2240042 DEVI CE FOR EXTERM NATI NG PESTS AND NETHOD OF EXTERNINATING PESTS

USING THI S DEVI CE The present invention relates to a devi-e for : .2
exterminating pests and to a nethod of exterm nating pests enploylng thls

device. This device for exterm nating pests conprises a cylinder2Zdbastez

with liquefied carbon dioxide in which at | east one pesticide (which
I ncl udes an insecticide.and/or a mcrobicide, etc.) is or are

di ssol ved, and connected through fixed p|b|ng to not less than two &3
capillary nozzl es. Encl osed spaces, i.e., relatively closed spaces such as
factori es, of fices, war ehouses, restaurants, agricultural green

houses, and ot her places possess stable environnmental conditions wth

regard to

tenperature, humdity, etc., that are favorable to the

propagati on of -2- pests such as noxious insects, acarines, fungi,

bacteria, etc. Hence, since the propagation of such pests is harnful to
humans, equi pnment, itens stored or produced, etc, enclosed spaces generally
need to be periodically sprayed with a chem cal pesticide such as an

i nsecticide mcrobicide. In the conventional art, the chem cal agent is

sprayed by atom zation or fum gation of a fornulation

DEVICE FOR EXTERMINATING PESTS AND METHOD OF

EXTERMINATING PESTS USING THIS DEVICE

The present invention relates to a device for
exterminating pests and to a method of exterminating pests

employing this device. This device for exterminating pests

.comprises a cyliﬁder filled with ;iqqefied carbon dioxide

in which at least one pesticide (whicﬁ includes an insecticide and/or

‘microbicide, e€tc.) 'is or are dissolved, and connected

through £ixed pipiﬁg to not less thaﬁ two capillary

nozzles.

" Enclosed spaces, i.e., relatively closed spaces such
as factories, offices, warehouses, restaurants,
agricultural green houses, and other places possess stable

environmental conditions with regard to temperature,

'humidity, etc., that are favorable to the propagation of




consisting -of an oi | formul ati on, enulsifiable’concbnt?ate,: -*
aerosol, fumgant or the like, by nmeans of a device for extermnating
pests. The particul ate chem cal agent is thus dispersed in the encl osed
space and enabl es repression of the propagati on of such pests by _
efficiently destroying them However, when phe conventional method of and
dewjce for exterm nating pests are adopted, the atom zation or fum gation
has %0 be carried out by a worker. During the spraying operation, the
worker is thus in danger of being exposed to or of inhaling the chem cal
agent. Moreover, when the spraying is executed through atom zation or
fumgation, the relatively large size of the particles conposing the
chenm cal agent may cause the spraying to be uneven. A wuniform spraying
of wide areabests suehs af fmaxigus ﬂnseptssLaaarin&sxkfnngkuihnctérxmsts

iy perfornmed | ess eff|C|entI in relatlve % B gur%hernnre
when a plural i 8 cof #ﬂéé §§§dP§B§PQ§ 9“t8 b& §§ B85S dfe spraying
extermi nating B8 riq”' r?w hg, EEPEBRLanTEmEAREEr Y. Fe BB e

I b d h
barrter enpl oy 88 ‘e FABERA Pibegs geliRralie" ndeaten' BE BaLBA1EM1Y0 tNe

fornulatloh sprayed with a chemical pesticide such as an insecticide

microbicide.
T In the'.conventional art, the chemical agent is
sprayed by atomization or fumigation of a formulation
consisting of an oil formulation, emulsifiable
concentrate, aerosol,.fumigant or the like, by means of a
device for exterminating pests.
| The particulate chemical agent is
thus dispersed in the enclosed space and enables
repression of the propagation of such pests by efficiently
destroying them.
However,ﬁwhen the conventional method of and device
g/ for exterminating pests are adopted, the atomization or
fumigation has to be éarr;gd out by a worker. During-the'
spraying operation, the worker is thus in danger of being
exposed to or of inhaling the chemical agent. Moreover,
when the spraying 1s executed through  atomization or
fumigation, the relatively 1large size o0f the particles
composing the chemical agent may cause the spraying to be
uneven. A uniform : sprayving of wide areas is thus

difficult. As a result, the destruction of pests is



i s adopted, the problemof the flammability of the SoFvent br:funfg%_

.
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ari ses. - Japanese Publ i cati on of Unexam ned Pat ent Application
No. 113703/1981 (Tokukai sho No. 56-113703) discloses an insecticide
i mpl ement containing |iquefied carbon dioxide in which an insecticide

conponent

was di ssol ved. However, the-spraying of a plurality of separate .

encl osed spaces still requires the use of a plurality of insecticide
i npl ements, nanely an insecticide inplenment per enclosed space, and

consum ng

In this regard, the above insecticide inplenent is s

A
is til
imlar

to a conventional device for extermnating pests. The present invention
seeks to provide a device for and a nethod of exterm nating pests enabling

a cheni ca

agent to be sprayed efficiently even in -4- relatively

w de ar easP@nfiovmedolesgcefficlientlyi in relativedbytwide ospaces. and
conditions. The present invention alsQ seeks to provide a device for

met hod. of

ext er FRFbReFACkHR st ¥heRata cP3MTad 15Yc ek sspazgsat enclnsed

i n nurmerous i ndependent encl osed spaces with |little-Ilabour involved,
short tineSBAEeBy ifcake be Fr&ayed.n s SREaxing Qreraticn At tndkhi eve

t he above

objects, a_.device for
re&uf&eé -e%eyl use of a plurality of devices for

exterminating pests, but is also time consuming. Also,

depending on the place to be sbrayed, there might be

instances of cqptamination due to the carrier employed in
the formulation, and when an oil-based aerosol formulation
is adopted, the problem of the flammability of the solvent
or fumigant arises.- -

Japanese Publication ‘of Unexamined Patent
Application No. 113703/1981 (Tokukaisho No. 56-113703)
discloses an insecﬁicide implement containing liquefied
carbon dioxide in which an insecticide component was
dissolved.

However, \the ‘spraying of a plurality of lseparate
enclosed space§ still requires the use of a plurality of
insecticide implements, namely an insecticide implement
per enciosed space, and i§ time consuming. In this regard,
the . above insecticide implement is similar to a

conventional device for exterminating pests.

The present invention seeks to provide a
device for and a method of exterminating pests enabling a

chemical agent to be sprayed efficiently even in

and a
rayed
in a

»
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exterm nating pests in accordance with the .present i nventi‘on cbnptisesta °
cylinder filled with liquefied carbon dioxide in which a pesticide is
di ssolved (hereinafter referred to as carbon di oxide fornulation), and

pi pi ng coupled to the cylinder and provided with a plurality of
capillary nozzl es. The devi ce for gxterm nating pests of t he
pr esght I nvention I's characterized in that the capillary nozzles are
desi gned such that, with regard to two adj acent capillary nozzles, the
ratio of the nozzle exit area of the capillary nozzle close to the
cylinder, to the nozzle exit area of the renote capillary nozzle is set
between 1:1.3 and 1:1.8. In a nethod of exterm nating pests in accordance
with the present invention the above device is enployed to spray the
pesticide. Thuelapivelynuydbearsasr andawdithoyta rERithae taonC Withn degatrd N
sprayi ng a pesticide by neans of the above device, this enabling

er adi cat i on o0 pthe slecrit ben panad ayanditingl ant di seases. -5- Wth the

above arrangenent . a plurality of capillary nozzles is affixed to the
pi pi ng coupl ed toTPﬁeB5§FFﬂ5e¥pv?ﬁglﬁﬂz?ﬁ@xefﬁFﬁér@8 BrXOo¥i€R capillary -

nozzle is desigggd such_t hat, considering adjacent capillary nozzles, the
rati o of the fofeVdcexifor, andofat methed | phr pxterminating imestsHsshas t he

cylinder, to thgbfozzle exit area of the
en es a chemica agent to be sprayed in numerous

independent enclosed spaces with little-labour involved, in
a short time and by.means of a small number of devices.

