
FILTER SEPARATION METHOD AND FiLTER SEPARATION APPARATUS USED FOR THE SAAR
CROSS likEnlRENCE TO RELATED APPLICATIONS 5This appdicataon claims the benefit of
Japanese Patent. Application No. 2012-149251 filed on July 3, 2012, the disalRiPsure of which is
incorporated herein by reference BACKGROUND OF THE INVENTION IDI. xSeld of the Invention
The present invention relates to a fHltr separation method. and a filter separation dpparatus used for
the same. 2. Description of the Related Art. One of well-known mothbds of counting microorganisms is
1555TP method in which adenosine triphosphates (to be simmsly referred to as ATPs hereinafter)
extracted fromxicmoorgainaisms are quantified and the microorganisms are therebv indirctly counted
(b-bEisif, for example, Japanese Laid-Open Patent. AppiThation, Publication No, H11-137293). The
ATP method  20 extracts AT}Pts containpd in the milcroorganisms by bm gnb. the capturbd
Picrobrsibrisma into contact with an ATT extracting reagent, and counts the microbmganism a based
on luminescence intensity obtadnbd by making the extracted ATPs react witTh. a. luminescence
reagent. 



251 T0 a me iindo of cotint I rig captured ml. croorgan 1 sms ha a ed 01') , for exambde, the number of
microorganism colonies cultured. in  a. plate medium, it takes several. days to obtain a result of the
counting. On the) other hand, the AffP metSnod as described above can. dramaticaimy reduce the
regni: re11 t line as snort as only about one to several hours from. when microorgandsmm are
captured 5 until when the microorganisms are counted.       Another countng system has been known
recently in whicn a. prescribed concerning implement collects airborne-microorganisms and a
meamurement apparatus equipped with. the collecting. impdement automatically counts the. collected
10 microorganisms in coentormity with the ATP method (see, for example, Japane.selLagd -Open
Pat)nt Application, Publication No. 2012-053057).       The collecting iMPIPMEnt- used for tie counting
system includes, for example: a gel-like carrier.. that coliects m microorganisms using an air- sampler
or the like; a housing that houses the carrier and. defines a funnel part therein; and a filter that is
disposed at. a discirmirge opening formed in a lower portion o1. the funned part. The filter is
constituted by two filters with. one on top of thp other, that is, a. hydrophiMic 20filter and a
hydisophobic filter in. this order fronia side nearer to the funnel paxt (from. above to below).       In the
countimg system, plural. kinds of reagents or like are put in the funnel part of the collecting.
iffmtbamenti in a prescribed. ordpr, which allows ATPs ori the microorganisrms 25 collected in the)
carrier to be extracted_ More specifically, each of 41. buffer sodution (a wash 



solution.), an ATP eliminating. reagent (which eliminates an ATP present outside a cell. of a
mieroorgnisir), aind an ATP extraction reagent, for example, ic, put. in tfie funnel. pmmrt according to
steno in conformity. with the ATP method. 5  Each of the reagents or the like put in the funnel part iI)
respective steps is retained. in the funnel part, without flowing. out of the abovb -described. discharge
opening dile to water. repellency of. the above-described hydrppbobc fHlti=r, Out of ...he plural
reagents or the like, a first.. reagent or the iolike is retained in tine funnel part, comes in contact with
the mictoerganisms for a prEgsribed time period, and is dischnfged by means of suction. (for example,
vacuuming) via the discharge opening. Similarly, a subsequent reagent. or the like is retained. in the
funned part, comes in contact witin the m ndisroorgarcisms foraprescribedtimeperiod, and is
discParged. Ti-mdi is, in the funnel part, input of the reagents or. tine like, contact between the
reagents or the like and the microorganipmp, and discharge of thb reagents or the like are repeatedly
conducted according to the stpps in conform-lc:by with the ATT n method.       After an ATP extract cf
the mdbroorgapisn is finally pbtstned in the fuhnel padtl, a prescribed ampuht of the IsTP extract is
dispensed. to a 1.uminescence -test tube of a lumtnescence sintpnsity measurement unit and. is used
for 25 measuPing luminebcence intensity. ap descpibed above. ..the above-described collecting
impdement (see, for  example, Japanese Laid-Open. Patent. Application, Publication. No.
2012-053057), for. is when the first reapenM or the like is brought in contact with an object to be
treated (a. carrier in which microorganisms are captured, or the microorpthhisms 



5 themselves, or the like) in the funnel part:. and. is discharged through the hydrophilic filter and the
hydrophobic filter, part of the object to be treated may infiltrate in the hydrbphLiathc Ii lter (in fine pores
of the hydrophilic fi ter) . In the above -desoLibed ATT method, (see, for example, 10 Japanese
Laid-Open Patent Application, Publication. No. H11-137293d, microorganisms are counted based on..
weak lumimescence intensity of ATPs contarined in thrimibrooroarthsms. A reagent or the like is
required to sufficiently contact. with for prebreati the microorganisms. That is, therb is a need for tha
more efficient contact of ti thi) mi.exohm:panisms with h. the readTent or the ii kb as a tireatment agent
even if the CADT. t. 0 be rumiaf.ed penetrates into a hydrophilic fthter, so as to count the
microorganisms with, high senbifiviry even im tare convent:bona:I. counting svstei.r using the
collecting impdement (see, for n example, Japanese Laid -Open Patent Application, Publication No.
2012-053057).       In. light of the abbve -described. problems, the present invention has been made in
an. attempt tb provide: a filter separation method in. win oh, when an object to be fireated is 25
separated by filter and the separated obgegt is trsated with a. treatment agent, the object to be treated
can be brought in  contact with the treatment agent more efficiently than in. the conventional
technology, and a Lilter sepamation apparatus used for the felter separation. method. s SI554ARY OF
THE INVENTION       A filter separation method for filter-separating an object to be treated, in which:
the object to he treated is contacted with a. liquid_ treatment scant; a ffrst ffltem arid a second filter
ado used; and the second_ filter exhibits liquimi 



10 repeliensfylpp the liquidtmeatmont agent. The filter separation method includes the steps of:
disposiifg the first filter. and the second filter spaced apart from each other; and putting a ndxture of
tho object. to be frealedand the treatment apent onto the first filter. from a. side opposite to tho second
filter, 15separating thc.= object to be. tmeated on the first filter, allowing the treatmesit agent in the
mixture to pass through the first. filter and to be retoined between the first filter- and the second filter
due try the liquid repoliehcy of the second. filter, wiffmut pass-ing through the second filter-. 20In the
fOlter separation apparatus of the present inverdfUfn used for fhe filter separation method as descrilfd
above, a first. contact chalther and a second contact chamhor in each. of ,xqmissif an cdpiect to be
treatod is brought into contact with a. treatment agent are disposed apart from each other by 25 a
hydrophilic filter; and the second contoct chamber anc a filtrate outlet are dispose- apaxt from each
other by. a  hydrophobic fiiter.              n tho isiossont initionbaorn bne filmset separation motipsi aLd
iTue fi I bel sepal-m:10n mtteara -us to- using -30 same are proviied in which, when an object to be
-treated having been 5separated by a filter is rrPA -d with a breatment agent, the ob4ect to be treabed
can be brought into contact wigqi the treabmen: agent more efficiently than a conventional
bechnoLogy. BRIEF DESCRIPTION OF THE DRAWINGS         FICc I is a perspective diagram
illustrating a. mupproorganism capturing device as a filter separation apparatus am:cording to an.
embodiment of the present. invention. 



