DESCRIPTION COLLECTION UNIT Technical Field [ 0001] The present invention relates to a
collection unit particularly applicable to a luminescence measuring apparatus
whichcollectsbiologicalcells floating in the air on a collecting carrier and measures luminescence with
ATP method. Background Art [00021 In an environment where sterility and biological cleanliness
are required, such as various clinical medicines, food factories, medicine manufacturing plants, and
basic research setting, the number of microorganisms in the air (airborne bacteria) (viable bacterial
number), falling bacteria, adhesive bacteria, and the like are counted. As a method of measuring
airborne bacteria, an airborne bacteria sampler for collecting floating bacteria by natural fall of floating
bacteria and by suctioning a certain amourEEog (Ja&rl%rlel%%perally utilized to collect the floating bacteria.

COLLECTION UNIT

Technical Field
[ 0001]

The present invention relates to a collection unit
particularly applicable to a luminescence measuring apparatus
which collects biclogical cells floating inthe aironacollecting
carrier and measures luminescence with ATP method.

Background Art
[ 000Z]

In an environment where sterility and biclogical
cleanliness are required, suchas various clinical medicines, food
factories, medicine manufacturing plants, and basic research
setting, the number of micrcorganisms in the air (airborne
bacteria) (viable kbacterial numbexr), falling bacteria, adhesive
bacteria, and the like are counted. As a method of measuring
airborne bacteria, an airborne bacteria sampler for collecting
floating bacteria by natural fall of floating bacteria and bf
suctioning & certain amount of air are generally utilized to
collect the floating bacteria.

[ 0003]

In the above methods, floating bacteria are collected on

a nutrient agar plate medium, cultured in an incubator for two

to three days, and a number of colonies generated after the culture



[0003] In the above methods, floating bacteria are collected on a nutrient agar plate medium,
cultured in an incubator for two to three days, and a number of colonies generated after the culture is
counted as the number of viable bacteria. However, this method has a disadvantage that a long time is
required to culture viable bacteria. Meanwhile, as a method capable of measuring the number of
microorganisms within a short time, there has been known a method of measuring ATP (Adenosine
Triphosphate) being an intracellular component by a bioluminescence method and converting the
measurement result to the number of microorganisms. [00041 In the bioluminescence method, a
luciferin-luciferase luminescence reaction is used, in which the ATP amount is calculated from the
luminescence amount of light generated Qy mixing and reacting a_luminescence, reagent containing

, e
substrate ticfEHR bR BRzyATe IUERT AR ARt SanH1e Soition cORtATiIng the AT B exttacted from a
cell of a mjcroorganism.,, apd the number, of viable;hacteria is calculgted based on the ATR amount per

a viable bacterium. The Patent Literature 1 discloses a kit used for measuring the number of viable
bacteria using-such:a luminescence reaction.

Meanwhile, as a method capable of measuring the number of
microorganisms within a short time, there has been known a method
of measuring ATP (Adenosine Triphosphate) being an intracellular
component by a biloluminescence method and converting the
measurement result to the number of microorganisms.

[ 0004

In the bicluminescence method, a luciferin-luciferase
luminescence reaction is used, in which the ATP amount is
calculated from the luminescence amcunt of light generated by
mixing and reacting a luminescence reagent containing substrate
luciferin and enzyme luciferase and a sample solution containing
the ATP extracted from a cell of a microorganism, and the number
of viable bacteria is calculated based on the ATP amount per a
viable bacterium. The Patent Literature 1 discloses a kit used
for measuring the number of viable bacteria using such a
luminescence reacticn.

[ 60035]

In the method of measuring the number of viable bacteria
using the kit disclosed in the Patent Literature 1, it is possible
to achieve the assured effect in terms of reduction of measurement
time. However, when ultra minute amount of viable bacteria is

Lo be measured, a luminescence amount itself isminute. Therefore,



[0005] In the method of measuring the number of viable bacteria using the kit disclosed in the
Patent Literature 1, it is possible to achieve the assured effect in terms of reduction of measurement
time. However, when ultra minute amount of viable bacteria is to be measured, a luminescence
amount itself is minute. Therefore, there is a disadvantage of great influence of background
luminescence caused by residual ATP, intrusion of ATP not to be measured, and the like, and thus
good measurement accuracy cannot be obtained. [0006] Meanwhile, Patent Literature 2 discloses
a luminescence measurement apparatus which suppresses viable bacteria adhered to a nozzle for
dispensing a reagent and the background luminescence derived from residual ATP and can perform
luminescence measurement accurately and promptly. According to the luminescence

measurerhBAt Spparatus dreisedtindhe Patdittterdftit 22 1G] cdhsitferéd Podtible to perform
'Umi”eSC%%%aeiweegégé%@erag% ately.and prompily even for luminescenge measurement where ultra

minute amount of viable bacteria is measured. In association with the collection of floating
bacteria, Ratent titeratiire 3igiscloses a sollettiengmitiwhiets caniperforarther eperatiom of collecting
and testing microorganisms floating in the air easily and within a short time.

be obtained.

[ 600e)

Meanwhile, Patent Literature 2 discloses a luminescence
measurement apparatus which suppresses viable bacteria adhered
to a nozzle for dispensing a reagent and the background
luminescence derived from residual ATP and can perform
luminescence measurement accurately and promptly.

According to the luminescence measurement apparatus
disclosed in the Patent Literature 2, it is considered pessible
to perform luminescence measurement accurately and promptly even
for luminescence measurement where ultra minute amount of viable
bacteria 1ls measured.

In association with the collection of fleoating bacteria,
Patent Literature 3 discloses a collection unit which can perform
the operation of collecting and testing microorganisms floating
in the air easily and within a shert time.
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Summary of Invention
Technical Probklem
[ 0008]

In order to easily bring a collection unit inte a room where
floating bacteria are to be collected, the size of the entire
collection unit is reguired te be reduced. However since viable
bacteria are impacted against a collection carrier and carried
by the collection carrier in the collection unit, a flow rate of
air inflowing to the collection unit is reguired to be increased
to some extent. With size reduction of a movable portion, the
flow rate of the air inflowing to the collection unit may be reduced,
and thus the collection time may become longer.

Thus, an object of the present invention is to provide a
collection unit using a collection carrier, which can efficiently
collect floating bacteria in the air even if the size of the
collection unit is reduced.

Soluticn to Probklem
[0009]

In order to achieve the above object, a collection unit
includes: a collection carrier cartridge formed, at its center,
with a through hole into which a noézle for supplying hot water

or ATP reagent is inserted including a carrier filling dish, on



Summary of Invention Technical Problem [0008] In order to easily bring a collection unit into a
room where floating bacteria are to be collected, the size of the entire collection unit is required to be
reduced. However since viable bacteria are impacted against a collection carrier and carried by the
collection carrier in the collection unit, a flow rate of air inflowing to the collection unit is required to be
increased to some extent. With size reduction of a movable portion, the flow rate of the air inflowing to
the collection unit may be reduced, and thus the collection time may become longer. Thus, an
object of the present invention is to provide a collection unit using a collection carrier, which can
efficiently collect floating bacteria in the air even if the size of the collection unit is reduced. Solution to
Problem [0009] In order to achieve the above object, a collection unit includes: a collection carrier

cartridge FornTaY; B itS ICEHIBE e 8 thrdu g Bole iRto' WhictP Ao Zzte 6t Sdppli§itg hotwater or ATP

reagentﬁggfﬁgggi%%ugg f%g%” JJ”@%&?@@tEQg floating bacteria in the air

and an upper 1id, on which the carrier filling dish is placed,
formed with 2 protrusion to be inserted through the through hole;
an impactor nozzle head which covers a surface of the collection
carrier and has a plurality of nozzle holes facing the surface
of the collecticn carrier; and a fan which introduces air te the
surface of the collection carrier through the nozzle holes,
wherein a velocity of the air passing through the nozzle holes
is 40 m/s to 50 m/s.

[ 0010)]

According to the collection unit, among the nozzle holes,
adjacent nozzle holes may be arranged in a zigzag pattern.
Adjacent nozzle holes among the nczzle holes may be arranged to
have their centers at the respective apexes of an eguilateral
triangle in plan view of the impactor nozzle head.

According to the collection unit, the nozzle holes may have
a hole diameter of 0.6 mm, a hole pitch between the nozzle holes
may be 2.6 mm, and a distance between a lower surface of the
impactor nozzle head and a surface of the collection carrier may
be 1.5 mm.

Advantageous Effects of Invention
[ 0011]
According to the collection unit of the present invention

having the above configuration, sven if the size of the entire



an outer circumference of the through hole, to be filled with a collection carrier for collecting floating
bacteria in the air and an upper lid, on which the carrier filling dish is placed, formed with a protrusion
to be inserted through the through hole; an impactor nozzle head which covers a surface of the
collection carrier and has a plurality of nozzle holes facing the surface of the collection carrier; and a
fan which introduces air to the surface of the collection carrier through the nozzle holes, wherein a
velocity of the air passing through the nozzle holes is 40 m/s to 50 m/s. [0010] According to the
collection unit, among the nozzle holes, adjacent nozzle holes may be arranged in a zigzag pattern.
Adjacent nozzle holes among the nozzle holes may be arranged to have their centers at the respective
apexes of an equilateral triangle in plan view of the impactor nozzle head. According to the

collectiontUhit: thé fsZ2Rs RdlesTHay HaVe B6ie diafrister oF 9.6 thin? AHEIE piteh BEfveen the nozzle
holes may, be 2.6 .mm, and 3 distance between,a lower.surace of the.impactar.ngzzle head and a

surface of the collection carrier may be 1.5 mm. Advantageous Effects of Invention [0011]
predetermined velocity. Therefore, floatingbacteria cellecting

performange can be enhanced.
Brief Description of Drawings
[ 00121

Fig. 1 is a block diagram that illustrates a configuration
of a luminescence measurement apparatus.

Fig. 2 is a block diagram that illustrates a detailed
configuration of a collecticn unit.

Fig. 3 is an exploded view that illustrates a configuration
of & collection carrier cartridge.

Fig. 4A is a plan view that illustrates a detailed
configuration of a main body of the collection carrier cartridge.

Fig. 4B is a cross-sectional view that illustrates a
detailed configuration of the main body of the collecticon carrier
cartridge.

