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present invention relates generally to insect control and nore particularly

to insect cog ticles that are effective in killing or ‘[eﬁlzg’l'
nosqui t oes Wt #Hr?zﬁ?e air of a roomor the volunme of air in Mity
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al so useful e l]he 5° deliver an insect controlling anmount of active
I ngredient ni g' 6‘7’ mul tiple nights in succession. Successful flying

i nsect control is also wuseful in other living spaces, including even

screened areas that for any reason are still .
' The present invention relates generally to insect control and more particularly

to insect control articles that are effective in killing or repelling mosquitoes within the
air of a room or the volume of air in the vicinity of a person sitting on a patio, at a

picnic table, or the like.
Background Art

For certain applications, it is important to be able to control flying insects for
six to ten hour or even longer periods within defined spaces such as the enclosed
space of a bedroom. That duration of insect control is desirable, for example, to
protect a sleeper occupying an unscreened room from mosquitoes for a single night.
It is also useful to be able to deliver an insect controlling amount of active ingredient
nightly for multiple nights in succession. Successful flying insect control is also
useful in other living spaces, including even screened areas that for any reason are still
subject to invasion by flying insects, as well as outdoor areas such as a patio, a picnic
table, or the like.

Traditionally, articles or devices that dispense insecticide vapors to control
such insects in such settings require heating or burning a liquid or solid substrate to
evaporate the active ingredients. For example, conventional citronella candles have
long been used for such purposes. Burning insect coils are also commonly used to
achieve a night’s insect control or to control mosquitoes or other insects for an
outdoor party or picnic. The product sold by S. C. Johnson & Son, Inc. of Racine,
Wisconsin under the mark “45 Nights®” is an example of a type of product known in
the art for delivering insect control over repeated periods of use, such as a nightly use
in an unscreened bedroom. The 45 Nights® product is an example of conventional
heated, liquid evaporation insect control products.
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U.S. Pat. No.ingedie8uis repoeted to evaporsate fropy bp substrate to xepeldnsects. More recent

technology has included the use of pyrethrum or pyrethroid materials as passively

evaporated insect control active ingredients. For example, see Landsman, U.S. Pat.

No. 3,295,246. Ensing, U.S. Pat. No. 4,178,384 employs pyrethroids as repellents

applied to the locus to be protected.

Whitcomb, U.S. Pat. No. 4,130,450 describes an insecticide-impregnated,

open, low-density web that provides an expanded surface that may be loaded with

contact insecticides, including pyrethrum and synthetically prepared insecticides.

Whitcomb prefers the use of micro-encapsulated pyrethrum to avoid pyrethrum

instability when exposed to ultraviolet light and oxygen. Whitcomb mentions that the

web may be hung to permit vaporization of the active ingredient to combat flies.

Similarly, Chadwick et al., U.S. Pat. No. 5,229,122 utilizes a mixture of micro-

encapsulated and non-micro-encapsulated active ingredients, noting that any known

pesticide may be used for the purpose. Pyrethrum or a pyrethroid equivalent are

referred to as possible pesticides. The preparation is used to coat surfaces, although it

is also noted that the vapor phase of the pesticides may be valuable.

Kauth et al., U.S. Pat. No. 4,796,381, is an example of the use of paper or
textile strips impregnated with insecticide that is allowed to evaporate to contro}
insect pests. The Kauth et al. materials utilize pyrethroids and, in particular,
vaporthrin, permethrin, and bioallethrin. However, the devices of Kauth et al. are
designed to be hung in closets or placed in drawers, suggesting that they are
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3 deemed important 5 akER0inbaEide product that will be effective over a usefully
long period of time. Example formulations cited in Landsman include pyrethrins as
active ingredients. The Landsman product is not intended to protect iarge volumes of
air and is also an example of the difficulty known in the art of achieving protection
over an extended period of tiine because of the evaporative rate of active ingredients.

Ronning et al., U.S. Pat. No. 4,765,982 is an example of the use of micro-
encapsulated active ingredients to achieve a sustained release insect control effect.
Pyrethroids, either synthetic or “natural,” are cited as useful. The Ronning et al.
insecticidal device may be hung in the open to achieve a repellent effect in a restricted
locale to drive insects from a nest or the like. |

Yano et al., U.S. Pat. No. 5,091,183 and Matthewson, U.S. Pat. Nos.
4,940,729 and 5,290,774 cite specific insecticidal compounds for volatilization. Yano
et al. specifically discusses the use of impregnated papers for heatless evaporation of
an insecticidal compound.

Clarke, U.S. Pat. No. 2,720,013, describes the use of a fabric material into
which active ingredients are pressed or fused. Pyrethrum is cited as useful not by
itself but as at least one element in a mixture of insecticides. The Clarke fabric
material is designed to be adhered to the blades of an electric fan so that the
insecticide will be directed into the area ventilated by the fan.
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fan. selected from the group consisting of transfluthrin, prallethrin, tefluthrin, esbiothrin,

and combinations thereof. Preferably, the active insect control ingredient includes at
least one of transfluthrin and tefluthrin, and most preferably the active control
ingredient includes at least transfluthrin.

The method of the invention for controlling flying insects is summarized in
that it includes the initial step of providing an insect control article having a substrate
that is impregnated with an active insect control ingredient available for passive
evaporation, wherein the active insect control ingredient is selected from the group
consisting of transfluthrin, prallethrin, vaporthrin, tefluthrin, esbiothrin, DDVP, and
combinations thereof. Preferably, the active insect control ingredient includes at least
one of transfluthrin and tefluthrin, and most preferably the active control ingredient
includes at least transfluthrin. The insect control article is then placed in an
environment with air movement in such a manner that the substrate of the insect
control article is exposed to the air movement. The active insect control ingredient
impregnated within the substrate then is allowed to evaporate passively into the air.
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pyrethroids, is known in the art, the nature of those materials has been
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application to°closely restricted spaces or to the area i e di ate
vicinity of the materials. Wthin that &ontext, the art has focused on

the need to provide for artificially extending the |ongevity of I nsect
control by use of a slow rel ease structure or reginmen of sone sort, or the
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achi eve practi cal di stribution of insecticide throughout a | arge vol une

of air, and heated evaporation froma liquid reservoir has been the
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light scattering counter techniques using an instrument such as the Climet Model CI-

7300 Light Scattering Counter, made by Climet Instruments Company of Redlands,

California. This instrument is capable of detecting airborne particles as small as 0.3

microns. “Effective amount” shall mean an amount sufficient to attain the desired

purpose. A substrate shall be deemed to be "impregnated” with an active insect
control ingredient if that ingredient is generally distributed within or on the material
of the substrate in such a manner that the ingredient is directly held within or on the
substrate and is supported thereby. An ingredient held within or borne by intervening
carriers or delayed-release means such as microcapsules, particles primarily composed
of materials other than the ingredient, plastic materials, or the like that are then
distributed within a substrate shall not be considered to be "directly" held within or on
the substrate. "Porous" and related terms shall be understood to describe not anly
materials literally having pores but also, without restriction, loose or open materials
and other materials that are fibrous, reticulate, matted, or woven and through or into
which fluids may pass.

The insect control article to control flying insects of the present invention falls
within the class of insect control articles that include a substrate impregnated with an
effective amount of an active insect control ingredient available for passive
evaporation from the substrate. The substrate of the invention may be made of any
material capable first of receiving and holding an active insect control ingredient and
then of releasing it by passive evaporation. Suitable materials include, without



that it includes the initial step of providing an insect control article
havi ng a substrate that is inpregnated wth_an active insect control

i ngredi ent avail able for passive evaporation, wherein the active insect
control ingredient is selected fromthe group consisting of

transfluthrin rall ethrin, vaporthrin, tefluthrin, esbiothrin, DDVP, and
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control i ngrediRitiotAniteticilss HFpRGiEe aPirakRor e cBRAI] of insects, for the most
part although not exclusively in drawers, closets, tents, and other very limited spaces
or as insecticidal barriers intended to affect insects in close proximity to a treated
carrier strip or the like. This teaching of the art would lead one to expect equally
successful flying insect control from the passive evaporation of pyrethrum, sometimes
microencapsulated (e.g. Landsman, Clarke, Whitcomb, Chadwick et al.), pyrethroids
in general (e.g. generic references in Ensing, Ronning, et al., and elsewhere), and
particular pyrethroids, such as permethrin (Samson et al., U.S. Pat. No, 5,189,287),
vaporthrin, permethrin, bioresmethrin, bioallethrin, kadethrin, decis, cyfluthrin, and
fenfluthrin (Kauth et al.) and permethrin, deltamethrin, cyhalothrin, and cypermethrin
(Chadwick et al.). These examplies are intended to be illustrative and not exhaustive.
To the limited extent that the art is suggestive or predictive of success, all of
these insecticides would appear equally attractive, along with apparently equally
attractive non-pyrethroid insecticides (Whitcomb, Clarke, etc.). However, in research
discussed below, the present inventors have found that in fact, with the possible
exception of vaporthrin and dichlovos (DDVP), the examples of these materials that
were tested were not sufficiently effective to be employed successfully for the
practical control of mosquitoes, for example, in a space as large as a typical sleeping
room or in the open area surrounding a picnic table or patio.
"Practical control” shall be understood to require, at the minimum, the ability
of a substantially planar substrate, such as a flat paper or cloth, not larger than about
645 cm® (100 in?) to achieve at least 50% repellency of mosquitoes within a volume
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WO 96/ 32843 of practical control may be determined is a 0.5 cm thick, 4.5 cm diameter coil of
PCT/ US96/ 0466Qymmon corrugated cardboard, with the channels of the corrugation pq'esented
' endwardly to the direction of air flow. This shall be referred to herein as the
"preferred practical control standard.”
It has now been discovered that unexpected and favorable results are achieved
in the practical control of flying insects when the active insect control ingredient used
in the insect control article of the invention is selected from the groixp consisting of
the pyrethroids transfluthrin, prallethrin, vaporthrin, tefluthrin, and esbiothrin, or the
non-pyrethroid DDVP and combinations thereof. To most easily achieve the
minimum practical control standard and especially when the preferred practical
control standard is to be achieved, it is preferred that the active insect control
ingredient include at least one of transfluthrin and tefluthrin. Of those two, _
transfluthrin is preferred as less irritating and otherwise objectionable for use in the
presence of humans.
The particular active insect control ingredients disclosed now have been found
to be sufficiently effective as insect control active ingredients that their airborne
concentration is sufficient to achieve control of flying insects and, in particular, of
mosquitoes and flies, when these ingredients are delivered by passive evaporation into
* the air when the substrate of the invention is placed in an environment with air
movement at air temperatures between 10°C and 45°C. At the same time, these
selected materials’ vapor pressures at those temperatures are low enough that it is
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| d
enpl oyed succqggbiatddor’p pﬁteabﬁfmm Bﬁgg{m& B}ﬁﬁbeﬂmm fip su-a&g open

