DESCRIPTION FLOATING BACTERIA TRAPPING DEVICE, FLOATING BACTERIA COUNTING
METHOD AND FLOATING BACTERIA COUNTING SYSTEM Technical Field [0001] The present
invention relates to a floating bacteria trapping device, a floating bacteria counting method, and a
floating bacteria counting system, and in particular, relates to a floating bacteria trapping device used
to trap floating bacteria floating in the air continuously for a long time and count living organisms in the
air, a floating bacteria counting method, and a floating bacteria counting system. Background Art
[0002] As counting techniques of airborne mlcrobes floating bacteria) in the drug manufacture
field, hospltals/operatlng rooms, food proce he like, in general, the Iight scattering

method usgngApiaq irlgg ﬂanggﬁy&thgg\% e) B%q%tﬁg Egga:tﬁq{ | from
particles in a'sam the 'sample being irradiated with Tight and the culture method that counts
colonies after cultunng@m@jlmmm@g@[ﬂ@@ aite: mediwpwsingian asbator or the like for two
to three days by blowing a room air on the culture medium are frequently used.

Technical Field

[0001]

The present invention relates to a floating bacteria
trapping device, a floating bacteria counting method, and a
floating bacteria counting system, and in particular, relates
to a floating bacteria trapping device used to trap floating
bacteria floating in the air continuously for a long time and
count living organisms in the air, a floating bacteria counting
method, and a floating bacteria counting system.

Background Art
[0002]

As counting techniques of airborne microbes (floating
bacteria) in the drug manufacture field, hospitals/operating
rooms, food processing field and the like, ingeneral, the light
scattering method using a particle counter (particle counting
device) that detects scattered light emitted from particles in
a sample after the sample being irradiated with light and the
culture method that counts colonies after culturing bacteria
in an agar plate culture medium using an incubator or the like
for two to three days by blowing a room air on the culture medium
are frequently used.

[0003]

Though the light scattering method using a particle



[0003] Though the light scattering method using a particle counter can make a real-time count in
terms of its function, dust and dirt of non-biological origin, in addition to particles of biological origin,
are counted simultaneously and the exact number of living organisms cannot be identified. [0004]
According to the culture method, it takes time before living organisms are detected because the
number of colonies cultured for two to three days by using an incubator or the like is counted and also
a problem that bacteria that cannot be cultured (non-culturable bacteria) and bacteria that are
damaged or cannot grow due to bad environment conditions (bacteria in a germination state), that is,

VNC (ViablE Wt KNoh-EBRuRMIS Faciéad chARiGt KOEBENEY is PHEEIODODEF fTumEetrtly, a

counting dea/ic C ining migrobial count by. spectrophotofluorim and the particle counting
method basé‘ldSet n tﬁg)ia]lé%sgafﬁrelﬁﬁg t l&?r?%8g\e7Le?orp%%I:.Lﬁbv%/relvae(rg,gsyp%lc?r%%hoo%?ﬁ%ﬁrcn%?ns/ detects

NADH (niceiingmistecagenine shinugsleotide)-of biglngieakarigin aadso detects iving organisms and
dead organisms simultaneously, posing a problem that living organisms and dead organisms cannot
be distinguishebeisa fesuity ifflpatimg dattena arerdetected (dolarted)fbythe present device in a room
an isolator or the like that guarantees a germ-free environment, it becomes necessary to interrupt work
in the room [tg%%ﬂyze and sterilize the isolator or the like, but if counted bacteria are dead organisms,

theaboveandyﬁsg@Q&@@ﬂR@ﬂggV@%éV@&PQure method, it takes time before

living organisms are detected because the number of colonies
cultured for two to three days by using an incubator or the like
is counted and also a problem that bacteria that cannot be
cultured (non-culturable bacteria) and bacteria that are
damaged or cannot grow due to bad environment conditions
(bacteria in a germination state), that is, VNC (Viable but
Non-Culturable) bacteria cannot be counted is posed.

[0005]

Recently, a counting device combining microbial count by
spectrophotofluorimetry and the particle counting method based
on the MIE scattering theory is developed. However,
spectrophotofluorimetry detects NADH (nicotinamide adenine
dinucleotide) of biological origin and so detects living
organisms and dead organisms simultaneously, posing a problem
that living organisms and dead organisms cannot be
distinguished. As a result, if floating bacteria are detected
(counted) by the present device in a room an isolator or the
like that guarantees a germ-free environment, it becomes
necessary to interrupt work in the room to analyze and sterilize
the isolator or the like, but if counted bacteria are dead

organisms, the above analysis and sterilization work will be



useless, leading to lower work efficiency. [0006] The impact trapping method using the principle of
impact is known as a trapping method of floating bacteria. The impact trapping method is a method of
trapping floating bacteria on a carrier surface by causing a high-speed impact of air after having been
caused to pass through a slit or pinhole forming a nozzle on the trapping carrier and, as shown in
Patent Literatures 1 and 2, a method of increasing trapping efficiency by optimizing the nozzle
diameter, a gap between the nozzle and a trapping surface, the nozzle pitch and the like and, as
shown in Patent Literature 3, a method of trapping floating bacteria uniformly on a trapping carrier by

rotating and AfoViTF up Leadicwh Rontisdr iKwticl frapping carrier is placed have been
proposed. q%tb%l List Patent Literature [0007] Patent Literature 1: Japanese Patent No. 642687

The impact trapping method using the principle of impact
is known as a trapping method of floating bacteria. The impact
trapping method is a method of trapping floating bacteria on
a carrier surface by causing a high-speed impact of air after
having been caused to pass through a slit or pinhole forming
a nozzle on the trapping carrier and, as shown in Patent
Literatures 1 and 2, a method of increasing trapping efficiency
by optimizing the nozzle diameter, a gap between the nozzle and
a trapping surface, the nozzle pitch and the like and, as shown
in Patent Literature 3, a method of trapping floating bacteria
uniformly on a trapping carrier by rotating and moving up and
down a container in which the trapping carrier is placed have

been proposed.
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[0007]

Patent Literature 1: Japanese Patent No. 642687

Patent Literature 2: Japanese Patent Application Laid-Open No.
2001-169770

Patent Literature 3: Japanese Patent Application Laid-Open No.

09-215491

Summary of Invention

Technical Problem



Patent Literature 2: Japanese Patent Application Laid-Open No. 2001-169770 Patent Literature 3:
Japanese Patent Application Laid-Open No. 09-215491 Summary of Invention Technical Problem
[0008] Floating bacteria caught by the above impact trapping method are generally assumed to be
counted by the culture method and thus, the trapping carrier is formed of an agar medium containing
sufficient nutrients necessary for growth of floating bacteria. The time in which bacteria can
continuously be caught is limited because the number of bacteria that can be discriminated after being
caught on the agar medium is limited and the agar medium is dried during trapping operation, leading
to lower traﬁﬂiﬂ ficiency. Further, even if, as described in Patent Literature 3, a plate on which a

It di i is rot t t late as the rotation center,.the culture
culture medium Is p%eicc?gt'%ﬂ[;g; aﬁ%%@%qlﬁg leﬁg%irﬁ?};r IE%Q %a%ove impac trag%vjit?‘lg[he

medium immediately below the nozzle, that Is, e medium on a circumferenc

distance frafe the-ceater ghthelate ie kemediately helowthe s zrlerasaciatius aradially ecomes

recessed due to wind pressure and accordingly, the gap length between the nozzle and the trapping
surface is gradudiipFoloned teadingte lowsrtrapping efficiarcy i thextrapgiay coatidues for a long
time. Therefore, it is necessary to replace the culture medium every few minutes to continuously catch

floating bac?@ﬁgﬁﬁalfﬁ@nﬁﬁﬁgg?&ﬁrﬂgs%‘FF&&Iﬁ&E@ thé ChRGRMeditm Fcrdddesnd the number of
cultured sapplesingieases inaccordange it the ARRIAGUBE 0009, -Jhe AigssIl nyention is

made in view of the above circumstances and an object thereof is to provide a g bacteria
trapping deviceccapgihte oktrapping dloating Hasterianis themiegoniinuesslyder a lemrg imeaaithout

decreasing trapping efficiency even if the time before a trapping carrier being replaced is prolonged

and a floatiR§ baéRfiaicoiinting dnethbe anded icatinysddieia cobrtimgsystemdising the floating

bacteria tra??%??t%eé"gﬁa the agar medium is dried during trapping operation,
leading to lower trapping efficiency. Further, even if, as
described in Patent Literature 3, a plate on which a culture
medium is placed is rotated around the center of the plate as
the rotation center, the culture medium immediately below the
nozzle, that ig, the culture medium on a circumference with the
distance from the center of the plate to immediately below the
nozzle as a radius gradually becomes recessed due to wind
pressure and accordingly, the gap length between the nozzle and
the trapping surface is gradually prolonged, leading to lower
trapping efficiency if the trapping continues for a long time.
Therefore, it is necessary to replace the culture medium every
few minutes to continuously catch floating bacteria and the
number of times of replacing the culture medium increases and
the number of cultured samples increases in accordance with the
trapping time.
[0009]

The present invention is made in view of the above

circumstances and an object thereof is to provide a floating



Another object of the present invention is to provide a floating bacteria counting method and a floating
bacteria counting system capable of counting only living organism quickly and accurately. Solution to
Problem [00101 In order to achieve the above object, a floating bacteria trapping device
according to the present invention having a nozzle allowing air the pass through, a trapping carrier
provided downstream of the nozzle to catch floating bacteria in the air having passed through the
nozzle, and a support container supporting the trapping carrier, includes a driving mechanism that
causes the support container to move in a horizontal direction so that trajectories drawn by center

points of re§RNE TR FaPRnGTARE! GGaR7R Whtéh e HPRRIIRG fa<sRb thfb gt tHemiczle
collides do nat ipferseqt, [QOJ 1] inuéatf:scﬁ{;i@gp gh%%p%/etcigr@igyi%%o&uéh%gg%tér%bacteria frapping
13 . ;

device includes the driving mechanism that causes the support container to move in't & Horizontal
direction se thaigrajectories srawnpy-center painis efiegiorTerdhs trapnipg £3rieagainst which
the air having passed through the nozzle collides do not intersect and thus, a specific portion of the
trapping cabfekeantise prseftdd fronrbengedcesskddde ta thengirthpressire codnyingnFherefore,

floating bacteria in the ajr can be caught continuously for a long time without decreasing trapping
efficiency e%ﬁ%ﬁe?iﬂ‘f!e Befote ﬁ%ﬁgp&ﬁﬁ%%m& G P RTBIoNgLaT[081S] In

addition to ' ian, zle issfar of a plurality of pinholes arranged at equal
@fo@m@ﬁc%{w@w &@%gg&%{g Hipmed.

intervals and if a pitch interval between the pinholes is d, the driving mechanism causes the support
container to move iaribe herizobtpt ditection ise thatthersupporeeanitainer drawsa eivcleef dess than d
in diameter. [0013]

floating bacteria counting method and a floating bacteria

counting system capable of counting only living organism

quickly and accurately.

Solution to Problem
[0010]

In order to achieve the above object, a floating
bacteria trapping device according to the present invention
having a nozzle allowing air the pass through, a trapping
carrier provided downstream of the nozzle to catch floating
bacteria in the air having passed through the nozzle, and a
support container supporting the trapping carrier, includes a
driving mechanism that causes the support container to move in
a horizontal direction so that trajectories drawn by center
points of regions on the trapping carrier against which the air
having passed through the nozzle collides do not intersect.
[0011]

According to the above configuration, the floating
bacteria trapping device includes the driving mechanism that

causes the support container tomove in the horizontal direction



If configured as described above, the air can be made to collide against nearly the entire surface of the
trapping carrier without concentrating the collision of air on a specific portion of the surface of the
trapping carrier and thus, nearly the entire surface of the trapping carrier can be used as the trapping
surface. Therefore, recesses due to drying or the wind pressure can be prevented and floating bacteria
in the air can be caught continuously for a long time without decreasing trapping efficiency even if the
time before the trapping carrier being replaced is prolonged. [0014] In addition to the above
configuration, the driving mechanism causes the support container to rise in a vertical direction.

By adoptingthe-88évé E8afgUralidE e BRirth&rappiitcamet i cifaeREBEIBR B ridle is
recessed d Ly r. the.wind_pressure during trapping.operation in which the air passes through
S RERRE SEain ot ine WARG AT B4 Btnal o1 A Se by T

the nozzle against the trapping carrier due to the y afan and floating

bacteria cortainesbnthe aiare capiired hydhe cariarsurfacgntnesupportcataingrrses to keep the
gap length between the nozzle and the trapping surface of the carrier so that high trapping efficiency

can be maiptirted> 0I5 the |heaielitiong aceordirngrtoths pgresentaneerttion, therae idproniged a
floating bacteria counting method of counting living organisms trapped by a trapping carrier by causing

air to collidé 8g&MEEthetispding Eafier 10 & aBiRatHY Datterdand dnaly i tRERping carrier,
e i 153q bagsria e abnatl PRANG IERRI0 £aTIeL e an A 10RNRG agieris apping

device while replacing the trapping carrier mounted on the ng bacteria trapping device, the
trapping catrigtdneurteduart theftoating:kactariatrappipg deyice when pacticles dgating ke air are
detected by a particle counting device that counts particles floating in the air in a room in which the
floating bactéietrappirigedéviee is anpaged ¢a thel rappimgreardericibe dnaly zec 00163 4 -

[0012]

In addition to the above configuration, the nozzle is
formed of a plurality of pinholes arranged at equal intervals
and if a pitch interval between the pinholes is d, the driving
mechanism causes the support container tomove in the horizontal
direction so that the support container draws a circle of less
than 4 in diameter.

[0013]

If configured as described above, the air can be made to
collide against nearly the entire surface of the trapping
carrier without concentrating the collisionof air ona specific
portion of the surface of the trapping carrier and thus, nearly
the entire surface of the trapping carrier can be used as the
trapping surface. Therefore, recesses due todryingor the wind
pressure can be prevented and floating bacteria in the air can
be caught continuously for a long time without decreasing
trapping efficiency even if the time before the trapping carrier
being replaced is prolonged.