Fig. 5 ig an exploded perspective view of an impactor nozzle
head and the collection carrier cartridge constituting the
collection unit,.

Fig. 6 is a plan view of the impactor nozzle head.

Fig. 7 is a partial enlarged view of an A portion of Fig.

Fig. 8 is an explanatory view of a nozzle hole.

Fig. 9 is a schematic view that illustrates a side



According to the collection unit of the present invention having the above configuration, even if the size
of the entire unit is reduced, the flow rate of air passing through the nozzle hole of the impactor nozzle
head can be maintained at a predetermined velocity. Therefore, floating bacteria collecting

performance can be enhanced. Brief Description of Drawings [00121 Fig. 1 is a block diagram that
illustrates a configuration of a luminescence measurement apparatus. Fig. 2 is a block diagram
that illustrates a detailed configuration of a collection unit. Fig. 3 is an exploded view that

illustrates a configuration of a collection carrier cartridge.

configuration of a measurement unit.

Fig. 10A is a front block diagram that illustrates a
configuration of a reagent dispensing nozzle.

Fig. 10B is a plan block diagram that illustrates a
configuration of the reagent dispensing nczzle.

Fig. 11 is a reference perspective view that i1llustrates
a relationship between a Z-axls mechanism portion, a fixation
block, and the reagent dispensing nozzie.

Fig. 12A is a cross-sectional block diagramthat iliustrates
a configuration of a collection cerrier cartridge holder.

Fig. 12B is a cross-sectional block diagram that illustrates
a configuration in which the cartridge body is connected to the
collection carrier cartridge holder.

Fig. 13A is a top view that illustrates a configuration of
a reagent/carrier container mounting section.

Fig. 13B is a top view that illustrates a configuration of
a reagent cartridge of the reagent/carrier container mounting
section.

Fig. 14 is a flow diagram for explaining each operation

process in a reagent dividing/dispensing mechanism.

Description of Embodiments
[ 0013]
Hereinafter, an embodiment according to a collection unit

of the present inventionwill be described in detail with reference



Fig. 4A is a plan view that illustrates a detailed configuration of amain body of the collection carrier
cartridge. Fig. 43 is a cross-sectional view that illustrates a detailed configuration of the main body
of the collection carrier cartridge. Fig. 5 is an exploded perspective view of an impactor nozzle
head and the collection carrier cartridge constituting the collection unit. Fig. 6 is a plan view of the
impactor nozzle head. Fig. 7 is a partial enlarged view of an A portion of Fig. 6. Fig. 8 is an explanatory
view of a nozzle hole.

o the accompanying drawings.

First, an overall configuration of a luminescence
measurement apparatus 10 to which & collection unit 80 of the
present invention is applicable will be described with reference
to Fig. 1. The luminescence measurement apparatus 10 to be
described in the present embediment is constituted of the
collection unit 80 and a measurement unit 12.

[ 0014}

As shown in Fig. 2, the collection unit 80 is a device for
collecting viable bacteria in the air on a collection carrier 80
filled in a carrier filling dish 82b of a ccllection carrier
cartridge 82 (see, Fig. 3). The ccllecticn unit 80 is mainly
constituted of the carrier filling dish 82b of the collection
carrier cartridge 82, an upper 1id 82a, a blower fan 84, an impactor
nozzle head 86, and an exhaust filer 88.

[ 0013]

The collection carrier cartridge 82 having the carrier
filling dish 82b plays a role of cecllecting viable bacterila
floating in the air. As shown in Fig. 3, the collection carrier
cartridge 82 according to the present embodiment is constituted
of a main body 82c¢, the carrier filling dish £82Zb, the upper 1lid
82a, a filter 824, and & filter fixing ring 8Ze.

[ 001¢6]
The main body 82c is constituted of a storage portion 82cl,

a filter placing portion 82¢3, and a connection hole 82cZ. As



Fig. 9 is a schematic view that illustrates a side configuration of a measurement unit.

front block diagram that illustrates a configuration of a reagent dispensing nozzle.

plan block diagram that illustrates a configuration of the reagent dispensing nozzle.

Fig. 10Ais a
Fig. 108 is a
Fig. 1lisa

reference perspective view that illustrates a relationship between a Z-axis mechanism portion, a
fixation block, and the reagent dispensing nozzle. Fig. 12A is a cross-sectional block diagram that
illustrates a configuration of a collection carrier cartridge holder. Fig. 128 is a cross-sectional
block diagram that illustrates a configuration in which the cartridge body is connected to the collection

carrier cartridge holder.

described in detail later, the storage porition 82c¢l stores a
solution prepared by diluting the molten collection carrier 90
with hot water. The inner surface of the storage portion 82cl
is constituted of a mortar-like inclined surface 82c4 inclining
toward the connection hole 82¢2 provided in the center, and this
configuration allows the stored sclution to flow into the
connection hole 82¢2 in the filtration. A first wall portion 8Zcd
formed vertically is provided on the upper end side of the
mortar-like storage portion 82c¢l, and a second wall portion 82c¢7
is provided at the outer edge of the upper end of the first wall
portion 82¢h through a flanged flat portion 82c6. The secondwall
portion 82c¢c7 has an L-shaped groove 82c7a (see, Fig. 4B) provided
on its inner wall, and this groove allows the upper lid 82a to
be described in detall later to be connected in a bayonet manner.
As tec Figs. 4A and 4B, Fig. 4A is a view that illustrates a planar
configuration of a collection carrier cartridge body, and Fig.
4B is a view that illustrates a configuraticn of a front cross
section of the collection carrier cartridge body.

[ 0017]

The filter placing portion 82c¢3 is constituted of a concave
groove portion 82¢3a provided around the connection hole 82¢2 and
a mortar portion 82c¢c3b provided around the concave groove portion
82c3a. The diameter of the mortar portion 82c¢3b is smaller than
the diameter of the storage portion 82cl. A third wall portion

828 formed downward is provided at an end of the mortar portion



Fig. 13A is a top view that illustrates a configuration of a reagent/carrier container mounting section.
Fig. 138 is a top view that illustrates a configuration of a reagent cartridge of the reagent/carrier
container mounting section. Fig. 14 is a flow diagram for explaining each operation process in a
reagent dividing/dispensing mechanism. Description of Embodiments [ 0013] Hereinafter, an
embodiment according to a collection unit of the present invention will be described in detail with
reference to the accompanying drawings.

82c3b. The third wall portion 82c¢8 has on its inner wall an
L-shaped groove 82c8a as in the second wall portion 82c7, and this
groove allows the filter fixing ring BZe to be described in detail
later to be connected in the bayonet manner.

[ 0018]

The cuter shape of the main body 8Zc of the collection
carrier cartridge 82 having the above inner structure is
constituted of: an outer wall formed into & drum shape along the
inner wall of the storage portion 82cl and the filter placing
porticn 82¢3; a first outer wall portion provided along the first
wall portion 82c5; an outer wall of the flat portion 8Zcé
connecting a second cuter wall portion being an outer wall of the
second wall portion 82c¢7 and the first outer wall portion; and
a third cuter wall portion being an outer wall of the third wall
portion 82c8. A reinforcement portion 82c¢?9 is formed between the
outer wall of the storage portion 82cl and the outer wall of the
filter placing portion 82c¢3 along the range where the third outer
wall portion is formed. Protrusions 82cba used for fixing a main
body to the cartridge holder as described above are provided on
the outer circumference of the first wall portion 82ch5. The
protrusions 8§2¢5a allow bayonet connection to a collection carrier
cartridge holder (hereinafter referred to as a cartridge holder)
5¢ to be described in detail later.

[ 0019]

The carrier filling dish 82b is constituted of a bottomplate

10



First, an overall configuration of a luminescence measurement apparatus 10 to which a collection unit
80 of the present invention is applicable will be described with reference to Fig. 1. The luminescence
measurement apparatus 10 to be described in the present embodiment is constituted of the collection
unit 80 and a measurement unit 12. [0014] As shown in Fig. 2, the collection unit 80 is a device for
collecting viable bacteria in the air on a collection carrier 90 filled in a carrier filling dish 82b of a
collection carrier cartridge 82 (see, Fig. 3). The collection unit 80 is mainly constituted of the carrier
filling dish 82b of the collection carrier cartridge 82, an upper lid 82a, a blower fan 84, an impactor
nozzle head 86, and an exhaust filer 88. [ 0013] The collection carrier cartridge 82 having the
carrier filling dish 82b plays a role of collecting viable bacteria floating in the air. As shown in Fig. 3, the
collection&airier ecartridge: 82ractording t6 Zhe pref’szz‘:htc’é’ml@@@im“emué sbastitutedraf a Mam body 82c,

the carrier filling dish 82b, pper lid 82a, a filter nd a filter fixing rin 00161 The
main bod %% c%ﬁgﬁt%t é%# gt%rgﬁeap iBn éﬁ{; I?er ﬁ)ilgcmgﬁyi pgﬂ}lotngech ana a’connection

hole 82C2, AS ¢ slightly smallexr than the diameter of the second wall portion
82c7 of the main bedy 82c¢ and has a small diameter through hole
82pb3 in the center. The inner bulkhead 82bh4 is a vertical wall
provided along the through hole 82b3. The outer bulkhead 8Z2b2
is a vertical wall provided as a circle having a diameter one size
smaller than Lhe diameter of the first wall portion 82cb of the
main body 82c¢ and has a height the same as the height of the inner
bulkhead 82bd. By employing such an arrangement form of the outer
bulkhead 82b2, the outer edge portion cf the bottom plate 82hl
has a flanged shape projecting outside the outer bulkhead 82bZ.
Thus, when the carrier filling dish 82b is set in the main body
82¢c so that the inner bulkhead 82b4 and the cuter bulkhead 8ZbZ
face the storage portion 82¢cl, the outer bulkhead 82b2 is fitted
inside the firstwall portion 82¢b, and the outer edge of the hottom
plate 82bl is caught on the flat portion 8Zc6, so that the position
of the carrier filling dish 82k is placed (the connection state
is shown in Fig. 12B)}. The through hole 82b3 and the connection
hole 82¢2 are arranged linearly, so that a hot-water supply nozzle
48 or a reagent dispensing nozzle 24 can fall above a filter 82d
placed in a filter placing portion 82c3 through the inside of the
through hole 82bh3.
[ 0020]

