1 DEVI CE FOR CAPTURI NG OBJECT AND METHOD FOR USI NG THE SAME BACKGROUND OF
THE | NVENTI ON Field of the Invention The present invention rel ates
to an object-capturing device, which captures objects, such as

m croorgani sms and chenical substancesg, in the air, and a nmethod for using
t he obj ect-capturing device. Description of the Related Art

Conventionally, a technique of capturing objects, such as airborne

m cr oor gaDEBTCFARORCHPTTRINGUDBIROTAND DYETHOD RQRAVSING ITHIgSAME i | ter and
separating the objects by the filter has been well-known. A well-known
capturing device for capturing air-borne mcroorgani sns has a carrier,

whi ch undergoes a phase transition fromgel to sol at a tenperature raised
fromroomtenperature, GAGKEGROUNDMF OEMOINUYENIION osed in, for exanple,
Japanese Patent Application Laid-Open No. 2009-131186. Such capturing

devi ce i Fieldtdchelhveatian i npactor-type air sanpler. Wen air sucked by the
air sanpler collides with the carrier, mcroorganisns carried by the air

fl ow are capt ufkepiepenthiavesion mlatien t@ag ebjepthapéuridin dedes, wldch sol at es by

rai sing the tenperature, and thereby the captured m croorganisns with the
carrier icapturepbbjpttaseichre nobroargeadshs end chenicalsubstangesliis bhe Fineambt ai ned
m cr oorgani sns are counted according to a predeterm ned counting nethod.

A wel | - kriomathedtfrodsing theeedhjenticagturing &viggani sns is the ATP nmet hod, which
guantifies adenosine triphosphates (ATPs) extracted from m croorgani sns and
t hereby counts the m croorgani sns, as disclosed in, for exanple, Japanese

Pat ent Apﬁ)l i cation Laid-Open No. 11-137293. The ATP nethod extracts ATPs
. escription of the Related Art

‘Conventionally, a technique of capturing objects, such as air-borne
microorganisms and chemical substances, by sucking air through a filter and
separating the objects by the filter has been well-known. A well-known
capturing device for capturing air-borne microorganisms has a carrier, which
undergoes a phase transition from gel to sol at a temperature raised from room
temperature, on a capturing dish, as disclosed in, for example, Japanese Patent
Application Laid-Open No. 2009-131186. Such capturing device is attached to an
impactor-type air sampler. When air sucked by the air sampler collides with the
carrier, microorganisms carried by the air flow are captured by the carrier in a gel
phase. The carrier solates by raising the temperature, and thereby the captured
microorganisms with the carrier in a sol phase are obtained from the capturing
dish. The obtained microorganisms are counted according to a predetermined
counting method.

A well-known method for counting microorganisms is the ATP method,
which quantifies adenosine triphosphates (ATPs) extracted from microorganisms

and thereby counts the microorganisms, as disclosed in, for example, Japanese

Patent Application Laid-Open No. 11-137293. The ATP method extracts ATPs



2 contained in the mcroorgani sns by contacting the captured m croorgani sns
with an ATP extracting reagent, and counts the m croorgani sns based on the
intensity of | um nescence neasured when the extracted ATPs reacts with a

| um nescence reagent. For exanEIe, a nmethod for counting captured

m cr oor gani sns based on the nunber of “m croorgani smcolonies cultured in a
pl ate nmedi umrequires several days. On the other hand, the ATP net hod

requi res Q@Reihe®PRCth MmBROBEMis MOV Sodthoring (1R GPRIMA nierdtgdHighoRigani sms to
the counting of the mcroorgani sns. Thus, the ATP nethod dramatically

reduces tHeaTPaiirh@shd sedBent, and counttd WY RficrodldBnilR HEBEOS! t KOLMESsity
m cr oor gani sns based on weak | um nescence intensity. Substances that act as

di st ur bangeuhatkeinee s dGAEPIhe e trabted SR eBetk villfa bt Hegebnce
Consequently, these substances need to be m nim zed. A conventi onal
capturi ngeflgatitce , such as a device disclosed in Japanese Patent
Application Laid-Open No. 2009-131186, has a carrier exposed on a capturing

di'sh. Thus, T oFoexsamiile, a filetHoddogetinsing captiaed ttianoidantend Padad ohest ed, or
ot her substances that act as di sturbance factors may attach onto the

exposed aht mugibed uf migobdipganisni®la@iiéecultired &w & gdate i@l aneeqapesr ed onto the
carrier in an air sanpler and before the m croorgani sns are counted.
Parti cul aselaral dhen @ detothért leand) eiccATIP ercthodyeoyuies abhow aepbueedal s f ar
froma site where the mcroorganisns are counted, the carrier may be nore
heavi | y dontafromathedapturing of mhiorcotgrarisme talthe asheting b&theapt uri ng devi ce,
such as the device disclosed in Japanese Patent Application Laid-Open No.
2009- 131 18Broorganisid, Tles, e ATBmdthod dreramticadly eddaees ithgrdquéregditime.af t er t he
carrier is renoved fromthe air sanpler and before the mcroorganisms are
count ed, and tHewetnr, thecATR mredudgmuntmicapeaniehsdrseden wvesk site nmay not
be accurately counted. 3 SUMVARY OF THE | NVENTI ON

luminescence intensity. Substances that act as disturbance factors may be

contained in a sample to be counted. Consequently, these substances need to be

minimized.

A conventional capturing device , such as a device disclosed in Japanese

Patent Application Laid-Open No. 2009-131186, has a carrier exposed on a

capturing dish. Thus, for example, microorganisms other than those to be tested,

or other substances that act as disturbance factors may attach onto the exposed

carrier during the time after microorganisms are captured onto the carrier in an

air sampler and before the microorganisms are counted. Particularly, when a

test site where microorganisms are captured is far from a site where the

microorganisms are counted, the carrier may be more heavily contaminated.

In other words, when the capturing device, such as the device disclosed in
Japanese Patent Application Laid-Open No. 2009-131186, is used, the carrier is
contaminated during the time after the carrier is removed from the air sampler

and before the microorganisms are counted, and thereby the microorganisms

captured at the test site may not be accurately counted.



An object of the present invention is to provide an object-capturing device
and a using nethod thereof which accurately detect objects such as

m croorgani sns captured at a test site. To sol ve the above probl ens,
the present invention provides an object-capturing device which includes a

capturing dish holding a carrier, whi &h captures an object, on a first side
of the capturing dish. The capturing dish has a through hole extending from
the first side to a second side of the capturing dish. To sol ve the

above probl ens, the present invention also provides a nethod for using the

obj ect-capturing devi ce. EhprQRr&cOFCEPE UKVENTIRM ce | ncl udes a carrier
capturing an object, and a capturing dish holding the carrier on a first

side of the caphypjedgofdhd fibres%ﬁﬁiiﬁv@ﬁti&@mﬂérﬂrﬁﬁdéiaﬁfbbﬁéﬁca’%)thﬂhgldﬁhicam e
extending fromthe first side to a second side of the capturing dish. The

net hod i nglaudesink AR tEME ARSI 8RS ratklydidt6G obftgtd divh@ar ri er upward and
capturing the object; and directing the carrier dowward and contacting a

reagent fipfcrédRERGEMBYapti®e PR £6dst Wité.h the object captured on the carrier
t hrough the through hole. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1

is a di agram shexdlngilr Sofel pidblémgftha prasehDiiveatibs providedtanng appar at us
havi ng an obj ect-capturing device nounted therein according to an

enmbodi menfhjet-cifreripgeisent whisehciudes a capturingdiéh hdldisg acpefeapehichve vi ew
showi ng the vicinity of a nounting unit for the object-capturing device in
t he m cr qappass sAobje)bh AJiPHdE af i cabturikg dish. FI'ke cdptusng dishdss-sect i onal
vi ew showi ng the object-capturing device nounted on the nounting unit in
the m cr ahe@ah ok ettendingdrap Py fitst sidefto Bl second side of the capturing dish.
To solve the above problems, the present invention also provides a method

for using the object-capturing device. The object-capturing device includes a

carrier capturing an object, and a capturing dish holding the carrier on a first side

of the capturing dish, and the capturing dish has a through hole extending from

the first side to a second side of the capturing dish. The method includes the

successive steps of: directing the carrier upward and capturing the object; and

directing the carrier downward and contacting a reagent for detecting the object

with the object captured on the carrier through the through hole.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing a structure of a microorganism counting
apparatus having an object-capturing device mounted therein according to an
embodiment of the present invention;
FIG. 2 is a perspective view showing the vicinity of a mounting unit for the
object-capturing device in the microorganism counting apparatus of FIG. 1;
FIG. 3 is a cross-sectional view showing the object-capturing device

mounted on the mounting unit in the microorganism counting apparatus of FIG.



4 1, FIG 4 is a flowhart of operations of the m croorgani sm

counting apparatus based on instructions of a control unit; FIG 5

is a perspective view showi ng the object-capturing device according to the
enbodi nent ; FIG 6A is an expl %ged per spective view showi ng the

obj ect-capturing device of FIG 5 viewed from obliquely above; FI G

6B is an expl oded perspective view showi ng the object-capturing device of
FIG 5 viewed fromobliquely below, FIG 7 is a cross-sectional view al ong
aline W-W in FIG 5; FIG 8 is a perspective view showi ng a

met hod for captugidg anﬂ&mmg@wp@mldﬁ@lonmé@@r@bg@ﬁ@mc@ahuhgng devi ce
according to the enbodi nent of the present invention; FIG 9A1 is a

Cr 0SS- SeCigpaiatius bhedd ¢ inkhacabiLsta dapbuthitg devi ce, showing a nethod for
usi ng the object-capturing device in the m croorgani smcounting appar at us;

FIG. 5 1s a perspective view showing the object-capturing device according
to the embodiment;

FIG. 6A is an exploded perspective view showing the object-capturing
device of FIG. 5 viewed from obliquely above;

FIG. 6B is an exploded perspective view showing the object-capturing
device of FIG. 5 viewed from obliquely below;

FIG. 7 is a cross-sectional view along a line VII-VII in FIG. 5;

FIG. 8 is a perspective view showing a method for capturing
microorganisms using the object-capturing device according to the embodiment of
the present invention;

FIG. 9A1 is a cross-sectional view of the object-capturing device, showing a
method for using the object-capturing device in the microorganism counting
apparatus;

FIG. 9A2 is a cross-sectional view of the object-capturing device, showing
the method for using the object-capturing device in the microorganism counting
apparatus;

FIG. 9A3 is a cross-sectional view of the object-capturing device, showing
the method for using the object-capturing device in the microorganism counting
apparatus;

FIG. 9A4 is a cross-sectional view of the object-capturing device, showing
the method for using the object-capturing device in the microorganism counting
apparatus;

FIG. 9B1 is an enlarged schematic diagram showing the vicinity of a filter



FIG 9A2 is a cross-sectional view of the object-capturing device, show ng
the nmethod for using the object-capturing device in the m croorgani sm

counti ng appar at us; FIG 9A3 is a cross-sectional view of the
obj ect - capturi ng device, show ng the thod for using the object-capturing
device in the m croorgani smcounting appar at us; FIG 9A4 is a

cross-sectional view of the object-capturing device, show ng the method for

usi ng t hgnqhk egde-FAPGUSANRY device in the mcroorgani smcounting apparatus;
FIG 9Bl is an enlarged schematic diagram showing the vicinity of a filter

5 in the case piGFHE3 isWenlarged schelafc @BZabsSstavientiar gefitgenemt i ¢ di agram
showing the vicinity of the filter in the case of FIG 9A2; FIG 9B3

is an enlggad tﬁ@b@g&&‘m;@mr am showing the vicinity of the filter in the
case of FIG 9A3; and
FIG. 9B3 is an enlarged schematic diagram showing the vicinity of the
filter in the case of FIG. 9A3; and
FIG. 9B4 is an enlarged schematic diagram showing the vicinity of the

filter in the case of FIG. 9A4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An object-capturing device according to an embodiment of the present
invention will be described in detail with reference to the drawings as appropriate.
The embodiment will be described using an object-capturing device for capturing
air-borne microorganisms (for example, microbes and fungi) as an example,
However, the objects captured by the object-capturing device of the present
invention may be microscopic particles of metal or of chemical substances. The
objects are not limited to solid objects, and may be mist.