[0014]



According to the above configuration, by selecting the trapping carrier mounted on the floating bacteria
trapping device when particles floating in the air are detected by the particle counting device that
detects particles floating in the air in a room in which the floating bacteria trapping device is arranged
as the trapping carrier to be analyzed, trapping carriers mounted on the floating bacteria trapping
device in a time zone in which no particle is detected by the particle counting device can be excluded
from analysis and only living organisms can be counted accurately and quickly by analyzing only

trapping carriers that may have caught living organisms. [0017] _In addition, according to the
present invention, th8reASpt&viaBd aFIddtihgAeTE i eIt RgERE - of ‘doRinBiAg YiviRg organisms
tapped by alrapaINg.aKien By analeing, e iapping cartien megnied an 2 floatipg fagteria rapping
device trapping tloating bacteria’in air while ausing a suppor%contamer supporting ﬁ1eltrapping carrier
to move in g hpdzentahdirection so that trajectories drawn by center points of regions on the trapping
carrier against which the air collides do not intersect, wherein if floating bacteria are trapped by the
trapping carrier moéntediop thefioatingabacteriacrdpping device white replacing thearappimy carrier
mounted on the floating bacteria trappiréi device, the tra(fé[:{ing carrier mounted on the floating bacteria

trapping de%itE"wien H&W&?ﬁ&éﬁﬁé’ hié E?P%r’é‘%? eHsof %ﬁfa?ﬁag &}tﬁltﬁf@; QE\Yiéélfhat_ counts
particles flogling jg wgnaarégesdg%a%ndwm tfe%é:gggo RS URRPING RYIGR B alanged s the

trapping carrier to be anal 0018] Atcor ove configuration, by selecting the
trapping cagigssueunted endhefioating hacteriatsapring device yemparticles floatipg imthe air are
detected by the particle count ing device that detects particles floating in the air in a room in which the
floating bacterx rappidglevicetiBariahgeddls henrappisg dakier 2o beanalyted Ltvapping carriers
mounted on the floating bacterja trapping device in a time zone in which no particle is detected by the

particle courfting Hetfte“h e B&AudBd Hioth andlydk P&y e g g MM msan s counted
accurately and-auickly y,analyzing trapping cariets al ggayt%awse%%%gviggigr%g@yaﬁ- In

addition, because the time before replacement of the trapping carrier Can be prolonge causing the
support consaines stippadingthe Teappiag waieraopove ir therherz aritat diseetion: itdecomes easier
to identify the trapping carrier to be analyzed. [0019]

that high trapping efficiency can be maintained.

[0015]

In addition, according to the present invention, there

is provided a floating bacteria counting method of counting

living organisms trapped by a trapping carrier by causing air

to collide against the trapping carrier to trap floating

bacteria and analyzing the trapping carrier, wherein if

floating bacteria are trapped by the trapping carrier mounted

on a floating bacteria trapping device while replacing the

trapping carrier mounted on the floating bacteria trapping

device, the trapping carrier mounted on the floating bacteria

trapping device when particles floating in the air are detected

by a particle counting device that counts particles floating

in the air in a room in which the floating bacteria trapping

device is arranged is the trapping carrier to be analyzed.

[0016]



In addition to the above configuration, the floating bacteria counting method includes a start signal
transmitting step of transmitting a start signal from the floating bacteria trapping device to the particle
counting device if the floating bacteria trapping device starts the trapping during a counting operation
of the particle counting device, and a recording step of recording a counting state by the particle
counting device and recording a trapping state by the floating bacteria trapping device by associating
with an elapsed time from a time when the start signal is transmitted. [0020] According to the
above configuration, the particle counting device records the counting state and the floating bacteria

trapping device recBffsYhe b iy Shite Y aER oeRitihg Wit theBtapSed fffesFéitde Bitfe when the
ignal i j : logi lati ip.b h i tate of th
start signa &%Hg%i%&te&%@%%ﬂ{%% gg{c?#{g aﬁ'fggl?}'?n etyeep dns go Qtéggsslfaa ¢ ot the

particle counting device and the trapping state of the floating bacteria trapping devi carrbe clarified

and the trapping earrigremogatad en e loating bacteradrpping deviceiwhen fadtiglos axe detected
by the particle counting device can be grasped and therefore, only living organisms can be counted
quickly andeagcuiately 99 @malyzingonhceappity ¢abfers shpartayHae taoghtilivingorghaisms.
[0021] In addition to the above _configuration, in the recording step, the particle counting device

records theumbér 8f E(S’L?ﬁ‘leﬂiIba‘?’f?&l&?b§%§sgéﬁﬁﬁdﬁhﬁt%€t§§|&§ec¥ﬁmwﬂéﬁi’rﬁ—?trapping
carrier iS replacefl [ %L%tgy begletia diapeing devieq Lecqrds e (eplacemant y.asaagiafing with

the elapsed time. [0 According to the above configuration, by checking content recorded by
the particlecountiag sevigeransitherfleatingf 1oating bacteria trapping device in
a time zone in which no particle is detected by the particle
counting device can be excluded from analysis and only living
organisms can be counted accurately and quickly by analyzing
only trapping carriers that may have caught living organisms.
[0017]

In addition, according to the present invention, there
is provided a floating bacteria counting method of counting
living organisms trapped by a trapping carrier by analyzing the
trapping carrier mounted on a floating bacteria trapping device
trapping floating bacteria in air while causing a support
container supporting the trapping carrier to move in a
horizontal direction so that trajectories drawn by center
points of regions on the trapping carrier against which the air
collides do not intersect, wherein if floating bacteria are
trapped by the trapping carrier mounted on the floating bacteria
trapping device while replacing the trapping carrier mounted
on the floating bacteria trapping device, the trapping carrier
mounted on the floating bacteria trapping device when particles
floating in the air are detected by a particle counting device

that counts particles floating in the air in a room in which



bacteria trapping device based on the elapsed time, the trapping carrier mounted on the floating
bacteria trapping device when patrticles are detected by the particle counting device can be grasped
and therefore, only living organisms can be counted quickly and accurately by analyzing only trapping
carriers that may have caught living organisms. [0023] In the above configuration, if the particle
counting device detects particles floating in the air, an alarm is output. According to the above
configuration, the operator can make sure that particles are floating in the air due to the output of an
alarm and can analyze the trapping carrier mounted on the floating bacteria trapping device when the

alarm is oufptt ahd RErERSF PRI THITY SrHRRRMYCATBE SouhfPdFaky R d st chipfely by
analyzing ogyag%qm%g &Q!’JH%}“%&{“% hg}ﬁ%f?%%g_living organisms. [0024] A floating bacteria

trapping method according to the present invention is a floating bacteria trapping method of counting
living organ{gmns gaught by a trapping carrier by analyzing the trapping carrier mounted on a floating
bacteria trapping device trapping floating bacteria in air while causing a support container supporting
the trapping carrierde aeovding horizdretabéivactiorosy i hajectorieduraner by canter pomts of
regions on the trapping carrier against which the air collides do not intersect, including a trapping start

signal tranShitiRg S8 G tFafsmiBmgH Fppig i nKRichBd st te fiding Hadteria
trapping deyice e adpiicle.couplin device hat euptspaiicles loaling.ibabg i n g, foom in

which the floating bacteria trapping device is arranged detects particles floating in the“air equal to a
threshold opmere ca rapping stegt &tep ekstartingdearping ¢fdloating bacgteda i the aif fram a time
when the floating bacteria trapping device receives the trapping start instruction signal, and a living

organism c8datingisteprefbuntingllivily skanisims eanghtartierttapsing eRITET bieanalyezing the

trapping carrier when a preset time passes after the trapping is started.
bping 1s arrangéﬁ as gge‘%rapp?hg carr%%% o be analyzed, trapping

carriers mounted on the floating bacteria trapping device in
a time zone in which no particle is detected by the particle
counting device can be excluded from analysis and only living
organisms can be counted accurately and quickly by analyzing
trapping carriers that may have caught living organisms. In
addition, because the time before replacement of the trapping
carrier can be prolonged by causing the support container
supporting the trapping carrier to move in the horizontal
direction, it becomes easier to identify the trapping carrier
to be analyzed.

[0019]

In addition to the above configuration, the floating
bacteria counting method includes a start signal
transmitting step of transmitting a start signal from the
floating bacteria trapping device to the particle counting
device if the floating bacteria trapping device starts the
trapping during a counting operation of the particle counting

device, and a recording step of recording a counting state by



[0025] According to the present invention, useless trapping and time and efforts of analysis can be
saved by a trapping operation by a floating bacteria counting device being started after detection of
particles by a particle counting device so that only living organisms can be counted quickly and
accurately. [0026] In addition, according to the present invention, there is provided a floating
bacteria counting system that includes the floating bacteria trapping device and the particle counting
device that counts particles floating in air in a room in which the floating bacteria trapping device is
arranged according to any one of claims 1 to 3 and counts living organisms caught by a trapping

carrier by trapBiRF Gt hSCIERR IR e RPIRE b PRy CHrier nbuRla BRI AdaRiRy bacteria
apping deyice whie ssplacig the tiapaing sarier maynted  the loatiog bacteria tapaing device
i [ I%Feptra pi tthenigf{oW g?E

and analyzing the trapping carrier, wherein ing carrier mounted on ating bacteria
trapping dexicgyaen particles daasingindhgrainatedetacied by the floatigg-hagtera trapping device is
the trapping carrier to be analyzed. [0027] In the above configuration, the floating bacteria trapping
device includes2 start signal transmitting unit that transmits a start signal to the particle counting
device when trapping of floating bacteria in the air is started and a trapping state recording unit that

records a trapping SGECBF A8 &t RitARNVE aF SR AR From FtimE Wh&rPthb K signal is
transmittedcg@glgl%gaﬁig_{gi%%grg@goq%écecgqgluggg&gﬁgtjggasé teaf%éio@l%g YRiLthat records a

counting state by associating with the elapsed time from thé time when the start signal is received.

[0028]  bathesabievercendigunafiafe e eounrtingrsiatectesordiagpniigeeards shexpumber of counted
particles by associating with the elapsed time, and when the trapping carrier is replaced, the trapping
state recordifi§ @nitaEéadsthelrephacerhapsigpassosafingwiththd etepsddaimehe start

signal is transmitted and thus, a chronological relationship
between the counting state of the particle counting device and
the trapping state of the floating bacteria trapping device can
be clarified and the trapping carrier mounted on the floating
bacteria trapping device when particles are detected by the
particle counting device can be grasped and therefore, only
living organisms can be counted quickly and accurately by
analyzing only trapping carriers that may have caught living
organisms.

[0021]

In addition to the above configuration, in the recording
step, the particle counting device records the number of counted
particles by associating with the elapsed time and when the
trapping carrier is replaced, the floating bacteria trapping
device records the replacement by associating with the elapsed
time.

[0022]
According to the above configuration, by checking content

recorded by the particle counting device and the floating

10



In the above configuration, the particle counting device includes an alarm output unit that outputs an
alarm when particles floating in the air are detected. [0029] In addition, according to the present
invention, there is provided a floating bacteria counting system that includes the floating bacteria
trapping device and the particle counting device that counts particles floating in air in a room in which
the floating bacteria trapping device is arranged according to any one of claims 1 to 3 and counts living
organisms caught by a trapping carrier by trapping floating bacteria in the air by the trapping carrier
mounted on the floating bacteria trapping device, wherein the particle counting device includes a

trapping stattMEFhCHoh GHRI BRFHTTR R HR B AbS 2P B SPdE Stalt s triessnidignal to the
floating bacteria tr mecgu%ecvé%a Me{h%ar%if egtf!&?é: [ é@% f‘g e léal loa théeesh.old or more are
foat PR Pl FRa

detected, and the floating bacteria trapping device es a trappin Ait that tar setrapping of
floating bacterie: incthe ik whesdhe dtapping starkinsirietion signakis-racgivad, apd 2 §apping
continuation unit that that continues the trapping until a preset time passes after the trapping is started
by the traping SrgtuninAdvzetsfevus Effecty of Fventiow Q080 sms Acoordiag tothetpr@sent
invention, a floating bacteria trapping device includes a driving mechanism that causes a support

container tG3ovE 1Y RBHEFOHAI et toh FBANAFI BB RoHeS HrARR YT EREF HBints 'Yifdgions on a
trapping caytigr against whigh,the,ait,hayng passed fiyough a nozzle

[0023]

In the above configuration, if the particle counting
device detects particles floating in the air, an alarm is
output.

According to the above configuration, the operator can
make sure that particles are floating in the air due to the output
of an alarm and can analyze the trapping carrier mounted on the
floating bacteria trapping device when the alarm is output and
therefore, only living organisms can be counted quickly and
accurately by analyzing only trapping carriers that may have
caught living organismsg.

[0024]

A floating bacteria trapping method according to the
present invention is a floating bacteria trapping method of
counting living organisms caught by a trapping carrier by
analyzing the trapping carrier mounted on a floating bacteria
trapping device trapping floating bacteria in air while causing
a support container supporting the trapping carrier to move in
a horizontal direction so that trajectories drawn by center
points of regions on the trapping carrier against which the air

collides do not intersect, including a trapping start signal

11



collides do not intersect and thus, a specific portion of the trapping carrier can be prevented from being
recessed due to the wind pressure or drying. Therefore, floating bacteria in the air can be caught
continuously for a long time without decreasing trapping efficiency even if the time before the trapping
carrier being replaced is prolonged. [0031] Also, by selecting a trapping carrier mounted on a
floating bacteria trapping device when particles floating in the air are detected by a particle counting
device that detects particles floating in the air in a room in which the floating bacteria trapping device is
arranged as the trapping carrier to be analyzed, trapping carriers mounted on, the floating bacteria

trapping debicA & tinhe 28 riRGRRVATHT ha RS 14 dete EERRR S Shditle EBENEHT IR can be
excluded L analveis end ey lving piganians gan, e aupes.aceuialely ang ety analyzing
a ug S. esc

only trapping Carriers that may have c t living organ re ription of rawmgse[OOSZ]
FIG. 1 is a blogk giagrameshewingran-overal eenfiguration f arfioatinghacteria geuating system

according to a first embodiment of the present invention. FIG. 2 is a diagram schematically
showing a lngiegdinarsedhdnlof Blfibatihgdattaridesrtngaddviceoadcuydifg o dee @mbodiment.
FIG. 3 @s a plan view c(i)f g etgg C(::g\s/er ofrtQie Cflfggn%{)gg%eirir? coiur?tiggede%/:ii.cre aéccggc:{in to the
embodimert’ F319€ ba g q © a
threshold or more, a trapping start step of starting trapping
of floating bacteria in the air from a time when the floating
bacteria trapping device receives the trapping start
instruction signal, and a living organism counting step of
counting living organisms caught by the trapping carrier by
analyzing the trapping carrier when a preset time passes after
the trapping is started.
[0025]

According to the present invention, useless trapping and
time and efforts of analysis can be saved by a trapping operation
by a floating bacteria counting device being started after
detection of particles by a particle counting device so that
only living organisms can be counted quickly and accurately.
[0026]

In addition, according to the present invention, there
is provided a floating bacteria counting system that includes
the floating bacteria trapping device and the particle counting
device that counts particles floating in air in a room in which
the floating bacteria trapping device is arranged according to
any one of claims 1 to 3 and counts living organisms caught by

a trapping carrier by trapping floating bacteria in the air by

the trapping carrier mounted on the floating bacteria trapping
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FIG. 4 is an enlarged view of a nozzle portion provided in the top cover according to the embodiment.
FIG. 5 is a diagram schematically showing the longitudinal section of a portion where a nozzle and a
trapping carrier are set up in the floating bacteria counting device according to the embodiment.