The upper lid B82a has a base 82al and a frame portion 82aZ

11



described in detail later, the storage portion 82c1 stores a solution prepared by diluting the molten
collection carrier 90 with hot water. The inner surface of the storage portion 82cl is constituted of a
mortar-like inclined surface 82c4 inclining toward the connection hole 82c2 provided in the center, and
this configuration allows the stored solution to flow into the connection hole 82c2 in the filtration. A first
wall portion 82c5 formed vertically is provided on the upper end side of the mortar-like storage portion
82c1, and a second wall portion 82c7 is provided at the outer edge of the upper end of the first wall
portion 82¢5 through a flanged flat portion 82c6. The second wall portion 82c7 has an L-shaped
groove 82c7a (see, Fig. 43) provided on its inner wall, and this groove allows the upper lid 82a to be
described in detail later to be connected in a bayonet manner. As to Figs. 4A and 43, Fig. 4A is a view
that illustrates dplararebhfigursibrf of ascollettion dafrier eartAdgé bbby andiSg. 4359sd'view that

iIIustratest %ngéq%ag%n of a frcir%t ¢rgss cgog aog éh%ggﬂeqisonac%riigcr: fggriggg ggdgop017]

The filter placing por?ion@chulzé constifuted of a concave groove partion 82t3a provided around the

connectiopihole 8262-and a-mostar portion $2esbrprvided areund the oatave grapvedqartion 82c3a.
The diameter of the mortar portion 82c3b is smaller than the diameter of the storage portion 82c1. A

third wall pertiore82cdiferned tlowhlard ¥s braddadtatedn el of tHeemdftariportor B2c<3b. The third
wall portion 82c8 has_on its inner wall an L- ed groov: 8a as in the ond w. Il c}wfrtion 82c7,
and this g?%g\?éa aﬁg\]% the fﬁ?é? f&?ﬁgrﬁﬁé ézf%"ﬁ d%%%ﬁb%%q?n adré%lal‘? %altgrﬁ 'Eef)%ge %%%e%ted in the

bayonet manper {0018l + . Fherouter shape efithe mainbady, 82c.of the enllegtion casger cartridge
82 having the above inner structure is constituted of: an outer wall formed into a drum shape along the

inner walleofdhessiorage portion 82c32arid thetfiltergsiacing -poftion B2e3; 4 fifst bUtéAwalRSortion

provided along the first wal;ogortion 2¢5; an outer vgq:ll og gﬁheefé%%ocgtsio 82¢6 connecting a second
outer wallPpSitioHBEHg BRBtiter #aft of the Setond Wall BortioRT82c7 and the first outer wall portion:

and a third eyter wall pogion being ap-outerwalkef thethitdwall portien B2c8 Asreinfergement portion
82c9 is formed between the outer wall of the storage portion 82c1 and the outer wall of the filter

placing pdttioh 8263 along the range wheteethe thitd outed wallpoition i forped Protagsiens 82c5a

used for fixing amain body to the cartridge holder as deg ril‘g)ed ahove are ro\iilded on tte outer
circumfereficé B thé sl pottion §2¢5- The Protis (%‘ias 8?853%?%ﬁ/t8§y5n§togﬁmec ion to a

(ng'tlgnctlgtg f%%%lf : rifidge Rolder (hereinafterreferred.to asacartridge-helder) 56 Lo berdascribed in
carrier filling dish 82b from being displaced on the base 8Zal
by the airflow substantially vertically coming into contact with
the luminescence measurement apparatus 10 when the blower fan 84
ig activated. The frame portion 82aZ is a wall portion provided
at an outer edge of the base 82al and provided upright toward the
opposite side of a surface on which the carrier £illing dish 8Zb
is placed. A plurality of protrusions (not shown) are provided
cn the outer circumference of the frame portion 82aZ and form a
bayonet connection mechanism with the second wall porticn 82c¢7.
[ 00211

The filter fixing ring 82e is a member used for fixing the

filter 82d placed in the concave groove portion 82c¢3a of the main

body 82c¢ and is constituted of: a protrusion 82el formed

12



The carrier filling dish 82b is constituted of a bottom plate 82b1, an inner bulkhead 82b4, and an outer
bulkhead 82b2. The bottom plate 82b1 may be a flat plate having a diameter the same as or slightly
smaller than the diameter of the second wall portion 82c7 of the main body 82c¢ and has a small
diameter through hole 82b3 in the center. The inner bulkhead 82b4 is a vertical wall provided along the
through hole 82b3. The outer bulkhead 82b2 is a vertical wall provided as a circle having a diameter
one size smaller than the diameter of the first wall portion 82¢c5 of the main body 82c and has a height
the same as the height of the inner bulkhead 82b4. By employing such an arrangement form of the
outer bulkhead 82b2, the outer edge portion of the bottom plate 82b1 has a flanged shape projecting
outside the outer bulkhead 82b2. Thus, when the carrier filling dish 82b is set in the main body 82c¢ so
that the infe¥ baikhead ezb 4 andhesbatet bulkhéad-82B2 Fade the Sforageortien 82¢3 the outer

bulkhead 82h2 is fitted inside the first wal tion 8 and the quter.edge o ﬁh.e g]otto plate 82b1l is
caught onat%% fFa%epor[rlfféfr? %Ecg,ogo that t (%gp%%it%%ccg)?c?n% r(l%?ﬁgrhcflﬁlir?g d(l%sgﬁeS f“srp a‘gg the

connectiopstatesis shovy inyfig. 12B). The thseugh hoke 82b3 antthescormectionhele-82c2 are
arranged linearly, so that a hot-water supply nozzle 48 or a reagent dispensing nozzle 24 can fall
above a filter-82d placadrifea fikeeplating portion 82e3 thitodgls the ifSide of i€ thrbtighible 82b3. |
0020] The u per%léd 82; has a base 82311 and a frame Cgortl_ion 82a2 agd é% a meg]cbrerSUEerd for setting
the carrief fil |ﬁg ish 825 n aescgﬁectt‘l‘éan Unit 80. The base 8241 is & pIacmg%fage for p(fafcing the
carrier fillipgdish 82b.+The base 82al ds a&irclehaving a.diameter sightly Jarges shandbediameter of
the bottom plate 82b1 in the carrier filling dish 82b and slightly smaller than the diameter of the second
wall portici£82e7of thvé arainibody arid:has a pictrusionhi82ad of the cedtér T e pratgsion 82a3 has a

columnar shape, and the diameter corresponds t%tthe,diame,te Of*%he tprgb%%h ho&e 82%3 provided in
the carrierfilifg dish 826 \Withthis onfigUralisiy thE Cafri&rfiifing Afsh™82t can'besiatédd in such a

state that the. protrusien 82a3 is inserted through the through hole 82b3. Consequently, it is possible to
prevent the carrier filling dish 82b from being displaced on the base 82al by the airflow substantially
vertically céitij into contact with the luminescence measurement apparatus 10 when the blower fan
84 is activated. The framirgortio_n 82a2 is a wall portion provided at an outer edge of the base 82al

and provided uprigREtGWArdIRE TPhISTESIEE of & SUHace o Whidh the’ dariet filiNg dishB2b is
placed. A plurality. of pratrugionsnat shown) are prayided an the guter circumference ot the frame

portion 82a2 and form a bayonet connection mechanism with the second wall portion 82c7. [0021]
The filter fixing tkag 82eris:a dwembeér. usetddorfixing the fiter82d ptacetlimthedoncavegroove portion
82c3a of the main body 82c and is constituted of: a protrusion 82el formed ,

present ermbodiment is in a gel state at the time of cocllection

(at normal temperature) and sclates when heated te 40°C or lower.

Especially, it is preferable to use a collecticn carrier having

a phase transition temperature of 15°C to 37°C, being in a gel state

with a sultable strength at 25°C, and solating in a few minutes

at 37°C. When the collection carrier is phase-transited within

that temperature range, collected viable bacterlia can be took out

without being killed. BAs an example of the collection carrier

90, a ccllection carrier containing gelatin or NAGAm/MBPDA is

preferably used. Thus, the heated collection carrier 90 solates

to be stored in the storage portion 8Z2c¢l of the main body 8Zc,

and dilutedwith hot water fordilution supplied from the hot-water

13



corresponding to the shapes of the concave groove portion 82c3a and the mortar portion 82c3b and
the height of the third wall portion 82c8; and a flange portion 82e2 formed at the lower end cuter
circumference of the protrusion 82el. The filter fixing ring 82e also has on the outer circumference of
the protrusion 82e1l a protrusion (not shown) corresponding to an L-shaped groove 82c8a provided in
the third wall portion 82c8, and the protrusion forms a bayonet connection mechanism with the filter
placing portion 82c3. [0022] The collection carrier 90 for collecting viable bacteria is provided in
the carrier filling dish 82b of the collection carrier cartridge 82. The collection carrier 90 used in the
present embodiment is in a gel state at the time of collection (at normal temperature) and solates when
heated to 40C or lower. Especially, it is preferable to use a collection carrier having a phase transition
temperatureraf 156G taBZCnbéing in a gel state with a suitable strength at 25C, and solating in a few
minutes at 37C. When the collection carrier is phase-transited within that temperature range, collected
viable bactdfa tan be took out without being killed. As an example of the collection carrier 90, a

collection carrier egntaining gelatin orsNAGAMAMBEPDA is-preferably. used.1thus,.the heated collection

carrier 90 solates to be stored in the storage portion 82c1 of the main body 82c, and diluted with hot
water for ditutior-suipplied-fiam&he drof-water Supply §éction.42. [(0023]ria Thetlewerfan 84 has a
role of suctioning air into the collection unit 80 and impacting floating bacteria in the air against the

collection T&FECI05H thECarficT-ffiRg dish 82b destRbedahiove. hiorder o prevent dététtion error
due to confaminafian, of the blower fan.84 itself, the blower fan.84.is preferably. aranged on a

downstream side from the position where the carrier filling dish 82b is arranged (on a lower side in the
collection amittB0heeause:thef sutkon portes |deatethiniars apper podicn.ageording:té the present

embodiment). In the collection unit 80, an amount of the air to be collected can be determined based
on a blowAR6GAFARY GheFatisrEtinidof tRe'BlSWEF fh BASfpd24e the position where

the carrier filling dish 82b is arranged (on a lower side in the
collection unit 80 because the suction port is located in an upper
portion according to the present embodiment). In the collection
unit 80, an amount of the air tc be collected can be determined
based on a blow amount and operation time of the blower fan 84.
[ 0024]

The impactor nozzle head 8¢ is placed in an upper portion
of the cellection unit 80 and has a role of a cover for the carrier
filling dish 82b and an acceleratcor. A velocity of the air
inflowing to the collection unit 80 is required high to some extent
for impacting viable bacteria against the collection carrier 50
of the carrier filling dish 82b and supporting by the collection
carrier 80. However, in order to obtain high velocity, there is
a concern about size increase of the collection unit 80 because
a size of the blower fan 84 as a movable portion and the rotation
rate of the blower fan 84 are reguired to increase.

