DESCRI PTI ON ANALYZI NG APPARATUS TECHNI CAL FI ELD [ 0001] The present

I nvention relates to an apparatus that anal yzes chem cal substances.
BACKGROUND ART [ 0002] In recent years, attention has been focused on
apparatuses called field asymretric waveformion nobility spectroneters
(FAIM5) as a technol ogy for detecting and anal yzi ng chem cal substances
with high sensitivity. In such an appar at us, by changing the DC voltage and
the AC voltage applied to sensors, ossible to detect changes in the
nmobility of ionized chem cal subQEagr{é IsP Mg a fine filter and to identify
chem cal substances according to differences in such detection results.
[0003] ANALYYOR@APEARIIBISJapanese Patent Publication No. 2008- 508693)
di scl oses an ion nobility spectrometer with an ion filter in the formof at
| east onerE@,qu&ﬂrﬂnleﬂELt@at includes a plurality of electrodes. Wth this

I on nobi r{Qiqpplzlpectrom&*ter It is possible for the filler to selectively

I nput io0 accor di e potential applied, to conductive | ayer
t hat changes o Pr%%enr%h T}F&Rféﬁ?{agﬁsﬁgsa%a(ﬂﬂqy@t%é%?ﬁ AYZ8 conponent
and a traﬁ%ﬁi@ Sélbéé'@ﬂfi@sflel d conponent, and in a preferred enbodi nent,
the respective electrodes contribute to the generation of both the drive

el ectri c BAEKGROUNDWART and the transverse electric field conponent. Such
devi ce cgpgppused even without a drift gas flow In addition such

publ i cat fon di 96l ases dUNCCLOMRGNL IR bse LRSI pPRARIAL 0o o

m croscal e l@e % I’In%)lilgnal,ﬁ Illi % $ %?E ter.
0 scLosuet 6 e H%zgééw?;nmw. TR le B e o

of nicr odrlgarﬁmtwm ukn ﬁgchuamjs?@@aeraaumbv&hamglagﬂ@a:m veltaggt by
anal yzi nqarap phe AGsedtagetpplieddo sensonshiit is possiderto detect changes

in the mobility of ionized chemical substances using a fine filter and
to identify chemical substances according to differences in such
detection results.

[0003]

W02006/013396 (Japanese Patent Publication No. 2008~
508693) discloses an ion mobility spectrometer with an ion filter in
the form of at least one ion channel that includes a plurality of
electrodes. With this ion mobility spectrometer, it is possible for the
filler to selectively input ion types according to the potential applied
to the conductive layer that changes over time. Such potential has a
drive electric field component and a transverse electric field
component, and in a preferred embodiment, the respective electrodes
contribute to the generation of both the drive electric field component
and the transverse electric field component. Such device can be used
even without a drift gas flow. In addition, such publication discloses
a micromachining technology for manufacturing a microscale
spectrometer for the various applications of a spectrometer.

DISCLOSURE OF THE INVENTION
[0004]

It is important to be able to easily detect viruses and bacteria.
However, it is rare for the measurement of microorganisms including
viruses and bacteria to be carried out by analyzing apparatuses that
use an ion mobility sensor.

[0005]

One aspect of the present invention is an analyzing apparatus
including: an irradiation unit irradiating a first point with a laser; a
convergence unit causing an analysis target to converge at the first
point; and a unit analyzing a sample gas including a substance that
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[ 0005] One aspect of the present invention is an anal yzi ng apparat us
including: an irradiation unit irradiating a first point with a |laser; a
convergence unit causing an analysis target to converge at the first point;
and a unit analyzing a sanple gas including a substance that has been
irradiated with the |aser at the first point using an ion nobility sensor.
Such anal yzi ng apparatus is capable of destroying the anal ysis target
through irradiation with a |aser. Accordingly, for substances, such as

m cr oor gd1ASs ReeNtiRzadiaied mith thedases alsdhgeliesttRAINAMSIBY AhiYzed using an
i on nobi Imopiltyrsanson. t Sushpanalyzing appecatis is capabta of deistrowingaser, to
cause br ehle goatysiotangetciiiresighhiatadiatiorewdtdt adasdr.oAcoordionglypiiori ty

sensor angiyshgnesy, SHaRIe ﬁne# %mira@O@hat are tooTlae é%vségence unit may

obst S Fedeld ot %ﬁ@ .s EFhobit %e‘f% OOl Car i er
substancghrﬂﬂand Hg € %@th&ga 4@9’ lgH] S possi bl e
to synchrtBﬁ‘H:@nt @qqtﬁcﬁﬁd Hl'QE 'Ir'ﬁj' $RRSQL ?F‘Fle 6By &hek eand t he
timng ofanalysi@ ation with the | aser, and by doing so, it is possible to