FIG. 6 is a diagram schematically showing an example of a trajectory of a point obtained by projecting
position coordinates of a pinhole according to the embodiment on the trapping carrier immediately
below the pinhole drawn on the trapping carrier by movement of a support container by a driving
mechanism in a horizontal direction. FIG. 7 is a block diagram showing a functional configuration

of a particleSUrfiRg & A&Rranyne thdenibciitRdRg CarEis B RV BlRR didyraiSshowing the

functional cenfiguration.o cterial_cell analysis device according to the embodiment. . FIG.9is
a diagram s%%%%éﬁggpr%%e %%él%r%aﬁﬁ)éa%ﬁg ac?&%acgoﬁrﬁﬁwgar%ae%ﬁozdl Accor ﬁwgtt%atﬁgle%odiment.
FIG. 10 is actiaw chart showiag the proeedis faCountingliving erganisms bythe AdPrngthod

according to the embodiment. FIG. 11 is a block diagram showing the functional configuration of
the floatingtractetialeotrémp dedcéeaticordiniteo raetond embddiateing in the air are
detected by the floating bacteria trapping device is the
trapping carrier to be analyzed.
[0027]

In the above configuration, the floating bacteria
trapping device includes a start signal transmitting unit that
transmits a start signal to the particle counting device when
trapping of floating bacteria in the air is started and a
trapping state recording unit that records a trapping state by
associating with an elapsed time from a time when the start
signal is transmitted, and the particle counting device
includes a counting state recording unit that records a counting
state by associating with the elapsed time from the time when
the start signal is received.

[0028]

In the above configuration, the counting state recording
unit records the number of counted particles by associating with
the elapsed time, and when the trapping carrier is replaced,
the trapping state recording unit records the replacement by
associating with the elapsed time.

In the above configuration, the particle counting device
includes an alarm output unit that outputs an alarm when
particles floating in the air are detected.

[0029]

13



FIG. 12 is a block diagram showing the functional configuration of the particle counting device
according to the embodiment. FIG. 13A is a diagram showing an example of a trapping state
recorded by a trapping state recording unit of the floating bacteria counting device according to the
embodiment and FIG. 13B is a diagram showing an example of a counting state recorded by a
counting state recording unit of the particle counting device according to the embodiment. FIG. 14
is a diagram showing the procedure for the floating bacteria counting method according to the
embodiment. FIG. 15 is a block diagram showing the functional configuration of the particle

counting device accdtditfitbe fifird E&RBBAMIEHE. tO thS PRERbIoER FafrART shdARE The

functional copfiguration of the floating bacteria counting device according tp.the embadiment.
FIG. 17 is agglaggoa&l%ec{ Q ffanan a %Igﬁ]lafloc%un\éln& sgsq:e% .gha% ghnc%urges

gram showing the procetlure e floating bacteria counting method according to the

embodimentne £1542143/ds acdiagamsghematicrlly showing eHeapsverse sectionof andipper part
of the floating bacteria counting device according to a fourth embodiment of the present invention and

FIG. 183 isdediagrarmisthermativadyrshiowing ¢ise fdegitutimaliseetion dhthefloatingrbadtéria counting

device acc%rgien%ggea@grrltg %Qgggﬂgn%:%%Sﬁiggoggfc@bgg irgggtasn[gggsiccording to
any one of claims 1 to 3 and counts living organisms caught by
a trapping carrier by trapping floating bacteria in the air by
the trapping carrier mounted on the floating bacteria trapping
device, wherein the particle counting device includes a
trapping start instruction signal transmitting unit that
transmits a trapping start instruction signal to the floating
bacteria trapping device when particles floating in the air
equal to a threshold or more are detected, and the floating
bacteria trapping device includes a trapping start unit that
starts trapping of floating bacteria in the air when the
trapping start instruction signal is received, and a trapping
continuation unit that that continues the trapping until a

preset time passes after the trapping is started by the trapping

start unit.

Advantageous Effects of Invention
[0030]

According to the present invention, a floating bacteria
trapping device includes a driving mechanism that causes a
support container to move in the horizontal direction so that
trajectories drawn by center points of regions on a trapping

carrier against which the air having passed through a nozzle
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The embodiments of the present invention will be described below with reference to the appended
drawings (First embodiment) First, the first embodiment of the present invention will be described.
FIG. 1 is a block diagram showing an overall configuration of a floating bacteria counting system 1
according to the first embodiment of the present invention. As shown in FIG. 1, the floating bacteria
counting system 1 includes a floating bacteria trapping device 10 and a particle counting device 60 set
up inside a germ-free isolator 50 and a bacterial cell analysis device 80 set up outside the germ-free
isolator 50 and the floating bacteria trapping device 10 and the particle counting device 60 are located

close to ealf? bthetah FcbAiRicted 16 bETomARRICEHIE by Wif@ BF b 15dR°T00%2E °f ¥ germ-free

solator S0 s gam shace) fepmeligalysealedda keap an geaptipcondionandican be.

disassembled and ass . In the present embodiment, drugs are manu actured in the

germ-free isolatari9 [BR3%]dGanfiguration akthe floatingrbacteria teapping;dpyiserki 2 is a diagram
schematically showing a longitudinal section of the floating bacteria counting device 10. As shown in
FIG. 2, the flbating bacteriakeuatngdevicerliisppovded for a long time without

decreasing trapping efficiency even if the time before the
trapping carrier being replaced is prolonged.
[0031]

Also, by selecting a trapping carrier mounted on a
floating bacteria trapping device when particles floating in
the air are detected by a particle counting device that detects
particles floating in the air in a room in which the floating
bacteria trapping device is arranged as the trapping carrier
to be analyzed, trapping carriers mounted on the floating
bacteria trapping device in a time zone in which no particle
is detected by the particle counting device can be excluded from
analysis and only living organisms can be counted accurately
and quickly by analyzing only trapping carriers that may have

caught living organisms.

Brief Description of Drawings
[0032]

FIG. 1 is ablock diagram showing an overall configuration
of a floating bacteria counting system according to a first
embodiment of the present invention.

FIG. 2 is a diagram schematically showing a longitudinal
section of a floating bacteria counting device according to the

embodiment.
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with a casing 12 foitning an outer wall of a hollow cylindrical shape. The casing 12 has a circular
opening formed on a ceiling surface and the opening is covered with a removable top cover 14. The
top cover 14 is provided with a nozzle 16 to allow the air to pass through. A trapping carrier 30 to catch
floating bacteria in the air is arranged below the nozzle 16. A support container 20 in a columnar
shape filled with the trapping carrier 30 in a germ-free manner. [0036] FIG. 3 is a plan view of the
top cover 14, FIG. 4 is an enlarged view of a portion of the nozzle 16 provided in the top cover 14, and
FIG. 5 is a diagram schematically showing the longitudinal section of a portion where the nozzle 16
and the trapping cafiét 30%arkSseét uplitthe HB4tivf bactefiR coNfiAy gévieBa ofd@atding to the

embodiment.As shown in these figures,.the nozzle Jc.g includes a plurality of pinhpoles 16a arranged at
equal inter\%?s?%l%lél |ar%%1fé1recojfrfﬁ% %?n\ﬁlo?ee 183 can lengetﬁg, ftg%l%xgrrrﬁ%){)eg % and a pitch

interval d between thegninholes 16a &6, 2688 Thedirstickeddn bya fan4Q passes thiewgh the
plurality of pinholes 16a before being caused to collide against the trapping carrier 30. [0037] The

trapping cadrier 304s armngeddiorizontatii sSoqastto behertkeodondl tethe. flow of air sucked in by the
nozzle 16. Thus, t_he air sucked in by the nozzle 16 collides aglainst the trapping carrier 30 and change
the flow to the horiZoRtrl 5 is a diagram schematically showing the
longitudinal section of a portion where a nozzle and a trapping
carrier are set up in the floating bacteria counting device
according to the embodiment.

FIG. 6 is a diagram schematically showing an example of
a trajectory of a point obtained by projecting position
coordinates of a pinhole according to the embodiment on the
trapping carrier immediately below the pinhole drawn on the
trapping carrier by movement of a support container by a driving
mechanism in a horizontal direction.

FIG. 7 is a block diagram showing a functional
configuration of a particle counting device according to the
embodiment.

FIG. 8 is a block diagram showing the functional
configuration of a bacterial cell analysis device according to
the embodiment.

FIG. 9 is a diagram showing a procedure for a floating
bacteria counting method according to the embodiment.

FIG. 10 is a flow chart showing the procedure for counting
living organisms by the ATP method according to the embodiment.

FIG. 11 is a block diagram showing the functional
configuration of the floating bacteria counting device

according to a second embodiment.
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direction and at this point, floating bacteria in the air are captured on the surface of the trapping carrier
30. [0038] The fan 40 to generate the flow of air from the nozzle 16 into the casing 12 and a fan
driving motor 41 to drive the fan 40 are provided in a lower part of the internal space of the casing 12.
Further downstream is provided a filter medium 44 to clean the air to be discharged. [0039] A gap
is formed between the support container 20 filled with the trapping carrier 30 and the inner wall of the
casing 12 and an exhaust port 15 is formed on the side surface in the lower part of the casing 12.
Therefore, the air flowing in the horizontal direction after the collision against the trapping carrier 30

flows downward byFpd&sintthtéudh theah Fefdre BBIngRAYdRFgER Ul tH@BRHaust port 15.
l0oa0]  asdbedapeingeagier-30, giatersoluble.asin,of gelsaltraasitiondl polymey fat s in a
gel state during trapping operation and makes a transition to a sol state When heated to &
predetermiagghtempenrature (for example, 40C or lower). Particularly, the trapping carrier 30 preferably
has the phase transition temperature of 15 to 40C and is in a gel state of appropriate strength at 25C.
By causing a phasé frdansitioa in this térhperauretarigengaaghteiviuporyanfsras tcaarpwoideing
killed. To prevent drying due to collision of the air, the trapping carrier 30 is preferably drought

resistant. ASFGef CoR&THTNY G8latin ErPEy O ofisdirEidr 5oL e pBlrheP frHE Gelatin

Zgg}gentratiemsaeqwgt%%&éHé%&m%gha@(}q e glvesial Gogcentgtionigadipsied, o 10 to

and FIG. 13B is a diagram showing an example of a counting state
recorded by a counting state recording unit of the particle
counting device according to the embodiment.

FIG. 14 is a diagram showing the procedure for the floating
bacteria counting method according to the embodiment.

FIG. 15 is a block diagram showing the functional
configuration of the particle counting device according to a
third embodiment.

FIG. 16 is a block diagram showing the functional
configuration of the floating bacteria counting device
according to the embodiment.

FIG. 17 is adiagram showing the procedure for the floating
bacteria counting method according to the embodiment.

FIG. 18A is a diagram schematically showing a transverse
section of an upper part of the floating bacteria counting
device according to a fourth embodiment of the present invention
and FIG. 18B is a diagram schematically showing the longitudinal
section of the floating bacteria counting device according the

fourth embodiment.

Description of Embodiments
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by weight in accordance with drought resistance performance needed from the trapping time and the
phase transition temperature. [0041] The support container 20 is removable from the floating
bacteria counting device 10. A hole (not shown) to discharge the solated trapping carrier 30 is
provided at the bottom of the support container 20 and a filter 21 to filter and remove the trapping
carrier 30 and also to capture floating bacteria is provided thereon. The filter 21 having the hole
diameter of about 0.45 mm is used. [0042] A driving mechanism 22 to move the support container
20 in the horizontal direction and the vertical direction is provided below the support container 20. The
driving mech3fii 22 moves the support container 20 in the horizontal direction and the vertical

upward direction duﬂpﬁg té%ggggg@iogén g@?;ﬂ:g]ees%qﬁoiﬁ]\%p@@b;gh% dii_yi emechanism 22
is provide

has a motor (not shown) as a driving source an with gear trains ](not shown) of two
systems cagsingmnevempetlisdhe henzeatat disectionand Rovepiesh dethererticalglirection. As the
gear train in the horizontal direction, for example, an internal gear may be mounted below the support
container 20 to enabRithetingrhaldjerens Engage with an external gear having a larger outer
circumference than the internal gear. Alternatively, a plurality of eccentric arms maybe mounted at the

bottom of the suppg&Eﬁﬁtaiﬁgfaz%?]ﬁ%ttr?é@é’%ﬂn%e t%?%??é%t?oﬁ’?d}te%&’?piﬂé}%{_ rack gear
may be moppteghglow,thg .SUD@?H.COP@Q%ZQi%silza%ﬂgée%gﬁmcks%%@ge%%w&%% pinion gear.

[0043] When the air having passed through the pinhole 16a
configuration of a floating bacteria counting system 1

according to the first embodiment of the present invention. As
shown in FIG. 1, the floating bacteria counting system 1
includes a floating bacteria trapping device 10 and a particle
counting device 60 set up inside a germ-free isolator 50 and
a bacterial cell analysis device 80 set up outside the germ-£free
isolator 50 and the floating bacteria trapping device 10 and
the particle counting device 60 are located close to each other
and connected to be communicable by wire or by radio.

[0034]

The germ-free isolator 50 is a room (space) hermetically
sealed to keep an aseptic condition and can be disassembled and
assembled (set up). In the present embodiment, drugs are
manufactured in the germ-free isolator 50.

[0035]

(Configuration of the floating bacteria trapping device)

FIG. 2 is a diagram schematically showing a longitudinal
section of the floating bacteria counting device 10. As shown
in FIG. 2, the floating bacteria counting device 10 is provided
with a casing 12 forming an outer wall of a hollow cylindrical

shape. The casing 12 has a circular opening formed on a ceiling

18



collides against the trapping carrier 30, as shown in FIG. 5, an region R against which the air collides
is created on the trapping carrier 30 immediately below the pinhole 16a and the driving mechanism 22
moves the support container 20 in the horizontal direction in such a way that trajectories drawn by
center points (that is, the point obtained by projecting position coordinates of the pinhole 16a onto the
trapping carrier 30 immediately below the pinhole 16a) of the regions R do not intersect. FIG. 6 is a
diagram schematically showing

surface and the opening is covered with a removable top cover
14. The top cover 14 is provided with a nozzle 16 to allow the
air to pass through. A trapping carrier 30 to catch floating
bacteria in the air is arranged below the nozzle 16. A support
container 20 in a columnar shape is filled with the trapping
carrier 30 in a germ-free manner.

[0036]

FIG. 3 is a plan view of the top cover 14, FIG. 4 is an
enlarged view of a portion of the nozzle 16 provided in the top
cover 14, and FIG. 5 is a diagram schematically showing the
longitudinal section of a portion where the nozzle 16 and the
trapping carrier 30 are set up in the floating bacteria counting
device 10 according to the embodiment. As shown in these
figures, the nozzle 16 includes a plurality of pinholes 16a
arranged at equal intervals. The diameter of the pinhole 16a
can be set to, for example, 0.6 mm and a pitch interval d between
the pinholes 16a to 2.6 mm. The air sucked in by a fan 40 passes
through the plurality of pinholes 16a before being caused to
collide against the trapping carrier 30.

[0037]

The trapping carrier 30 is arranged horizontally so as
to be orthogonal to the flow of air sucked in by the nozzle 16.
Thus, the air sucked in by the nozzle 16 collides against the
trapping carrier 30 and change the flow to the horizontal
direction and at this point, floating bacteria in the air are
captured on the surface of the trapping carrier 30.

[0038]
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an example of the trajectory of a point obtained by projecting position coordinates of the pinhole 16a
on the trapping carrier 30 immediately below the pinhole 16a drawn on the trapping carrier 30 by
movement of the support container 20 by the driving mechanism 22 in the horizontal direction. If, as
shown in FIG. 6, the pitch interval between the pinholes 16a is d, the driving mechanism 22 moves the
support container 20 in the horizontal direction in such a way that the support container 20 draws a
circle of a diameter less than d. Accordingly, the portion on

The fan 40 to generate the flow of air from the nozzle
16 into the casing 12 and a fan driving motor 41 to drive the
fan 40 are provided in a lower part of the internal space of
the casing 12. Further downstream is provided a filter medium
44 to clean the air to be discharged.

