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 relates to
an obj ect-capturing device, which captures objects, such as ni croorgani snms
and chem cal substances, in the air, and a nethod for using the

obj ect-capturing device. Description dof the Related Art

Conventionally, a technique of capturing objects, such as air-borne
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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, o Iﬁﬁﬂé i Sh, i osed in, for exanple,
Japanese Pat ent Applicat?é? ai ﬂ@ggﬁFﬂE§E28§§?§§§%ga. Such capturing

devi ce ingﬁ&gfﬁggnggﬁﬁ{ i npactor-type air sanpler. Wien air sucked by the
air sanpler collides w the carrier, mcroorganisns carried by the air

floware capt Ur’[%g r‘g se%'??nxéé%‘é'%%l%lait% t%ta%gdbéé;cg-?gﬁcgé&%ﬁie%c@Jvﬁfchs0' ates by

rai sing the tenp ure, her eby croorgani sns with the

carrier i&p@u?&%'ob%?ssgu&f ARL8d ggishrs%dt%gglg&msﬁﬁétggﬁgj ﬁlhthe?gﬁe gRt ai ned

m croorgani sns are counted according to a eterm ne countlnganethod.

A wel | - known 18T RO%sfRrine QURLE-Aeh 136 E Q04gani sns is the ATP met hod, which
guantifies adenos?ngrgiﬁphdgp %gésl% TPs) extracted from m croorgani sns and
t hereby counts the m croorgani sns, as disclosed in, for exanple, Japanese
Pat ent Application Laid-Open No. 11-137293. The ATP net hod extracts ATPs

Description 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 nmeasured when the extracted ATPs reacts with a

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

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

requi res about one to several hours fromthe capturing of mcroorganisns to
t he count FeRjabtedtindheirieraenegaisimsrhy. copfassingtthe cantprerbmEBaOgRR MRS ¥R v
reduces the required tine. However, the ATP nethod counts |

ni cr oor gaAndYE PasHngAesweak andricnBECidsdBicrooreamismy bassdipay thedatensist act as
disturbancF factors nmay be contained in a_sanple to be counted.

Consequenff Jrmippicspcesmpagupt wden dagertsagad Al R geackywith a luminescgActent i onal
capturing device , such as a device disclosed in Japanese Pat ent

Appl i cat i B}*8ERF-d- Open No. 2009- 131186, has a carrier exposed on a capturing
di sh. Thus, for_exanple, nicroorgani sns other than those tq be tested, or
ot her subst ancd@ ERATPLE, ¢ Tethe & GPRARRECTRIEr G} B RgEREBEIPaSH B  ho
exposed Cﬂ{rier d%gin the tinme after m croorganisns . are qﬁptured onto the
carrier i HRUBPs éﬁ‘gfoé’i"gaéﬂﬂnlﬁ Beg pHErs Rrbblrtamedin 5EESunt ed.

Particul arl en test sit m@e e . £roqgrgani sns are ca iured i.s far
froma si FeedRE=t nQminepdist Batiahe AlramedolrEambott PRY 19 558 be. mor e
heavi | y cgn%gqinaiqg. i én.othe% morqgw mhentthg)%ﬁgturing devi ce, such
as the deb?ds ™ Hcapiurine SLRAARLEA PSP thp ST HUHE APt ai d- pen No.
2009- 13111%6%]r g)rs a%seds, E}h% CRl [Al,ﬁ,r i o@od}t amt.na]?ege urSi ha t hgirtégirs eaf ter the
carrier is rensved tro ht Re 8T s ARG 58 or e the i ggoo?g Alsms are
counted, and ther e AhCrL oorgani sns _.capt ur ed a# t test, site may not
be accurately E%ﬁﬁ%éﬁ&ﬂeé%gﬂW%ﬁﬂ%gaﬁ&%ﬁE&%%§%ﬁ$? zmeﬁ%né%ak

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, whicgh 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 problens, the present invention also provides a method for using the
obj ect-capturing device. The object-captur deV|ce i ncludes a carrier
capturing an object, and 2@ YIRF E@H[ 9Nt he carrier on a first
side of the capturing dish, and the capturing dISh has a through hole
ext endi ng f r omAthebieqtothesprgeentdngenitngado grqyedeo%n ?bi%ctc,cémlwlilgqge‘a?esh. The
met hod i ncl udes the successive steps of; directin carrier upward and
capturingaFEé‘ﬁﬁﬁ%@PtOéﬁbmﬁPﬁﬁbﬁhﬁﬁmﬁﬁéﬂﬁéPF?E?Jﬁ% % and contacting a
reagent for detecting the qQbject with the object captured on the carrier
t hr ough tﬁ]écrpﬂﬁgaagﬁmw&uregﬂreﬁeml PTI ON OF THE DRAW NGS FIG 1
is a diagrams ruct e of m cr anj sm caoynti ng appar at us