FIG. 2A and FIG. 213 are each an exploded. perspective th diagram illostrefinp the microorganism
capturing devdce (filter sepadalion apparatus) of FIG. 1 according to the embodiment. FIG. 2A. is the
exploded perspective diagram. as viewed downward from obliquely above. FIG. 23 is the exploded
perspective diagram as viewed upward. from obliquely below. 20FIG. 3 is a. perspective diagram for
explaining. a method or 2GpqiirinG maorticrganisits using the mintmorgamism capturing device
(:11711 ter separation apparatus) according to the embodimemt         EdM3. 4 is a. cross so,citijwmal.
diagram i .1ustmat lug a state where the micrcorganinir capmering dgesiaisi (eilimst separation
apparatus) of F1G. i is mounted on a microorganism counting  apparatus according to the
embodiment.       FIG. 5A1 to FIG. Slit. and FIG..hi to FIG. 5134 are each a. diddxam for explaining a.
step of a. ter separation. method carried out by usingtdb4micrborganismcapturingrbbice (filter 5
separation apparatus) of FIG. 1, according to the embodiment. FIG. 513I to FIG. 5134 are each a.
cross-sectional diagram. of the microorganism capturing device for illustrating. the filter sepaxation
method_ fid. 5131 to FIG. 5134 are each a. schematic diagram. illustrating. a state in vicinity of a
hydrophGlic filter in the steps corresponding to those of FIG. 5131.1 to FIG. SAA, respectively.
FIG. 613 is a schematic diapxam illustrating. a state which, in. the microorganism capturing device
(fHitc,r separation apparatus) of FIG. I, microorganisms separated by ICa. hydrophi: .ic filter are
brought. in contact with. am. ATP extraction reagent duffording to the embodiment.       FIG. 68 is a
schematic diagram illustrating a state in which, in a microorganism capturing device (filter. sepfddation
apparatus) according to a conventional techrology, 



20 microorganisms separated. by a hydrophilic filter are brought in contact with an ATP extraction
reagent according to the embodiment.       FIG. 713 is a partially eniarged cross sectional diagram
illustrating a filter fitting portion and a vicdnity thereof m of a Pdcroorganism capturing device (filter
setsaration apparatus) according to a variation of the present invention.  FIG. 7B is a. perspective
diagram illustrating a. filter hydrophilHe filter formiimq body and a hydrophobic filt(Br formi ng body
used. I. n the min rmorga n am capturgh.g. dovice of FIG , 71.-C with a partial cutaway of a. support
member of the filters, accordinq to the variation of the present invention. NBBAILED DESCRIPTION
OF THE EXEMPLARY EMBODIMENT       Next is described an embodiment of fhb present
invenMemmm In a filter separation method of' the present invention and a 10 filter separation
apparatus used for the flits): separation method, a hydrophilic filter that separates microorganism: (an
object to be treated) and a hydrophobic filter that exhibits          repellency to a liquid reagent or the
likP (a treatment agent.) which is brought in contact with tine microorganism are disposed spaced
apart. from eaEh. other. Note that the hydrophjlic filter. may also be referred to as a "first filter", and
the hydrophobic filter, as a "second filter" The Liquid reagent or the likp as the treatment agent used in
thp embod.iment is a soscall.ed aqueousd. Therepel...fancy n used in. the embodiment means water
repellency.       Below are described the mirrroorganism oaptutapgdevice as the fi7 ter separation
apparatus abmording to the embodiment, and. then, the filter separation. method according to the
embodiment which is carried. out using the mecroorgapism 25capturing. device (filter separation
apparatus). 



<Mdcrporganism Capturing Device.>  FIG. 1 is a perspective diagram illustrating the microorgabism
capturing device as the filter separation. itaccording to this embodiment. FIG. 2A. and FIG. 2B are
each. an explodbd perspective diagram illustrating thb microorganism captbring dbvioe (filter
separation apparatus) of FIG. I. FIG. 2A is the exploded perspective diagramas viewed downwamd
from oblighely above. FIG. 2B is thp exploded. perhpectivo diagmam as viewed upward from oblighbly
Note that the microorganism capturing device I according 10 to this embodiment is used for capturipp
so-called air ob.i0Arne microorganisms (for example, microbes and fungi), details of which will bo
describod horeinafteb, and is also used for couriting the captured microorgaAisms. In capturing
air-borne microorganisms, the microoraarmism th captiihing device I according. to this embodiment is
placed in an. impaotob -type air. sampler 50 to be described hereldbafter (see. FIG. 3). In counting the
caotbxed microorganismb, he miC.: roorganism capturing dievico 2 is, in turn, mouhted in the
0Poroorganism coubting apparatus 10 to he described 20 hereinaftem (see FICA 4) . Though
describbd in detail Later, tbp micboorpamism captepring deviceis used upside down iCi capturing. and
couptitip microorganAs mh as described in det.abi hNee(na5Mer (see FIG. land FICA 4).          As
shown in FIG. 1, the microorganism. capturing. dbvice 1 25 has an upper portion. thereof formed in a
substabtially cylindrical shape and a lower portion thbreof formed in an  



inverted conical. shape such that the lower a horizontal cross secMion of the microorganism captrimfg
dovice 1, tho smaller a diameter of the horimontai cross section. As described in detail below, the
microorgarnism captrIt4 devdce 1 has the upper portion which is engaged with the air sampler 50 (see
FIG. 3) and is. used for capturini microorganisms, and also has the tomer portion which is engaged
with the microorganism count-1mq apparatus 10 (see FIG. 4) and is used for counting Ihe capturod md
c fm-Byr go n SMS . 10in FIG. 1, reference numeral 3 indicates a. cover; reference numeral 6, a
housing; reference numeral 31, second engaging clams 31 engaging with the air sampler. 50 (see
FIG. 3) to be described hereinafter; and reference numeral 62a, first engagement clams engaging with
the mirmoorgonism 15counting appalittts 10 (see4).      The microorganism capturing device 1 (see
EIG. 1) includes, as shown in FIG. 2A and FIG. 20, the.'.': cover 3, a capturing dish. 4, a. carrier 5, the
housing 6, a. hydrophilic filter- Ta" a. spacer 9, a hydrophobic filter TO, and a filter holding. cap 8,
which. 20 are mounted in this order from above to below.       Tho cover $ is disposed. so as to close
an upbem opening of the housing. 6 to be described hereinafter and has a cylindrical. shape with a
bottom and an opening facing ubcpprd. On an uppor circumfemential edge of the. outer circumferential
25 surface of the cover 3, the second engaging c aws 31 descrthed  in constant spacing along a
circumferential direction of the cover 3. In thim embodiment, the number of the second emig<mging.
claws 3 1 is thmee in. accordance with the number of engagEng cutout poedrimm-E" 53 (see ETC:. 3)
of the air sampler 50 (see FIG. 53)) to be described hereinafter.       On a mwer circumferential e,,e of
the circumferential surface of thecmEfer 3, three third engaging claws 32 are formed to Erotmude
radially outward and are disposed in constant spacirraliniong the circumMerentaai c1Hrection of the
cover 3. The 10 thirdengegitn4 claws 32 are fitted in respect-ive first L-shaped grooves 61a to be
described hereinafter of the housing. 6, to thereby detachably engage the cover 3 with the housing 6.
As shown in FIG. 2E, an cadoer bottom surface of the cover 3 is formed by an uneven surfaEe matte
up of moilapityle straight. 