In order to achieve the above objects, a device for
exterminating pests in accordance with the present
invention comprises a cylinder f£filled with 1liquefied
carbon dioxide in which a pesticide is . dissolved
(hereinafter referred to as carbon dioxide formulation),
and piping coupled to the cylinder and provided with a
plurality of capillary nozzles. The device for
exterminating pests of the present invention is
characterized }n that the capillary nozzles are designed

N such that, with regard to two adjacent capillary nozzles,
the ratio of the nozzle exit area of the capillary nozzle
close to the cylinder, to the nozzle exit area of the
remote capillary nozzle is set between 1:1.3 and 1:1.8.

In a method of exterminating pests in accordance with
the present invention the above de&ice is employed to
spray the pesticide. Thus, pests may be exterminated by a
method which consists in spraying a pesticide by means of
the above device, this enabling eradication of pests and/orx

- prevention of plant diseases.

-



renote capillary nozzle is set between 1:1.3 and 1:1.

enabl es the chem cal agent, i.e., the pesticide, to be sprayed in a

substantially equal anount from each capillary nozzle. As a result, when
for instance each capillary nozzle is installed in a different enclosed -
the chemcal agent nmay be §Q[ayed in a substantially equal -
anount in each encl osed space. Hence, asingle device for exterm nating

space,

pests may be adopted for a plurality of enclosed spaces, whereby the

chem cal

chem cal

Furt her nore,
t he present

agent may be sprayed with little labour, in a short tine and by

means of a small nunber of devices for exterminating pests, even when the
agent has to be sprayed in nunerous independent encl osed spaces.
when the device for and the nethod of exterm nating pests of
| nvedd tioNthé cabovet adrahbemehe;i aaplagadt tis ofprompeid Tamet her
wi th non-toxi c and non-conbusti bl e carbon dioxide. There IS t hus

8. This atramgenent

~

no

restricti omezzles tis |affiiedh tw the@piping cuplled tor Dhiengylindeddi ti on,
advantage i s taken of the rapid -6- expansion of |iquefied carbon

di oxi de durthe meazleécexibtnatea ofr epchg capdldheryi nokzzdgedis. drsignesyi cal

agent may be thus reduced to mnute particles and sprayed efficiently even

in rel ati veduchii ¢hagpaceensideringuladiagenter saphdlagyornazklesu u

ratio of the nozzle exit area of the capillary nozzle that
is close to the cylinder, to the nozzle exit area of the
remote éapillary nozzle is set between 1:1.3 and 1:1.8.
This arrangement enables the chemical agent, i.e., the
pesticide, to be sprayed in a substantially equal amount
from each capillary nozzle. As a result, when for instance
each capillary nozzle is installed in a different enclosed
space, the <chemical agent may be sprayed in a
substantially equal aﬁount in each enclosed space. Hence,
a single device for exterminating pests may be adopted for
a plurality of enclosed spaces, whereby the chemical agent
may be sprayed with little 1labour, in a short time and by
means of a small number of devices for exterminating
pests, even when the chemical agent has to be sprayed in
numerous independent enclosed spaces.

Furthefmore, when the device for and the method of
exterminating pests of the present invéntiqn are adopted,
the chemical agent is sprayed together with non-toxic and
non-combustible carbon dioxide. There is thus no
restriction as to the 1location or conditions of the

spraying. In addition, advantage is taken of the rapid

theand

&8



advant ages of the invention, reference should be nmade to the ehsul ng *
detail ed description taken in conjunction with the acconpanyi ng draw ngs.
Fig. 1 and Fig. 2 illustrate an enbodi mrent of the present invention. Fig.
is a schematic block diagramillustrating a device for exterm nating pests
installed in a plurality of agricultural green houses. Fig. 2 is a

schegatic block diagramillustrating the device for exterm nating pests
installed in a plurality of separate roons acconmmpdated in a building. An
enbodi ment of the present invention wll be described hereinbel ow.

with reference to Fig. 1 and Fig. 2. The device for exterm nating pests of
the present enbodinment is installed in a plurality of enclosed spaces,
i.e., agricultural green houses 1 shown in Fig. 1, or a plurality of

separate enc c 2 [ 3
Shown | n i g SsERE SE 11 B8RBRY 93§%85‘§?9§¥ﬁ§9haa ati0h
exterm natin S a d c for
and et hod o%&eféé&ﬁuw)#ﬁeé g'i%a 33 %a%p EIPSJ' Qgé?‘t ﬁi?g ori es,
offices, var s CrealitasEb: igtid/gHY f@étax?asggﬁayear%%&imgﬁy for
hortlculture etc. | ong as these places are relativel ' osed spaces.

even in relatively wide spaces.

For a fuller understanding of the nature and
advantages of the invention, reference should be made to

the ensuing detdiled description taken in conjunction with

~ the accompanying drawings.
Fig. 1 and Fig. 2 illugtrate an embodiment of the
present invention. _' |
Fig. 1 is a schematié block diagram illustrating a
device for exterminating pests installed ina plurality of
agricuiturai green houses.
Fig. 2 is a schematic block diagram illustrating the
devicé for exterminating pests installed in a plurality of
'\—/,

separate roomé accommodated in a building.

An embodiment of the present invention will be
described herelnbelow w1th reference to Fig. 1 and Fig. 2.
The device for exterminat_:ing_ pests of the present
emﬁodiment is ipstalled in a plurality of enclosed spaces,
i.e., aéficultural green houses 1 shown in Fig. 1, or a
plurality of seﬁérate. enclosed spaces, i.e., rooms 2

accommodated in a building 3 shown in PFig. 2, and



The device for exterm nating pests conprises a cyllndeT 4 havihg a pressure
resi stance of 250kg/cnR and filled with |iquefied carbon dioxide. In the
| i quefied carbon dioxide is dissolved a chemical agent conposed of a single
pestici de such as an insecticide, an ac?r|C|de a mcrobicide (fungicide,
bactericide, etc.) etc., or a chem cal agent conposed of a mxture of
pestici des. The anount of chem cal agent contained in the |iquefied carb&aﬂ
dioxide is 0.01 to 5% by weight. The cylinder 4 is disposed outdoors and a
cylinder valve 5 is nmounted upon the upper end thereof. The cylinder valve
5 is coupled to a solenoid valve 7 for liquefied carbon dioxide, e.g. a two
way sol enoid valve ([err] 8264, manufactured by Automatic Switch Co.). A

tiner 8 thpiplemePed! Byomednsc¥f Ny ﬁét@hCEErC%ﬁ&hi%%QﬁgO?e%ts

predeternmned unit time, *is coupled to the solenoid valve 7 ch an
ar r ange e neshodying the fpresertinwentdgr, (The) akove; devisesfor: and metbed os

I nsecticide,. acaricide, mcrobicide (fungicide, bactericide, etc.) or the
like, or of-&terminatinghpestt, may disoshe adepted fordasehin fgctoriiesur al
green houses 1 for a fixed nunber of hours w thout the need of a worker. A
pressure g@ﬁ};qmmnuaaehquedsbymmugamsAltﬁstanrantib ¢athbe sheds, is
fitted between the solenoid valve 7 . :
green houses for horticulture, etc. as long as these
places are relatively'élosed spaces. |
The- device for exterminating pests combrises a
cylinder 4 having a pressure resistance of 250kg/cm? and QJ
filled with liquefied carbon dioxide. In the liquefied
carbon dioxide is dissoclved a chemical agent composed of a
single pesticide such as an.insec;icide, an acaricide, a
microbicide (fungicide, bactericide, etc.) etc., or a
chemical agent composed of a’mixtute of pesticides. The
amount of chemical agent contained in the liquefied carbon
dioxide is 0.01 to 5% by weight.
| The cylinder 4 is disposed outdoors and a cylinder
valve 5 is mounted upon the upper 'ehd thereocf. The
cylinder valve 5 is coupled to a solenoid valve 7 for
liquefied carbon dioxide, e.g. a two way solenoid valve
'(BULLETI§M8264, manufactured by Antomatic Switch Co.). A
timer 8 that is capable of.executing an ON-OFF conorol
based on a predetermined unit time, is coupled to the
solenoid valve 7. Ssuch anuarrangement enables the chemical

agent, i.e. the hesticide such as insecticide, acaricide,

microbicide (fungicide, baotericide, etc.) or thellike, or



and the cylinder valve 5. Provision is nmade such that the' pressure of* a
carbon di oxide formul ation present inside the cylinder 4 and a piping 9 is
detected by the above pressure gauge. The piping 9 is nade of, for exanple,
stainless steel, copper, pressure resistant resin, or other material,
“and is designed such as to have a bore Qf 2.0 to 4.0nmand a total length
conﬂplsed within 100m As illustrated in éig. 1, the piping 9 is nounted
vertically along a lateral wall of the agricultural green house 1 close to
the cylinder 4, ‘and then horizontally traverses all the agricultural green
houses 1 in the upper section thereof. Capillary nozzles 10 are fixed to
the piping 9 traversing the agricultural green houses 1 to spray the carbon
di oxi de formul ation i nside each of the agricultural green houses 1. The
capi [l ary nomdixares atbevesfgned the hapragefiorinsdiel. the o agrieulsagalhe

ratio of the bores of adjacent nozzles_10 s s such t hat en e nozzle
exit area of grgennoheugeso k| dor aFixed dg a"’f“ﬁ wnﬁb???%
area of the nozzle 10 far fromthe cyllnder 4 is between 1.3 and 1. 8.

