DESCRI PTI ON PI PE CLEANI NG METHOD FOR LUM NESCENCE MEASUREMENT APPARATUS AND
Pl PE CLEANI NG MECHANI SM OF LUM NESCENCE MEASUREMENT APPARATUS Techni ca
Field [0001] The present invention relates to a pipe cleaning nethod
for a | um nescence neasurenent apparatus and a pi pe cl eaning nechani smof a
| um nescence neasurenent apparatus and relates particularly to a nmethod and
mechani sm for effectively and automatically cleaning a pipe of a

| um nescence neasurenent apparatus. Background Art [0002] The nunber
of m croorgani sns (airborne bacter'gﬁ in_the air (viable bacteria count),
falling bacteria, adhesive bacté??%, That¥S on are counted under an
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ai rbor ne I'n order to col rne eria, an"alrborne
bacteria sanpler for collecting floating bacteria by natural fall of
floating bacteria and by suctioning a certain anmount of air has been

commonl yreaph 0y£d. rield
[0001]

The present invention relates to a pipe cleaning method
for a luminescence measurement apparatus and a pipe cleaning
mechanism of a luminescence measurement apparatus and relates
particularly to a method and mechanism for effectively and
automatically cleaning a pipe of a luminescence measurement

apparatus.

Background Art
[0002]

The number of microocrganisms (airborne bacteria) in the
air (viable bacteria count), falling bacteria, adhesive
bacteria, and so on are counted under an environment reguiring
asepsis and biological cleanliness, such as various c¢linical
medicines, food factories, medicinal product manufacturing
factories, and sites of fundamental researches. As a method
of measuring airborne bacteria, inorder toccllect the airborne
bacteria, an airborne bacteria sampler for collecting flocating
bacteria by natural fall of floating bacteria and by suctioning
a certain amount of air has been commonly employed.

{0003}

In the above methods, ordinarily, floating bacteria are



[0003] In the above nethods, ordinarily, floating bacteria are collected
on an agar plate nedium cultured by an incubator for two to three days,
and a nunber of colonies generated after the culture is counted as the
nunber of viable bacteria. However, this method has a problemthat it
requires longtime to culture viable bacteria. [0004] Meanwhi | e, as a
nmet hod capabl e of counting the nunber of mcroorganisns in short tine, a
met hod of converting the nunber of m croorgani sms by neasuring Adenosine

Tri Ph hat AT, int |1 ul. b bi ol ym
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i s obtaine roma [um nescence anount I's produced by the reaction,

and the yyuber Lof gvihablLe bach ehi@nds ;cakeyl.ated based p ATR-amuwnd per one

viabl e bacterium Patent Literature 1 discloses a kit for counting the
nunber of; ablacteria by using such the | um nescence reaction. [0006]

[co04]

Meanwhile, as a method capable of counting the number of
microorganisms in short time, a method of converting the number
of microorganisms by measuring Adenosine TriPhosphate (ATP) as
an intracellular component by a bioluminescence method is well
known.

[0005]

The bioluminescence method employs a
luciferin-luciferase luminescence reacticn, where a
luminescence reagent containing basic luciferin and enzyme
luciferase is mixed with a sample solution containing ATP
extracted from a cell of microorganism, ATP amount is obtained
from a luminescence amount which is produced by the reaction,
and the number of viable bacteria is calculated based on ATP
amount per one viable bacterium. Patent Literature 1 discloses
a kit for counting the number of viable bacteria by using such
the luminescence reaction.

{o6006]

According to a method of counting the number of viable
bacteria by the kit disclosed in Patent Literature 1, it is
possible to achieve the assured effect in terms of reduction

of measurement time. However, when ultra minute amount of



According to a nethod of counting the nunber of viable bacteria by the kit
disclosed in Patent Literature 1, it is possible to achieve the assured
effect in terms of reduction of neasurenent tinme. However, when ultra

m nute amount of viable bacteria is to be counted, a | um nescence anount
itself is mnute. Therefore, there is a problemof great influence of
background | um nescence caused by such as inclusion of residual ATP and ATP
not to be counted, and good measurenent accuracy cannot be obtai ned. [0007]
Meanwhi | e, Patent Literature 2 discloses a | um nescence nmeasur enent

appar at U&t &t & PaSTSEiEs 48t FEUBER P erd & WHRGSEFSS aMREZEI T 9Dt
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List PaH?PtbééﬁgggﬂﬁﬁEﬁ&%&%@%cence caused by such as inclusion of

residual ATP and ATP not to be counted, and good measurement
accuracy cannot be obtained.
[0007]

Meanwhile, Patent Literature 2 disclosges a luminescence
measurement apparatus which suppresses viable bacteria adhered
toanozzle for dispensing a reagent and background luminescence
derived from residual ATP and can perform luminescence
measurement accurately and prompily.

Citation List
Patent Literature
icocs]

Patent Literature 1: Japanese Patent Application
Laid-Open No. 11-155597

Patent Literature 2: Japanese Patent Application

Laid-Open No. 2008-249628

Summary of the Invention
Technical Problem
[0009]

According to the luminescence measurement apparatus
disclosed in the Patent Literature 2, it is considered pessible
to perform luminescence measurement accurately and promptly
even though minute amount of viable bacteria is

luminescence-counted. However, in a case where viable



Patent Literature 1: Japanese Patent Application Laid-Open No. 11-155597
Patent Literature 2: Japanese Patent Application Laid-Open No. 2008-249628
Summary of the Invention Technical Problem[0009] According to the

| um nescence neasurenent apparatus disclosed in the Patent Literature 2, it
I's considered possible to perform | um nescence neasurenent accurately and
pronmptly even though m nute anount of viable bacteriais

| um nescence-counted. However, in a case where viable bacteria count in

m nute anmount |s possible by the apparatus discgised in Patent Literature

2, cont aAFREET U THEHdE Tt M 55araCyS tex8r PESGrEat PHf FIB i3 B Tount

val ue. 10 . , . . C
[ggsciosed in Patent Literature 2, contamination inside the

apparatus exerts great influence on a count value.
[c010]

For example, a reagent used for luminescence measurement
is set in the apparatus after it is opened outside the apparatus,
so there is a possibility of contamination occurred during a
period from opening to setting in the apparatus.

Further, in the conventional art, according to manual
luminescence measurement, a plpette and so on used when a
reagent, a sample, and so on are dispensed are disposable and
not reguired to be cleaned. However, when the above
luminescence measurement apparatus is automated, there is
required to establish a cleaning method of a reagent nozzle and
a pipe connected to the nozzle easily and effectively in order
to enhance measurement accuracy and sensitivity.

{0011]

Thug, the present invention provides pipe cleaning means
that can effectively control introduction of viable bacteria
to an inside of the apparatus and occurrence of contamination
inside the apparatus and particularly provides a pipe cleaning
method and a pipe cleaning mechanism in a luminescence

measurement apparatus.

Solution to Problem
[0012]

According to the present invention, there is provided a



For exanple, a reagent used for |um nescence neasurenent is set in the
apparatus after it is opened outside the apparatus, so there is a
possibility of contam nation occurred during a period fromopening to
setting in the apparatus. Further, in the conventional art,
according to manual |um nescence neasurenent, a pipette and so on used when
a reagent, a sanple, and so on are dispensed are di sposable and not
required to be cl eaned. However, when the above | um nescence neasurenent

apparatus_is automated, there is required to establish a cl eaning nmethod of
a reagerffleRRHIS BHERE R @R RE t THHREFOFITR BERTITEUERE ef f ect i vel y

in order to enhance asurenent. accuracy and sensitivity.. [0011

ey S B o A e oDl SFTR P bl VHRY dhn
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Accor di nge L0; 1 he; pr esent ok nkenki PRe LRSS, IS d¥ O H@eparemoval step
of supplying an ATP removal reagent into the supply pipe after
the sterilization of the inside of the supply pipe and removing
ATP inside the supply pipe; and a step of replacing the ATP
removal reagent in the supply pipe with pure water.

[0013]

According to the present invention, there is provided a
cleaning method of a pipe of a luminescence measurement
apparatus including: a bacteriolytic step of supplying a
sterilization reagent from a hot-water supply nozzle from which
hot water is supplied to a collection carrier to a membrane
filter provided in a pipe on the upstream side of the hot-water
supply nozzle and sterilizing an inside of the pipe; an ATP
removal step of supplying an ATP removal reagent from the
hot-water supply nozzle to the membrane filter and removing ATP
in the pipe; and a gtep of replacing the ATP removal reagent
in a course from the hot-water supply nozzle to the membrane
filter with a hot-water buffer.

{0014]

According to the present invention, there is provided a
cleaning method of a pipe of a luminescence measurement
apparatus including: a bacteriolytic step of supplying a

sterilization reagent from a buffer supply section tc a reagent



cl eaning nmethod of a pipe of a | um nescence neasurenent appar atus
i ncluding: a bacteriolytic step of supplying a sterilization reagent into a
supply pipe for hot water or a reagent in the |um nescence nmeasurenent
apparatus and sterilizing an inside of the supply pipe; an ATP renoval step
of supplying an ATP renoval reagent into the supply pipe after the
sterilization of the inside of the supply pipe and renoving ATP inside the
supply pipe; and a step of replacing the ATP renoval reagent in the supply
ure water. i nventi on,

i ith, 0013 A di to. th t
Py e B S e B strsa LR R L A e BB e Sas s ement
t i | udi : bact iolyti f | vi t il ti
e at Traaont ket aolat | SR Renpuah! XL8 BetSinl LI8E P0y (o
ent 71 R 7 'en ROTEVA ¢
Soorr cardh Mrf Yol GAJBIDEINN bl SLRLOVEABEIVSBCLARE 08 thE. o

the pi p%e%ﬁ%ﬁg%irs?%\@ngsgggtggns 8|53y AR {ﬁé@&@!tk{eeg_%%@toi romthe

hot - wat er y nozzle to the nmenbrane filter and renoving in the
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hot - wat er supply nozzle to the nenbrane filter with a hot-water buffer.

[0014] removaPceosging imside pHeseNbe i OWefthd ofeadhier edi spoiommgled a

cl eaning method of a pipe of a |um nescence nmeasurenent appar at us

i ncl udi ngecaidacterh ottt cobtweprof . suppl ying a sterilization reagent froma
buffer supply section to a reagent dispensing section and sterilizing an

i nside ofo@alpl pe of the reagent dispensing section; an ATP renpval step of
suppl ying an ATP renoval reagent fromthe buffer supply section to the
reagent di spenEinghiseciassh dnth rermvd g AT nsdaenthec il the reagent
di spensi ng section; and a step of replacing the ATP renoval reagent inside
the pi peSbffapeaireaderchidicspansitig 3etdi(@rani-t Fr tomiEde fat eFRapebis)

and lytic enzyme having protease activity. Also in this case,
the ATP removal reagent contains at least one of apyrase,
alkaline phosphatase, acid phosphatase, hexckinase, adencsine
triphosphatase and adenosine phosphate deaminase.