is ridges protmE.ding downward and disposed i paxailEl with each othedi When the outer t _sr,
surntace is disposed to come in contact with an upper surface of the capturing dish 1 to be descmibed
hereinafter, the uneven outer bottom surface can reduce an area of contact with the capturinerdish 4-
For example, 20 when the micmoorganism capturing device. 1 is disposed at a. mouEting unit 1.02.
(see FIG. 4) to be described hereinafter of the microorganism counting apparatus 10 (see FIG. 4) and
the cover 3 is then detached. from the housing 6, the uneven surface allows the cover 3 to be easily
detached from the capturing dimh 254, leavinci the captEring dish 4 o0 the hoEs.inq E. In anothmr,
case, microorganisms are captured using true air sampler 50 (see  FIG. 3) and are kept cold according
to necessity when transported. to am appropriate. facility for counting the microorganisms (for
example, a facility equipped with the microorganism counting. apparatus 10 (see FIG. 4)), which. is to
5 bedescribed.lbereinafter. In this case, condensation may occur, though not:. frequently, between the
cover. 3 and the capturing dish 4. Even so, the uneven surface facilitates an. easy detachment of the
cover 3 from the capturing dish 4. Such an uneven surface is not limdted to be made up of the m
above-described straight ridges and may be made up of, for example, a plura. ity of protrusionb or
grains of a satin. finished pattern, a weave pattern, and the like.       As shown. in. FIG.. 213, a
cylindrically-shaped downwardly-protruding protrusion 33 is formed on the out:En: is bottom surface of
the cover. 3. The pbbtrubion 33 has an outer diameter slightly smaller than an in diameter of a through
hole 41 to be described next of the capturing dish 4. A height of the protrusion 33 is equaj to a depth of
the U.5220125 tkole 41. 20As shown in FIG. 2A and FIG. 2B, the capturing dish 4 is disk-shaped. The
capturing dish. 4 has the through hole 41. whembh penetrates through a. central. portion between the
upper surface and a botMom surface of the capturing dish. 4. 



As shown in FIG. 2A, the upper suxface of the capturing 25 dgbh 4 forms an even suxface so as to
allow corMpact with the outer bottom surfabb of the cover 3 described above..        Inner and outer ring
-shapeh ribs 42a, 42b are vertically formed on the lower. surface of Phe capturing. dish. 4 so as to
accommodate therebetween a ring-shaped earl-Her 5 to be described later. 5The outer diameter of the
capturing dish. 4 is set to be within a range not smaller than an inner diameter of a lower.
cylinder:portion 62 of the housing band-not largor thanan inner diameter of an upper cylinder portion
61 the housing 6 to be described here ....after The outer diameter of the capturing. ISdish. 4 is
pref_rablybutInotnecessarilyset.tohesl..4tstardtifaily equal to the inner diameter of the upper cylinder
portion 61. An outer diameter of the outer ring -shaed rib 42b of the capturing dish 4 shown in FIG. 28
is set to be not larger than the inner diameter of the, lower cylinder DC) r.62 and is IS proferably our
nor necessarily set to be substantially equal th the inner m'Pmeter of the lower cylinder. portion 62.
The carrier 5 is placed in the air sampler. 50 (see FIG. 3) as to he describoh herelhafter, receives an
air flow when the air sampler. 50 sucks ai and captures microorge.rdsms n accompanied by the air
flow. The carriermaa t a maLerla w n i c t undergo EEC)  a ph 0 Se transition from gel to sou when a
temperature of the carrier 



5 iF raised from room temperature. The carrier 5 is prEfferably made of such a. material that
undergoes a phase transition from m gel to sod at 30 degxeos C or higher. More preferably, the
macterdal liquefies at a. temperature from. 37 dehxeos r to 40  degrees 0. Most preferably, the
material isagelatin., amixt:up-es of gelatin and. glycerol, or a. copolymer having a. ratio o.f.
N-acryloyfrnivoinamide to N -methacryloyl -NT -biotipyl propylene diamine of 10:1. 5ribe carrier 5 is
ring-shaped as described. above and is fnseferably but:. not necessarily has a shape same as a.
spacc defined between. the ring -shaped. ribs 42a, 42b of the capturing dish 4 ab shbon In. FIG, 24.
The carrier 5 ib formed by app ying the above -descbilfed 10 material to the space between the
ring-shaped ribs 42, 42b, or fillibg the space with tbe material. Or, the carrier Shaving a self-standing
ring shape is disposed by fitting into the space. As shown in FIGS. 27a and 2B, the hpusing 6 has: the
upper 15 oy rider port:ion 6 having the inner diameter substantially the same ab be outer diameter of
the cover 3 as descrcibed above; the lower cylinder portion 62 having the inner di, ameter smaller than
the ipner diameter of the upper cylinder portion 61; a. conical portion 64 formed in ap Inverted conica.i
shape with an 20 inne.diameter whrch gradually becomes smaller from the inner diameterofthe
1.0WercyMnderc.ortion 62 downward; anria f.i icier fitting podtdon 45 prepided around an outlet of the
discharge opening 640 formed in the lowest portion of the conical. pordsion 64, which are disposed in.
this order tb form. an integral unit.. 25Tr first contact. chamber 66 is defined in. a snabie inside the
conical portion 64. Microorganisms captured by the carrier:- 



