph that depicts potencies with time of various  technical products
under test in an embodiment of the present inven- tion. 



Best Modes for Carrying Out the Invention An explanation is given in
respect of an embodiment of the pre- sent invention. In order to provide a
satisfactory method of debugging noxious  or harmful insects by
volatilization of a chemical which resolves prob- lems in the prior art as
discussed hereinbefore, the investigations of the  present inventor
indicate that lines, vapor pressures and debugging  potency or efficacy of
chemicals must primarily be taken into account.  In order for such a method
to be practical, it has also been made clear to  be essential for the same
to satisfy the requirements stated below. (1) Lines of Chemicals Such
chemicals as diazinon and dichlorvos have for long been  well known as
organophosphorus insecticides. These chemicals have  been processed into a
powder material or an oil solution or emulsion as  an epidemic prevention
or agricultural chemicals. Among organophos- phorus chemicals, dichlorvos
which is volatile at a room temperature  has also been made available in
the market in the form in which it as a -4 13 OCT 2004 volatile chemical is
impregnated in a resin for release into the atmos- phere. While product
chemicals using organophosphorus chemicals have  been manufactured and sold
on official approvals or permissions, there  is an unfillable gap in
opinion between makers and consumer groups and in fact a movement has been
brought about by some consumer groups to oppose the use of any
organophosphorus chemical. Under the  circumstances, the practice of a
debugging method by a volatile chemi- cal according to the invention
permits refraining from using an organo- phosphorus chemical. (2) Vapor
pressure A chemical for use in this aspect of the present invention  should
have a vapor pressure more than that of d, d - T - 80 prallethrin.  



This requirement not only enables a chemical if heated to vola tilize at a
lower temperature but also enables a chemical to spontane- ously volatilize
or to be volatilized by the force of a wind created by a  fan. Thus, the
requirement permits a chemical to volatilize with a  minimum amount of
energy. (3) Potency to exterminate noxious or harmful insects A chemical
for use in this aspect of the present invention  should have a potency to
debug that is higher than that of transfluthrin.  This requirement enables
a chemical to be minimized in volume. At this point it should be noted that
the terms "debug" and  "exterminate" are used herein not only to mean
"kill" in the narrow sen- se but to mean "knock down", and "expel" or
"drive out" from a space in  which human being is existent. If the insect
is a mosquito, they are also  used to mean stop it from bloodsucking. Thus,
the term "potency" or -5- 13 OCT 2004 "efficacy" "to debug harmful or
noxious insects" is intended to mean a  power to keep the environment in
which human being is unharmed or  uninjured by the insects. It should also
be noted that the term "harmful  or noxious insects" are used herein not
only to mean hygiene bags such  as flies and mosquitoes but also to mean
discomfort bugs such as chiro- nomid which give discomfort to human being.
In order to confirm the correctness of the foregoing points of  view
according to the present invention and to affirm the presence of a
chemical (technical product), three types of experimentation stated be low
have been conducted. ^ Narrowing down chemicals (technical products) by
pre- liminary tests (screening tests); ^ Survey on vapor pressures of
chemicals (technical prod- ucts) by vapor pressure comparative tests; and ^
Checking potency (efficacy) by chemical efficaciousness  



tests 1. Preliminary tests (screening tests) In order to understand if
pyrethroid technical products A, B, C,  D, E, F, G and H whose structural
formulae have not yet been elucidated  are usable chemicals for a chemical
volatilizing debugging method ac- cording to the present invention, they
were subjected, together with  existing pyrethroid chemicals, to
comparative debugging efficacious- ness tests and comparative vapor
pressure tests. First, debugging efficaciousness tests were performed. For
the  criterion of judgment to compare degrees of efficaciousness, the
effect of  blood sucking by mosquitoes of rats was adopted. On this, the
following -- 6 13 OCT 2004 efficaciousness tests were carried out.
Comparative debugging efficaciousness tests Sample chemicals used were: d,
d - T80 - prallethrin, transflu- thrin, dl, d - T80 - allethrin, d-T80 -
furamethrin, terallethrin and em- penthrin; and pyrethroid technical
products A, B, C, D, E, F, G and H. Sample insects used were female adult
stegomyia mosquitoes  (Aedes albopictus) of Fumakilla (spelled
phonetically) series 6" to 91h  after emergence. Sample chemical
volatilizing form: Using a liquid type electric  mosquito repellent
utensil, a liquid agent (referred to below as "sample  liquid") obtained by
diluting each of the sample chemical with a solvent  in a varying
concentration was allowed to volatilize. Method used for tests: A test was
conducted in two 8 straw mat  (13.2 m2) rooms, one as a treatment zone and
the other as a non- treatment zone, both in a no-wind state and at a
constant room tem- perature of 32 c. In the treatment zone, three cages
each with a rat confined  therein were placed equidistantly spaced apart
(about 20 cm) in the  