[co1s6]

According to the present invention, there is provided a
pipe cleaning mechanism of a luminescence measurement apparatus
including: a reagent/carrier container mounting section on
which a sterilization reagent or an ATP removal reagent is
placed; a hot-water supply section which connects a buffer
supply section and a hot-water supply nozzle with a pipe and
comprises a membrane filter and a pump on the pipe; and a
hot-water supply cleaning control porxtion which supplies the
sterilization reagent or the ATP removal reagent from the
hot-water supply nozzle to the membrane filter by reversing the
pump to apply sterilization processing or ATP removal

procegging to an ingide of the pipe, and replaces the



In this case, the sterilization reagent contains surfactant,
trichloroacetic acid (TCA), tris buffers, ethanol, and Iytic enzyne having
protease activity. Also in this case, the ATP renoval reagent contains at

| east one of apyrase, al kaline phosphatase, acid phosphatase, hexoki nase,
adenosi ne tri phosphat ase and adenosi ne phosphate deam nase. [0016]
According to the present invention, there is provided a pipe cleaning
mechani sm of a | um nescence neasurenent apparatus including: a
reagent/carrier container nounting section on which a sterilization reagent
or an ATP-#EhbiaRti@agerlosRt phacese ATRoteMarat SEPPRYTsELErod which
connects _a buffer supply section and a hot-water supply nozzle wth a pipe
and conpPPse¥dtehe Egﬁg‘filter and a punp on the pipe; and a hot-water
supply ckgﬁg%gg control portion which supplies the sterilization reagent or
the ATP val reagent fromthe hot-water supply nozzle to the nenbrane

filter by reveiéé%@cg%ﬁ‘i t%“%eggrggg{x%eﬁ@éﬁ&lé&t i&[‘exlpé ci%e]?%iﬁg%% ATP

renmoval processin n 1 nsi pi pe, and teplaces

sterilizatlon eagentyQndheAIP & @{mya!esesaee%ea@mnﬁedmpfg@&s{uguf fer.

[ 0017] According to the present invention, there i1s provided a pipe

cl eani ng; fERTHANhS M 8f Las & HESEBNCEFBASHI EABHLI GRPAr 3t 4si 1 NehtdbRO: A
buffer supply section on which a sterilization reagent or an ATP renoval

reagent isapéacedi anrragerdmesSpensaifignsecsi ohavbiehsconagehs the buffer
supply section and a reagent dispensing nozzle with a pipe and conprises a

syri nge @iuapeonitepitpen windcla coeagents dhs perfSengscbpaniswg ttiant aodl porti on
whi ch introduces the sterilization reagent or the ATP renoval reagent into

t he pi pealneagpertatingehhéngyrdarye puimh & @lagspbpdstenptiseat iconypLogessi ng or
ATP renoval processing to an inside of the pipe, and replaces the
sterilizagfproneblgentipe; t¥ed AP ¢2aevhl dr eRgent Ny € heabhE ofCRaT et .

Advant ageous Effects of Invention L ,
portion which introduceg the sterilization reagent or the ATP

removal reagent into the pipe by operating the gyringe pump to
apply sterilization processing or ATP removal processing to an
inside of the pipe, and replaces the sterilization reagent or

the ATP removal reagent with control water.

Advéntageous Effects of Invention
[0018]

According to the pipe cleaning method and the pipe
cleaning mechanism in the luminescence measurement apparatus
of the present invention according to the above method and
constitution, a supply pipe contaminated by bacteria and so on
can be automatically cleaned easily and effectively.

Accordingly, the measurement accuracy and sensitivity of
the luminescence measurement apparatus can be enhanced.
Further, contaminated hot-water supply nozzle or reagent

dispensing nozzle can be reused to thereby contribute to cost



[ 0018] According to the pipe cleaning nethod and the pipe cleaning
mechani smin the | um nescence neasurenent apparatus of the present

i nvention according to the above nethod and constitution, a supply pipe
contam nated by bacteria and so on can be automatically cleaned easily and
effectively. Accordi ngly, the neasurenent accuracy and sensitivity
of the | um nescence neasurenent apparatus can be enhanced. Furt her,
cont am nat ed hot-water supply nozzle or reagent dispensing nozzle can be
reused to thereby contribute to cost reduction. Brief Description of

EXarﬁngsD?@HﬂEHOH- FIG 1 is an explanatory view showing a schematic
configuration of a |um nesc e neasurenment apparatus. FIG 2 is an
expl anat%‘?:'f{)i%%ﬁl%twril a&fg:ﬁraa“@trﬁ%% or.

[0019]

FIG. 1 is an explanatory view showing a schematic
configuration of a luminescence measurement apparatus.

FIG. 2 is an explanatory view of a triaxial actuator.

FIG. 3-1 is a front block diagram showing a relationship
between an overall configuration of the triaxial actuator and
a dispensing nozzle.

FIG. 3-2 1ig a block diagram showing an uppexr surface
configuration in FIG. 3-1.

FIG. 4 is a reference perspective view showing a
relationship between a Z-axis mechanism portion and a reagent
dispensing nozzle.

FIG. 5-1 is a top view of a reagent/carrier container
mounting section.

FIG. 5-2 is a top view of a reagent cartridge.

FIG. 6 1s a view showing a processing flow in the
luminescence measurement apparatus.

FIG. 7 ig an explanatory view of a cleaning mechanism of
a hot-water supply section.

FIG. 8 is an explanatory view of a cleaning mechanism of
a reagent dispensing section.

FIG. 9 is a processing flow of a cleaning method of the
hot-water supply section.

FIG. 10 is a processing flow of a cleaning method of the

reagent dispensing section.



FIG 3-1is a front block diagram showi ng a relationship between an overall
configuration of the triaxial actuator and a di spensing nozzle.

FIG 3-2 is a block diagram showi ng an upper surface configuration in FIG
3-1. FIG 4 is a reference perspective view showi ng a rel ationship
bet ween a Z-axi s mechani sm portion and a reagent dispensing nozzle.

FIG 5-1is atop view of a reagent/carrier container nounting section.
FIG 5-2is atop viewof a reagent cartridge. FIG 6 is a view showi ng a
processing flowin the | um nescence neasurenent apparatus. FIG 7
is an expl anat ory vi ew of a cl eaning nechani smof a hot-water supply
section. g exipl anatory view of a cleaning nmechanismof a
reagent %?%%Jrﬁ?%%ns%%tg%kﬁo MENLS  FIG 9 is a processing flow of a

cl eani ng ?gd of the hot-water supply section. FIG 10 is a

pr ocessi ng w of a cleaning nethod of the reagent dispensing section.

Hereinafter, an embodiment according to a pipe cleaning
method and a pipe c¢leaning mechanism in a luminescence
measurement apparatus of the present invention will be
degcribed in detail with reference to the drawings.

First, an overall configuration of a luminescence
measurement apparatus 10 mounting a pipe cleaning mechanism
(hereinafter simply referred to as a pipe cleaning mechanism)
of the luminescence measurement apparatus (BIOMAYTECTOR
(registered trademark)) of the present invention will be
described with reference to FIG. 1. The luminsscence
measurement apparatus 10 to be described in the present
embodiment ig congtituted of a count unit 12 and a collection
unit 80.

[oo21]

The count 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
gection 72, a PMT (Photomultiplier tube) section 78, and an
input/control section 11. 8Such the respective components are
arranged in a casing.

[0022]

The reagent dispensing section 14 is basgically

constituted of a triaxial actuator 16, a reagent dispensing

nozzle 24, and a syringe pump 32. The triaxial actuator 16 is



Description of Enbodi ments [0020] Herei nafter, an enbodi nent
according to a pipe cleaning nethod and a pi pe cleaning nechanismin a
| um nescence neasurenent apparatus of the present invention will be
described in detail with reference to the draw ngs. First, an
overal |l configuration of a |um nescence neasurenent apparatus 10 nounting a
pi pe cl eani ng nmechani sm (hereinafter sinply referred to as a pipe cl eaning
mechani sm) of the | um nescence neasurenent apparatus (Bl OVAYTECTOR
(registered trademark)) of the present, invention will] be described with
ref er endéealy® QG "RVIHE hif FredEHe S RRERR B MCZhifardt U fF to be
described in the present, erg)odi .rgant is constituted of a cql nt unit 12 and a
etal E‘L

col | ect i%ﬁ"?"fﬁﬁ}@% 2050 21 Shé* Sumtt iEfo?LJZtJhoé%‘ a'redget
i spen 1, Scii ony 14 Aot vl e counbl v SeELl gn. 42, Lepgenidoar e

cont ai ne 0 . a bufféer supply sec a frltration

cect ] on dad EMod BIOLEMMLLOL by SEELL A0, T o gt control
The reaQﬁ@@héﬂ§£@@§ﬁﬂﬂx§?%@hOané4ai§M$EE%‘ﬁ@éﬁénism.portion 22. The

Y-axis mechanism portion 18 can be disposed at an upper portion

of the apparatus, whereby space is not restricted somuch. Thus,

in the count unit 12 in the present embodiment, a stepping motor

18a is used as a driving actuator, and an operation portion 18c

attached to a linear guide 18b is slid by a driving belt 18d.

[0023]

On the other hand, the X-axis mechanism portion 20 and
the Z-axis mechanism portion 22 attached to the operation
portion 18c are difficult to have enough space. Thus, a compact
actuator is employed for both the X-axis mechanism portion 20
and the Z-axis mechanism portion 22. The compact actuator is
a small-size actuator which integrates a motor and a projecting
axis by incorporating a large-diameter thrust axis system into
a hollow rotor. As an operation principle, the driving system
ig a stepping motor and the projecting axis is a ball screw.
Accordingly, even such a compact size enables highly accurate
positioning.

[0024]

The reagent dispensing nczzle 24 is a nozzle which has
a role of dividing and dispensing various reagents used for
luminescence counting. As shown in FIGS. 3-1, 3-2, and 4, the

reagent dispensing nozzle 24 is supported by a fixation block

10



constituted of a triaxial actuator 16, a reagent dispensing nozzle 24, and
a syringe punp 32. The triaxial actuator 16 is neans for noving the
reagent di spensing nozzle 24 to be described later in detail to a desired
position. Thus, as illustrated in detail in FIG 2, the triaxial actuator
16 is constituted of a Y-axis mechanism portion 18, an X-axis nechani sm
portion 20, and a Z-axis nechani sm portion 22. The Y-axis nechani sm portion
18 can be di sposed at an upper portion of the apparatus, whereby space is
not restricted so nuch. Thus, in the count unit 12 in the present

enbodi metft SR 1IBPEFptHG FrbtOF 9HB4ES &0 FFAS R ArTRA AGTRECHATTU2ET an
operation portion 18c attached to a Jine guj d b is slid.,by a driving
bel t 1806}5[‘%@3717'3“}”"5 MEHATHE R Her - Harmt: - t%lélc%- s SRS iléjé portion 20
and the Z-axis chanism portion 22 attached to the operatjon rtion 18c
are di ff?%lg‘%(%glf%%ja?/% f‘seancolﬁjhtaé%%% es.zt%lu%zagt Jé%nrrp%%ta%cﬁh %#)_ <j|;Lc§'%1errpl oyed
for bot - axi s chani-s rtd 2 ~axi ismportion
22. Thehocgtg)%%aa%gf&g'ct Sgt%dr%i s amsg(r%alfllrgglltz%zgggugq%ﬁﬁnﬂ?gﬁl%%&%%at es a notor
and a prol £etifgaxt SRR nPYati g c%ﬂﬁrﬁgﬁféﬂi%@b%r thBrusiz-axis system
into a hollow rotor. As an operation principle, the driving systemis a

st eppi NG dDEOFoANG LHE PRO)RGddIT ispehsiagbabkzserew. Ageordipgly, even
such a conpact size enables highly accurate positioning. [0024] The
reagent 4isspensinggpedzdeowidng srauppzzl umd eh deas igrurelte cof idiviai ng and
di spensi ng various reagents used for |um nescence counting. As shown in

FI GS. 3-4,;13-ZIGand 4z bheafeagente giespersitiyenozzaive s2adviisigsapported by a
fixation block 28 equipped in a slide guide 26 attached to the conpact

act uat orraba t henghiaxilss tvectradilsmZpertiisonez2andgohrehé isuppdr andgthe
configuration facilitates stabilization of an up-and-down operation. FIG
3-1 i s areqaopit pibekenh 0yF are3shbi 4y a rel ati onshi p between an overal |
configuration of the triaxial actuator 16 and the reagent dispensing nozzle
24. FIG 325} s a bl ock di agram showi ng an upper surface configuration in

FIG 3-1. FIG_4 .s a reference _perspective vie howi n | at i hi
between i he 2 agHSDROCHAS SREPGFLOBND25S ail AHBSCEGbt e paratHe® nozel e

24. pump 32 to be described later in detail and constituting a
portion of a supply pipe is connected to a back end of the reagent
dispensing nozzle 24. The reagent dispensing nozzle 24 divides
a reagent by applying negativejpréssure in this 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,
metal-made pipe as well as glass-made pipe.

