DEVI CE FOR CAPTURI NG OBJECT AND METHOD FOR USI NG THE SAME BACKGROUND
OF THE I NVENTION Field of the Invention The present invention
relates to an object-capturing device, which captures objects, such
as mcroorgani sms and chem cal substanées in the air, and a nethod
for using the object-capturing device. Descri ption of the Related Art
Convent i OnghiyCIRFORCRPIURIRTG GRRLLTIAND AREPALD FOICOSIRG P SRRAE
m croorgani sns and chem cal substances, by sucking air through
filter and separating the objects by the filter has been well -knovvn.
A wel | -known capturing device for capturing air-borne m croorgani sns
has a carrier, which undeggors rOPRASEF AN SNENTION om gel to sol at
a tenperature raised fromroomtenperature, on a capturing dish, as
di scl osed Figld dfahe Examplbas, Japanese Patent Application Lai d-OQpen No.
2009- 131186. Such capturing device is attached to an inpactor-type
air sanpl er. \Wi€he pidsesiigkeatiby rdlhiRs b an $8jepl-&iptafihkiddeise Whitht he
carrier, mcroorganisns carried by the air flow are captured by the
carrier i rcagtges opbasesuchhe miafdorgdnisal ahé shéicahbshsigndeBein the air, and
tenperature, and thereby the captured mcroorganisns with the carrier
in a sot phasthedrfer adihaithedbjbstanaptinéngdpties.i ng di sh. The obtai ned
m croorgani sns are counted according to a predeterm ned counti ng
met hod. A wel | -known net hod for counting mcroorganisns is the
. ATP net hod, which quantifies adenosi ne triphosphates (ATPs)
ext r act ed Desoriptivc ofidieReiatedsirand t her eby counts the m croorgani sns,
as disclosed in, for exanple, Japanese Patent Application Laid-Open
No. 11-137293. (hweveAliPnalty, hadclenitynact apAliPsg ojectsnsaihreschir-botie
m croorgani sns by contacting the captured m croorganisnms with
tracti ng meiagenganisms andehésicaheubstanee, lganicking dasbrbugh a4 fiker nhd of
| um nescence neasured when the extracted ATPs reacts with a
| um nescensepanatagéhe objects by thefilex dwap been sweldtrved. f ¢ webkaoimg
captured m croorgantsns based on the nunber of m croorgani smail onies
cul tur ed icaptarplgatericedai captneqyiaiekorseneicelorginisms Gas aharoeherhinand,
the ATP nethod requires about one to several hours fromthe capturing
of mi cr oongdergersa pbascizravsitioni frgn gkl tohwl at 8 taopeativsnmmiseli fmem tobm
ATP nethod armi.the re However, the ATP nmet hod counts
m cr oor gatérsperabasedn awapeaing dish Sebdisenseising fratexaviplasiaghseaer Banae
factors nmay be

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



contai ned in aConsequently; these substances need to be A
conventional capturing device such as a aeviin Japanese Patent
Appl i cation Lai d-Open No. 186, has a carrier exposed on a capturing
di sh, Thus, for exanple, microorgani snm8 other than those to be
tested, or other substances that act as disturbance factors may
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carrier contamnated during the tine after the carrier is renoved
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thereby the m croorgani sns captured at test site may no

accur at el yhe QiiRd of b NYRRY G c bk BVERTJAGN & plate mgé‘ﬁl.n? ii’étf&lge af the

present invention is to provide an object-capturing device an
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m croorgani sns captured at a test site. sol ve the above

probl ems, Hdues Bo8S@RtcabMERY bORiPER kL AR AD tH@k&ﬁ{tthﬂéi ng device
whi ch includes a capturing dish holding a carrier, ich captures an

obj ect, omRrddrgStisskdeTRs, the ATBRL M HoA A rSinBicallP e £RBS tHd fog uShiedtifas
a through hole extending fromthe first side to a second si of the
capturing di sh. However, the ATP method counts microorganisms based on weak

luminescence intensity. Substances that act as disturbance factors may be

contained in a samplé 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.