455 &&tﬁw “to

havi ng an obje Y eded leﬁlsn‘ﬂl‘frﬂr&%ent H’é eé’itlr?né’cfe‘ﬁ @AY to an
hovi ng. t HES GPAIEYE ik HBURERTGo Eorebring ABoiBe RaBter Mg evt co. i n
Vi ow show g LI St e fﬁﬁmp&%gﬁes&u el SRR o
the mcr o838 rh }Sl(r)rl]e%())(!ﬁ]e%td ggfrgx?lpc%r ?;[rgtsﬁge to a s%cond 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 oded perspective view show 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 IEVII in FIG 5; FIG 8 is a perspective view showing a

met hod for capt r| ng m_croor an| sms usi ng_ the object-capturing device

according to t ﬁ?ﬂ%alﬂﬁ\‘é’ﬁﬁa fof pprapipag affhe IHgERTgpsm counting F| G 9A1 is a

cross-sectional view of the obj ec% ca ri devi ce, showi ng a nethod for
Aot

usi ng t he 2BRJIEELS Raspt Gp iR idivne 8 roor gani sm counti ng appar at us;

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 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-capturing device, showi ng the nmethod for using the object-capturing
device in the m croorgani smcounti ng appar at us; FIG 9A4 is a

cross-sectional view of the object-capturing device, show ng the nethod for
usi ng the object-capturing device in the m croorgani smcounting apparatus,;
FIG 9Bl i&thagrasapafifeddchenatic di agram showing the vicinity of a filter
5 in the case of FIG 9A1; FIG, 9B2 is an enlarged schepatic di agram
showi ng the vi diltfi 852 4% a1 palargqdisshemptie a@g&%@égwm@e%w@?y of the FIG 9B3
is an enl arged schemat| i ggram showi ng the vicinity of the filter in the
case of FL¢ger o cg%oflEQIGg9 %,

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 schemati c 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 described in detail with reference to the
drawi ngs as appropriate. The enbodinest will be described using an

obj ect-capturing device for capturing air-borne mcroorganisnms (for

le, m d fu | e. Wev e objects captured
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ticles of che cal, s tances. The cts a limted
!to grslol id B%Ijnglg%bereéfhd‘ jagtd ta‘ﬁ%ﬁo% EP‘F???H& S’é‘?%'t“?ltgpgtfcture of a
her oi o aros 4&%%?{;‘3%{ “%he?a%?xﬁaﬁ?d;%%etﬁ%ﬁ tf? %p%?%%ée am
therein gani sm
counting a d Scli i bed accordin t Second,
Cheobj acRRE0R A Tumlimics R MERGHL RERABRSP e 1y PR TR TR g
devi ce mnl %e g%§cr|bed a cqub@g to the enbodi nent. Overall Structure of
hAcroorganlsn1 unFﬁaanHm'nl As shown in FIG 1, a mcroorganism

counting appar %toi"gm#qlc 3, F&, ps%g(vétt#% cdpthet COMNdNGe Th gf]e%%%ﬁdggﬁ igontai ned

in a sanple accor he n cr oor gahi sm cou

appar at us, 49 He’él%d@%aﬁ l%)e EBH Bﬂutsekﬁ%b}ectl%étgﬁﬂghbﬁge gn_obj ect - Capt uring

device 1 (refer to aving t functional liquid

tank 105, a holy WaLEH i ﬁW@eM'ﬂi{Q n&UUnttuéOLﬁgt gfl)fH&stéP&ekﬂ?e'dtpoi!—%l%lé%f[ eagent

cartridge 2 haV|ng mul tiple reagents spensi ng unit

| UM nescengeivhil B Shictr BRAAMGE M Rke 414, 1090siA06). 2 4R MG risH i 168, whi ch
also includes an engaging ring 102b. As described below, a heater 102c (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 rirmg 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 porti.on 102 that is, formng.the recessed portiqn 102a. To form
the r ecesSBERSRH TIFER 02020 tBE &P Cri dFYDlidRe POUNAEEL P SBEHEADEIE iy be used
i nstead of the aLuniB m nmenber . The engaging ring 102b is attached on
the peri pRRF3PRA IPRd @bening of the recessed portion 102a. As described in