[6026]

The syringe pump 32 has a role of controlling an actuation
filuid (pure water in the present embodiment) for dividing and
dispensing a reagent through the reagent dispensing nozzle 24,
The syringe pump 32 is basically 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

11



[ 0025] A di spensing operation pipe 30 connected to the syringe punp
32 to be described later in detail and constituting a portion of a supply
pi pe 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 this nozzle through the dispensing operation pipe 30 and

di spenses thus divided reagent by applying positive pressure in the nozzle.
The reagent di spensing nozzle 24 maybe fornmed by a resin-made pipe,

met al - made pi pe as well as gl ass-nmade pi pe. [0026] The syringe punp
32 has a'fdt evsh ebhtr siichghaf adiUdt Pon T EPEuT pus Wil ¥R teA $REC present

enbodi nent) for, dividing and dis ensin% a reagent through the reagent
di spensi NG OZAE2A% T RGOS PEBLEs Yot Baee aPRy YooRSEPIRtole of a
i 34 I 36. d t uat 38. Th i 34 | tank f
TS oS UIOBEo30 RS0 BEL U P 3B The L BB Stk T
3.“ ck whigh, has é‘r{v%'n% Qe sl rf%@“g'l'&% E?L@eOWEEErh@EEnghﬁhéY§i%§e§4 and
i schar gi ng pur e Wwater’ by applyi ng negatrve pressure or posifivé pressure

in the sygingg %%LJ%JQ&I%%& lﬁ%{ g_eca%aité_lgl drhvi o9 Cﬁ{ﬁr&aﬁng‘% Lnggor

extracting the p ger IS possible to ac tely control positioning
by using; as 64 EPPLOInIBEPr a1tk PRl | sepEREdPrehbe; aehagbprad8. [0027]

One end of the dispensing operation pipe 30 is connected to a tip end of
the syringez3s in the syringe punp 32 having the above constitution, and

ot her end of the dispensing operation pipe 30 is connected to the reagent

di spensi ng nozzte 24 oThehaidsipersidigoperatiannpppes 3D iis connected t hus,
wher eby pure water accumul ates in the syringe 34 when the plunger 36 is
extract ede ameghtiaed priesder evirs ngepllidedni hbedeyvrhegroprine 82 haeingagent

di spensing nozzle 24, and a reagent is injected (divided) into the reagent
di spensi Bge nakeve odnsGiteheoromrdr ythehepnd hef ptaagetsBenEsngl unged, a
pressure inside the reagent dispensing nozzle 24 increases because pure

wat er di SefphREREMian 2 he SGPRAGETSE TR ChEVER It KE SREatFemI BP3pLASI ng
nozzle 24, and the reagent accunul ated inside the rea%ent di spensj ng nozzle
24 is e %%t e&[‘}-(%ii§ﬁﬁﬁggaﬁl5 ol_péeé_‘%]lon pipe 30 is connected thus, whereby

pure water accumulates in the syringe 34 when the plunger 36
ig extracted, negative pressure is applied inside the nozzle
of the reagent dispensing nozzle 24, and a reagent is injected
{divided) into the reagent dispensing nozzle 24. On the
contrary, when the plunger 36 is plunged, a pressure inside the
reagent dispensing nozzle 24 increases because pure water
discharged from the syringe 34 is moved to the reagent
dispensing nozzle 24, and the reagent accumulated inside the
reagent dispensing nozzle 24 is ejected (dispensed).

[0028]

A buffer supply pipe 70 constituting a portion of the
supply pipe connected to a buffer supply section 64 to be
described later in detail is connected to the dispensing
operation pipe 30 through a distribution valve 40 such as

three-way valve. According to this constitution, pure water
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A buffer supply pipe 70 constituting a portion of the supply pipe connected
to a buffer supply section 64 to be described later in detail is connected
to the dispensing operation pipe 30 through a distribution valve 40 such as
t hree-way val ve. According to this constitution, pure water as an
operation fluid stored inside the dispensing operation pipe 30 can be
periodically changed. Consequently, error of count data due to

contam nation of the operation fluid can be prevented. [0029] The
hot - wat er supply section_42 has a role of sugpl ing hot water for diluting
the col | (AbIPRATAIER THid haFWECer-"6dHB yH8cktFORMA1F SOREE? Lo y
constituted of a eristaltic,puqﬁm44 a heater, 46, an hot - wat er . suppl y

d
nozzl e 48-Phed SRS BHTG 144 9358 al F?nﬁéﬂgfﬁg¥edejﬁm§ tosin
tosin rueit da oy sBot Bl Sk REn R P P a8 Githede U

ion, transportation fluid
(pure I e present enbodinent) flows therein. The tube which is
nechan?@%f%@é%%%%fessed by the roller preferably has flexibility and
durability,pnd, for exanple, silicon tube is preferable. The roller has a

role of repeating rotation and revolution while conpressing the resin tube
to push out thed npaspettat EappilUbdetwBhchr it £l03edei BfasEGEPPyE8§i ON
region, in a direction of roller revolution. Force of reverting to the
ori gi nalnd®rsats- appl dedueinhenhe eshn & atbieort Rids-réemmr eshedhdy-vdesr ol | er.
Since the transportation fluid is an inconpressible fluid, plural rollers
are contiumpolglsgctéwval 42ds hiwerebyl 1 henstanspedtcd a gerfiarad tiis piso
continuously pushed out. Here, the actuator may be those capabl e of
rotatingipl umaheaottets. §0030)haAccortengstprinenperlietadti cChgunp 44 having
t he above

peristaltic pump 44 is basically 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 sclution, and
transportation fluid (pure water in the present embodiment)
flows therein. The tube which is mechanically compressed by
the roller preferably has flexibility and durability and, for
example, silicon tube is preferable. The roller has a role of
repeating rotation and revolution while compressing the resin
tube to push out the transportation fluid, which is closed in
a compression region, ina directionof roller revolution. Force
of reverting to the original form is applied on the resin tube
thus compressed by the roller. Since the transportation £luid
" is an incompressible fluid, plural rollers are continucusly
revolved, whereby the transportation £luid is also continuously
pushed out. Here, the actuator may be those capable of rotating
plural rollers.
[0030]

According to the peristaltic pump 44 having the above

13



constitution, the punp itself is not contam nated since a contact portion
with the transportation fluid (pure water in the present enbodinent) is
only inside the tube where the transportation fluid flows. Thus, it is easy
to maintain an aseptic condition and cl ean. [0031] The heater 46 has
a role of heating the pure water as a transportation fluid. Al though the
configuration of the heater 46 is not limted particularly, a cartridge
heater and a tube heater are preferably enpl oyed when conpactness is
enphasi zed. For exanple, when the cartridge heater js enployed, a heater

body 46a°PRS Woktitler & ourde DSHEP pi e ade® ofC et A E et ffaf TEICSi ipl v
referred to as netal, pi pe 46b) , .and the pure er. .as_a_transportation
f1uid naiprbiéa%térﬁoﬁﬁcgrbdﬁt?hé%ﬁeltﬁﬁnﬁpﬁgtﬁ%ﬁo V\%%Hlflhugyric‘g%ﬁ Tng'to such
constitution, the pur ter inside pi i t by heat
transfer?m:f\/b%rn%?ﬁlg,em %@l“éerfwbel%e%rﬁi«;f ﬁégén%l%lgegd@%e%%?nﬁg? pe (tube)
and so on._J be at er., san e : a

t ranspor d%?%%gfgg?géggﬁglg%f%ﬁéﬁpihgmggéi%Et&%eg?%phggggg%ﬁgég%rﬂﬁng to
this congtitidl olon@i PEGE dkh@nsi&inrate becones high by enploying a silicon
resin and so on for the resin tube. Since both of the resin tube and the
rubber heggery have flexibility, possibility of arrangenment is high, and a

| ong heat region can be secured. Thus, it is possible to avoid tenperature
decrease afterriheimgtheatied haknaotbes ebdribadaer [tHaparttewperat asea
stabilization. Al though arrangenment position of the heater 46 is not
limted pantspootastyonafihidd Alrdowspdr tEtd arordiiStuaredel caf taer @ ng heat ed
is preferably short in order to avoid tenperature decrease after being

heat ed. Mhriseri4e tive nosuhimihed OPrateolalihy too cefdrpcaseAeadgiiodident , the
heater 46 is arranged between the above-described peristaltic punp 44 and

t he hot -hatePe sippEyrneze| BraBerabPbe HeRtPYpedV el efCTRAgeRaFf. 1$0032]

The hot-water supply nozzle 48 is_an ejection nozz|e for supplying.hot
water ( pHREARELERS WHIGhiemP T &ndifert ERS B 1B PSEAFF ‘e PURD ¥ and
heat ed 3X t he hea%er 4? to,a collection § rrier cartri? e §2 m?ifh IS

arr anged®i REFher rB3GEnt PR al ¥ i BPULONE AT R uRt 1" SEETT oR- 541D be
described |l ater iLp detail. | confiqur-ed. t ( L pe and
SO on org%%§@%%aggﬁFéggmﬁﬁbgégﬁgyagﬁéggﬁH%g%g'§§B§E%FH%A3%%€§%£%%$ésupply

pi pe 50 gonpgcted, 49 goq%iﬁfoﬁl Eilﬁi@%y%le tduqugh Lheheaken. 491 and

constituting a portion of the supply pipe’ is connected to an end on the

opposi t e, shde @f RS EERGLT O Rtaidl theshoh-Yalar: supRly, neezberds. A

suction side pipe 52 (constituting a portion of the supply pipe) in the

peri st al i cepuiRs4dei ShEONBEEL edihe Lbe bufhesrsdpplyheeet toanbdeto be
described later in detail. According to the hot-water supply section

42 havi ngethehabeyevicaonstiuud heatet hies prpistalif ithepuapidbdirs driiveh,

wher eby hot water can be continuously ejected fromthe hot-water supply

nozzl e 48nd so on ig wound around by a rubber heater, and the pure water
as a transportation fluid sent through the resin tube is heated.
According to this constitution, a heat transfer rate becomes
high by employing a silicon resin and so on for the resin tube.
Since both of the resin tube and the rubber heater have
filexibility, possibility of arrangement is high, and a long heat
region can be secured. Thus, it is possible to avoid
temperature decrease after being heated, in other word,

facilitate temperature stabilization. Although arrangement

position of the heater 46 is not limited particularly, a fluid

14



[ 0033] The reagent/carrier container nounting section 54 is a stage for
arrangi ng a reagent used for the |um nescence neasurenent and a coll ection
carrier. A collection carrier cartridge holder 56, a reagent rack 58, a

| um nescence count tube holder 60a, and so on are arranged in the
reagent/carrier container nmounting section 54. The collection carrier
cartridge holder 56 is a holder for setting the collection carrier
cartridge 82. The collection carrier cartridge holder 56 is provided with a
heat bl ock having a heater so that thus set collection carrier cartridge 82
can be hemegpoypoBupn distancehaflFehdEitnt heetedges Pretegalilihs2PFeagent
used for the | um nescence neasurenent is disposed in the reagent rack 58.