exanple, in a space as |arge as a typi eepi ng
area surr oundithereby gricreasing theisate ofipassive evaporation of the actipe auﬂtcaﬁtmdont rol"

Subst ant 1 al |y ‘BERER HanEU, pebing b grtiiod s el siad B ey pogn S ifho, or g
t han about ?Wd‘vkr 4ntiGot thidughthe substratec hi eve at | east 50% repel | ency
of nosquitoes within a vol une
The amount of active insect control ingredient per square centimeter of

substrate necessary to be effective to control flying insects in an insect control article

of the invention will depend upon the overall size of the substrate used, the rate of air

movement over or through the substrate, and the longevity of effectiveness desired.

Preferably, the active insect control ingredient is present approximately in an amount

of from 0.1 to 10 milligrams per square centimeter of macro surface area, when

conventional, essentially planar substrates such as papers, corrugated cardboard coils,

or felts are used. For the purpose of this discussion, "macro surface area” means the

surface area as measured with a ruler or similar device, as opposed to the micro

surface area as measured taking into account porosity, surface convolutions, finely

divided materials, and the like. A very porous or finely divided substrate may hold

additional amounts of active insect control ingredient in a given macro surface area,

allowing for use of a smaller macro surface area of substrate. However, the preferred
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P - — ——of—a+—net—ess—
than 27 nferr] within 20 minutes when that substrate is inpregnated with
not nore than a gram of insect control active ingredient and when the

substrate isgoydapayded directly in the airflow of a comon g“%% i nch)
house f an, ;sw ac%{r’]dance with the fan éhanber test prot ocoll',lagfesscrl ed

bel ow. This shall be referred to herei® as the "m ni num practical control

standard. " eferred is the.l evel of practical ntrol ..

denonst r at ed ﬂ?"%"éﬁ? W‘W?ﬂtﬁé‘m‘ﬁ%}‘%ﬂ&ﬁ'@ﬁﬁv&ﬂfg%‘?ﬁ FOUREESt r at e,
described bel gfinadroMire@e afed fesult il SUbbtrdtd bfa size vdhvénight hantllei and ottierwidst I ol
active ingredient to achieve that sane repellency effect wthin 30 m nutes

when subj ect edpal withwhen the material pHthg substrateds epmmen paper, folisd andwevemhan 0. 06
err er m T, d | | I~ AR . . whi ch
{T{hi 5 }e\p/)el Oﬁu{ﬁrﬁﬁl&#’géﬁé l(;ﬁ%hﬁo ﬂuﬁ%gb%%ﬂuaé ermi.:Hr?(ia"gi ?ghlgl&gf@&%%ﬁﬁﬁ?‘%k, 4.5
cm di anet er Croin, ﬁregmﬂa;gtcd&rlrdch'@ﬁcbﬁr atiélleaibeigbitdxoursf]icliyfplatciﬁglthdﬂsubaﬁdteixm;1 ]t Ihe
corrugation presenje en r tQ the directjon of _air ow. This sha

be referred t@eﬁg_ %‘E“‘P\F@YW ‘f‘é?%’l‘“?%‘&%?ﬁ%‘{lﬁngg‘?“scaﬁkrmh’%éndard. "
I't - has now begirslimareiersad 25 balin difeRe of SibraifatkeR V3 G SduateSittet 6 Rftéd |

achieved in the practical control of flyi'ng insects when t'he active insect
control i ngr eer wonenglothihaviepravied convenient sizes foratse with conmony freekstandingent i on i s

oralernri n. Te it e SIAE bt 1, 6h d el Bead e ARl Bl i
DDVP and conbhdigéliokdrasel Foweodr, thé énvehtdn ie a6i linvitedab tueprebiee sigdsni mum

practical control gtandard and especially when the preferred practical
control standard iEheipsesieontrol asticle of the present inventiancgn be placedia anY.t i ve i nsect

control i ngr &flirBibherWHetHierd s dif @B benRA ti witf FARSthiodph oF Bvea ek t ef I uthrin.

O those two,
impregnated substrate, thereby allowing the active insect control ingredient to

continuously passively evaporate into the atmosphere for an extended period of time.
Suitable environments include enclosed rooms as well as volumes of open air space,
such as patios, the area around a picnic table, and the like, with air movement
provided by fans, air circulating systems, open windows, or the like.

In one embodiment of the present invention, the insect control article includes
hanger means for suspending the impregnated substrate in a suitable environment
provided with air movement to allow the active insect control ingredient to passively
evaporate into the atmosphere. In another embodiment, the article includes |
attachment means for attaching the impregnated substrate to means for circulating air.
Examples of such means for circulating air include but are not limited to conventional
room fans. Examples of suitable hanger or attachment means for both embodiments
include hooks, strings, mechanical clips and fasteners, adhesives, and the like. Any
such means provided on the substrate should not substantially block the passage of air
through or over the substrate. |

When the impregnated substrate is attached to a fan, the impregnated substrate
preferably is attached at a point separated from the fan blades sufficiently to allow the
air stream to pass from the blades and then through or over the substrate, thereby
facilitating the passive evaporation of the active insect control ingredient from the



‘transfluthrin is preferred as less irritating and ot herw se objectionable
for use in the presence of humans.___ The particular_active insect
control ingredients disclosed now have been found to be sufficiently
effective as insect control active ingredients that their airborne
concentratiog\(& fficient to achieve control of flying insects and, in
particul ar, %ui toes and flies, when these ingredi ent §qf'éggﬁfmered
by passive evaporation into the air whenfi(pe substrate of the invention is

pl aced in an environnment, with, ai venent at aiy tenperatures between
10[ err] C and 2uestaig 4%@%@#@%&9&5@@1@%&%%@“ vapor

8%}32 ; gags at  ShQTAtrs RehRk teSh stedin bR} nBt RidOuTfiCidtly through or over the VO
PCT/ US96/ 0466 @ubstrate to achieve adequate insect control, an effect demonstrated in the Bxamplesact i cal

and econom cal {oo use them as active ingredients on substrates of a
conveni ent si 2’5 ™ anounts sufficient to achieve such insect controlli ng

concentrations oV qhe ieffddRE tHehVention for Colitttlihg! fiiMLinSdets ihdla®s] asla®irtf Ot ect a
room overni ght or even for a series of nights. A useful commercial goal is

to achi eve pr @tepcprovidingsn ingectcontzal article tocontse) flyingiinsepts that insludens use. By
A CECk . o . 3 FOTOR US
b acti cal r og chiaate kTl hallt pich i BB kB onlr e S8R sefeBed Wil e

i npregnat e t hgrouptohsisting of wiahsfluthnia, pratiethnin, ivaporthrincwefiathrih, esbigtheid) BDVP,
Typically, the gubsirate is i egnated wifh, the active insect control
 mar edi ent by 80 CmpipRtings ierent Theimsest contipl tiele ythen-placedip ppenvimument

control ingrediififtir xhavaneaelau@me,sumﬁ{ewmlimmwa@is%up&a fitheW th the
solvent, and then drying the substrate to evaporate the sol vent contai ned
in the moving air. Preferably, the substrate is located at a selected distance from any fan or

equivalent means for moving air that is being used to create air movement. The active

insect control ingredient with which the substrate is impregnated is then allowed to

passively evaporate into the air.

The following non-limiting examples demonstrate the insect control article
and method of the invention. The invention should not be understood as being limited

to these particular examples, which are only illustrative.
EXAMPLE 1: Olfactometer Tests

The olfactometer test provides a means for measuring the effect of a volatile
active ingredient on flying insects under precisely controlled conditions. Mosquitoes
are used as the test insect. In this and the other Examples, below, the mosquitoes
were 4. aegypti. The olfactometer used for the olfactory tests described below
generates two uniform, laminar flow air streams. These air streams consist of a target
air stream superimposed upon and centered within a carrier air stream.