center of the test room. The mosquito repellent utensil placed on the
floor surface of the center of the test room was preliminarily electrically
energized to operate, and to thermally volatilize each of the sample liq.
uids and fumigate the room therewith for a period of 30 minutes, and  then
about 100 (one hundred) of sample mosquitoes were released into  the test
room. After 2 hours following the release of the mosquitoes, all  these
sample mosquitoes were knocked down by using a mosquito re- pellent mat,
and the number of the mosquitoes which had blood sucking -7 13 OCT 2004 was
counted to find the proportion of bloodsucking. In the non-treatment zone,
too, after the 2 hours of bloodsuck- ing, the proportion of bloodsucking
was found. A rate of bloodsucking prevention was derived from the propor-
tions of blood sucking in the treatment and non-treatment rooms as
expressed as the following equation: Rate of bloodsucking prevention =
(Total bloodsucking propor- tion in the non-treatment zone - Total
bloodsucking proportion in the  treatment zone) - Total bloodsucking
proportion in the non-treatment  zone X 100 Also, on the basis of these
amounts of volatilization and rates  of bloodsucking prevention, an amount
of volatilization at a 50 % rate of  bloodsucking prevention (IC50 value)
and an amount of volatilization at  a 90 % rate of bloodsucking prevention
(IC90 value) are found and shown  in Table 1 below. Table 1 Bloodsucking
Preventive Amounts of Volatilization and Potency Ratios of  Chemicals
(including technical products) Chemical IC 5" Value Potency Ratio 



IC y" Value Potency Ratio (primary body)(mg/hr)Etoc 100)(MA/hr)(Floc 100)
d,d-T80 - pralle- 0.0081100.00.039100.0 thrin (Etoc)
Transfluthrin0.043019.00.13429.2 dl,d-T80 - alle- 0.063012.90.4129.5 thrin
d-T80 - fu. 0.11706.90.27014.4 ramethrin Terallethrin0.36502.21.0283.8
Empenthrin1.13900.73.3541.2 A0.0041197.10.0079496.8 B0.0047172.30,0083469.9
C0.0062130.60.0112348.2 D0.046017.50.183021.3 E0.059013.70.174022.4
F0.12300.60.72405.4 G0.28902.80.89704.3 -g 13 00 2004 H 0.4020 2,0 1.2780
3A While in Table 1 relative potency ratios with the potency of d,  d - T80
-prallethrin (Etoc) assumed to be 100 are shown, noting that  chemicals
which are more efficacious than transfluthrin are A, B and  C and d, d -
T80 - prallethrin (Etoc) and the latter must be excluded  from the
standpoint of vapor pressure, it proves that chemicals (tech- 



nical products) A, B and C are usable for a debugging method accord- ing to
the present invention. On the other hand, allethrin, terallethrin,
furamethrin and empenthrin are not used for the debugging method  according
to the present invention because of their lower effects of  preventing
mosquitoes from bloodsucking rats than transfluthrin. 2. Comparative vapor
pressure tests Next, by using gas chromatography, the various chemicals in-
cluding chemicals A, B and C screened out by the foregoing compara- tive
debugging efficaciousness tests were compared with d, d - T80  prallethrin
(Etoc) as regards their vapor pressures. The gas chromatography test as its
temperature conditions  had an initial temperature of 60 `C , and a
temperature rise of 5 'C  per minute up to a maximum temperature of 250 'C
which was held  for a period of 5 minutes whereupon the process ended. The
filler used was made up of methyl silicon polymer which  is non polar. It
should also be noted that as an internal standard substance  use was made
of sebacic acid - n  butyl and added to confirm that  there was no
deviation in retention time from one test to another. Retention times for
the various chemicals are listed in Table 2  in the order of shorter to
longer. Table 2 Chemical Retention Time min I -9 13 OCT 2004 diethyl
toluamide16,5 Empenthrin20.1 Terallethrin23.3 transfluthrin23.6 C24,5 