"I b solve the above problens, the present invention also provides a
met hod for using the object-capturing device. The object-capturing
device includes a carrier capturing an object, and a capturing dish
hol ding the carrier on a first side of # he capturing dish, and the
capturing dish has a through bole extending fromthe first side to a
second side of the capturing dish. The nethod includes the successive
steps of; directing the carrier upward and capturing the object; and
directing the carrier down nd _contactin I ent for detecting
the object with the objectW%aﬁ@ﬁ$3§CHﬁTHWénggEﬁﬂgS%?hrough the
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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.



FIG 9Al is a cross-sectional view of the objecttapt.uring
device,showing a roe ii for using the ohjectcapturing device 'rganism
couvt ng appar at us; FIG 9A2 is a cross'sectional view oft]

obj ect -capturing device, showing the nmet hod for usin.g the

obj ect-capturing device in the mcroorgani smcounting appar at us;

FIG 9A9 is a eross-sectional view of ,e object-capturing device, O
the methodlfor usi ng the object-capturing device in the m croorgani sm
be. apparatus . 9 is a crossseetional view of the
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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



As shown in FIG 1, a mcroorgani smcounting apparatus 10 is an
apparatus for counting mcroorgani snms contained in a sanple according
to the ATP nethod, The m croorgani sm counting apparatus 10 includes a
mounting 102 nountin...dying device 1grefer to FIG 2') having the
sanple therein, a. functional liquid tank 105, a hot-water supplying
unit 103, a 04, a reagent cartridge 2 having multipllt, a
di spensi nginthetcasoel FIG. 1949 nescence- intensity measurenent un|t 1. 07,
and a control un|t 108, which are housed in a cabinet 101.

simplicity, FIGIe: Eﬁmn?hlér&eébiCh@mame@laﬁamt%b@w%t;}@rﬁl?la&éf of thg
dasher kt sv dott d line and omts the object-capturing device 1.

As shown i caﬁh@? #¥ng unit 102 has a recessed portion 102a
recei ving the o c apturin evice 1 housj.n
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the housing 6 is nounted on the nounting unit 102agi ng the engagi ng
ring 102b with first engaging claws 62a provi ded on the housing 6 of
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first engaging C
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



In other words, when the ho sinfitted into the reessed portion 102a,
gagi ng claws 62a are inse recessed portion 102a through engagi ng
claws 62a intoThereby, the housing 6 is engaged with the engagi ng
ring lQ2h, in FIG 3, when the ohjeettapturi.ng deviceplaced in the
recessed portion 102a, a. cover 3 of the abject-capturing device is

renmoved, and. apturjng dish 4 disposed.in the housing 6 i.s exposed,
as descri baaltﬁﬂg a&%ﬂng@é} RiectcAPRireRe dpvicg ﬁ’f?@ﬁé‘hﬁ%i @ hpyingthe

injecting the re(refer to FIG, ]).and hot ter into anl space 66 of
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t he recessed
receiving the object-capturing device 1 (i.e., a housing 6). The mounting unit 102

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



portion 102a, and. the capturing dish 4 is disposed in the protruding

portion.

The heater 102c may be any neans that is capable of heating

the recessed portion 102a (the al um num nenber), which surrounds the
housing 6 of the object..l. nmounted onthe nounting nit 102, to a
pr edet er m ned tenperature Specific.b heater 1020 is preferable to
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and hot water into an internal space 66 of the housing 6, a carrier 5 disposed on
the back side of the capturing dish 4, a discharge opening 64a of the housing 6, a
filter 7 provided on the outside of the discharge opening 64a, and a suction head
104a of the suction unit 104 (refer to FIG. 1) connected with the housing 6 are
shown. The internal space 66 corresponds to "a space" in the claims.