[ 0025]
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The impactor nozzle head 86 is placed in an upper portion of the collection unit 80 and has a role of a
cover for the carrier filling dish 82b and an accelerator. A velocity of the air inflowing to the collection
unit 80 is required high to some extent for impacting viable bacteria against the collection carrier 90 of
the carrier filling dish 82b and supporting by the collection carrier 90. However, in order to obtain high
velocity, there is a concern about size increase of the collection unit 80 because a size of the blower
fan 84 as a movable portion and the rotation rate of the blower fan 84 are required to increase. [0025]
Fig. 515 an exploded perspective view of the impactor nozzle head and the collection carrier cartridge
constituting the collection unit. Fig. 6 is a plan view of the impactor nozzle head. Fig. 7 is a partial
enlarged view of a portion A of Fig. 6. Fig. 8 is an explanatory view of a nozzle hole. In the impactor
nozzle head 86, & pturdlitysof smath-Hizineternoze hotes 8reare providttPses edt e it Suctioned by
the blower fan 8§£§sses throltgghthenozzleholes 87 andtis_i%gacé%% gggin&g@}e cqzlhl%ction carrier 90.
In a case Of Eonéfant RirTIow ‘2 vélotiy of passing fitfid can Be-increased by narfowing an area of a
flow passage through-whichthe fiuid passes. Thus..necessaryvelocity cap.he-ebtained without
increasing the size and the rotation rate of the blower fan 84. [0026] As shown in Fig. 6, the
impactor hezzle héddi86 hassa plwralityl efinezzle hotes 87 eNoafozzle hole 87 i$ nof forkded in a
position being the center of the impactor nozzle head 86 an fa%ing the %rot{ sion 82a§ of the upper
lid 82a and the' tHfougt hée 8383 B i EdrieF g isHE2s FRéFoze hg'l%slg}?%%n%e alternately
arranged jn.3 zjgzag patiern so that the adjagent holes. are.arranged n two royws at predetermined
intervals. As an example, the nozzle holes 87 of the present embodiment are arranged in such a
manner thatdhe ¢enterswofithe tadjacentinozzle hiotes:dré arrangediatthe respedtiveapexes of an
equilateral triangle in plan view of the circular impactor nozzle head 86 as . shown in Fig. 7. With this

configuratisi &P Bah e iHiformIy hpadteFaganst iR Colie v catier 90 fa&ing the nd2zle holes
87. In additign to thig configuration, the nozzle hales 87 may.he arangedin 2 zigzagpattern in such a

manner that the centers of the nozzle holes are arranged at the apexes of an isosceles right triangle,
so that airfiswiniforenty imapihged againstithe collectiomgarier 80ea of a flow passage
through which the fluid passes. Thus, necessary velocity can be
obtained without increasing the size and the rotation rate of the
blower fan 84.
[ 002¢€]

As shown in Fig. 6, the impactor nozzle head 86 has a
plurality of nozzle holes 87. No nozzle hole 87 is not formed
in a position being the center of the impactor nozzle head 86 and
facing the protrusion 82a3 of the upper lid 82a and the through
hole 82b3 of the carrier filling dish 82b. The nozzle holes 87
can be alternately arranged in a zigzag pattern so that the
adijacent holes are arranged in two rows at predetermined intervals.
As an example, the nozzle holes 87 of the present embodiment are
arranged in such a manner that the centers of the adjacent nozzle

holes are arranged at the respective apexes of an equilateral

triangle in plan view of the circular impactor nozzle head 86 as
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[ 00271 As to the pitch between the nozzle holes 87, the length of one side of the equilateral
triangle (distance between the hole centers) is set to 2.6 mm. The hole diameter of the nozzle holes 87
is set to 0.6 mm. A clearance between the impactor nozzle head 86 and the collection carrier 90 is set
to 1.5 mm. With this configuration, the velocity of air passing through the nozzle holes 87 can be set to
40 to 50 m/s. [0028] The exhaust filter 88 is placed on the downstream side of the blower fan 84
(on the lower side in the collection unit 80 according to the present embodiment) and has a role of
removing dust contained in the exhaust. As an example of the exhaust filter 88, a cylindrical ULPA
filter (Ultra Low Penetration Air Filter) covering an outer circumference of a fan drive motor may be
used. With the above configuration, in the collection unit 80 according to the present embodiment,
while the welogity of the @ir fasskgtthraugtsthenézze trotesis, maintaired heauprddetadtined value,
the size of the fan is not increased and thus the entire unit can be reduced in welght and S|ze [ 0029]
impacted against the collection carrier 90 facing the nozzle
87. In addition te this configuration, the nozzle holes 87 may
be arranged in a zigzag pattern in such a manner that the centers
of the nozzle holes are arranged at the apexes of an iscsceles
right triangle, so that air is uniformly impinged against the
collection carrier 90.
[ G0Z27]
As to the pitch between the nozzle holes 87, the length of
one side of the equilateral triangle (distance between the hole
centers) is set to 2.6 mm. The hole diameter of the nozzle holes
87 18 set to 0.6 mm. A clearance between the impactor nozzle head
86 and the ceollection carrier 90 is set to 1.5 mm. With this
configuration, the velocity of air passing through the nozzle
holes 87 can be set to 40 to 50 m/s.
[ 0028]
The exhaust filter 88 is placed on the downstream side of
the blower fan 84 (on the lower side in the collection unit 80
according to the present embodiment) and has a role of removing
dust contained in the exhaust. As anexample of the exhaust filter
88, a cylindrical ULPA filter (Ultra Low Penetration Air Filter)
covering an cuter circumference of a fan drive motor may be used.
With the above configuration, in the collection unit 80

according to the present embediment, while the velocity of the

air passing through the nozzle holes is maintained at a
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The measurement unit 12 has a reagent dispensing section 14, a hot-water supply section 42, a
reagent/carrier container mounting section 54, a buffer supply section 64, a filtration section 72, a PMT
(Photomultiplier tube) section 78, and an input/control section (hereinafter referred to as a controller)
11. Such the respective component elements are arranged in an cuter shell. [ 0030] The reagent
dispensing section 14 is mainly constituted of a triaxial actuator 16, the reagent dispensing nozzle 24,
and a syringe pump 32. The triaxial actuator 16 is means for moving the reagent dispensing nozzle 24
to be described in detail later to a desired position. Thus, as illustrated in detail in FIG. 9, the triaxial
actuator 16 is constituted of a Y-axis mechanism portion 18, an X-axis mechanism portion 20, and a
Z-axis mechanism portion 22. If the Y-axis mechanism portion 18 can be arranged at an upper portion
of the apparatus; spade isinot festrictee soimuchi Thest inthe measuremensadittI2lin thé present
embodiment, a stepping motor 18a is used as a riyinggactuator, agd an operation portion 18c

attached {0 liRGAr §Gidé b &8l By & Hriving belt 1887 50317 " 5

“Oh'the other hand, it is difficult
to allow e[n%g@]space for the X-axis mechanism portion 20 and the Z-axis mechanism portion 22
attached to the operation portion 18c. Thus, compact actuators are employed for both the X-axis
mechanism portidii20:anesthectaxis methanidm pertion: 22 cArcompgactactiator #eaishall-size
actuator obtained by inr%%%rating a motor and a projecting shaft by incorporating a Iarge-diameter thrust

shaft systedr info AHOIIGW Fotor RS &R GHETALGH principle -4 SEPPMG fiotoFis GSathas A driving
system angl . ball serew is ysedas the projecting %&3@3:%@%8@%% the mechanism, pogfions of such a

compact size enable highly accurate positioning. [

section 72, a PMT (Phetomultiplier tube) section 78, and an
input/control section (hereinafter referred to as a controller)
11. Such the respective component elements are arranged in an
outer shell.
[ 0030]

The reagent dispensing section 14 is mainly constituted of
a triaxial actuator 16, the reagent dispensing nozzle 24, and a
syringe pump 32. The triaxial actuator 16 is means for moving
the reagent dispensing nozzle 24 to be described in detail later
to a desired position. Thus, as illustrated in detail in FIG.
9, the triaxial actuator 16 is constituted of a Y-axis mechanism
portion 18, an X~-axis mechanismpertion 20, and a Z-axis mechanism
portion 22, If the Y-axis mechanism portion 18 can be arranged
at an upper portion of the apparatus, space is not restricted so
much. Thus, in the measurement unit 12 in the present embodiment,
a steppingmotor 18a is used as a driving actuator, and an operation
porticon 18c attached to a linear guide 18b is slid by a driving

belt 18d.