The olfactometer provides a square testing surface with an area of 929 cm®.
The testing area consists of a circular target area of 42 cm’ centered on a square
background surface area of 887 cm’. In the tests described, a 200 ml/min flow of
carbon dioxide was introduced into the carrier air stream to activate the mosquitoes.
The carrier air stream contained 65% to 70% relative humidity and had a temperature



substrate and | eave the substrate inpregnated with the active insect

control ingredient. |If air transmssiaon through the substrate is desired

the substrate preferably is not coated or printed with a |ayer of the
active insect control ingredient. This is because the coated or printed
surface is Ih}<e| tg inhibit air novenent through the substrat her eby
decreasing t é’a‘é?@sof passi ve evaporatiqg of the active in?é’t",r?"se I
i ngredi ent. However, coating or printing Tsubstrate may be effective when
air isto nmerely pass over. and ngt throu The

h th :
anmount of act PRAYORHEREY TBB#PWGF‘"_P @FEEFF‘EH‘Q'?;EPS‘S‘?S?% r‘%éﬁ“i“ﬁﬁfw 3?“’_
substrate necﬁgééfé? s{rﬁg?@oﬂiﬁﬁofz%’ﬁ,'fs%%ﬂg% gﬁmicdhty'a?ﬂhéﬁ ﬁatd?e &3 nsect

control artic I nvention w il depend upon e over sl ze of the
substrat e useth 3% GeElexated témperature and kunaidity atthe level desaribed for thetargatait r at e,

and the longevity of . effectiveness desired. eferabl the actiyve insect
Cont 1ol i nor B AF KiowE I sERR e TR, THEASY Bl e Bredt il em Lo 10
mlligrans peiwasi2Btess/afnt i et er of macro surface area, when conventional,
essential ly planar_substrates such as papers, corrugat ed cardboard coils,

or felts are used. Thoplfactmaterhasanaiviiow duat tarpugh whick the camige pin flawstreane ar ea”
means the su S Lpfask é}fin&@%ﬁ“ﬁeggné’ﬂlﬁﬁd gnd HA(fGJtpeﬁ bnd 'amr{té‘ﬁalm&&ofas
Su aki n n

opposed to the mcro ace ar as neasure d I1nto accou :
porosity, surésmandadepthuifildiom is located withihi the aieflowduet] with the lomgitutlingl | | ke. A

very porous or fipely, divided substrate may hol d. additignal apounts of
active insect %HF\?‘BE“F?@?I’G WF&W’&I\%%W l?“é’gaf"g@za&r"é@,e"“ﬁl | owi ng
for use of a ﬁ%'&&m,%ﬂe%%éﬁﬁﬂ%fﬁe%liﬂerﬁ&ﬁﬁﬁémsd@iﬂ?‘tﬁétarééi'ﬁir

preferred WO 96/ 3284
PCT/ US96/ 04666tream is generated by releasing a flow of temperature and humidity cenditionediairs of t he

active insect,copk ' iss byHaETea ice1bsad Bhd, ‘Hof WhiRR YSinPBE a5 HIRS The 1S SF ©F
the glass cylinder to exit at its obcn end.

Active insect control ingredients to be tested are impregnated in a filter paper
test substrate (Grade 615 from VWR Scientific Inc.) having a length of 28 cm and a
width of 10 cm. The filter paper test substrate is folded into a fluted cylinder and
inserted coaxially within the glass cylinder to rest at a location between the point
where the air is released into the glass cylinder and the open end of the glass cylinder.
By this arrangement, the target air stream is caused to pass over the surface of the
filter paper test substrate so that any active insect control ingredient present in the
filter paper test substrate may evaporate into the target air stream before the target air
stream exits the glass cylinder to continue, embedded within the flow of the carrier air
stream.

Cubic test cages having 30.5 cm edges were constructed of four glass panels,
with two opposing sides of the cubic test cages being open. One open side was
designated the test panel and was covered with an airflow-transmitting, mosquito-
retaining mesh. The opposite open side was covered with a closeable sleeve made of
a tubular, open-weave, mosquito-retaining fabric well known in the art as "stockinet.”
For any given test, the test cage normally contained from 250 to 350 female

mosquitoes.



of, macro surface area result in a substrate of a size convenient to handle
and otherwi se deal_with when the_material of the substrate is comon
paper, felted and woven materials, and the |ike, and when substanti al

i msect control within a typical sleeping room for exanple, is to be

achi eved for at |east eight hours by placing the substrate in_the air flow
generat ed by VO onal electric cooli q fans. Disks of pa

approximately 15 to 25 cmin dianeter or %proxi mately 25 cm square pieces
of felted or woven_cloth have proved convenient. sizes for use wth common,

free-standi ng hous@‘#'&%ﬁg%wlﬁd?h@eﬁﬁﬁ?@?wﬁ‘l“@ﬁ?’{‘?@‘d_ﬂ’&iﬁ‘ﬁ%x fans
convent i onal 1Y o aygidicihlefo 18 ire iR AW Ui hir SEOUBY GF the bIRGAIAAG! 1A Hded S NO!

limted to theSe precise sizes. I nsect control artic of the
present i nvent tooallosathe hosqiitpeskd becomeactivated by the cerbon dioaide of therair streanas, r

nmovenent that w |l pass. through or pv t he i.npreagnated, substrate, thereb
al | owi ng the ab¥EgRcR8s W‘Eé’?fﬁ? n‘ﬁﬁ@?”é&ﬂﬂ@fﬁ”‘?é"‘@&ﬁfﬂﬂb‘&s%‘&&@&ha y Y
evapor at e i nt Oegrigurd! THER {lieh wadrefoved 61 tRESIFaebnitter fbr PminuRY kAR D! €

environments include enclosed roons as well as volunes of open air space,
such as pat i osthenplaced bask in the olfactopeterfor a secpnd:5 minwie eonditioning expgsure. ai r

¢ . b ; : ) . ' ‘h
e P fiies et S spefi el Hord e indithe B s RARL R sy 1 "°
trol ticl dmeacongslSilteh betcatel vods i inghd icyiidegofthe d
gags{ ?at Zri InCa u:at abl e nvmﬁ r?ﬁswggﬁ m\f?’m?\t,gt o] gl | ow

the active i ns@&%"‘%ﬁ?‘r | °Fﬁ§?’§ﬂ|“@ﬁfh°8@ %ggwa @Mg&éﬁ' inHaYet he
atmosphere. |n s FHE S prodeliive WWals réplefted, Using d6ch tirhd 4 ARG TRpdr MBANS

for attaching the inpregnated substrate to rmeans for circulating air.
Exanpl es of sutsist substrate impregnated withtiherepsingramonnts ofiective inseet somtend ingredientd t o

conventi onal room f,ans. Exanpl es of sui,t abl e naer_or attachnment neans
for both errb_odi menté W‘"ﬁ?ﬂ@ﬁ&@r 'flf‘fl ‘,"dpr?eam aﬁcmt?f)ssw%ﬁd
fasteners, adhgbierea to Beélthichattrhdtédto offepelléd Fdin HRAMG et Ao VT ing Hefrlees.

substrate shoul d not substantially bl ock the passage, of air through or
over the substFakl@vmgtheﬁmﬁmmmwfmheégme%@qmsaﬁ@omwwmd to a

from the fan bradseupiaidh bt 1 Fold kil FopRlaidl mbuBUel maf 0T 1 0
bl ades and t heraltiiated,@hd thesomeansiveee wsed s calcnlate responseolevels. ddoseilevalsi ng t he
PASSI Ve eVAPOT a1 QB Gl SISl 8 905 e O il S
from the target by the active insect control ingredient (RDg) were calculated using the
dose-response data. To facilitate comparison, a weight index was calculated for each
substance tested. The weight index is defined as the ratio of the weight of the active
insect control ingredient versus the weight of DEET (N,N-diethyl-meta-toluamide)
that is necessary for each material to achieve a repellent dose of 90% when applied to
a selected amount of substrate in 2 moving air stream at a standard air temperature of
25°C. .
The RDy, data in milligrams/filter paper test substrate and the resultant weight
indices for the active insect control ingredients are as follows, listed in order of

increasing weight index:
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Attachnent directly to the surface of the fan blades is not deened
satisfactory, because the air stream may not pass sufficiently through or

over the SW&WE;O achi eve adequate insect control, ano?é{f’ﬁé’t"i"m
denonstrat ed anpl es, bel ow. The net hod ntion
for controlling flying insects includes, 113 a first step, providing an

i nsect control article control flying insects thag@w 03

substrate thatAmgﬁgt ed with an 'ng‘f ve insect . di ent
selectedfrom@wmm'ﬁfing fluthrin, prallethrin,
vaporthrin, térfuathrin, esbirothrin, ) nd conbi nati ons thereof The

I nsect control article is then placed in an environnent with air

novenent, and.fhe.substrate of the in control art} I S exposed to the
novi'ng air. Pr’é?"é’ﬂg'g’m, t he substrat esq?g-}locat ed at ab'géféect ed 8i st ance
fromany fan oOrefluthggui val ent means fori3oving air tha90jes being used to

create air novenent. The active insect control ingredient with which the
substrate is ifithiogiBated is then allov¥ to passi veP§4%vaporate into the
air. Jbg | owm ng non-limti exanpl es deng rate the insect

control article and nmethod of the invention. The invention should not be
understood as Bieallethrini mted to thesé.particul ar exadps&®&s, which are only