5 are ought into contact.. with a reagent or the like in. the first contact chamber 66, detaits of which will
be described On an inner circumferential surface of the uppet. cylirkMer 5 portion 61, three first
L-shaped grboves 61a into which respective third engaging clams 32 of the cover 3 are fitted are
formed along the inner circumferential surfaabg at positions corresponding to the respective third
engaging c aws 32 as described. above. 10The lower cylinder portion 62 is coupled with the upper
cylinder portion 61 via a shelf. portion 63.       On an outer cimcumtemential surface ot. the lower
cylimbler portion 62, the first. engagement clams 62a are formed eaco of which is engaged with the
engaging. ring 102h) (see FIG. 4) of 15 the microorganism counting. apparatus 10 (see PIM 4) to be
described hereinafter. The first engagement claws 62a protrude outwardly in a radial direction of the
lower cylinder portion. 62, and are disposed. in constant spacinb along a circumferential direction theIn
this embodimenty for 20 example, four first engagement claws 62a are format:.       The conical
portion. 64 has an inner diameter which gradualihibecomes smaller. downward and ends up with. a
discharyje amening 64a (see FIG. 2B)bottom thereof Though details will be describad later (see FTC:.
4g, the 25 conical. portion 64 hass an inner wall surface which is smoothly urge:4d war ho nbatil a It
Ions from a top thereof down to the al scharge 



opening 64a. This allows contents put in the conical. portion 64 to easily flow dbiAn to the discharge
opening. 64a*       The filter fittinp no65 has a thin disk-like shape. Thp ill ter fitting portion 65 has at a
central portion tThbreof,  5 thp discharge opening 64a. (see FIG. 2B) so as to communicate with tWne
first contact. chamber 66. A space surrounding an outlet of thp discharge opening 64a is defined as a
filter housing portion 65a for the hydrophilic filter 7a. The hydrophilic. filter 7 a dispo a ad in the i liter
hon s in g portion 65a is be to close fhe discharge. opening 64a.       Ahe hydro_l ' w Bic filter 7a is
made of materia such as, but not limited tb, cellulose acetate, cellulose nitratbA poiysulfone,
polyearbonate, and polyester.:.       The hydrophilic filter 7s1 may be selected from. dommercbally
available products such as, for exampTe, MFGMillipore (manBTactuded by Nihon Millipore FMK.),
Snilbaspore (Nihon MilliporeIsopore (Nihon. Millipore Cyclopore (Whatman Japan KAK.), JCWP01300
(Millipore K.K.), Lc (Nihon mliippore K Kd), K040A013A (Abvgntec 20and T300A013A (Advantec K.K.).
7.1c1 hown in FTC, 2A and FBG. 2E, the spacer?' is formed by a. ring member.. The spaced 9 is
interposed between the hydrbdhibic fiAtPr 7a described above and tine hydrophobic filter in tb) be
described. next. Asecond contact chamber 67 (see 25FTC; 4) is thereby defined in an inside of the.
sbabbr 9 (ring member) by being sadwiwiched betwebn the hydrophilip filter 7a 



and the hydrophobic filter 7b.        The spacem 9 has a. ring-sh.abed rih 9a formeb on an upper eflr
face  (or a an aye nearer to the hydrophiliy filt.er 7a) around an opening in a central portion thereof.
The ring-shaped 5 rib 9a is adapted to press the hydrophilic filter 7a against; the filter fitting. portion
65.        The hydrophobic f i Item- 7h is made of material such as, hut not -Jim) te.d to, poi ytethafi
uoroethylene, nylon, polypropylene, and glass. 10The hydroplibbic III) ter 7b may he selected from
ambler()) ally available products such as, for example, gore-tax (registered trademark, manufactured
by Japan Gore-Tex FiF).), MICRO-TEX ()Lbsto Denko K.F... ), and polypropylene fiA ter (Nihon
Millipore K.K.) . 15The Itydroohob ..L c L)]. ter 7b may be made of the above-debcribed Fm. y 0 rabbi
idy bi I thd 7a which. is rendbhed hydrophobic by treatinq with a fluorine or silicone water repel-Font
agent As shown. in FIG. 2A and FIG. 2b), the fi . ter holding cap 20 8 has a cylindrical shape krifb a
thin bottom k fl I tmate out It)).t. Si is so roan in a central. portiob on the bkahhyd) thereof 11.1. nor
hcdding cap 8 is fitted onto thej above-described fill:Hre r f i.1-- t i ng. pdrii.on AS from be 1.04, th
thereby fibc the hdropn i 1 i c filter 7a, the spacer 9, and thb hydrophbbic filter 7h into the mfilter fitting
portion 6S. The fdIiber holding c:ap 7has; four engagement protrusions  



82 which are formed along an inner circumferential edge or. a. top openeng portion with equal spacing
along the chtsvh8mthami db: edge The engagement protrusions 82 are adapted to engage with a.
circumferential edge of' thb filter fittimigrmurrion 65, to thereby fAx the filterhold/lingcap 8 onto the filter
fitting portion 65.       The filter. holding cap 8 also has a seat portion 84 which proiects from ah jnner
bottom surf ace thereof toward the top opening portion, as shown FIG. 2A. The seat portion 84 has a.
ring-shaped rib 85 which standb arouhh an opening of the filtratb outlet 81 which penbtraties through
the seat.. portion 84. The ring-shaped rib 85 is adapted to press the hydrophobic. fbIttur Th against.
the spaper 9. As described. above and shown in FIG. 2A and FIG. 213, in 15 the microorquhism
capTuring. device 1: the capturing dish. 4 is mounted or: the shche6furrtion 62 of the housing. 6;
arbithlehousing 6 is coupled to the cover 3 via thb capturing dish. 4 using the first. L-shaped grooves
61a and. the second engaging claws 861 Thbs allows the through hole 41 of the capturing. dish 4 to
be 20sealed hr the protrusion 38 of the cover 3.       The housing 6 is dproupled ffhm the [rover 8 by
rorstind the housing 6 relative to the cover. 3 so as to disengage the second on claws 31 from the first
L-shaped at :roves 61a- The hydroph.ilic felter 7a is disposed in the filter 25h01225ing portidi 65a so
as to cleme the djesharge opening 64a of the conical. portion 64. Then the spacer 9 and the
hydrophobic  filtex 'MP are disposed onto the hydrophilic filter 7a. FlhaLly the flitmar holding cap 8 is
fitted onto the filter tmwaumirmj Portion 655. This allows tine 9, and the hydrophobic filter 7b to be
attached to the housing       The microorganism capturing device 1 as described above other than the
filters 33T Tb may be molded with resin., for example, preferably. bub, not necessarily polypropylene. 