[0039]

A gap is formed between the support container 20 filled
with the trapping carrier 30 and the inner wall of the casing
12 and an exhaust port 15 is formed on the side surface in the
lower part of the casing 12. Therefore, the air flowing in the
horizontal direction after the collision against the trapping
carrier 30 flows downward by passing through the gap before
being discharged through the exhaust port 15.

[0040]

As the trapping carrier 30, a water soluble resin of
gel-sol transitional polymer that is in a gel state during
trapping operation and makes a transition to a sol state when
heated to a predetermined temperature (for example, 40°C or
lower). Particularly, the trapping carrier 30 preferably has
the phase transition temperature of 15 to 40°C and is in a gel
state of appropriate strength at 25°C. By causing a phase
transition in this temperature range, caught living organisms
can avoid being killed. To prevent drying due to collision of
the air, the trapping carrier 30 is preferably drought resistant.
A polymer containing gelatin and glycerol is preferable as the
polymer. The gelatin concentration is adjusted to 5 to 50% by

weight and the glycerol concentration is adjusted to 10 to 40%

20



the surface of the trapping carrier 30 immediately below the pinhole 16a is updated and therefore, the
collision of the air against a specific portion of the trapping carrier 30 can be prevented and so the
whole surface of the trapping carrier 30 can be made a trapping surface. [0044] Incidentally, the
movement of the support container 20 in the horizontal direction is not limited to a circular motion and
only adjustments to avoid an intersection of trajectories drawn by center points of regions on the
trapping carrier 30 against which the air having passed through the pinholes 16a collides need to be

made. For example, the support container 20 may be moved to draw an ellipse or polygon or a
Chaﬁﬂiersﬁﬁ1ﬂ§%9%FaﬁHP@?E@ﬁgfnce with drought resistance performance

needed from the trapping time and the phase transition
temperature.
[0041]

The support container 20 is removable from the floating
bacteria counting device 10. A hole (not shown) to discharge
the solated trapping carrier 30 is provided at the bottom of
the support container 20 and a filter 21 to filter and remove
the trapping carrier 30 and also to capture floating bacteria
is provided thereon. The filter 21 having the hole diameter
of about 0.45 mm is used.

[0042]

A driving mechanism 22 to move the support container 20
in the horizontal direction and the vertical direction is
provided below the support container 20. The driving mechanism
22 moves the support container 20 in the horizontal direction
and the vertical upward direction during trapping operation in
which the fan 40 is driven. The driving mechanism 22 has a motor
(not shown) as a driving source and is provided with gear trains
(not shown) of two systems causing movement in the horizontal
direction and movement in the vertical direction. As the gear
train in the horizontal direction, for example, an internal gear
may be mounted below the support container 20 to enable the
internal gear to engage with an external gear having a larger
outer circumference than the internal gear. Alternatively, a
plurality of eccentric arms may be mounted at the bottom of the

support container 20. As the gear train in the vertical
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The traveling speed in the vertical upward direction is set in accordance with a recessing speed of the
trapping carrier 30 due to drying and the wind pressure. The traveling speed in the vertical upward
direction when the air is sucked in at the speed of 160 ml/min is preferably 1 mm/hr. The traveling
speed in the horizontal direction is preferably 0.5 to 1 rpm. [0046] The floating bacteria counting
device 10 is provided with a power supply to supply power to the floating bacteria counting device 10,
a switch to give instructions to start a trapping operation, and a button pressed by a worker when the
trapping carrier 30 is replaced, which are not shown, and also provided with a CPU (Central

Processing Uit 15 t3htrof the A5G tits, Thé ARtingGREcAAsPE2 At BR Wridingfotor 41, a
timer to clogk, fhe timpe.. 81nemory.Lo, giqre vayiops kingg.of daia @%%%rg%r:g?g%%foﬁx o gutput

recorded data, and a printer. [0047] The floating bacteria count igured as
described abnvesetsytwertrapping carrier 30 below the nozzle 16 by the support container 20, drives
the fan 40 by the fan driving motor 41 to suck the air into the casing 12. Accordingly, the air is sucked
in from the AB2A1&116 vertically downward and the air collides against the trapping carrier 30 to change

the flow thereof in tvr\]g horizg{ntal direction.and also floitin% bacteria in the air are car{;tured by the
trapping carrier 30 & gef&t5te Burfiy tai5hiRG SBEration” TiEtadpifig RuFECe fmmediately below

the nozzle 16 is yedatedyithe hqrizontalmpvemept of the, support, coptainer 30, apd alsgthe gap

length between the nozzle 16 and the trapping surface is kept. [0048] (Configuration of the particle
counting deaice)egichhe padticle:saunting-tevine 68iis acganearakpartisle-geunterthat couris particles
(all particles are included and hereinafter, referred to as "dust") floating in the air and continuously
counts particféPiithe srireartirfe bresdifieoatkstavightscataieellisy 463t mBetdieafter the

air being irrgdk’;\ted with Iigh[t, andma gqunt resulté3 stored in memor}é\;gnot shown%, displag}ed ina

h
display, or pﬁnﬁ’aﬁp%ren%ar icte %ountmg device ealssou%%?u%tescé) Switer frFotzs oWPi) [6'&art a

counting opesatien,{0849hirection in such a way that trajectories drawn by
center points (that is, the point obtained by projecting
position coordinates of the pinhole 16a onto the trapping
carrier 30 immediately below the pinhole 16a) of the regions
R do not intersect. FIG. 6 is a diagram schematically showing
an example of the trajectory of a point obtained by projecting
position coordinates of the pinhole 16a on the trapping carrier
30 immediately below the pinhole 16a drawn on the trapping
carrier 30 by movement of the support container 20 by the driving
mechanism 22 in the horizontal direction. If, as shown in FIG.
6, the pitch interval between the pinholes 16a is d, the driving
mechanism 22 moves the support container 20 in the horizontal
direction in such a way that the support container 20 draws a
circle of a diameter less than d. Accordingly, the portion on
the surface of the trapping carrier 30 immediately below the
pinhole 16a is updated and therefore, the collision of the air
against a specific portion of the trapping carrier 30 can be

prevented and so the whole surface of the trapping carrier 30
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As a characteristic function in the present embodiment, the particle counting device 60 includes an
alarm output unit 61. The alarm output unit 61 includes a CPU, program, and sound source data
and outputs an alarm when at least one particle of dust is counted. [0050] (Configuration of the
bacterial cell analysis device) The bacterial cell analysis device 80 is a device that analyzes
bacterial cell caught by the trapping carrier 30 by the ATP (Adenosine TriPhosphate) method. The
ATP method is a method that uses ATP, which is a chemical substance always contained in living
organisms, as an index of the number of bacteria and uses bioluminescence by luciferase, which is an
enzyme of bidfogR&l BRgH, andTaarRHRIWRERR SEsubstrate protein thereof. More specifically, ATP of
living organi i4$]extracted from a sample and is caused to emit light by adding an illuminant
(luciferin-luciterase mixed solution) thereto to determine the amount of ATL from luminescence

intensity and the amewnt o AJR) is,conviesteddotadbshwrbenef lvipg erganisms AAcrording to the

ATP method, the number of living organisms can be determined in a few minutes to a few tens of

minutes. [0@31fhe horizontal direction is not limited to a circular motion
and only adjustments to avoid an intersection of trajectories
drawn by center points of regions on the trapping carrier 30
against which the air having passed through the pinholes 16a
collides need to be made. For example, the support container
20 may be moved to draw an ellipse or polygon or a character
such as 2, S, and M.
[0045]

The traveling speed in the vertical upward direction is
set in accordance with a recessing speed of the trapping carrier
30 due to drying and the wind pressure. The traveling speed
in the vertical upward direction when the air is sucked in at
the speed of 160 m’/min is preferably 1 mm/hr. The traveling
speed in the horizontal direction is preferably 0.5 to 1 rpm.
[0046]
The floating bacteria counting device 10 is provided with

a power supply to supply power to the floating bacteria counting
device 10, a switch to give instructions to start a trapping
operation, and a button pressed by a worker when the trapping
carrier 30 is replaced, which are not shown, and also provided
with a CPU (Central Processing Unit) to control the above units,
the driving mechanism 22, and the fan driving motor 41, a timer
to clock the time, a memory to store various kinds of data and

programs, a display to output recorded data, and a printer.
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FIG. 8 is a block diagram showing the functional configuration of the bacterial cell analysis device 80.
As shown in FIG. 8, the bacterial cell analysis device 80 includes a warm water supply unit 81, a
heater 83, a filtration unit 85, a reagent dispensing unit 87, a luminescence counting unit 88, and a
conversion unit 89. [0052] The warm water supply unit 81 includes a pump, heater, nozzle and
the like, which are not shown, and supplies warm water to dilute the trapping carrier 30. The warm
water is preferably a sterilized solution and the preferable composition thereof includes a phosphoric
acid buffer and physiological saline solution. If the concentration of gel and glycerol contained in the
trapping ca?r?é’r%oyis low, gel of sufficient strength cannot be obtained and if the concentration thereof

' high, the viscosibyigf sph aflarithe Rhasediansitian becomes iph. aking Migation dificult,
Therefore, if the trapping carrier 30 of high polymer concentration is used, it is préferable to dilute the
concentratias ©f gelsdia Wck0% erdess and the sopceaniration okglyceraldoRb%mas lassby a diluent
after solation before filtration. [0053] The heater 83 causes a transition to sol by heating the
trapping cat®er30 & gelbRext compeifieatiGiPunid8sysciudbs afrreutitn pumiphendfiters the

solated tra%oing carrier 30 to cause ba ter'g (Iivirp organisms and free ATP) to remain on the filter 21.
rivingmotor 41 to suck theairinto the casing1l2. ‘Accordingly,

the air is sucked in from the nozzle 16 vertically downward and
the air collides against the trapping carrier 30 to change the
flow thereof in the horizontal direction and also floating
bacteria in the air are captured by the trapping carrier 30 in
a gel state. During trapping operation, the trapping surface
immediately below the nozzle 16 is updated by the horizontal
movement of the support container 20 and also the gap length
between the nozzle 16 and the trapping surface is kept.
[0048]

(Configuration of the particle counting device)

The particle counting device 60 is a general particle
counter that counts particles (all particles are included and
hereinafter, referred to as "dust") floating in the air and
continuously counts particles in the air in real time by
counting scattered light scattered by dust in the air after the
air being irradiated with light, and a count result is stored
in memory (not shown), displayed in a display, or printed. The
particle counting device 60 also includes a switch (not shown)
to start a counting operation.

[0049]
As a characteristic function in the present embodiment,

the particle counting device 60 includes an alarm output unit
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[0054] The reagent dispensing unit 87 includes a nozzle, actuator and the like and dispenses an
ATP eliminator to remove free ATP and an ATP extractant to extract ATP of living organisms to
bacteria remaining on the filter 21. The luminescence counting unit 88 includes a PMT
(Photomultiplier Tube) and counts an emission quantity by counting photons. [0055] The
conversion unit 89 is a function realized by a program being executed by a CPU and converts the
emission quantity counted by the luminescence counting unit 88 into an amount of ATP and converts
the amount6olf ATP into the number of living organisms. [0056] (Floating bacteria counting method)

The alarm output unit 61 includes a CPU, program, and sound
source data and outputs an alarm when at least one particle of
dust 1is counted.

[0050]

(Configuration of the bacterial cell analysis device)

The bacterial cell analysis device 80 is a device that
analyzes bacterial cell caught by the trapping carrier 30 by
the ATP (Adenosine TriPhosphate) method. The ATP method is a
method that uses ATP, which is a chemical substance always
contained in living organisms, as an index of the number of
bacteria and uses bioluminescence by luciferase, which is an
enzyme of biological origin, and luciferin, which is a substrate
protein thereof. More specifically, ATP of living organisms
is extracted from a sample and is caused to emit light by adding
an illuminant (luciferin-luciferase mixed solution) thereto to
determine the amount of ATL from luminescence intensity and the
amount of ATP is converted into the number of living organisms.
According to the ATP method, the number of living organisms can
be determined in a few minutes to a few tens of minutes.

[0051]

FIG. 8 is a block diagram showing the functional
configuration of the bacterial cell analysis device 80. As
shown in FIG. 8, the bacterial cell analysis device 80 includes
a warm water supply unit 81, a heater 83, a filtration unit 85,

a reagent dispensing unit 87, a luminescence counting unit 88,

and a conversion unit 89.
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Next, the floating bacteria counting method executed by a floating bacteria counting system according
to the present embodiment will be described with reference to FIG. 9. It is assumed here that the timer
of the floating bacteria counting device 10 is set to, for example, 1 hr. A drug manufacturing
worker starts a manufacturing operation of drugs or the like in the germ-free isolator 50 (step S101).
[0057] A floating bacteria counting operator turns on a switch to start a counting operation of the
particle counting device 60. Accordingly, the particle counting device 60 starts a continuous real-time
count of dust in the germ-free isolator 50 (step S102). Further, the floating bacteria counting operator
sets the sup&?&?@éntainer 20 filled with the trapping carrier 30 to the floating bacteria counting device
10 and turns on a switch to start a trapping operation, A¢cordingly, .clocking by the timer is started and
abothefan40isdﬁ&§1g§ﬁﬂaﬂﬁF§#aﬁg ogrzf%gségtﬁ%é%ﬁgﬁﬁg%dgﬁﬁﬁniﬁﬁﬁéﬁﬁgbamena
in which thenaig ﬂwamr@ﬂrérqq@!am%cgwg%wémm64@ei%9§ﬁi@% wRrRurngdrapping
operation, the support container 20 makes a horizontal movement and vertical movement by being
driven by thecddyihgtraechanismi2i (stepa8103) r[0058] The Wwerparticie coumting:devieto 6O counts
dust particles in the germ-free isolator 50 and records the number in a memory (step S104) and

outputs recé‘rd_%%e _éﬁfaélnc‘fﬂt]ﬁét&é%& iRdicaling the GiRTGTRRE reéciiaed tortdhttd aeemdating
badeﬂaCOH%%E%%@%C%lSAé@%ﬁ%%%@.gg@g]buffer and physiological saline

solution. If the concentration of gel and glycerol contained
in the trapping carrier 30 is low, gel of sufficient strength
cannot be obtained and if the concentration thereof is high,
the viscosity of sol after the phase transition becomes high,
making filtration difficult. Therefore, if the trapping
carrier 30 of high polymer concentration is used, it is
preferable to dilute the concentration of gelatin to 10% or less
and the concentration of glycerol to 25% or less by a diluent
after solation before filtration.

[0053]

The heater 83 causes a transition to sol by heating the
trapping carrier 30 in a gel state.

The filtration unit 85 includes a vacuum pump and filters
the solated trapping carrier 30 to cause bacteria (living
organisms and free ATP) to remain on the filter 21.

[0054]

The reagent dispensing unit 87 includes a nozzle,
actuator and the like and dispenses an ATP eliminator to remove
free ATP and an ATP extractant to extract ATP of living organisms
to bacteria remaining on the filter 21.