USRI pgdOPLE 1 O fectomeir st | poey e olfactomete
Pentecychlothrin (Zhong X1) 8.1 0.085
Allethrin (90% active) 8.0 0.085
Pyrethrum Extract (51% active) 30 032
DDVP 40 0.42
DEET 95 1.00
Propoxur (Baygon) >120 >1.26
Citronella 475 5.0
Cyphenothrin ~1000 ~10.5
Permethrin >1000 >10.5
Cyfluthrin >1000 >10.5

Differences in effective repellency per gram of active ingredient can be
observed in the data provided, above, that vary by. many orders of magnitude.
Olfactometer tests of active insect coﬁtrol ingredients can be conducted at less
expense and more quickly than other tests and therefore provide a usefut first
screening technique. Nevertheless, the conditions of oifactometer tests are not the
same as use conditions for practical flying insect control. Thus, while from the
results, above, transfluthrin, tefluthrin, vaporthrin, bioallethrin, prallethrin, and
pentecychlothrin all would appear to be comparable candidates for use in practical
flying insect control, tests that better mimic actual use show that not to be the case,
emphasizing the fact that the usefulness of any given active ingredient cannot be
predicted from past uses under similar but nevertheless distinct conditions.



active ingredient on flying insects under precisely controlled conditions.
Mbsqui toes. are used_as the test insect. In this and the other Exanpl es,
bel ow, the nosquitoes were A aegypti. The olfactoneter used for the
ol-factory tests described below generates two uniform lamnar flow air
st r-eans. The&g i _streans consist of a target air stream suBeri %osed
upon and cent BB hin a carrier air stream The er
provides a square testing surface with arl 4rea of 929 cn2. The testi ng
area consists of a circular target area of 42 cnR centered on a square
background surface area of 887 cnferr]. In the tests described, a 200
mn/mn flow gbxANMPTRH: ﬂil%@%n%@ﬁﬁﬁﬁhﬂ%&lﬂm: the carrier air stream
to activate the nosquitoes. he carri'er air stream contained 65%to 70%
relative humdity and had a tenperature WO 96/ 32843

PCT/ US96/ 04660 . e e 4 4 o A < s 11  of about
25 C. The flow rat e tf YOS index9f ingert coppral aetiveinerstisnts is %%'6“%“??‘&!‘59‘?1 n.
The target aitheiftdmanttation irithe 6 relatiet® DEEYat 20 1 359€. MEVEP6Y prissareds had a

tenperature of, 33 to 35 C. Elevated tenperature and hum dit%[ at the |evel
descri bed for l%’ﬁ@’nt‘é’r“gﬂmﬂwm@!’ﬂé%ﬂﬂ&“ﬁﬁ%%@“ﬁ@‘@t@r‘ﬁt? the to

nosquitoes. T . Wl 3 .12 liters/ mn.

The ol fact Om{@}l&\k@é’%\?}éﬁ?ﬁ,ﬁ@ﬂ;}gvﬁvd&ﬂ%t t Iﬁgﬁéﬁ&lﬁﬁuﬁg carrier air flow
stream passes. A glass cylinder having one closed and one open end, an
internal dianeter of 6 cmand a depth of 14 cmis located wthin the air
flow duct, with the longitudinal axis of the glass cylinder oriented
parallel to the direction of flow of the carrier air flow stream wth the
open end of the cylinder pointing down stream The target air streamis
generated by releasing a flow of tenperature and hum dity conditioned air



into the glass cylinder near its closed end, fromwhich point the air flows
thelength of the—glass cylinder.to-ext—atits open end. Actlive

i nsect control ingredients to be tested are inpregnated in a filter paper
test substrate (Grade 615 from VAR Scientific Inc.) having a length of 28
cmand a wig}hyéfmfgo cm The filter paper test substrate i d into a
fluted cylin & I nserted coaxially V\d‘!téi n-the glass cyli est

at a location between the point where th ir is released into the glass
cylinder and the open end of the glass cylinder. By this arrangenent, the
target air streamis caused to pass over the surface of the filter paper
test substrate so that any agtd V#f i rol ingredient present in the
filter paper test substrate nmay eva%r te Into the target air stream before
the target air streamexits the gl @&# cylinder to continue, enbedded
within the flow of the carrier air stream Cubi c test cages
havirng 30.5 cm edges were constructed of four glass panels, wth two
opposi ng si desvitein Ods thelebAceh@Rion G2 4ie 6f the atiredisR et coblisl ingiediertiifl Branids
designated the test panel and was covered with an airflowtransmtting,
nosquito- rePss thademperaiee of iptersst o, Mys theanelecularaveight of tha agiven o

cl oseabl e sle ) 3 PSR4 hdeBr I ning fabric
wel I known in?ﬁg@?@l‘é&m@gOt,g%i%]g{e-w?&%gers‘é‘gﬁéﬁévaen '?*égset&,&)tﬁﬁgl test cage
nor mal | y cont dngredierit irotor2d @,,tand Ip & X781Kal E, is expressed imadegrees Kelvin. WO 96/ 32843

PCT/ US96/ 04660 . . .. . . Th
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concentrations in air and the resultant volatility indices are as follows:

ACTIVE INSECT CONCENTRATION
VOLATILITY

CONTROL INGREDIENT INAR INDEX ____

~ Cyfluthrin <7.11x10% <0.00041
Permethrin 7.11x10° 0.00041
Cyphenothrin 1.85x 10°® 0.0011
Transfluthrin 6.09x10° 0.0035
Pentecychlothrin (Zhong X1) 3.64x107 0.021
Prallethrin 5.80x 10”7 0.034
Pyrethrum Extract (51% active) <0.8x 107 <0.047
Bioallethrin 1.46 x 10 0.085
Allethrin 1.92x 10 0.112
Esbiothrin 535x10° 0311
Vaporthrin 9.75 x 10° 0.567
Tefluthrin 1.37x 10° 0.797
DEET 1.72x10° 1.00
DDVP 263x10° 1.53
Citronella ~9.7x10* ~56.0



perpendicular to the direction of flow of the air streanms of the

ol factoneter. In order to all ow_the nosquitoes to becone activated by the
carbon di oxi de of the air streans, the test cage first was placed in the
olfactometer for an initial 5 mnute conditioning exposure. The test cage
then was renmoved fromthe ol factoneter for 3 mnutes and t hen pl aced back
in the ol facN@#832843f or a second 5 mi nutg _conditioni ng expoXGrASINIGae t est
cage was again renmoved fromthe ol facto Ger for 3 mnutes, during which
time a control filter paper test substrate was inserted within the glass

cylinder of the  dheSativityindex" ivnbtained by theguultiplying the volatiditeindexandithe

ol factoneter for ,a.l Wute. .. eant ol  ex v r re was
repeat ed, usi _rﬁe‘@gﬂfpeﬁnhﬁeﬁ&fvft”@ﬁ &ﬁﬁ%i’?“%@%ﬁ?’%@“?ﬁﬁ%éﬁm ed with
i ncreasi ng anGilitisityodndpotenvEby Weight intieiseRineby @fafdhsesticontrol active Al |

nosquito activity was recorded on video tape, and nosquitoes were.
observed to bdngredigatforinsecheantral of flying insasts by passive siyppasationg The following ¢ o
varyi ng degr e€S4iv: ' ' -,f},'m,g : ; ' re,
popul ati ons 01?3%n rr‘t')l?qiﬁﬁitcgée)aghgrgae%'gﬁtf ﬁbﬁgﬂr}h% elﬁtﬁtal get a?}ggﬁd\/ﬁ% 5@@?&325 at 15
second intervals. Popul ati on neans were then cal cul ated, and these neans

were used to calculate r | s. Dose | evels g to
response | evel s at whi cﬁw control popul atimw from
the target by the activggmwngredi ent (RD[err]) were

cal cul ated using the ose-response data. To facilitate conparison, a

wei ght index was cal cul ated for each subst ance tested. The wei ght index
is defined as the ratioT%ﬁ{‘W\ei ght of the active in Sdooﬁontrol

i ngredi ent versus the weig of DEET (N, N-di et hyl - met a-t of"uamnm de) that is
necessary for each nat ePestecychiothtiti eve a repell ent dose d0.0088% when appl i ed
to a selected anount Qf suhstrate in a noving air stre toastandard
air tenperature of ZS?E'FF#J’“Q; The RO err] dat :‘%‘ﬁ
mlligrams/filter paper gisBbthdabstrate and the resul tant gggeht i ndi ces

for the active insect control ingredients are as follows, Tisted in order
of i ncreasi ng wei ght Pesmsthrin >0.004

Allethrin (90% active) 0.0095
Pyrethrum Extract (51% active) <0015
Tefluthrin | 0.011
Cyphenothrin ~0.011
Esbiothrin 0.0146
Vaporthrin 0.033
DDVP 0.60
DEET 1.00
Citronella | ~280

‘While the activity index provides a logical prescreening technique for ruling
out ingredients likely to not merit further testing, the relative success of the remaining
ingredients in subsequent tests that model actual use is not perfectly predictable by
comparing their activity index numbers. This lack of correlation between one sort of
testing situation or use and another demonstrates why statements in the art about the
general usefulness of whole classes of active ingredients, and even the use of
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ng to VEEI GHT | NDEX CONTROL | NGREDI ENT reach RD[ err]
Transfluthrin 0.57 0.0059 Tefluthrin
1.3 0.014 Esbiothrin 4.5

0.047 Vapor Dy} 62843 $7° PCIUS86/R4660
Bioall ethrin 5.5 0. 058 Prallethrin

5.5 0. 058 . Pentecychl ot hrin S’Zhon g X1) 8.
0.085 Al et hrhepiquingdpazedienfsin other applications, in fact do not enable onaslgﬁslmmﬁ hrum

Exract (51% aGhia\give p%&%? flying ipsect control without furtier diskdlery.