As shown in FIG. 3, the object-capturing device 1 is mounted on the
mounting 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 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 102c 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



the aptu g dish 4. For exanple, the hot-water supplying unit 103 is a
unit (not shown) for discharging hot water heated by a cartridge
heater with a peristaltic punp through a nozzle forned with, for
exanple, a flexible tube. This nozzle laving a neans for noving in
hori zontal and vertical directions is inserted into thespace 66
(refer to FIG 3) of the housing 6 through the through hole 41 (refer
to FIG 3) F36. $He tenpramplagivgnrete a iizateceass af the carrier 5 plerdfiGm) of
unit 104 shown in 7 | sucks, for example, the, hot ter d, t he
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The suction unit 104 shown in FIG. 1 sucks, for example, the hot water
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. 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



Exanpl es of the ATP extractingi nclude, a benzal koniurn chloride
trichloroacetic acid, and a Tris buffer solution, Exanples of the ATP
| um nescence reagent includeaferasellimte 371r reagent. The exanpl es
of the reagents R naydai a correction reagent for the

| um nescencei ntensity nmeasurenent unit 107, and sterile pure water,
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phot omul ti pLi&fheWikily, detects | um nescence intensity of the ATPs.
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 control unit 108 shown in FIG 1 has overall control over the

m croorgani sm counti ng apparatus 10. The control unit 108 al so
controls the hot-water supplying unit 103, the suction unit 104, the
di spensing unit 106, and the | um nescenge-intensity neasurenment unit
107 according to a procedure to be described below, after the
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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



103 (refer to FIG .0 to inject hot water into the housing 6 (refer
to P10,3) (Step 3202). Thereby, the carrier 5 the hot water,

The control unit 108 sen FIG |) to engage the suction he to FIG 3)
further solates, and is dilutee W 11i nstruction to the suction
unit 104 fer to .d. 104a (refer to FIG 3) with the housin to FIG
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5 are separated and nold.b,, ti3), and. the dilutedrier filtered and
di schar ged W4t of the housing 6. The control unit 108instruction to

the hot-water s lyi .12, .
uﬂlpth% microorganism counting apparatus 10 shown in FIG. 1, the control

unit 108 starts execution of the following procedure when a start switch (not
shown) is turned on after the object-capturing device 1 (refer to FIG. 3) is mounted
on the mounting unit 102.

As shown in FIG. 4, the control unit 108 sends an instruction to, for
example, a predetermined inverter to apply power to the heater 102c (refer to FIG.
3) to generate heat. On the request of the control unit 108, the temperature of
the carrier 5 (refer to FIG. 3) of the object-capturing device 1 is raised with the
heater 102c (Step S201). Thereby, the carrier 5 solates and falls down off the
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
103 (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



filtered hot water renoves remaining diluted carrier 5 fromthe

i nside of the housing 6, and accordingly the recovery rate of
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are filtered and discharged out of the housmg 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



The control unit 108 sends an instruction to the dispensing unit,
106fer to FIG 1) to dispenseo t of the sanple solution (1.e.. the
ATP extracted solution) in the housing 6 into the | um nescence-test
tube 1.07a where the background neasur esent has been perfornmed (Step
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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 $213).
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 | according to the enbodi nent is placesat
pactortype air sanpler 50 (refer to FIG 6) desribed, below to apture
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fitted wt H'e\ﬁ@ecb isoiw'b.eéubstantially conical shape so that the diameter of the horizontal
cross section of the object-capturing device 1 becomes small downward as the
horizontal cross section lowers. As described in detail below, the object-capturing
device 1 is engaged with the air sampler 50 (refer to FIG. 8) in the upper portion of
the object-capturing device 1 when microorganisms are captured. The
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



The cover 3 is attached to cl ose an upper opening of the housing 6
descri bed bel ow, and has a cylindrical shape wth a bottom and an
opening fac upward. On an upper circunferential edge of the outer
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On a lower circumferential edge of the outer cylindrical surface of the
cover 3, three third engaging claws 32 are formed to protrude radially outward,
and to be disposed in a constant spacing with each other on the circumferential
surface of the cover 3. The third engaging claws 32 are fitted in respective 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 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.
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



8), when the object' capnring device fad br exanple, a facility havin
(refer to FIG 11) at, low tenperature carried to a m croorgani sm
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bet ween the cover 3 ae, the uneven e capturing dish 4. Eve surface
facilitates easy detachment of the cover 3 fromthe capturing dish 4.
This uneven surface is not limted to the above straight ridges and
strai ght gfsoReee 3 fam theycapturies sl 4whiph iulefti iplthe bpoting§i oAS, deseribed
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surface facilitates easy detachment of the cover 3 from the capturing dish 4. This
uneven surface is not limited to the above straight ridges and straight grooves,
and may be formed with multiple protrusions, or with grains such as a matte
finish pattern or a texture pattern.