As shownll R¥EPESC BVRIGIEUREratE (RAHRHTC CdEh k" 8€3h&Ekage ™ Wher e
[ { f ter, filled i ti
! ecesses Mhih SHEte oAt ol B F TS i PEESEREn g PRIGReBR arEr e Shovin
in FIG 5-2 . i f.th LS. | | | um
sheet (TTR)BAY 48 Bhreaed s EnbeeeRRaLhi 888 Bl it e e L o

exposed é@na;g%sgﬂ& 4 bl Lheeal aeseglceg%%r@é/a%s%&qb%aeﬂgger and

st ocked ent 1S not contam nat y Via acteria and so on. FIG 5-1
is a top;yigwofithe reagent/carrier container nounting section 54, and
FIG 5-21s atop view of the reagent cartridge 62. [0035] A |um nescence
count tubgp$9;is disposed in the |um nescence count tube hol der 60a. The
| um nescence count

The hot-water supply nozzle 48 is an ejection nozzle for

gsupplying hot water (pure water) which is transferred by the
peristaltic pump 44 and heated by the heater 46 to a collection
carrier cartridge 82 which is arranged in the reagent/carrier
container mounting section 54 to be described later in detail.
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 heater 46
and congtituting a portion of the supply pipe is connected to
an end on the opposite side of the ejection port in the hot-watexr
supply nozzle 48. A suction side pipe 52 (constituting a
portion of the supply pipe) in the peristaltic pump 44 is
connected to the buffer supply section 64 to be described later
in detail.

According to the hot-water supply section 42 having the
above constitution, the peristaltic pump 44 is driven, whereby
hot water can be continuously ejected from the hot-water supply
nozzle 48,

[0033]

The reagent/carrier container mounting section 54 is a

15



tube 60 is a mcro tube for conducting a | um nescence reaction of ATP
which is extracted fromviable bacteria collected by the collection carrier
cartridge 82. [0036] In the reagent/carrier container nounting
section 54, a discharging position (hot-water discharging position 55 and
reagent discharging positions 57a and 57b) where drainage is discharged
outside fromthe hot-water supply nozzle 48 or the reagent dispensing
nozzle 24 is disposed. Plural discharge pipes connected to a di scharging
tank (not shown) are attached to the respective discharging positions.
[0037] stage e W%@l%@lsﬁmﬁﬁ JEEY fris e chyEeHigpehsi ng nozzl e
control water tank (hereafter S|nq§% referred to as_control water tank 66)

and a hd?e%i%reerm%ﬁ%ﬂ Vvt €L SR B8 CaSEE a St §F 13DV ICRGTEFEe ATP is
t included tep after th 24 d,

Cl canl | fEve TV 151 o e & CAOE v es%3gﬁ”?thﬂ@raﬂﬁ%%%%%t%?u%ﬁﬁk 66

f 'l ed t 0 h tS.

2 and (NS SRR AP 2peReRnl R/BTE Do 1T edn Fif Lo ek WHORET Chan 1 he

C' eanl | ”c?érxﬁtu d8v8l Muﬁ%#‘%@étﬁ&&” 4 Walgl) doﬂl}teggﬁ&%t cAaLel,supply water

tank 68 s, vol une control water t S snaller t han t hat of

the hot - d@%@flcﬁjép%d/ld@% &g t aDkg 6@ AN agouml &t velered s anprapriately
exchanged. Water in the hot-water supply water tank 68 requires |arger

vol une than-idatzetrtibgecont r athavabel ebanknbtéa rbecavsethageahergds poured
in the collection carrier cartridge 82 set in the collection carrier
cartri dges hal dervided WOBB8A heat block having a heater so that thus
set collection carrier cartridge 82 can be heated.
[0034]
The reagent cartridge filled with a reagent used for the
luminescence measurement is disposed in the reagent rack 58.
As shown in FIGS. 5-1 and 5-2, the reagent cartridge is a package
where various types of reagents, pure water, and soonare filled
in regpective recegses which are separated into plural pieces
{(nine in an example shown in FIG. 5-2), and an upper opening
of the recess is sealed with an aluminum sheet (film) and so
on. According to this constitution, the reagent is not exposed
to outgide until the aluminum sheet isg removed and opened, and
stocked reagent is not contaminated by viable bacteria and so
on. FIG. 5-1 is a top view of the reagent/carrier container
mounting section 54, and FIG. 5-2 is a top view of the reagent
cartridge 62.
[0035]
A Juminescence count tubke 60 1s disposed in the
luminescence count tube helder 60a. The luminescence count

tube 60 is a micro tube for conducting a luminescence reaction
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The control water tank 66 set as descri bed above is connected to the
distribution valve 40 in the dispensing operation 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 punp
44 descri bed above and suctioned by drive of the peristaltic punp 44.

[ 0039] The filtration section 72 has a role of renoving a collection
carrier in the collection carrier cartridge 82 which is diluted by hot

vat er ej @EPEd TroRH tifechbtanaedr L LAPpPipLAG2PetaBia TR 8 F19hPYoR % ect i on
72 is basically constituted of a suction punp 74 and a suction head 76. The
suct i on PRIMFETA IR PP FRE Proiiieifrg negative pressure inside the
suction Ee d .76 to be described later in detail. Further, the suction head
76 is a 9 i%dri cal body with a tip end opening. [0040] In the

filtration sectien 72 hgy.0g Lhe, ahoys. baghs, GROSLI Ll o 8l b end i s

connected to a’l ower” po ion carri cartridge hol der 56,

and the SLCLLON, AR I | So:0PRLAL Bl c NGk By Lhes 1 bEELL OB Cad g dT | ut ed

by hot water sucti oned and renoved trough a recovery filter 90 (see,

FIG 6)..40041] FheRVGsestdon i@ has7a sakesob) mpasuei agst Hagaessence
anount of the ATP in the |'um nescence count tube 60. In the count unit 12

in the pieseMreobodicEe e PNE BEeEti@ne 7 &S By head-ien abype and
arranged at a | ower portion of the |um nescence count tube 60 descri bed
above. Aceagehingsicodid sngaonstiiatonis |digpopedducadiral tdiesdhargeescence
count tube 60 enters fromthe upper portion of the PMI section 78, and the
| um nescenees amounEc tesl coumtdadicharging tank (not shown) are attached

to the respective discharging positions.

00371

The buffer supply section 64 has a reagent dispensing

nozzle control water tank (hereafter simply referred to as

control water tank 66) and a hot-water supply water tank 68.

Since a step of removing free ATP is not included in a step after

the reagent dispensing nczzle 24 is used, a cleanliness level

of the water (pure water) in the control water tank 66 filled

in the dispensing operation pipe 30 which connects the syringe

pump 32 and the reagent dispensing nozzle 24 is required to keep

higher than the cleanliness level of the water (pure water) in

the hot-water supply water tank 68. Thus, volume of the contrcl

water tank 66 is smaller than that of the hot-water supply water

tank 68 and accumulated water is appropriately exchanged.

Water in the hot-water supply water tank 68 requires larger

volume than that of the control water tank 646, because the water

is poured in the collection carrier cartridge 82 set in the

collection carrier cartridge holder 56.
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[ 0042] The input/control section 11 is a conponent which controls

t he above conponents with respect to an input value to the | um nescence
count apparatus 10 and thereby automates | um nescence neasurenent.

The collection unit 80 is a device for collecting viable bacteria in the
air into the collection carrier cartridge 82. The collection unit 80 is
basically constituted of the collection carrier cartridge 82, a blower fan
84, an inpactor nozzle head 86, and an exhaust filer 88. [0043] The
collection carrier cartridge 82 has a role of collecting viable bacteria
floatingl9®&he air. The collection carrier cartridge 82 is provided with a

collection carrier 82a for collecting viable bacteria (see, FIG 6). The
col l ection carfM%rrBo4 Jqiiadsad Gk 9%6 B &R i ﬁ???‘gra Art ritdge 82

di to th t enmbodi t i [ ] t , di
Sol ot od TTRETSHeES PTE HETS U RRT oY THE(C hourd Lo et grrpeiy i p and 1e
sojated oy I . . : \ o .
o ToehaVALRLs LB, P5 Q¥ed Dl e, BRELADT, A Hhesgabbection carrier
dilutes V{v%tgalzféalr?%é %%,Pﬁ;gr%oﬁrtofﬂ%@le' s 1eguhRRSY b?e%alt‘_?‘é@_r poeti@nyef the

cavity. ower tan 84 has arole of suctioning air into

the col | g6 on i ¢nh 80 and- St KbAGvdieating bawdt efdid wat dhewiglagai nst
the collection carrier 82a in the collection carrier cartridge 82 described

above. |y sdernHkosprayeshndeireet tom eflcariotueiio ortanpaat somiofct he

bl ower fan 84 itself, the blower fan 84 is preferably arranged in a
downst r egamsi e d¢om iiked abangeardt sposithed oy dheveobfecheon carrier
cartridge 82 (on a lower side in the collection unit 80 according to the
present pabosiaknic pevause. t he suction port is located in an upper
portion). In the collection unit 80, an anount of the air to be collected
can be dé®e:d ned based on a bl ow anbunt and operation tinme of the bl ower

fan 84. ;
The filtration section 72 has a role of removing a

collection carrier in the collection carrier cartridge 82 which
is diluted by hot water ejected from the hot-water supply nozzle
48. The filtration section 72 is basically constituted of a
suction pump 74 and a suction head 76. The suction puump 74 is
a pump for producing negative pressure inside the suction head
76 to be described later in detail. Further, the suction head
76 is a cylindrical body with a tip end opening.

[0040]

In the filtration section 72 having the above basic
constitution, a tip end is connected to a lower portion of the
collection carrier cartridge holder 56, and the suction pump
74 is operated, whereby the collection carrier diluted by hot
water can be suctioned and removed trough a recovery filter 90
(see, FIG. 6).

[0041]

The PMT section 78 has a role of measuring luminescence
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[ 0045] The inmpactor nozzle head 86 is disposed in an upper portion
of the collection unit 80 and has a role of a cover and accel erator of the
collection carrier cartridge 82. Avelocity of the air inf lowing into the
collection unit 80 is required high to sone extent for striking viable
bacteria against the collection carrier cartridge 82 and bei ng supported.
However, in order to obtain high velocity, there is a concern about size
increase of the collection unit 80 because a size of the blomer fan 84 and
the rotation rate are required to increase. [0046] I n_the inpactor
nozzl e HeRlSs,oHl thalAEhdm té“ieaﬁcé*t“@ﬁﬂeﬁﬁéﬁllcﬁg§oéﬁ”§ 5&%@ §&d s%ntt‘h%% the air
suctioned by the blower fan 84 passes_through the small-di aneter eni ngs

and st r ke agHE st 2t bR it PEESSET éappﬁéwe Sa. t@?l%ﬂ%éfﬁtﬁpncaﬁs% nt air

flow, a velocit of assing fluid can be jncreased nafrﬁ%nng an area of

rom1pa§%dﬂ%§d R CEIS TV AT ?%’%a.o%%Fd%?%}%e% Wt i ncreasi ng
the size and,10e fgé Alon rake of e Rawer, 80 84 A0ty oo cnis The

exhaust 'S arranged on t stream Si bl'ower fan 84

(on the |ower. side.in gq%tcgggaﬁ&gammgte ﬁgmilﬁggagh@@ dQdihe peesgnt

enbodi nmen and has 'a’r renmovi ng dust 1 ncluded 1 n the exhaust.

Accor di ng,{ 0.4 he,- ghovee GRAsty THA Oy e &gl b@@t LeRtYRkLt 7§0 ghat fige pr esent
enbodi ment can be nmade conpact and |ight. [0048] In the | um nescence

measur enpih i APPAEAL &ISarkOueonst | tatede@f the count unit 12 and the
collection unit 80 having the above basic constitution, first, viable

bacteriajomathe air are collected by the collection unit 80 (step 100: see,
FIG 6). [0049]

The input/control section 11 is a component which
controls the above components with resgpect to an input value
to the luminescence counit apparatus 10 and thereby automates
luminescence measurement.