First, an overall structure of a microorganism counting apparatus having
the object-capturing device mounted therein, and a method for counting
microorganisms with the microorganism counting apparatus will be described
according to the embodiment. Second, the object-capturing device and a method
for using the object-capturing device will be described according to the
embodiment.

Overall Structure of Microorganism Counting Apparatus

As shown in FIG. 1, a microorganism counting apparatus 10 is an

apparatus for counting microorganisms contained in a sample according to the

ATP method. The microorganism counting apparatus 10 includes a mounting



FIG 9B4 is an enlarged schematic diagram showi ng the vicinity of the
filter in the case of FIG 9A4. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENT An obj ect-capturing device according to an enbodi nent of
the present invention will be describgd in detail with reference to the
drawi ngs as appropriate. The enbodinent will be described using an

obj ect-capturing device for capturing airborne m croorgani sns (for exanple,

i cr obes afi¢l162/ABuhtiAS aARbRYPEI ErinFAVAYE (refdr@o BIGEL! tave@dPtter ed by the
obj ect-capturing device of the present invention nmay be m croscopic

parti cl esaafpléreicdbindh f@fctoReNliGaH t5ubSORRCRS-watbes\@hildat smay ®@3ngt |inited
to solid objects, and may be m st. First, an overall structure of a

i Cr 00T g6 CaltNMoLNg reigPaAt @lrtiSd oY having heultpleaehgdapRyL ididedevce nount ed
therein, and a nethod for counting mcroorganisns with the m croorgani sm

count i ng ERP G alanithdscee-idemeity bedsaceomdivag 107, hhd a i@l wEntlos8,Second,
t he object-capturing device and a nethod for using the object-capturing

devi ce wivhichardhaoed bed cabinet thng to t he enbodi ment. Overall Structure of
M croor gani sm Counti ng Appar at us As shown in FIG 1, a mcroorganism
counting appar Bowsimblicitg FiG. aphawathescabirtet 0L ahd tlge rdagemiaagaidgersincont ai ned
in a sanple according to the ATP nmethod. The m croorgani sm counti ng
appar at usa ddsheddwodested limouamd oraits GhawshjéctLORturmgdeaving lan obj ect - capt uri ng
device 1 (refer to FIG 2) having the sanple therein, a functional |iquid
tank 105, a hoAsshdven irsH{{pl 3 ithgmonnting 03t W2hasta eressed portidd, 102ar eagent
cartridge 2 having nmultiple reagents R, a dispensing unit 106, a
| um nesceancdvingttbeashjbst-cmpasimedendce Lifiiet, allbhsirgril. aThomouotingminit @8, whi ch
are housed in a cabinet 101.

also includes an engaging ring 102b. As described below, a heater 102¢ (refer to

FIG. 3) is embedded in an aluminum member surrounding the recessed portion

102a, that is, forming the recessed portion 102a. To form the recessed portion

102a, other highly heat conductive members may be used instead of the

aluminum member.

The engaging ring 102b is attached on the periphery of the opening of the

recessed portion 102a. As described in detail below, the housing 6 is mounted on

the mounting unit 102 by engaging the engaging ring 102b with first engaging

claws 62a provided on the housing 6 of the object-capturing device 1. The

engaging ring 102b has cutout portions 102d in such a planar shape as to receive

respective first engaging claws 62a of the housing 6. Between the engaging ring

102b and an apparatus body 10a having the recessed portion 102a formed therein,

a gap G is formed to have a height large enough for receiving the first engaging

claws 62a.

In other words, when the housing 6 is fitted into the recessed portion 102a,

the first engaging claws 62a are inserted into the recessed portion 102a through

respective cutout portions 102d, and the housing 6 is rotated to slide the first



For sinplicity, FIG 1 shows the cabinet 101 and the reagent cartridge 2 in
a dashed-two-dotted line, and omts the object-capturing device 1.

As shown in FIG 2, the mounting unit 102 has a recessed portion 102a
receiving the object-capturing device,1 (i.e., a housing 6). The nounting
unit 102 al so includes an engaging ring 102b. As descri bed bel ow, a heater
102c (refer to FIG 3) is enbedded in an al um num nenber surroundi ng the
recessed digabin@tladPeRa inbathd gap GOr Theighy, ke heGess6 6k AagedwithORa. 'Ib form
the recessed portion 102a, other highly heat conductive nenbers may be used
i nst ead afnghB@gaingmorbn nenber . The engaging ring 102b is attached
on the periphery of the opening of the recessed portion 102a. As descri bed
in detail bel ows shiven ESGNY whensheobjetiechpourihhdevivaibisd plgcadninttha 02 by
engagi ng the engaging ring 102b with first engaging claws 62a provi ded on

t he housimegesSedportive B8R et toveaplofithaghjetecapmring ddvicedngagoveg, andig 102b has
cutout portions 102d in such a planar shape as to receive respective first
engagi ng abawsn®H@iah dfdiggsedoutherigpubingBat weposetl hes deagdlgidnig detaigbdlO@b and an
apparatus body 10a having the recessed portion 102a forned therein, a gap G
is formed to hhvEIG. Jeithhtughchde4tfivugfectiog thewapwitad trbfer to FEG. Bngagi ng

cl aws 62a. In other words, when the housing 6 is fitted into the
recessed guothatovatéORep anhetefnalspaentfacfi thg hohising 662 samier § hisprseédni nto t he
recessed portion 102a through respective cutout portions 102d, and the
housi ng @hedarbside ofitheocapbimbeg dish 4 adsschafzecapgaiyigfgacif dhsh@gang 6t t he gap
G Thereby, the housing 6 is engaged with the engaging ring 102b. As
shown i n fHte® 7 grovided ontthe outsiidecaf-thagisghargg opening&4a, 4yl phaden haadt he
recessed portion 102a, a cover 3 of the object-capturing device is renoved,
and a captQdaiof ghelsushion vitsHiis@efer tp FHB 1 compastedowith thx howwag 6aze descri bed
in detail bel ow. In FIG 3, a through hole 41 for injecting the
reagent s shopmnef dhe frtematspade Gheprinsponds tor'aisnaes” ahthewlaimfal space 66 of the
housing 6, a carrier 5 disposed on the back side of the capturing dish 4, a
di schar ge openfagheua inFI¢hd the okielocaptunng devies 1 & ppuntedsa thh t he out si de
of the discharge opening 64a, and a suction head 104a of the suction unit
104 (ref @rogrting @it 102 @gwﬁsbttb@ewatgm rHegA0gRi g the ghleckeppRRIinghe i nt er nal
space 66 corresponds to "a space" in the clajnms

device 1, the capturing dish 4 having the through hole 41 is disposed above the
housing 6, and the carrier 5 as a sample is disposed on the back side of the
capturing dish 4 and in the internal space 66 of the housing 6.

In the object-capturing device 1 mounted on the mounting unit 102, the
housing 6 has a protruding portion which protrudes upward from the recessed
portion 102a, and the capturing dish 4 is disposed in the protruding portion. The
heater 102¢c may be any means that is capable of heating the recessed portion
102a (the aluminum member), which surrounds the housing 6 of the
object-capturing device 1 mounted on the mounting unit 102, to a predetermined
temperature. Specifically, the heater 102¢ is preferable to be, for example, a
cartridge heater.

The functional liquid tank 105 shown in FIG. 1 is adapted to store liquid

such as sterile distilled water. This liquid is poured into the housing 6 (refer to



As shown in FIG 3, the object-capturing device 1 is nmounted on the
nmounting unit 102 through the engaging ring 102b. In the object-capturing
device 1, the capturing dish 4 having the through hole 41 is disposed above
the housing 6, and the carrier 5 as a_,sanple is disposed on the back side
of the capturing dish 4 and in the i nfer nal space 66 of the housing 6.

In the object-capturing device 1 nounted on the nounting unit 102, the

housi ng GERAS) 8o, 0%k HHid) Smip Fdvie 1200t Mo R Ba R STt Rl B SicH BURITS: torIIM. Bher T ecessed
portion 102a, and the Capturing dish 4 is disposed in the protruding

portion. ¢HReLRLEE tuﬂiQ%ﬁe%éfl,Qﬁ‘ 18 M sHEBO Rolidiad, dsTe6@pRlRIcw. Maating the
recessed portion 102a (the al um num nenber), which surrounds the housing 6

of the obji@GH iCABS PoirRE iske\d Sﬁgirﬂg Yt efhinottell 16 a RPHALE PEmYMNIOBe d0he tO a
predeterm ned tenperature. Specifically, the heater 102c is preferable to

be, for exapaisthg whif 204 43 dgeribeBbedéw. The functldimal ligard fagRa5 maybteket ank 105
shown in FIG 1 is adapted to store liquid such as sterile distilled water.
Thi s |i quihwgfdrsop@ened into the housing 6 (refer to 8 FIG 3) to, for
exanple, inprove a filtration rate of the carrier 5 (refer to FIG 3) of

t he obj ect - capTues hogweaRtisapplringdiinit R0VA&dts tahe shppisdsnfpr easmghs eiid bed bel ow.
The liquid is also poured into a piping systemconnected to a syringe punp
106c of tdierildi digsihai wated sippliddras theforctibed lhplidvankThos. f @petificald |i qui d
tank 105 may store buffer sol ution. The hot-water supplying unit 103
heat s andhehppiats, supplyiexanitl163 ihjeets Sibewiatea idicsthelihednalapace 8Gippl i ed from
the functional liquid tank 105. Specifically, the hot-water supplying unit
103 i nj eclrafehtt FI@tR in thet loushes 6 threnglathesthacegcholé dé fledertto RIGG) &) in the
housing 6 through the through hole 41 (refer to FIG 3) of the capturing

di sh 4 Fotheexpivpirng, ditlhé. hBor-exatmrie, shp pbywatersnpplyii@Sunis 183 isd tnitnot shown)
for discharging hot water heated by a cartridge heater with a peristaltic
punp t hr dughstowm fal dsdhorgieg hat waterflmateiianpratrided heatebwvethtaibe. Thi s
nozzl e having a neans for noving in horizontal and vertical directions is

i nsert ed penistaltih@uinpt dwrnegh s porzée Hemed sfidy, farexpmple, 3)flezible hebehodhing 6

t hrough the through hole 41 (refer to FIG 3) of the capturing dish 4 as
necessar ynozzle havingfhmegus faramovimg in herizonbadvand, verfigab dirpchorsds ingegbedexanpl e,
the hot water and the reagents R described below, which are injected into

t he i nt eringd thepgatrengbspare e frefay tEFEG. 3)ofithe hhwsing B$hrnysh the hwgugkhar ge t hem
through the filter 7 (refer to FIG 3). For exanple, this suction unit 104
i ncl udes hdledd (refarsn FhGad dfche cantatiag dish $pene@psaf¥scri bed above, a suction
punp (not shown) connected with the suction head 104a through predeterm ned
pi pi ng, and a Whesectiomnknit 104 showmrineFKgdl sushs.Jpn @xmﬁeafé)@&og W8Tt o t he
enbodi ment further includes a |ifting apparatus (not shown) lifting and

| ower i ng ansetheergents Relgacrilmdbelow, eviaph are pgeckadcnterhedaipnabspace fefer to
FIG 3) to be engaged with and di sengaged fromthe _housjng 6 (refer to FIG
3) nount duefenta .rg%gm{:h%@oq;mg 6,togischarge them through the filter 7 (refer to

FIG. 3). For example, this suction unit 104 includes the suction head 104a (refer
to FIG. 3) described above, a suction pump (not shown) connected with the suction
head 104a through predetermined piping, and a waste tank.