[ 0031]
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The reagent dispensing nozzle 24 is a nozzle which plays a role of dividing and dispensing desired
amounts of various reagents used for luminescence measurement. As shown in Figs. 10 and 11, the
reagent dispensing nozzle 24 is supported by a fixation block 28 equipped in a slide guide 26 attached
to the compact actuator as the Z-axis mechanism portion 22. Such the supporting configuration
facilitates stabilization of an up-and-down operation. As to Figs. 10A and 103, Fig. 10A is a front block
diagram showing a relationship between schematic configuration of the triaxial actuator 16 and the
reagent dispensing nozzle 24. Fig. 103 is a block diagram showing a top configuration in Fig. 10A. Fig
. 11 is a reference perspective view showing a relationship between the Z-axis mechanism portion 22
and the reagent dispensing nozzle 24. [ 0033] A dispensing operation pipe 30 connected to the
syringe pump 32 tmbeldesstibed ih detail lateriis conhéctedlto a back end efithegeagentdispensing
nozzle 24. The reagent dispensing nozzle 24 divides a reagent by applying negative pressure in the

nozzle throtigh thé dispensing'8perdtiiipibe 3o&id dispendes fhus aridet Fedyettt by applying

positive presspie In he nozzle, Ihe [eagent dispensing ggmj% may bearmed by a resin-made

pipe or a metal-made pipe as well as a glass-made pipe. [0034 The syringe pump 32 plays a role
of controlling: an ectuatiorefluit(puye svater im thehpresent-embediment) fdrsdiviging and dispensing a
reagent through the reagent dispensing nozzle 24. The syringe pump 32 is mainly constituted of a
syringe 344 pltigef 387 afd aractiait 38 The sy ringe 34 iS AEAK for'StbHAG Puré wdter being an

cytinge 34 Rt ee g g Br et By BN e PTeSeLra o pouTe preesure in the
syringe 34 :the-actuator:88 i3 deiying: meansAer punging:0orextaciing the plunger:36hH s possible to
accurately control positioning by using a stepping motor and a ball screw or the like for the actuator 38.

system into a hollow rotor. As an operationprinciple, a stepping

motor is used as a driving system and a ball screw 1s used as the

projecting shaft. Accordingly, the mechanism portions of such

a compact size enable highly accurate positioning.

[ CC32]

The reagent dispensing nozzle 24 is a nczzle which plays

a role of dividing and dispensing desired amounts of various

reagents used for luminescence measurement. As shown in Figs.

10 and 11, the reagent dispensing nozzle 24 1s supported by a

fixation block 28 eguipped in a sliide gulde 26 attached to the

compact actuator as the Z-axis mechanism portion 2Z2. Such the

supporting configuration facilitates stabilizaticon of an

up-and-down operation. As to Figs. 10A and 10B, Fig. 10A is a

front block diagram showing a relationship between schematic

configuration of the triaxial actuator 16 and the reagent

dispensing nozzle 24. Fig. 10B is a block diagram showing a top

configuration in Fig. 10A. Fig.1ll is a reference perspective view

showing a relationship between the Z-axis mechanism portion 22
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[0035] One end of the dispensing operation pipe 30 is connected to a tip end of the syringe 34 in the
syringe pump 32 having the above configuration, and other end of the dispensing operation pipe 30 is
connected to the reagent dispensing nozzle 24 described above. With the dispensing operation pipe
30 connected in this way, pure water is stored in the syringe 34 and negative pressure is applied in the
nozzle of the reagent dispensing nozzle 24, and a reagent is injected (divided) into the reagent
dispensing nozzle 24 when the plunger 36 is extracted. On the contrary, when the plunger 36 is
plunged, pure water discharged from the syringe 34 is moved to the reagent dispensing nozzle 24, and
thus a pressure inside the reagent dispensing nozzle 24 increases, and the reagent stored inside the
reagent dispensing nozzle 24 is ejected (dispensed). [0036] A buffer supply pipe 70 connected to
a buffer supplysestion £4:-to:beideserbed.in detai later is. connected to the dispensing operation pipe
30 through adistribution valve 40 such as three-way valve. With this configuration, pure water as an
operation!fléfitF stored inside the dispensing operation pipe 30 can be periodically changed.

Consequenty, eriorf measyIEMant $ia i g conaminalion etyhs eRipn g genge
32 to be described in detail later is connected to a back end of
the reagent dispensing nozzle 24. The reagent dispensing nozzle
24 divides a reagent by applying negative pressure in the nozzle
through the dispensing operation pipe 30 and dispenses thus
divided reagent by applying positive pressure in the nozzle. The
reagent dispensing nozzle 24 may be formed by a resin-made pipe
or a metal-made pipe as well as a glass-made pipe.

[ £4034]

The syringe pump 32 plays a role of controlling an actuation
fluid (pure water in the present embodiment) for dividing and
dispensing a reagent through the reagent dispensing nozzle 24.
The syringe pump 32 ismainly constituted of a syringe 34, a plunger
36, and an actuator 38. The syringe 34 is a tank for storing pure
water being an actuation fluid. The plunger 36 is a push stick
which plays a role of introducing pure water intc the syringe 34
and discharging pure water by applying negative pressure oOr
positive pressure in the syringe 34. The actuator 38 is driving
means for plunging or extracting the plunger 36. It is possible
to accurately control positioning by using a stepping motor and
a ball screw or the like for the actuator 38.

[ 0035]

One end of the dispensing operation pipe 30 is connected



The hot-water supply section 42 plays a role of supplying hot water for diluting the collection carrier 90.
The hot-water supply section 42 is mainly constituted of a peristaltic pump 44, a heater 46, and a
hot-water supply nozzle 48. The peristaltic pump 44 is mainly constituted of a resin tube, a roller, and
an actuator (none of them shown in the figure). The resin tube is a tube used for sending solution, and
transportation fluid (pure water in the present embodiment) flows therein. The tube preferably has
flexibility and durability because the tube is mechanically compressed by the roller, and, for example,
silicon tube is preferable. The roller plays a role of repeating rotation and revolution while compressing
the resin tube to push out the transportation fluid, which is confined in a compression region, in a
direction of roller revolution. Force of reverting to the original form is applied on the resin tube thus

compressed by the relley. Sinee, the franspertationfluid ds ap.incerprassible:fluigy revplutien of plural

rollers continuously push out the transportation fluid. Here, the actuator may be one capable of making
plural rollersaotatec[0038} ratiwith thelpetiStatticcpump44 havihgtherabove corifiguration, the pump
itself is not contaminated since a contagh ortlon Wlth he transportation féde(LPLére wa %%r |gthe present

embodim&ni fs Bhiy Insfig fhie Tibe thiotiyh WATER the taneporaadh fidid fiows iS easy to
maintain af,asepticgpndition.and glean. {Q838Lcration pipe 30 connected in this

way, pure water is stored in the syringe 34 and negative pressure
is applied in the nozzle of the reagent dispensing nozzle 24, and
a reagent 1s injected (divided) into the reagent dispensing nozzle
24 when the plunger 36 1s extracted. On the contrary, when the
plunger 36 is plunged, pure water discharged from the syringe 34
is moved to the reagent dispensing nozzle 24, and thus a pressure
inside the reagent dispensing nozzle Z4 increases, and the reagent
stored inside the reagent dispensing nozzle 24 is ejected
{dispensed).
[ 0C3¢€]

A buffer supply pipe 70 connected to a buffer supply section
64 to be described in detail later is connected to the dispensing
operation pipe 30 through a distribution valve 40 such as three-way
valve. With this configuration, pure water as an operation f£luid
stored inside the dispensing operation pipe 30 can be pericdically
changed. Conseguently, error of measurement data due to
contamination of the coperaticn fluid can be prevented.
[ 0037]

The hot-water supply section 42 plays a role of supplying
hot water for diluting the collection carrier 90. The hot-water

supply section 42 is mainly constituted of a peristaltic pump 44,
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The heater 46 plays a role of heating the pure water as a transportation fluid. Although the
configuration of the heater 46 is not limited particularly, a cartridge heater and a tube heater are
preferably employed when compactness is emphasized. For example, when the cartridge heater is
employed, a pipe made of metal (hereinafter referred to as a metal pipe 46b) is wound around a heater
body 46a, and the pure water as a transportation fluid may be sent through the metal pipe 46b thus
wound. Because with such configuration, the pure water inside the metal pipe 46b is heated by heat
transfer. Meanwhile, when a tube heater is employed, a rubber heater is wound around the resin pipe
(tube) and so on, and the pure water as a transportation fluid sent through the resin tube is heated.
With this configuration, a heat transfer rate can be excellent by employing a silicon resin and so on for
the resin twhe: Sinee both ofithe: resin tube andsthegrupbes heatersare flexibleyipingcanibe highly
flexible, and thus a heat region can be secured to be long. Thus, it is possible to avoid temperature
decrease @f&F being hedted: iy dtRérword FadilitdtetehfiseratureRabizafion EAhStGh Frangement
position of lhe negter 46 isnotlimited pariyary, 4 fluid transnartation disiance aftgr bejng heated is
preferably short in ord‘er to avoid temperature decrease atter being heated. Thus, in the measurement

unit 12 acgording tasthe present-embodinent: the, heater 46 is:apanged hetweenithe@ahaeve-described
peristaltic pump 44 and the hot-water supply nozzle 48 to be described in detail later. 0040] The
hot-water'supply AdzZ1E AZIsavCEechdh pozFRfor stipplymghctiRater (ptiré watéd which is

transferred by.the peristaltic pump 44.and heated by the heater 46 to the main bady 82¢ of the
collection %ra%%rrg;%riﬁfdéea@ \%/jv%(ﬁwl ]lssl%a'rlrdéngg <|9 er?ega‘gﬁeﬁg%aﬁ?e?ac%%?a%g? n%o%bn?inbssection 54 to

be described-indetail later- Bapay beLconfigured by amefak(@l Sy pipe ane-se:pnsanmay:be a glass
pipe and a resin pipe as well. A hot water supply pipe 50 connected to the peristaltic pump 44 through
the heatet4b4siconnected a6 oh-endlon tie bppasiteside oPtite eletior poiia tethdtiwater supply
nozzle 48. A suction side pipe 52 in the peristaltic pump 44 is connected to the buffer supply section
64 to be HAAriBRATH HelTator ° W e HOLWAILT SUphy sebtion 42 Ravig the above
configuratign, hat yvater can be cantinueusly ejected fronkthe hoi-wates supply-nozzlg48,.by driving the
peristaltic pump 44. [ 0041] The reagent/carrier container mounting section 54 is a stage for
arranging ‘areagentarsetifor te imhirescenive neasuremémtrartd afcollection vawriée Alartridge
holder 56, a reagent rack 58, a luminescence measuremen tub%holder 60a, and so on are arranged

in the rea§énticatnier coftaindrRBantity Sectioh 535TRe 10S thus compressed by

roller. 8Since the transportation fluild is an incompressible
fluid, revolution of plural rollers continuously push out the
transportation fluid. Here, the actuator may be one capable of
making plural rcllers rotate.

[ 0038]

With the peristaltic pump 44 having the above configuration,
the pump itself is not contaminated since a contact portion with
the transportation fluid (pure water in the present embodiment)
is only inside the tube through which the transpertation fiuid
flows. Thus, 1t i1s easy to maintain an asepitic condition and
clean.