40 95

1. 00 Propoxur (Baygon) >120 >1.26 Citronella
475 . henot hrin ~1000

-10.5 Per et FXAMPLE 3; Cnailer ta >1000 >10. 5
Cyfluthrin The chamber test Frotob&p&)& developed to realistically diddel actual use
Differences in effective repellency ram of active ingredient can be

observed i n t tronditions for theiinnset coaw\ﬂehclq inyentiony Anelosedogenenally of
RO LSS o O RERE ek 7 e B BRRL SRRSO
provi de a usefrobmf Sixinosquito knock-down cages are dnstnbuted vertically within the test
chamber, suspended from poles adjacent to opposite test chamber side walls, where
they can be observed from outside the test chamber through chamber windows.
Mosquitoes in the cages are observed during a test to evaluate the ability of a material
being tested to knock down mosquitoes. An insect "knocked down" is one that is
incapable of flying and usually is moribund in appearance.- The insect may or may not
actually be dead. The knock-down cages are cylindrical, approximately 6 cm long
and 8 cm in diameter, and have screened but otherwise open ends.

Two repellency mosquito cages are also provided. The repellency cages are
box-like screened cages, approximately 73 cm long and 16 cm square in cross section.
All of the walls of the repellency cages are screened but otherwise generally open.
Each repellency cage is divided by a clear plastic partition into a first holding area,
which occupies approximately 45 cm of the length of the cage, and a second holding
area, which occupies the remaining 28 cm. The plastic partition has a 4 cm diameter
hole in its center that provides the only route by which mesquitoes may pass between
the two holding areas. The repellency cages are mounted in a test chamber wall, with
the plastic partition located in the plane of the test chamber wall, and are so oriented
that the first holding area projects inwardly, into the test chamber, while the second
holding area prajects through the test chamber wall, out into normal room air.

A mouse cage essentially identical to a mosquito knock-down cage is mounted
on the end of the first holding chamber of each repellency test cage that faces toward
the interior of the test chamber. The mouse cage is separated from the repellency cage
only by a mosquito-proof screen. One mouse is placed in the mouse cage during a
test to provide an attractant for mosquitoes being held in the repellency test cage.



screeni ng techni que. Nevertheless, the conditions of ol factoneter tests are
not the sane as use conditions for_practical flying insect_control. Thus,
while fromthe results, above, transfluthrin, tefluthrin, vaporthrin,
bioallethrin, prallethrin, and pentecychlothrin all would appear to be
conpar abl e canﬁ:dates for use in practical flying insect control, tests

that better nYH**## yal use show that not to be the case, EWBHWHQ t he

fact that the useful ness of any given 3@ive ingredi ent cannot be
dicted f t d im | but t h di stipct
D e T O oy Bashoing e ot L el ag T e hhed vrd he
PCT/ US96/ 04660 . hand lied by the insect control article beifig t LE 2:
mouse,,ontheoneg%r;(,anqtgm Sions oo cgl'ﬁe Eoore

volatility and activity 1n ca volatility
i ndex" of inseotherlmndrol active ingredients is a nmeasurenent of their

o “known, concent F4Ep BiFeF s i, iy shneie moedliior w Blaswt S ORiind i oy e
of the foll oyféugh fidsqliloRage, With@he patititi liokdloded B a réifiovaBR ookl SFencquat i on:
female mosquitoes are placed in each knock-down cage. The insect control article to
be tested is placed centrally within the test chamber and the air flow is initiated. At
timed intervals up to a total testing period of two hours, each knock-down cage and
each repellency cage is visually examined, and the location, number, and condition of
the mosquitoes are noted. The number of mosquitoes that have been driven to the
second holding area provides a measure of the repellency of the insect control article
being tested. The number of mosquitoes knocked down in the knock-down cages is
also recorded. The general success of an insect control article is judged by both the
mosquitoes repelled and those knocked down, in that both effects reduce the total
number of mosquitoes available for biting.

Two series of tests were run using the chamber test protocol to evaluate the
effect of insect control articles made in accordance with the invention. In the first
series, pieces of cotton cloth approximately 645 cm® in size were impregnated with
selected amounts of insect control active ingredients and were suspended several cm
in front of a conventional, square, 51 cm (20 inch) household box fan, which provided
the air flow required by the test protocol. The fan was located on the chamber floor,
with its airflow directed toward one of the two, opposed ends of the test chamber in
which no repellency cage was mounted. The times were recorded by which 50%
(RD50) and 90% (RD90) of the mosquitoes had been repelled from the first holding
area to the second, and by which 50% (KIDD50) of the mosquitoes had been knocked
down. The results are summarized in the following table:

Ingredient Weight used Minutes to Minutes to Minutes to
in grams RDS0 RD9%0 KD50

Transfluthrin  0.050 15 87 27

Prallethrin 0.0625 12 30 40
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C=[err] ' 22. 4 wherein Cis the
concentration in air of the active insect control ingredient in grans per
liter at theﬁwture of interest T2, Mis the nol ecul ar Wthe
active insect control ingredient, P[err‘l I s the vapor pressure 0

active insect control ingredient in tor}Gat T[err], and T[err] is
273[err] K. T[e c‘%’? expr ed in de es Kel vi yth respect to
the foll ow ng ar‘ti Vémf nse t control ?zéredl ent sEsthe cal cufat ed
concentrati onsppwRir and j{ghe resultamt volatilpsy indices2pre as fol |l ows:

ACTI VE | NSECT CONCENTRATI ON VOLATI LI TY
CONTROL | NGREDIEskjpthrin 0.5 | BAR 111 55 | NDEX
Cyfluthrin <7ndl X 10[er]'qk <0. 00041
Permethrin  civonella 6.0 7.1 x 10[err NA 00041
Cyphenot hrin  Permethrin 40 1. 88 x 10[errNA NA 0. 0011
Transfluthrin x 10[ err 0. 0035
Pent ecychl ot hr FPR¥Hbng x3)°® 3. 64 xin[err] NA o 021
Prallethrin Dursban 40 5. §@ X 10[erriqA Na 0. 034
Pyret'hrum Extract s 51% acti ve) <0.8 x 10[er r}q <0. 047
Bioal l ethrin  Cyflu 25 1. hb\x 10[ er rNA NA 0. 085
Allethrin 0.05 NA NA
 Pyrethrumr 2.0 NA NA NA

[NA = not achieved]

These results demonstrate why the past teachings of the art with respect to -
passive evaporation of pyrethrum, pyrethroids and certain non-pyrethroid active insect
control ingredients do not teach or even teach toward the present invention. Under
this test, which closely models the situation of use of the invention, practical insect
control as defined above was achieved only by transfluthrin, prallethrin, vaporthrin,
esbiothrin, and DDVP. The superiority of vaporthrin to pyrethrum, for example, is
quite unexpected in that pyrethrum actually performed twice as well as vaporthrin in
the olfactometer tests. However, in-the chamber test, even 2 grams of pyrethrum
failed to achieve an RD50 within the two hour duration of the test, whereas half that
amount of vaporthrin achieved an RD50 within 17.5 minutes. Among the non-
pyrethroids, while DDVP was surprisingly successful, propoxur and Dursban were
not, a distinction not predictable from the art. Furthermore, several of the insect
control active ingredients that achieved an RD50, failed to achieve an RD90 within
the two-hour testing period. While repelling half of the mosquitoes in a room shows
undeniable activity, that performance level may still be too low to provide mosquito
protection acceptable to a typlcal user.

Upon observation of the successful performance of transfluthrin and
vaporthrin in the test just described, both ingredients were also tested for their ability
to knock down Musca domestica (house flies), using the same protocol. Flies were



Al lethrin 1.92x 10[err] 0.112
Esbiothrin 5.35x 10[ err] 0.311
Vaporthrin 9.75 x 10[err] 0. 567
Tefluthrin 1.37x 10[err] 0. 797 DEET
1.72 x 10[er, 1.00 DDVP 2. 63 X
10[ err] vw)%lsms 1.53 Citronella . ~W§?Mrr]
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ct” of volatility and potency by weight in the useful ness of
trol active i ngredient for insect control of flying insects
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fromthe vol a and wei ces given, ove: .,

ACTI VE | NSECT (in grams) ACTI VI TY | NDEX CONTRCL
| NGREDI ENI . Transfluthrin N )

0. 00002 Transfluthrin  pent @483 ot hrin S0 min 102 min

0.0018 Vaporthrin 1.00g 49 min 110 min

These results demonstrate the effectiveness of the invention with respect to flying
insects other than mosquitoes.

By way of comparison, a commercially available liquid evaporator device for
insect control was tested by use of the chamber protocol just described, with the results
set forth in the following table. Mosquitoes were the test insect. The device used was
the liquid evaporator sold in Europe by S. C. Johnson & Son, Inc. of Racine,
Wisconsin under the mark *45 Nights®.” The device was charged with the liquid
commercialy sold for use with that evaporator, which contains 6% pynamin forte as the
insect control active ingredient.

Minutes to RD50 Minutes to RD90 Minutes to KD5S0
45 60 30

These results demonstrate the reasonableness of the levels of control described above as
the minimum and preferred practical insect control standards.