The suction unit 104 according to the embodiment further includes a
lifting apparatus (not shown) lifting and lowering the suction head 104a to enable
the suction head 104a {refer to FIG. 3) to be engaged with and disengaged from
the housing 6 (refer to FIG. 3) mounted on the mounting unit 102.

In the reagent cartridge 2 shown in FIG. 1, multiple reagents R necessary



In the reagent cartridge 2 shown in FIG 1, nmultiple reagents R necessary
9 to the ATP nethod are arranged in a block. The reagent cartridge 2 is

di sposed at a predeterm ned position in the vicinity of the nounting unit
102. In the reagent cartridge 2, each,reagent R is disposed at a
predeterm ned position, and a dispensing nozzle 106a of the dispensing unit
106 descri bed bel ow di spenses the reagents Rin a predetermned order into

t he housi#gh6 ADP héthod Bieatratgql iurd bigeld eViteereAgatdattbidge & ib dispoagicence-t est
tube 107a of the |um nescence-intensity nmeasurenment unit 107. In other

wor ds, t hgt d pedéieominddimsitdaridithaze)ityodf thaciounecagantit 4. Iathe ed in the
control unit 108 controlling the dispensing unit 106, as described bel ow
Exanpl es whgéltearenige; sadh reegagfatsyWismséd et ApRdebirhoded paditide andm ATP
elimnating reagent for elimnating ATPs that exist out of cells of
capt ur ed dispaneorgganekifta afith¥TdRsgedsiracinin 308 degeibed belowakisyenses thg ATPs
contained in the m croorgani sns, and an ATP | um nescence reagent for
pr oduci ngrehgerith Esinenee dofer e dArBsr s thachedify ®of thiaebjectcapdnrjagi sns.
Exanpl es of the ATP elimnating reagent include an ATP-degradi ng enzynmne.
Exanpl es devideHearAlliRtex {uraotescegpce ey dnbe 107@ afdbe huhimesenkonitemsitshl ori de, a
trichloroacetic acid, and a Tris buffer solution. ~ Exanples of the
ATP | uni nesecemementeaned07.i ol ajbier wotdscibedpersion| (the doerdinatesafench The
exanpl es of the reagents R may include a correction reagent for the
| uni nescemragentril tratored intlas condrrd mnitui{iS contrpllingridie sispensiag punitel aeer .
described below.

Examples of the reagents R necessary to the ATP method includes an ATP
eliminating reagent for eliminating ATPs that exist out of cells of captured
microorganisms, an ATP extracting reagent for extracting ATPs contained in the
microorganisms, and an ATP luminescence reagent for producing luminescence of
the ATPs extracted from the microorganisms.

Examples of the ATP eliminating reagent include an ATP-degrading
enzyme,

Examples of the ATP extracting reagent include a benzalkonium chloride,

a trichloroacetic acid, and a Tris buffer solution.

Examples of the ATP luminescence reagent include a luciferase/luciferin
reagent.

The examples of the reagents R may include a correction reagent for the
luminescence-intensity measurement unit 107, and sterile pure water.

The dispensing unit 106 shown in FIG. 1 dispenses the reagents R
described above into the housing 6 of the object-capturing device 1. The
dispensing unit 106 also dispenses the reagents R and ATP extracted solution in

the housing 6 (refer to FIG. 3) as described below into the luminescence-test tube



The di spensing unit 106 shown in FIG 1 dispenses the reagents R described
above into the housing 6 of the object-capturing device 1. The dispensing
unit 106 al so di spenses the reagents R and ATP extracted solution in the
housing 6 (refer to FIG 3) as descrifed below into the | um nescence-test
tube 10 107a of the |um nescence-intensity measurenment unit 107.

The di spensing unit 106 may include the dispensing nozzle 106a fornmed with
a thin tubgga @nhabimidkaenddmbensiyi measubenehitapanidhg nozzl e 106a in the xyz
axis directions, the syringe punp 106c connected with the di spensing nozzle
106a t hrough pMaddispeniing dnitl 1@6iddeinglydertbe disbenging noxyld h@ga forrowdh)
supplying, for exanple, sterile distilled water fromthe functional liquid
tank 105 withauidin tdte, sy attngrfih nidGo the disyendingpensle 1§6a oz Heexyk06a.

The | um nescence-intensity nmeasurenent unit 107 shown in FIG 1 may be a
uni t whi cixis dokctites, theaylinge pempdiiée ctestteduhish 7disparsingesizld Hfat he ATP
extracted sol ution dispensed fromthe housing 6 (refer to FIG 3) as
descri bedthretghwptedetermeheddldxibie pipsugibe piping\Rs shaww) sspplymisdscence
detecting unit body 107b having, for exanple, a photonultiplier which

det ect s |ensimydecxterdle distilledsvater frbmt the fiiwemnal liquid tafkhd0g dongh thait 108
shown in FIG 1 has overall control over the m croorgani smcounting

appar at ussytringe Pranpcbificrto thaidispersdss nozsle ¥¥at rol s t he hot -water suppl yi ng
unit 103, the suction unit 104, the dispensing unit 106, and the

| um nescence- i Aheheningsepnaeintensiti maasuremont ueit dPdichegve on EI@rbeesure to be

descri bed bel ow, after the object-capturing device 1 (refer to FIG 3) is
mount ed ore a keitridiieh inslpdgaithe ﬁmzineaqqn@e'te@hwmll% aifer reogvingdhaddd a CPU, a
ROM a RAM various interfaces, and circuitry. Operations of M croorgani sm
Count | ng wspREtes sphutienFiNBATaed Sy tHedueine WP GOF Ward gdleseribed
below to produce luminescence of ATPs, and a luminescence detecting unit body
107b having, for example, a photomultiplier which detects luminescence intensity
of the ATPs.
The control unit 108 shown in FIG. 1 has overall control over the
microorganism counting apparatus 10. The control unit 108 also controls the
hot-water supplying unit 103, the suction unit 104, the dispensing unit 106, and
the luminescence-intensity measurement unit 107 according to a procedure to be
described below, after the object-capturing device 1 (refer to FIG. 3) is mounted on
the mounting unit 102. This control unit 108 includes a CPU, a ROM, a RAM,
various interfaces, and circuitry.
Operations of Microorganism Counting Apparatus and Method for Counting
Microorganisms
A procedure of execution by the control unit 108 will be described. In this
description, operations of the microorganism counting apparatus 10 and a method

for counting microorganisms will be described. FIG. 4, which is referred to in the

following description, is a flowchart showing the procedure in which the



A procedure of execution by the control unit 108 will be described. In this
description, operations of the m croorgani smcounting apparatus 10 and a
met hod for counting mcroorganisns will be described. FIG 4, which is
referred to in the follow ng descriptjon, is a flowhart show ng the
procedure in which the 11 m croorgani'sm counting apparatus operates based
on instructions of the control unit. In the m croorgani smcounti ng
appar at usmikBocrBomEmi subilify apparahie dperdtesbassd dn ihBGusfi@aistsf tlexemttdlon of the
foll owi ng procedure when a start switch (not shown) is turned on after the
obj ect - captitiri ng device 1 (refer to FIG 3) is nounted on the nounting unit
102. As shown in FIG 4, the control unit 108 sends an instruction
to, for exanpl b the mpicecketatismroedniing eppamtiol hgpiwn o€, 1t the doatiobat er 102c
(refer to FIG 3) to generate heat. On the request of the control unit 108,
t he tenperst W& stattstexecutmmrdfehe hlloweigproval vzt Ghed)a whrttdwatoblpect - capt uri ng
device 1 is raised with the heater 102c (Step S201). Thereby, the carrier 5
sol at es ahdwhhid tergahen aftdr thhebjeeptaptivngg dewbe 4Gefeefie FIG03)ES @oudjedont 0 t he
i nside bottom of the housing 6 (refer to FIG 3). The control unit
108 sendondbeimasimtingtiohl®d t he hot-water supplying unit 103 (refer to FIG
1) to inject hot water into the housing 6 (refer to FIG 3) (Step S202).

" Thereby, the céssghewn i FHéfsbithe cortrabun®) 1G8genfepan sedtenction tanfdri s di | ut ed
with the hot water. The control unit 108 sends an instruction to the
suction wxample4 nreddtermined b grter)to mppkyrupange te the kaased Bickeeder to@I&. (r ef er
to FIG 3) with the housing 6 (refer to FIG_ 3), and then suck and filter

t he cont ehte gererateehasdusPngherqavestcof the cetepl Wit 108, she Bromraturpef eby, the
m croorgani sms captured in the carrier 5 are separated and held by the
filter 7 theepwiert(refecto BIG. 3efithanbienticaptainggavicerl i rpised mithethed and

di scharged out of the housing 6. ‘The control unit 108 again sends an
i nstruct ilwﬁt@trolqzﬁésmﬁtszﬂé-eﬂ%@lﬁ?ﬁl therrgriiey ¢ salaswgddalipdorarofiéhe wat er into
the housing 6 (refer to FIG_ 3) (Step $204). Then, the hot ter in the
housi ng @apturing digh ddreferto Gl puig s yusidh betsay of thechousing 6 (refer to

FIG. 3).

The control unit 108 sends an instruction to the hot-water supplying unit
103 (refer to FIG. 1) to inject hot water into the housing 6 (refer to FIG. 3) (Step
S202). Théreby, the carrier 5 (refer to FIG. 3) further solates, and is diluted with
the hot water.

The control unit 108 sends an instruction to the suction unit 104 (refer to
FIG. 1) to engage the suction head 104a (refer to FIG. 3) with the housing 6 (refer
to FIG. 3), and then suck and filter the contents in the housing 6 (refer to FIG. 3)
(Step S203). Thereby, the microorganisms captured in the carrier 5 are
separated and held by the filter 7 (refer to FIG. 8), and the diluted carrier 5 is
filtered and discharged out of the housing 6.

The control unit 108 again sends an instruction to the hot-water supplying
unit 103 to dispense hot water into the housing 6 (refer to FIG. 3) (Step S204).

Then, the hot water in the housing 6 is filtered again (Step S205). Thereby, the



12 filtered hot water renoves remaining diluted carrier 5 fromthe inside
of the housing 6, and accordingly the recovery rate of m croorgani sns at
the filter 7 is inproved. The control unit 108 sends to an
instruction to the dispensing unit 1 (refer to FIG 1) to dispense the
ATP elimnating reagent in the reagent cartridge 2 into the housing 6
(refer to FIG 3) (Step 5206). As a result, the ATPs that exist out of the

cel I s of fihedrh6t @ofcl 2h6VEE 10Mallifg Hillitc@reatrigr B fiekd tHeradiae of the The
control unit 108 sends an instruction to the suction unit 104 (refer to

FIG 1) thuskhgk, hha acondipalysthefreddverynuws bh@idodrghiemstad thd MtesY i@nd filter
the sucked contents (Step S207). Thereby, the m croorgani sns are separated
and hel d ibyréhd. filter 7 (refer to FIG 3), and the ATP elim nating reagent
and the hot water are filtered and di scharged out of the housing 6.