i mprove tIROCH] i ci ency with which the anal ysis target can be destroyed
through irradi gtiepfomergenteas@it maeisiliadbaregunyt cenidingsthe apblydtsan i nk

j et head[ OSQ %tfétééaaﬁretdtm éac”afrﬂérr mbﬁeeqnlm ltmd@ﬁatéteaﬁaaé ysis

mar kor  sS umt c%‘g@rth%“ R eﬁgﬁtﬂ mﬁtu %ﬁ e by bel ng
I rradiat @d“ftﬁ»’ﬂ% rgg JP tIA'Iet fi e t%o%sép EH&‘? Et:al

subst ancddMim@{OR Eds r@ért‘@d} £ ft?ér WrStRNCRea @r ITHBE, subst ance by
t he i on rowdiatignswithotheatasarhamdcly dibgt sthciéds rassikie tcrtmptrméeanal ysi s
target. [theO&fficiency withhevieicanieeanalydie targdtecas de destrtyead dhrdugh udes a
mar ker chefidiatioAURRhaa tesé&nd Then@iseRarg fy tJhettwwmuuetaqtﬂﬂe Jerar ker

chem cal tlﬁé‘?@lls}’sﬂe!arb%@c?ﬁecéme B@t’arfd?zemc‘tgﬂ rﬁ;;%é%ﬁfa?

i rradi atq: 'S poss e to provi nocapsul es that react
with the y level of laser irradiation which facilitates determ nation
of the pr Ge or absence of laser irradiation and derived substances of

the anal ysi s t dhseEariensdbgiangesbauld pretarably éncludeoddnapy her aspect
of the prsssaae material that seleasasad yrarker chemical substance by being

irradiated with a laser. It is possible to determine that chemical
substances that are detected together with the marker chemical
substance by the ion mobility sensor are chemical substances derived
from the analysis target.

[0008]

One example of the marker source material includes a marker
chemical substance and nanocapsules that encapsulate the marker
chemical substance and release the marker chemical substance when
irradiated with a laser. It is possible to provide nanocapsules that
react with the energy level of laser irradiation which facilitates
determination of the presence or absence of laser irradiation and
derived substances of the analysis target formed due to such
irradiation.

[0009]

Another aspect of the present invention is an analyzing
method including steps of:

causing an analysis target to converge at a first point
irradiated with a laser; and

analyzing a sample gas including a substance that has been
irradiated with a laser at the first point using an ion mobility sensor.
[0010]

Yet another aspect of the present invention is an analyzing
method including steps of:



met hod i ncluding steps of: causing an analysis target to converge at a

first point irradiated with a |aser; and anal yzi ng a sanpl e gas
including a substance that has been irradiated with a |aser at the first
point using an ion nobility sensor. [0010] Yet anot her aspect of the

present invention is an analyzing nethod including steps of: capturing an
analysis target in a carrier substance in a liquid state;

di scharging the carrier substance including the analysis target to the
first point an@aptuEPO=AN @alvisisd@rgetin Queairigicsulptance |rh§3iqw¢lhe carrier
subst ancestabe] udes a nmarker source material that rel eases a narker chem cal
subst ance by befischadrgingithcechmidrisgbsdtaser; including drebpalysistthegsanpl e gas
| ncl udi ngofuRpdEASML dri@draidtatiig the! Edrridrsatibsiariceewithy stiagernt using an
' on_mobl Y cIFREPubeithce includfSTLHIRNIS A cReRteliaf YRat PBfada! ect ed

t oget her w he_ marker % c r@]sﬁ ILLJty sensor as a

chenica nce )
chem cal &Recic o stantedly BRq iradlallnta lBieke o ey &
THE DRAW NGS | yzing the sample gas including a substance irradiated with
the laser at the first point using an ion mobility sensor; and
determining a chemical substance detected together with the
marker chemical substance by the ion mobility sensor as a chemical

substance derived from the analysis target.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a block diagram showing configuration of an
analyzing apparatus.

FIG. 2 is output examples of the analyzing apparatus, where
FIG. 2(a) is an example where a sample including a virus A has been
analyzed and FIG. 2(b) is an example where a sample including a
virus B has been analyzed.

FIG. 3 is a block diagram showing configuration of a different
analyzing apparatus.