The luminescence counting unit 88 includes a PMT
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After the time data being received from the particle counting device 60, the floating bacteria counting
device 10 records the time data by associating with the time being clocked by the timer (step S106).
[0050] Each time the timer clocked by the floating bacteria counting device 10 becomes due, the
floating bacteria counting operator replaces the trapping carrier 30 of the floating bacteria counting
device 10 together with the support container 20 (step S107). The floating bacteria counting operator
manages the trapping carrier 30 removed from the floating bacteria counting device 10 in such a way
that the order of replacement of the trapping carriers 30 is known. [0061] If the number of dust
particles colRFAidl S1biSE ZErPEte 33 08ONB. The Pafitie edGmtimg adkdd Bo®Bntinues the
dust countigg&ggriartlion ipléh:%s%erm-free isolator 50 (step S104). On the other hand, if the number of
dust particles counted iﬁstep D4 is one or more (step S108: Yes), the alarm output unit 61 of the
particle coupginghevice 60 outputs an alarm (step S109). The manufacturing operation of drugs in the
germ-free isolator 50 is thereby temporarily stopped (step S110). [0062] The floating bacteria
counting operator réh®vesthetrappingcatriép 3nofintettdrthe dlaating Hdoresiaptagtiag device 10
together with the support container 20 to transfer the trapping carrier 30 to the bacterial cell analysis

device 80 iR& CIGssUEGH GeRYhé afdfth iRt SRTSF SHftef atftedslh et tife3akdds thereafter

(step S1LLL dithe dippRing;gariier3q mownied ondhe floang iactega,cuniing deics, 10 gannot be

grasped in real time when an alarm iIs output e particle counting device ecause the floating
bacteria connting ppetasaris Mot presentnab that tivse orthe like, thedloatingdacterial Gaptgg operator

distinguishes the trapping carrier 30 mounted on the floating bacteria counting device 10 when dust is
counted bassd anpikNeS data from the particle counting device 60 recorded in the floating bacteria
counting de[vci)%eS%(j). [0063]
(Floating bacteria counting method)
Next, the floating bacteria counting method executed by
a floating bacteria counting system according to the present
embodiment will be described with reference to FIG. 9. It is
assumed here that the timer of the floating bacteria counting
device 10 is set to, for example, 1 hr.
A drug manufacturing worker starts a manufacturing
operation of drugs or the like in the germ-free isolator 50 (step
8101) .
[0057]
A floating bacteria counting operator turns on a switch
to start a counting operation of the particle counting device
60. Accordingly, the particle counting device 60 starts a
continuous real-time count of dust in the germ-free isolator
50 (step S102). Further, the floating bacteria counting
operator sets the support container 20 filled with the trapping

carrier 30 to the floating bacteria counting device 10 and turns

on a switch to start a trapping operation. Accordingly,
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The bacterial cell analysis device 80 counts living organisms in the trapping carrier 30 transferred from
the floating bacteria counting device 10 by the ATP method (step S112). If, as a result of count, no
living organism is detected (step S113: None) , the stopped manufacturing operation of drugs in the
germ-free isolator 50 is restarted (step S114). On the other hand, if living organisms are detected, the
dust continuous real-time count by the particle counting device 60 is stopped (step S115). Then, the
germ-free isolator 50 is disassembled (step 3116) and sterilized by ultraviolet rays or an ozone gas
(step 3117) to start up the gel. I-free isolator 50 again (step S118). Then, the manufacturing operation

of drugs in e isbliftoF 505 rdstafed (5Rp 32907 6064 e f.arﬁ‘tﬁg abdvEreniBadiment, the
particle couing-levice 40.QuipHs RBAIAIT When gt least ope %f‘%?ﬁéuf edpcouied, btthe present

embodiment’is not limited to the above example and conditions an alarm may include a
condition oftthezpaitiejersizer efrdusti howBXampler@nsdlarmimay bequitputrvben atleastenre dust
particle whose patrticle size is 0.5 m or more is detected. [0065] (Living organism number counting by
the ATP méthoepllideskiatriprotethre foramuntiagdwirgiergantsmsythe A TR apahod in step
S112 in FIG. 9 will he descgigbed with reference to the flow chart shown in FIG. 10. First, the bacterial

cell analysiSRRYRESY he ARSI PG BArerS3 16 tHEADIREE (st eipBRIERSB tause the
phase transjtion.of {hs rapping,cardge 30.19. §955@}39¥r9%1}r@ﬂg9At}%fﬁg%%%ﬁ%mag&he trapping

carrier 30 in the support container 30 set to the bacterial cell analysis device 80 is maintained at
temperature 30 tet3#C for @bput, for example 10 min. At the same time, for example, 10 to 25 mL of a
sterilized solution is injected into the support

[0058]

The particle counting device 60 counts dust particles in
the germ-free isolator 50 and records the number in a memory
(step S104) and outputs recorded content and time data
indicating the time of the recorded content to the floating
bacteria counting device 10 (step S105).

[0059]

After the time data being received from the particle
counting device 60, the floating bacteria counting device 10
records the time data by associating with the time being clocked
by the timer (step S106).

[0060]

Each time the timer clocked by the floating bacteria
counting device 10 becomes due, the floating bacteria counting
operator replaces the trapping carrier 30 of the floating
bacteria counting device 10 together with the support container
20 (step S5107). The floating bacteria counting operator
manages the trapping carrier 30 removed from the floating

bacteria counting device 10 in such a way that the order of

replacement of the trapping carriers 30 is known.
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container 20 by the warm water supply unit 81 for dilution so that the gelatin concentration of the
trapping carrier 30 falls to 10% or less and the glycerol concentration falls to 25% or less (step S501).
[0066] Next, the bacterial cell analysis device 80 captures bacteria (living organisms and free ATP
of non-biological origin liberated outside bacteria) on the filter 21 by filtrating and removing the diluted
trapping carrier 30 from inside the support container 20 through the filtration unit 85 (step S502).
[0067] Next, the bacterial cell analysis device 80 adds an ATP eliminator onto the filter 21 through
the reagent dispensing unit 87. The ATP eliminator is a reagent that decomposes the free ATP and,
for example, YR°ATP eliminator containing apyrase is used. Accordingly, free ATP excluding ATP

inside living organism i e [Q068] I he bacterial cell analysi vice 80
generates a samplsg%by% g%r;ﬁgﬁgﬁé?Tgégﬁgc%a%ta (%tg%eé %ng?b‘i‘ %ﬁrcg‘ulgrﬁ tﬁaléerge%%rgtﬁ di%Sensing unit

87. The ATRedraciantisa seagre) thatisselves fie-cebwmembeane of Ivngorganisms, sextract
ATP inside living organisms and, for example, an ATP extractant containing a surface active agent,

trichIoroace‘ti]@%ééfﬁcmymﬁéIbﬂffe@,eéthaéémoilwmenzymem proteasencivity saged (step
gt g, e TR RLdNY PO R e e e e £
counted in step S104 is one or more (step S108: Yes), the alarm
output unit 61 of the particle counting device 60 outputs an
alarm (step S109). The manufacturing operation of drugs in the
germ-free isolator 50 is thereby temporarily stopped (step
S110) .
[0062]

The floating bacteria counting operator removes the
trapping carrier 30 mounted on the floating bacteria counting
device 10 together with the support container 20 to transfer
the trapping carrier 30 to the bacterial cell analysis device
80 in a closed state when the alarm is output or after a
predetermined time passes thereafter (step S111). If the
trapping carrier 30 mounted on the floating bacteria counting
device 10 cannot be grasped in real time when an alarm is output
from the particle counting device 60 because the floating
bacteria counting operator is not present at that time or the
like, the floating bacteria counting operator distinguishes the
trapping carrier 30 mounted on the floating bacteria counting
device 10 when dust is counted based on time data from the
particle counting device 60 recorded in the floating bacteria

counting device 10.

[0063]

29



extracted and

thereof (step S506).

counting unit

thus, ATP can be detected. [0069] Next, the bacterial cell analysis device 80 adds
the sample generated in step S504 to the luminescence reagent to cause ATP contained in the
sample to emit light (step S505) and the luminescence counting unit 88 counts the emission quantity

88 counts the emission quantity of the ATP standard solution (step S507). [0070]

Subsequent to the luminescence count of the sample, the luminescence

Next, the bacterial cell analysis device 80 converts the counted emission quantity of the sample into
the ATP amount and further converts the ATP amount intq the number of living organisms based on

the ATP amount in THEATEHERAA SOTfdtiorPaRd HE EmiSTIoGuiiticy PHBH S5b8Y 1B871]
above emDBTIREN <A XATPIRNYAISE AN TR LITUAteh ATR abaslaDh Anfhmingscence

reagent are a

floating bacteria counting device 10 by the ATP method (step

S112). If, as a result of count, no living organism is detected

(step S113: None), the stopped manufacturing operation of drugs

in the germ-free isolator 50 is restarted (step S114). On the

other hand, if living organisms are detected, the dust

continuous real-time count by the particle counting device 60

is stopped (step S115). Then, the germ-free isolator 50 is

disassembled (step S116) and sterilized by ultraviolet rays or

an ozone gas (step S117) to start up the germ-free isolator 50

again (step S118). Then, the manufacturing operation of drugs

in the germ-free isolator 50 is restarted (step S119).

[0064]

In the above embodiment, the particle counting device 60

outputs an alarm when at least one dust particle is counted,

but the present embodiment is not limited to the above example

and conditions for outputting an alarm may include a condition

of the particle size of dust. For example, an alarm may be

output when at least one dust particle whose particle size is

0.

5 pm or more 1is detected.

[0065]

(Living organism number counting by the ATP method)

Next, the procedure for counting living organisms by the

ATPmethod in step S112 in FIG. 9 will be described with reference

to the flow chart shown in FIG. 10.

First, the bacterial cell analysis device 80 heats the
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is taken, but reagents to be added are not limited to the above example and a portion of reagents may
be omitted or another reagent may be added if necessary. The count of the emission quantity of the
ATP standard solution may be made before the emission quantity count of the sample. Bacteria to be
caught and counted are not specifically limited, but, for example, Bacillus cereus, Bacillus spizizenii,
Corynebacteriumrenale, Micrococcus luteus, S. aureus, S. epideridis, Citrobacter freundii,
Pseudomonas aeruginosa, and Serratia marcescens can be cited. [0072] According to the
embodiment of the present invention, as described above, the driving mechanism 22 of the floating

bacteria colAHPdAcE T cadsad thd SOFBrecsniahidt 2b thIndve RIHE hofigontaf difstion in such
a way that  gircle-of a diameler less thap thgifcLinierval d of the pinliples 16aisdrawn.and

therefore, the support container 20 can be moved in the horizontal direction so that trajectories drawn
by center pbiptsohregiarsi ey thetrappingearser 30 agamst wikch thesais Agvingpassed gyough the
pinhole 16a collides do not intersect and a portion immediately below the pinhole 16a on the surface of
the trapping-Bafried S0RAGITAIEERs PrEREH P spetiflepsrionasfahe rapping tarrmarBlyfeorm being
recessed d%e to the Vé/g'md.pressuretor,g%i g. Accordin I%ﬁone trapping carrier 30 can be used to catch
floating bactena in the air CoRtiHudtER 5P atond TR W ROt TatiSing the tripping HG&Hey to decline

without the pseddq seplace the frapping caprgr 30,ina sha time, Jn the above embodiment, the
nozzle 16 is formed of the plurality of pinholes 16a arranged at equal intervals, but such a
configurationLis @flyaas exambiez dfthealozzlieoh6 isscanfijececk differently: adjustipeatstmaybe made to
move the support container 20 in the horizontal direction so that trajectories drawn by center points of
regions on HEYFEIBIRE cafridy 36 agalfrstWhier e aliPRing padsdtilthHretigh iHelpirbBles®6a collides

do not intersect [d%[73 The support container 2Q.rises in the vertical direction_due tq the driving
mechanismggf:%m9 R ?%%rll?f &%Q%Eﬁéﬁa‘%éﬁ%r@ Olr%r?qern% ?a?@%%%lcc)\?ﬁﬁé%{nﬁglgf% Fnay be

recessed due tq gleying ordhe wind mg%sg;rg@gmltr@%eg@@?@mt@%wep@es coptaiper 20 rises
to keep the gap length between the pinhole 16a and the trapping surface so that high trapping
efficiency cardbe niairtgin€d.q0D74]

[0066]

Next, the bacterial cell analysis device 80 captures
bacteria (living organisms and free ATP of non-biological
origin liberated outside bacteria) on the filter 21 by
filtrating and removing the diluted trapping carrier 30 from
inside the support container 20 through the filtration unit 85
(step S502).

[0067]

Next, the bacterial cell analysis device 80 adds an ATP
eliminator onto the filter 21 through the reagent dispensing
unit 87. The ATP eliminator is a reagent that decomposes the
free ATP and, for example, an ATP eliminator containing apyrase
is used. Accordingly, free ATP excluding ATP inside living
organism is removed (step S503).

[0068]

Next, the bacterial cell analysis device 80 generates a
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The floating bacteria counting operator can make sure that dust is floating in the germ-free isolator 50
based on the output of an alarm from the particle counting device 60 and analyze the trapping carrier
30 mounted on the floating bacteria counting device 10 when the alarm is output and therefore, only
the trapping carrier 30 that may have caught living organisms can be analyzed. Therefore, time and
efforts to analyze trapping carriers that have not caught bacterial cell can be saved and only living
organisms can be counted quickly and accurately. Moreover, the time before the replacement of the
trapping carrier 30 can be{i)rolonged and therefore, identification of the trappingI carrier 30 to be

analyzed c&F BB FalY 2SR B0YR] A TP B bing thRe hePRbPrhhSiibhatrappingCar it ED, bacteria
captured on fhe éggggﬁef&fﬂgg@egkr}ggcaﬂeg 39 Pani%%_fﬁ%vs&%dfmé]@E&?&%@%%é@e&%&%&e’ a

recovery operation ot caught floating bacteria becomes simpler. [0076 The above embodiment is

described yrassuningdbatthe partiele Countingdeyviee 60 outpyts BR-alasnbubibe present
embodiment is not limited to the above example and a device connected to the particle counting
device 60 nﬁx&“}PO}t}p‘ﬁ}t% blafimgooygpnisms and, for example, an ATP extractant

containing a surface active agent, trichlorocacetic acid (TCA),
Tris buffer, ethanol, or lytic enzyme having protease activity
is used (step S504). Accordingly, the cell membrane of living
organisms is dissolved and ATP inside living organisms is
extracted and thus, ATP can be detected.

[0069]

Next, the bacterial cell analysis device 80 adds the
sample generated in step S504 to the luminescence reagent to
cause ATP contained in the sample to emit light (step S505) and
the luminescence counting unit 88 counts the emission quantity
thereof (step S506) .

Subsequent to the luminescence count of the sample, the
luminescence counting unit 88 counts the emission quantity of
the ATP standard solution (step S$S507).

[0070]

Next, the bacterial cell analysis device 80 converts the
counted emission quantity of the sample into the ATP amount and
further converts the ATP amount into the number of living
organisms based on the ATP amount in the ATP standard solution
and the emission quantity (step S508).