The control unThe ddifrdl @iniSIBreehds ta arcinstruction ththedlispenrignenitibdé 106 (refer
to FIG 1) to dispense the ATP | um nescence reagent in the reagent

cartri dgdrefei ot FIG. hetd disparms cRanATPebiatind e reb@ént iorthe ecadent BarGriddd (St ep
5208). The control unit 108 sends an instruction to the

| um nesceénimeo thetlensingy6 (refas to Bited) ($tap S206)7 Asef esult,ahEAFPsThat existur n on
the I um nescence detecting unit body 107b (refer to FIG 1) (Step S209).
‘The cont rook ofithetcel8 8f fendrramngamshe oo thefilteo7 aheeltngpéedi ng unit 106 (refer
to FIG 1) to dispense the ATP extracting reagent in the reagent cartridge
2 into the houfhagmrql neitel08tsenfs G iBrycSoapo H2d HictioThanie 4 (r¢fePo ar e
extracted fromthe mcroorganisns held by the filter 7, and sanple solution
i s preparB. dhtadwekithe tertents of the housivig @krefr dp FIG2PGrwinfalt Do sucked

| um nescence detecting unit of the |um nescence-intensity nmeasurenment unit
107 per f apnients (e §2@Un dThemby therericroofgamirang aei sepswéetand beld yube 107a

with the ATP | um nescence .
the filter 7 (refer to FIG. 3), and the ATP eliminating reagent and the hot water

are filtered and discharged out of the housing 6.

The control unit 108 sends an instruction to the dispensing unit 106 (refer
to FIG. 1) to dispense the ATP luminescence reagent in the reagent cartridge 2
into the luminescence-test tube 107a (refer to FIG. 1) (Step S208).

The control unit 108 sends an instruction to the luminescence-intensity
measurement unit 107 (refer to FIG. 1) to turn on the luminescence detecting unit
body 107b (refer to FIG. 1) (Step S209).

The control unit 108 sends an instruction to the dispensing unit 106 (refer
to FIG. 1) to dispense the ATP extracting reagent in the reagent cartridge 2 into
the housing 6 (refer to FIG. 3) (Step $210). Thereby, ATPs are extracted from the
microorganisms held by the filter 7, and sample solution is prepared on the filter
7.

After Steps S208 and S209, the luminescence detecting unit of the
luminescence-intensity measurement unit 107 performs a background

measurement of the luminescence-test tube 107a with the ATP luminescence



13 reagent. The control unit 108 sends an instruction to the

di spensing unit 106 (refer to FIG 1) to dispense an adequate anount of the
sanple solution (i.e., the ATP extracted solution) in the housing 6 into
the | um nescence-test tube 107a wheri t he background neasurenent has been
perfornmed (Step S211). Thereby, the “?P extracted solution reacts with the
ATP | um nescence reagent which has been di spensed in Step S208, and
produces ybanpescence in the | um nescence-test tube 107a. The

| um nescence detecting unit body 107b (refer to FIG 1) of the

| um nescence- i Tiieditioy uiRaADBreeARNAn tistiucliod t4 tief dikpdmidg €nit 106 Gefeect s t he
ATP | um nescence and outputs signals. The control unit 108 digitizes the
out put t edo FIGNDI t8 diwedsamastsRaté anbnrsefahe eamplecsobition bhas el ATPt he

si ngl e- photon counting nethod (Step S212). Then, the control unit 108

cal cul at estriabied AdRtanpimnthe(laieing 6 intd the JARnextn@desdubel|l0Ta ethecd spensed
into the | um nescence-test tube 107a based on a prestored calibration curve
i ndi cat i nhe biackgrelmt momsurenasthad beenAEFoamed (Step S201) Dhdrablyetbeuni nescence
intensity (CPS), and the control unit 108 counts the m croorgani snms using
an ATP vaiTRextrdviahsolmyorbeeactwich thaATR homidvecege reageshwhimntizerbeeh t he

m croorganisns in the carrier 5. This ATP value is cal cul ated based on the
. ATP anvountispeasad in Stepl SEO8, andmmducss lemmesdidce i thecluadnessbuger tont bibet he

sanpl e solution prepared in Step S210 (Step S213). Object-Capturing Device
The obj edD7gapturing device 1 according to the enbodi nent will be

descri bed. The up and down direction of the object-capturing device 1 in
the fol | owi ng Heslemipesconcd detedimgsambbedy 107t refiiotonfiGh Brpfghes. FIG 5 is a
perspective view show ng the object-capturing device according to the
enbodi medemines@neginteysian meppnseeat paitsidddrefortof 6w 13 Hetrrtisghe RSP

obj ect-capturing device of FIG 5 14 viewed fromobliquely above. FIG 6B
is an exphoiregcnse apdoutnrs visaalss hdWe septetlamebl @t distiigss the piefrabieice of FIG

5 viewed fromobliquely below FIG 7 is a cross-sectional view along a
i ne W - \pignale, Epdmegsures luminescence intensity based on the single-photon

counting method (Step S212). Then, the control unit 108 calculates the ATP
amount (amol) in the ATP extracted solution dispensed into the luminescence-test
tube 107a based on a prestored calibration curve indicating the relation between
the ATP amount (amol) and the luminescence intensity (CPS), and the control
unit 108 counts the microorganisms using an ATP value, which may be converted
into the equivalent number of the microorganisms in the carrier 5. This ATP
value is calculated based on the ATP amount (amol) and the amount of the ATP
extracted solution of the sample solution prepared in Step $210 (Step S213).
Object-Capturing Device

The object-capturing device 1 according to the embodiment will be
described. The up and down direction of the object-capturing device 1 in the
following description is the same as that shown in FIG. 5. FIG. 5 is a perspective
view showing the object-capturing device according to the embodiment. FIG. 6A

is an exploded perspective view showing the object-capturing device of FIG. 5



The obj ect-capturing device 1 according to the enbodinent is placed in an

i npactor-type air sanpler 50 (refer to FIG 8) described below to capture
m croor gani snms, which are air-borne objects. The object-capturing device 1
is nounted in the nicroorganisn1couthng apparatus 10 described above to
count the captured m croorgani sm The object-capturing device 1 is turned
upsi de down and used when m croorgani snms are captured, as described in
detai | be}ig¥ed from obligASlySibevd) IFIGEEBis bn eRflodipgdrspative Ofewohdwifg
object-capturing device 1 is in a substantially cylindrical shape, and a

| ower porthi @bjef-cdpitriapdedte 6N 5 vigvsteftb@ebliguslyibelow. S TD6t At a al | y

coni cal shape so that the dianeter of the horizontal cross section of the
obj ect - capbdsFdebijorttd WicwealdbnpadnreA 1 SARid Fidvhward as the horizontal cross
section lowers. As described in detail below the object-capturing device 1
i s engaged W t Thé bigjeattdaptatng ésvidOl ddcefding totheld@mbdiiment i péacadeanpor ti on
of the object-capturing device 1 when m croorgani sns are captured. The

obj ect - capipaciongymstesir cempler S0dndaged . 8hdédeeibad belowrtg@aptsme count i ng
apparatus 10 in the |l ower portion of the object-capturing device 1 when the
capt ur ed micesorgamjami swhichnee givthormdobjects. Thd ebjéat @aptHringievievies 3, t he
housi ng 6, second engaging claws 31 engaging with the air sanpler 50 (refer
‘to FIG 8&hogssdin bedmbeborganiamdeonnting iappéradng Q) desgribbdabo®la cewttagi ng with
the m croorgani smcounting apparatus 10 are shown. The air sanpler 50

cor r espontis captutred sapboeangrap Rireabistwhptohingaeviee dgs timmedipsice” in t he
claims. Each second engagi ng claw 31 corresponds to "an engagi ng portion"
in the cldowmsandigsedivoan micrfirganigmsaare caBured @s dojcsibed dmgetadl hedpwdevi ce 1
includes the 15 cover 3, the capturing dish 4, the carrier 5, the housing
6, the filter Zsshown in FIGtirnswrer perjion of ghaobjpstcantuning dvdgpokiEdnin this
order fromupward to dowmward and fitted with each other. ) The cover
3 is attachdutagiadlyoylindricalisbape, swdrii lagepportion df dbe phigetaagyénd bed bel ow,
and has a cylindrical shape with a bottom and an opening facing upward. On
an upper dsvicednisdr esubstantiale coticalshaprisathat fhe digmesen ofghe hgeigomdpl t he cover
3, the second engagi ng claws 31 described above are fornmed to_protrude

radi al | y asessvegetdon afiihie pbjeplscanturing davire 1 Heeosrersapall doyarwang 46 ™8 each ot her
on the circunferential surface of the cover 3. According to the enbodi nent,
t he nunbéetorispnta) erose sentigndemersi nds dpsaribed in detailhelow, thmekipcticaPEHIRE as t he
nunber of engagi ng cutout portions 53 érefer to FIG 8) described bel ow of
the air sievisedrisspgaged with thopipsampler 58 (edarip 1609} ia1the ygrergrortipRobyt er
cylindrical surface of the cover 3, three third engaginhg,.claws 32 are
formed t dhpobiectierptreng dpyige éa‘thﬁarfal,cr%aalpémﬁérﬂ%%&eéﬂd i'H€a const ant
spacing wi.ith each other on the circunferential surface of the cover 3. The
third endgd¥fchigarivaing devicgrids epgtaed With e pATPrga M CUfINgIRRBRERTHS ooves 61a

descri bed bel ow_of the housing.6 to detachab enga the coyer 3 with the
housi ng L0 in the lower portion 0? thegobject-capturing daevic)e/ 1 \ngengﬁle captureg

microorganisms are counted.

In FIG. 5, the cover 3, the housing 6, second engaging claws 31 engaging
with the air sampler 50 (refer to FIG. 8) described below, and the first engaging
claws 62a engaging with the microorganism counting apparatus 10 are shown.
The air sampler 50 corresponds to "a capturing apparatus which captures the
object" in the claims. Each second engaging claw 31 corresponds to "an engaging
portion” in the claims.