{ 00391

The heater 46 plays a role of heating the pure water as a
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cartridge holder 56 is a holder on which the main body 82c, the carrier filling dish 82b, the filter 82d,
and the filter fixing ring 82e in the collection carrier cartridge 82 are set. The cartridge holder 56
having a built-in heater so that thus set collection carrier cartridge 82 can be heated. [0042] As
shown in Figs. 12A and 123, the cartridge holder according to the present embodiment is constituted
of a holder main body 56a and a heat insulation case 56b. As to Figs. 12A and 123, Fig. 12A is a view
that illustrates a cross-sectional configuration of the cartridge holder, and Fig. 123 is a cross-sectional
configuration view that illustrates a state that a main body of the collection carrier cartridge is
assembled onto the cartridge holder. [0043] The holder main body 56a is constituted of: an
opening 56a2 in which a suction head 76 in the filtration section 72 to be described in detail later; and
a holder portienprevidedon the.adter circtimfergnceé: of thendpeningt56a2.cfhe helderapertion is
constituted of a movable block 56a4 and a fixation block 56al. The movable block 56a4 has a contact

surface cfstittiteePdt art TnictiRdd RtiFaés BeaAhvalofg the bhtetiial 6f e stdrayé pbitish 82c1 of the
collection,carder.cadiidge 87.a1nd.a yerigal sylace-Rfpdh.proyidaibuarialt atiowes Andupper ends of

the inclined surface 56a4a.

for example, when the cartridge heater 1s employed, a pipe made
of metal (hereinafter referred to as a metal pipe 46b) is wound
around a heater body 46a, and the pure water as a transportation
fluid may be sent through the metal pipe 46b thus wound. Because
with such configuration, the pure water inside the metal pipe 46D
is heated by heat transfer. Meanwhile, when a tube heater 1is
employed, a rubber heater is wound around the resin pipe (tube)
and so on, and the pure water as a transportation fluid sent through
the resin tube is heated. With this configuration, & heat
transfer rate can be excellent by employving a silicen resin and
so on for the resin tube. Since both of the resin tube and the
rubber heater are flexible, piping can be highly flexible, and
thus a heat region can be secured to be long. Thus, it is possible
to avolid temperature decrease after being heated, in other word,
facilitate temperature stabilizaticen. Although arrangement
position of the heater 46 is not limited particularly, a Ifluild
transportation distance after being heated is preferably short
in crder to avoid temperature decrease after being heated. Thus,
in the measurement unit 12 according to the present embodiment,
the heater 46 is arranged between the above-described peristaltic
pump 44 and the hot-water supply nozzle 48 to be described indetail

later.
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[0044] The movable block 56a4 is a holding mechanism placed inside the fixation block 56al. The
fixation block 56al has in its inner wall surface a groove 56a3 in which the protrusions 82c5a provided
in the main body 82c of the collection carrier cartridge 82 as described above are fitted. The movable
block 56a4 supports the main body 82c set in the holder main body 56a and, at the same time, pushes
the main body 82c upward, whereby the holder main body 56a can hold the main body 82c stably.
[0045] The holder main body 56a is formed of a material with a high heat transfer efficiency, such
as aluminum, and a cartridge heater (heater) 56c¢ inserted (buried) in the holder main body 56a heats
the collection carrier cartridge 82 through the holder main body 56a (and a contact surface with the
collection carrier cartridge 82). As the heater 56, any heater may be used as long as it can heat the
collection cavrer cartridge 82 set in the holder main body 56a to a predetermined temperature, and, for
example, a rubber heater covering the holder main body 56a in the form of a ring or a cap may be

used. The heat inStfatidh-ca&e-56b 1SRVl Whictt cVerstha buter féripherat SariEce and the upper
surface of.the oldgr,main body 56a 50, that the holder,main body.56a,which s afieating element, is

not directly éxposed to the outside. Although the material of the heat insulation case 56b is not
particularlydimited; it iscpreferable thatthe-heatdnsulation case is-farmed of Bemateriakblaming low heat
conductivity, for example, a heat resistant resin or the like. According to this configuration, the

(cartridgef heafdr 566 cﬁﬁlﬁl&ﬁftﬁﬁ@ &R ooy~ 82¢dftheEaIIBEtish Jc%ﬁiérscﬁﬁﬁ&&& 82 thfough the
holder main body, 363 by the action.of heat fransier and neal cenayction:  pe described

in detail later. It may be configured by a metal (SUS) pipe and
so on or may be a glass pipe and a resin pipe as well. A hot water
supply pipe 50 connected to the peristaltic pump 44 through the
heatar 46 is connected to an end on the cpposite side of ths
ejection port in the hot-water supply nozzle 48. A suction side
pipe 52 in the peristaltic pump 44 is connected to the buffer supply
section 64 to pe described in detail later.

With the hot-water supply section 42 having the above
configuration, hot water can be continuously ejected from the
hot-water supply nozzle 48 by driving the peristaltic pump 44,
[ 0041]

The reagent/carrier container mounting section 54 is a stage
for arranging a reagent used for the luminescence measurement and
a collection carrier. A cartridge holder 56, a reagent rack 58,
a luminescence measurement tube holder 60a, and so on are arranged
in the reagent/carrier container mounting section 54. The
cartridge holder 56 is a holder on which the main body 8Zc, the
carrier filling dish 82b, the filter 82d, and the filter fixing

ring 82e in the collection carrier cartridge 82 are set. The
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[ 0046] The reagent cartridge filled with a reagent used for luminescence measurement is placed
in the reagent rack 58. As shown in Figs. 13A and 133, the reagent cartridge is a package where
various types of reagents, pure water, and so on are filled in respective recesses which are separated
(nine in an example shown in Fig. 13B), and an upper opening of the recesses are sealed with an
aluminum sheet (film) and so on. According to this configuration, the reagents are not exposed to
outside until the aluminum sheet is removed and opens, and the stocked reagents are not
contaminated by viable bacteria and so on. As to Figs. 13A and 133, Fig. 13A is a top view of the
reagent/carrier container mounting section 54, and Fig. 133 is a top view of the reagent cartridge 62. [
0047] A luminescence measurement tube 60 is placed in the luminescence measurement tube
holder 60aaThe luminessenee mMeasurement fube:60 is armicsa tube for conducting a1 lsatinescence
reaction of ATP which is extracted from viable bacteria collected on the filter 82d in the collection
carrier caftfidgé 821 [op48] ¢ r e Theasiffer ipphsédibrP64 Ras B réagent dispensing nozzle control
water tant lb%rg]after referred to as a control water tank 66) and a hot-water supply water tank 68.
Since a process of removing free ATP is not included in a process after the reagent dispensing nozzle
24 is used, a cleanlingsslevel ofithe water {pure water)indhe eontigbwatestank &6cfiltedhin the
dispensing operation pipe 30 which connects the syringe pump 32 and the reagent dispensing nozzle
24 is requiredtbbeckesemighertivh. i deanlinsyssievEFéfthedFater (paewater} in HrsiHot-water
supply water tank 68. Thus, volume, of the contral water tank 66.is smaller tha of the hot-water
supply W:é%ra {68 ARd store vTvaa eris é’&psr%p%rig%ély é)?c?}[é)ngég .SWgt%e}rX in lrtlﬁr{]eS%‘;E?t5WfFa;tLeqr'suppIy water
tank 68 repplires darger volume-than thatef-the<conirel water tank:-66 hecause theywaderiis-poured in
the storage portion 82cl in the main body 82c of the collection carrier cartridge 82 set in the collection
carrier cartfidgé holder 561 §064 901 deThe ToAtrbEwaterdBink B65set wssdestibetcaiove is connected
to the distribution valve 40 in the dispensing, operation pipe 30 through the buffer supply pjpe 70 so
that pure Water @ be sipplied o thé %is’}‘“ge*n%lsr?grgﬁgr&gt%nsgfﬁpt%%& ¥ switching tsﬁcepcg\ﬁr&s/t%boution valve
40. The het;water supply yates tank 684s.connggted to asugtionesiderefdheperstaltic pump 44
described above and

helder.

[ 0043]

The holder main body 56a is constituted of: an opening 56aZ2
in which a suction head 7¢ in the filtration section 72 to be
described in detail later; and a holder portion provided on the
outer circumference of the opening 56a2. The holder portion is
constituted of a movable block 56ad4 and a fixation block 56al.
The movable block 56a4 has a contact surface constituted of an
inclined surface 56ada along the cuter wall of the storage portion
82cl of the collection carrier cartridge 82 and a vertical surface
56adb provided upright at lower and upper ends of the inclined
surface bocada.

[ 0044]
The movable block 56a4 is a holding mechanism placed inside

the fixation block 56al. The fixation blileock 56al has in its inner
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suctioned by driving the peristaltic pump 44. [0050] The filtration section 72 plays a role of
removing the collection carrier 90 (collection carrier solution) in the storage portion 82cl which is
diluted by hot water ejected from the hot-water supply nozzle 48. The filtration section 72 is mainly
constituted of a suction pump 74 and a suction head 76. The suction pump 74 is a pump for producing
negative pressure inside the suction head 76 to be described in detail later. Further, the suction head
76 is an open-end cylindrical body. The end of the suction head 76 contacts with a lower surface flat
portion of the filter fixing ring 82e in the collection carrier cartridge 82. Thus, an 0 ring 76a is placed at
the end of the suction head 76 so that leakage of air during the suction of air can be prevented. [0051]
The suction head 76 is provided with an actuator (not shown) which plays a role of pressing the end of
the suctiondiead 76 againstihe dowesferid portion df thieenpain thody 82c:08 thed eapturingiearrier
cartridge 82 assembled onto the cartridge holder 56, that is, the lower surface of the filter fixing ring

82e with a-Predetefainedesstirebased o tﬁ@%%ﬁ%lrgfgn%%énfaﬁoﬁ?& configfet1#&ccording to

s configuaton, agialednal g arederminedpiesee L appiedo e hovgf%;gn_f%getqtéhe main
body 82 to the cartridge holder 56 is maintained during the suction of air. [0052]

main body 82c¢ set in the holder main body 56a and, at the same
time, pushes the main body 82c¢ upward, whereby the hcolder main
body 56a can hold the main body 82c¢c stably.