<Method. of. Capturing Microorganisms Using Microcxganism m Capturing. Devic> Next is described
a method of capturing microorganisms   })Jr:(]. the microorganism. capturing device I (see FIG, 1)
according to the embodiment. FIG. 3 to be referxed to herein. is a. perspective diagr.am for explaining
a mehahbd c.f capturing microorgarai urns- using the microorganism capturing device II te.r
sepag.atibbl aimparatgs ) according to the embodiment.       As shown in FIG. 3, in capturing
microorganisms, the microcugtranism capturing device 1 is used in such a way that the capturing.
dish. 4 for holding the carrier 5 is mounted on the 20 cover 3. In other words, when. used, the
micxoorganifmn capturhTag devicb I shown in FIG.. 1 is turned. upside down and the Imbuczing 6 as
well as the fli.ter hol.ding cap 8 are removed, win .....e the cargnring dish 4 is left on the cover 3 as it
is. In rerncmying the housing 6 from the. cover 3, the cover 3 is appropriately 25 pb.MgmToneb and
dispeed cm a pedestal. :22 of the air saffxXLer 59,  relative to f e cover 3 so as to disengage the
sectenqad claws 31 (see F. C. 2A) from the first Lash Fig4. Luring device. 1 is mounted 



52 whicformed on an uooer side of an air hody .51 of t eajt sampler.and is rounP-snaped as. above.
The1. 52 has, as desc ribed above,aging .for rece. inb the second engaginc cover . khe microorgani
SM captur  device 10positioned. in a. oentral portuon of the pedestal. In FIG. 3, reference numeral 54
indicates suction open.: Ts of. a sakfitd.e r. body 51. Re fe r.ncenumeral 55 is a nozzle hear tp r
In the method of C:rp turing mi.croorganis62 as shown. dm. FIG. 153, C.he rnrcroorqanisrn.I
..mounted onto ihE;; . At t' is tint, thcisagina dev 1 is in. a. state in which the oarr er 5 is exposed as a.
result removing the hods no 6 to cher with the f ter-becuring C nozzle heis disoosed over: the pedestal
52. 20not shown disposed in the air saiLLoler hog 



to suck ad...nroui.rin the suctiongen inga riiected rrom a olum-aliMy Ofg ozzles (not      ..dedthe
noz.zJ.e head bt to the ca (1 microorganisms accompanied by he air- i.nj ecteci to 25carrier tare ca
tthe cain eaptgif 'raj microdrbanisms,turned ub          As shown in FTC', 3, the protrusion 33 of the
cover 3 seals the through ibile 41 (see FIG. 2A and. FIG. 2B) of tie e2,:prurng disn 4. The protrusion
3r, imps makes a surface of Tine capturing dish 4 nearer to the carrier 5 flush. Thi.s rebluces
distilrriance 5 of: the received. air flow. The carrier 5 can thus capture microorganisms efficiently.
After the air sampler 50 sucks a prescribed. amount of air, a. step of cap t ur ng rri croorganisms using
the microorganism capturi.ng device 1 is finished_         After completion of the capturing step, the
housing 6 together with the filter holding cap 8 are fitted onto the cover 3 again. The microorganism:
capturing device I returns to its original state as shcmh in. FIG.. I.       <Filter Separabion Method Using
Microorganism Capturing 15Device>         Next is described a filt.er separation method usin.g. the
microorganism capturing device 1 (filter separation apparatus) according to this embodiment_ The
description on also int:it:ides a. method of counting microorganisms captured by the capturing
20device 1 (see FIG. 3) accordlng toembodiment . 



Aft G iCc. coPd et i on of the aboura-dAacri bed capturing step, a user conveys the microorganism
capturing device 1 back to the origi na state shown i n 17Tfl , to a faci 1 iry whi ch the above-described
micrvibrgabism counting apparatus (not. shown.) 25is inStal e d The mibroorgaei sifi conting abbaratus
useCt herein may be  Knownpa.ratus ednptad for count.1.ng microorganisms OaptU i:ErCt by the
minerbbrrgablsg device I. ATP mat. nOC . The ATP mat h.ubrds respective prescribedoilst rile hot
water, fluid such as a. buffer solution, and. varioub reagemrts to the unior porganism cabt inq de-ice I
(see FIG. 1) mounter, on the microorganism counting apparatus, in a prescribed order.. Tine
microorgar.c g 2nre., apimmrairdus ad may be selec 44: commerciai,y avai lapi.e products such as,
foc - mBiomaytector (regisibred tre-JemnEudc, mdnufactuxed by HI. chi Plant Technology K.K.). al
diagram, fild ttate where the microorgandm na dib device (iii rr 4on 



us) of. Fe3 mounted on the microorganism counting isapparatus accoraimbp tot Aie embodiment. A.
cross S a- C: 1: ..C) or nf the micr rfamisrpds toe cross sect .ion of that shown in FIG. 1 when cut line
IV-IV. shown in FIG. 4, the microorgan m co::unr..rnq apparf 20 usedthis embodi- den the do102
having diddi pce,b dn 102ahonse the micron :tur'.inq device I (houThe recess 7-,heat condu
example,min= member, A heater (not. shown) 25rc':rnoeonjed around the recessed CLOrIm. on 102a_
he er is ederao LI 0 hea  



device I disposed in the recessed. portion 102a, which, is to be described hereinafter. dentailsbe des
chtMdmd "atm:, the hea t eh In eat. the carrier 5, which becomes solated, to thereby fail from thm 5
capturing dish 4 down to the conical portion 64. Meanwhile, the conical portion 64 has, as described
above, the inner wall surface which is smoothly curved with uncluilhMdns from the top thereof down to
the disorbub.xe opening 64a Thla a lows the solated carrier 5 to eaally flow down to the discharge
arranging 64a_       The microorganism capturing device 1 is disposed in the recessed portion 102a.
When the. cover Iis removed. from the microorganism. capMuring device 1, the through lole 41 of the
capturing dish 4 disposed in the housing 6 becomes exposed. 15 In the microorganism can device I,
the capful:sing dish 4 having. the through. hole 41 is disposed in an upper side Of.' the housing 6. The
carrier 5 as a. sample Is disposed on a lower side of the capturing. dish. 4 as well ed 'in the first.
contact:. chamber 66 of the housbmj 6. 20In FTC. 4, designated at the reference numeral 64a is the
discharge opening of: the housing 6; at 7a, the hydrophilic filter; at 75., tho hydrophobic filter; at 8, the
filter holding car at 9, the spacer; at 67, the second cent art chaffher; at 81, the flitrate out et; at TOM,
the abovemdeschitedmengaging 25 ring; and at 104av the suction near" conheccd co a. suctgon pump
not shown.        FIG. SAI to FIG. 5A4 and FIG. 581 to FIG. 5134 referred to next are each a diagram
for asp alerting a step of the filtex separation method carried. out by using the thicroorgabldm
capturing device 1 (filter separation apparatus) of FIG. 1, 5 according to the embodiment. FIG. 5AI to
FIG. 5A4 are each a cross-sectional diagram of the microorganism capturing device for illustrating the
filter separation method. FIG 5E1 to FIG. 524 are each a. schematIc diagram Illustrating a state
vEcinity of the hydrophilic Filter 7a in the steps 