The collection unit 80 is a device for collecting viable
bacteria in the air into the collection carrier cartridge 82.
The collection unit 80 is basically constituted of the
collection carrier cartridge 82, a blower fan 84, an impactor
nozzle head 86, and an exhaust filer 88.

[0043]

The c¢ollection carrier cartridge 82 has a role of
collecting viable bacteria floating in the air. The collection
carrier cartridge 82 is provided with a collection carrier 82a
for collecting viable bacteria (see, FIG. 6}. The collection
carrier 82a equipped in the collection carrier cartridge 82
according to the present embodiment is gelled at normal
temperature and ig solated by heating. Further, a cavity (not

shown) to be fiiled with dilution hot water is provided in a

lower portion of the collection carrier 82a. The recovery
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Next, the collection carrier cartridge 82 collecting viable bacteria is
taken out fromthe collection unit 80 and set in the collection carrier
cartridge hol der 56 of the count unit 12. The collection carrier cartridge
82 set in the collection carrier cartridge holder 56 is heated by the heat
bl ock. The collection carrier is solated by heating. The sol ated
collection carrier 82a is diluted by hot water supplied fromthe hot-water
supply nozzle 48. The diluted collection carrier 82a is suctioned and
removed by the filtration section 72 through the recovery filter 90. Viable
bact eri af BHee¥ rEke (KFR. cBEfFect b &y HiHE ot EtonaE& r VB CB2AL Y €T n in the
recovery filter. 90 (step 110: see, FIG 6). [.0050 After filtering
the col | €22 i G-ttt C@Q%,lec%§2@e&§eﬁﬁuép§6@néfln% SBEEF oROE PR %%)erat ed
for renoving free ATP and dividing a viable bacteria sanple. The free ATP
is ATP det$ved"irdmkilled bacteria and is required to be renoved in
advance ﬁ(g) % to prevent from being counted in neasurenent data. Thus,
first, a NP renoval reagent is divided fromthe reagent cartridge 62 by

the reagent dispensigg.nezel g.24,and dispensed.deniptheacol Lecti o carrier

cartridge 82, and free is renoved. By virtue o S operation, it is

possi bl €-40; PLLYSALLOCC W GRLE <2h- 16auRt f@'b'é%&n%f packdmigesgepse ampunt due
to a lum nescence reaction caused by the free ATP. Next, an ATP extraction

reagent igs thspensedan ddie dreeenarikd igkein98nkencbheeeolbactapniearrier
cartridge 82 having been renoved of the free ATP, and ATP is extracted from

vi abl e begteri@gonst e g@ciywetr Wwddd.er 190o¢steptd2present & Gecbion[ 0051]
An ATP extraction sanple is divided fromthe recovery filter 90 in the
col | ecti enrcardier tcactdniaigend2i @amdodi sipendedwent tah he4 | unsakEceice count
tube 60. A lum nescence reagent is previously dispensed in the | um nescence
count tubko®dr f1d84 is preferably arranged in a downstream side from

the arrangement position of the collection carrier cartridge

82 {on a lower side in the collection unit 80 according to the

present embodiment, because the suction port is located in an

upper portion). In the collection unit 80, an amount of the

air to be collected can be determined based on a blow amocunt

and operation time of the blower fan 84.

[0045]

The impactor nozzle head 86 is disposed in an upper portion

of the collection unit 80 and has a role of a cover and

accelerator of the collection carrier cartridge 82. Avelocity

of the air inflowing into the collection unit 80 is required

high to some extent for striking viable bacteria against the

collection carrier cartridge 82 and being supported. However,

in order to obtain high velocity, there is a concern about size

increase of the collection unit 8¢ because a size of the blower

fan 84 and the rotation rate are reguired to increase.

[0046]
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a |l um nescence reaction starts sinultaneously with dispensing of ATP
extraction sanple. In the |um nescence reaction in the | um nescence count
tube 60, the |lum nescence strength is nmeasured by the PMI section 78 (step
130: see, FIG 6). [0052] According to the | um nescence measur enment
apparatus 10 having the above basic constitution, since processes from
division of the viable bacteria sanple fromthe collection carrier
cartridge 82 to count of |um nescence anount are automatically carried out
inside the count unit 12 covered by a casing, there is a little possibility
that a vi abl e Tyadther i ianmsarrie noy zdfef duast 8y, comzad e lomdimmadssr, t he

| um nescence reagent is previously dispensed into the | um nescence count
tube 60 RENINET P& T IFEHICCAFPI BR2E IRt RITET SMRACNSG B¥cEr8P52weXand t hen
t he ATP extraction sanBIe fromviable bacteria is dispensed; therefore, it
i s possit® SoPesERe ANEeRERpAMK FBUnd FiFIRTOF CPRELPEEgRAE A5 Fraxi num

| um nescence nt obtai ned when a I%g%nesgence reactli on %%%éés after the
I

sanpl e dtEPENST g @& PFETPRUST T 51 FR1% % on M Tt WeenP 5ctice anount
and Iumgfg&,egcgeilgytﬁ%nf ggsg?ﬁﬁﬁgﬁ 1Y Bt 'nﬁgcre%gs%cfﬁgcﬁ%ﬂn%nﬂh f an ATP
amount based 6n’ a TUM Nescencs amount, i1 ot Rer Words, count of  Viabl e

bact er i a,0urher gan: ps, accun alel y Sl O o 0053k 1001 £y Jafh e buf fer

supply section 64 o escence neasurement apparatus 10 according to

the abovg,consdd tutdin e tikedi-speastng opeLatidnHY perd@ion aRcengs of the
hot water supply pipe 50 is inserted into a bottle of the control water

tank 66 awms thesdwtcavatesr . supply water tank 68 bei ng opened, and a supply
pi pe route is an open system Accordingly, there is a contam nation problem

such as tmmdam nation of various pipes caused by m xing of foreign matters
t hrough an opening of a tank. Especially, since hot water in the hot-water
supply wat er tTHEnk eGBauststippteeddiiceatrkyngedtdm tdhel Hewhcbneemrside 82a,
the m xing of foreign matters is undesirable. [0054] For exanpl e,
when t hechdthankilewegupphy8folzal eheglangrt hiede daydhe dpspensing wokzl e 24
are in contact with the collection carrier cartridge 82, or when a reagent
in the f&F | 3RFEFAPrdce’sEhe RITSTRIMG RMPPCETRRAL b %Z?Cgtléa% Mt i ®bis reagents

in the
removing dust included in the exhaust.

According to the above constitution, the colliection unit
80 of the present embodiment can be made compact and light.
i0048]

In the luminescence measurement apparatus 10 constituted
of the count unit 12 and the collection unit 80 having the above
bagic constitution, first, viable bacteria in the air are
collected by the collection unit 80 (gtep 100: see, FIG. 6).
[0049]

Next, the collection carrier cartridge 82 collecting
viable bacteria is taken out from the collection unit 80 and
set in the collection carrier cartridge holder 56 of the count
unit 12. The collection carrier cartridge 82 set in the
collection carrier cartridge holder 56 1is heated by the heat

block. The collection carrier is solated by heating. The
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previ ous process are adhered, there is a contam nation problemthat foreign
matters are mxed into a pipe froma nozzle tip end to affect neasurenent
accuracy and sensitivity. [0055] Thus, a cleaning nethod of a pipe
of a | um nescence neasurenent apparatus according to the present invention
i ncludes a bacteriolytic process of supplying a sterilization reagent into
a supply pipe for hot water or a reagent of the | um nescence neasurenent
apparatus and sterilizing an inside of the supply pipe, and an ATP renoval
process of supplying an ATP renoval reagent into the supply pipe after the
sterilizaelomdroliedtisondeadTieRnS 45 pe Gnd vehbYi et ATPSNSTERL 8@ pi pe,
and a process of replacing the ATP renoval reagent in the sui)pl pipe with
pure watBFom fpsEit-water spRplst @93%iEatCon Fgﬁg‘éﬁ%uF‘%du%%H ?6\¥l5’Fssol vi ng
a cell menbrane of viable bact(?(rfli and extracting ATP therein and contains

surf act ant* 177 &ir Batet F t°aT ERVOVER RY ¥ Erd FTBERRAOTSC Rha | ytic
enzyme h%:%ﬁrcgﬁ%eﬁ{see ACHI VLY ¢ 003 7]g y%aby%e AIP remoyal H_g?gent IS a

r eagent orrpo_ses and remnoves ext_rac and cont ai !'IS at "l east
Cienon: SB¥ oSS e ehesalalaseoaclosntal e Lok fage
recovery filter 90 (step 110: see, FIG. 6).
[0050]

After filtering the collection carrier 82a, the reagent
dispensing section 14 is operated for removing free ATP and
dividing a viable bacteria sample. The free ATP is ATP derived
from killed bacteria and is required to be removed in advance
g0 as to prevent from being counted in measurement data. Thus,
first, an ATP removal reagent is divided from the reagent
cartridge 62 by the reagent dispensing nozzle 24 and dispensed
into the collection carrier cartridge 82, and free ATP is
removed. By virtue of this operation, it is possible to prevent
occurrence of count error of a luminescence amount due to a
luminescence reaction caused by the free ATP. Next, an ATP
extraction reagent is dispensed on the recovery filter 50 in
the collection carrier cartridge 82 having been removed of the
free ATP, and ATP is extracted from viable bacteria on the
recovery filter 90 (step 120: see, FIG. 6).

[0051]

An ATP extraction sample is divided from the recovery
filter 20 in the collection carrier cartridge 82 and dispended
into the luminescence count tube 60. A luminescence reagent

is previously dispensed in the luminescence count tube 60, and
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FIG 7 is an exaplanatory view of a cleaning nmechani smof ahot-water supply
portion. Morre specifically, the cleaning nmechanismof a hot-water supply
section 420 of the |um nescence neasurenent apparatus is basically
constituted of the peristaltic punp 44 of the hot-water supply section 42,
the heater 46, and the hot-water supply nozzle 48 shown in FIG 1 and newy
provided with a nenbrane filter 102, an actuator 104, and a hot-water
supply cl eaning control portion 100. [0059] When t he hot -wat er
supply section 420 is cleaned, bottle containers containing, respectively,
a steril3Zariiggsceagenteanbian AT ferdvall tresqetl Vayle R edhiRRI ¥ i ds i s
pl aced in_the reagent rack 58 of the reagent/carrier container unti ng

sect i on ®4ATP extraghopasifiRife: f iht Bre 1HPMIReFTRAGH IN6G St e Hot® wat er
supply pjpe. 50 between the hat - er_supply. nozzle 48 and the . heater 46.
As the nje 19 &O%,t‘ﬁﬁ\l’\% f?%%&%?%%%n%%c%t%%n%t F Srenbr ane can
be used as_an e le. T ne a i | as ur fipne pores, and
bacteri am%"’%%u?"%%g:’ggaﬁbey }'Elﬁlé ??n%%lé&?;riés {%{eaql%w&t os%e’ s%%%’r ated froma

l'i quid. Eégg%ﬂ

According to the luminescence measurement apparatus 1C
having the above basic constitution, since processes from
division of the viable bacteria sample from the collection
carrier cartridge 82 to count of luminescence amount are
automatically carried out inside the count unit 12 covered by
a casing, there is a little possibility that a viable bacteria
sample is affected by contamination. Further, the
luminescence reagent 1is previously dispensed into the
luminescence count tube 60 set in the reagent/carrier container
mounting section 54, and then the ATP extraction sample from
viable bacteria ig dispensed; therefore, it is possible to count
a self-background light of the reagent and a maximum
luminescence amount obtained when a luminescence reaction
starts after the sample dispensing as well. Thus, a
relationship between luminescence amount and luminescence time
can be accurately obtained, and calculation of an ATP amount
based on a luminescence amount, in other wordg, count of viabkle
bacteria number can be accurately performed.
[0053]

In the buffer supply section 64 of the luminescence
measurement apparatus 10 according to the above constitution,

the digpensing operation pipe 30 or an end of the hot water supply
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The actuator 104 is neans for noving the hot-water supply nozzle 48 to a
desired position. As an exanple of the actuator 104, biaxial actuator in XY
directions or a triaxial actuator nay be used. [0061] The hot - wat er
supply cleaning control portion 100 electrically connects the peristaltic
punp 44 and the actuator 104. The hot-water supply cleaning control portion
100 operates the actuator 104 to nove the hot-water supply nozzle 48 from
an origin position on the collection carrier cartridge hol der 56 of the
reagent/carrier container nounting section 54 onto the reagent rack 58. The
peri st alRiRe AP S44neerEedetied 2 RRF CEReCT ddpe MO F A heastér FrI%ats on
reagent bottle or the APT renoval reagent bottle can be divyided to the
Tembr ancR EPENORTA i PHEPL V(T ot ARE G 203H SR t 2 2Py
hot-mater,sugg%% nozzl e 48 can b%:nnve to_the th- rer qk§%parging

posi ti o 55 FherT STAITRT pihp-4Y | $FOEEET i (RS el direction, a
hot-water buffer is l.i-ed fro e - .Supply r.t 8, and
the sterifiza :lL%ahtJ”roeIg elﬁ%gloegn t%ue A%% Fg%\?ﬁ@hggégé{ngkiﬁgf@%gu% 5'?er

Supply_DLE: S0 r6afl e, flbschargedh L. Lbeshatenliekndiashiaigbag postli on 55.