[ 0045]

The holder main body 56a is formed of a material with a high
heat transfer efficiency, such as aluminum, and a cartridge heater
(heater) 56¢ insertad (buried) in the holder main body 56a heats
the cellection carrier cartridge 82 through the holder main body
56a (and a contact surface with the collection carrier cartridge
842). As the heater 5€¢, any heater may be used as long as it can
heat the collection carrier cartridge 82 set in the holder main
body 56a to a predetermined temperature, and, for example, a rubber
heater covering the holder main body 56a in the form of a ring
or a cap may be used. The heat insulation case 56b is a cover
which covers the outer peripheral surface and the upper surface
of the holder main body 56a so that the holder main body 56a, which
13 & heating element, is not directly exposed to the outside.
Although the material of the heat insulation case 56b is not
particularly limited, it is preferable that the heat insulation
case is formed of a material having low heat conductivity, for
example, a heat resistant resin or the like. According to this

configuration, the (cartridge) heater 56c can heat the main body



In the filtration section 72 having the above basic configuration, an end thereof is connected to a lower
portion of the collection carrier cartridge holder 56, and then the suction pump 74 is operated,
whereby the collection carrier diluted by hot water can be suctioned and removed trough the filter 82d.
The PMT section 78 plays a role of measuring luminescence amount of the ATP in the luminescence
measurement tube 60. In the measurement unit 12 according to the present embodiment, the PMT
section 78 is a head-on type and arranged at a lower portion of the luminescence measurement tube
60 described above. According to this configuration, light produced in the luminescence measurement
tube 60 enters from the upper portion of the PMT section 78, and the luminescence amount is
measured. [0053] The controller 11 is a component element which controls the component
elements gescaribedhabovelwith respeettoian input-valde ¢otthe: lummesceneémedsurement apparatus
10 and thereby automates luminescence measurement. When the luminescence measurement

apparatu P60 Eonstitutet 6Fhthe*EdliettioR uMiEsd navingthe adtive B¢ configiratioR™nd the

measurement,ynit 12 is used, the collection unit 80 is installed in a collection place and activated first,
and airborne bacteria in the collection plate are suctioned to be collected on the collection unit 80 (step
100: see, Fig. 1418054 agent cartridge filled with a reagent used for the

luminescence measurement is placed in the reagent rack 58. 2As
shownr in Figs. 132 and 13B, the reagent cartridge is a package
where various types of reagents, pure water, and so on are filled
in respective recesses which are separated (nine in an example
shown in Fig. 13B), and an upper opening of the recesses are sealed
with an aluminum sheet (film) and so on. According to this
configuration, the reagents are not exposed to outside until the
aluminum sheet is ﬁemoved,aﬂd<opens, and the stocked reagents are
not contaminated by viable bacteria and so on. As to Figs. 13A
and 13B, Fig. 132 is a top view of the reagent/carrier container
mounting section 54, and Fig. 13B is a top view of the reagent
cartridge 62.

[ 0047]

A luminescence measurement tube 60 is placed in the
luminescence measurement tube holder 60a. The luminescence
measurement tube 60 1s a micro tube for conducting a luminescence
reaction of ATP which is extracted from viable bacteria collected
on the filter 82d in the collection carrlier cartridge 8Z.

[ 0048]
The buffer supply section 64 has a reagent dispensing nozzle

control water tank {(hereafter referred to as a control water tank
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In the collection process performed by the collection unit 80, specifically, the blower fan 84 is operated
to suction air outside the collection unit 80 through the nozzle holes 87 zigzag-arranged on the upper
surface of the impactor nozzle head 86, and then, to discharge the air to the outside of the collection
unit 80 via the exhaust filer 88 and an outlet. The velocity of air passing through the nozzle holes 87 is
40 m/s to 50 m/s. Floating bacteria in the air are carried by an airflow substantially vertically corning
into contact with the collection unit 80 through the nozzle holes 87 as shown in Fig. 8 to be impacted
against the gelled collection carrier 90 by inertia and then to be collected by the collection carrier 90.
Fine particles with a particle diameter smaller than air and bacteria that has been impacted against the
collection carrier 90 change their direction to a direction parallel to the surface of the collection carrier
90, and thus) theyiate carrieddea-gapgtheblowes fan 84 kamd then 1o the exhausifiler 88. Since the
fine particles with a particle diameter smaller than bacteria are captured by the exhaust filer 88, clean
air not cortafiiig e firepartitlds s dischafded itsidehercieetion Uit 8b tRrdiigPiife-exhaust filer

88 and the putlet. [00551 Nexj, the carrigr thing dish 820 in. the collsction cartier cartridge 82 in
which viab Jé%)fcr%egﬁg %wel;l %(Z) elé—:teeg%s lregml%/%g'fr%m%tﬁés%o%ect%on unit 80 and assembled onto the

cartridge helder 56:0tthe measwementunitvk kr-sueha state:that thecarmierdilingdishr82b is set in
the main body 82c. The main body 82c set in the cartridge holder 56 is heated by the heater 56¢. The
collection @asdersclatesinehSdting: e eolfattioh<carkier 0T B6FfoPYIS storedin thé Storage

portion 82c¢1 of the main body. 82c and, diluted by hot water supplied from the hot-wat kr}supply nozzle
48 inserted in the hrrg&us&heﬁ()%%n&gfcz)fi %é %zfrlr%egr Tﬁl?r%uéf:sﬁaﬁigbg %e%ﬁ%&ﬁ c eecrtio% carrier 90
(collection-garrier.solution) 4s; sustiened and gemoved hy the:filtration) seetion & 2-through: the filter 82d

so that viable bacteria and free ATP collected by the collection carrier 90 remain on the filter 82d. In
the filtratierisedtion 72 the eortrofier 11ouwtpurs dwontrol sigivalterdt actuadehdtshown) of the

suction head 76. The actuator that has received the control signal presses the suction head 76 against
the filter fii%gsﬁﬁ;;[ 858 aftlf'fﬁ"(fe1 Ié%vlgrt pgéo%%f?ﬁ%%mg%tﬁgdf g%gaivﬁtﬁﬂﬁ%b?édhectae?qrﬁin%% %?gésjsure to

eliminate a-gapformad-betwegpihemaindody 82c:andbe filterfidng ring 82e. While the-actuator
(not shown) maintains this state, the controller 11 outputs an operation signal to the suction pump 74
of a sucticn:pertiony ahd the sustiél operaticresf theugsiiection eagridrsolutidrris perférirsed (step 110:

see, Fig. 14). [0056 . .
g cgn roi]water tank 66 because the water is poured in the storage

portion 82¢l in the main body 82Z2c of the collection carrier
cartridge 82 set in the collection carrier cartridge holder 56.
[ 0049]

The control water tank €6 set as described abeve is connected
to the distribution valve 40 in the dispensing coperation pipe 30
through the buffer supply pipe 70 so that pure water can be supplied
to the dispensing operation pipe 30 by switching the distribution
valve 40. The hot-water supply water tank 68 is connected to a
suction side of the peristaltic pump 44 described above and
suctioned by driving the peristaltic pump 44.
[ 035C]

The filtration section 72 plays a role of removing the

collection carrier 90 (collecticon carrier solution) in the storage
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After filtering the collection carrier 90, the reagent dispensing section 14 is operated for removing free
ATP, extracting ATP from viable bacteria, and dividing a sample. First a reagent is divided from the
reagent cartridge 62 by the reagent dispensing nozzle 24 inserted into the through hole 82b3 of the
carrier filling dish 82b and dispensed into the collection carrier cartridge 82, and free ATP is removed.
With this operation, it is possible to prevent error in measuring a luminescence amount due to a
luminescence reaction caused by the free ATP. Next, an ATP extraction reagent is dispensed on the
filter 82d in the collection carrier cartridge 82 from which of the free ATP is removed so as to extract
ATP derived from viable bacteria (step 120: see, Fig. 14). [0057J After the extraction of the ATP
derived from viable bacteria, luminescence reagent is dispensed in the luminescence measurement
tube 60. Them, ibe AR detivied frons viable: badtesia is«livided srom thefiker 82dandidispensed in the
luminescence measurement tube 60 in which the luminescence reagent is dispensed, and the

luminescekte StrdigtsisiRe sty the PMT Sedtidi 78 1D $86:- &8 Fig. 12"+ 2 \ith the
collection uni %985%@@.5%%@%@{%5%@im@mg@@u@&v&p Asiryctyre thatthe sizeof the entire

unit is red%%ga, air passing t nozzle holes of an impactor nozzle head can be maintained at a
predetermined velocity, and the fleating bagterianeoltesting pesfosmancercanibe eahaneced. Reference
Signs List [0058]
guction head 76 to be described in detail later. Further, the
suction head 76 is an open-end cylindrical body. The end of the
suction head 76 contacts with a lower surface flat portion of the
filter fixing ring 82e in the collection carrier cartridge 82Z.
Thus, an O ring 76a is placed at the end of the suction head 76
so that leakage of air during the suction of air can be prevented.
[ 0051]
The sucticon head 76 is provided with an actuator {not shown)
which plays a role of pressing the end of the suction head 76
against the lower end portion of the main body 82¢ of the capturing
carrier cartridge 82 assembled onto the cartridge holder 56, that
is, the lower surface of the filter fixing ring 82e with a
predetermined pressure based on the control signal sent from a
controller 11. According Lo this configuration, a state that a
predetermined pressure is applied to the lower surface of the main
body 82c fixed to the cartridge holder 56 is maintained during
the suction of air.
[ 0052]
In the filtration section 72 having the above basic
configuration, an end thereof is connected to a lower portion of

the collection carrier cartridge holder 56, and then the suction
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10Luminescence measurement apparatus, 11 _. Input/control section (controller), 12 . Measurement
unit, 14Reagent dispensing section, 16 _.Triaxial actuator, 18 _.Y-axis mechanism portion, 20 _.
X-axis mechanism portion, 22Z-axis mechanism portion, 24 _. Reagent dispensing nozzle, 26 . Slide
guide, 28 ... Fixation block, 30 _. Dispensing operation pipe, 32 ... Syringe pump, 34Syringe,
36Plunger, 38 ._ Actuator, 40 Distribution valve, 42 . Hot-water supply section, 44 Peristaltic pump,
46Heater, 48 ._ Hot-water supply nozzle, 50

pump 74 is operated, whereby the collecticon carrier diluted by
hot water can be sucticned and removed trough the filter 82d.