detail below, the.,h i 6.i t ed t he. ti it,102 b i
deta] bel o Lol ot P e IS S BB 701 O
h i 6 _of t o] S turi i 1. . Th i i 1Q02b h
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shown in EhG 7 3rouheihd A8 o%@éi&&%fgg@%ghg% Rhhfodh, biid Bl RAEH0h hiad he

recessed portion 102a, a cover ct-capturing device I's renoved,

and a capjd fH9ndssllich xﬂ'{iﬁ @%? fe o TG, NAURhOTePwith BEARESH: 6AFedescr i bed

in detail bel ow [ 3, a through hole 41 for injecting the

reagents Bdhef aheliRtdrhS sphte 88 €00 N &) "ol ph0e'8R thOtREMal space 66 of the
housing 6, a carrier 5 disposed on the back side of the capturing dish 4, a

di schar ge openiARgn6da iRfrIGhS, ﬁ@%gje@gcﬁytuﬁnéidh%‘e‘é 14s BloQvidesh @2 the outside

of the discharge opening 64a, and a suction head 104a of the suction unit

104 (ref emohftifig thitW020ARRRE!8E eWbdAnk BRNOUB] N the@bfect-capturing
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 102c 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¢c 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



shown. The internal space 66 corresponds to "a space" in the clains.

As shown in FIG 3, the object-capturing device 1 is nounted 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 agsanple is disposed on the back side
of the capturing dish 4 and in the internal space 66 of the housing 6.

I n the object-capturing device 1 nounted on the nmounting unit 102, the
housi ng 6 Mi@s3)aopfooexardpleginmuove o filtwhiierhrase of thedesriemketer to BHFt Hefr ecessed
portion 102a, and the capturing dish 4 is disposed in the protruding
portion. Theoljedtcepturd@rdaviae her tmyastetheshauking, hedesspihipd below. hEhe i ng t he
recessed portion 102a (the al umi num nmenber), which surrounds the housing 6
of the objliauid isadrouroupes by k piping prRipmeanifiehe fHumgeryghileécidsbet o a
predet erm ned tenperature. Specificall% the heater 102c is preferable to
be, for egisppreing anga0fmesdgecrihedpelow. The funciiaaklisiiditamalod MGuFtPre ank 105
shown in FIG 1 is adapted to store liquid such as sterile distilled water.
Thi s |i qubsfferssol¢iiered into the housing 6 (refer to 8 FIG 3) to, for

exanple, inprove a filtration rate of the caryier 5 (yefer to FIG 3) of
t he obj ect - captlihe by verser %‘@pﬂm%lunttolqg’/a}%eﬁtst?fé{ Hawliehdor eemRleched bel ow.
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ish 4 o woRmre b RBt Cratnep Ggirorag o Rl BTl shown
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th h t fi.lt 7 f F . . t hi ti it 104
et udes. g biboh HEF IS FhGr® ief A TR of Thea®above, & suctfon
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pi pi ng, and a wast
and the reagents R described below, which are injected into the internal space 66

(refer to FIG. 3) in the housing 6, to discharge them through the filter 7 (refer to
FIG. 8). 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



The suction unit 104 according to the enbodi nent further includes a lifting
apparatus (not shown) lifting and | owering the suction head 104a to enabl e
the suction head 104a (refer to FIG 3) to be engaged with and di sengaged
fromthe housing 6 (refer to FIG 3) nounted on the nounting unit 102. In
the reagent cartridge 2 shown in FIG d, nultiple 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 pounting unit
102. In tﬁ@theeég"ﬁ%metb%@wiade@gzsi 1B &dh0%ke ad BATedEeNE CHtEREs e if HEPosed
predeterm ned position, and a dispensing nozzle 106a of the_dispensing unit
106 descr i2thadredatermined pesitien in e veaysf Shmonngng matdér n{rhglfpor der gi nt o
t he housing 6 of the object-capt ?gﬁg .device 1 and into.a | um nescence-test
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| um hescence .

Feagent, include a luciferase/luciferin reagent.

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 exanples of the reagents R may include a correction reagent for the

| um nescence-intensity nmeasurenent unit 107, and sterile pure water.