FIG. 4 is a diagram schematically showing how a discharged
droplet is irradiated with a laser.

FIG. 5 shows output examples of the analyzing apparatus,
with FIG. 5(a) the background, FIG. 5(b) an example where a marker
substance is detected, and FIG. 5(c) an example where a derived
substance is detected together with a marker substance.

FIG. 6 is a flowchart showing an overview of the processing of
the analyzing apparatus.

DETAIL DESCRIPTION
[0012]

FIG. 1 shows one example of an analyzing apparatus. This
analyzing apparatus 10 includes a sampling unit (sampling pipe or
tube) 11 that collects room air (sample gas) 21, a cone-shaped guide
vane (convergence unit) 12 that guides the sample gas 21 so as to
converge on a first point TP where a laser is irradiated, a laser gun
(irradiation unit) 33 that irradiates the first point TP with laser light
31, and a laser driving apparatus 35 that drives the laser gun 33 to
output the laser light 31. The analyzing apparatus 10 also includes a
supply path 13 that supplies the sample gas 21 after irradiation with
the laser via a microfilter 14 and an ionizing unit 16 to an ion mobility
sensor 18, and an exhaust pump 19 that draws in the sample gas 21.
[0013]



FIG 1 is a block diagram show ng configuration of an anal yzi ng appar at us.
FIG 2 is output exanples of the anal yzi ng apparatus, where FIG 2(a) is an
exanpl e where a sanple including a virus A has been analyzed and FIG 2(b)
is an exanpl e where a sanple including a virus B has been anal yzed.

FIG 3 is a block diagram show ng configuration of a different analyzing
appar at us. FIG 4 is a diagram schemat ically shovm ng how a

di scharged droplet is irradiated with a 5 shows out put
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One exanpl€ th t uses

a ni ckel T05¢9 ﬁst)as\? il fggvmnjaa' s 44,0 %FQﬁHéCE%F'ﬂC hat
uses corcﬁﬂi’nﬂ’ pgdnoad ﬁﬁiprbetbﬁg 40tinc a9 amelyzinunisés uv.
that controls the analyzing apparatus 10 and analyzes data. The

analysis unit 45 may be provided as a semiconductor device such as
an ASIC or an LSI, or may be provided as a program (program
product) executed by the CPU 41. The analyzing unit 45 includes a
controller 46 that controls the laser driving apparatus 35, the FAIMS
sensor 16, and an analyzer 47 that analyzes the data of the FAIMS
sensor 18. The analyzing unit 45 may include a function that
acquires environmental conditions such as the temperature, humidity,
and pressure of the FAIMS sensor 18 via appropriate sensors and
corrects the data obtained from the FAIMS sensor 18.

[0016]

In the analyzing apparatus 10, the sample gas 21 flowing in
the sampling tube 11 is concentrated (i.e., is caused to converge) at
a limited location (area) by the guide vane 12, and such converging
point TP is irradiated with a laser. Accordingly, viruses and/or
bacteria or the like included in the sample gas 21, as well as cells
inciuded in the sample gas 21 and other macromolecules such as
proteins can be destroyed (broken down) by the laser 31. The laser
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[ 0015] The anal yzi ng apparatus 10 al so i ncludes a control apparatus,
typically a personal conputer (PC) 40. Control of the analyzing apparatus
10 and anal ysis of data obtained by the FAIMS sensor 18 are carried out by
the PC 40. The PC 40 includes typical hardware resources that construct a
conputer, such as a CPU 41, a nenory 42, storage 43 such as a hard disk
drive, and a bus 44 that connects such conponents. In addition, the PC 40
i ncl udes an ana unit, 45 t hat troI t he anal yzin pp us 10 and
anal yzes i 83 ﬂ%’fﬁ’ %a@")‘/\él Vu?ﬁ’tca@g Tﬁ WIM&F‘Z@‘%&§ iﬁﬁfﬁiuct or
devi ce symTtaofaellasiprobeingn ardhe kike Nﬁlvelfﬁa fp@@ﬂﬂfbat@@%hpiﬁdgﬁah ( progr am
product) axckondpdey dddc€Ridpable Dfapplging appropriatd erergyutetha
control | 9§an4§|é EN zspmié Ql I%s@ﬁeshéﬁ%s érU\VIIage'a@a@rraxusaﬁ%sémemél VB
sensor 16, —anfo“é 3%? % gﬁftﬁetﬁﬁcr% @er0i4tt6 kALMS sensor
5 F‘F%E e