-9- Here, pr¥Pr&e&n has to be made such that the sum of the nozzle exit
areas of the capillary nozzles 10 does not exceed the cross-sectional area

of the piping 9. A RFESFURSiFANTS (BanN qq%ﬂqPYmﬂigi%°1§n§Eﬁu%%n$$xed

to a Co.), not shown, is fitted between the solenoid valve 7

and the cylinder valve 5. Pfovision is made such that the
preseure of a carbon dioxide.formulation present inside
the cylinder 4 and.a piping 9 is detected.by the above
pressure gauoe. The piping 9 is made of, for example,
stainless steel, copper, pressure resistant resin, or
other material, and is designed such as to have a bore of
2.0 to 4.0mm and a total length comprieed within 100m.

As Iil.lustrated in Fig. '1, the piping 9 is mounted
vertically along'a lateral well of the agricultural green
house 1 close to the'cylinder 4, and then horizontally
‘traverses all tge agricultural green houses_l in the upper
W section ﬁhereof-. Capillary nozzles 10 are fixed to the

piping 9 traversing the_ agricultural green houses 1 to
spray the carbon dioxide formulation.inside each of the
agricultural green houses 1. The capillary nozzles 10 are
designed to have a bore of'0,3 to z.bmﬁ and the ratio of
the bores of aldjacent nozzles 10 is set such that, when
the nozzle exit area of the nozzle 10 close to the
cylinder 4 is 1, the nozzle exit area of the nozzle 10 far

from the cylinder 4 is between 1.3 and 1.8.



single piping 9 and the distance between two capillary nozzles 10 shoul d
preferably be conprised wwthin 5 to ZOWb.The I nsecticide sprayed fromthe
capillary nozzles 10 may be: pyrethroid® nsecticides such as

a- cyano- 3- phenoxy- benzyl 3-(2, 2-dichlorovinyl)-2, . -
2-di net hyl cycl opropanecar- boxyl ate; a- cyano-3-phenoxybenzy| e
chrysant hemat e; a-cyano- 3-phenoxybenzyl : v
3-(2, 2-di bronovi nyl) -2, 2-di net hyl cycl opro- panecar boxyl at e;

a- cyano- (4-f 1l uoro- 3- phenoxy)benzyl

3-(2, 2-dichl orowené)-ﬁr&iﬁim{ YA £y €6 0BeORAMRC FNRIX WS the sum of

2- (4- et hoxyphenyl) - 2- met hyl propyl 3- phenoxybenzyl ether;

a- cyano- 3- thenmogizder \edxit Eﬁ:ééscblfoIthpherapli)liarifehbzkbdkymraées not

a- cyano- 3- phenoxybenzyl 2-[2-chloro-4-(trifluorome-

t hyl ) ani | i resjce®dethg | bnessosectiosabhaneaybénthle ghpisan-9.thehsde; a

a- cyano- 3- phenoxybenzyl 2,2, 3, 3-tetranet hyl cycl o- propanecar boxyl at e;

a- cyano- 3- M@}@pbeqﬁwteng qqpmaﬂb nozzles 10 can be fixed to a
3,3,3-trifluorqQ-1-pro enyg) 2, 2-di et hyl cycl opr opanecar bo- xyl ate;

a- cyano- 3- S8 HBAPYRI > 4304 1 [LhEr it FHES BEAGDhBELHEER.- 3:w¢etﬁ9pbm§me
3 a1y - 2- R ERA 0 5@59515 BRetsrahiy o, FERRFABHA. within © to 20m.
oL 0 el AR SRRl S8l by BRI gL MBL e 10

2 oo SR U RO 1o s "8 DERD: Sipnenoay-

i sopropy!l - 4By ls: QQP&LHHbﬂiB¥E¥1nyl) 2, EhaiﬂgeﬁQiQbefﬁﬁropanecar- <
boxylate; a-cyano- 3-phenoxybenzyl chrysanthemate; a¢-cyano-
3-phenoxybenzyl 3-(2,z-dibromovinyl)-z,z-dimethylcyclopro-
panecarboxylate; a-cyano-(4—f1uoro-34phenoxy)benzyl

- 3-(2,2-dichloroviny1i-2,Z-dimethylcyélopropanecarboxylate;
2—(4-ethoxyphenyl)-é-meth?lpfbpyl 3-phénoxybenzyl ether;
a-cyano-3-phen6xybenzy1 2;(4-chlorophenyl)-3-methy1buty-
rate; a-cyano-3-phenoxybenzyl 2- [2-chloro-4 (trlfluorome-
thyl)anilino]- 3-methylbutanoate, -phenoxybenzyl chrysan-
themate; a-cyano-3-phenoxybenzyl 2,2,3,3-tetramethylcyclo-
propanecarboxylate; a-cyéno-3-phenoxybenzyl 3-(2-chloro-
3,3,3-trif1uoro-1-propeny1);2,z-dimethylcyclopropanecarbo-
Xylate; a-cyano-s-bhenoiybenzyl 2-(4-difluéroﬁethoxyphe-
nyl)-a-methylbutyraté; 5-benzyl-3¥fufy1methyl chfysanthe-_
mate; 3-a11yi-z-meth&l;4-oxocyc10pent-2-eny1.chrysanthema-
te; 2—methy1-4-oxo-3-(2-propyny1)cyélopenﬁ-z-enyl chrysan-
themate; l-ethynyl-2-methyl-2-pentenyl chrysanthemate;




O O di net hyl 0-(3-nethy|-4-nitrophenyl)phosphorothioalb; ¢ -
0-(4- brono- 2, 5-di chl orophenyl ) - o, o- di net hyl phosphor ot hi oa- te;

2, 2-di chl orovi nyl dinethyl- phosphate; etc. The above insecticide enabl es
eradi cati on of unhygi enic pests such as Periplaneta fluginosa, Blattella
germani ca, Miusca donmestica, Boettcherisealferegrina, Cul ex pipiens pallens,
Cul ey tritaeniorhyncus, Ctenocephalides canis, Ctenocephalides felis,

Orni thonyssus bacoti, Tyrophagus dimidiatus, Pediculus humanus corporis,
Pedi cul us hunmanus, G mex | ectul arius, etc. The above insecticide al so
permts destruction of 'nui sance pests such as Chiracant hium j aponi cum

Scol opendr a subspi npes muti | ans, Scol i oi dea, Verpa simllim

E?Pé,gﬁ?é; " S -C?%%‘&%h%rséﬁhﬁﬁiéﬂglﬁ“ meBELf anmona SpF PSR thenate;
A b,
p:amai l)nlal : ;m éf_{‘h f’ghggggéfgﬁl eﬁlﬁ%e% aldféelg’;msgﬁgﬁzg o?HCQ ﬁ%?gh gavoe-r 2a"sm

etc. Vegetabl isBF?Bﬁy‘iaﬂ-?g?ﬁgﬁ?e?_‘eﬁfﬁﬁﬁfﬁgﬂ? such aspﬁ hSrétWibate;

crucivora, Plutella Xyl os reta

striol ata, BheeamethwassocQQrm&ﬁywﬂaﬂ&o@sStro sphdsdaiitiste;

erysim, Spodoptera litura oti s segetum eres costirostris,
Myzus per spcgg~bromolli, 8La1ERYSEophenyY PO 6L ChEEhyl phosPhdPetifoa-

vi gintioctomacul ata, Delia antiqua, Thrips tabaci, Dacus depressus, etc.
The above insee}iz|deddthborovbhys @imeéthel i pliosphate; etc.