The ATP renvoval “reage se fromthe hot-water supply nozzle 48 to

the nenbgane;dildersilRe hetreoptasad, whthdhe ot r WAl bubter. £4:0062]

FIG 8 is ‘an explanatory view of a cleaning nechani smof the reagent

di spensigg secihomm i Mreispeciyieal tve @Tleaniag eechoat sseof the reagent
di spensi ng section 14 of the |um nescence nmeasurenment apparatus is

basi cal lwicomstot ufete Dinthecteraxial vaddsatanid6 of the reagent di spensing
section 14, the reagent dispensing nozzle 24, and the syringe punp 32 and
newy provesied with a reagent di spensing cleaning control portion 200.

When the reagent dispensing section 14 is cl eaned, reagent tanks
cont ai ni ng, re¥pecrEpelly, ahsnethe inag-verrere aYPRL vandz ake AfPardnbhal

reagent as cleaning liquids are placed in place of the control water tank
66 of theeaEeReCishepioySeRPEBReEA aFgogBFontact wikh theageht caf sPRnsi ng

cl eaning control portion 200 electrically connects triaxial actuator 16
and the SYFTHEE SBEHE 189° Ghe PR HERPENSiHYTRE %ﬁ3”65%?¥%?e§%rtion

200 tes th i 32_and divide the sterjlizat] t
or the ATP TERRTATST cadeRiteFront EReS r CAnBnt= T ank"of tHE bUr 1or Shpply

section Rdey 0% (S20RIL, A\ 3PERSLDGL ¢l 3ANINGS COUSINL A S000PaE! at es

the syrifge’ punp 0 1 ntroduce erilTzation reagent o

remval (£agenty L0 g fiofs A0 niflie it 3PRIpStath bzabonsPEggessi ng
or ATP renoval protessing to the 1nside of the pipe, whereby each Teagent
can be rgpkaggd; Wkt A CRBLLQLeMBLET acEUFABRT andNBchE | BXi @ty act uat or

[0055]

Thus, a cleaning method of a pipe of a luminescence
measurement apparatus according to the present invention
includes a bacteriolytic process of supplying a sterilization
reagent into a supply pipe for hot water or a reagent of the
luminescence measurement apparatus and sterilizing an inside
of the supply pipe, and an ATP removal process of supplying an
ATP removal reagent into the supply pipe after the sterilization
of the inside of the pipe and removing ATP inside the pipe, and

a process of replacing the ATP removal reagent in the supply

pipe with pure water.
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16 is operated, and the reagent dispensing nozzle 24 can be noved to the
reagent di scharging position 57. [0064] Next, the cleaning nethod of
a pipe of the | um nescence neasurenent apparatus according to the above
constitution will be hereinafter described. FIG 9 is a processing flow of
a cleaning nmethod of the hot-water supply section. Since the
hot - wat er supply section supplies several ten m of hot water, dividing
anount or dispensing anmount is large in conparison with the reagent
dispensing section, and thus cleaning of the entire supply pipe is

i neffici €A®56rhus, the nmenbrane filter 102 is formed on a pipe of the hot
wat er supply pipe 50, .and an inside of a pipe_between the hot-wat supply
nozzl e 48 and tiHe ShETiraFé Eﬁaﬁﬁﬁtpé?t‘fﬁ%ql dr're‘ﬁ/ a5 &k 30?%§{ by
contam nation is clean [L0065] . First..the tl.e containers

cont ai ni MGISTRRBat | CHTSLS PRTEIT 17 2% o oAb HES dhit an b s chbta
reagent as,cleaning dlquids arecplared.loidhe ergent, adk SheplLhe
reagent/carrier container rounting S8CtT on : e actuator 104 is

Operated@@ﬂaﬁﬁ%,hgﬁd €1 ¢ SUPPlYe CLEA NG, LOPLEOL por i pp, 100 to nove the
hot - wat er supply nozzle 48 fromthe origin position on the collection

carrier Egﬁgﬁjdge hol der 56 of the reagent/carrier container nounting
section 54 onto the reagent rack 58. Then, the peristaltic punp 44 is
reversed, the sheniTlp zahden reageit ip 4 heasteri bhzeh iceroipagent ahattle is

divided to the nenbrane filter 102, and the
removes extracted ATP and containsg at least one of apyrase,
alkaline phosphatase, acid phosphatase, hexckinase, adenocsine
triphosphatase and adenosine phosphate deaminase.
[0058]

FIG. 7 is an exaplanatory view of a cleaning mechanism
of a hot-water supply portion. More specifically, the cleaning
mechanism of a hot-water supply section 420 of the luminescence
measurement apparatus is basically constituted of the
peristaltic pump 44 of the hot-water supply section 42, the
heater 46, and the hot-water supply nozzle 48 shown in FIG. 1
and newly provided with a membrane filter 102, an actuator 104,
and a hot-water supply cleaning control portion 100.

[ocsel

When the hot-water supply section 420 is cleaned, bottle
containers containing, respectively, a sterilization reagent
and an ATP removal reagent as cleaning liquids is placed in the
reagent rack 58 of the reagent/carrier container mounting
section 54.

The membrane filter 102 is installed in the hot water

supply pipe 50 between the hot-water supply nozzle 48 and the

25



reagent is filled in the pipe of the hot water supply pipe 50 (step 200).
When a cleaning liquid such as the sterilization reagent and the ATP
renoval reagent is supplied into the hot water supply pipe 50 fromthe
hot - wat er supply nozzle 48, bacteria and so on mxed in the pipe fromthe
nozzle is trapped by the nenbrane filter 102; therefore, the bacteria and
so on are not mxed to the buffer supply section 64 side through the
menbrane filter 102, and contam nation is prevented. Accordingly, the
cleaning liquid may be supplied fromthe hot-water supply nozzle 48 to the
nenbr an q@@@%r@E‘lOZAS[b]%G]‘embrane Fnie- 9 uniOe s BERE B e A8 T SNEMT HMpar at us
is made standby until a bacteriolytic reaction of \il abl e bacteria is

;l{fogl ci 6THIY aﬁﬁf"f EF%@“@W%F ﬁaﬁ’ebﬁyl ﬁ?finﬁs e SSEEPHE - zal oG (step
The tral t 0 h
act uat orf]13091e3f 01% St Higﬁéiug)g?%rp rﬁ%%; g%r%%%cg%fé%%r%ﬁerﬁg}?emerat es the
di schargiig POSLLLON 5% o THefL, 18 PEristallicy P, 44 1 8prpiated in the
nor mal |rec "on argev{he erilization reagent h e a pipe fromthe

nozzle tpyd di scharging position (step 220). Those processes are included
in the bacteriolytic process of sterilizing the inside of a pipe. [0067]

Next, the hot-wmal atrSHPBLY1 ¢4 8aNhES&NS M abv@ia?tﬂrwhwowa@@&aéwpme

actuator 104 to nove the hot-water supply nozzle 48 fromthe hot-water

di schar gidgz posid 8 G csaied bbeiteageNntas an example of the actuator
104, biaxial actuator in XY directions or a triaxial actuator
may be used.
[oo61]

The hot-water supply cleaning contrel portion 100

electrically connects the peristaltic pump 44 and the actuator
104. The hot-water supply cleaning control portion 100
operates the actuator 104 to move the hot-water supply nczzle
48 from an origin position on the collection carrier cartridge
holder 56 of the reagent/carrier container mounting section 54
onto the reagent rack 58. The peristaltic pump 44 is reversed,
and the reagent in the sterilization reagent bottle or the APT
removal reagent bottle can be divided to the membrane filter
102. Further, the actuator 104 is operated, and the hot-water
supply nozzle 48 can be moved to the hot-water discharging
position 55. The peristaltic pump 44 is rotated in the normal
direction, a hot-water buffer is supplied from the hot-water
gsupply water tank 68, and the sterilization reagent or the ATP
removal reagent in the hot water supply pipe 50 can be discharged
to the hot-water discharging position 55. The ATP removal

reagent in a course from the hot-water supply nozzle 48 to the
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rack 58. The peristaltic punp 44 is reversed to divide the ATP renoval
reagent fromthe ATP renoval reagent bottle to the nenbrane filter 102, and
the reagent is filled in the pipe of the hot water supply pipe 50 (step

230). [0068] The | um nescence neasurenent apparatus i s made standby
until a reaction for renoving and elimnating ATP is sufficiently perforned
in a pipe by using the ATP renoval reagent (step 240). The hot -wat er

supply cl eaning control portion 100 operates the actuator 104 to nove the
hot - wat er supply nozzle 48 to the hot-water discharging position 55. Then,

the periRaErEanRe phdtem 142 riot atsrfa9ed el HorRE Rt e@ion Re- & Scharge the

ATP renoval reagent in a pipe fromthe nozzle to the discharging position
(step 25@896%%ose processes are included in the ATP renoval process of

renovi ng ATP i i pe._ Further, the peristaltic¢ punp 44 is_continuously
otated in t hé Kor el it Seriana Ko ChE Rott Rater SHpprs RBzere 28 | s

(ot - wat B1° BAPFERy {FoRe b TR RRe P RbE b SRl IR 0
clean theg. r csfna&@!f@aggéhé k@i@&?siz‘?ﬁfdse@éiérﬁ‘el@%@ {hde, a course

fromthe inside of the pipe 1o the nozzle tip endis filled with the

hot - wat ef Dl Lfeh St BR2269Emeh@08Haratus ishosd Badl NP cBustaruiRet oshown) of
the | um nescence neasurenent apparatus i s operated, whereby the processes

from st eppge 20Q atxQ a268ceantbe BaIl@MBhECatd yeperdidmting sectioAcTording to
t he above cl eaning nethod, even in a pipe wth |large dividing and

di spensitige armigdrs, dibedhadalg popeleont ¢ dmdmishevhdnowapempsBppiydnozzl e
48 to the nenbrane filter is cleaned, so that it is possible to effectively

sterilizeewhe prsiiiedfwiatlpi pereagenendiverdATRag ¢ heapl pe. c$QOTO}
FIG 10 is a processing flow of a cleaning nethod of the reagent dispensing
secti on.portion 200.