envi rTQﬁne %%*?'% Ehydha ERQV' "%ﬁ”%r 308 essure of

t he FAI nsors and corrects the dat a obt ai ned
fromthe 6 sensor 18. 0016 In the anal yzi apparatus 10, the
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FIG. 3 shows a different example of an analyzing apparatus.
This analyzing apparatus 50 includes a sampling unit 51 that draws in
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[ 0020] FIG 3 shows a different exanple of an anal yzi ng apparat us.
Thi s anal yzi ng apparatus 50 includes a sanpling unit 51 that draws in
primary sanple gas 21 froma roomor the |like and a convergence unit 52
that causes the analysis target (that is, the m croorganisns or the |ike)
included in the sanple gas 21 to converge at the first point TP and being
irradiated with the laser. The sanpling unit 51 includes a draw ng nozzle

51a and a sanpling punp 51b., [0021] The convergence unit 52 includes
a capt ur TMAYSSADRE gﬁés%birqrﬁleaﬁppﬂaw etk Uk ALOMINIENCEd by t he

sanpl i ng ynitb Siinat oa vseh the caralysis target {hitat B the Migeargaei$NsSOtause
t he m cr dbiegitive s ircladettia theksaiple gdwdedo convergaaplthegastoind be
ggptured TP ahleh e i@a%mgdaﬁlthgtr@ R g'ﬁhé@atrnéﬁng[lﬁiltlc!ilin’(tfmd?ﬁ t]pe t
rrier [ or e like to the firs
poi nt TP, Oﬁﬁlw% tllréa Hgoénvgn?% carP|§eir]§substance 29 to the
dlscharg . [0022 p exanpl e of rier substance
29 in liquid f £ nMﬁYé‘?nc%Hﬁ“q ézt'ﬁélli‘%ﬁ rmle? %g Sgﬁh?ﬁutbbl ing the
primary sRARses RpriMary aample gar 24 colberts gnbmseosamﬁémgu REMID incl uded
in the pr5hmmrcslaglplaecgmeambsmma@nwIamemi form o emuse te. The capture
unit 53 imdrodeganisres vl theBhke R imilxdedtinethe sanylgagas@d to behe |i ke 22
and the veif{iré |art¢heacér+ri@r §§ 29185 disE RS uhltes aahak cﬁgcﬁa)rgtésetmessel
change t R TS e 290ty LB Mgr% E@S‘ﬁ“g'd*"'ﬁg o @ R
vessel g‘es}qlacﬂ,mgt{g’;qugg ."}fg 59 th[q %f %ﬁ:a?ﬂ ?"ib\é'y%%ﬁée SSI bility
of a slid® groeynit possi bl e to reflect the state of the

mcroorga[rﬂQsZﬂs] or the like 22 in a roomor the like in the water 29 that is
the carrier sulfstypical exachpleeof a Ganrieal substansea?®.in[lepad]formis  The

carrier zwéﬁérarmj %thérddmwermv@@s 8y mrdmnrngsm peiratersamhpld. The

ggrngg;pg rg apsﬁ% et ﬁ?@{e i?ﬁ%%%%%‘éf‘“ﬂ%ﬁggiﬁﬁe“f ed.

Na 4 9 Z fied
nocapsuf{l mq% N e

t enper at &P

the rel edﬁ’eth%ékﬁaz%@nchmwers% anghadinerpdanthafcaprplies tBRNpEE

pr ef er abl 20 tavbeavessal 53t By sapplyixidnaneughtwateade faom e rﬁumziw gani sns
or the |ilke B3a tmtreguarijhehangkeyidies wiategénsideotheexaspeleS3biwhileapsul es,
subm CrOq@mhg&h@wagﬁhhethec\méleﬁwéhaas@hf@mw |6hg Ctniqeto a few pm

more prefapabl iy ach‘é\‘@ﬂ%jthte p At d@? p(rﬁ,f”qar Ms ibl® td00nm
i ke e R
nel ani ne- f %W@'@rr that dpd0eeargiar $'~éti?§ ﬁté‘t?l\g’é dAPIE& that use

an i nt er fmeastaisl yneri zatlon met hod. In the case of capsul es made of
pol yur et H0023bot h t he pol yval ent isocyanate and