A25.1 B26.4 d1,d-T80-allethrin26.6 d,d-T80-prallethrin (Etoc)27.1
Phenothorin33.7 Note that diethyl toluamide, not insect killer technical
product, was used to take  data for reference. From the test results shown
in Table 2, it is seen that chemi- cals A, B and C in vapor pressure are
lower than transfluthrin but  higher than d, d - T80 - prallethrin, and are
thus chemicals which are  suitable for use in the debugging method
according to the present in- vention. 3. Comparative debugging
efficaciousness tests Using chemicals A, B and C screened out by the
preliminary  tests, a test in which they were volatilized spontaneously
(Example 1)  and a test in which they were volatilized as subjected to a
fan wind  power (Example 2) were carried out. Example 1 (qualification as
spontaneous volatilization chemi cals) Using chemicals A, B and C screened
out by the preliminary  tests, efficaciousness of each of them when allowed
to volatilize sponta- neously was compared with that of transfluthrin when
allowed to vola- tilize spontaneously. Sample preparations (chemicals and
their carriers according to  the present invention): A non-woven
polypropylene fabric (made by Idemitsu Petro- leum Chemicals Co., Ltd.;
product name RW2100, density 100 grams/m2) - 10 13 O CT 2004 of 50 cm X 40
cm was coated with a hexane solution of 100 milliliter  containing 1 %
(W/V) of chemical A, B, C and left to dry for 24 hours  



(effective amount of chemical: 1000 milligrams), Comparative preparation
(chemical and its carrier): A non-woven polypropylene fabric (made by
Idemitsu Petro- leum Chemicals Co., Ltd., product name RW2100, density 100
grams/m2)  of 50 cm X 40 cm was coated with a hexane solution of 100
milliliter  containing 1 % (W/V) of transfluthrin and left to dry for 24
hours (effec- tive amount of chemical: 1000 milligrams). Testing method:
efficaciousness tests in a 8 straw mat room  with a volume of 33 m3 In the
center of the test room with the volume of 33 m3 (3.65 in  X 3.65 m X 2.5
in high), each chemical carrier as prepared as above  was placed as hung on
a hook suspended in the center of the room to let  the corresponding
chemical volatilize spontaneously for a period of 3  hours. Thereafter, a
triangular net casing (20 cm X 20 cm X 16.4 cm  high) of 16 mesh nylon net
containing 10 (ten) female adult common  house mosquitoes (Culex pipiens
pallens) was placed as hung in an area  at each of the four corners (spaced
from the wall surfaces at a distance  of 90 cm) at a height of 150 cm from
the room floor and was exposed to  the chemical atmosphere. The number of
knock-downs with elapse of  time from the exposure was observed in the room
to calculate a KT50  value according to the Bliss' probit method. A test
was also conducted likewise for the comparative chemi- cal and its carrier.
After the tests ended, the samples chemicals were let volatilize - 11 13
OCT 2004 spontaneous in the room of a constant temperature of 30 'C. The
same  test was repeated at given intervals and efficaciousness was then ex-
amined each time. Results of the tests are shown in Tables 3 and 4 below
and also  in Fig. 1. 



Table 3 Relation between Elapsed Time and Potency in case of Spontaneous
Volatiliza- tion KT (min) than in with elapsed time (hr)
01683365046728641051201341531681842016 604608 Sample chemical
A6.54.55.36.27.29.68.58.89.78.911.12.11.5 328850000760500 Sample chemical
B8.67.57.77.46.47.98.08.08.48.69.610.9.87 4378500000040 Sample chemical
C5.57.57.56.97.912.10.11.12.1 S.20.25.27.8 33558607050609070900
Transfluthrin11.8.79.113.12.17.15.20.18-28.30.-- 10374010206040801040 Table
4 Relation between Elapsed Time and Potency in case of Spontaneous
Volatiliza- tion KT in (min) charging with elapsed time (hr)
2202352522682853023193363523693864034200 820864208642 Sample chemical A1 3
.1 6 .17.1 8 .1 7 .2427.3 ] .----- 6080206070608060 Sample chemical B1 ] -1
0 .] 2.12.13.1418.20.22.26.28.25.32.7 70800070509060.70908000600 Sample
chemical C30.-------- Transfluthrin60 When the chemical is volatilized in
'a room having a volume  of 33m3 for 70 days, the chemical has an average
KT5o in minutes  is up to 7.92 to 10.86, which is shorter than 16.82 which
is an  average KT50 of transfuluthrin under the same condition. This is
supported in Table 3 as follows: 70 days clearly means 1680 hours  