In an additional series of tests using the chamber protocol, two insect control
active ingredients were tested for their ability to achieve the preferred practical control
level, defined above. The experiment of the first series was substantially repeated
except that the substrate was a 0.5 cm thick, 4.5 cm diameter coil of common
corrugated cardboard, with the channels of the corrugation presented endwardly to the
direction of air flow. Air flow was provided at the rate of approximately 0.06 m> (2
f*) per minute by a small blower device that directed air upwardly through an air



Prallethrin 0. 0020 Bioallethrin

0. 0049 — . Permethrin =0.-004
Allethrin (90% act i ve) 0. 0095 Pyret hrum
Extract (51% active) <0. 015 Tefluthrin

0.011 henot hrin ~0 011
Esbi ot hrin W096/32843 P 0. 0146 PCT/US:

Vapor t hri n 21 0 033 DDVP

0. 60 1..00

Citronell a

passage o appro:nmately the same diameter as the substrate and within wilich the |, o

activity I ndexyhiale wishefd. 19! R3QQ0E Bdhidveg:ni que for ruling
ingredients likely to not nerit fur her testing, the relative success

t he remai ni ng
not perfectly
| ack of correl

|ngred| ents in subsequent tests that nodel actual use
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usef ul ness of
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whol e cl asses of active ingredients, and even the use of
Transfluthrin ~ 0.10 30 80 pcT/ USH 04660

Prallethrin 0.918 NA NA NA
[NA = not achieved]

Again, the results of this second series were unexpected when compared to the
results for transfluthrin and prallethrin in the first series. While time to RD50 was
only 30 minutes for transfluthrin, for example, prallethrin failed to achieve an RD50
at any time during the two hour test. Because tefluthrin is nearly identical to
transfluthrin chemically, comparable results would be expected for the two materials.

The effect was also measured of directly applying transfluthrin to the blades of
the small blower used in the second series tests just described, to provide a direct
comparison to the disclosure of Clatke. The chamber protocol described was utilized,
and air flow was provided by the blower at the same rate of approximately 0.06 m® (2
f’) per minute. A total of 0.072 gm of transfluthrin was directly applied with a small
artist's brush to the nine turbine blades of the small fan used in the blower tests. The.
was the insect control active ingredient that had proved itself successful in the
previous chamber protocol test at that airflow rate. Nevertheless, RD50, RD90, and

- KD50 were never achieved within the two hour testing period, even though much

more transfluthrin was being used than in the second series test just described. This
test demonstrated the important advantage gained by locating the impregnated
substrate at a selected location not in contact with any fan blades thereof.

INDUSTRIAL APPLICATION:
The control of flying insects generally and flies and mosquitoes in particular is

of great practical interest. To their considerable annoyance and possible exposure to
insect-borne disease, people and animals occupying unscreened buildings and

out

of

S
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particular ingredients in other applications, in fact do not enable one
skilled in the art to achieve practical flying insect control wthout
further discovery. EXAMPLE 3: Chanber tests The chanber test
prrot ocol was devel oped to realistically nodel actual use conditions for
t he-insect control article of the invention. A closed, generall

featurel ess, "I rately 28 nferr], boxdi ke test chamber B "i/??mhe
size of a small room Six nosquito knoCK=down cages are distributed

vertically withip the test  chanber, suspended from pol es_adjacent to
opposite test YRHFSAS ldépms+@%@dmﬂtm%cmﬂ%h°%ﬂmutsi de
the test chambgaoldy e whi %gﬁ@go Wfﬂﬁs‘) ther ¥RtifgYr hiSance  gages are
observed during aytaest tgﬁeva uatee't é&g‘b?tﬁrty of a materia gbei ng tested
to knock down comsiderabledndustiy provides repélient ordosecticidal aterialsand thvitesits

i ncapabl e of flying.and . ysually is noribund in ear ance...The insect may
or may not aﬂ%ﬂei?w pﬁ%bqﬂagﬂt '}6? ﬁ@“ﬁﬂ&%ﬁ’&ﬂﬂ‘%ﬁ@@ﬁﬁ?@%ﬁfﬁﬁ%ﬂ? resplts.
approxi mately 6 cmWhil@the prédent@nveritionhadibecrdeaéribed Withtéspeetis Whsied bu
ot herw se open ends. Two repel | ency nosquito Cages are al so

provi ded. The Presatly eensideredda be the prefermsembiodiments; it isfo be yadersioodiibatrtbxi mat el vy
73 cm | ong and : a3 [+ QR: | . the
repel | ency cag’gg&etll(rag 'szxgér{ge"ed Q%%FQE ﬁ%%bga%ﬁgq@é%@&@eé%ﬁam

repel | ency cagis intendéd vo ctadr tmrioas modificativng aihd equpaleht formalatiorisindludedr st

hol di ng area, _.which occupies approxi mgtely 45 _cm of t l.ength of, the
cage, and a sc¥Withig trpitagd scope g ,emegﬁﬂﬁﬂ i W?gﬁﬁf_ﬁ{‘]’ B The
plastic partits Behd P Iﬁgﬂﬁr : i.des
the only rout ekgwmﬁigﬁe&ngg uitg%ﬁsﬁﬁgy Sgisié@abdet?\)\egéeoﬁn t enf&ohﬁﬁlﬁ%
areas. The repuiegnivglentfguaulations padifmetibnisn a test chanmber wall, with the
plastic partition located in the plane of the test chanber wall, and are so
oriented that the first holding area projects inwardly, into the test
chanber, while the second hol di ng area projects through the test chanber
wal |, out into normal roomair. A nouse cage essentially identical
to a nosquito knock-down cage i s nounted on the end of the first holding
chanber of each repellency test cage that faces toward the interior of
the test chanber. The nopuse cage is separated fromthe repellency cage
only by a nosquito-proof screen. One nouse is placed in the nouse cage
during a test to provide an attractant for nosquitoes being held in the
repel | ency test cage.
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fLrst holding area of a repellency cage thus are attractedtoward the
nouse, on the one hand, and repelled by the insect control article being

tested, on the other hand. Wien a test isrun, fifty fenale
nosqui t oes ar | aced in the first holding area of each | e,
with the parﬁqmol e closed by a renovabl e door. Ten %éml t oes
are placed in each knock-down cage. The immect control article to be

tested is placggﬁciﬁg%rally wi thin the test chanber aﬂ TN

initiated. At intervals up to a total testi ng 'Mmu““‘”mm!!'ﬁurs
each knock-down cage and each repellency cage is visuaklytexamnea, and
t he |l ocation, nunber, and condition of t he nosquitoes are noted. The

nunber of nosqli t oedninsect chntval aftislatodonteal flying insects, comprising arsubstratethatiie o
provides a neagure of .the repellency of the insegct, contrgl .article bei ng
tested. The nulfB&F %@hﬁ'{‘)’ﬁ&' Eﬁf%’iﬁ‘m‘fﬁ" a‘f?HS@ﬁ-ﬁHcﬂﬁF“Eaggs S
al so recor ded. evapBratich)SWtidtei® the @6eve ifdectddntroSiagiedieftiis Sedctsd frdrd the gréup Udged .
by both the nosqui t oes repel | ed and those knocked down, in that both

ef fects reducecqnsistingettranstluthiin prallethrigptefluthrip cosbigthsin, and combinatipns thergof.

Two series of tests were run using the chanber test protocol to evaluate
t he effect of insect control articles nade in accordance with the
i nvention. In 2he fThesinsect emtrobarticlpiof Clrimdf whereinale substrdte izsplected framndahey 645

S Fve! v o BV oarRE APl oRen e A A Soffa hogasa "
conventional, phéaRover dlofli Bnd #8niwdven gfmbﬂuggﬁiﬁa@ﬁba@'ga&;amded

the air flowrequired by the test protocol. The was | ocated on the
chanber fl oor , solid-porous foams, and finely divided, channeled, or honeycombed structures molded

of non-porous plastics.

3. The insect control article of Claim 1, wherein the active insect control
ingredient is impregnated within the substrate in an amount of from 0.1 to 10
milliﬁrams per square centimeter of the substrate macro surface area.

4, The insect control article of Claim 1, wherein the insect control article
includes hanger means for hanging the impregnated substrate in a suitable

environment for use.
5. The insect contro! article of Claim 1, wherein the article includes attaching
means for attaching the impregnated substrate to means for circulating air at a selected

location not in contact with any fan blades thereof.

6.  The insect control article of Claim 1, wherein the active insect control
ingredient includes at least one of transfluthrin and tefluthrin.