The above insecticide enables{énxﬁcath:{oftqmggﬂaﬁc

o pests such as Periplaneta fluginosa, Blattella germanica,
Musca domestica, Boettcherisca peregrina, Culex pipiens

pallens, Culex tritaeniorhyncus, Ctenocephalides canis,
Ctenocephalides 'félis, ornithonyssus bacoti, Tyrophagus

dimidiatus, Pediculus humanus corporis, Pediculus humanus,

Cimex lectularius, etc. The above insecticide also permits

destruction of miisance pests such as Chiracanthium japonicum,

Scolopendra subspimpes mutilans, Scolioidea, Verpa

- simillima xanthoptera, Formica japonica, Oxidus gracilis,

W, Thereuronema 'i hilgendorfi, Chironomus yoshimatsui,
Diestrammena apicalis, Armadilidium vulgare and the like,

and fabric pests such aé Tinea pellionella, ' Tineola
bisselliella, Attagenus unicolor, Anthrenus verbasci, etc.

Vegetable pests can also be exterminated, such as

Pieris rapae <¢rucivora, Plutella xylostella, Hellulla

undalis, Phyllotreta striolata, Phaedon brassicae,

Brevicoryne brassicae, Lipaphis .erysimi, Spodoptera

litura, Agrotis segetum, Listrodéres costirostris, Myzus



of orchard pests such as G apholita nolesta, Carp05|na nlponen3|s -

- Synant hedon hector, Unaspi s yanonensi s, Ceropl astes rubens, Dacus
dorsalis, etc. Pests found in soybeans and beans as well as pests found in
rice, wheat and other cereals, .can al so be destroyed. Here, the pests found
I n soybeans and beans |nclude tellnt ni vora glycinivorella, Etiella_

zi nckenel l a, Anonal a rufocuprea, etc., and the pests found in rice, wheat, _
and ot her grains include Chilo - suppressalis, Ni | aparvat a Iugens,
Bot hrogonia  j aponi ca, Parnara guttata, Echi nocnenus squaneus,

Nephrot oma virgata, Sitodiplosis nosellana, Onychiurus pseudarmatus yagii,
Mel anotus fortnum, etc. Stored grain pests include Tribolium castaneum

o T petgRLIEIT  EEEERPogedS L WibopaP BT FRIEEEMT, o oo
S
G bbi um aciPABEtPaF Euat iR oPRAER, aRbtpe thbtpe  Sobiist, SERRL 1D,

Acanthoscehkﬁgés%agecggg e Vel SIHdUB tﬂ@ﬁ?¥

Ehabyads
I nt er puncte dasta kue Itotroga cerealella, Llposcells

bost rychophi | ugg SfEhafErb€§£§Uéﬁéh asa8fapholPEd i ol é4E8) carpbsimdi ci des
- 12 - (fungicides and/or bactericides, etc.) include: alum num

tris(-O ethypeheaBhsnat e3ynanthedon ﬂbdtbrthOunabpﬁsxy)stonensis,

Ceroplastes rubens, Dacus dorsalis, etc. Pests found in
.soybeans and bgans as wéll as pests found in rice, wheat
and other éereals, cén also be destroyed. Here, the pests o
found in soybeans and beans include Leguminivora
glycinivorella, Etiella 2zinckenella, Anomala rufocuprea,
etc., and the pests. found in rice, wheat and other grains
include Chilo suppressalis, - Nilaparvata lugens,
Bothrogonia japonica, Parnara guttata, Echinocnemus
squameus, Nephrotoma virgata, sitodiplosiS' mosellana,
onychiurus pseudarmatﬁs vagii, Melanotus fortnumi, etc.
Stored grain pests include Tribolium castaneum,
Tribolium co;fusum, Tenebrio  obscurus, Alphitobius
diaperinus, Sitophilus zeamais, Sitophilus oryzae,
Dermestes maculatus, Dermeétes ater, Stegobium paniceunm,
Lasioderma serriocorne, Ptinus Jjaponicus, Gibbium
aequinoctiale, Callosobruchus maculatus; Callosobruchus
chinensis, Acafnthoscelides obtectus, Bruchus pisorum,
Bruchus rufimanus, Plodia interpunctella, Anagasta Xkueh,
sitotroga cerealella, Liposcelis bostrychophilus, etc.

Agricultural and horticultural microbicides



3-dinmethyl-1-(1H 1, 2,4-triazol -1-yl)-2-but anone; met hyl

1- (butyl carbanoyl) - 2- benzi m dazol carbamate; cis-N- [ (tri-

chl oronet hyl ) t hi o] - 4- cycl ohexene-1, 2- dlcaﬂﬁbXTWide; tetra-
chloroi sophthalonitrile; 1, 1-di chl oro- N-[ (di met hyl am no)

sul fonyl ]-1-fl uoro-N-phenyl net hane; manganese et hyl enebi s

(di tii ocar bamat e) ; 3' -1 sopropoxy-2-net hyl benzani | i de;

2- met hoxy- N- ( 2- oxo- 1, 3- oxazol i di ne-3-yl )aceto-2', 6" -xyli- dide;
1-5" -N-(5"- O car banoyl - 2" - am no- 2" - deoxy- L- xyl o-

nyl )-5' - ani no- Ffuﬁ’éf’é.‘(d&é’raha%f" lcHeiRuesll &, ) #aETNAE: aluminum
hydroxynet hyl uracrl; 5-di chi orophenyl) -1, 2- dlnethyl cyclopropane-l

2-di carboxi m deris Pdmetlﬁ?f%@ﬁiaxﬁiﬁt t.hi o- car bangi(@-chivirbphenokey)-3he

above m crobicides are ective for diseases such as downy m | dew, gray

nbl d, sclerotiz@in@thyDETay1R B/ bl +ghiazsH Tvyiones-butanoie;y N méthyll at e
blight, |leaf nold, danping-off, scab, bacterial spot, phonma root rot,

rust, fruit spmﬁLbuﬁyicéibnmnwlmﬂz4h;nzﬁmidazqyndrbmma$ach gds-Nspétyitl us
(e.g., A niger, A terreus), FEurotium (e.g E. tonophilum,
Penicillium qhﬂgﬁomethyl)thiQ}14nnﬁ610h2xﬁnﬁnkmﬂ1ﬁﬁﬂﬂerQﬂmi§ﬁust@§rg' R.
oryzae), O adospori-um ( é% cladospor|0|des) Aur eobasi di um . 0.
A. pul | ul ans) ,ch3oxad eephi %k?%}trﬂiennrwiwﬁ' ighdoremiah(dimethylapipe ) o

| obsu G bberell a fujikuro
g Ug sulfony{] foluoro ﬁ-phenyfmethane; manganese ethylenebis

(dithiocarbamate); 3'=-isopropoxy-2-methylbenzanilide;
W 2-methoxy-N-(2;oxo-1,3-oxazolidine-3-y1)aceto—z',6'-xy1i-
| dide; 1-5'~N=-(5"~-0-carbamoyl=-2"-amino-2"~-deoxy-L-xylo-
hyl)-s'-aﬁino-S'-deoxy-B-D-allofuranosyl-uronic .acid)-s-
ﬁydfoxyméthyl uracil; N=-(3,5-dichlorophenyl)-1,2-dimethyl-
cyclopropane-l}2-dicarboximide; _zihc ethylgnebis(dithio-
carbamate); sulfur, etc. |

The above microbicides are effective for diseases
such as downy mildew, gray mold,_ sclerofinia rot, gummy
stem blight, anthracnose, powdery mildew, late blight,
leaf mold, damping-off, scab, bacterial spot, phoma root
rot, rust, fruit spot, etc.