[0071]
In the above embodiment, an example in which an ATP

eliminator, ATP extractant, and luminescence reagent are added
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(Second embodiment) Next, the second embodiment of the present invention will be described.
The floating bacteria counting device 10 according to the present embodiment includes, in addition to
the function of the floating bacteria counting device 10 according to the first embodiment, as shown in
FIG. 11, a start signal transmitting unit 101 and a trapping state recording unit 102. The function is
realized by a program being executed by the CPU of the floating bacteria counting device 10. [0078]
The start signal transmitting unit 101 transmits a start signal to the particle counting device 60 when a
trapping operation of ﬂogting bacteria is started by the floatir:g bacteria counting device 10. The

[

trapping State reebrding Uhit 162 $&€oras therapping SRESin e o hy 3s58cibi kit fhe elapsed
time from the fimewhen the,stad, signa| transmitting ynit 10 transmifs astart signal, Mare, specifically,

the trapping state recording unit 102 records the replacement time of the trapping carrier 30 by
associatingrwiiky ¢he: elepgelddimada79F neckhiespatiicle tounting.device Gthaceardingtothe present
embodiment includes, in addition to the function of the floating bacteria counting device 10 according
to the first MBBEiHteNtOAs Shewh TR FIGanday @oBntiNg Seite Teécordfgranie 6B The furidien is
realized bye%gré)gJ{%Q %%ig t? :)L(ngu'[cegu?'}/tﬂ})efct?h%Oég%p&%mc'%g%%netpgad%\gcgg Oc'aught
and counted are not specifically limited, but, for example,
Bacillus cereus, Bacillus spizizenii, Coryneb acterium renale,
Micrococcus luteus, S. aureus, S. epideridis, Citrobacter
freundii, Pseudomonas aeruginosa, and Serratia marcescens can
be cited.
[0072]

According to the embodiment of the present invention, as
described above, the driving mechanism 22 of the floating
bacteria counting device 10 causes the support container 20 to
move in the horizontal direction in such a way that a circle
of a diameter less than the pitch interval d of the pinholes
1l6a is drawn and therefore, the support container 20 can be moved
in the horizontal direction so that trajectories drawn by center
points of regions on the trapping carrier 30 against which the
air having passed through the pinhole 16a collides do not
intersect and a portion immediately below the pinhole 16a on
the surface of the trapping carrier 30 is updated to prevent
a specific portion of the trapping carrier 30 from being
recessed due to the wind pressure or drying. Accordingly, one
trapping carrier 30 can be used to catch floating bacteria in

the air continuously for a long time without causing the

trapping efficiency to decline without the need to replace the
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[0080] The counting state recording unit 63 records the counting state in a memory by associating
with the elapsed time after a start signal is received from the start signal transmitting unit 101. More
specifically, the counting state recording unit 63 records the number of counted dust by associating
with the elapsed time. [0081] FIG. 13A shows an example of the trapping state recorded by the
trapping state recording unit 102 of the floating bacteria counting device 10 and FIG. 133 shows an
example of the counting state recorded by the counting state recording unit 63 of the particle counting
device 60. A chronological relationship between the time when dust is detected in the germ-free

isolator 50 &hd FHRHiAeThen e traptihg carfer36 ifepladty HEToARey 8eaP A3 Bieata and only
the trappingc@@qigzs.ﬁ@qw%dM@J@%ﬂ@g@@%ﬂa@y ting gewics Aowhen JusLis detected, that

is, the trapping carrier 30 that may have caught floating bacteria can be analyzed by the Dacterial cell
analysis deuite=80.5[0082} e rvaNext, e floatingbastef iegeatadingrimethodacearding tgsthe present
embodiment will be described with reference to FIG. 14. First, the floating bacteria counting operator

turns on thel $witeR BF&rt theé CotmtirPdperalices ol e paRriclel douathigHEvRaBDS AceBréingly, the

particle counting device 60 starts a continuous real-time count af dust in the germ-free isolator 50 (step
2 g afdustin ihe g

S201) . The particlecotinfing device 68 S5Unts AUSE patitles and recdrd KtHB&rin memory (step

S202). [0083] re cNeX, é*aﬁtfi%éiQ&Q%@@H%ﬁ@éE@Ea@l%?@}%é%%&%é%@%%@??%l‘%x@ filled with
Cc

the trapping carrier 30 to the floating bacteria counting device 10 and turns on a switch to start a
trapping operatitre Accgrdingly, thefldating0 against which the air having passed

through the pinhole 16a collides do not intersect.
[0073]

The support container 20 rises in the vertical direction
due to the driving mechanism 22 and thus, even if the trapping
carrier 30 immediately below the pinhole 16a may be recessed
due to drying or the wind pressure during trapping operation,
the support container 20 rises to keep the gap length between
the pinhole 16a and the trapping surface so that high trapping
efficiency can be maintained.

[0074]

The floating bacteria counting operator can make sure
that dust is floating in the germ-free isolator 50 based on the
output of an alarm from the particle counting device 60 and
analyze the trapping carrier 30 mounted on the floating bacteria
counting device 10 when the alarm is output and therefore, only
the trapping carrier 30 that may have caught living organisms
can be analyzed. Therefore, time and efforts to analyze
trapping carriers that have not caught bacterial cell can be
saved and only living organisms can be counted quickly and

accurately. Moreover, the time before the replacement of the
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bacteria counting device 10 starts the trapping operation (step S203) and the start signal transmitting
unit 101 transmits a start signal to the particle counting device 60 (step S204). [0084] When the
particle counting device 60 receives the start signal from the floating bacteria counting device 10, the
counting state recording unit 63 associates and records the elapsed time from the time when the start
signal is received and the number of counted dust particles (step S205). [0085] On the other hand,
the floating bacteria counting device 10 keeps the elapsed time from the time when the trapping
operation is started and the start signal is transmitted by a timer (step S206). Then, when the timer

becomes dié& 2R ¥R fI6&fHg BActéHa clinkfy BEGiteNgrdeeRe the$&FEe& ent of the trapping
carrier 30 fr i the flpating bacteria counting o tor (step S207: Yes), the floating
bacteria com?r?t%an%ggg\%ég%%}és%%ia?gsg a%g TeCoras the %p%é%?n%n%éf %ﬁ% ﬁgﬁé?{g”‘ %%I’H%?’%O with the
elapsed timgdnmagraops §0Q86] Accordingly, data as shown in FIG. 13A is recorded in the
memory of the floating bacteria counting device 10 and data as shown in FIG. 13B is recorded in the
memory of thEdgarticle counting device 60. The floating bacteria counting operator grasps the
chronological relationship between the counting state of the particle counting device 60 and the

trapping state of th&HoHtg BattefiaXotinting detfidsid by ek RPHRIUSR By EEpldfing the data
in a cisplay ol rioeing Dgglale agdeepiuasy the tanping,cariel, 30 Mauied.an (0 fioallng bacteria

counting device 10 when dust is detected by the particle counting so that only the trapping

carrier 30 that may havecanghtdiving-atgesismsSahbe analyz e by dhe baeterisp selh analysis device
80. Therefore, time and efforts to analyze trapping carriers that have not caught bacterial cell can be

saved and edly d@igrdrganisatsicsn becbanicd dquickipand sbonrisely.

[0076]

The above embodiment is described by assuming that the
particle counting device 60 outputs an alarm, but the present
embodiment is not limited to the above example and a device
connected to the particle counting device 60 may output an
alarm.

[0077]

(Second embodiment)

Next, the second embodiment of the present invention will
be described.

The floating bacteria counting device 10 according to the
present embodiment includes, in addition to the function of the
floating bacteria counting device 10 according to the first
embodiment, as shown in FIG. 11, a start signal transmitting
unit 101 and a trapping state recording unit 102. The function
is realized by a programbeing executed by the CPUof the floating
bacteria counting device 10.

[0078]

The start signal transmitting unit 101 transmits a start
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[0087] While the floating bacteria counting device 10 detects the replacement of the trapping
carrier 30 from button input by the floating bacteria counting operator, but the method by which the
floating bacteria counting device 10 detects the replacement of the trapping carrier 30 is not limited to
the above example and the replacement of the trapping carrier 30 maybe detected by, for example, a
sensor capable of recognizing the removal of the top cover 14 or a change in weight of the trapping
carrier 30 or the replacement of the trapping carrier 30 may be recognized when the timer becomes
due and the next timer is started. [0088] (Third embodiment) Next, the third embodiment of the
present invERtBIAIllTR GESrRRECHFtRe HREBHEAnEGIHER, & RakE dhen thE¥RRHIFess required

inside the gepsles sglaler 34 jslovel than b firstembadiment yl be depaiand, fhe particle

counting device 60 according to the présent embodiment includes, in ition to the Tunction of the

particle coupsing éevicecQracearding$q gre first embodiment shown in FIG. 7, a trapping start
instruction signal transmitting unit 65 shown in FIG. 15. The function is realized by a program being
executed by the CPIhef theapariicle coumtiag tevizedb T hertidpping staetinsttactidresignal
transmitting unit 65 transmits a trapping start instruction signal to the floating bacteria counting device

10 when dust BRI G LRUAF IS idfe R8P A tRERBIT dbPek M pid. 23565 tiERRSN 1 m3) is
detected. [0S cnd hesfipatadiacteiia countinagdeyice 19 acqaraing (obe piggent mbodiment

includes, in addition to the function of the floating bacteria counting device T0 according to the first
embodimeniratrapping stad tittl 03 ancha rapping coptiruatinraunit104 showr ipHizqgl6. These

functions are realized by programs being executed by the CPU of the floating bacteria counting device
10. state recording unit 102 records the replacement time of the
trapping carrier 30 by associating with the elapsed time.
[0079]

The particle counting device 60 according to the present
embodiment includes, inaddition to the function of the floating
bacteria counting device 10 according to the first embodiment,
as shown in FIG. 12, a counting state recording unit 63. The
function is realized by a program being executed by the CPU of
the particle counting device 60.

[0080]

The counting state recording unit 63 records the counting
state in a memory by associating with the elapsed time after
a start signal is received from the start signal transmitting
unit 101. More specifically, the counting state recording unit
63 records the number of counted dust by associating with the
elapsed time.

[0081]

FIG. 13A shows an example of the trapping state recorded

by the trapping state recording unit 102 of the floating

bacteria counting device 10 and FIG. 13B shows an example of
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[0090] When the trapping start instruction signal is received from the particle counting device 60,
the trapping start unit 103 automatically turns on a switch to start a trapping operation of floating
bacteria in the air. The trapping continuation unit 104 continues the trapping operation until a
predetermined time (for example, 10 min) passes from the time when trapping is started by the
trapping start unit 103. [0091] Next, the floating bacteria counting method according to the present
embodiment will be described with reference to FIG. 17. While the trapping operation of the floating
bacteria counting device 10 is stopped, the floating bacteria counting operator turns on the switch to

start the coEHﬁnﬁ%ﬁé‘féﬁ%%ﬁ?ﬁ@ ﬁ%ﬁﬁaﬁ%ﬁrﬁ% %%ﬁ@élﬁé?R@c%l@ﬁ&l%?ﬁé”b‘éﬂ%%%ting device
60 makes %%org@uegg Srgglrl;g’g% fgugtoqn({%é gs} Qeevqecr%(;%ge |sglaé%§gowgés£%%83g}). If the number

of counted dust particles’is equal to or more t a thres (step S he trapping start
instruction signaltiansspittingoenite% Hansits adeappies starkinstryctipn signakioithe figating bacteria
counting device 10 (step S303). [0092] The particle counting device 60 outputs an alarm or the
like and a dvegmantgactufing orke 5Htopsdhé hsariufasturhgopenaticireberigg esed barthe output

thereof (steﬁ) S110). ‘
0 1s feplaced becomes clear from the data and only the trapping

carrier 30 mounted on the floating bacteria counting device 10
when dust is detected, that is, the trapping carrier 30 that
may have caught floating bacteria can be analyzed by the
bacterial cell analysis device 80.

[0082]

Next, the floating bacteria counting method according to
the present embodiment will be described with reference to FIG.
14. First, the floating bacteria counting operator turns on
the switch to start the counting operation of the particle
counting device 60. Accordingly, the particle counting device
60 starts a continuous real-time count of dust in the germ-free
isolator 50 (step S201). The particle countingdevice 60 counts
dust particles and records the number in memory (step S202).
[0083]

Next, the floating bacteria counting operator sets the
support container 20 filled with the trapping carrier 30 to the
floating bacteria counting device 10 and turns on a switch to
start a trapping operation. Accordingly, the floating
bacteria counting device 10 starts the trapping operation (step
S5203) and the start signal transmitting unit 101 transmits a
start signal to the particle counting device 60 (step S204).

[0084]
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When the floating bacteria counting device 10 receives the trapping start instruction signal from the
particle counting device 60, the trapping start unit 103 starts a trapping operation of floating bacteria
(step S304). [0093] Thetrappingcontinuationunitl04cont nuesthetrapping operation until the preset
time passes after starting the trapping (step S305). When the preset time passes, the floating
bacteria counting operator transfers the trapping carrier 30 to the bacterial cell analysis device 80 in a
closed state (step 5111) . [0094] The processes after step 5110 and step 5111 are the same as in the
first embodiment. According to the present embodiment, useless trapping and time and efforts of

analysis can be saVetPBy Hifapsing bptratfGiiiBy g fiesing BablEesuntry d&\icé 18 Being started
fter detect] f th t] ting device 60 so th ly living. i b ted
arier de e%%%cgaq%#r.b%/& %?gr H‘Eﬁﬁgﬁ%g‘q@ &S Py S04 991% |C\%n€l%rga9|§mst af be counte

quickly an urately 9 & above embodiment is describe y assuming hat a trapping
start instructionrsigrgy) is trapsmittectedhadloating bastesiacounting sleyice 1Qwhen 3% particles in
m3" of dust floating in the air are detected as the "threshold", but the "threshold" is not limited to the
above exarapkraRticanibe setapprdpridtelnan wiceordaneestidtr tleantimess duaraatesihforithe
germ-free isolator 50. According to JIS B9920, which is a standard for cleanliness, for example, the

upper limit 3FCord&ntrRiBR O dast FE T Ffrol s PRI 16/ ol TheéPartitde dize 0.1 pm of dust,

2/m3 for thq pakticle size 0.2 pm, and 1/m3 for the particle size 0.3 pm. For Class 2, the upper limit is
102/m3 for the particle size 0.1 pm of dust, 24/m3 for the particle size 0.2 pm, and 10/m3 for the

particle size 0.3 pnor@Helassha therperdinait 19 3033 fernthedarticle-size Onlypaeofidust, 236/m3
for the particle size 0.2 pm, 101/m3 for the particle size 0.3 pm, and 35/m3 for the particle size 0.5 urn.
For Class 4. th&apper Wi isledassifor ihe parioke size 0tLpen vheust t28607mioL the particle size
0.2 pm, 1010/m4 for the j?article size 0.3 pm, and 350/m3 for the particle size 0,5 pm. For Class 5, the

upperMnH%?ﬁﬁ%ﬁﬁpﬁw o %ﬁﬁﬁgd and the start signal is transmitted by a

timer (step S206). Then, when the timer becomes due and the
floating bacteria counting device 10 detects the replacement
of the trapping carrier 30 from button input by the floating
bacteria counting operator (step S207: Yes), the floating
bacteria counting device 10 associates and records the
replacement of the trapping carrier 30 with the elapsed time
in memory.