7. The insect control article of Claim 1, wherein the active insect control

ingredient includes transfluthrin. ' - '
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with its airflow directed toward one of the two, oppos t
chanber in  which_na repell ency_cage was nounted. The Egﬂgﬂ“ﬂ““ﬂt mged
by which 50% (RD50) and 90% (RD90) of the nobsquitoes been mepae *ed

fromthe first hol ding area to the second, and by which 50% (KD50) of the .

nosqui t oes Qgﬂggg knocked down.  The results are surrrrari;gﬂn'l n %pg
' s to

following ta I ngr edi ent Wi g§4used M nutes to

Mnutes to in grans RDSO RD9O KD50
Pralleth

'(I)'r 82?5' uthri EQ 0.0 0method fogeontmllmg flying g&ects compnsmgﬁeg&epggg 43r allethrin

PCT/ US96/ 04660 g, providing an insect control article having a substrate thdt3s impri@iaftaiwit N

1.0 17.5 45 21 DDVP 1.0

17 25 an active insect contrp] ingredientfreely,avajlable foy passive evaporatiop3

111 55 i t.raonel l.a . . . .. NA '

NA Pernethrin w%r%m L Aclx@e mse?:i%mtrol ingredient %gelected from the P py opoxur

3.0 77  consisting of tdidsfluthrin, rrallethﬁiﬁ vaporihﬁhfp‘féﬁﬁthnn, DDVPQand

96 NA NA thrin .

NA NA mb&ﬁpwmf 0. 05 NA NA NA

Z%:/ Lﬁtec re g]m 2. 8. placing the i¥éet control article in ¥\environment with\ir movérhéht and'O!

exposing the substrate of the insect control article thereto; and
c. allowing the active insect control ingredient impregnated within the substrate
to passively evaporate into the air.

9. The method for controlling flying insects of Claim 8, wherein the substrate of
the insect control article is selected from the group consisting of paper-board, open
pore cellulosic materials, coiled corrugated paper, woven cloth and non-woven pads
or felts of any suitable fiber, gels, absorbent solid-porous foams, and finely divided,
channeled, or honeycombed structures molded of non-porous plastics.

10.  The method for controlling flying insects of Claim 8, wherein the active insect
control ingredient of the insect control article is impregnated within the substrate in an
amount of from 0.1 to 10 milligrams per square centimeter of the substrate macro
surface area.

11.  The method for controlling flying insects of Claim 8, wherein the insect
control article includes hanger means for hanging the impregnated substrate in a

suitable environment for use.

12.  The method for controlling flying insects of Claim 8, wherein the insect
control article includes attaching means for attaching the impregnated substrate to
means for circulating air, and the step of placing the insect control article in an

environment with air movement and exposing the substrate of the insect control article
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These results denonstrate why the past teachings of the ar th respect to-
passive_evapor ation of pyret hr um—pyrethroids and certai n

active insect control ingredients do not teach or even te ﬂ”
present invention. Under this test, which closely nodels the Si tﬂatso

use of the invention, practical i nsect control as defi new

achi eved onl‘y B‘V”H’ansfl uthrin, prallethpl vaporthrin, , and
DDVP. The superiority of vaporthri n toéérethrum for exanple is quite
unexpected in that uma t ua er forned e as well as vaporthrin
in the ol fa&%f@@ég{‘ W\étﬁ W%EW&L%&‘?%@F‘“%VWE“B &8s of
pyr et hrum f%ﬂﬁdsel&t@@mbﬁmnaﬂmmt%mmaa%am duration of the

test, whereas half that anount of vaporthrfin achieved an RD50 within 17.5
m nutes. Among the non- pyrethroids, while DDVP was surprisingly
successful, pr,gpox an sba re . ROt i on nat ictable
fromthe art EUrtﬂi‘FWgre E%%%ﬁmﬁ ?‘Eggam%gb% ﬂgc’f'ﬁeg{acg

i ngredients thaﬁuﬁﬁﬁg:ed&aﬁ:mhdi@ﬁﬂﬁaidd‘d@ﬂlﬂ&haﬂeemmo within the

t wo- hour testing period. Wiile repelling half of the nosquitoes in a room
shows undeni abl e activity, that performance |evel may still be too lowto
provi de nosquiflo Hefifo lﬂsgct$ i cal pon
observation of t4t he-lgléjccesgl u peﬁ%ﬂ%ﬁce 0 o{?@r?g?,lwuﬁﬁfnﬁheéﬁs ta\?g‘;;%rthrl n
in the test | esbtraldsgredien dnclisiss transfigtheidi ent s were al so tested for their
ability ‘to knock dowmn Musca donestica (house flies), using the sane
protocol. Flies were WO 96/ 32843

PCT/ US96/ 04660 , . 20 held within
knock- down cages identical to those used with npbsquitoes, above.
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"Repel | ency was not eval uat ed. The fol | ow ng resul ts o \‘ﬁg: '

Ingredr ﬂﬂll“luuu“mﬁlllmuﬁsed ' M-nut-es toMKEBO ﬁf@ﬁ&ﬁf\@%ﬁ§ bS SG
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results dermnstrate the ef fectiveness of the imgﬂa&m( trPaP%pect“‘tF@ged --9-5---
flying ingegkmsat her than nosquitoes. O Brawing(s) gfrageshpa-i bmageda.._.‘.‘...
commer ci al | y—avﬁ“r abl e |iquid evaporator device |TDAbstractse@agédIL/). O pgéd ... ..
tested by use of the chanber protocol just descrilihed _with the results

set forth ip,the fa Ilcmférg-_ tcachxheroybaﬁuit:meswecenthelt €iyinasdaisectae
devi ce used was t.he ur d sol d,_i on &
Son, Inc. of°RRELF4NI a\N F?i ﬁngé He lmr‘%%qﬁ?%h‘? ?nerr]" Ja%%q.%

devi ce was dinzeged mpnhrblie inquedlen(tonﬁreeelﬁl yavwllabbe far wpealsstilvet
evapor at or, e%b%lq‘r?%?'e%tsna'lr gﬁ 1W'Eﬁ@ Qck/?(t&elﬁéeé@econﬁﬁfcf gcfélaféljrt agive

i ngredi ent nut es nutes to
KD50 45 selected from the grggp consisting of transflykhrin,These

results de”?%%lﬁ.@t?xﬁﬁﬁ r epspNitBRERS Ofeddivmavial,s Odn€ontiomb idRddred

above as e mni rrumgr referred ractrcal i nsect cont{__gl and rds.
In an addi t He&eEer i o nl?srqwg PRI A AEEPS iR B
control 10 aghpregnadieatli snbstwate ttast mdaher fidwei cimbulatingo aanhr ate a he

f d I I def | h he -
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0.5 cmthi ckheteofcm di aneter coil of common corrugat ed cardboard, with
the channels of the corrugation presented endwardly.to the di rection of

air flow. Ar flow was provided at the rate of approxinmately 0.06 nferr] (2
2. The insect control article of Claim 1, Wwherein the

15 substrate is selected from the group consisting of paper-
board, open pore cellulosic materials, coiled corrugated
paper, woven cloth and non-woven pads or felts of any
suitable fiber, gels, absorbent solid-porous foans, and
finely divided, channelled, or honeycombed structures molded

20 of non-porous plastics.

3. The insect control article of Claim 1 or Claim 2
wherein the active insect control ingredient is impregnated
within the substrate in an amount of from 0.1 to 10
25 milligrams per square centimeter of the substrate macro

surface area.

4, The insect control article of Claim 1, Claim 2 or
Claim 3, wherein the active insect control ingredient
30 includes at least one of transfluthrin and tefluthrin.

5. The insect control article of Claim 1, Claim 2 or
Claim 3, wherein the active insect control ingredient

includes transfluthrin.

35
6. A method for controlling flying insects comprising the
steps of: ' ' '
_a. providing an insect control article having a
This Sheet Has Been R
I e




mnute by a small bl ower device that directed air upwardly

fferTTyper mnu
oA voeerszees 21 passage of

approxi nat &l y "t h& same diameter as the s@fstrate and within which the
substrate was held. The followi ng results were achi eved: | ngr edi ent

Vei ght used M nutes tQuIEesDSgLEHt S&hd© %ﬁ?)&ﬂb‘f@én&@ed with an active IN

gr ams RD50 ) | _Transfluthrin 0.10 _
30 - 80 insecppcontrgl cingrefient gfgeely avaijgble for
NA NA [ NA pagsivacki@yHation, wheAgihnNthehactdsm tingdct his

second series were unexpected,when co‘ﬁpared to tne

. results for
‘transfluthrin and pral | 8PRFFRLi ANGREGie L8, S& .ec\mqeegf?ﬂet?‘& RS Ras
only 30 rgnutes for tracshsishing, dfortreeplethpin) | telfiluthidin,ecarid a

achi eve an RD50 at any.ti LN hour t'est. Because tefluthrin
Is nearly identical to g°%?§ﬁg?#ébh?P% %ﬁgﬁfcally, conpar abl e resul ts woul d

be expected for the.twphacéngal $he insect Theortredt watigileo nsnswrrd of

directly applying transthyipphiieh® Wik £0eSnoenehbe abfRldxddOMRY ¢i3ed in
the second series testsjust described, to provide a direct, _conparison to

“the disclosure of O ar kBubshEaERafbcFnr tRBRGE RREFPHAF WSl atthesete;
and air {4 ow was provi dgfaby the bl ower at the sane rate of approximately
G ety appt f eavEt b PEL RN ce 18605V fiddd BRELI gL Al 1S

- impregnated within the substrate to passively -

evaporate into the air.

15 7. The method for controlling flying insects of Claim 6,
wherein the substrate of the insect control article is
selected from the group consisting of paper-board, open pore
cellulosic materials, coiled corrugated paper, woven cloth
and non-woven pads or felts of any suitable fiber, gels,

20 absorbent solid-porous  foans, and finely divided,
channelléd, or honeycombed structures molded of non-porous
plastics. ' '

8. The method for controlling flying insects of Claim 6
25 or Claim 7, wherein the active insect control ingredient of
the insect control article is impregnated within the
substrate in an amount of from 0.1 to 10 milligrams per
square centimeter of the substrate macro surface area.