disclosed as the eleventh elapsed time in the Table 3. The KT5o  values in
minutes of sample chemical A at 0, 168, 336, 504, 672,  864, 1056, 1200,
1344, 1536 and 1680 hours of elapsed times are - 12 13 OCT 2004 6.53, 4.52,
5.38, 6.28, 7.25, 9.60, 8.50, 8.80, 9.70, 8.97 and  11.60, respectively,
are shown in Table 3. Accordingly, the average  KT50 of sample chemical A
calculated by dividing the sum of the  aforesaid eleven KT50 values by
eleven, equals 7.92. In the same  manner, the average KT50 values of sample
chemicals B, C and  transfluthrin are calculated as 8.03, 10.86 and 16.82,
respectively. From the results of Example 1, it is seen that chemicals A, B
and C as used to volatilize spontaneously are each higher in potency and
also longer in retention time than transfluthrin. Example 2 (qualification
as fan wind power volatilization  chemicals) Using chemicals A, B and C
screened out by the preliminary  tests, efficaciousness of each of them
when caused to volatilize by a fan  wind force was compared with that of
transfluthrin when caused to  volatilize by the wind force. Comparative
preparation (chemical and its carrier): A piece of paper was prepared
impregnated with a solution of  transfluthrin of 300 milligrams and was
ventilated with a wind from a  fan rotated by a motor at 1700 rpm to allow
the active ingredient to  volatilize and diffuse into the environment.
Sample preparation 1: A chemical A solution of 300 milligrams  was used in
place of the transfluthrin solution in the comparative  preparation. Sample
preparation 2: A chemical B solution of 300 milligrams  was used in place
of the transfluthrin solution in the comparative  



preparation. 1a_ 13 OCT 2004 Sample preparation 3: A chemical C solution of
300 milligrams  was used in place of the transfluthrin solution in the
comparative  preparation. Living tests were conducted in a 8 (eight) straw
mat (13.2  m2)room in which each of the preparations above was made active
for 12  hours a day. It has been found that the comparative preparation was
effective (no mosquito bite) for about 40 days and Sample preparations 1,
2 and 3 in contrast were effective for about 90, 120 and 70 days, respec-
tively. As the test results of Example 2 show, the preparations made  of
chemicals A, B and C retain their efficacy significantly longer than  the
existing type of preparations. It is thus seen that for example to  retain
their efficacy for a same period, Sample preparations 1, 2 and 3  may have
the contents of their respective chemicals A, B and C or ac- tive
ingredients significantly less, and may also make them smaller in  size,
than the comparative preparation. It should be noted that a chemical
preparation for use in the  present invention may contain a repellent such
as diethyl toluamide,  an anti-oxidizing agent such as BHT, an insect
growth control agent  such as hydroprene, a synergist such as piperonyl
butoxide, and/or  any other insecticide, mite killer or microbicide not
mentioned earlier  (but excluding organophosphorus chemicals). For
certification of the present invention, each example is  performed by using
the same object to be exterminated and under the  same experimental
condition as those of the experiment by using  transfluthrin which is the
standard reference for comparison. -14 13 OCT 2004 



Among others, a method according to the present invention  provides
advantages as stated below. Using a chemical preparation which is higher in
vapor pres- sure than d, d - T80 - prallethrin allows an active ingredient
to ther- mally volatilize not only by electric heating but at a lower
temperature  using a warmer packed with chemical material. Also, a battery
may be  used to rotate a fan and to allow an active ingredient to
volatilize with  a wind created by the fan. Further, an active ingredient
can be vola- tilized spontaneously and thereby a debugging can be carried
out  where a power supply is unavailable. High debugging potency of a
chemical for use in the present  invention permits using the chemical
effectively in a reduced amount,  enables its carrier or carriers to be
reduced in volume, and makes a  debugging apparatus advantageously smaller
in size, compact and port- able or handy. Although the present invention
has been described hereinbe- fore in terms of the presently preferred forms
of embodiments with re- spect to or embodied in a method of volatilizing a
chemical, it is to be  understood that such disclosure is purely
illustrative and is not to be  interpreted as limiting. Consequently,
without departing from the  spirit and scope of the invention, various
alterations, modifications,  and/or alternative applications of the
invention will, no doubt, be sug- gested to those skilled in the art after
having read the preceding disclo- sure. Accordingly, it is intended that
the following claims be interpret- ed as compassing all alterations,
modifications, or alternative applica- tions as fall within the true
`spirit and scope of the invention. is 13 OCT 2004 The Claim What is
claimed is: 1. A method for expelling a harmful or noxious insect,  



comprising: (a) providing a chemical which is a non-organophosphorus
chemical, said chemical has the following characteristics: (i)  said
chemical having a higher vapor pressure than d,d-T80-prallethrin which is
determined when the chemical is  heated at 60 to 250 t, its retention time
in minutes is 24.5 to  26.4, which is shorter than 27.1 which is a
retention time of  d,d-T80-prallethrin under the same condition, and (ii)
said  chemical having a higher debugging potency than transfuluthrin  which
is determined when the chemical is spontaneously volatilized  for 70 days
in a room having a volume of 33m3, the chemical has  an average KT50 in
minutes is 7.92 to 10.86, which is shorter than  16.82 which is an average
KT50 of transfuluthrin under the same  condition, and (b) contacting the
chemical with the harmful or noxious insect  or a locus thereof. 