The carrier substance 29 further includes a marker source
material 60. The marker source material 60 includes a marker
chemical substance and nanocapsules in which such marker chemical
substance is encapsulated. Nanocapsules are heated by irradiation
with a laser and when a specified temperature is reached, the
nanocapsules melt or sublimates and discharge the release the
marker chemical substance. The nanocapsules should preferably
have a size that is approximately the same as the microorganisms or
the like 22 that are the analysis target, for example, microcapsules,
submicrocapsules, or smaller capsules with a diameter of 0.1 to a few
um, more preferably around 1 to 1000nm, and even more preferably
1 to 100nm, with there being a number of methods of manufacturing
such capsules. Polyurethane capsules that use polyvalent isocyanate
and melamine-formaldehyde resin capsules are representative
examples that use an interfacial polymerization method. In the case
of capsules made of polyurethane, both the polyvalent isocyanate and
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t he pol yhydroxy conmpounds are di ssolved at the sanme tine into the oi

phase, such substances are enulsified and di spersed in a protective colloid
aqueous solution, then the tenperature rises further, and a reaction occurs
to formcapsule walls. For capsul es nmade of nel am ne-fornal dehyde resin, a
mel am ne-f or mal dehyde prepol yner that can be soluble in water is used. By
adﬁlng sucg prepol yner solution to an 0/ Wenul sion where an oil produced by
nmelting a ye recursor has been emul sified and dispersed in a protective
col | oi d dejEcROky hysirgky i AR Uneisna i issedv et @tdher $ tlm%'mﬁh@ aci di c
regi on (vait phaspHsuf:hBSLttlstanpepcarﬁn@mulsl I@dp@@dtcbﬂpelﬁsﬂchm @ Winterfaces,
resul ti ngrioteodnecanivid g uesumsohtrimetherAthe¢ tenperta¢ate visesol [ oid, it is
possi bl e fethise shsal &éadﬂudmahcuf@eé If@fm espsileaqhfls C d@;ﬁs@lbgt pronot es

a_pol VCO'W\%EI% fﬂ{béﬁﬁﬁ%: LRIFR é’srfh” 'rfrféflgﬂnﬁéhﬁbﬁi %%'h

exanpl es, ShyLen | gne and
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capabl e oneliéngg@ amea?rﬁmuama huars b@m ylpified andl gispaigediini g when t he
nanocaps yrededtive aimyd dquenld solution Bedrrki‘ramhe@mmg andestétring én @ ef erabl y
not have \eakk abidic eegivt ¢withhapHerfiy ed 6)yhsilgnvasis dbpositadeorpr oduced by
the micr éél@EV\F IBePfaddie rdskifting iRHdlhIEiREs HRg btailfed A58 thar e

neasur ed L, LRg, %d\@.aerts%ga&.bwwusbea *&s b %ﬁQPFu {%?% %@saﬁnd e
il

U

aromati c ‘tqQ
S the, carrier

di schar g@QiGtal St itey OTHates o palycnfdshietipiedsti
subst anceMel@mning-fosmaldeny g asie (REREMBRR @ SRYIRNS HIGAEY he
m cr oor gapplynsenra chpolywer f stywane ant maleic apbiyitrides ae@PRIYE&d dri vi ng
appar at usofsétiyahedmd esaleie aintly dride, hgach &Babic)@2@&] polyacryl).

[0024]

The marker substance should preferably be capable of being
encapsulated in nanocapsules and of vaporizing when the
nanocapsules melt away. In addition, the marker substance should
preferably not have peaks that coincide when derived substances,
which are produced by the microorganisms or the like 22 being
broken down by the laser, are measured by the FAIMS sensor 18.
Volatile hydrocarbon compounds and aromatic compounds are
examples of marker substances.

[0025]

The discharge unit 54 includes an ink jet head 55 that
discharges the carrier substance (water) 29 including the marker
source material 60 and the microorganisms or the like 22 toward the
first point TP and a head driving apparatus 56 that drives the ink jet
head 55.

[0026]

The analyzing apparatus 50 further includes a sealed chamber
57 that includes the first point TP where the ink jet head 55
discharges droplets and the laser gun (laser emission unit) 33 that
irradiates the laser 31 toward the first point TP inside the chamber 57.
The laser gun 33 is controlled by the head driving apparatus 56 so as
to emit the laser 31 in synchronization with discharge of the ink jet
head 55.