30 9. The method for contrbiling flying insects of Claim 6,
Claim 7 or Claim 8, wherein the insect control article
includes hanger means for hanging the impregnated substrate
in a suitable environment for use.

35 10. The method for controlling flying insects of Clainm 6,
Claim 7 or Claim 8, wherein the insect control article
includes attaching means for attaching the imprégnated
substrate to means for circulating air, and the step of
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‘arti St ni ne turbine bl ades of the small fan used in the

bl O\/\aallmgﬂ 1“““‘“‘“5 t he insect control active ingredient that had
mproved- I tseltf guceessful 'in the  previops chamber protocol test at that
airflow rate. Nevertheless, RD50, RD90, and KD50 were never achieved
within the two hour testing period, even though nuch nore transfluthrin

was bei ng upedclfgn the titsseconentebilearitdsily Ut awsenvhednméhis withest

denonstrated,t he i nportant_ advantage. gai by ing e Jor ted
substrate afl¥ s’B?‘g%’P%Hgl At i SRS lr?% Cr%g%[ aé{lh\%%? hkgnyafané%%)ag'g%%&

t her eof . cohNBOITRIcALL CARPIHHRATEEN: includes theTatepopfr atteching e

i nsects general l 1 £S. S .trﬁé’én.n rids; la4 3 ggeat.
practical i ?i%‘%ﬁeg)sét %ogl{%gi_?fggﬁglgdgﬁaab e a%ngggntgéggrﬁaﬂola? bilgjéreégosaur e
to inséct sedessed sdgsatigsopnetandnancaatac cc‘t’]’p&’ilngargﬁscfraé’bn&}ades
bui | di ngs agg reof. WD 96/ 32843 ' 22

PCT/ US96/ 04 8 shelters, as well as patios, picnic sites, and other
interior and exterior locations, all are exposed to feedi ng nosquitoes,
flies, and aqfiher hiHd nfethodufsancentretttiag Alyiognindecis ofi rdystane
provi des repell ent.or ipsectigidal r.i_al nd; LEge i ve 244 85% 1 he
pr obl em but %ot Sgﬂxﬁﬁs €V| t e oodomwggrg,%llnongpgas%?%ggéeeﬁ%%%? ogngesu ts.
Wi | e t he prieseridientenmiaiudes teansftythrbnd with respect to what is
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present|ly considered to be the preferrezsnbodi ments, it is to be

understood tOBAIMS invention is not limted to the discl OﬁEMFM;NT'SHEET‘

enbodi méents. On the contrary, the invention is intended to arious
nodi fications and equivalent fornmulations included wthin the spirit and

scope of the, appepded cl ai os, The scope .the foll owing clai LS, L0 be
accorded th ‘broaggg?’%ﬁm}gpgﬁi @WIMM S E%ﬁlteﬁ)atls
nmodi fi cati ongy, Ede\ﬂ*ﬁ nﬁ%f‘wn%’ol&{éfe#éiﬂﬁfeﬂﬁ%rhﬂm e for CLAI V5:
L} *An mseP@ﬁntro article to control” f yrng i'nsects, -c nprising a

substrate t revapomtion, whereinithmaotiye ansect contrbl ingredient isselested ftom thetgronp

i.,ngredient freeJy availa for pass)ve v.apo atjon, erein the ,acti
fnsect cont rm’ﬁﬁg M“ﬁ’é’%ﬂ‘ﬁ% ﬂ mgh&ﬂgﬁw

transfluthrin, prallethrin, tefluthrin, esblothrln and corrblnatlons
t her eof . 2. The insect control article of.CIaiml, wherein the

substrat e i R.sel eThehiséot contrdalarticde of Olaim 15 wheyeinpthe ulstiateris belected froprthe por e

cel lul osic materi al S, COI | ed corrugated paper, woven cloth and non-woven
pads or fel tEyoup censistingiof papas-bortss ppen pare | ¢ matsrialss epiled copmgated f oans,

fon- por aud M‘sﬂw%@?ﬁfﬂwwﬁﬁﬁﬁ%éw et il ey o 1

the active igiaGior6syToamt, an deieiabd,lwaﬂaé@cam&umm?ﬁegate

in an anmount of fromO.1 to 10 i granms per square centineter o
substrat e neofmonsporéusplastice.. 4. The insect control article of Claim
1, wherei'n the insect control article includes hanger neans for hangi ng

t he_i npregnat ed substrate in a suitable

3, The insect control article of Claim 1, wherein the active insect control
ingredient is impregnated within the substrate in an amount of from 0.1 to 10
milligrams per square centimeter of the substrate macro surface area,

4, The insect control article of Claim 1, wherein the insect control article
includes hanger means for hanging the impregnated substrate in a suitable
enyironment for use.

S.  Theinsect control article of Claim 1, wherein the article includes attaching
means for attaching the impregnated substrate to means for circulating air at a selected
N\ location not in contact with any fan blades thereof,
1
6. The insect control article of Claim 1, wherein the active insect control
mgredjent includes at Jeast one of transfluthrin and tefluthrin.

7. The insect control atticle of Claim 1, wherein the active insect control
ingredient includes transfluthsin, |
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envi ronment for use. 5. .The insect control article of REPbQ
wher ei n t hg, ar t ighthoddor esroling Bying nscets eompiising thctstepsiofig t he | rrpreg%EJd

substrate to peans for circulatin alr at a selected, l.ocation n
contact wi t haanyproviding aa insesticontsolarticle ba W‘ﬁmm“&'&mt‘iﬁ‘bcl e of

Claim1l, wherein | east
one of transfl ut #F&Mﬂ@ﬁﬁgﬁgﬁ%%w e [ ns@g'?ﬁcoér#ggﬁi“ar icle of
Caim1, wherei nghifeinfieiatfveé itS& o) ingredienrigsstetted frointhe grimp

i's the ropl aCenent shoot 24 8.

A nethod for concensisting@f tiapsfiuhri peallethring ppartingtefinthrin, BRVRand 5
provi di ng an | nsect o] 0] tro! arél cle having a substrate that is inpregnated
W th ontrol ingredient freely available for

passi ve evapgg#&@egmmsmml Urticlé fifarériviraBmeSWith aif Ritivegtient dgy edi ent

Is selected consi sting of transfluthrln
prall ethrin, vapexpdﬂngtbek\ﬂimmmm‘v&mmhmdethem aodbi nat i ons

th f : h t t ﬁ I %’I ' t wWith
a| rer rergverrent Cand CI n%t{,e Ect%vre]su?s%ﬂe%%n f.o reléc ot I y Vltﬁggur?sgaww

to passively evaporate into the air.

9. The method for controlling flying insects of Claim 8, wherein the substrate of
the insect control article is selected from the group consisting of paper-board, open
pore cellulosic materials, coiled corrugated paper, woven cloth and non-woven pads

or felts of any suitable fiber, gels, absorbent solid-porous foams, and finely divided,
channeled, or honeycombed structures molded of non-porous plastics.

10.  The method for controlling flying insects of Claim 8, wherein the active insect
control ingredient of the insect control article is impregnated within the substrate in an
amount of from 0.1 to 10 milligrams per square centimeter of the substrate macro
surface arca, '

11.  The method for controlling ﬂying_ins:cm of Claim 8, wherein the insect
“\_/ ' control article includes hanger means for hanging the impregnated substrate in a
' suitable environment for use.

12.  The method for controlling flying insects of Claim 8, wherein the insect
contro} article includes attaching means for attaching the impregnated substrate to -
means for circulating air, and the step of placing the insect control article in an
environment with air movement and exposing the substrate of the insect control article
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'exposvng the substrate of t he insect (:20§trol article theret ORE RLAGEMERT SHEET

al I qwi ng, tWWW&mgﬂwwan
substrate BaSSI vely evaporate into the air. 9. The t hod

for control sirate locationnot imeontacs withamy S blates theseof ubst rat e of t he
insect control article is selected fromthe group consisting of
paper - board, - open pore cellulosic materials, coiled corrugated paper, woven

cloth and npy- WoTR c&ﬂogﬁ, Inseits bAClafm's M&m‘gﬁk:’!‘?ﬁg@g&g ent
<ol i d® porous foarrs and finely diVided, channel ed honeyco v
structures W&MmmmmlqahmlofwnsﬂmhmmdnhﬂuMhod f or

ontrolling flying insects of Claim8, wherein the active insect control
I ngredient of the insect control article is inpregnated within the

of the Subst ¥t o e fof &@fcllioy g e of CRBIY, RRGeRIVELEet T

f1yi ng i nsemintrobingfkdientincluddseransfiuthtie, | nsect control article includes
hanger neans for hanging the inpregnated substrate in a suitable

envi ronment for use. 12. The nethod for controlling flying insects of
Claim8, wherein the insect control article includes attaching rneans for
attaching the inpregnated substrate to neans for circulating air, and the
step of placing the insect control article in an environnent with air
novenent and exposing the substrate of the insect control article
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thereto- Hﬂ!’udes the step of attaching the insect control artlcleqt‘Bolr‘Lre 316'3
farcirculating air at a selected . location not in CW
fan bl ades ther eof . 13. The met hod for controlling flying | nsect B.TéoM

Claim 8, wherein the insect active control ingredient
| east one of transfluthrin and tefluthrin. 14. The

controlling fl yWsect S Ofﬁ,oﬂmmm&ﬁkﬁ&mmﬂsﬁct acti
control ingredi ncl udes transf| utippmsgpnal Bureau
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