As shown in FIG. 6B, on the outer bottom 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
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capturing dbBfd ¢bl 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



The carrier 5 may be formed by applying the material described! shove
.0 the space fornmed between the ring-shaped ribs 42a. and 42b, or by
filling the space with the m nstead, a separated ring-shaped carrier
may be fitted nto 18 61 having the innersubstantially as |arge as
the outer dianmeter of the cover 3 as described above, the | ower
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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



The filter fitting portion 65 fornms an integral unit wthr housing
portion 65a (refer to FIG 613) formng a thin disk-shaped space, the
shape of which matches that of the filter 7 which is disposed to
cl ose the out discharge opening 64a (reber to FIG GB), and a ring
supporting portion 65b having a cylindrical shape and supporting the
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embodi nent ,shoulgbphave an outer dianmeter |arthe inner
di anet er di scharge openi ng 64a.. As shown PIGs $A and 6B, the

filtersecuring riRgHed X8R0t dife td tiEmbodifent 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



20 through hole 81 at a position where the through hole 81.
com)iinlcates with the discharge opening 64a of the conical portion
64 through the filter 7. The filter-securing ring 8 nciudes a
ring body 82 having shape substantially)sane as the inner dianeter of
the ring supporting portion f35b oft filter fitting portion 65

descri bed above, and a flange portion 83 forned on the | ower side of
the ring bgugug@pheladlisavi ngitendy freter thighgehotefiincorHBUBIGE S Witaneeer
of the ring body 82, As shown in FIG 8A the filt curjng ringS

f urt hebi de 1S°}é?rg? opRItRg Bfa sUthriserlsal gor&@ﬁ&éutbéw%iﬂfﬁ & ng body 82
so that the f|t and the ring 82 faqr inte unit, and
is fitted into tﬁ@%?g?ﬁgP“Hthpﬁ&lﬁan%b%rﬁgg’g}%g HE%%F %: and a
ri ng-shaped ri

L1y d d h | f
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85 he.filter? t.h h h t
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of xt vaand BYeBER S%%%Eggo%bﬁéeaﬁ@% acr e AR Sl BB Ve
Ck333111/ 1} Fer (ﬁgg Sur68§¥§?f the ring b 82. The fourth engaglng

cl aws 82a %?81 ons corresponding to the respective

second. L- shapeg‘S% goves b i?t ggft ehielt{ LN9.8h Q%Etg fd}%QQthEQsﬁasﬁttglg

descri bed above an aP§|f he Fes i ve secon

6
Pousing ot BaBiRRR, derBEA0S, *‘?%“I‘%h@é?f?&“{4&??%3@3%?°’%‘;be& Rta
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on the she ousi ng ou3|ng I'S coup

the cover &4&&3{&&&% 1E o AR HLIGeIfR0 ot PL NP afepb S dr BB ery

grooves 6la an rd engag roug

capturing gi %J’%Pi%m&%ﬁé %ogéhthggby r OP};‘?& ¢ ?ﬁrt%n gde 'lql‘éeﬁng Bhag&ifrib

hou3|ngdemup e Ccov housi
85 presses the filter 7 on the periphery of the outlet of the dlscharge 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



relative to the cover 3 to disengage the third engaging athe tire,
L- shaped groov The filter 7 is disposed in the filter

housi ngportion 65a to close the outlet of the discharge openi ng 64a
of the conical portion 64, and the filger fitting portion 65 is
engaged with the filter-securing ring 8 using the second L-shaped
grooves 65c and the fourth engagi ng claws 82a descri bed above.

Ther eby; tRe di scharge opening 64a or the conical portion 64
comuni cates with the through hole 81 of the filtertecur| ring

8
through the fil tle hpusing Gissieroundes frapobe coviiehby Féafng P}é‘?h?‘i‘?’tnigrfb

portion 65 is engaged wth the filter-securing.ri 8 he filter by
the ring- skalpaye gq eggvest3 forlsqngagen @ﬁlfq ?fgga%m&'gcqg% 3?%@%6’9‘3 gt
tilter 7 is qupgsed on _the periphery f the di scharge openi ng 64a.
Thus, the f91%@pd #r90¥e§638%d firmy. The object-capturing device 1 as

sesed wvove 15 g Tollove When dhe el sl (I8 g Lo oL
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fitting portion 65 is engaged with the filter-securing ring 8, the filter 7 is pressed
by the ring-shaped rib 85 of the filter-securing ring 8, and thereby the filter 7 is
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.