The di spensing unit 106 shown in FIG 1 dispenses the reagents R descri bed

above into the housing 6 of the object-capturing device 1. The di spensing

unit 106 al so di spenses the reagents Roand ATP extracted solution in the

housing 6 (refer to FIG 3) as described below into the | um nescence-test
t.he .| un nes enent uni t 107. The
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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



Oper ations of M croorgani sm Counting Apparatus and Method for Counting

M cr oor gani sns A procedure of execution by the control unit 108 w ||
be described. In this description, operations of the m croorgani smcounting
apparatus 10 and a nethod for counting m croorganisns wll be described.
FIG 4, which is referred to in the fall ow ng description, is a flowhart
showi ng the procedure in which the 11 m croorgani sm counting apparatus
operates based on.instructions of the co troél unit. . Ln the

m cr oor gaRPSRPIESAIY AYABSAPRETAT U PLREA-PAsAT pF pstiuctiong ob g P8I obni t 108
starts execytion of the follow ng procedure when a start switch (not shown)
i's turneduBﬁ'after the object-capturing device 1 (refer to FIG 3) is

ted th ti. it 102. .. As in.F 4, .th trol
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capturing dish 4 (refer to FIG. 3) onto the inside bottom of the housing 6 (refer to
FIG. 3).

The control unit 108 sends an instruction to the hot-water supplying unit
108 (refer to FIG. 1) to inject hot water into the housing 6 (refer to FIG. 3) (Step
S202). Thereby, 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. 3), 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



The control unit 108 again sends an instruction to the hot-water supplying
unit 103 to di spense 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, andlaccordingly the recovery rate of

m croor gani s at the filter 7 is inproved. The control unit 108
sends to uctlontothe di spensi.ng unit 6 ef er IG 1) to
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is prepared on the filter 7.

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 S210). 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



After Steps S208 and S209, the |um nescence detecting unit of the
| um nescence-intensity nmeasurenent unit 107 perfornms a background
measur enent of the | um nescence-test tube 107a with the ATP | um nescence

13 reagent. The control unit 108 sends an instruction to the
di spensing unit 106 (refer to FIG 1)130 di spense an adequate anmount of the
sanple solution (i.e., the ATP extracted solution) in the housing 6 into

the | um nescence-test tube 107a where the background nmeasurenment has been
per f or med'@&%p S211) . Thereby, the ATP extracted solution reacts with the
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m croorgapyghs in the carrier 5. This ATP value is calcul ated based on the
ATP anopunt (anDI) and the anount of the ATP extracted solution of the
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The obj ect-capturing device according to the enbodinent will be

descri bedy Besceﬂceaﬁa@e&%@sw&&bmm 1606cRBItE FIGCBREd D endgypce 1 in
the follow ng description is the same as that shown in FIG 5 FIG 5is a
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enbodi mrent. FIG 6A is an expl oded perspective view show ng the

obj ect - canba1s Neh A8YH 8 Pfunfih&ceRce Hensity 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 S210 (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



viewed from obliquely above. FIG 6B is an expl oded perspective view
showi ng the object-capturing device of FIG 5 viewed from obliquely bel ow
FIG 7 is a cross-sectional viewalong aline VII-VIl in FIG 5. The
obj ect-capturing device 1 according to the enbodinment is placed in an

i npactor-type air sanpler 50 (refer toa FIG 8) described below to capture

m croorgani sms, which are air-borne objects. The object-capturing device 1
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in the clains. shown in e obje turing device 1
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is attached to cl ose an uppei opening of the housing 6 described bel ow, and

has a cyl i ieabn §f‘ﬁ)@%b¥@c§ @aﬁupﬁtgtc@mc@ridoe@&n%%apQo&ﬁ%‘aﬁg aspypard. On an
upper circunferential edge of the outer cylindrical surface of the cover 3,
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t he nunber of the second engaging claws 31 is three, which is sane as the
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the air sanpler 50.

object-capturing device 1 is engaged with the microorganism counting apparatus

10 in the lower portion of the object-capturing device 1 when the captured

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



On a lower circunferential edge of the outer cylindrical surface of the
cover 3, three third engaging claws 32 are fornmed to protrude radially
outward, and to be disposed in a constant spacing with each other on the
circunferential surface of the cover 3. The third engaging claws 32 are
fitted in respective first L-shaped grooves 6la described bel ow of the
hﬁu5|ng 6 to detachably engage the cover 3 with the housing 6. As
shown in FIG 6B, an outer bottom surface of the c ve 3 for an uneven
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dish 4 int vertical direction, formed in a center portion of the
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the capturing dish 4, double ring-shaped ribs 42a and 42b extend vertically

on the pefipheitofhetiRsingreough hole 41 in an inner portion and an outer
portion, to receive the ring-shaped carrier 5 as described bel ow.
As shown in FIG. 6B, an outer bottom surface of the cover 3 forms an

uneven surface constituted by multiple 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.