10corresponding to those of ETCH. 5AI to FIG. 5A4, respectively.       In FIG. 5AI to FIG. 1A4 andFIG
5B1 to FTG. 51134, cbsdnignated at:. the reference numeral I is the microorganism capturing deviceg
at. 4, the es:4'07107ring dish; at 5, the carrier; at 6, the houslrigx at 7a, the xydrophtite filter; at 7b, the.
hydrophobic Is filter; at 64, the conical portion.; at 66, the first. contact chamber; at 67, the second
contact chamber; at el, the filtbdate outlet ; at B, a bdtnrcKbnjanisIn; at EX, an ATP extraction
reagent.; and, at. HVI, the hot. war. The microorgandsm FS shown in isbn 581 to FIG. 584 act:0E311y
m has a micrometer size. An ATP shown therein actually has a moleruhar size. InIG, hEss to Ed2.
5E34 are thus not iilusurated based on an actual relative scale.       The above -described heater (not
shown) embedded in the alumjnum member which. the recessed portion 102a (see FIG. 4) 25is made
of heats the carriet 5 oh zhe nbcroorganism capturing device 1 (see FIG. 41. As shown. in FIG. 5AA,
the heated calhzier  5 held in the catuhing. dish. 4 thereby falls down to a lowed) portion. of The first
contact chamber 66 formed in the ccweic.1 portion 64. In. this step, as shown in FIG. 51B1, the
mdcroorganism B captured by the air sampler 50 (see FIG. 3) 5 exists together with. the carrier 5 on
the hydrophi)ic filter 7a.       As shown in FIG. 5A2, the hot water HP is put ....the first contact chamber
66, which further facilitates ).),o1E........Hm) of thp carrier Sand makes the carrier 5 diluted with the
hot. water 10HW. In this step, theli),/drophiltc filtbr 7a allows tote hot water ft)ficw6ntaining a
component of carrier S to pass therethrkwigh. The hydrophobic filtek Trp will not allow the hot water lid
to Pass. thbrothrough due to water repellency (ligutd reps lency) thereof). The secnd contact.
chamber) 67 is thereby filled with. 



Is the hot water HP. As shown in FIG. 5132, the microohgaeiisms B together with the hot. water HW
containing the component ot. the carrier 5 are retained in. the first contact. chamber 66, without
passing through the hydrophe))c filter 7a. The sewst)nn head 1.04a. (see FIG. 4) sucks thb hot water
HW 20 cohtlaihing the component of the carrier 5 in the first conimact chaml.)er 66, to thereby transfer
the sucked hot. water HW to the second contact chamber 67 via. the hydropthilit filter 7a. Thb hot..
water HP containing the component of the carrier 5 in thb second contact char.W.Der 67 is then
dischargpd out ot. the 25 mdenporganism r otGk0e I via the hydrphbl.c. f iltpr 7b and. the filtratp
OStot84.        As a result, as shown in FIG. 5A3, both the first corgpact chamber 66 and the second
contact chamber 67 are bd with air, instead of tha hot water W containing the componbnt of the carrier
5. 5As shown in 1316. 563, the microorganisms 13 (see 1316, 561) contained in the carrimb .5 are
filtered out by the hydrophilic filter. 5a. At this time, one or more of. the mdcdood.gan 1dhha: may gain
entry into a f in.e more not shown in t} .ehydrophili fglted 7a . More spepaint or: all of a. cell, tlamgh not
10 shown, of the microorganism 13 may gain entry into an inside of the hydrophilic filter 7a. In the filter
separation method according to this embodiment, though not shown, a prescribed amount of an ATP
elimialathwiq reagent is disi.pensed in the f irmt coffin:act chamber 1566, to there by ellniirAMpa an
AITP which is pdesent out side a cell 



of the micdoorganism B. 1".n. ti . s step, the ATT ell)Whinalsing reagent passes through the
hydrophilic filter 7a but is retained on the hydrophobic filter lb due to the water reel iency thereof,
simil.arly to the above-den/it-Abed not water a) Hkl. The second contact ham:0 e r 67 is there be/ fa
lied with the ATP elimi.nati.bg reagent. The above-described su CtiOn head 104a (see FIG, 4) sucks
the ATP eliminating imbagent in the fi rst.c contact. chamber 66 and the second. contact. chamber 67,
to tharaby discharge the ATP 25 eliminating reagent out of the mdcroorgap1sm capturing device
Exanples of the ATP eliminating reagent include an ATP -olegradi ng erxtyme         As shown in FIG.
OA4, a. prescpribed amount of the ATP extxactLion reagent EX is ddspensedi in the first. contact.
chamber 66, to thereby extract an ATP (not shown in FIG. 5A4) present in the microorganism. B (see
FIG. 5E3).         Examples of the ATP extracting reagent EX inplude a. benzalkonium chloride, a
trichtoroacetic acid, drud a Trds buffer solution. 10In this step, the /GDP extraction reagent EX passes
through the hydrophd. _Lc filter- 7a hut is retained on and above the hyciropn chic. filter 7h due to the.
watbr repellency theref. The second contact chamber 67 is thereby filled with. thb ATP extraction
reagent JIB Ab shbwn in PIG 5E4y the ATBle-ortdPoion 



15 reagent. EX. contains the ATP extracted. from the macroorganim B (see FIG. 563).         A
prescribed amount of the ATP extraction reagent. EX containing the ATP, that. is, an A' lP extraot. is
dispensed anot is pbt in a lumjnebeene-tebt tube of a prescribed. 20 luminebeence-intedity
measurement undt. The ATP extract: reacts with an ATP luminescence reagent in the I.
uminescence-test. tube and produces luminescence at a luminescence intbnslty corresponding to an
ATT amount in proportion to the number of the microorganisms B. 25Examples of the ATP
ludmirmedace reagent. :1Anicbide a luciferabe/luciferin reagent.         A luminescence detecting unit
equipped with a photodflitii.plfer tube me.asures the above-described. lu . m ,,,,,,,,,canoe intensity, to
thereby obtain a relative number of the microorganisms B captured by the carrier 5 of the 5
mdcroorgandsm capturing device 1, based on the luminescence int ens i t.y .        More specifically, a
lumimescenbe detection signai which is detected. and outputted by the luminescence detecting uni t is
digitally processed, to thereby mi.easue a luminescence ID intensity (CPS) baed on a single-photon
counting method. An ATP amount (amol) contained in the ATP extract dispehsed into the
luminescence-test tube is calculated based on, tor example, a prescribed map (calibration curve)
indicating relation 'between ATP amounts Kamall and luminescence int.ensities (CPS) . 