[0027]

The analyzing apparatus 50 further includes a pump (fan,
biower) 58a that supplies carrier gas 24 to the chamber 57 and a
microfilter 58b that filters the carrier gas 24 supplied to the chamber
57. Inside the chamber 57, the droplets 29a of the carrier substance
29 including the microorganisms or the like 22 and the marker source
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The anal yzi ng apparatus 50 further includes a seal ed chanber 57 that

I ncl udes the first point TP where the ink jet head 55 di scharges droplets
and the |l aser gun (laser emission unit) 33 that irradiates the |aser 31
toward the first point TP inside the chanber 57. The laser gun 33 is
controlled by the head driving apparatus 56 so as to emt the laser 31 in
synchroni zation with discharge of the ink jet head 55. [0027] The
anal yzi ng apparatus 50 further includes a punp (fan, bIomer{B58a t hat

suppl i es E@terial 6§agreyaperized and ARStrovedhy E"@ﬁ“@l‘i@ﬂ witd thedasert
filters the. darthesagss way asiplihedanalysie appardtus 82scribeddabovie, chanber
57, the drampiertgasfsecdndane sanplergasib2banckididgithel ddstroyele
\Taggg?;gaéu nebs (i k@\@ﬁma@m%le1aaﬁ§%rt\%gurggetpé§bwllﬂbt@@tggsr%m "
as in thga;%%g%ly%%{)a% Zgﬁ%gﬁgoeﬂ%ove carrier gas (secondary sarr%l e
as) 25 i the destro bst ances sses rofilter 14, is
?onl)zed by t he filkhi%iSRY emﬁtﬂgalg's Aaw's O\é’nﬁlcﬁ?@ tbég?ffg? Br'dehsor 18.
[ 0028] SUbStaFIKIGLZQL lswadmﬁeaawnt;h e esatodd dngidspthe chaanber &e carrier
subst ancew?@n a drnopdei 20adisvdisbhaihged fisemn Bie inlsjelehedd Shaimber 57. Wien a
dropl et dkﬁro@humd”@ﬁ g¢ith fthendisbRatgé tirAindledre Rseri 31 sy rehrtead zation with
:gesglﬂsﬁ g&ﬁ;ﬁ%@ s¢ ét%.k%*tﬁé &g Té% %a%tlﬁ%eﬁrwaoﬁﬁstsgl as_
t he drople}% #z % :h 5 t‘n% d%? @ E?Jgjdfr ﬁﬁg%rrgeﬁ et 29a
in picolif2tng CP@ rch ?J 9 Wq &IQB&CO ?Egrt YaldEr '@lt%t ri kes and
nelts or YRRRANZELONS tikes and Br¢lEs OsPraRks HRWR &®or gani sns
or the | |m@rker|snu|r0elénater|alh600&mbltbe rderoofgan@ms or the fike Zanocapsul es

61 of thanu:ajd@dnsdzheqﬁfdmeteaeal 60 are constructed of a material that
nmelts or down r api dIy due to the energy of the irradi ated | aser 31.

Accor di ng Y, %ﬁ% ii‘né’ﬁkélh?ou yay and the
et S rssﬁgﬁﬁqee? SR B,

down by tihe ?ﬁ@ﬁgy n'&riqll'@ﬁ?‘éé@ &L %t aﬁE%@r igg 5‘@5‘
derived fobsteuek biYcl'lhﬁ) i 3henelt awaylang the @ﬁékﬁbﬁﬁétamﬁ%ﬁt er| al's
are rel eazrchpsijatdéain \themammca:mulesr&gas réleasiedal Ay thiergarpe fimean t he

chamber Stheamithsorgeeosehd or shenike Basarbaldo0888royed or broken down
by the laser 31, and chemical substances (derived substances) 26
derived from the microorganisms or the like 22 are formed. Such
materials are released together with the carrier gas (typically air) 24
from the chamber 57 as the secondary sample gas 25.
[0030]

The laser gun 33 may emit the laser in units of picoseconds or
femtoseconds. By emitting a femtosecond-pulsed laser, it is possible
to destroy and disperse molecules more precisely so as to generate
derived substances without vaporization or sublimation of the
microorganisms or the like 22. Also, in the same way as MALDI
(Matrix Assisted Laser Desorption/Ionization), it is possible to add an
agent, for example, metallic powder, that absorbs laser light to the
carrier substance 29 and thereby suppress vaporization of the
microorganisms or the like 22 by the laser light.