2) 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



The outer dianeter of the capturing dish 4 ranges between the inner 17

di aneter 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 diameter of the upper cylinder portion 61. The outer

di aneter of the ring-shaped rib 42b fornmed in the outer portion of the

capturing dish 4 sho in FIG i.s .equal, to the inner di ter.of the
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above to ﬁggh§ggg§nBp%gggugg&%ﬁgﬂ_the ring-shaped ribs 42a and 42b, or by

filling the space wth the material. Instead, a separated ring-shaped

carrier may bealishb&f ihMQ. EBSSIR RteSotRAOMthd kS &brand 6B, the
housi ng 6 has the upper cylinder portion

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. 64, 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 descri bed above, the |ower cylinder portion 62
having the inner dianeter smaller than the inner dianmeter of the upper
cylinder portion 61, a conical portion 64 being in an inverted coni cal
shape with an inner dianmeter which beg¢ones smaller fromthe inner dianeter
of the Iower cylinder portion 62, and a filter fitting portion 65 provided
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filter housi
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



19 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 64a (refer to FIG 6B), and a ring
supporting portion 65b having a cylindrical shape and supporting the
filter-securing ring 8. Second L8 shaped grooves 65c are formed on the
inner circunferential surface of the ring supporting portion 65b, and
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Pol ypropyl ene Prefilter (N hon 11l pore K K It should be noted
that the fijjter 7 used in the enbodlnent should have an outer dianeter
I arger than the inner dianeter of the discharge opening 64a. As shown

in FIGs 6A and BBin ther Eirddrffer SR LG cd dMYe %p?éﬁ@%nﬁ@ﬁpér’tﬂoh%ﬂ thrb® the
housing 6 (i.e., the conical portion 64). The tfilter-securing ring 8 has a
of 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



20 through hole 81 at a position where the through hole 81 communi cates
with the discharge 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 sane as the inner dianeter of the ring supporting portion 65b
of the filter fitting portion 65 desct$ bed above, and a flange portion 83
formed on the | ower side of the ring body 82 and having a dianeter | arger

than th t t f FIG 6A th
1t er - seBtHg P HGOBoA e REF (BT GAca Gk Pleaneﬂgspsserﬂ?% Wi ni h 1o
body 52 f B ASIAELOPAPT TiA FISIaRHAL i Aepese iiACD=E FE P1T%el Housi ng

ti 6 f the h haped b 85 t Iy di d
on t LZ“peﬁﬁasalﬁagsgo@erm%%%ap%ﬁ?ea@o S7arAE) B BgR e T BT RE R 1t ing |

t 84. .The d he filt th h f
Phe outl ot dPe EHEETAERAR e BRI 6o %#eer?seeum&féngé%” ® e the
circunferenti al 3%1J9§2n%h&%g%’r%@9 f gb &g Cghﬁnhb engagi ng

claws 82a are forne e ra |a y ou I'sposed in a
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body 82. our a’are
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supporting portion and are |tt into the respective

second L- E%ﬁggéh gfg%\s%%c.%g\sé RH&%@&M s co%g&agfgaé;ea%rweg%sc KeEHEing ring 8

with the hous own I n ect-capturing device 1

as descr'Qﬁgt}%bs%Y&&ﬁs{;%Mogvsesf%Ua%ﬂﬁﬂ Eﬁ%o Séleis%émnda SMsthrtS mounted on

the shelf portion 63 of the housing 6; housi ng 6 |s coupled to the

cover 3 thraughy R GARLEF bA %éjél%{'mf‘feﬂﬁl'tﬁg sﬁﬂgcefdf rtﬁé r1 %ﬂﬁ?@r@m%r ooves 6la

and the third engaging claws 32; and the through the capturing
dish 4 ispyseshedpby the protrusion 33 of the cover 21 3.

The filter 7 according to the embodiment is a membrane filter. As
described 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 housing 6 is decoupled fromthe cover 3 by rotating the housing 6
relative to the cover 3 to disengage the third engaging claws 32 fromthe
first L-shaped grooves 61la. The filter 7 is disposed in the filter
housi ng portion 65a to close the outlet of the discharge opening 64a of the
conical portion 64, and the filter fidting portion 65 is engaged with the
filter-securing ring 8 using the second L-shaped grooves 65c¢c and the fourth
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environnment (i.e., a osed space m cr oor gani sns.
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cl osed space. ject-capturing device 1 as described above ot her
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Met hod for Using | ect - Capturing Device thod for using the
obj ect - capfaWrkROnSRYLEE; ahdBEAAELhAkd Qb BEGeRIHANG aIRBEN theiRrib@esy | bed.
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 65¢ 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