As shown in FIGs 6A and 6B, the object-capturing device 1 includes the



As shown in FIG 6B, an outer bottom surface of the cover 3 fornms an uneven
surface constituted by nultiple straight ridges and strai ght grooves

di sposed alternately and in parallel with each other, the ridges of which
protrude downward. When the outer bot1 om surface of the cover 3 contacts

wi th an upper surface of the capturing dish 4 as described below, this
uneven outer bottom surface reduces the area of contact with the capturing
di sh 4. FRQbeeXahPktusiht Aisht Hehobi@ict 5CaRthusig 6jehé fked 7 mdwunt ed on the
mounting unit 102 (refer to FIG 2) of the m croorgani smcounting apparatus
10 descrijped-abeey rivh8Nwhhd £6vapokd ia thermiedrbnamwae b doshwgrd, this
uneven surface facilitates easy detachnment of 16 the cover 3 fromthe

capt uri N SthedwiWhi cabh bthekeft in the housing 6. As described bel ow, after
m croorgani sns are captured using the air sanpler 50 (refer to FIG 8),
when t he obj ectThe apievBiingttdentdae clbsé snadper @ening & the bpeongéni sm counti ng
facility (for exanple, a facility having the m croorgani smcounti ng

appar at usdckbrifadictsw, tandflaGa chlihdeitallshapd wigher tttime angd anepesingfycing
condensation may rarely occur between the cover 3 and the capturing dish 4.
Even in tdjweardasOn doheppeneirembuedidedfaci thetoatesybadsicasuaphnelitheof t he
cover 3 fromthe capturing dish 4. This uneven surface is not limted to

t he aboveosér fithhtemhdgesaginglclavs Silgletcriredabese arerfdrmed therotidsed with
multiple protrusions, or with grains such as a matte finish pattern or a

t ext ure patiadlymutward, and Asbe Hispesedrinfl @nst@Bt spavingwithieaeh othsr vothsur f ace of
the cover 3, a protrusion 33 in a cylindrical shape is fornmed to protrude
downwar d.ciftaefpratinlisirtare 38 thrawven3.o iwerdin s tretheemhedivaents thel wpberhan t he

i nner dianmeter of the through hole 41 of the capturing dish 4 to be

descr i beflhbé savond begagigilawe Bl isihrer, sthicksissan®sdla alumbey of ¢ragsis t he

t hrough hol e 41. As shown in FIGs 6A and 6B, the capturing dish 4
has a di stut@igpetionnd? (rhfeo tgRIGd) degcribedibelaw pisthy giesimteveh t he capt uri ng
dish 4 in the vertical direction, is formed in a center portion of the
capturing di shOa.a lower circynsfesensied eflee ¢f the ogr cyHadyigpd spriacs oidde of the
capturing dish 4 forns an even surface to be nade in contact with the outer
bot t om suobercd threetthirdewgaging chiawci3 mredorpesl,/ protrude ragiglly opbwid, sur f ace of
the capturing dish 4, double ring-shaped ribs 42a and 42b extend vertically
on the pemidpledieydisosechin 2 penstant speriag arth packpthemen thegircugiersatiabn out er
portion, to receive the ring-shaped carrier 5 as described bel gw.. The outer
di amet er svffackef dpowet hg Tedthid engpgag clrstsyeenre fiéed Hpnrgspective first

L-shaped grooves 61a described below of the housing 6 to detachably engage the
cover 3 with the housing 6.

As shown in FIG. 6B, an outer bottom surface of the cover 3 forms an
uneven surface constituted by muitiple straight ridges and straight grooves
disposed alternately and in parallel with each other, the ridges of which protrude
downward. When the outer bottom surface of the cover 3 contacts with an upper
surface of the capturing dish 4 as described below, this uneven outer bottom
surface reduces the area of contact with the capturing dish 4. For example, after
the object-capturing device 1 is mounted on the mounting unit 102 (refer to FIG.
9) of the microorganism counting apparatus 10 described above, when the cover 3

is removed from the housing 6, this uneven surface facilitates easy detachment of



17 dianeter of a |lower cylinder portion 62 and the inner dianeter of an
upper cylinder portion 61 of the housing 6 (including both end val ues).
Preferably, the outer dianmeter of the capturing dish 4 is substantially
equal to the inner dianmeter of the ugger cylinder portion 61. The outer
di aneter of the ring-shaped rib 42b formed in the outer portion of the
capturing dish 4 shown in FIG 6B is equal to the inner dianeter of the

| ower cylthadefer3didh @he Eabtdaag dishetwhithdwlefoin the 3®usiBe &f epaldeycridele out er

di ameter of the ring-shaped rib 42b is substantially equal to the inner

di anmet er welow htel aBbogphisitedre Raptureduéidg the air sample 50kefeeto BiG.s pl aced
inthe air sanpler 50 (refer to FIG 8), as described below, to receive air
fl ow whers)twkeitie chigrpeaftubihgsiseics 1tibeamdiad, toandick@rgafbmroountiag oor gani sns
carried in the air flow. The carrier 5 is nade of a material that
under goedadliph@aeexanmis iat facihity having¢he micrsaigankencdunéingapperaatsl@ ri ses
fromthe roomtenperature. The material of the carrier 5 is preferably such
a mat er i drefastotFICuNPertdoe serapphase dsrensishiyprofdeosatipal mby raely atus80C or

hi gher. More preferably, the material |iquefies at a tenperature between
37C and 4@Gvedvbidte cpveafambthe, capheimpdieh i4al Eiven an gheé edsentheauneiveur e of
gelatin and glycerol, or a copolyner having a ratio of

N- acryl oysugfaye facdithtie eey détagtithergrof kiwytovitk 3 oot theydappropdieind. dThisi ne of

10: 1. The carrier 5 has a ring shape, as described above. As shown
in FIG 6Bevemeurfaserit ant Bmiiedftetlxbihovhatraighs rilgee ashapeichs erdvaes,of t he
space formed between the ring-shaped ribs 42a and 42b of the capturing dish
4, anfireay he faraved svithnpubéple oreteusibys, appiith enginsrchaserhatte descri bed
above to the space forned between the ring-shaped ribs 42a and 42b, or by
filling thskpaiternrtatextire pattert-al . | nstead, a separated ring-shaped
carrier may be fitted into the sgace As shomn in FIG 6A and 6B, the

housi ng 6 has f#heheypiy FIG: 65, @B ithpenter dattom surface of the cover 3, a

protrusion 33 in a cylindrical shape is formed to protrude downward. The
protrusion 33 has an outer diameter rather smaller than the inner diameter of the
through hole 41 of the capturing dish 4 to be described below. The height of the
protrusion 33 equals to that of the through hole 41.

As shown in FIGs 6A and 6B, the capturing dish 4 has a disk shape. The
through hole 41, which is bored through the capturing dish 4 in the vertical
direction, is formed in a center portion of the capturing dish 4.

As shown in FIG. 6A, the upper surface of the capturing dish 4 forms an
even surface to be made in contact with the outer bottom surface of the cover 3
described above.

On a lower surface of the capturing dish 4, double ring-shaped ribs 42a
and 42b extend vertically on the periphery of the through hole 41 in an inner
portion and an outer portion, to receive the ring-shaped carrier 5 as described
below.

The outer diameter of the capturing dish 4 ranges between the inner



18 61 having the inner dianeter substantially as |large as the outer

di aneter of the cover 3 as described above, the |ower cylinder portion 62
having the inner dianeter smaller than the inner diameter of the upper
cylinder portion 61, a conical portiop 64 being in an inverted coni cal
shape with an inner dianmeter which becones smaller fromthe inner dianeter
of the Iower cylinder portion 62, and a filter fitting portion 65 provided

on the pediaplesrofaflordr @linldet p&tioh B2 Gidshbaigs Bpasicngf Sdappar med in the
| owest portion of the conical portion 64, which are disposed in this order

f rom upwadydinider gertina1chf te housihda (indludGigtbothBhll values). Pré&dorsdly, ithaer
circunferential surface of the upper cylinder portion 61, three of the
first L-shapediagict@vesh&daptuting dishd Bhubstantihlly doeilgadhaignet diagneder of the
cover are fitted, are forned at positions corresponding to the third
engagi ng dlthesppd; cytindeesatiohdd. abhy euter diameted bthle oy steypkd mibet2bpor t i on 62
is connected with the upper cylinder portion 61 through a shelf portion 63.
On an outfermed i thef @tentdréion ®f tHeametwling Gishldakewndyl FIGA6EB ipedtdlan 62, t he
first engaging claws 62a are forned to be engaged with engaging ring 102b
(refer tohelitherjiamktdrhéthd loweo cylanies poctoumé? depcepphbabwsorl@ssdescri bed
above. The first engaging claws 62a protrude outward in the radial
di r ect i onPefertbly, thewerterodihinatierof plor tingrhéped am d2kaisesubstamosdlyt eignaltoconst ant
spacing with each other on the circunferential surface of the | ower
cyl i nder thennhemdié@etetaf theliomyr tylindee pertbodédent , t he nunber of the first
engagi ng claws 62a is four. The conical portion 64 having the inner
di amet er beconiThg carridrifeis plivad wathe ain apinplertidrefentodiiGs 8),asakesiribedf | ow down
toward the | owest portion, that is, the discharge opening 64a (refer to
FI G 6B) .betoma thireaesre Hir flowrghanothe isgnsagsplenbirsucks theprgand tagsptussi t h a
filter housing 19

microorganisms carried in the air flow.

The carrier 5 is made of a material that undergoes a phase transition from
gel to sol when the temperature rises from the room temperature. The material
of the carrier 5 is preferably such a material as to undergoes a phase transition
from gel to sol at 30°C or higher. More preferably, the material liquefies at a
temperature between 37°C and 40°C. Most preferably, the material is a gelatin,
a mixture of gelatin and glycerol, or a copolymer having a ratio of
N-acryloylglycinamide to N-methacryloyl-N'-biotinyl propylene diamine of 10:1,

The carrier 5 has a ring shape, as described above. As shown in FIG. 6B,
the carrier 5 preferably has the same shape as that of the space formed between
the ring-shaped ribs 42a and 42b of the capturing dish 4.

The carrier 5 may be formed by applying the material described above to
the space formed between the ring-shaped ribs 42a and 42b, or by filling the space
with the material. Instead, a separated ring-shaped carrier may be fitted into
the space.

As shown in FIGs 6A and 6B, the housing 6 has the upper cylinder portion



portion 65a (refer to FIG 6B) formng a thin disk-shaped space, the shape
of which matches that of the filter 7 which is disposed to close the outl et
of the discharge opening Ma (refer to FIG 6B), and a ring supporting
portion 65b haying a cylindrical shapg and supporting the filter-securing
ring 8. Second L-shaped groov 65c are fornmed on the inner
circunferential surface of the ring supporting portion 65b, and fourth
engagi ng @l @WenSaa 1hasNEd mefert B sfankiBy »8 @olde a8 ghd bitgr 8iceser sfabd bel ow are
fitted into respective second L-shaped grooves 65c. The nunber of the
second L-ghapeds g50a¥6EakRe, it IbRUF cylddr hhGionanting Sedpsek gr ooves 65C
are fornmed to be disposed in a constant spacing wth each other on the

ci rcunf erd@ghbadr stlalibAtiguOfhetiifed diBfhetdt P Olid ipghrRlihdamodhitn 61, a The
filter 7 according to the enbodinment is a nmenbrane filter. As described

above, th@nichl p@tiod 6albeaRSintdicinuitk® torifaltshepdwibhar gacopametgr 64a. I n
other words, the filter 7 is disposed on the outside of the discharge
openi ng Gdkich bBénidslshedlle¥ floRcthsdanendiaydtanifithe owlar lcyBndefpoatich 62,
hydr ophobic filter 7b, which are arranged in this order fromthe discharge
openi ng 644l a filter fittinBh@rtiyal 66 phovideal én theageritdeandf arhentietdf tighobic filter 7b
may be sel ected from products | aunched in the market. Exanples of the
hydr ophi |dischiairgd @reniee é4aciorrded M-thd lowesiqroeti¢Nofiidwe civhichi ptien 6K, ), Dur apore
(Nihon MIlipore K. K), and Isopore (Nihon MIlipore K K). Exanpl es
of the hywhiophebdispsdeltiethiglorderdramepmaté ko ddvrimparddbolfbirpenentégial) and
Pol ypropyl ene Prefilter (Nihon MIlipore K K ). It should be noted
that the ddit.ter 7 used in the enbodi ment shoul d have an outer diameter
| arger than the inner dianeter of the discharge opening 64a. As
shown in FI Gs OA aandnéB;irdunefefenitind sefacerdf e nppay cglindorarriitbl.ithreer 7 to
the housing 6 (i.e., the conical portion 64). The filter securing ring 8
has a 20f the first L-shaped grooves 61a, into which the third engaging claws 32 of the
cover are fitted, are formed at positions corresponding to the third engaging claws
32, as described above.
The lower cylinder portion 62 is connected with the upper cylinder portion
61 through a shelf portion 63.
On an outer circumferential surface of the lower cylinder portion 62, the
first engaging claws 62a are formed to be engaged with engaging ring 102b (refer
to FIG. 2) of the microorganism counting apparatus 10 described above. The first
engaging claws 62a protrude outward in the radial direction of the lower cylinder
portion 62, and are disposed in a constant spacing with each other on the
circumferential surface of the lower cylinder portion 62. According to the
embodiment, the number of the first engaging claws 62a is four.
The conical portion 64 having the inner diameter becoming smaller
downward enables the contents to easily flow down toward the lowest portion,

that is, the discharge opening 64a (refer to FIG. 6B).