[0086]

Accordingly, data as shown in FIG. 13A isg recorded in the
memory of the floating bacteria counting device 10 and data as
shown in FIG. 13B is recorded in the memory of the particle
counting device 60. The floating bacteria counting operator
grasps the chronological relationship between the counting
state of the particle counting device 60 and the trapping state
of the floating bacteria counting device 10 by referring to the
data by displaying the data in a display or printing the data
and can grasp the trapping carrier 30 mounted on the floating

bacteria counting device 10 when dust is detected by the
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size 0.1 pm of dust, 23600/m3 for the particle size 0.2 pm, 10100/m3 for the particle size 0.3 pm,
3500/m3 for the particle size 0.5 m, and 29/m3 for the particle size 5 m. For Class 6, the upper limit is
101000/m3 for the particle size 0.3 m, 35000/m3 for the particle size 0.5 m, and 290/m3 for the particle
size 5 m. For Class 7, the upper limit is 1010000/m3 for the particle size 0.3 pm, 350000/m3 for the
particle size 0.5 jim, and 2900/m3 for the particle size 5 pm. For Class 8, the upper limit is
10100000/m3 for the particle size 0.3 m, 3500000/m3 for the particle size 0.5 m, and 29000/m3 for the
particle size 5 m. Class 1 to Class 2 is appropriate as the cleanliness class when the germ-free isolator

50 is used f3F RW&REF prOCEYs O St nGueRdrigofibatorPand Cilss BHORRIARY 858 BhpRipriate when
used for anJausttil elsan oam.at sapcendglot/aOdeAlign. Clans oL H1ass e ppigpriate when
of biotechnology and Class 5 to

used for biohazard recombinant DN Class 8°is appropriate when
used for a hia«xtean pDbme Clasa H16rGlasstr iscappropriateavharbuseddomna bincleanoperating room.
Class 3 to Class 7 is appropriate when used for a drug production process for manufacturing drugs,
antibiotics, b ARAHEET BiRARKL 1Y foad ManFddaingaChnss 8 orCiHys Bas approptiate When used
for a retort pauc food pro essigggglrrlocess and Class 7 qr Class 8 is appropriate when used for a

S

fermentation process InThe Pt EmbbdiRent T garfifrse?Roffior 857 e forFHadufacturing

drugs and thgjthyeshgldt may be set so that a trapping start instruction signal is transmitted when, for
example, "35 or more particles whose size is 0.5 m or more per 1 m3" are detected. Depending on
conditions dfouse7gf the germ-free isolator 50, the threshold can be set optionally to correspond to
Class 1 to Class 8 described above. Similarly, the "preset time" can also be set appropriately in

accordance with th&3éL thre5Rolf] TOOBT g-S @ et embadiaeRy 1ng Nextigr folrtedimissdiment will

be describetqiél'hreefir ta gré\bggkrg% t ig déﬁecrgnt from the fourth embogfiment in thée\t whijle the filtration of
the trapping carrier-30'iS done y the Blacterlglpé)eh ;,%éfﬁs%f 48ticd® f'ﬁotﬁ%ek?ﬁgt glﬂb&(ﬁ]i%%tht, the

filration is gdone Ky thedloating hacteriagounting deviee J94p 4he fourth embodimentoa 1y
which the floating bacteria counting device 10 detects the
replacement of the trapping carrier 30 is not limited to the
above example and the replacement of the trapping carrier 30
may be detected by, for example, a sensor capable of recognizing
the removal of the top cover 14 or a change in weight of the
trapping carrier 30 or the replacement of the trapping carrier
30 may be recognized when the timer becomes due and the next
timer is started.
[0088]

(Third embodiment)

Next, the third embodiment of the present invention will
be described. In the present embodiment, a case when the
cleanliness required inside the germ-free isolator 50 is lower
than in the first embodiment will be described. The particle
counting device 60 according to the present embodiment includes,
in addition to the function of the particle counting device 60

according to the first embodiment shown in FIG. 7, a trapping
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[0097] FIG. 18A is a diagram schematically showing the transverse section of an upper part of the
floating bacteria counting device 10 according to the present embodiment and FIG. 18B is a diagram
schematically showing the longitudinal section of the floating bacteria counting device 10. To describe
a difference from the configuration in the first embodiment with reference to FIGS. 18A and 18B, the
support container 20 in a columnar shape is filled with the trapping carrier 30 in a

start instruction signal transmitting unit 65 shown in FIG. 15.
The function is realized by a program being executed by the CPU
of the particle counting device 60. The trapping start
instruction signal transmitting unit 65 transmits a trapping
start instruction signal to the floating bacteria counting
device 10 when dust floating in the air equal to or more than
a threshold (for example, 35 particles in 1 m®) is detected.
[0089]

The floating bacteria counting device 10 according to the
present embodiment includes, in addition to the function of the
floating bacteria counting device 10 according to the first
embodiment, a trapping start unit 103 and a trapping
continuation unit 104 shown in FIG. 16. These functions are
realized by programs being executed by the CPU of the floating
bacteria counting device 10.

[0090]

When the trapping start instruction signal is received
from the particle counting device 60, the trapping start unit
103 automatically turns on a switch to start a trapping
operation of floating bacteria in the air.

The trapping continuation unit 104 continues the trapping
operation until a predetermined time (for example, 10 min)
passes from the time when trapping is started by the trapping
start unit 103.

[0091]
Next, the floating bacteria counting method according to

the present embodiment will be described with reference to FIG.
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germ-free manner the bottom thereof is supported by a plate member in a meshed shape or doughnut
shape. A heater 24 as a heating mechanism is provided inside the support container 20. The heater 24
is controlled so that the trapping carrier 30 is heated up to the phase transition temperature with
precision. However, the heating mechanism of the trapping carrier 30 is not limited to the heater 24
and any mechanism capable of heating the trapping carrier 30 to the phase transition temperature may
be used. For example, a jacket may be mounted around the trapping carrier 30 to cause warm water

i in from the nozzle 16 ma be heated. [0098
tOﬂOMIorﬂ¥%®r%%hk d Le trappfng oper tion of tk 1oat1ng bacteria

counting device 10 is stopped, the floating bacteria counting
operator turns on the switch to start the counting operation
of the particle counting device 60. Accordingly, the particle
counting device 60 makes a continuous real-time count of dust
in the germ-free isolator 50 (step S301). If the number of
counted dust particles is equal to or more than a threshold (step
S302: Yes), the trapping start instruction signal transmitting
unit 65 transmits a trapping start instruction signal to the
floating bacteria counting device 10 (step S$303).

[0092]

The particle counting device 60 outputs an alarm or the
like and a drug manufacturing worker stops the manufacturing
operation of drugs based on the output thereof (step $110).

When the floating bacteria counting device 10 receives
the trapping start instruction signal from the particle
counting device 60, the trapping start unit 103 starts a
trapping operation of floating bacteria (step S304).

[0093]

The trapping continuationunit 104 continues the trapping
operation until the preset time passes after starting the
trapping (step S305).

When the preset time passes, the floating bacteria
counting operator transfers the trapping carrier 30 to the
bacterial cell analysis device 80 in a closed state (step S111).
[0094]

The processes after step S110 and step S111 are the same
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A bottle 26 containing a diluent to dilute the trapping carrier 30 and an injection mechanism 28 to inject
the diluent from the bottle 26 into the support container 20 are provided below the driving mechanism
22.[0099] The bacterial cell analysis device 80 according to the present embodiment does not
include the warm water supply unit 81, the heater 83, and the filtration unit 85 and includes the reagent
dispensing unit 87, the luminescence counting unit 88, and the conversion unit 89. Otherwise, the
configuration is the same as in the first embodiment. [0100] The floating bacteria counting device
10 configured as described above performs, like in the first embodiment, a trapping operation. After
the trapping*SperatibASthbtFpifeaFeB s heated to the phase transition temperature of the

trapping carrier 30 @é erlgﬁz%;[%rtzéﬁflg;gtﬁeuggog g%@)tggﬁ‘rheﬁ%tAg&gﬂi@gl&/%%ééﬁg@ingﬁ(l:grrier 301in

the gel state makes a phase transition to the sol state an floating bac ed by the
trapping carier3a akorainedin hetrgppina-carmisy 384 &esal §§?é%g:[91]19]&>gera-@§5@ppmg
carrier 30 in the sol state is filtrated by driving of a vacuum pump 42 and floating bacteria are captured
by the filter 21.ththe trappingrarier 806t kighpolyryed evncentration is.gseds theesokafacktrapping

carrier 30 is , . . .
detection of dust by the particle counting device 60 so that

only living organisms can be counted quickly and accurately.
[0095]

The above embodiment is described by assuming that a
trapping start instruction signal is transmitted to the
floating bacteria counting device 10 when "35 particles in m®"
of dust floating in the air are detected as the "threshold",
but the "threshold" is not limited to the above example and can
be set appropriately in accordance with cleanliness guaranteed
for the germ-free isolator 50. According to JIS B9920, which
is a standard for cleanliness, for example, the upper limit of
concentration of dust per 1 m’ for Class 1 is 10/m’ for the
particle size 0.1 pm of dust, 2/m’ for the particle size 0.2
pm, and 1/m’ for the particle size 0.3 um. For Class 2, the
upper limit is 10°/m’ for the particle size 0.1 um of dust, 24/m’
for the particle size 0.2 um, and 10/m’ for the particle size
0.3 pm. For Class 3, the upper limit is 10°/m’ for the particle
size 0.1 pum of dust, 236/m’ for the particle size 0.2 pum, 101/m’
for the particle size 0.3 um, and 35/m’ for the particle size
0.5 ym. For Class 4, the upper limit is 10*/m® for the particle
size 0.1 pym of dust, 2360/m’ for the particle size 0.2 um, 1010/m’
for the particle size 0.3 pum, and 350/m®> for the particle size

0.5 pm. For Class 5, the upper limit is 10°/m’ for the particle
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diluted by a diluent in the bottle 26 being injected into the support container 20 by the injection
mechanism 28 and then filtrated. Accordingly, processes until floating bacteria are recovered on the
filter 21 can be performed inside the floating bacteria counting device 10. [0102] The floating
bacteria counting device 10 is provided with the heater 24, the injection mechanism 28 of the diluents,
and the vacuum pump 42 in the present embodiment as described above and therefore, after the
trapping operation, processes of solating the trapping carrier 30 and filtrating and removing the solated
trapping carrier 30 by filtration to capture floating bacteria can be performed inside the floating bacteria
counting de¥icee1® {6163 of é?%ﬁﬁaly%?r@o@a{g‘ﬁuréd)ﬂoéﬁ?ﬁg Pacieri& by thé Bacterial ¢&l analysis

device 80, q[rgfﬁg%sg cggra%%rg%%\%a%l%c (ii\llei}dgd beety)v_egn the T#%?@rttg%?ba%e%i%ﬁguntir:g de\fge 10 and

the bacterial cell analysis device n ereflozre, firne &nd e work neéed rﬁ?loating

bacteria trappifg 10 . 8nalysissard sonsimpionafseagents can ke reduced, [01@4], <1 dygach of the
above embodiments, it is assumed that the particle counting device 60 is installed inside the germ-free

isolator 50, but i forueenpléinsuction 1 (fotshoivn) cdrmeastet tethe mairebod\g ofithe particle
counting device 60 is arranged inside the germ-free isolator 50, the main body of the particle counting

device 60 may B8 1Mt Hufskittthd GefiFiee fsotaih snd 290/m” for the particle

size 5 ym. For Class 7, the upper limit is 1010000/m’® for the
particle size 0.3 um, 350000/m® for the particle size 0.5 pm,
and 2900/m’ for the particle size 5 pum. For Class 8, the upper
limit is 10100000/m’ for the particle size 0.3 pm, 3500000/m’
for the particle size 0.5 pm, and 29000/m> for the particle size
5um. Class 1l to Class 2 is appropriate as the cleanliness class
when the germ-free isolator 50 is used for a wafer process of
semiconductor fabrication and Class 3 to Class 8 is appropriate
when used for an industrial clean room of semiconductor
fabrication. Class 3 or Class 4 is appropriate when used for
bichazard recombinant DNA of biotechnology and Class 5 to Class
8 is appropriate when used for a bio-clean room. Class 5 or
Class 6 is appropriate when used for a bio-clean operating room.
Class 3 to Class 7 is appropriate when used for a drug production
process for manufacturing drugs, antibiotics, or anticancer
agents. In food manufacturing, Class 3 or Class 4 is
appropriate when used for a retort pouch food processing process
and Class 7 or Class 8 is appropriate when used for a fermentation
process. In the present embodiment, the germ-free isolator 50
is used for manufacturing drugs and the "threshold" may be set
so that a trapping start instruction signal is transmitted when,

for example, "35 or more particles whose size is 0.5 pum or more
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Industrial Applicability [0105] The present invention can be applied not only to a room in which
drugs are manufactured, but also to floating bacteria count in a clean room of hospitals, operating
rooms, food processing plants, semiconductor fabrication plants, and biotechnology. Reference Signs
List [0106] 10: Floating bacteria counting device, 12: Casing, 14: Top cover, 15: Exhaust port, 16:
Nozzle, 16a: Pinhole, 20: Support container, 22: Driving mechanism, 24: Heater, 26: Bottle, 28: Inj
ection mechanism, 30: Trapping carrier, 40: Fan, 41: Fan driving motor, 42: Vacuum pump, 44: Filter
medium, 50: Germ-free isolaé;)r 60:; Particle counting device, 61: Alarm output unit, 63: Counting state

recording URft*65: Trapping aHSASTStio SRREP T RS MRiRG T - 86T Batkriaf G hnkRRis device,

81: Warm walter,supply unit, 83 Heatey, 8@55"@3&1%@HB%8Ea%eegeggﬁiisggseﬁi(@gyﬂé%?@5 _
: Trapping

Luminescence counting unit, 89: Conversion unit, 101: Start signal transmitting unit, 1

state recordiog twitpd0d Teappiag start uaitc184:sTBppirg eonbuatiomit similarly,
the "preset time" can also be set appropriately in accordance
with the set threshold.
[0096]

(Fourth embodiment)

Next, the fourth embodiment will be described. The first
embodiment is different from the fourth embodiment in that while
the filtration of the trapping carrier 30 is done by the
bacterial cell analysis device 80 in the first embodiment, the
filtration is done by the floating bacteria counting device 10
in the fourth embodiment.