First, a nethod for capturing m croorgani sns using the object-capturing
device 1 will be described. FIG 8 referred to belowis a perspective view
showi ng the nethod for capturing m croorgani sns using the object-capturing
devi ce of the present invention. As shown in FIG 8, when

m croorgani sns are captured, the objegt-capturing device 1 is used in such
a way that the capturing dish 4 holding the carrier 5 is nounted on the
cover 3. |n other words, the object-capturing device 1 shown in FIG 7 is
turned upside down and used with the capturing dish 4 |eft on the cover 3
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shows suction ni ngs e alr sanp y 51, and a nozzfe head 55
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m cr oor gani sns, ousi ng ter-securing ring 8 which forman

integral Yninin P68 SRNRVEMCAIDHENPPBE cdifunddit&Aklthehe PhiBligh RSle 81 of
obj ect-capturing device 1 nounted in the pedestal 52, an% t he nozzl e head

55 is pl aﬁfé%lﬁb\f%ﬁcﬁﬁﬁ?%ﬂﬁg%sﬁl%ugﬁzthe F3tes MOWA s 1B FFied aBovel RheRItBE &Sty Of _
exposi ng the carrier corresponds to "the step of exposing the carrier” in

the cl ai NBgting portion A5 fidPnddpell wiIOMR)fi1SROSELL FiRglsh ehAfilie:SAIIIBEseROdY 51 is
activated, and the air is sucked through the suction openings 54. Then, air

flow is iy efet@sh-tagddailces bf @l ftdris0fring Fihplseand ehRehPaz Mger(THRt shown)
provided in the nozzle head 55. As a result, mcroorganisns carried in the

ai r inj ecdiggbst® ohhBe pa¥iph&f of tid QutlaARY MiEPistharbhep&ang 684, SThud)tid her
wor ds, m croorganisns are captured with the carrier 5 directed upward.
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 disturbance of the received air flow
Consequently, the carrier 5 is capabl @of capturing m croorgani sns
efficiently. When the air sanpler 50 sucks a predeterm ned anpunt of

the air, e cess of. capturin i cr.oorgani sns with the object-capturing
device 1 Eg&%ﬁﬁglﬁ%bpﬁf’?h@pwg@@%w%rresponds to "the step of capturing
the object” in the clains.. . Wen, this capturing,.process ends, the
housi ng 6 and t glefl?qd?ilélf uging ihs ﬂ]@e‘fti'%at‘gl%fi%‘ﬂgefg??ﬁogdr}ggg‘f ral unit are
fitted to the,cover .3.agai n,, and the object-capturing device 1 returns back
to the stﬁﬁogmﬁwlﬁbﬁﬁ%@c@e&rhi s process corresponds to "the step of

pl aci ng the housing agaj n, pver the capturing dish to,cover the carrier" in
the clai ns. il %\“%Z%%’g’rf%‘?tuﬂ@g@wm%g%ﬁf%ﬁy ?%‘ég ur |J§fgt C&é’g‘ilrégg 1in the
m croor gani sm count i a ra 0 .whi counts t 1 .
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descri bed fet%&\{?in(vrﬁtfigﬁ. to FIG 2). As descri bed above, the

u

obj ect-caB ring device 1 is nounted on the nmounting unit 102, and the

cover 3 is remyed QM e 8,hx9H§1jl Hﬁcr@o@énﬁs}ﬁ% é&%ec'épgt{rg&,ecﬁet o FIG 3).

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



FI G 9A1 to 9A4 are cross-sectional views of the object-capturing device,
showi ng the nethod for using the object-capturing device in the

m croorgani sm counti ng apparatus. FIGs 9B1 to 9B4 are enlarged schematic

di agranms showing the vicinity of the filter in the case of FIG 9A1 to 9A4.
FI Gs 9B1 to 9B4 show m croorgani sns Bgand ATPs. However, the sizes of
actual mcroorganisns are as snmall as in the order of mcroneter, and the
sizes of actual ATPs are as small as that of a npolecu Accor di ngly, Fl Gs
9B1 to 9Bdamicewefitle plupeitcrpBIrgdeyicsfl eowt@ddeﬁb%ﬁ?fieﬁazﬁa %ﬁlf?
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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