The filter fitting portion 65 forms an integral unit with a filter housing



t hrough hole 81 at a position where the through hole 81 comunicates with

t he di scharge opening 64a of the conical portion 64 through the filter 7.
The filter-securing ring 8 includes a ring body 82 having a shape
substantially sanme as the inner dianeter of the ring supporting portion 65b
of the filter fitting portion 65 descri bed above, and a flange portion 83
formed on the | ower side of the ring body 82 and having a di aneter | arger
than the uies 664 GeRles FOb. sBEfofhitg LY dik-shaped spacdstihbape bfh FI G 6A,
the filter-securing ring 8 further includes: a fitting portion 84 which is
deposi t edykidh bR clidsitabefitfie $idtes T Wiiak id diepdskd to clgsadidietaueidt 8Zthand t he ring
body 82 forman integral unit, and is fitted into the filter housing
portion Ghschakgd Rpnhpusian@efor t@RIG.6B)] agt & kagaedppodingpoveet 68l | y di sposed
on the periphery of an opening of the through hole 81 of the fitting

porti on Shvidde cylimlricahgdped andsudbofiimpsthe filtehaeduritgering 8on t he peri phery of
the outlet of the discharge opening 64a (refer to FIG 6B). On the
ci rcunf er ent i aBe@ud flagtmped gtdwees 6hgateddym&Pon fleuinnef cithenfeoantiah engagi ng
claws 82a are fornmed to protrude radially outward, and to be disposed in a
const ant sspfsce nfitheiring sppbriimdpertion 65heamd fovuilf argestrigalawuBlatbemed t he ring
body 82. The fourth engagi ng claws 82a are forned at positions

cor r esponot thg filertsherimsnag ideecrieddrtbw axhgiedinge vespeetiGSecaid t he ring
supporting portion 65b described above, and are fitted into the respective
second L-Iskbared gyowey 65c.650he mumdberaaflthd bacond dadhapeh erdoves 6¥cisdouying ring 8
with the housing 6. As shown in FIG 7, the object-capturing device
1 as descmdydd satvadd. skapedremeayea $5¢ atd fomsed Thiee diapesediing cghstan® | s nount ed
on the shelf portion 63 of the housing 6; the housing 6 is coupled to the
cover 3 tsproinghwitheachasher imihediimfengatinhsurfacefof tla ring shepsatingr ooves 61a
and the third engaging claws 32; and the through hole 41 of the capturing
di sh 4 i pozden 8b.-by the protrusion 33 of the cover 21 3. The
housing 6 is decoupled fromthe cover 3 by rotating the housing 6 relative
to the cover 3Tb@ﬁ§ps%ﬁg@g@ngwethwmhe@ngagmgm@mamn%ﬁltﬁnorﬁq he first

L- shaped dqrooves 6la. ) )
escribed above, the filter 7 closes the outlet of the discharge opening 64a. In

other words, the filter 7 is disposed on the outside of the discharge opening 64a.
The filter 7 includes a hydrophilic filter 7a and a hydrophobic filter 7b, which are
arranged in this order from the discharge opening 64a.

The hydrophilic filter 7a and the hydrophobic filter 7b may be selected
from products launched in the market. Examples of the hydrophilic filter 7a
include MF-Millipore (Nihon Millipore K.K.), Durapore (Nihon Millipore K.K.),
and Isopore (Nihon Millipore K.K.).

Examples of the hydrophobic filter 7b include Mitex (Nihon Millipore
K.K.) and Polypropylene Prefilter (Nihon Millipore K.K.).

It should be noted that the filter 7 used in the embodiment should have an
outer diameter larger than the inner diameter of the discharge opening 64a.

As shown in FIGs 6A and 6B, the filter-securing ring 8 fixes the filter 7 to

the housing 6 (i.e., the conical portion 64). The filter-securing ring 8 has a



The filter 7 is disposed in the filter housing portion 65a to close the
outl et of the discharge opening 64a of the conical portion 64, and the
filter fitting portion 65 is engaged with the filter-securing ring 8 using
t he second L-shaped grooves 65c and Qe fourth engagi ng cl aws 82a descri bed
above. Thereby, the discharge openiné 64a of the conical portion 64

comuni cates with the through hole 81 of the filter-securing ring 8 through

the filt @hroliehASIOESE 4 PRSHAPRYEre MRQArduRE Hold § BéorhtthicAfbsREER than 65 s
engaged withthe filter-securing ring 8, the filter 7 is pressed by the

ring-shapednside o%@ni%fg dahef tid doRical BeMionEl throgeBthedlitbrther eby the filter 7
is disposed on the periphery of the outlet of the discharge openi ng 64a.

Thus, the fil tefe fitdiSscbhrifE rinio’dinYiudes a ring Hode saljaebig £alpiper i ng device 1 as
descri bed above is used as follows. Wien the reagents R (refer to FIG 1)

descri beduphigngaRy aié aPEOSIAAC} Mot dibreofhtbel singGupporting fobtiaugbb tihe 41 opens
to conmmunicate with the internal space 66 which receives the reagents, as

shown i n fifeEfitBng POMRYEE ddaefibedeatidve, abgannge pdrtian 83dnspahsethe t he
protrusion 33 of the cover 3 seals the through hole 41. The outlet of the

di schar geovependde thd aimgfbodh 82carileainge disnonefihrge thhoskeolwert he filter 7
whi ch separates mcroorganisns. As a result, the internal space 66 is a
space i sdisah@dr bf O dikebedyts> nal environnment (i.e., a closed space) at
| east for mcroorganisns. Consequently, the carrier 5 held on the capturing
dish 4 is pl acksstowi i BlG:16as ehk &Bacsecuring ring Shetlebjiedtidedptiitiingg devi ce 1
as described above other than the filter 7 nay be nolded with resin,
pr ef er ablpyripal §pwhirhlie depositd ovishdniadgbody 88 smtha@the Gttigapurtion 8¢ abdvi ce
A nmethod for using the object-capturing device 1 according to the
enmbodi Nemhe vinklbolip 88 dse ab éategral unit, afd isfittedinte thofiltenhousips perting
m croorgani sns using the object-capturing device 1 will be described. FIG
8 ref er r @8atobtlizchmairiess; angerspechaned rit 8ywettisailn disposedrantthe @eriphewyapt ur i ng
m croor gani snms using the object-capturing device of the present _invention.

of an opening of the through hole 81 of the fitting portion 84. The ring-shaped rib

85 presses the filter 7 on the periphery of the outlet of the discharge opening 64a

(refer to FIG. 6B).

On the circumferential surface of the ring body 82, four of the fourth

engaging claws 82a are formed to protrude radially outward, and to be disposed in

a constant spacing with each other on the circumferential surface of the ring body

82. The fourth engaging claws 82a are formed at positions corresponding to the

respective second L-shaped grooves 65c of the ring supporting portion 65b

described above, and are fitted into the respective second L-shaped grooves 65c to

detachably engage the filter-securing ring 8 with the housing 6.

As shown in FIG. 7, the object-capturing device 1 as described above is

formed as follows. The capturing dish 4 is mounted on the shelf portion 63 of the

housing 6; the housing 6 is coupled to the cover 3 through the capturing dish 4

using the first L-shaped grooves 61a and the third engaging claws 32; and the

through hole 41 of the capturing dish 4 is sealed by the protrusion 33 of the cover



As shown in FIG 8, when mcroorgani sns are captured, the object-capturing
device 1 is used in such a way that the capturing dish 4 holding the
carrier 5 is nounted on the cover 3. In other words, the object-capturing
device 1 shown in FIG 7 is turned upside down and used with the capturing
dish 4 left on the cover 3 and with the housing 6 and the filter-securing
ring 8 renoved. The housing 6 is renoved fromthe cover 3 by rotating the
housing @.relative to the cover 3 to disengage the third engaging claws 32
(refer to FIG 6A) fromthe first L-shaped grooves 6la (refer to FIG 6A)
as described abpyRowfihes id MroGEl frod i1 dovend by rotatinbehpbdedt@ab 52 of the
air sanpler 50 as described bel ow The object-capturing device 1 is
mount ed QBldtive tpeslesival 3 b2 disengage ahia chish apgaging pghan 32ifem thdficth i s for med
on the upper side of an air sanpler body 51 of the air sanpler 50. As
descri bed.-shaped grbdves pedlest al 52 has the engagi ng cutout portions 53 forned
to receive the second engaging claws 31 of the cover 3, and thereby the
obj ect - capt ur i Tiye fkwi Tés dispaseld o el témhaustegpetiop 664 toelosd thelmativedest al
52. FIG 8 shows suction openings 54 of the air sanpler body 51, and
a nozzl e dieladdBEhate bhening 645 afbe epnibal portion 64, axskcidwe diltey fitting pertiast hod f or
capturing mcroorgani sns, the housing 6 and the filter-securing ring 8
whi ch f oréfiaengagedgrich thmfilterasesuringuing tsing sposssondb-shaged graoiey 5 of the
obj ect-capturing device 1 nounted in the pedestal 52, and the nozzl e head
55 is pl &Sedndvbe favrth pughesigndla®e 82adeschibed abever| Eheg:byTihe discharges of
exposing the carrier 5 corresponds to "the step of exposing the carrier” in
t he opeRingfita(afthe emasah portiapisednmnnichtesayith shenfhirersibbely 83 ofj s
activated, and the air is sucked through the suction openings 54. Then, air
flow is ithp &dteedecuyingring & thiongh she fibey ful 45 pessrihed plopvisowhpe shq Hder shown)
provided in the nozzle head 55. As a result, m.croorganisns carried in the
ai r i nj editbiggtrortitre6 trenigegedbwithdhe fHderserrbig tingdcthedilter 75s prepsed her
words, mcroorganisns are captured with the carrier 5 directed upward.

by the ring-shaped rib 85 of the filter-securing ring 8, and thereby the filter 7 1s

disposed on the periphery of the outlet of the discharge opening 64a. Thus, the
filter 7 is fixed firmly.

The object-capturing device 1 as described above is used as follows.
When the reagents R (refer to FIG. 1) described above are dispensed into the
housing 6, the through hole 41 opens to communicate with the internal space 66
which receives the reagents, as shown in FIG. 3. However, before the reagents R
are dispensed, the protrusion 33 of the cover 3 seals the through hole 41. The
outlet of the discharge opening 64a of the conical portion 64 is closed by the filter 7
which separates microorganisms. As a result, the internal space 66 is a space
isolated from the external environment (i.e., a closed space) at least for
microorganisms. Consequently, the carrier 5 held on the capturing dish 4 is
placed in this closed space.

The object-capturing device 1 as described above other than the filter 7

may be molded with resin, preferably polypropylene.