When the reagent dispensing section 14 is cleaned,
reagent tanks containing, respectively, a sterilization
reagent and an ATP removal reagent as cleaning liquids are
placed in place of the control water tank 66 of the buffer supply
section 64.

[0083]

The reagent dispensing cleaning control portion 200
electrically connects the triaxial actuator 16 and the syringe
pump 32. The reagent dispensing cleaning control portion 200
operates the syringe pump 32 and can divide the sterilization
reagent or the ATP removal reagent from the reagent tank of the
buffer supply section 64. The reagent dispensing cleaning
control portion 200 operates the syringe pump 32 to introduce
the sterilization reagent or the ATP removal reagent into a pipe,
and, thug, to apply sterilization processing or ATP removal

processing to the inside of the pipe, whereby each reagent can

be replaced with control water. Further, the triaxial actuator
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In the reagent dispensing section, since several ten ml of reagent is
supplied, the dividing or dispensing anount is small in conparison with the
hot - wat er supply section. Thus, a cleaning liquid is supplied fromthe
buffer supply section 64 to clean the entire pipe of the reagent dispensing
section. [0071] First, reagent tanks containing, respectively, a
sterilization reagent and an ATP renoval reagent as cleaning |iquids are
pl aced in place of the control water tank 66 of the buffer supply section
64. The triaxial actuator 16 is operated by the reagent dispensing
cl eani ngl ¢ éAtIRATP4 i BRI ¥82HBVE AP EEgEhECdr P st Ry DFdP2eY#< 24 onto
t he reagent di schargi ng_position 57 of the reagent/carrier container
mount i ng %e%@?cﬁ?%ﬂ?nﬁTﬁ%ﬁc¥¢ﬁﬁ%ﬁﬁ|9&ﬁ9?&ﬁ&)%ﬁ!|s operated (negative
pressure_|j pplied in the syringe) to fill the sterilization reagent in
t he syrlHt};%6 nd a buffer supply pipe 70 fromthe reagent tank of the buffer
supply sectio bsequent.| y S ositive
ql %: % ez eanlngﬁa ?ﬁ?é 5£QQ%NR%{EE é 1 ﬁ?ﬁ%@é@gég

pressure i s appiied 7n t 0 Supply er| I ZatTon reagent

from the buffer, suppl %87 c eragxggGeoseﬁ@sawv@%&etcmtmew& and

this operationis re to there fill the reagent in pi pe (step

300) . [OQJ%leremaftJIhedéMf@é&en%qdm@sqrser@rg;rml $1icw wde standby
until a bacteriolytic reaction of viable bacteria is sufficiently perfornmed

in a pipeldyniisd NEeLhed Sberihd zadt Ok f€A0Np ($t eHc 318 . The syringe
punp 32 is operated (positive pressure is applled in the syringe) to

di schar ge the sterd ldhzahbenwaeagestpp hy tde-ipique supgritche seeageant teh spensi ng
nozzle 24 to the reagent discharging position 57 (step 320). Those
pr ocessesl arfe hbnclvaided, i ditihE rgpetmeundl gti i gprocessg efnstrdr ki Z&anget he
i nside of a pipe.
in comparison with the reagent dispensing section, and thus
cleaning of the entire supply pipe is inefficient. Thus, the
membrane filter 102 is formed on a pipe of the hot water supply
pipe 50, and an inside of a pipe between the hot-water supply
nozzle 48 and the membrane filter 102 particularly easily
affected by contamination is cleaned.
[0065]
First, the bottle contalners containing, respectively,
a sterilization reagent and an ATP removal reagent as cleaning
ligquids are placed in the reagent rack 58 of the reagent/carrier
container mounting section 54.
The actuator 104 1is operated by the hot-water supply
cleaning control portion 100 tomove the hot-water supply nozzle
48 from the origin pesition on the collection carrier cartridge
holder 56 of the reagent/carrier container mounting section 54
onto the reagent rack 58. Then, the peristaltic pump 44 is

reversed, the sterilization reagent in the sterilization

reagent bottle is divided to the membrane filter 102, and the
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[ 0073] The syringe punp 32 is operated (negative pressure is applied
in the syringe) to fill the ATP renoval reagent fromthe reagent tank of
the buffer supply section 64 to the syringe and the inside of the buffer
supply pipe 70. Subsequently, the syringe punp 32 is operated (positive
pressure is applied in the syringe) to supply the ATP renoval reagent from
the buffer supply pipe 70 to the dispensing operation pipe 30, and this
operation is repeated to thereby fill the reagent in a pipe (step 330).

The | um nescence neasurenent apparatus is made standby until a reaction for
renovi ngreattrdl iif Aafileg ATPLhs BiPTi¢d i V2 PePEFHREVPRLE PIRR I using

the ATP renoval reagent (step 340). [0074] The syrjinge pu 32 is
oper at ed ¥ Ne plEsEuR e 12 iddUH i BHERS R W@;%)S’i%“d}rjs@?%r(gg the ATP

I t in th [ to th di sch L it 57 t
orovel LSS AR RO Lo Lesaen. Suosepelpd PopLiien T (ol er
ATP i i pe. .S tl h t, tank of I ti
AP L SR BRIy, 0 RS Sl Pl P el s sect o
5, P A AR RS L8 PLi LDobe, g o fblesont )

pi pe 70.1,,Th& SYEhRgenRURR 182 S0k Urdiiere. apeaL atd (ReSik WeRReSS W 1S
applied im the syringe) to supply the control water fromthe buffer supply

pi pe 70 48 the figpenstNhOpRIE08upbRe SOt Thh sopRewet trRohghrepeated to
remove and clean the reagent remaining 1n the pipe, and, at the sane tine,
new contmehbyaierfiscdst 1@, idnd eourse datoimt hies ipisedentoddt he pipe to the
nozzle tip end (step 360). [0075] A cl eaning button (not shown) of

t he | um meseehces Irastite nehta@ppar hiwsi d snaoperat |dyp whet efimort hgigpr ocesses
fromsteps 300 to 360 can be automatically performned.
hot-water supply nozzle 48 to the membrane filter 102.

[0066]

The luminescence meagurement apparatus is made standby
until a bacteriolytic reaction of viable bacteria is
sufficiently performed in a pipe by using the sterilization
reagent (step 210).

The hot-water supply cleaning control portion 100
operates the actuator 104 to move the hot-water supply nozzie
48 to the hot-water discharging position 55. Then, the
peristaltic pump 44 is rotated in the normal directicn Lo
discharge the sterilization reagent in a pipe from the nozzle
to the discharging position (step 220). Those processes are
included in the bacteriolytic process of sterilizing the inside
of a pipe.

[0067]

Next, the hot-water supply cleaning contrcl portion 100

operates the actuator 104 to move the hot-water supply nozzle

48 from the hot-water discharging position 35 onto the reagent
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According to the above cl eaning nethod, the entire pipe with small dividing
and di spensi ng anounts can be effectively sterilized, and ATP inside a pipe
can be renmoved. [0076] In the hot-water supply section and the reagent

di spensi ng section cleaned thus, the |um nescence reagent is divided from
each nozzl e and sanpl ed, and the | um nescence strength i s neasured, whereby
the presence of contam nation can be exam ned. Acconpanyi ng
automati on of | um nescence neasurenent using the input/control section 11,

the cleaning operation in the hot-water supply cleaning control portion 100
and t he ¥aagest: drifg%é?%:‘@t%]i%PH@PC‘&)%JTSOEEHSFF?%U%%V&&{} b8 ﬁgﬁ orned in

parallel at the tinme of cleanin ore and after the | um nescence
measur ementova _reag%%d'?c%ﬁrﬁgt?]%% ;?ﬁ% %%%"ag‘r ejé‘?‘ﬁ%egntmeel?%%%i%n?t * pi pe
oo S STt 16, LS R SR PR S o PR Y e
effectively nRefQlence Jes HSL $00(dflep 230) .

[0068]

The luminescence measurement apparatus is made standby
until a reaction for removing and eliminating ATP is
sufficiently performed in a pipe by using the ATP removal
reagent (step 240} .

The hot-water supply cleaning control portion 100
operates the actuator 104 to move the hot-water supply nozzle
48 to the hot-water discharging position 55. Then, the
peristaltic pump 44 is rotated in the normal direction to
discharge the ATP removal reagent in a pipe from the nozzle to
the discharging position (step 250}. Those processes are
included in the ATP removal process of removing ATP in a pipe.
Further, the peristaltic pump 44 is continuously rotated in the
normal direction while the hot-water supply nozzle 48 is located
at the hot-water digcharging position 55 to supply pure water
(hot-water buffer) from the hot-water supply water tank 68, and,
thus, to clean the reagent remaining in the pipe, and, at the
same time, a course from the inside of the pipe to the nozzle
tip end ig filled with the hot-water buffer (step 260).
[0069]

A cleaning button (not shown) of the luminescence
measurement apparatus is operated, whereby the processes from

steps 200 to 260 can be automatically performed.
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10 ... lum nescence neasurenent apparatus, 11 _. input/control section, 12

_count unit, 14 . reagent dispensing section, 16 _. triaxial actuator,
18 . _ Y-axis nechani sm portion, 18astepping notor, 18b . _linear guide, 18c
_. operation portion, 18d ._driving belt, 20 X-axis nechani sm portion,
22... Z-axis mechanismportion, 24... reagent dispensing nozzle, 26

slide guide, 28 _. fixation block, 30 _.dispensing operation pipe, 35..
syringe punp, 34 . _ syringe, 36 pIunger 38 _.actuator, 40 . _distribution

val ve, 42, 420 ...hot-water supply section, 44, erlstaltlc u
46. .. heater, MB®TIiNeaCeitDEo OV@6ﬁleanﬁ§EaW@6PBQ ggen i%d?qgﬁﬁér suppl y

I . _ hot I 52
nozzle /%w:f@r‘%w“ﬁfq%m R ed Souste” Heufo0Et BParRN i ng
osition 1 d
glschar 63??%% ny %%gnsggé;ggﬁ?%a%%&igggj %Fu%%ﬁggggﬁcerggunt %ube 64
but f er “Pga%uiect' Phad§ &scgggf%l ekfalétl@éﬁ tsw@é%lég%a wat er

tank, 70° fef” supp y pip tration section suction
punp, 76, guctEon »ar B £$@'§@@ti@nth§ Ll ection unit, 82 .
coIIectlﬁ%s%arrler égﬁgg dz p%%a . CO||€CtIng%§rrler 84 _. blower “fan,
86 . .. [spagtor nozzle head 88 _. exhaust filter, 90 _. recovery filter,

100 . _ hot-water supply cleanlng control portion, 102 . _ menbrane filter,
104 _. act uat orgT200 of @80LHrHENensd 1 o6l eank ngleonindmapowti on tiG Al VS

reagent dispensing section.

In the reagent dispensing section, since several ten ml
of reagent is supplied, the dividing or dispensing amount is
small in comparison with the hot-water supply section. Thus,
a cleaning liguid is supplied from the buffer supply secticn
64 £o clean the entire pipe of the reagent dispensing section.
[0071]

First, reagent tanks containing, respectively, a
sterilization reagent and an ATP removal reagent as cleaning
liquids are placed in place of the control water tank 66 of the
buffer supply section 64.