Contaminating microorganism such as Aspergillus
(e.g., A. ﬁiger, A. terreus), Eﬁrotium (e.g.; E.
tonophilum), | ?enicillium | {e.qg., 'P.' citrinum, P.
funicﬁlosum),' Rhizopus (e.qg., R.- oryzae), Cladosporium
(e.g., C. cladosporioides), Aureobasidium (e.g., A.

pullulans), Gliocladium (e.g., G. virens), Chaetomium



Myrot hecium (e.g., M verrucaria), Alternaria (e.g., " A- klkuchlana)

St aphyl ococcus (e.g., S. aureus), Bacillus (e.g., B. subtilitis),
Escherichia (e.g., E. coli), Pseudononas (e.g., P. aeruginosa), etc., can
be renoved through the use of an industrial mcrobicide.” Usable

i ndustri al m cr obi ci des ingdude 5-chloro-2 -nethyl-4 -
-isothiazoline-3 -one; 2 -n-octyl-4 -iso- thiazoline-3-one; ‘!
10, 10' - oxybi sphenoxar si ne; 2-(4'-thiazo- |yl)benzim dazole; -

p- chl or ophenyl - 3-i odo- 2- propynyl formal; 3-iodo-2-propynyl butyl carbamate;
N- (fluoro- dichloronethylthio)phthalimde; N Ndinethyl-N-(dichloro- -
fluoronet hyl thio)-N -phenyl sul fam de; p-chl oro-m xyl enol; sodi um

hypochl ori te; thynmol;  benzethonium chlori de;

3, 5- di met h{é - ¢ chl Or opbrobsum b c. Gilfiserélla chimiga) agentfusskichrol )t he
present invention has stereoisoners, the pestically active isomer and

m xtures tNmrethectumi fel.gded Nn verrukerisl, #crerngrimseleig. o davice in
accordance with the present invention. Wen the device, for exterm nating
pests, kikughianal . i rﬁﬁ@ﬂhi@@q@ce\rspl bged foﬁ-ataureuag t Raadaddaen
dioxide fornmul ation, carbon dioxide fornulation to be
atomi zed deépehds OB thE“PGé&%FBﬁ)rar§§°h9¥§6hb? clenbeal EgenF°1ﬁ9pe of

i nsects, nmcro ani s et c. to be exterm ated etc. bg
pr ef erabl yPseutggn?onasnje g., . aeruginosa etc., can be removed

through the use of an industrial microbicide.

. usable . industrial microbicides include
5-chloro-2-methyl-4-isdthiazoliné¥3?one; 2-n-6cty1-4-iso—
thiazoline-3-one; 10,10'-oxybisphenoxarsihe;.2-(4'4thiazo-
lyl)benzimidazole,'- p-chlorophenyl -3-iodo-2-propynyl.
formal; 3- iodo-z-propynyl butyl carbamate; N-(fluoro-
dichloromethylthio)phthalimide; N,N-didethyl-N'-(dichloro-
£1uorometﬁylthio)-N'-phen&lsﬁlfamide; p-chloro-m-xflenol;
sodium hypochlorite; thymol; Dbenzethonium chloride;
3,5-dimethyl-4-chlorophenol; etc.

When the ghemical agent used in the present invention
has stereoisomers, the pestically active isomer and | o
mixtures thereof are'includqd in the chemical agent(s) used
in a dévicé in accordance wifh the present invention.

_IWhen_ thé device, for exterminating pests, of the
present invention is ‘employed for atomizing the carbon
dioxide forﬁulétion, the amouht of <carbon dioxide
formulation to Be atomized depehds on the location, area,
type of chemical agent, type of insects, microofganisms,

etc. to be'exterminated, etc., but is preferably as



follows. Supposing that a 10 liter cylinder is used and that a‘ca"bon~ -

di oxi de fornul ati on containing 0.3% of 3-phenoxybenzyl

(1R)-ci s, trans-chrysant hemat e (nanely, d-phenothrin), has to be sprayed
in three roons of [err] each, the carbon dioxide formulation should
normal |y be atom zed once a day in an anount of 20 to 100g to exterm nate
flies, and nosquitoes. When cockroaches hdde to be destroyed, the carbon

di oxi'de formnul ation should nornmally be atoni zed once a week or once every
ot her week in an amount of 100 to 500g. Wth the above conditions, the
present invention will be discussed in nore details hereinbel ow. EXAMPLE 1
21g of chem cal agent, i.e., d-cyphenothrin (nanely,

(RS) - a- cyano- 3- phenoxybenzyl (1R)-cis,trans-chrysan- thenmate), were

pl aced in a cyl4 : | g (o] Vi capacity of 10 liters,
and t he cynrﬁ%&iﬁﬁé'f??5§8¥&ﬁ9h%§ﬁ% g? ?&qgggﬁgd°3§?Hgﬁ£ﬁ%id¥ﬁfépﬁﬂﬁpe
made of copp d Jhayl bgt 2 al f 30 t hen
af fi xed thr oﬁ%mw ag &aa?‘%eo%t oag'ﬁaé?laﬁl re?%%%%{%l icﬁbgr%gmﬁgeeaég%i Y?gry
nozzl es havi ' er ©f qé@g j d O. L R,0r der .
of proxim tyn??)ﬁ%%?’%%n er, v\(/ce)'lrne)r af |'>C<':teIl tc;)et %SP%P%&'QSE | n?g%gpg'of_
10m Then, the-pghdrdFinp) VRadagoOBRN asbrdyhd Nen CRRPEE FoRtisdef Opsbati on
was di scharged t hrough each
each, the carbon dioxide formulation should normally be
atomized once a day in an amount of 20 to 100g to

exterminate fliés and mosquitoes. When cockroaches have to

~ be destroyed, the carbon dioxide formulation should
normally be atomized once a week or once éevery other week
in an amount of 100 to 500g.

' With the above-éonditions, the present invention will

be discussed in more details hereinbelow.

EXAMPLE 1

21g of chemical agent, i.e., d-cyphenothrin (namely,
(RS)=-a-cyano-3-phenoxybenzyl (1R)=-cis,trans-chrysan-
themate), were:placed in a cylinder, namely a gas bomb

having a capadity of 10 1liters, and the cylinder was
filled with 7kg of li&uefied-carbon dioxide. A pipe . made
of copper and having a bore of 2mm and a total length of
30m, was then affixed through a valve to the inlet of
the cylinder. Three capillary nozzles having a. bore
diameter of respectively 0.3, 0.4 and 0.5mm in order of
proximity to the cylinder, were affixed to the piping at
intervals of 10m. Then, the cylinder valve was opened and

the carbon dioxide formulation was discharged through each



of the capillary nozzles for three minutes. The ampunt of cHémical *dgent

di scharged was neasured through the follow ng nethod. Nanely, the

. chem cal agent that was discharged through each capillary nozzl e together
with the carbon dioxide, was directed into a 3 liter Erlenneyer flask
containing 1 liter of acetone, recovered in the acetone, analyzed and ey
quantified by gas chromat ography. begg, .t he measurenent was conducted i
the follow ng conditions. Detector - FI D Col um : 3%silicon OV-101
[[err] HP (100-120 nmesh)] : 1mx 3mjerr] Tenperature : columm 220C : inlet
[err] Carrier gas : [err] 50m /min. Internal standard substance :di phenyl
pht hal ate The results of the above nmeasurenent are indircated in Table 1.
Table 1 al so shows the relative anmount di scharged from each capillary
nozzl e, when the average val ue of the amount discharged by the capillary
nozzl es i sofissbeacapdildagnycmozeleg omcthrer iminutes. The-amount of

chemical agent discharged was measured through the
following method.

Namely, the chemical agent that was discharged
through each capillary nozzle together with the carbon
dioxide, was directed into a 3 liter Erlenmeyer flask
containing 1 liter of acetone, recovered in the acetone, W
'analyzed and quantified by . gas chromatography. Here,
the measurement was conducted in the following conditions.

Detector  : FID |

Column : 3% silicon’OV-lOl-[Unipor?lHP (100-120

mesh) ]
: 1m x 3mmé

Temperature : column 220°C

: inlet 260°C
~ Carrier gas : Na 50ml/min.