[0031]

FIG. 5 shows examples of outputs (spectra) of the FAIMS
sensor 18 obtained by the analyzing unit 45 of the PC 40. The
spectrum in FIG. 5(a) is one example of the background, where a
peak (RIP) P1 showing the moisture in the air can be seen. The
spectrum in FIG. 5(b) is an example of the secondary sample gas 25
obtained when droplets 29a of the carrier substance are irradiated
with the laser 31. The marker source material 60 included in the
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The | aser gun 33 may emit the laser in units of picoseconds or

fent oseconds. By emtting a fentosecond-pul sed |aser, it is possible to
destroy and disperse nol ecules nore precisely so as to generate derived
subst ances wi thout vaporization or sublinmation of the mcroorgani sns or the
like 22. Al'so, in the sanme way as MALDI (Matrix Assisted Laser
Desorption/lonization), it is possible to add an agent, for exanple,

metal | i c&oMer t hat absorbs |laser |ight to the carrier substance 29 and
t hereby sloplekss29agsrirmastiated by theclasesrdbegeha o P2 ARPEAKE dRE by t he

| aser |i glotthg 6el@bksing of thernarkar shbstaeeaifd.es of outputs (spectra) of
the FAI MJOg8®Bpr 18 obtained by the anal yzing unit 45 of the PC 40. The
spectr Um In Fl q’hésféctr%m‘?’?ﬁ FPRNpY |§faﬁ61<heti‘9é>@rh &f tW@ee‘,@céh (RIP)
FL show gy, Ghthlh &‘W?éﬁt @fa#ag; e9 %go figmin FIG 5(b)
i

f
e Car 11 L fchiitigis Pa%%q oS P2 our oo
sced Yérr?

mat eri al Yothe\B1arked suPstReceHH R alinetbg erﬁé | aser 31 and
a peak sto;,ﬂﬁemtdtlélﬁ@ ncduded enaihegdmplet&marw&h Hipdaseicdles2. [0032]
The spectpeaks R3FRiE 3K of the cherital sebstpheesthatareatanivedy sanpl e gas 25
obt ai ned sﬁmahhésiﬁ@rﬂbﬁtgﬁ rodutde warradiatiorbefanee are irradiated with
t he 'aserm?’émo'rgal atl%éd?“%ﬁé)h Eezf@ﬁlfh ﬁe%séh%l”?bé@érsumta“ce 62

pr oduced @%)aj mar ker source materia I ncluded in the
dropl ets h the, laser 3 eaks P3 RP4. of the _chem .cal substances
that are deri vi&%aﬁé %E@M%"&Sﬁ@ﬁ ?géuéeﬁ‘clwd?? ﬂ‘“}ﬁtf% of the

ni cr oor gdiHBREOBrURIkE 48 iatodetgrmingse h%tsthe peakgjtan The
anal yzi ngchemical Sulistances datectesd togethrrswith tine ek E’Emfcitha)n unit) 48

t hat det enairkes chkeaticahsupstdisce’Byaind: PAIMES sérsorcdB arebshantieal det ect ed

t oget her s\/uﬁsltah%}ésmwé’a fﬂimtﬂfé ﬁﬁtk@ér gm‘sabr gHBSan 29 thatt e FAI M5

sensor 1 Nceafda g% L irSn &G heabAGE HFs or the
| i ke 22 t g/%r%ﬂ A §1
. & F BRCgigRd, edies, of Ybs ?
;grﬁgdoprmwﬁérq%%g%w N r@?} ézéﬁg L

anal yzi ngUniki45 ¢5tnmtasatr& chﬁénn@abﬁubatambaﬁ@@@rbm@cpeﬁk& R8 qntks P3
and P4 arR¥ iatehiddritifies blaat the microoogghisinssordhet hike 124 eoapprisimgr i si ng

such chemgged chehsitansebst®ices wergdadiuded hetheiprimargagrmelggas2l [ 0034]
The anal yzer 47 uses a chemi cal substance library stored in the storage 43

and/ or agﬁqtﬁ dat abase or i brary capabl e of bei ng accessed via a conputer
net wor k eJ ntern«]et tg anal yze the. chem,c tance (g find the
m cr oor gani sms Q1€ PRETY38e ¥4 f}%ﬁﬁmﬁfﬂwi’éé&‘? %ﬁé e were
derived udiengt %’aﬂﬁtﬁgcﬁnﬁfﬁf %.%Otﬁﬁ"“ database Pré ﬂh@éﬁ’a '@9
anneal i nggcaassrdf vial @ camnpatémpetwodepstthe Intgsnetnt a@@d;yée ﬁbar al network.
Not e t hatchemicalgubdtancessrdi€indothemicheorgertigmsigr appdilee @2 ffdmhat are
the same @hidthguanaherhits| 2ppRtahess Wekaderibeenusing mMethde stfeas
ref er ence, JWHEE #ebind thatfdels! RimeMatdaRfkating® thebRt%ield annealing, a

genetic algorithm, and a neural network. Note that parts of the

construction of the analyzing apparatus 50 that are the same as the

analyzing apparatus 10 have been assigned the same reference

numerals and description thereof is omitted.