The triaxial actuator 16 1s operated by the reagent
dispensing cleaning control portion 200 to move the reagent
dispensing nozzle 24 onto the reagent discharging pesition 57
of the reagent/carrier container mounting section 54. Then,
the syringe pump 32 is operated (negative pressure is applied
in the syringe) to £i11 the sterilization reagent in the syringe
and a buffer supply pipe 70 from the reagent tank of the buffer
supply section 64. Subseqguently, the syringe pump 32 is

operated (positive pressure is applied in the syringe) to supply
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1. A cleaning nethod of a pipe of a |um nescence neasurenent apparatus
conpri si ng: a bacteriolytic step of supplying a sterilization
reagent into a supply pipe for hot water or a reagent in the |um nescence
measur enent apparatus and sterilizing an inside of the supply pipe;

an ATP renoval step of supplying an ATP renoval reagent into the supply
pi pe after the sterilization of the inside of the supply pipe and renoving
ATP inside the supply pipe; and a step of replacing t he ATP renoval
reagent in the supply pipe with pure water._ _2. A cl.eaning method of a pipe

of a | uriRfRS$tERdd irsadPrehhieapfardt G?ecmh%#%@hlgply pipd 7 P bctRFiol ytic
step of su ing a sterilization_rea t froma hot-water s ozzl e
fron1mhﬁ%ﬁ§§3¥ ?é?p?E?Qﬁﬂﬂﬂgﬁﬁf 9&'a F&dEi BRECar#+PBrito” %gﬁ%%%gane
filter provided in f%gipghen t he upstream si de ofeéhfb@ot wat er supply

nozzl e dﬁﬁ SPRTFRY 2 AT ST U0 the® i T ¢ 2% ATP renoval step of

supplylngégf%fJP renoval reagent fromthe hot-water supply nozzle to the
menbr ane and renovi ng ATP in the pipe; and a step of

repl acing the AJP fm@cé&@%tagd}&eqﬁuagga&g%gt he Hotevatghasypply
nozzle to the nenbrane filter wth a hot-wa

until a bacteriolytic reacticon of viable bacteria is
sufficiently performed in a pipe by using the sterilization
reagent (step 310).

The syringe pump 32 is operated (positive pressure is
applied in the syringe) to discharge the sterilization reagent
in the pipe from the reagent dispensing nozzle 24 to the reagent
digcharging position 57 (step 320). Those procesgses are
included in the bacteriolytic process of sterilizing the inside
of a pipe.

[0073]

The syringe pump 32 is operated (negative pressure is
applied in the syringe) to £ill the ATP removal reagent from
the reagent tank of the buffer supply section 64 to the syringe
and the ingide of the buffer supply pipe 70. Subseguently, the
syringe pump 32 is operated (positive pressure is applied in
the syringe) to supply the ATP removal reagent from the buffer
supply pipe 70 to the dispensing operation pipe 30, and this
operation is repeated to thereby £ill the reagent ina pipe (step
330} .

The luminescence measurement apparatus is made standby
until a reaction for removing and eliminating ATP 1is

gufficiently performed in a pipe by using the ATP removal
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3. A cleaning nethod of a pipe of a | um nescence neasurenent apparatus
conpri si ng: a bacteriolytic step of supplying a sterilization
reagent froma buffer supply section to a reagent dispensing section and
sterilizing an inside of a pipe of the reagent dispensing section;

an ATP renoval step of supplying an ATP renoval reagent fromthe buffer
supply section to the reagent dispensing section and renoving ATP inside

t he pi pe of the reagent dispensing section; and a step of replacing
the ATP renpval reagent inside the pipe of the reagent dispensing section
with confeafeRat E9tP 434%he cl eaning method for a | umi nescence measurenent
apparatus according to any one of clains 1 to 3, wherein the sterilization
reagent EONtH ns surfactant, trichloroacetic acid (TCA), tris buffers,

et hanol, and | tigﬁgnzgg; havi %%ggfas%ﬁ%%%ié%t %ﬁoé%ﬁ§pe c%g$q%$g met hod
f | umi cTﬁkF‘c Sttt Ris" C%%lv e ims 1
tgr3? mﬁg}”?ﬁ %he AR rsaRval. \reagent g @%gig% al -heast one Péasggiggg?
alkalinea%%og% éFésefaééfdxlﬁ%sp%ﬁtagg,%h xoklﬁase, adenosi ne

11 phosphaliane;a8d adengsie BResalal e AEaL185e: c1on o) RERRLCLE8N NG

nmechani sm of a m nescence asur enent pparatus conpri sing:
Those processes are included in the ATP removal process of
removing ATP in a pipe. Subseguently, the reagent tank of the
buffer supply sectiocn 64 is returned to the control water tank
66, and then the syringe pump 32 is operated (negative pressure
ig applied in the syringe) to £1i11 control water from the control
water tank 66 in the syringe and the buffer supply pipe 70. The
syringe pump 32 is further operated (positive pressure is
applied in the syringe) to supply the control water from the
buffer supply pipe 70 to the dispensing operation pipe 30. This
operation is repeated to remove and clean the reagent remaining
in the pipe, and, at the same time, new control water is filled
in a coursge from the inside of the pipe to the nozzle tip end
(step 360).
{00751

A cleaning button (not shown; of the luminescence
measurement apparatus is operated, whereby the processes from
gsteps 300 to 360 can be automatically performed.

According to the above cleaning method, the entire pipe
with small dividing and dispensing amounts can be effectively
sterilized, and ATP inside a pipe can be removed.

[00786]

In the hot-water supply section and the reagent
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a reagent/carrier container nounting section on which a sterilization
reagent or an ATP renoval reagent is placed; a hot-water supply
section which connects a butter supply section and a hot-water supply
nozzle with a pipe and conprises a nenbrane filter and a punp on the pipe;
and a hot-water supply cleaning control portion which supplies the
sterilization reagent or the ATP renoval reagent fromthe hot-water supply
nozzle to the nmenbrane filter by reversing the punp to apply sterilization

processing or ATP renoval processin% to an inside of thehgige, and repl aces
the sterddSoaits g refgeftn GroamecatPufenttsl LHBAGBRESUFE N 22RO Wa er

buffer. 7.A pipe cleaning nechanismof a ] um nescence nreasurenent appar at us
conpri si :l‘feé) from L3 12 p'FP%B SR 'orF%ﬁﬁitg'fF a B 55FK41% on

reagent or_an ATP renmpval reagent.is .pl aced; [ nt._di.spensi ng
secti on Wi EH ConAdE HHE bH%F£Fb¥J6%?§TSEEPF8AI%H8“§aP§§§§%%“ f%gensing
nozzl e v%ttgégﬂﬁﬂ%%iand conprises a syringe punp on the pipe; and a
reagent "di spensing cl eaning control portion which introduces the

sterilizati Ond&@@g&gggﬂ he  ATR (I heAgeNcd D g BidieAty operating

the syringe punp to : sterilization processing or ATP renobva
processing 4 e kRghdeehthbe phpeiocant | eplaeasahhagsbgethtzahi pn reagent

or the ATP renoval reagent with control water
the hot-water supply cleaning control portion 100 and the
reagent dispensing cleaning control porticn 200 may be
performed in parallel at the time of cleaning before and after
the luminescence measurement.
According to the pipe cleaning method and the pipe
c¢leaning mechanism in the luminescence measurement apparatus,

a supply pipe contaminated by bacteria and so on can be

automatically cleaned easily and effectively.

Reference Sings List
[0077]

10 ... luminescence measurement apparatus, 11 ...
input/control section, 12 ... count unit, 14 ... reagent
dispensing section, 16 ... triaxial actuator, 18 ... Y-axis
mechanism portion, 18a ... stepping motor, 18b ... linear guide,
18c ... operation porticn, 184 ... driving belt, 20 ... X-axis
mechanism portion, 22 ... Z-axis mechanismportion, 24 ... reagent
dispensing nozzle, 26 ... slide guide, 28 ... fixation block, 30
... dispensing operation pipe, 32 ... syringe pump, 34 ... syringe,
36 ... plunger, 38 ... actuator, 40 ... distribution valve, 42, 420

...hot-water supply section, 44 ... peristaltic pump, 46 ... heater,
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46a ... heater body, 46b ... metal pipe, 48 ... hot-water supply
nozzle, 50 ... hot water supply pipe, 52 ... suction side pipe,
54 ... reagent/carrier container mounting section, 55
hot-water discharging position, 56 ... collection carrier
cartridge holder, 57 ... reagent discharging position, 58

reagent rack, 60 ... luminescence count tube, 64 ... buffer supply

section, 66 ... control water tank, 68 ... hot-water supply water
tank, 7¢ ... buffer supply pipe, 72 ... filtration section, 74
. suction pump, 76 ... suction head, 78 ... PMT section, 80

collection unit, 82 ... collection carrier cartridge, 82a ...

collection carrier, 84 ... blower fan, 86 ... impactor nozzle head,
88 .., exhaust filter, 90 ... recovery filter, 100 ... hot~-water
supply cleaning control portion, 102 ... membrane filter, 104

. actuator, 200 ... reagent dispensing c¢leaning control portion
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CLAIMS
1. A cleaning method of a pipe of a luminescence measurement
apparatus comprising:

a bacteriolytic step of supplying a sterilization reagent
into a supply pipe for hot water or a reagent in the luminescence
measurement apparatus and sterilizing an inside of the supply
pipe;

an ATP removal step of supplying an ATP removal reagent
into the supply pipe after the sterilization of the inside of
the supply pipe and removing ATP inside the supply pipe; and

a step of replacing the ATP removal reagent in the supply

pipe with pure water.

2. A cleaning method of a pipe of a luminescence measurement
apparatus comprising:

a bacteriolytic gtep of supplying a sterilization reagent
from a hot-water supply nozzle from which hot water is supplied
to a collection carrier to a membrane filter provided in a pipe
on the upstream side of the hot-water supply nozzle and
sterilizing an inside of the pipe;

an ATP removal step of supplying an ATP removal reagent
from the hot-water supply nozzle to the membrane filter and
removing ATP in the pipe; and

a step of replacing the ATP removal reagent in a course
from the hot-water supply nozzle to the membrane filter with

a hot-water buffer.
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3. A cleaning method of a pipe of a luminescence measurement
apparatus comprising:

a bacteriolytic step of supplying a sterilization reagent
from a buffer supply section to a reagent dispensing section
and sterilizing an inside of a pipe of the reagent dispensing
section;

an ATP removal step of supplying an ATP removal reagent
from the buffer supply section to the reagent dispensing section
and removing ATP inside the pipe of the reagent dispensing
gection; and

a step of replacing the ATP removal reagent inside the

pipe of the reagent dispensing section with control water.

4. The c¢leaning method for a luminescence measurement
apparatus according to any one of claims 1 to 3, wherein the
sterilization reagent contains surfactant, trichlorocacetic
acid (TCA), tris buffers, ethanol, and lytic enzyme having

protease activity.

5. The cleaning method for a luminescence measurement
apparatus according to any one of claims 1 to 3, wherein the
ATP removal reagent contains at least one of apyrase, alkaline
phosphatase, acid phosphatase, hexckinase, adencsine

triphosphatase and adenosine phosphate deaminase.

6. A pipe cleaning mechanism of a luminescence measurement

apparatus comprising:
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a reagent/carrier container mounting section on which a
sterilization reagent or an ATP removal reagent is placed;

a hot-water supply section which connects a buffexr supply
section and a hot-water supply nozzle with a pipe and comprises
a membrane filter and a pump on the pipe; and

a hot-water supply cleaning control portion which
supplies the sterilization reagent or the ATP removal reagent
from the hot-water supply nozzle to the membrane filter by
reversing the pump to apply sterilization processing or ATP
removal processing to an inside of the pipe, and replaces the
sterilization reagent or the ATP removal reagent with a

hot-water buffer.

7. A pipe cleaning mechanism of a luminescence measurement
apparatus comprising:

a buffer supply section on which a sterilization reagent
or an ATP removal reagent is placed;

a reagent dispensing section which connects the buffer
supply section and a reagent dispensing nozzle with a pipe and
comprises a syringe pump on the pipe; and

a reagent dispensing cleaning control portion which
introduces the sterilization reagent or the ATP removal reagent
into the pipe by operating the syringe pump to apply
sterilization processing or ATP removal processing to an inside
of the pipe, and replaces the sterilization reagent or the ATP

removal reagent with control water.
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