Internal étanda;d substance : diphenyl phthalate

The results of the above measurement are indicated in
Table 1. Table 1 also shows the relative amount discharged
from each capillary nozzle, when the average value of the
amount discharged by the capillary nozzles is used as
reference "1". °

" (To be continued)



pi pi ng bore (nmm ' 2 nozzle exit boré (M) - $oc
0.3 0.4

0.5 nozzle exit area ratio 1 1.8 of
adj acent nozzl es 1 1.6 discharge tinme (mn.)
3 agent discharge anount (g) =~ 1.508 1.928 2. 037 average '
1.824 rel ative discharge anmbunt when the average is 1 0. 83
1. 06 1.12 average EXAMPLE 2 As in Exdfipre 1, piping nmade of copper and
havifig a bore of 2nmand a total length of 30m was affixed through a valve
to a cylinder filled with a li-quefied carbon di oxide formul ati on. Thr ee

- capillary nozzl es of respectively 0.4, 0.5 and 0.6nmm in order of
~proximty to the cylinder, were nounted on the piping at intervals of 10m
~Then, the cylinder valve was opened and the carbon di oxi de fornul ati on was
diischarged t hrough each of the capillar¥ﬁgiézaes for two m nutes. The

e

chem cal agent was quantified by Saffe nmeasuring nmethod and in the
same conditions as_in Exanple 1. The results of the neasurenent are shown
in Table 2. piﬁlngTBBE% %mm) . 3 .
'nozzle exit bore (mm) 0.3 . 0.4 _ 0.5
nozzle exit area ratio 1 1.8
of adjacent nozzles 1 1.6
discharge time (min.) 3
« agent discharge amount (g) 1.508 1.928 2.037 .
.\./‘ _ 5
- average . 1.824
relative discharge amount I
when the_average is 1 0.83 1.06 1.12
average - ’ 1
EXAMPLE 2

.As in Example 1, piping made of copper and having a
bore of 2mm and a total length of 30m, was affixed through
a valve to a' cylinder filled with a liquefied carbon

F“/ dioxide formﬁlation. Three capillary nozzles of
respectively 0.4, 0.; and 0.6mm in order of proximity to
the cylinder, were mounted on the piping at intervals of
-10m. Then, the cylinder valve waé opened and the carbon
dioxide formulation was discharged through each of the
capillary nozzlés for two minutes. The chemical agent was
quantified - by = the same measuring method and in the
same conditions as in Example 1. The results of the

measurement are shown in Table 2.
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pi pi ng bore (M 2 nozzle exit %oré (ﬁﬁ).°" re 0.4
0.5

0.6 nozzle exit area ratio 1 1.6 of adjacent
nozzl es _ _ 1.4 discharge time (mn.)
2 agent discharge amount (g) 2.042 1. 540 2.394 average .
1.992 rel ative discharge amount when the average is 1 1.03 e
0.77 1. 20 average T =17 - 1 EXAMPLE 3 As in Exanpl@g

1, piping made  of copper and having a bore of 2mm and a total |ength of
30m was affixed through a valve to a cylinder filledwith a liquefied
carbon dioxide formulation. Three capillary nozzl es of '
respectively 0.5, 0.6 and O.7mmin order of proximty to the cylinder, were *
nounted on the piping at intervals of 10m Then, the cylinder val ve was
opened and the carbon dioxide fornul ati on was di scharged through each of

the capillary nozzles for three nmi n/faleThe chenical agent was quantified °
by the same neasuring nethod and in the same conditions as in Exanple 1.

The resgl topﬁ;irighcbéggatjﬁimm areshowr ot € 62 — 18 - |a0|re 3
nozzle exit pp:e (mm)', | 0.4 | 0.5 0.6
nozzle exit area ratio : 1 1.6 .
of adjacent nozzles : 1 1.4
discharge time (min.) | - 2
agent discharge amount (g) 2.042°| 1.540 2.394 )
average '_ ©1.992
relative discharge amount | '
when the average is 1 1.03 0.77 1.20
average : i ' ' y
' EXAMPLE 3
As in:ﬁkample 1, piping made of copper and having a
bore of 2mm and a total length of 30m, was affixed through
‘a valve to a‘cylinder filled with a 1liquefied carbon \;d

dioxide formﬁlation. Three capillary nozzles of
respectively'o.si O.é and 0.7mm in order of proximity to
the cylinder, were mounted on the piping at intervals of
10m. Then, the cylinder valve was opened and the carbon
dioxide formulation was discharged through each of the
capillary nozzles for three minutes. The chemical agent
was quantified by -the same measuring method and in
the same conditions as in Example 1. The results of the

measurement are shown in Table 3.
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pi pi ng bore (M) 2 nozzle exit boré (M **- 2
0.5 0.6

0.7 nozzle exit area ratio 1 1.4 of
adj acent nozzl es 1 1.4 discharge time (mn.)
3 agent di scharge amount (g) 2. 058 2.139 2.841 average
2.346 rel ative discharge anpbunt when the average is 1 0. 88
0. QLJ 1. 21 average 1 EXAMPLE 4 As in Exanple

1, piping made of copper and having a bor% of 2nm and a total | engt h- of

30m -was affixed through a valve to a cyllnder filled with a |iquefied
carbon dioxide fornulation. =~ Three capillary nozzl es of
respectively 0.6, 0.7 and 0.8mmin order of proximty to the cylinder, were
nounted on the piping at intervals of 10m Then, the cylinder val ve was
opened and the carbon dioxide formul ati on was di scharged through each of
the capillary nozzles for two mnutes. Taslehem cal agent was quantified

by the same nmeasuring method and in the same conditions as in Exanple 1.
The reSU|tS O‘E the AR B SH=EAAEHA meBein@ sl’\ﬁ\l\h |n Tahl o A ° 10 Tahleo A4
piping bore (mm) 2

nozzle exit bore (mm) 0.5 0.6 0.7

nozzle exit area ratio 1 1.4

of adjacent nozzles 1 1.4

discharge time (min.) 3

o agent discharge amount (g)| 2.058 2.139 2.841

average- 2.346

relative discharge amount

when the average is 1 ' 0.88 0.91 1.21
average 1

EXAMPLE 4

As in Example 1, piping made of copper and having a
bore of 2mm and a total length of 30m, was affixed through
a valve to a ﬁcylinder filled with a liquefied carbon
dioxide formuiation:- Three capillary nozzles of
respectively'o.s, 0.7 and 0.8mm in order of proximity to
the cylinder, were mounted on the piping at intervals of
10m. Then, the cylinder valve was opened and the carbon
dioxide formulation was discharged through each of the
capillary nozzles for two minutes. The chemical agent was
quantified 'BY. the same measuring method and in the
same conditions as in Example 1. The results of ' the

measurement are shown in Table 4.



nounted on the piping at intervals of 10m Then, the cylinder val ve was

pi pi ng bore () 2 nozzle exit bore*tmm- ' * -°
0.6 0.7 0.8 nozzle exit area ratio 1 1.4 of
~adj acent nozzl es 1.3 discharge time (mn.)
2 agent discharge amount (Q) 2.419 1.601 2.712 average .
2.244 relative di scharge amount when the average is 1 1.08
0.71 1. 21 average -19 - 1 EXAMPLE 5 As in Exanpka
1, piping made of copper and having a bore of 4mmand a total |ength of
30m was affixed through a valve to a cylinder filled with a l'iquefied
carbon dioxide fornul ation. Three capillary nozzl es ot
respectively 0.3, 0.4 and 0.5mMin order of proximity to the cylinder, were »

opened and the carbon dioxide fornul ati on was di scharged t hrough each of -

the capillary nozzles for two m nuteFabl@e 4&chenical agent was quantified .
by the sanme neasuring nethod and i-n the same conditions as in Exanple
1. The regutts—of—tiETTEISUTENETTafg SITOWT 117 1d.[i| T 5. —- 20 - |Table 5
, piping bore (mm :
nozzle exit bore (mm) - 0.6 0.7 - 0.8
nozzle exit aréa ratio 1. 1.4 |
of adjacent nozzles _ 1 1 _ -1.3
discharge time (min.) . 2
agent discharge amount (g)| 2.419 | 1.601 2.712 o
~average 2.244
relative discharge amount : : ‘
when the average is 1 1.08 - 0.71 1.21
average - ’ 1
EXAMPLE 5
As in Example 1, piping made of copper and having a
bore of 4mm and a total length of 30m, was affixed through
a valve to & cylinder filled with a 1liquefied .carbon
o/

dioxide forﬁulation. Three capillary nozzles of
respectively 0.3, 0;4 and 0.5mm in order of proximity to
the cylinder, were mounted on the piping at intervals of
10m. Then, the cylinder valve was opened and the carbon
dioxide formulation was discharged through each of the
capillary nozzles for two minutes. The chemical agent was
quantified . by the same measuring method And in the
same conditions as in Example 1. The results of the

measurement are shown in Table 5.