A nmethod for using the object-capturing device 1 according to the
enbodi nent wi |l be descri bed. First, a nethod for capturing

m croorgani sns using the object-capturing device 1 will be descri bed.
FIG 8 referred to below is a perspectigge view show ng the nethod for
capturing m croorgani sns using the object-capturing device of the
present invention. As shown in FIG 8, when mcroorgani sns are
capt ured, tMethobjferdysivapibinct dgrtlevngetices used in such a way that
the capturing dish 4 holding the carrier 5 is npunted on the cover 3.
In other words, fAmeetbs] feustgpbgobitgt erniieas geviendascqAne G the i s
turned upside down and used. with the capturing dish 4 lea on the
cover 3 andémiicdimerieviiidiesiasgribedand the filter-securing ring 8
renoved. The housing 6 is renoved fromthe cover 3.by rotating the
housi ng 6 rel ati V@st 8 meibo¢ reppiting @F@%W&%ﬁ’émts%ﬂ’?%meoo é‘?féé%pﬁljrmg
claws 32 (refer to_FlI 6A) fr the first Tishaped grooves 6la .
(refer to Hegce éAY‘llz}%e%c?é%@quoe duelerefdp belgw 1 B\Pé*?&‘%ec?lge VER AR ing
the pedestal 52 of the air. sanpler 50 as described bel qw,. . T
obj ect - captth? P%f’éﬁ%pe%’F gapturing %ﬂ?ﬂréﬂmﬁwst‘ﬁ@gp@ﬁé&eé‘tp c@%“?wgadervd%‘bﬂ%e
shape in plan view, which is forned on the upper side of an air
sanpl er bodyeHTt FVePHA qi r sanpl er 50. As described above, the

d | 52 h h ' i 53 f d [ h
Second engagi ng &1 SEe BlCx e ERvaRrsRRRPap SYFifad tné oot Ve The
obj ect-capturing device 1l ig. ocated in a center rfi of. :
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body 51, e h 5 of th [ | _ 0 e r di
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o e
from ml t1 APECRRE oD dar prees iR it b 85 fied QRS P oine
carrior s 38 LabRtLERRi bR ReBRie RS, SR ACR-ENL L R Rk thlfover 5
shown 1 - Ficioeiip SRELYA SRS Ot ARG RhbEE o8 S EEITA WRI O L0
of the capturi ng Bt ehee rbonht BeftP e ERaEAth the el bDRnSHAAES

bot t om of tsplgpg {noﬁlrélrjlsvlié)vg, 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



Thi s reduces disturbance of the received air flow Consequently, the
carrier 5 is capable of capturing m croorganisns efficiently,

When the air sanpler 50 sucks a predeterm ned anbunt of the air, the
process of capturing mcroorgani smh wth the objeettapturing device 1
ends, This capturing process corresponds to "the step of capturing
the object” in the clainms. Wen this capturing procesthe housing 6
and the fi lceeterdedithe nhjert-capt8ringideticd dmmuaried int Sygrredesial §2.8md fhe t ed
to the cover 3 aothe object-capturing device | returns hack to the
state showmosle Bp@l 55 isTiHreedprvot s peissiad Sgomtisha 1l Gdep Tére prosessmy
the housi ng again over the capturing dish to cover the carrier" in
the cl ai s exposing thegampehddomresponds fy' thhetepy)f espestagpther Ganger davike 1.
in the mcroorgani smcounting apparatus 10 whi ch counts the captured.
M croor ganic¥®®swi | | he 21 descri bed., When the capturing

" FIG, 715, card FaHBy SEEHoRoRe b F8 T CRBBIEUREH SR ARG, S the

o PR 0S 10, S e oo, e 10 TG 2o sl o

T S S5 e IR S RIS 10 Do e oo

viove of L ooLeEtcaplunt g, Sevics;, SHow o6 L1g TH hod e 4l

enl arged S%Q&?&EJ gy g}ixeagarr?igxls' 5.S h?I\IM ;)&%r words, microorganisms are captured with the
carrier 5 directed upward.