As shown in FIG 8, the protrusion 33 of the cover 3 seals the through hole
41 (refer to FIG 7) of the capturing dish 4. Thus, the surface of the
capturing dish 4 on the side of the carrier 5is flush with the bottom of
the protrusion 33. This reduces di StLéI‘ bance of the received air flow
Consequently, the carrier 5 is capablé of capturing m croorgani sns
efficiently. When the air sanpler 50 sucks a predeterm ned anount of
the air, M%OH@%§§g@bj&%@a¥Eﬁﬁlﬂg Deeie®or gani sns with the object-capturing
device |l ends. This capturing process corresponds to "the step of capturing
the object” inAth&n6d BirBing the objechhifRuiifg deiopt ubtoddingrtotkss ends, the
housing 6 and the filter-securing ring 8 which forman integral unit are

fitted t QuilRineNEkilBa@atAbe®@Nd the object-capturing device 1 returns back
to the state showm in FIG 7. This process corresponds to "the step of

pl aci ng the hopgkf)a AERLA fEvaptirie; Bapbirghnigmdiwing theobjet-cadteringrrier” in

the clai ns. A method for using the object-capturing device 1 in the
M Cr oor gajiividd ICRIINGd digedlfiar F1GSS ekt chbelowrit 8 peepectayt weedhowing
m croorgani sns will be 24 described. When the capturing process

descri bedihahetBo® At eapiutineob)ce@irg £Ripint rusing thie wbizet-dapagrisp dericeé of heG. 7 i s
carried by a user into the m croorgani smcounting apparatus 10, as
~ descri bedpraamantergioar to FIG 2).

As shown in FIG. 8, when microorganisms are captured, the
object-capturing device 1 is used in such a way that the capturing dish 4 holding
the carrier 5 is mounted on the cover 3. In other words, the object-capturing
device 1 shown in FIG. 7 is turned upside down and used with the capturing dish
4 left on the cover 3 and with the housing 6 and the filter-securing ring 8 removed.
The housing 6 is removed from the cover 3 by rotating the housing 6 relative to
the cover 3 to disengage the third engaging claws 32 (refer to FIG. 6A) from the
first L-shaped grooves 61a (refer to FIG. 6A) as described above after the cover 3
is located in the pedestal 52 of the air sampler 50 as described below.

The object-capturing device 1 is mounted on the pedestal 52 in a round
shape in plan view, which is formed on the upper side of an air sampler body 51 of
the air sampler 50. As described above, the pedestal 52 has the engaging cutout
portions 53 formed to receive the second engaging claws 31 of the cover 3, and
thereby the object-capturing device 1 is located in a center portion of the pedestal
52.

FIG. 8 shows suction openings 54 of the air sampler body 51, and a nozzle
head 55 of the air sampler 50.

According to the method for capturing microorganisms, the housing 6 and

the filter-securing ring 8 which form an integral unit are removed to expose the



As descri bed above, the object-capturing device 1 is nounted on the
mounting unit 102, and the cover 3 is renoved fromthe housing 6 by the
user (refer to FIG 3). FI Gs 9A1 to 9A4 are cross-sectional views of
t he obj ect-capturing device, show ng_the nethod for using the

obj ect-capturing device in the mcr 08 gani sm counti ng apparatus. FIGs 9Bl
to 9B4 are enlarged schematic diagrans showing the vicinity of the filter

in the C%é?riﬁ{f B4 o %%J:téeﬁ)tgﬁﬂg device 1 mdun&sd 2B hetped&tdl shawd mher oor gani sns

B and AT wever, the sizes of actual mcroorganisns are as snall as in

the or dernog%lerﬂ-eﬁ&gmdﬁraceda&@rttﬁ@p&ie%ﬁﬁ 58X adétowal inABs 8ar Fhagraem df as t hat
of a nolecule. Accordingly, FIGs 9B1 to 9B4 shows no relative sizes of a

m cr oor _gae&.gt%ﬂhéﬂ@e &b B corresponds Wahe b9 df exprigd theeanfied hetlearrier 5 is
raised in Step 5201 (refer to FIG 4) as described above, the carrier 5

held on thgugapturing dish 4 solates and falls down onto the conical
portion 64 of the housing 6 as shown in FIG 9Al1. In this step, the

M croor gani sms AR, ¢ 6t Uh&enWitfbstd & gicraif sampler body §Y efeetivated/ 4@ tB) are
retained with the carrier 5 on the filter 7 as shown in FIG 9B1.

Wien t he }pis wRkel tHMMdIStHejuREib e Gpérihgs She Trashirdlofr isnnjStted t6202 (refer to
FIG 4) as described above, the carrier 5 further solates and is diluted by
the hot v@tAsr 5 Fde fiultiflé micionazelde ndt khowylmopiteBiic the hezgle Haddis. t he | ower
side thereof as shown in FIG 9A2. Thus, the hot water HWcontaining the
di | uted cay s k&l niisrobRladisaedcarried hetheoais imjgeted tatle cardendagani sms B are
retained in the hot water HWcontaining the diluted carrier 5 on the filter
7. FIG 9A3twedby tB5 cahipns. t e ottmptwords gnidiehgahisrandre daptemsdivosh theor ti on 64
(The sane reference nunber denotes the sane el enent throughout the
f ol | oW ngeaviiems djrected upwavdhien the contents in the housing 6 are filtered in
Step 5203 (refer to FIG 4) as described above, the hot water HW contai ni ng
the di |l uted camsishowb in FIGHE theusitngpiéh 33 of the coverr @alohe)thranghibpdhar ged as
shown in FIG 9A3. In this step, the mcroorganisns B in the hot water HW
cont ai ni ngl &rbfer do FIGE €D of die ¢aptuSng dshsk p Jihawsctheandfane plthsyrapheisy | ter 7 as
shown in FIG 9B3. )

dish 4 on the side of the carrier 5 is flush with the bottom of the protrusion 33.

This reduces disturbance of the received air flow. Consequently, the carrier 5 is
capable of capturing microorganisms efficiently.

When the air sampler 50 sucks a predetermined amount of the air, the
process of capturing microorganisms with the object-capturing device 1 ends.
This capturing process corresponds to "the step of capturing the object” in the
claims.

When this capturing process ends, the housing 6 and the filter-securing
ring 8 which form an integral unit are fitted to the cover 3 again, and the
object-capturing device 1 returns back to the state shown in FIG. 7. This process
corresponds to "the step of placing the housing again over the capturing dish to
cover the carrier” in the claims.

A method for using the object-capturing device 1 in the microorganism

counting apparatus 10 which counts the captured microorganisms will be



As shown in FIG 9B3, the filter 7 according to the enbodi nrent has a double
| ayer structure of the hydrophilic filter 7a and the hydrophobic filter 7b.
Unlike a filter including only a hydrophilic filter, which is used in
conventional ATP nethods, the hydrop Qbic filter 7b enables liquid to be

retained on the filter unless the liduid is sucked or pressure-filtered.
This enables reaction wth reagent, such as ATP extraction, to be perforned
on the fildehihdd The ATP elimnating reagent is dispensed into the

housing 6 in Step S206 (refer to FIG 4) as described above, and then the

ATP_extract i NgWiRAARE tapitrMig3RERsEdedcfibed hberelonds, thg objetticapreying210 (refer
to FIG 4) as described above. These processes of dispensing the

reagent s gRideCSROHIwinOn RIS 754 eridll byn @@t intg the kdagearpanisni codrtinghousi ng”
in the clains. In the housing 6, into which the ATP extracting

reagent igjaphie@tiedad desiibgl b0 (fef@fteFIG02FI G. 4) as described above, ATP
extracted solution EXis retained as shown in FIG 9A4. As shown in FIG
9B4, the ATP exkiasdf@ddabbuy, thnolfcteaptuaimsdedddest, istmrdedomthof whi ch
corresponds to the nunber of the m croorgani sns B. The ATP extracted
sol uti on JE¥usteNbnit10E] £ad BLovar Hisspmosatiromithe hhesihg Gihydbe awer- t est t ube
107a (refer to FIG 1) in Step 5211 (refer to FIG 4) as described above,
and then gbfer pr PIRSB. sequence of the nethod for using the 26
obj ect-capturing device 1 ends. According to the object-capturing
device 1 and t FEGsISADgo it hedcrbesatibnalsviewsof the ebijeabearduring deves.gani sns
are captured with the carrier 5 directed upward, and then the carrier 5 is
direct ed showingatlh methoddtaading the olijert veptyeumigstesiopiin the mecrpenggaivts t hr ough
the through hole 41. o _
N counting apparatus. FIGs 9B1 to 9B4 are enlarged schematic diagrams showing
the vicinity of the filter in the case of FIGs 9A1 to 9A4.
FIGs 9B1 to 9B4 show microorganisms B and ATPs. However, the sizes
of actual microorganisms are as small as in the order of micrometer, and the sizes
of actual ATPs are as small as that of a molecule. Accordingly, FIGs 9B1 to 9B4
shows no relative sizes of a microorganism and an ATP.
When the temperature of the carrier 5 is raised in Step 5201 (refer to FIG.
4) as described above, the carrier 5 held on the capturing dish 4 solates and falls
down onto the conical portion 64 of the housing 6 as shown in FIG. 9A1. In this
step, the microorganisms B captured with the air sampler 50 (refer to FIG. 8) are
retained with the carrier 5 on the filter 7 as shown in FIG. 9B1.
When the hot water HW is injected into the housing 6 in Step 5202 (refer
to FIG. 4) as described above, the carrier 5 further solates and is diluted by the
hot water. The filter 7 includes the hydrophobic filter 7b on the lower side
thereof as shown in FIG. 9A2. Thus, the hot water HW containing the diluted

carrier b is retained in the housing 6. The microorganisms B are retained in the

hot water HW containing the diluted carrier 5 on the filter 7. FIG. 9A2 also



Accordingly, the carrier 5 directed upward facilitates the capturing of the
m cr oorgani sns. Wien the reagents are contacted with the m croorgani sns,
that is, the mcroorganisns are detected, the carrier 5 is directed
downward, and thereby the capturing gish 4 serves as a cover of the carrier
5. For exanple, this prevents the ca Pier 5 from bei ng contam nated with,
for exanple, dust and m crobes falling from above. According to the

obj ect - capbwk kmcagﬁaﬁﬁg dikha dnl hRe &tii6d poREdIOSY (TRraafe rehebémde the
obj ect-capturing device 1 is nounted in the air sanpler 50, and during the

time aft ghni® J¥h6tes Thdaiths BRnRhCtIcdRkkRdhe Slhgriideiedis) sanpl er 50 and
before the captured m croorganisns are carried into the m croorgani sm
counti ng appar s tAdcortb@sGAthd Bsusdngd 6 apd ikediin StdpeS20Dseldr spBU@ i n t he
housing 6. As a result, the carrier 5 is prevented from bei ng contam nat ed
wi th subsf) apaescritail @hows, ehalhst wiitea B chmaining thodiltted camimtd imghef t he

m cr oorgani sns, unlike a conventional capturing device with an exposed
carrier, houchgas(rébe tdElG.oadisdkdseged as dapanesBEIR&ASNt Ir\gpk istemt | on
Lai d- Open No. 2009-131186. Consequently, the object-capturing device
1 and t hehtsiia@orginixats Bhietkohotenalel 1Weostaadeyithd dilgtedotimey oéret he

m croorgani sns captured at a test site. According to the

obj ect - cappamitepanttliélddytha fidtetr Faswhbwy indiGo8B8.her eof , when t he

m croorgani sns are contacted with the reagents R using the m croorgani sm
count i ng appar As slsovin Fie 9BSadglenfike acmrding pe tlweenbodimenhbahousi ng 6

t hrough the through hole 41 of the capturing dish 4. This mnimzes 27 the
conmmuni calbublke lbgénsartitresfiths hpdrophitictier Jatagiddée diydrdpbobigddiendbs. As a
result, the inside of the housing 6 is prevented from being contan nated

wi t h subdfwlilees filthi olelwiieg dilstaintogielit ftten vhitlois uded i oenventignalf t he

m cr oor gani sns. According to the object-capturing device 1 and the
usi ng - metARimeberdeothe Myldeorhobs: frltpre? bemmbidsdicyid thke rpsainpé anihe 84ar t hr ough
which the contents are discharged, and the di scharge openi ng 64a has the
filter diwpesale ligpidissuckedsuwpaessuee fligrddol dhid %Ir&bgﬁsgaﬁﬁsqﬁs‘l"lﬂlfher eby, the

m cr oorgani sns nay be contacted with the reagents R in the housing 6.
Consequentagentt iehaisjAdH extegetioni tpedeerformed oadhe fier isi ng met hod t her eof
dramatically reduce the disturbance factors for the counting of the

ni cr oor gani smsTheATPledintinadng tengenhizl disngpeed intg threhoustng §m§tea§>&%e devi ce
di scl osed i n Japanese Patent plication Laid-Open No. 2009-131186, which

i s used i(refer waliIGs e s teeribail apove: ganithers therdTRxtra@ingrepgdthit he capt uri ng
device and the extracted m croorgani sns, are contacted w th reagents for
count i ng.dispensed inde gl ouring 6 in Rterob} ddrelenin mr‘?é a8 8e3Eibed 83A¥P-t he usi ng
met hod thereof, the filter 7 has a double |ayer structure of t?e
hydr ophi | i ¢ fi These pracessrs ofésnepeing sho Kragents Eeresyend néhesigp of eact i on of
reagents with recovered m croorgani sns nay be performed on the filter 7,
unl i ke a ipjecting ageagpnt antorthe dgpgiagt indhgIclaims: et hods, which includes only a

hydrophilic filter. ) . . ) .
In the housing 6, into which the ATP extracting reagent is injected in Step