The ATP elimnating reagent is dispensed into the housing 6 in Step S206
(refer to FIG 4) as described above, and then the ATP extracting reagent
is dispensed into the housing 6 in Step S210 (refer to FIG 4) as descri bed
above. These processes of dispensing the reagents correspond to "the
step of injecting a reagent into the housing” in the clains. In the
housing 6, into which the ATP extracting reagent is injected in Step S210
(refer to FIG, 4) as descri bed above, ATP extracted solution EX is retained
as shown idAsaEibed: 9A4. As shown in FIG 9B4, the ATP extracted sol ution EX

cont ai ns ATPs, e anount of which corre nds t h nb f th
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escri bed above Cr.oor gani re captured with.t e 5 directed
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m croorgani Sns. Wi t I e_r ents thr h :
Accor di ngWug‘flﬁéu gtrfrq%e?ngagal Fect g)éclis %%\%ﬁ?%%é%?{eﬁ#g@le%oé ﬁ%ﬂ%ea%steari ng of the

m croor gap| g, Fw;e the reagents are contacted with the m croorgani sns,
that is, rﬁ%”n?crob@gani sms are detected, the carrier 5 is directed
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for exanpgl?dwigg%fle ﬁ{é‘é'hdﬁ' i3 88&:{@ tﬁé‘hﬁj%&%%ﬁ%é@&%&- in the microorganism
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 S201 (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 (vefer
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 5 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



According to the object-capturing device 1 and the using nethod thereof,
before the object-capturing device 1 is nounted in the air sanpler 50, and
during the time after the mcroorgani sns are captured using the air sanpler
50 and before the captured mcroorganisns are carried into the

m croor gani sm counti ng apparatus 10, %he carrier 5 is placed in the closed
space in the housing 6. As a result, the carrier 5 is prevented from being
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hydrophilic filter. According to the object-capturing device 1 and

t he usi ngiiBRirRedidtbereRbusih$ e i Sv&y SB1(h@sfet beFE@CHNRE depgdgidndoet.ans 31
formed on the opposite side of the housing 6 to engage with the air

sanpl er. To exphs® groessea dfidedpensinigliie hoa®nbgcdrespbindto the ieped W th the
cover 3 to forman integral unit as shown in FIG 5, is grasped by hands,

t he coverin@ctifgplreagchtiinfocht heusing" fagheldins0 as shown in FIG 8, and then
the housing 6 is renoved fromthe cover 3. In other words, when the carrier
5 is exposed, UheheClpisitig G)gntdiwhich tho AGPrgtchEng asageat isSnjestaton Stepched by

S210 (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 S211 (refer to FIG. 4) as

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



28 hands. Consequently, the object-capturing device 1 and the using nethod
thereof surely prevent the carrier 5 from being contam nated with
substances which are di sturbance factors for the counting of the

m croor gani sm According to the object-capturing device 1 and the
usi ng nethod thereof, after the objec2écapturing device 1 is nounted on the
nmounting unit 102, when the cover 3 is renoved fromthe housing 6 by a
user, the capturing dish 4 is turned upside down relative to the state at
the time e CAPHEHE do¥ieHesSr sanpl er, and thereby the carrier 5 faces

toward the internal space 6. This surel re ts the cgnt,am nati on of the
carrier 5. Thi Cgﬁéaﬁﬁaéée%av*H@PHHH%@@?%B%@ﬁﬁf@Pé@E“%@B@HQ%Eéﬁﬁ%%ﬁ t he
nunber of ,the filter 7, such as the htdro h%kiﬁ filter 7Za %-the

hydr ophobf&RP§Y dhovopmirzapgapistes 256 gaptured withtHe cartier & duscted YoWad: or esent
i nvention h been descr.i.bed. The, present invention. s not.limted to the
erhodi ment GRS DS R VE CSRAC AN e Kot Lt e ebR i T

Accordi ng,to the, enbodi,nent,,desgri hed.above, the m croorgani sns captured

Wi th thegt |TERECER ]HP$Q§“H%V?%§1%B % “counted in the nigroorganis%

ti t us .10 t f.. uS e i i
coparatus 50 ety HEIERG 8Bl 0o\l B EARRE SRR g to
t the_ pi gani tB0 ted wi i ivention i
bl cai B ERNIRN, S Wholbnt DE LR A IRthurodgric Al iBEGREMenl 1N 0T 1S

case, exajph 68 ol L6 EAGENLS. dEREIIDRN ARAYPs IRl A6) HoEndaypURkal i ve

cell conversion reagenF such as amnd aci d and sugar. According to

the enbOdtjh'g?érIr)% tﬂ?ﬁgéﬂgg%% d?%fe)x @ervreg'?{s é‘-ggvé}%tf IE'IQedcair 'ei'lg.edFBIOeME, this

m croor gani s m croorgani sms nmay be counted based on the

fluoresc gerﬁg QHUELS MBER 13 U?ﬁlgacgﬁﬁﬁniinﬁte%l With] BP0, SXGAnas DNA,  RNA,
and NAD, ich are extracted fromthe mcroorganisns, are irradiated with
microbes falling from above.
According to the object-capturing device 1 and the using method thereof,
before the object-capturing device 1 is mounted in the air sampler 50, and during
the time after the microorganisms are captured using the air sampler 50 and
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. As a
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 |ight. 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 nenbrane of gram negative
bacilli. In other words, m crobes may be counted based on | um nescence
intensity resulting fromthe linulus g¢est on the endot oxin. The