The PMT secticon 78 plays a role of measuring luminescence
amount of the ATP in the luminescence measurement tube 60. In
the measurement unit 12 according to the present embodiment, the
PMT section 78 is & head-on type and arranged at a lower portion
of the luminescence measurement tube 60 described above.
According to this configuration, light produced in the
luminescence measurement tube 60 enters from the upper portion
of the PMT section 78, and the luminescence amount is measured.
[ 053]

The controller 11 is a compeonent element which controls the
component elements described above with respect to an input value
to the luminescence measurement apparatus 10 and thereby automates
luminescence measurement,

Whenr the luminescence measurement apparatus 10 constituted
of the collection unit 80 having the above basic configuration
and the measurement unit 12 is used, the collection unit 80 is
installed in a collection place and activated first, and airborne
bacteria in the collection plate are suctioned to be collected
on the collecticn unit 80 (step 100: see, Fig. 14).

[ 0054]

In the collection process performed by the collection unit

80, specifically, the blower fan 84 is operated to suction air

outside the collection unit 80 through the nozzle holes 87
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._ Hot water supply pipe, 52Suction side pipe, 54 Reagent/carrier container mounting section, 56 _.
Collection carrier cartridge holder (cartridge holder), 56aHolder body, 56bHeat insulation case, 56¢ _.
Cartridge heater (heater), 58 Reagent rack, 60 ._ Luminescence measurement tube, 60a
Luminescence measurement tube holder, 62 . Reagent cartridge, 64 . Buffer supply section,
66Control water tank, 68 _. Hot-water supply water tank, 70Buffer supply pipe, 72 Filtration section, 74
_. Suction pump, 76Suction head, 78 ._

zigzag-arranged cn the upper surface of the impacter nozzle head
86, and then, to discharge the air to the outside of the collection
unit 80 via the exhaust filer 88 and an outlet. The velcocity of
air passing through the nozzle holes 87 is 40 m/s to 50 m/s.
Floating bacteria in the alr are carried by an airflow
substantially vertically coming intc contact with the cellection
unit 80 through the nozzle holes 87 as shown in Fig. § to ke impacted
against the gelled collection carrier 90 by inertia and then to
be collected by the collection carrier 90. Fine particles with
a particle diameter smaller than air and bacteria that has been
impacted against the collection carrier 90 change their direction
to a direction parallel to the surface of the collection carrier
90, and thus, they are carried tc a gap, the blower fan 84, and
then to the exhaust filer 88. Since the fine particles with a
particle diameter smaller than bacteria are captured by the
exhaust filer 88, clean alr not containing the fine particles is
discharged cutside the collecticon unit 80 throucgh the exhaust
filer 88 and the cutlet.

[ 0055]

Next, the carrier filling dish 82b in the collection carrier
cartridge 82 in which viable bacteria are collected is removed
fromthe collecticonunit 80 and assembled onto the cartridge holder
56 of the measuremant unit 12 in such a state that the carrier
filling dish 82b is set in the main body 8Z2c. The main body 82c¢

set in the cartridge holder 56 is heated by the heater 56c. The
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PMT section, 80Collection unit, 82 _. Collection carrier cartridge, 82a ._ Upper lid, 82b _. Carrier filling
dish, 82c ._ Main body, 82dfilter, 82eFilter fixing ring, 84Blower fan, 86 _. Impactor nozzle head,
87Nozzle hole, 88 . Exhaust filer, 90 _. Collection carrier CLAIMS 1. A collection unit comprising:

collection carrier solates by heating. The collection carrier
90 in sol feorm is stored in the storage portion 8Zcl of the main
body 82c and, diluted by hot water supplied from the hot-water
supply nozzle 48 inserted in the through hole 82b3 of the carrier
filling dish 82b. The diluted collection carrier 90 (collection
carrier solution) is suctioned and removed by the filtration
section 72 through the filter 82d so that viable bacteria and free
ATP collected by the collection carrier 90 remain on the filter
82d. In the filtration section 72, the controller 11 cutputs a
control signal to an actuator (not shown) of the suction head 76.
The actuator that has received the control signal presses the
suction head 76 against the filter fixing ring 8Ze at the lower
portion of the main body 82c with a predetermined pressure to
eliminate a gap formed betwsen the main body BZc and the filter
fixing ring 82e. While the actuator {(not shown) maintains this
state, the controller 11 outputs anoperation signal to the suction
pump 74 of a suction portion, and the suction operation of the
collectlion carrier soclution is performed (step 11C: see, Fig. 14).
[ 0056]

After filtering the collection carrier 90, the reagent
dispensing section 14 is operated for removing free ATPF,
extracting ATP from viable bacteria, and dividing a sample., First,
a reagent is divided from the reagent cartridge 62 by the reagent
dispensing nozzle 24 inserted into the through hole 82Z2b3 of the

carrier filling dish 82b and dispensed into the collection carrier
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a collection carrier cartridge formed, at its center, with a through hole into which a nozzle for supplying
hot water or ATP reagent is inserted including a carrier filling dish, on an outer circumference of the
through hole, to be filled with a collection carrier for collecting floating bacteria in air and an upper lid,
on which the carrier filling dish is placed, formed with a protrusion to be inserted through the through
hole; an impactor nozzle head which covers a surface of the collection carrier and has a plurality
of nozzle holes facing the surface of the collection carrier; and a fan which introduces air to the
surface of the collection carrier through the nozzle holes, wherein a velocity of the air passing
through the nozzle holes is 40 m/s to 50 m/s. 2. The collection unit according to claim 1, wherein
among the nozzle holes, adjacent nozzle holes are arranged in a zigzag pattern. 3. The collection unit
accordingrerdlainraewhereiradjaeent AdEzleshslesanieng the hozklelFolesare arfangedto have

; |
their ceniers at the respeglve apexes of an eaylateral riangle i pan view of e Impagiqy nozze

due to a luminescence reaction caused by the free ATP. Next, an
ATP extraction reagent is dispensed on the filter 8Zd in the
collection carrier cartridge 82 from which of the free ATP is
removed so as to extract ATP derived from viable bacteria {step
120: see, IFig. 14).

[ C057]

After the extraction of the ATP derived fromviable bacteria,
luminescence reagent is dispensed in the luminescence measurement
tube 60. Then, the ATP derived from viable bacteria is diwvided
from the filter 82d and dispensed in the luminescence measurement
tube 60 in which the luminescence reagent is dispensed, and the
luminescence strength is measured by the PMT section 78 (step 130:
see, Fig. 14).

With the collection unit according to the above embodiment,
even in such a structure that the gsize of the entire unit is reduced,
alr passing through nozzle holes of an impactor nozzle head can
be maintained at a predetermined velocity, and the floating
bacteria collecting performance can be enhanced.

Reference Signs List

[ 0058]
10 ... Luminescence measurement apparatus, 11 ... Input/control
section (controller)y, 12 ... Measurement unit, 14 ... Reagent

dispensing section, 16 ... Triaxial actuator, 18 ... Y-axis mechanism
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4.The collection unit according to any one of claims 1 to 3, wherein the nozzle holes have a hole
diameter of 0.6 mm, a hole pitch between the nozzle holes is 2.6 mm, and a distance between a lower
surface of the impactor nozzle head and a surface of the collection carrier is 1.5 mm.

porticn, 20 ... ¥-axils mechanism portion, 22 ... Z-axis mechanism
portion, 24 ... Reagent dispensing nozzle, 26 ... Slide guide, 28
. Fixation block, 30 ... Dispensing operatiocn pipe, 32 ... Syringe

pump, 34 ... Syringe, 36 ... Plunger, 38 ... Actuator, 40

Distribution valve, 42 ... Hot-water supply section, 44

Peristaltic pump, 46 ... Heater, 48 ... Hot-water supply nozzle, 50
. Hot water supply pipe, 52 ... Suction side pipe, 54

Reagent/carrier container mounting section, 56 ... Collection

carrier cartridge holder (cartridge holder), 56a ... Holder body,

56b ... Heat insulation case, 56c¢ ... Cartridge heater {(heater), 58
. Reagent rack, 60 ... Luminescence measurement tube, 60a ...

Luminescence measurement tube holder, 62 ... Reagent cartridge,

4 ... Buffer supply section, 66 ... Control water tank, 68

Hot-water supply water tank, 70 ... Buffer supply pipe, 72
Filtration secticn, 74 ... Suction pump, 76 ... Suction head, 78 ..
PMT secticn, 80 ... Cecllecticn unit, 82 ... Collection carrier

cartridge, 82a ... Upper lid, 82b ... Carrier filling dish, BZc¢ ..
Main body, 82d ... filter, 8Ze ... Filter fixing ring, 84 ... Blower
fan, 86 ... Impactor nozzle head, 87 ... Nozzle hole, 88 ... Exhaust

filexr, 90 ... Collection garrier
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CLAIMS
1. A collection unit comprising:

a collection carrier cartridge formed, at its center, with
a through hole into which a nozzle for supplying hot water or ATP
reagent is inserted including a carrier filling dish, on an outer
circumference of the through hole, to be filled with a collection
carrier for collecting floating bacteria in air and an upper 1id,
con which the carrier filling dish is placed, formed with a
protrusion to be inserted through the through hole;

an impactor nozzle head which covers a surface of the
collection carrier and has a plurality of nozzle heoles facing the
surface of the collection carrier; and

a fan which introduces air to the surface of the collection
carrier through the nczzle holes,

wherein a velocity of the ailr passing through the nozzle

holes is 40 m/s to 50 m/s.

2. The collection unit according to claim 1, wherein among the
nozzle holes, adjacent nozzle holes are arranged in a zigzag

pattern.

3. The cellection unit according to ¢laim 2, wherein adjacent
nozzle holes among the nozzle holes are arranged te have their
centers at the respective apexes of an equilateral triangle in

plan view of the impactor ncozzle head.
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4. The collection unit according to any cne of claims 1 to 3,
wherein the nozzle holes have a hole diameter of 0.6 mm, a hole
pitch between the nozzle holes is 2.6 mm, and a distance between
a lower surface of the impactor nozzle head and a surface of the

collection carrier is 1.5 mm.
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