8210 (refer to FIG. 4) as described above, ATP extracted solution EX is retained as
shown in FIG. 9A4. As shown in FIG. 9B4, the ATP extracted solution EX
contains ATPs, the amount of which corresponds to the number of the
microorganisms B.

The ATP extracted solution EX shown in FIG. 9B4 is dispensed into the
luminescence-test tube 107a (refer to FIG. 1) in Step 5211 (refer to FIG. 4) as

described above, and then the process sequence of the method for using the



According to the object-capturing device 1 and the using nethod thereof,
the cover 3 has the second engagi ng claws 31 fornmed on the opposite side of
the housing 6 to engage with the air sanpler. To expose the carrier 5, the
housing 6, which is fixed with the cqyer 3toforman integral unit as
shown in FIG 5, is grasped by hands,”"the cover 3 is placed into the air
sanpler 50 as shown in FIG 8, and then the housing 6 is renoved fromthe

cover 3. ohRcPtARLriNEUEPIce MBAs.t he carrier 5 is exposed, the capturing dish
4 holding the carrier 5 is not touched by 28 hands. Consequently, the

obj ect - capt ur i AGoABNE ECthb BRGt-tdRukisk Agvicet had thb asieginals®therprfavent t he
carrier 5 frombeing contamnated wth substances which are disturbance
factors fiateriHed 604 thihoPFarlidifs MicCdapOir@dRiitiithe carrier 5 Arededupyatd t he
obj ect-capturing device 1 and the using nethod thereof, after the
obj ect - capHYhbmehd@rtieR s 1s diFedtbdidb®@iiwan tohentmt tid mierostighnibGi, wivhen t he
cover 3 is renoved fromthe housing 6 by a user, the capturing dish 4 is
turned URBé dngdaWthQlg theehtcughhi®letht e at the tine when placed in the air
sanpler, and thereby the carrier 5 faces toward the internal space 66. This
surely preventscdhhEnglnthaangén Hdirefted hpwaat facBitates tHhtaptarngef dge nay be
achi eved regardl ess of the type or the nunber of the filter 7, such as the
hydr ophi Inhierdorgdresmd.a Whet biee teadenishaobcenthitied evitlythedesrodrpaismbove.
The enbodi nent of the present invention has been described. The present
i nvent i oRhasisntie thickddreshitns hhedetatiod) thevhrmestis dudtalbdraiwarddandr i ous
nodi fi cati ons can be nade. According to the enbodi nent descri bed
above, t herbg thocganiiapdishapsarvedasw tover hbthehjasrier Zapfarexampdedhise 1 are
counted in the mcroorgani smcounting apparatus 10. Instead of using the
M cr oor gairewmts thendairrigr 3 fipar hting ctantihated aditio dosex@mmdy, st pahual |y
di spensed into the housing to count the mcroorgani sns by the ATP net hod.
The pr esamnicrdbew &dtingfironsakyypl i cabl e to spore-form ng bacteria such as
Bacillus subtilis. In this case, exanples of the reagents descri bed above
may incl ude a Aegediagity thedijéctropiveing dnvicecagshthe wnirthmgthadrihqeeohici d and
sugar. According to the enbodi ment descri bed above, the ATP net hod
i s used thefarethe objeciraptuyims demice 1 issnewrted i hawiz sewplpails agd ABYNBe count ed
based on the fluorescence produced when substances in a |iving body, such
as DNA, RNAtinmaftétdbe micraohgariemerte cepteredfusing theeippamplst gatdns, are
irradiated with

before the captured microorganisms are carried into the microorganism counting

apparatus 10, the carrier 5 is placed in the closed space in the housing 6. Asa
result, the carrier 5 is prevented from being contaminated with substances which
are disturbance factors for the counting of the microorganisms, unlike a
conventional capturing device with an exposed carrier, such as the device
disclosed in Japanese Patent Application Laid-Open No. 2009-131186.
Consequently, the object-capturing device 1 and the using method thereof
enable more accurate counting of the microorganisms captured at a test site.
According to the object-capturing device 1 and the using method thereof,
when the microorganisms are contacted with the reagents R using the
microorganism counting apparatus 10, the reagents R are dispensed into the

housing 6 through the through hole 41 of the capturing dish 4. This minimizes



29 excitation light. In the case where the object-capturing device
Is used to capture and count gram negative bacilli, the counting may be
made based on endotoxin contained in the cell nenbrane of gram negative
bacilli. In other words, m crobes may,be counted based on | um nescence
intensity resulting fromthe |i mul us Test on the endot oxi n. The

m cr oorgani sns nay be counted by recovering the m croorgani sns fromthe

filter 7 @odomuldniddtidod YobPedrEmRUAEiRE 2 il CROSFRAIRIOS BiEs howdthgMatAd & cl ai med
1. An object-capturing device conpri sing:

result, the inside of the housing 6 is prevented from being contaminated with

substances which are disturbance factors for the counting of the microorganisms.

According to the object-capturing device 1 and the using method thereof,
the housing 6 has the discharge opening 64a through which the contents are
discharged, and the discharge opening 64a has the filter disposed thereon to
separate and hold microorganisms. Thereby, the microorganisms may be
contacted with the reagents R in the housing 6. Consequently, the
object-capturing device 1 and the using method thereof dramatically reduce the
disturbance factors for the counting of the microorganisms, unlike a conventional
capturing device, such as the device disclosed in Japanese Patent Application
Laid-Open No. 2009-131186, which is used in a way such that microorganisms are
extracted from the capturing device and the extracted microorganisms are
contacted with reagents for counting.

According to the object-capturing device 1 and the using method thereof,
the filter 7 has a double layer structure of the hydrophilic filter 7a and the
hydrophobic filter 7b. Thereby, reaction of reagents with recovered
microorganisms may be performed on the filter 7, unlike a filter used in the
conventional ATP methods, which includes only a hydrophilic filter.

According to the object-capturing device 1 and the using method thereof,
the cover 3 has the second engaging claws 31 formed on the opposite side of the
housing 6 to engage with the air sampler. To expose the carrier 5, the housing 6,
which is fixed with the cover 3 to form an integral unit as shown in FIG. 5, is
grasped by hands, the cover 3 is placed into the air sampler 50 as shown in FIG. 8,
and then the housing 6 is removed from the cover 3. In other words, when the

carrier 5 is exposed, the capturing dish 4 holding the carrier 5 is not touched by



a capturing dish holding a carrier, which captures an object, on a first
side of the capturing dish, wherein the capturing dish has a

t hrough hole extending fromthe first side to a second side of the
capturing dish; and a housinqﬁplaced over the capturing dish to
cover the carrier, wherein the through hole of the capturing dish connects
a space forned between the first side and the housing with an outside of

the housimhds. Consequidt®y, Shdloljéie-chptsingichis ladi ihe haingenethed tingesfor
di scharging contents in the space out of the housing, and a filter for

separ at i NGkl roRing ehe tfrride SHRHE YeRitcohd@nihhrddiisk balssyencepeicigare2. The
obj ect-capturing device according to claim1, wherein the filter

has a hydiiopibinde fhdthiseor aectoantiygodfiteabiceodrizddien, which are disposed in
this order fromthe discharge opening. 3. The object-capturing device

accordi ng to aAycoadingltaithEobiecticapturirg duvinerl sidiie using methed thexeof, nount ed
on the second side of the capturing dish and detachably fitted to the
housi ng, after the oljoctr @ippuringdeduet ishasuead en gagmoegnpog unsriO8rwhen tpposi t e
side of the housing, and the engaging portion engages the cover with a
capt ur i ngeoappRisatenmvedhirom deftousieg @ hiea objrethe aaptirinhdisbdristemetel d by t he
capturing dish.
A upside down relative to the state at the time when placed in the air sampler, and
thereby the carrier 5 faces toward the internal space 66. This surely prevents
the contamination of the carrier 5. This advantage may be achieved regardless
of the type or the number of the filter 7, such as the hydrophilic filter 7a or the
hydrophobic filter 7b described ahove.
The embodiment of the present invention has been described. The
present invention is not limited to the embodiment described above, and various
modifications can be made.
According to the embodiment described above, the microorganisms
captured with the object-capturing device 1 are counted in the microorganism
counting apparatus 10. Instead of using the microorganism counting apparatus
10, the reagents R may be manually dispensed into the housing to count the
microorganisms by the ATP method.
The present invention is applicable to spore-forming bacteria such as
Bacillus subtilis. In this case, examples of the reagents described above may
include a vegetative cell conversion reagent, such as amino acid and sugar.
According to the embodiment described above, the ATP method is used to
count microorganisms. Instead, the microorganisms may be counted based on

the fluorescence produced when substances in a living body, such as DNA, RNA,

and NAD, which are extracted from the microorganisms, are irradiated with



29

excitation light.

In the case where the object-capturing device 1 is used to capture and
count gram negative bacilli, the counting may be made based on endotoxin
contained in the cell membrane of gram negative bacilli. In other words,
microbes may be counted based on luminescence intensity resulting from the
limulus test on the endotoxin.

The microorganisms may be counted by recﬁvering the microorganisms

from the filter 7 and culturing the recovered microorganisms.
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What is claimed 1s:
1. An object-capturing device comprising:

a capturing dish holding a carrier, which captures an object, on a first side
of the capturing dish,

wherein the capturing dish has a through hole extending from the first
side to a second side of the capturing dish; and

a housing placed over the capturing dish to cover the carrier, wherein the
through hole of the capturing dish connects a space formed between the first side
and the housing with an outside of the housing,

wherein the housing has a discharge opening for discharging contents in
the space out of the housing, and a filter for separating the object 1s disposed
outside the discharge opening.
2. The object-capturing device according to claim 1,

wherein the filter has a hydrophilic filter and a hydrophobic filter, which
are disposed in this order from the discharge opening.
3. The object-capturing device according to any of claims 1, further
comprising-:

a cover mounted on the second side of the capturing dish and detachably
fitted to the housing,

wherein the cover has an engaging portion on an opposite side of the
housing, and the engaging portion engages the cover with a capturing apparatus

which captures the object with the carrier held by the capturing dish.