A L] .. ’ .
pi ping bore (mm 4 nozzle exit 'bore (n¥h - " °
0.3. 0.4 0.5 nozzle exit area ratio 1 1.8 of
adj acent nozzles 1 1.6 discharge time (mn.)
2 agent di scharge anmount (g) 1. 558 2.124 2. 482 average
2.055 rel ative discharge amobunt when the average is 1 0. 76,
1. 03~ 1.21 average 20 - 1 EXAMPLE 6 As in Exanple
1, piping made of copper and having a bor & of 4nm and a total | engt h of
30m was affixed through a valve to a cylinder filled with a |iquefied
carbon di oxide  fornul ation. Three capillary nozzl es of
respectively 0.4, 0.5 and 0.6mmin order of proximty to the cylinder, were
nounted on the piping at intervals of 10m Then, the cylinder valve was
oEened and the carbon dioxide formul ati on was di scharged through each of
e capillary nozzles for two mnutes. Tableh®&m cal agent was quantified
" the sane neasuring nethod and in the sane conditions as in Exanple 1.

The resul t s of—the—feast-ereit—i-e—ReviRifr—Taii-e—bm————— o bl oG

piping bore (mm) -4

nozzle exit bore (mm) 0.3 0.4 0.5

nozzle exit area ratio 1 1.8

of adjacent nozzles 1 1.6

discharge time (min.) : _ 2

U agent discharge amount (g) 1.558 2.124 2.482

average | 2.055

relative discharge amount '

when the average is 1 0.76 | 1.03 | 1.21
average ' 1

EXAMPLE 6

As in Example 1, piping made of copper and having a
bore of 4mm and a total length of 30m, was affixed through
a valve to ai cylinder filled with a 1liquefied carbon
dioxide. formulation. 'Three'_ capillary nozzles of
respectively 0.4, 0.5 and 0.6mm in order 6f proximity fo
the cylinder, were mounted on the piping at intervals of

~ 10m. Then, the cylinder valve was opened and the carbon
dioxide formulation was discharged through each of the
capillary nozzlés for . two minutes; The chemical agent was
quantified by ' the same measuring method and in the
same conditions as in Example 1. The results of the

measurement are shown in Table §.



pi pi ng bore () 4 nozzle ekit'ﬁoré'(&ﬁ) :
0.4 0.5

0.6 nozzle exit area ratio 1 : 1.6 of .
adj acent nozzles . 1.4 dlscharge time (mn.);
~2 agent discharge anmount (Q) 2.381 2. 057 3.195 average ;
2.544 rel ative discharge anmount when the average is 1 0.94 -
0.81 1.26 average: - 21 - 1 COVPARATI VE EXANPLE‘E‘%G:

in E anple 1, pi'ping nade of copper and having a bore of 2nm and a total

| ength of 30m was affixed through a valve to a cylinder filled with a

| i quefied carbon di oxide formul ati on. Three capillary nozzl es of 0.3mm each
were nmounted on the piping at intervals of 10m Then, the cylinder valve °
was opened and the carbon dioxide formulation was discharged through
each of the capillary nozzles for % Vﬁa i nutes. The chemical agent

was quantified by t he sane neas thod and in the sanme conditions '
as in Exanplg__l. The results of the neasurenent are shown in Table 7.
-22- Table ﬁigigbngopgr?m&gn) : Y 2
nozzle exit bore (mm) 0.4 0.5 0.6
nozzle exit area ratio 1 1.6
of adjacent nozzles : 1 | 1.4_
discharge time (iin.) | | 2
agent discharge amount (g)|. 2.381 2.057 3.195 “J
average . 2.544 |
‘|relative discharge amount o :
when the average is 1 0.94 | 0.81 1.26
average 3 |- 1

COMPARATIVE EXAMPLE 1

As 1in Example 1, piping made of copper and.having a
bore of 2mm and a total length of 30m, was affixed through
a valve to a‘cylinder filled with a liquefied carben
dioxide formulétion. Three capillary nozzles of 0.3mm each
were mounted on the éiping at intervals of 10m. Then, the
cylinder valve was opened and the carbon dioxide
formulation was discharged through each of the capillary
nozzles for five minutes. The chemical agent was
quantified ij-' the same measuring method and in the
same conditioﬂs as in Example 1. The results of the

measurement are shown in Table 7.



nozzl e exit bore (rm) 0.3 0.3 0.3'nozzd e ¥xit"-areat

ratio 1 1 of adjacent nozzles 1
1 .discharge time (mn.) 5 agent di scharge anmount (g)
3. 037 2.801 1. 515 average 2.451 relative
di scharge anmount when the average is 1 1.24 1.14 0. 62
avepage - 1 COVPARRZI ¥E EXAMPLE 2 As in Exanple 1,

pi pi ng nade of copper and having a bore of 2mmand a total |ength of 30m
was affixed through a valve to a cylinder filled with a liquefied carbon
di oxide  formulation. Thr ee capillary nozzl es of respectively 0.3,
05 and 0. 7mmin order of proximty to the cylinder, were nounted on the
piping at intervals of 10m Then, the cylinder val ve was opened and the
carbon di oxi de was di scharged through each_of _the capillary nozzles for
three minutes. The chenical agent was qEéh%Ff'ed by the sanme
measuring nmethod and in the sane conditions as in Exanple 1. The results of

éhe neasureneﬁ;I§E§;§§§@E'qnm}a5|e 8. -Z3-_Tapre g prprng pore (nmy
' nozzle exit bore (mm) 0.3 0.3 0.3
nozzle exit area ratio 1 1 |
of adjacent nozzles 1 1
discharge time (min.) ' 5
o agent discharge amount (g)  3.037 2.801 1.515
average 2.451
relative discharge amount :
when the average is 1 1.24 1.14 0.62
average ’ 1
COMPARATIVE EXAMPLE 2
As in Example 1, piping made of copper and having a
bore of 2mm and a total length of 30m, was affixed through
| a valve to a’cylinder filled with a liquefied carbon
U

dioxide formﬁlatiog. Three capillary nozzles of
respectively 0.3, 0.5 and 0.7mm in order of proximity to
the cylinder, were mounted on the piping at intervals of
10m. Then, the cylinder valve was opened and the carbon
; dioxide was discharged through each of the capillary
nozzles for three minutes. The chemical agent was
quantified by the same measuring method and in the
‘same conditions as in Example 1. The results of the

measurement are shown in Table 8.
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nozzl e exit bore (mm) 0.3 0.5 0. 7- fozZFe "oxit' dred

ratio 1 2.8 of adjacent nozzl es

1.9 dlscharge time (mn.) 3 agent di scharge amount (9)
1.586 2.017 3. 205 average 2.269 relative
di scharge anmount when the average is 1 0.70 0. 89 1.41
aver age 1 The23 ot | owi ng concl usi ons can be dravxhq..g

fromthe nmeasurements executed in Exanples 1 to 6 and conparative Exanpl es

1 and 2. Nanely, when the capillary nozzles affixed to the piping have

equal exit bores, as it is the case in conparative Exanple 1, the’
closer is the bore to the cylinder, the greater is the anount of discharged *
chem cal agent Conpared to the average rel ative chem cal agent discharge
anount, the relative chem cal agent g] agge amount of the renotest _
capillary nozzl e shows a decrease of %% ?han 30% and is equal to O.62. L
This clearly shows that a uniformatom zation is infeasible when the

R 2T T A IR G 1
i's the nozzle exit bore (mm) 0.3 0.5 0.7
nozzle exit area ratio 1 2.8
of adjacent nozzles . 1 1.9
dischatge time (min.) 1 3
agent discharge amount (g)| 1.586 |  2.017 3.205 o
| average | o 2.269
relative discharge amount - :
when the average is 1 0.70 ~ 0.89 1.41
average o ’ 1.
The following conclusions can be drawn £from the
measurements executed in Btamples 1 to 6 and comparative
Examples 1 and. 2.
_ Namely, when the capillary nozzles affixed to the
piping have equal exit bores, as it is the case in o/

comparative Example ‘-1, the closeris the bore to the cylinder, the
greater is the amount of discharged chemical agent
Compared to the average relative chemical agent discharge
amount, the relative chemical agent discharge amount of
the remotest capillary nozzle shows a decrease of more
than 30% and is equal to 0.62. This clearly shows that a
uniform atomization is infeasible when the capillary

nozzles have equal exit bores.