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 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



the vicinitythe ase of FIGs 9A1 to 9A4, Fi Gs 981 to 984 show

m croorgani snms B and ATPs. Hsizes of actual m croorganisns are as
small as in the order of microneter, and the sizes aatual ATPs are as
sniall as that of v, nolecule. Accordingly. FiGs 981 to 984 shows no
relative sizes of a mcroorgani smand an ATP, When t he
tenperature of the carrier 5is raised in Step 9201 (refer to FIG 4)
as descri badsabsde, icr 5 held on the capturing dish 4 sol ates and
falls down onto the conical portion 64 of the housin as :shown in
FIG 9AL, In thi%Wharsee canhuripg ereeryiasrahed azpve sptient 809&%0%%“5?%
sanpl er 50 (refer to FIG %}are ret(ﬂ)ned W t h {lhe carrier 5 FIG.
981. deyised asHBONBEL Watef 1BWALTIE hﬁé@?é&‘tf’r‘i %HPW@O%&&%“H@OBnPﬁg
Step 5202 (refer to F1' % cl]escrlg ?\ t he canesol utes and is
dil uted by 2PR&raiBE LQvAsslepryhes, ox [rgepado ﬂg ?‘?ydr ophobic filter 7b on

the | ower side thereof. a 9A2. Thus,, t he h H N
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capturing —andy the conical portion 64 (The sanme reference
nunber deng’fez tf’lfga g%‘re el enment throughout the follow ng views.)

to FIG 4 as deusH Hhhos ‘%‘8‘5%%“%&6 F5Rotlo b TR A RSP s Ko,
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pressure- f| feréd enabl es reacti on w reagent, such

extraction, &uQFA’Fﬁé Iuoe Sngl'i' aé Ieﬁatfdfl Exﬁf)le%ule Acco Iﬂ& SA Gs 9B16to 9B4

el i minati nﬁf?ea en s ensed into OuSi ng I'nStep
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reagents correspon injecting a reagent into
housing” 11y { 08, &\ #eH%bove, the carrier 5 held on the capturing dish 4 solates and falls
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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 S202 (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 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



In the housing 6, into which the ATP extracting reagent is injected
in Step 8210 (refer to FIG 4) as descri bed above. ATP extracted
solution EXis retained as shown in FIG 9A4, As shown in FIG 9B4,
the ATP extracted sol ution EX contai ns2fATPs, the anount of which
corresponds to the nunber of the m croorgani sns B. The ATP
extracted. solution EX shown in FIG 9B4 is di s&epigd into,.the

| uni nescentkvsede capinepdigh dr ardthe @nmagportion; i Gihesagerpiareace, ¢ o
FIG 4) as descri bed above, and then the proce sequence . of the
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the m cr 0ongag STIESYALLAG ARSI KIS GALD) B uia'ih BhAERT]
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reagent, such as ATP extraction, to be performed on the filter 7.

The ATP eliminating 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 described above.

These processes of dispensing the reagents correspond to "the step of
injecting a reagent into the housing" in the claims.

In the housing 6, into which the ATP extracting reagent is injected in Step
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



di scl osed in Japanese Patent Application aid-Cpen No, 2009-1, 31186.
Consequently, the object-capturing device 1 and the using nethod

t hereof enable nore accurate counting of the it croorgamans captured
at a test site. According to thesobject-capturing device | and
t he using nethod thereof, when the mcroorganisns are contacted with
the reagents H using m croorgani smcounting apparatus 10, the
reagent s |ebientsapiusperdaaireintsist he the coxnnuni catjon between the

i nside and the outside of the honed result, the inside of ilhg gousi ng
6 is prevented Preprdingdesheeieqiaphuring dedrsl arbaptesiPgRIgred thpreohas
counting, of the m croorgani sns. According to
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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. 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