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

fi!ter 7 and culturing the recovered m croor %Pi%nﬁ'ho%g v%at i s clained
is: 1. Abhegipeetnieatitnbqtigere weidedring ioRtride of the housipa By ufAfAg di sh
hol d g ar ol th%rihsi\(,i\Q iofg Phec}?oe}synr eés isarllfegetgtgg }\r’omcbneig1 I:cjnrtgrtnigaitgg w?gh the
capturlng‘ﬁpgh, g p g

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



wherein the capturing dish has a through hole extending fromthe first side
to a second side of the capturing dish. 2. The object-capturing device
according to claim1, further conprising: a housing disposed relative to
the capturing dish to cover the carrier, wherein the through hol e of
t he capturing dish connects a space fesnmed between the first side and the
housing wth the outside of the housing. 3. The object-capturing device

ER AR RIS B A N
SePar 2011, L0 OBLeck 3, SRERS, O LA, L SL L LSE{ g oo 1o
e oS BRI e, L Lor Gt ophobie, i er, i h are
device accordi Q&%cér%inagn% t?lta o%;le"é‘é-%tgriﬁg dé}\?icéc ![”a%lﬁ%fle ﬁglggrrﬁe%h&gfhereof,
after the object-capturing device 1 is mounted on the mounting unit 102, when the
cover 3 is removed from the housing 6 by a user, the capturing dish 4 is turned
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 above.
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



a cover nmounted on the second side of the capturing dish and detachably
fitted to the housing, wherein the cover has an engagi ng portion on
t he opposite side of the housing, and the engagi nhg portion engages the
cover with a capturing apparatus which captures the object with the carrier
hel d by the capturing dish. 6. A netk®d for using an object-capturing

devi ce, which includes a carrier capturing an object, and a capturing dish
hol ding the carrier on a first side of the 31 capturing dish, and in which
the capt ufXdgtwndightas a through hole extending fromthe first side to a

St opo of i r edBithyCtRSY P FPEP AP HTRACA: UPRG U SBoRts “and
0bj cct | w PTG B EELVC A o BR=CRE o 11 BPCt RFAIR TRESPR ough ol e.
’ 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 recovering the microorganisms

from the filter 7 and culturing the recovered microorganisms.



7. A method for using an object-capturing device, which includes a carrier
capturing an object, a capturing dish holding the carrier on a first side
of the capturing dish, and a housing disposed relative to the capturing
dish to cover the carrier, and in which the capturing dish has a through
hol e connecting a space forned bet weef the first side and the housing with
the outside of the housing, the nethod conprising the steps of; exposing

t he Carr'@ﬁu@Xs&ﬁﬂP%iﬂg the housing; capturing the object onto the exposed
carrier n the housing again relative to the capturing dish to

cover thejcarri r h bj ect; and I njectin
A8 o ctt%é GaRi R90f, .t he object; a j ec g a
r eagent for detecsﬁ%g th o f%@fHCb ?rl e housi ng through the through hole

formed in the %%%Urh&gdlgh %B}dmg 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.
2. The object-capturing device according to claim 1, further comprising:

a housing disposed relative to 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 the outside of the housing.
3. The object-capturing device according to claim 1,

wherein the housing has a discharge opening for discharging contents in
the space out of the housing, and a filter separating the object is disposed on the
outside of the discharge opening.
4. The object-capturing device according to claim 3,

wherein the filter has a hydrophilic filter and a hydrophobic filter, which
are disposed in this order from the discharge opening.
5. The object-capturing device according to any of claims 2 to 4, 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 the 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.
6. A method for using an object-capturing device, which includes a carrier

capturing an object, and a capturing dish holding the carrier on a first side of the
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capturing dish, and in which the capturing dish has a through hole extending
from the first side to a second side of the capturing dish, the method comprising
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.
7. A method for using an object-capturing device, which includes a carrier
capturing an object, a capturing dish holding the carrier on a first side of the
capturing dish, and a housing disposed relative to the capturing dish to cover the
carrier, and in which the capturing dish has a through hole connecting a space
formed between the first side and the housing with the outside of the housing, the
method comprising the steps of:

exposing the carrier by removing the housing;

capturing the object onto the exposed carrier;

placing the housing again relative to the capturing dish to cover the
carrier after the capturing of the object; and

injecting a reagent for detecting the object, into the housing through the

through hole formed in the capturing dish.