15 The number of the microorganisms is then counted by using an           .ue convemted ihtp the
number of the microorganisms B captured in the carrier 5, based on the ATP amount.. (amol) and the
prescribed amomnd. of the dispensed ATP extract.. Then, a series of steps of the method of: counting
the microorganisms 20R Captured bi. the microorganim capturing. device I. according to this e
nididiment texmin.at e.        Next arid" described advantageous effects of the microorganism cap t" i 1
ring :let! i cc 1. (filter separation apparatus) and the filter separation method according to this
embodiment. 25.As described above , j n the mi (- roorgard sm OlIpt. or.i.nc, devi nP 1 and the filter
separation method according to this embodiment,  ths hydrophilic filter.. 7a and tins hydropnbbit filter
7b are disposed spaced apart Prom each Cc rue r inict ow a a. treatment agent suet:, as the
above-described reagent to pass thrca.igh the hydrophilic filter 7a abd to retain the treatment aisnt on
ths hydrophobic filter 7b due to the water repellency thereof . That      the treatment agent such as ths
above-described reagent is pre .sent both in the first contact chamber 66 and i.n ttle second contact
chamber 67 via the hydrophilic f ter 7a.       FIG. 6A to be referred. to next is a schsnlatic diragram i I
lutrating a state in which., in ths microorganism capturing device I (filter sepatstion apparatus) of FIG. i,
microorganisms on the hydrophilic filter /a ars brought in cent act with an ATP extraction reagent. FIG.
616 is a schemaltic diagram. illustrating a. state in which, in a microorganism.    pturing device r
separation apparatus) according to a convent ....ona tech.nolugy, irdcroor.gsnisms on the hydrophilic.
filter 7a are brought in contact with an ATP extraction reagent. Note that ths microorganism B shown in
FIG. 6A and FIG. 613 hsvs each a sib cremster size (nor exampde, a. st.aphvlococcu,sl.s 20
approximsteiy lpm long and an P eoli is apyro.ximately 0.5pm in shorter diameter') Mea 1055.1h 5i le,
the hydrophilic fri ter 7a s, fog. exambje, approximatsl v 113 5pm thick, though cc he thickness varies
dependa ng on various non's. ci all g a va I able pr crthi c t s because of their daffexebt standards) .
FIG. 6A and. FIG. GB are 25thus not illustrated based on ann al re] at-iiie 9C011c5. 



As shown in FIG. 6By in a microorganism capturins device  100 (see, for example, the
above-described Japanese Laid-Open Patent. Application, Publication No. 2012-053051), the
hydmbphirio filter 7a. and the hydrophobjc t1 ter 719 are disposed directly one on top of the other. The
microorganisms 5 13 are suction filtered to be sepaxated and left on the hydrbbhilic filter 7a or. the
hydrophobic filter lb. The f]mitbr separated microorganisms Bare brought in contabt with the treatment.
agent P, for example, a. buffer ocdution, an ATP eliminating reagent, and an. ATP extxaction reagent.
In some cases, part or all of a cell, though not shown, of the filter sepaldbmmd microorganism 151
may gain. entry into an inside of the hydrOPtIllie filter 7a, as shown. in FIG. 6B. That is, in. the
micr6id:555.11t1..mm capturing device 100 according to the conventional techtmilmgy, when, for
example, 15 the treatment agent P is pmt in the m_croc rqa.n.ism capturing device 100, the
micrboi..garmb5m B having been entered. the hydrophilib filter 7a comes in contct net only with the
tim.,b5mert agent P which ittflitrAte6 the hydrophilic filter 7a but also with the treatment. agent. P which
is rPtained mabrAy m on an upper surface of the hydrbehi c filter 7a.       In FIG. 6E, designated. dt the
retere ..CIII numeral 81. is the .11,1traMe outlet_ On the other hand/ in the microorganism capturing
device 1 according to this embodiment, when the treatment agent P is 25 outsn the microorganism
capturing device 1, ab shewn in FIG. 



6A, botn the first contact chbher 06 and the second cont.abt  chamber 67 which, are positioned on
both sides of the hydrophilic filter. 7a are fi" led with 513E5- treatment agent. P.       That is, I:lien-lief
(Dorgan:1 am. 13 entering into the hydropial ; -lc filter 75. comas in contact with the tratment.. agent P
from both. 5 the fdrst contact chamber 66 and the secondpnontabt chamber 67.       Thus,  in the
microorganism capturing device I according to this embodiment, efficiency in contacting
micmoorgarmusm B with the treatment. agent P is improved. As a result,. a pretreatment (an operation
of. contacting an. object to be 10 treated with. a. treatment) can be perfbrmed effectively in countinp
the microorganisms B (object. to be treated) counted in. accordahce with. the ATP method_
Hence, the mHcroorgahism capturing device I (filter( separation apparatus) and the filter separation
method 15according to this embodiment make rit. pofsible to increase an A.TP armount in an AffP
extract, compared to the confmdmddnai microorganism capturing device 100 (see. FIG. 6B). This
allows sehsitifmhdi for counting the microorganisms B to be improved. In this embodiment, examples
of a treatment of the 20 microorgardsms R. (object to he treated) with the treatment. agpmt P
incimdpm a. treatment of eliminating an. ATP present. out or. a cell of the. micmoprpanism B using an
ATP eliffirmating reagent (the treatment agent:. P); and a treatment of 1=Xi.licin lng an ATP present in
the microorganism B using an ATP extraction mreagent (treaffvult agent P). 



In this emdcodiment, another treatment of the  microorganism B (object to be treated) with the
treatment agent P ruJ1 udmbs as shown .in  Ell 51:32, a. treatment  of diluting. tdie micreorgamism. B
(object. to be treated.) cbntained in. the carrier 5 witM the hot water HW (as the treatment agent P). In
the 5 trewtment, as shown in FIG. 5112, the hot. water HW is added to the catrier 5 centaining the
mictoorganism Fof FIG. 5BI. When the hot water HW infiltrates the second contact chamber 67 via the
hydrophilic flitter 7a, though not shown, one or more of the microorganisms B may gbin entry into the
inbide of thb m hydrophilic filter 7a_       At this time, the hot. water HW in the second contact chamber
67 comes in contact with the microorganism B which enters into the hydrophilim filter 7a, also from the
second contact chamber 67. Thha microorganism B to whicn a component 16 of the cattier 5 is
attached is brought: in contabt witt. the hot water HW from both. the first contact chamber 66 and the
secwimd contact chamber 67. This further facilitates solation of the componenr of thecarrier 5 attdched
to the mictoorgamism B. This makws it. easier for the component. of the carriet 5 tb he. rwmcw/ed
20from the microorganism B in a. subsequent. suction. filtration c. cc       The embodiment.
oftiwt..presemb. inventionhas been exp l.a ined as described above. The prbsent invention is,
however, net limited to the embodimentc and can he carried out with various mmodifications. The
mdtmdwudjatiism capturing doidtce 1 (f5 tHnr sepammwhicm  apparatus) and the flit= separation
method asmsord1g to this 4Baxw-diment each have a. structure in which the hydtophilic filter 7a.
andill. hb hydrophobic. filter 7b are di sposed apart. by interposing the ring-shaped spacer 9
tnerebemee...However, 