case in conparative Exanple 2, the relative anount of chem
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gal *agéht -« °

di scharged by the capillary nozzle having an exit bore of 0.7mmis equal to
1.41. This shows that, as in conparative Exanple 1, a uniform atom zation
is infeasible. On the other hand, when, as in Exanples 1 to 6; the
exit area ratio of two adjacent capillary nozzles is set such that

nozzl e

ths,ﬁozzle exit area of the capillary ro24 e close, to the cylinder is 1
and the nozzle exit area of the renote capillary nozzle is 1.3 to 1.8, the
rel ati ve amount of chem cal agent discharged is equal to: 0.83 to 1.12 in
Example 1; 0.77 to 1.20 in Exanple 2; 0.88 to 1.21 in Exanple 3; 0.71 to -
.21 in Exanple 4; 0.76 to 1.21 in Exanple 5; and 0.81 to 1.26 in Exanple
6. These results clearly show that the chem cal agent was di scharged_ and
equal anount.

atom zed fromall the cagﬁllary nozzles in a substanti al

Accordi ngly,
connected to

a plEREEhe

QJie c heR akhenFaLles of; they 1 Re3%ele t eXihe 25R8i ng

l'ind dth hen cal i,s di sch d
substantiall§h£§ﬂ§¥ %%Bﬁﬁ%a$§oﬁ$€§%§sgg%%%ﬁﬁggﬁﬂéthiﬁskz%Eﬁi eu*%?tﬁﬁen as

illustrated

cach agr i cul (1148 *3PecEoiRtEd it Fualfhre 3T " Eelseidy Bl ole”
|ndependent'%ﬂﬁﬂ¥%§i5§a§§§ EEQCQQragﬂaﬁﬁdthe capillary nozzle having

an exit bore of 0.7mm is equal to 1.41. This shows that,
as in comparative ﬁiample 1, a ﬁniform atomization is
infeasible.

on the other hand, when, as in Examples 1 to 6, the
nozzle exit area ratio of two adjacent capillary nozzles
is set such that . the nozzle e#it area of the
capillary nozzle ciose_ to the cylinder is 1 and the nozzle
exit area of the remote capi;lary nozzle is i.3'to 1.8,
the relative amount of chemical agent discharged is eQual
to: 0.83 to 1.12 in EBxample 1; 0.77 to 1.20 in E».:-:ample 2;
0.88 to 1.21 in Example 3; 0.71 to 1.21 in ﬁxample 4; 0.76
to 1.21 in Example S5; and 0.81 to 1.26 in Example 6. These
results clearly show that the chemical agent was
dischafged and atomiéed from all the capillary nozzles in
a substantially equal amount.

Accordingly, a plurality of capillary nozzles are
affixed to the piping connected to the cylinder, and the
chemical agent- is discharged in a substantially equal
amount from each capillary nozzle. As a result, when as
illustrated in Fig. 1 and Fig. 2, a capillary nozzle 10 is

ihstalled in each agricultural green house 10 or each room



within a short tine by neans of a small nunber of devi ces f or®
extermnating pests. In addition, the spraying operation may be

- executed by a snmall nunber of workers. Moreover, when the device for

and nmethod of externinating pests of the present invention are adopted,

the chem cal agent nmay be sprayed together with non-toxic and

non- conbusti bl e carbon di oxi de. There are thus no restrictions as to the sy

| ocation and the conditions of the sﬁr&?iﬁg. In addition, advantage is -
taken of the rapid expansion of |iquefied carbon dioxide during '
gasification for spraying the chem cal agent. The chem cal agent may be- _
thus reduced to mnute particles and sprayed efficiently even in relatively ;
wi de spaces. 26 CLAI Ms: 1. A device for exterm nating pests

conprising: a cylinder filled with |iquefied carbon dioxide in which at :
| east one pestd,al [ ' Pl QA pl S@E4 [ ~agNd a .
plurality ?)f clgg?%lﬁ g’%@%ﬁééﬁ%‘ F I xed- ogéswai ‘i’%ctﬁlgng‘f’j‘hgalﬁéI cgglfﬁrgfay

nozzl es beyPgngRSadenertUtine by mddns 'Y Gl PHAMY SAPALVIEYs
nozzles, the ratio of a nozzle exit area of a capillary nozzle close to

said cylingeg, lexterdtamKi ipééed. of 1A Cadditdon,NOZ%HE spraying

L]

e

(X ] * -
- ‘.

operation may be executed by a small number of workers.

Moreo%er; when the device for and ﬁéthod of
exterminéting pgsts of the preseht invention are adopted,
the chemical agent may be sprayed together with non-toxic -\_/.
and non-coﬁbustible carbon dioxide. There are thus no
restrictions.as to the locaﬁion and the conditions of the
spraying. In.additioﬁ, adfantage is taken of the rapid
expénsion df liquefied catbon dioxide during gasification
for spraying the chemical agent.'The chemical égent may be
thus reduced to minute pérficles and sprayed.efficiently

even in relatively wide spaces.
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renote fromsaid cylinder, is set between 1:1.3 and 1:1.8. -2 **A devi ¢
according to claim 1, wherein the bore of said piping ,LS—SWCS%(Z)-_%V
and 4.0mm and the bore of each said capillary nozzle is set.between 0.
and 2. 0mm 3. A device according to claim1 or clai meﬂwnﬂmlmu
conprising: a solenoid val ve nounted bet%gaen and coupt i ""lnrﬂuar
andysai d piping; and a timer coupled to“Said sol enoid' val vé atd ®apable of
executing an EhagE control based on a predet ermned unit tinme. 4. A
device accordrag—te—laim1l, 2 or 3, wherein said at |east one pesticide is
present in an amouft, of o gegicl 2br! 8xPrRYn¥eIAS! pbBtaatambriuehped carbon

di oxide. 5. A device according to any preceding cPal m wherelin said
capillary nozzles @reylindek0 GaANdd aFitH OFZhRSE1idth I GAHI56h 2816%€8%¥ Int 0 20mM
i_ht erval s. 6. A device according to any preceding claim wherein the sum
of the nozzl ewhich atecaeasft opedpespitideyisodisselvedset smaller than the
cross- sectional area of said piping. 7. A device according to any
preceding claim piping coupled to said cylinder; and

a plurality of capillary nozzles affixed to said
piping,
said capillary nozzles being designed such that,
with regard to adjacent capillary nozzles, the ratio of
\U a nozzle exit .Area of a capillary nozzle close to said
‘cylinder, to a nozzle exit area of a capillary nozzle
remote from said cylinder, is set between 1:1.3 and
1:1.8.

2. A device according to claim 1, wherein the
bore of said piping is set between 2.0 and 4.0mm, and
the bore of each said capillary nozzle is set between
0.3 and 2.0mm.

3. A device according to claim 1 or claim 2,
further comprising:

a solenoid vaJ:ve mounted between and coupled to
said cylinder and said piping; and

a timer coupled to said solenoid valve and capable
of executing an ON-OFF control based on a predetermined
unit time.

4. A device according to claim 1, 2 or 3, wherein

said at least one pesticide is present in an amount of



substantially as herein described and exenplifi edﬁ_uﬁﬁlﬁbd—'bf——' * 3
exterm nating pests in which the device for extermnating pests as_defined
in any preceding claimis enployed to spray the pesig m‘“i‘“““ wt hod
according to claim8 substantially as herein desc.ri m\ K wied.
* c L
27 N
b
0.01 to 5% by weight in said liquefied carbon dioxide.
5. A device according to any preceding claim,

wherein said capillary nozzles are 2 to 10 capillary

nozzles installed at every 5 to 20m intervals.

6. A device according to any preceding claim,
wherein the sum of the nozzle exit areas of said
capillary nozzles is set smaller than the cross-
sectional area of said piping.

7. A de_yice according to any preceding claim
substantially as herein described and exemplified. )

8. A method of exterminating pests in which the
device for exterminatihg pests as defined in any
preceding claim is employed to spray the pesticide.

9. A method according to claim 8 substantially as

herein described and exemplified.