[0097]

FIG. 18A is a diagram schematically showing the
transverse section of an upper part of the floating bacteria
counting device 10 according to the present embodiment and FIG.
18B is a diagram schematically showing the longitudinal section
of the floating bacteria counting device 10. To describe a
difference from the configuration in the first embodiment with
reference to FIGS. 18A and 18B, the support container 20 in a
columnar shape is filled with the trapping carrier 30 in a
germ-free manner the bottom thereof is supported by a plate
member in a meshed shape or doughnut shape. A heater 24 as a
heating mechanism is provided inside the support container 20.
The heater 24 is controlled so that the trapping carrier 30 is

heated up to the phase transition temperature with precision.
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CLAIMS 1. A floating bacteria trapping device having a nozzle allowing air the pass through, a
trapping carrier provided downstream of the nozzle to catch floating bacteria in the air having passed
through the nozzle, and a support container supporting the trapping carrier, comprising: a driving
mechanism that causes the support container to move in a horizontal direction so that trajectories
drawn by center points of regions on the trapping carrier against which the air having passed through
the nozzle collides do not intersect. 2. The floating bacteria trapping device according to claim 1,
wherein the nozzle is formed of a plurality of pinholes arranged at equal intervals and if a pitch

interval betWe¥R Y& pinhdfed Rt 1RE dﬁ@ﬁl@arﬁééﬁhﬁ%ﬁ@&é'e’éatﬁé%%%p%ﬁmnéptoifﬁove in the
oot BN UeL s pped ppianer v e e e P g . T
the trapping carrier 30 to the phase transition temperature may
be used. For example, a jacket may be mounted around the
trapping carrier 30 to cause warm water to flow or the air sucked
in from the nozzle 16 may be heated.
[0098]

A bottle 26 containing a diluent to dilute the trapping
carrier 30 and an injection mechanism 28 to inject the diluent
from the bottle 26 into the support container 20 are provided
below the driving mechanism 22.

[0099]

The bacterial cell analysis device 80 according to the
present embodiment does not include the warm water supply unit
81, the heater 83, and the filtration unit 85 and includes the
reagent dispensing unit 87, the luminescence counting unit 88,
and the conversion unit 89.

Otherwise, the configuration is the same as in the first
embodiment.

[0100]

The floating bacteria counting device 10 configured as
described above performs, like in the first embodiment, a
trapping operation. After the trapping operation, the
trapping carrier 30 is heated to the phase transition
temperature of the trapping carrier 30 by the heater 24 of the
support container 20. Accordingly, the trapping carrier 30 in

the gel state makes a phase transition to the sol state and thus,
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1 or 2, wherein the driving mechanism causes the support container to rise in a vertical direction. 4. A
floating bacteria counting method of counting living organisms trapped by a trapping carrier by causing
air to collide against the trapping carrier to trap floating bacteria and analyzing the trapping carrier,
wherein if floating bacteria are trapped by the trapping carrier mounted on a floating bacteria
trapping device while replacing the trapping carrier mounted on the floating bacteria trapping device,
the trapping carrier mounted on the floating bacteria trapping device when particles floating in the air
are detected_ by a particle counting device that counts particles floating in the air in a room in which the

floating bactéfad raPPingvideR drARfgetss thy rEBfingiCRReMS 5R&RdigFed &. A ¥Bating bacteria
counting mgg}ggaqrgggngﬂg gﬁigg&g%gggﬁgt%ﬁ%%% gpérapﬁin&%aréigﬁbg @leé/;ing the trapping

carrier mounted on a floating bacteria ng floating bacteria in air while causing a
support container supporting the trapping carrier to move in a horizontal direction so that trajectories
drawn by center points of regions on the trapping carrier against which the air collides do not intersect,
wherein if floatifleeb&etarin & teagpetesy Bfe mppie sakietabentsd bnthe fibatthdpbacteria

trapping deyice while replacing the trapping carrier mounted on the floating bacteria trapping device,

the trappin§ tarf it FnBanted 3R HHE HoATRg HallHaltkaiing dehre ki Rarteiee b in the air
are detected by pagigle cpunting devigs, that.coupts particles;flaating ighe aisin 4 ,egm in which the

floating bactéria trapping device is arranged is the trapping carrier to be analyzed.
concentration is used, the solated trapping carrier 30 is
diluted by a diluent in the bottle 26 being injected into the
support container 20 by the injection mechanism 28 and then
filtrated. Accordingly, processesuntil floating bacteria are
recovered on the filter 21 can be performed inside the floating
bacteria counting device 10.
[0102]

The floating bacteria counting device 10 is provided with
the heater 24, the injection mechanism 28 of the diluents, and
the vacuum pump 42 in the present embodiment as described above
and therefore, after the trapping operation, processes of
solating the trapping carrier 30 and filtrating and removing
the solated trapping carrier 30 by filtration to capture
floating bacteria can be performed inside the floating bacteria
counting device 10.

[0103]

By analyzing captured floating bacteria by the bacterial
cell analysis device 80, processes can appropriately divided
between the floating bacteria counting device 10 and the
bacterial cell analysis device 80 and therefore, time and

efforts of work needed from floating bacteria trapping to
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6. The floating bacteria counting method according to claim 4 or 5, comprising: a start signal
transmitting step of transmitting a start signal from the floating bacteria trapping device to the particle
counting device if the floating bacteria trapping device starts the trapping during a counting operation
of the particle counting device; and a recording step of recording a counting state by the particle
counting device and recording a trapping state by the floating bacteria trapping device by associating
with an elapsed time from a time when the start signal is transmitted. 7. The floating bacteria counting
method according to claim 6, wherein in the recording step, the particle counting device records the
number of COURMEF pErtRIES 5P RSIBER AW R tHTFEFPEES tifft arPwheRYRE®apping carrier is
replaced, the.flogting bacteria trapping device records the replacement by associating with the elapsed
time. 8. The floating bacteria counting method according to claim 5, wherein if the particle counting

device detects particiesHealing it e aioae AAPBIEQHAYE, it is assumed that the
particle counting device 60 is installed inside the germ-free
isolator 50, but if, for example, a suction tube (not shown)
connected to the main body of the particle counting device 60
is arranged inside the germ-free isolator 50, the main body of
the particle counting device 60 may be installed outside the

germ-free isolator 50.

Industrial Applicability
[0105]

The present invention can be applied not only to a room
in which drugs are manufactured, but also to floating bacteria
count 1n a clean room of hospitals, operating rooms, food
processing plants, semiconductor fabrication plants, and

biotechnology.

Reference Signs List
[0106]

10: Floating bacteria counting device, 12: Casing, 14:
Top cover, 15: Exhaust port, 16: Nozzle, l1l6a: Pinhole, 20:
Support container, 22: Driving mechanism, 24: Heater, 26:
Bottle, 28: Injection mechanism, 30: Trapping carrier, 40: Fan,
41: Fan driving motor, 42: Vacuum pump, 44: Filter medium, 50:
Germ-free isolator, 60: Particle counting device, 61: Alarm

output unit, 63: Counting state recording unit, 65: Trapping
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9. A floating bacteria counting method of counting living organisms trapped by a trapping carrier by
analyzing the trapping carrier mounted on a floating bacteria trapping device the trapping carrier
mounted on the floating bacteria trapping device while replacing the trapping carrier mounted on the
floating bacteria trapping device and analyzing the trapping carrier, wherein the trapping carrier
mounted on the floating bacteria trapping device when particles floating in the air are detected by the
floating bacteria trapping device is the trapping carrier to be analyzed. 11.The floating bacteria
counting system according to claim 10, wherein the floating bacteria trapping device includes:

start signal ?%EhWMF%?ﬂM%%@f&H%@h% {3 thePafici8 TodtmbsdeiAce heh trapplng

of floating baa}%% |{1sth§eqyl|§esta gg %cfirm waq:g§pg S‘H? ql@cgrdlgg urﬁt thgt reco(?ds';.a trapping

state by associating with an elapsed time from a time w e start signal‘is transmitted and
Filtration unit, 87: Reagent dispensing unit, 88: Luminescence
counting unit, 89: Conversion unit, 101: Start signal

transmitting unit, 102: Trapping state recording unit, 103:

Trapping start unit, 104: Trapping continuation unit
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the particle counting device includes: a counting state recording unit that records a counting state
by associating with the elapsed time from the time when the start signal is received. 12, The floating
bacteria counting system according to claim 11, wherein the counting state recording unit records the
number of counted particles by associating with the elapsed time and when the trapping carrier is
replaced, the trapping state recording unit records the replacement by associating with the elapsed
time. 13. The floating bacteria counting system according to claim 10, wherein the particle counting

device includes: an alarm output unit that outputs an alarm when particles floating in the air are
detected. CLAIMS
1. A floating bacteria trapping device having a nozzle

allowing air the pass through, a trapping carrier provided
downstream of the nozzle to catch flcoating bacteria in the air
having passed through the nozzle, and a support container
supporting the trapping carrier, comprising:

a driving mechanism that causes the support container to
move in a horizontal direction so that trajectories drawn by
center points of regions on the trapping carrier against which
the air having passed through the nozzle collides do not

intersect.

2. The floating bacteria trapping device according to claim
1, wherein the nozzle is formed of a plurality of pinholes
arranged at equal intervals and

if a pitch interval between the pinholes is d, the driving
mechanism causes the support container tomove in the horizontal
direction so that the support container draws a circle of less

than d in diameter.

3. The floating bacteria trapping device according to claim
1 or 2, wherein the driving mechanism causes the support

container to rise in a vertical direction.

4. A floating bacteria counting method of counting living
organisms trapped by a trapping carrier by causing air to

collide against the trapping carrier to trap floating bacteria
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14. A floating bacteria counting system that includes the floating bacteria trapping device and the
particle counting device that counts particles floating in air in a room in which the floating bacteria
trapping device is arranged according to any one of claims 1 to 3 and counts living organisms caught
by a trapping carrier by trapping floating bacteria in the air by the trapping carrier mounted on the
floating bacteria trapping device, wherein the particle counting device includes: a trapping start
instruction signal transmitting unit that transmits a trapping start instruction signal to the floating
bacteria trapping device when patrticles floating in the air equal to a threshold or more are detected

and the floé"ﬁ?fb ﬁéﬁéh’& ﬁ%ﬁpi‘fﬁ%e‘?ﬁ@é’ﬁﬁﬁ%eﬁ?r rlﬁﬁraﬁﬁﬁ?ﬁf’t unit that starts trapping of
floating bacteria in the emfﬁq@%g@ee@ggtggéné}rg%&;% TR "eFRNRI A o AIIAPDING

continuation unit that that contintes the trapping unti eset time passe he trapping is started
by the trappibgrstais whit. aABSERAGD bac Adfloaling-bagiera caunting devige capgblecofteapping
floating bacteria in air continuously for a long time without decreasing trapping efficiency even if the
time beforetd & dppiRpéadicrdbenic replasad &siprolorge of divd b Fleatlrgiatéda ttoantirigimethod and

a floating bacteria counting system using the, floating bacteria trapping_device are provided. A nozzle
(16) is form %Vdfcaeplutfﬂé‘ﬁytd%/‘?:ﬁ’%gs f%ééf)lfrraﬁ‘& 5PEq0R1 i %@rvgﬂs‘??ftalﬁﬁcﬁ?tﬁéﬁlﬁFBet\Neen the

pinholes (16a),is0 a,dsving meshanisi,(22)-615eS 8. 3UPRGI CoptaIngt (20) suppoding afrapping
carrier (30) to move in a horizontal direction so that the support container (20) draws a circle of less
than d in diegneteparticle counting device that counts particles floating

in the air in a room in which the floating bacteria trapping

device is arranged is the trapping carrier to be analyzed.

5. A floating bacteria counting method of counting living
organisms trapped by a trapping carrier by analyzing the
trapping carrier mounted on a floating bacteria trapping device
trapping floating bacteria in air while causing a support
container supporting the trapping carrier to move in a
horizontal direction so that trajectories drawn by center
points of regions on the trapping carrier against which the air
collides do not intersect, wherein

if floating bacteria are trapped by the trapping carrier
mounted on the floating bacteria trapping device while
replacing the trapping carrier mounted on the floating bacteria
trapping device, the trapping carrier mounted on the floating
bacteria trapping device when particles floating in the air are
detected by a particle counting device that counts particles
floating in the air in a room in which the floating bacteria
trapping device is arranged is the trapping carrier to be

analyzed.
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6. The floating bacteria counting method according to claim
4 or 5, comprising:

a start signal transmitting step of transmitting a start
signal from the floating bacteria trapping device to the
particle counting device if the floating bacteria trapping
device starts the trapping during a counting operation of the
particle counting device; and

a recording step of recording a counting state by the
particle counting device and recording a trapping state by the
floating bacteria trapping device by associating with an

elapsed time from a time when the start signal is transmitted.

7. The floating bacteria counting method according to claim
6, wherein in the recording step, the particle counting device
records the number of counted particles by associating with the
elapsed time and when the trapping carrier is replaced, the
floating bacteria trapping device records the replacement by

associating with the elapsed time.

8. The floating bacteria counting method according to claim
5, wherein if the particle counting device detects particles

floating in the air, an alarm is output.

9. A floating bacteria counting method of counting living
organisms trapped by a trapping carrier by analyzing the

trapping carrier mounted on a floating bacteria trapping device
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the trapping carrier mounted on the floating bacteria trapping
device while replacing the trapping carrier mounted on the
floating bacteria trapping device and analyzing the trapping
carrier, wherein

the trapping carrier mounted on the floating bacteria
trapping device when particles floating in the air are detected
by the floating bacteria trapping device is the trapping carrier

to be analyzed.

11. The floating bacteria counting system according to claim
10, wherein the floating bacteria trapping device includes:

a start signal transmitting unit that transmits a start
signal to the particle counting device when trapping of floating
bacteria in the air is started; and

a trapping state recording unit that records a trapping
state by associating with an elapsed time from a time when the
start signal is transmitted and

the particle counting device includes:

a counting state recording unit that records a counting
state by associating with the elapsed time from the time when

the start signal is received.

12. The floating bacteria counting system according to claim
11, wherein the counting state recording unit records the number
of counted particles by associating with the elapsed time and

when the trapping carrier is replaced, the trapping state

recording unit records the replacement by associating with the
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elapsed time.

13. The floating bacteria counting system according to claim
10, wherein the particle counting device includes:
an alarm output unit that outputs an alarm when particles

floating in the air are detected.

14. A floating bacteria counting system that includes the
floating bacteria trapping device and the particle counting
device that counts particles floating in air in a room in which
the floating bacteria trapping device is arranged according to
any one of claims 1 to 3 and counts living organisms caught by
a trapping carrier by trapping floating bacteria in the air by
the trapping carrier mounted on the floating bacteria trapping
device, wherein

the particle counting device includes:

a trapping start instruction signal transmitting unit
that transmits a trapping start instruction signal to the
floating bacteria trapping device when particles floating in
the air equal to a threshold or more are detected and

the floating bacteria trapping device includes:

a trapping start unit that starts trapping of floating
bacteria in the air when the trapping start instruction signal
is received; and

a trapping continuation unit that that continues the
trapping until a preset time passes after the trapping is

started by the trapping start unit.
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ABSTRACT

A floating bacteria counting device capable of trapping
floating bacteria in air continuously for a long time without
decreasing trapping efficiency even if the time before a
trapping carrier being replaced is prolonged and a floating
bacteria counting method and a floating bacteria counting
system using the floating bacteria trapping device are provided.
Anozzle (16) is formed of a plurality of pinholes (16a) arranged
at equal intervals. If a pitch interval between the pinholes
(16a) is d, a driving mechanism (22) causes a support container
(20) supporting a trapping carrier (30) to move in a horizontal
direction so that the support container (20) draws a circle of

less than d in diameter.
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