grasped by hands, the cover 3 is placed into the air sanpler 50 as
shown in FIG 8, and then the h6 is renoved fromthe coverin other
carrier 5ring dish 4 holding the carrier 5 is not touched by hands.
Consequently. the object-capturing devigge 1 and the using nethod
thereof surely prevent the carrier 5 from being contam nated with
substances whi ch are disturbance factors for the counting of the

m cr oor ganitkerrondwoorcdiing btovachaho bjedt acdpraeitaige déidickoupinhl. t He a
usi ng net hod t her eot obj ect-capturing devi ceunted on_the
nmount i ng umggultl Okze ingkderoftthe hewsieg 63s preveatpshisem bebin CREREGEPAFItE by
a Uiet the capturing dish 4 is turned upside down relative to the
state at tKubgthpeeswrugh preadistirbancerfactars fos shp ramiingff thy Brepprepeisms.
carrier 5 faces toward the internal space 66. This surel reyents
the cont ani nat i gkcordipg ko qubu@ﬁ'cwtmﬂgsdea&\?én%%@ew%éeg%# shrgot,
regard of the type or the nunber of the filter 7, such as the
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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



According to the enbodi nrent described above, the ATP nethod is used
to count mcroorganisns. Instead, the mcroorgani sns may be counted
based on the fluorescence produced when substances in a living body,

such as DNA, RNA, excitation light. og in the case where the
obje.ct'captu:ring device 1 is used to capture and count gram
negative bacilli, the counting may be nade based on_enc| ot oxin

cont ai ned ihandhe @aiseawrnily thieeobisct grrinringglavice d apddhe Ppingpeidigdehereof
wor ds, m crobes may be counted based on | um nescence intensity. .
resul ting fSHewY PRYeRt Hh (eriend froghbeing cenasipaief with substanggg which are

m croorgani sns nmay be counted by recovering the mcroorgani sns from
the filter GtHRRRAOEH fACtHTS AY thgeoipidng el t9q BHCEOEHYS™ Thatis -"ained is
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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



wherein the through hole of the capturing dish connects a space
formed between the first side and the housing with the outside of the
housi ng, 3. The object-capturing, device according to claiml, idn

t he housi ng has a di schadug for dischakgi ngtents in the space out of
the housing, and a filter separating the object is disposed on the
out side of the discharge opening. 4. The object-capturing, device
accor di excitatwhdighitn th.e filter has a hydrophil.ic filter and a
hydr ophobic filter, which are disposed in this order fromthe
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wherein the cover has an engagi ng gé)frti on on tbhe. op sithe side of the
housi ng, asenteleddndhePHEOSEHTRBNOHaYREANE Pecler Wi PRATEVEE P uri ng

apparel " which_ captures the gobject with the carrier held.by.the
capturing dhigipbes gay keggupisd bfaé?‘fﬂ% ‘Hﬂm&ﬁW‘F‘ﬁwtaavﬁyc’é‘fsu%}ﬁ%ﬁo%g?eudes
a carrier capturingobject, and a capturing dish holding the carrier
on a first lEpyas gyt ppdhe eBgRt®¥Png dish, and in which the capturing

di sh has a through hol e extendin romthe. first si .
side of the capt'ﬂlﬁ W@crﬂ‘?rgﬁf‘lsf’ﬁemgﬁ%}’ﬁfi‘ﬁngf}) Yit (ioﬁanflgghés%é%gélga\(}ggms

steps of from the filter 7 and culturing the recovered microorganisms.



directing the carrier upward and capturing the object; and

directing the carrier dowward and contacting a reagent for detecting
the object with the object captured on the carrier through the

t hrough hole. 7. A nmethod for using an ébj ect-capturing device, which
includes a carrier capturing an object, a capturing dish holding the
carrier onv@ﬁfLrsf.si e.of the capturing dish, and a housing di sposed
relative to EﬁésﬁgﬂPﬁ Phg dish to cover the carrier, and in which the
capturing Qish @g§oa &hroggg h&&g Q%nneﬁﬁﬁng a space formed between
the first side AntCPRE RBLEING W rHE SUF si de of the housing, the
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housi ng; capturing thé object onto the exposed carrier;

pl aci ng thgr BRUSLAG i) relative to the capturing dish to cover the
carrier after t g“%ﬁ%?%??hg of the object; and injecting a
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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.