5 the prebent invention is not limited to the structure having  the ring-shaped spaber 9, as and the
hydroptobib each other.  long as the hydrophilic filter 7a frbm  FIG. 719 to he rr,ferred to next is a
pmci.j.ally eniargbd morbss secUdic4a1. diagram illustrating a filter fitting ix),IUTion and a. vicinity
thereof" of a microorganism capiA)ring- device (fi ter sepaiation apparatus) according to a variatibT) of
the present invention. FIG.. 719 is a perspective diagram illustrating a filter hydrophi ic filter forming
body 71a. and 15 a hydrophobi c f ) 1 tbr forming body 7 lb used in the microorgarniism capturing
device of FIG. 719 with a part ;Al eui awicy or A support member of the filters, acobrding to the
variation of the present invention_ As shown. in FIG. 7A and FIG. 7R, the microorgaism 20captgaring
device I acciding to the variAt)or inoludes the f ) ter h.ydroph'i ) o B) It om forming body 71a and the
hydwAiridlobic 



filter forming body 7intad of an assembly constituted by    the hydmopI ter 7(see FIG. 4), the....lilt. er
7F. (see FIG 4), and the spacer 9 (see FIG. 41 according to the 25above- PSOr. 11)ed. embocibneint
The hydropli.1.1.1c filter forming body 71 a. includes: thb  hydrophilic filtbr 7a; and a substantially
ring-shaped support member II formed inuffg a cibbsuabgbrerd- 2, a 1 edge o t tfn e hydrophil1c
40Y.Iter 7a The hydrophobic filter forming body 71b inbludbs: the 5 hydrophobic filter 7; and another
substantially ring-shaped support. member -11 formed along a circumferential edge of the hydrophobic
0'lt(Ir       Thehydrornbilic and. hydrophobic filter forming bodies 71a, 71b define a fill txadion part Vic
which corresponds to a central 10 hole portionsuTrounded by the substantially ring-shaped support
members 1J_         When the hydrophilic fcter forming body 71a. is aligned. on top of the hydrophobio
filter forming boCt 71b, thb microorganism capturiup device 1 has a stxucturb in which. the
15respective support members it or the hydroph1.]-; c tie ter forma.body Ilia. and thb hydrophobic
falter forming body 710 come 1. contact with each other. This allows the hydrophilic filter 7a anb. the
lydrophobic filter 7b to be disposed with. spacing from each. other. The support memtbrs 11 thus serve
as a spaced:. 20 In. FIG. 7A, designated at. the reference numeral 6 is the housdbtu at. 8, the filter
holding cap; at. 64a, the discharge opening.; At 65, thb f1iter fitting portion; at 66, the first couldsot
chamber; at 67, the second contact chamber; at. 81, the fbitratA, oufflet4 and at 84, the seat. portion_ 



25The hydrbphilic filter 7a and the hvdrophatdc falter 7b equipped with. fhb respective support
mebbers 11 can be  manufactured by insert molding. with resin.         The resin used tor .heinsert
molding, ii. h a. ti.s, for forming the supporct members 11 is not specificmitilted as iOnq as tlm-presin is
thermopiastic. Elaetomeric resin isr.flweferatiliibut. not necessarily used because of its excellent
performance of sealing between the filter fitting portion 65, the filter holding cap 8, the hydrophilic filter
7a, and the hydrophobic filter 7b. Examples of the above-desciyilded elastomerac resin 10 includes,
for example: elastomer such. as SES, EIS, SEES, and SEPS; an ethylene copolymer such as an
ethylene-vinyl acetate copolymer and an ethylene ethyl acrylatd copolymer; olefin resin. such as
atactic polypropylene, isotactic polypropylene, propylene-l-butene copolymer, and. 15
pdmpimylene-l-butehe-ethylend copolymer; and attwit:Piper.         In the embodiment, the filtrate outlet
81 formed in the F) Itar holdind cap P is constituted by a single through. hole In the present inydntion,
however, the filtrate outlet 81 may 20 be constituted by a pluraldty of through holes for example.,
honeycomb structural through. noles). In thd embodiment, by using the microorganism 



apparatus 10, microorganisms cabluured by the microorganism capturing device I are counted.
However, the present ititd.iimtion 25can also he realiHed bv manually dispdneingrmPArgent into the
housjinj 6 and counting mic.rooranisms us i no una ATP metit(xi,  without. mounting the microorganism
capturing device 1 in the microorganism counting. apparatus 10.       The present. invention is
applicable to a spore forcidng bacterium such. as Bacillus subtiiis. In this case, the 5 above-described
examples of the reagent can include a. vegetative cell conversion reagent such as amino acid and
sugar. In. the andby us .1 ng the ATP met hod, mi CrOr)rgartisms are counted_ However, the present
invention can also he naddped by counting microorganisms based on. fluorescence produced when an
in-vivo substance such as a DNA, a RNA, and a NAP extracted. froni a. micmoorganism is irradiated
with excitation thm_lbb In a case where the microorganism capturing. device 1 is th used for capturing.
and counting gram negative tablmMi the miproorgAnisma can. be counted as follows. Endbtmxin
conhainbd in cell membranes of the microorganisms is set ab a reference and the michoothianismb
are counted based on idminethAmance intensity obbbdned by making the endcdbxih react with
limhthbds. 20The microorganism capturing device 1 of the present 



invbntion May capthab microbcbpdc pardthicies of ?Petal or of a cheBdpal substance. The
microorganism capturing device 1 may capture an oblepE such as, but nod. limitbddtho, a solid and
mist.  CLAIMS       A. filter sepabaticb. method for filter-separating an object to be treated, in which: the
object to he treated is contacted with a. tic id treatment agent; a first filter and. a second filter are used;
and the second filter exhibits liquiti repellency to toe liquid treatment agent, the filtbr separation method
comprising. the steps of:       disposing the first. filter and the second filter spaced apart from each
other; and       putting a mixtuxe of the object to be treated and the treatment agent. onto the first filter
from a side opposite to the second filter, separating the object to be treated. on the first filter, allowing.
the treatment agent in the mixture to is pass through the first ti ter and to be retained between the firbt
filter and the second filttr due to the ligbid repelliency of the second. filter, without passing through the
second filterb n 2.The filter separation method according to claim I, a plurality of the treatment agenre
of different type, heing  provided, 1 he flifor separation method run sreps of: rergib 7 discharging,
tiara-ad^ the  25 treetme.nt a g eda t of the pgur a ii ii v of the treatment agents which 



Liof the second filter; sent agents o  the second. filieing the second treatment astn 5 pass through the
first filter and to be retained between the first. filter and the sec.ond filter due to the ligieLa repellency
of the second filter, without passing through the second m 3.The filter separate )n method according to
clam 1,       wherein the fi.rst. filtera hydrophilic fi. tier s.wl the second filter is a hydrophob - filter. A. f.i.l
ter separation apparatus -Luse- t or a1,paraelou 15sr-separating an obi ect to be t a  , . a first contact
chamber and a second contact chanter in  



eacn or whi.ch the obi ect t 0 t tr' t agent; 20a. filtrate OUtfrom wheich a filtrate u ted and the treat.ment
agent.  aates r chambw snd the seconder from each othri 2.5drohohicfiltrho aar'oo.d Lian I the filtra  5.
The filter separation apparatus according. to claim 4,       whaarein the second con.tact (r1.-d.imbe r is
formed Le/ sepa rat -i ng the hydrophilic filter and the hydrophobic rd 1 ter from each 5other by a
spacer. 6. The filter separation. apparatus according to claim 5, wherein 'she spacer .:i..s formed by a
ring. member., and the second contact. chamber is foximed inside tSrie ring. member. 