[0035]

FIG. 6 shows an overview of a process where the analyzing

apparatus 50 analyzes sample gas by way of a flowchart. In step 81,

the primary sample gas 21 including the microorganisms or the like

22 that are to be analyzed is collected and captured in the liquid

carrier substance (water) 29 by the capture unit 53. Next, in step 82,

the carrier substance including the microorganisms or the like 22 is

discharged toward the first point TP using the discharge unit 54 that

includes the ink jet head 55 and in synchronization with such timing,



[ 0035] FIG 6 shows an overview of a process where the anal yzing
appar atus 50 anal yzes sanple gas by way of a flowhart. In step 81, the
primary sanple gas 21 including the m croorganisns or the |ike 22 that are
to be analyzed is collected and captured in the liquid carrier substance
(water) 29 by the capture unit 53. Next, in step 82, the carrier substance
I ncl udi ng the mcroorganisns or the like 22 is discharged toward the first
poi nt TP using the discharge unit 54 that includes the ink jet head 55 and
i n synchriorsteat 83rthei lalses giin BBnemnts the laserp3 83oward Exefirgupod® enits the
| aser 31 TRpward the first point TP. [0036] In step 84, the secondary
sanpl e ga[sgo’Z‘jsi ncl udi ng the substances that have been irradiated with the

| aser is anal yzmdgt%b hey AN S8R Or éﬁats BEIKBinS thet ance 62 is

det ected j et erm.ni . ' eaks
P3 and P& scg@ﬁs Pg&?ﬁi B%er@aﬁ%ﬁgﬁt @g@%%ﬁ%&%@% &’
cheni cal F RSN kB JEGNEITHRTKRE SHPSFHAG &% SndelsiCteddN $469 82/ and i n
step 86, theedairmmyining funstionnd8«determinesdbatithe peakobSgaRdRfE or the

li ke 22 idetiected together wdttpklee gaarikar themicaksebstancs 62udrs ances. In step
87, the Rbetbiddisubstapoés deriverd fiiomttte micrashgaedsmscoobingdikesi® or the
i ke 22 usidig ishep Be PHRY ahBEAdroD7 WstifgtECofUeiucs g s to an exter nal
machine qhyd o, éEF‘srﬁ%%ratl'quﬂPHtﬂ G LERENPHAD 8RR IBSAS DA A%im thR037]
Not e that _al tho an exarrpe\#jger ﬁ r Egnls Q e like 22 are
captured ?*}ﬁfH"ﬁ bc?t@QF‘F? rIn_s SZC@ 556@5@2 H é&-b ce_n'a]teri al has
been desc@§thBated r dedvced raigrepEgRRISHRS OF 86 lked 1 BEing: thadisPiayy

i nst ead Hengtionr @EEhe s dénee outpets te R exterinad évaghiyeepr theddee ¥éa an

or gani ¢ sakeemputdrmetidotk suchtdwetivalntemetubst ance 29 may be a materi al
that can ffpp3ppverted to a marker substance by vaporization caused by

rradiati on Wb fh”éteél-thbhghsarﬁ'eiﬁrH REGARSR thd thivAGDlS ﬁiBﬁwsSBFE ° 32
my b S I Rl e s
t |1 't >~ 0038
|ﬁm)rr3;§ fm@IYdQS’éQ@hWQEG'T apd iﬂﬁ&%@@éﬁ%g,mﬁﬁk%ﬁkggt@?ﬁﬁ {tselfgthaty sect o]r, it
i s extrenmtoduagsoa sanell t sudtetascan argameaisphentar inwdditipns ébegatrisict eri a.
However, subdthecpa®d may rxeai matesiatlithat cahtbé acoswectdd toia noargani snms or

the 1ike QyqtaRkE 5y vapoN¥BiciPBSA5ed THE rEURItRSH 9Ath SRaserr, theisl | ke have

of ten beeé] BYH ¢ S tha IS &k iActifdi sor. According to
g VRRSSAERRg (e dih

e, el T A MG il g s

nosocomi a@@ S BSh@BREOPHAER RBMMIEdiat- 19¢a%IoR thRt i3 tPMRoRallY | ose

to real tomepatiallynsepaiated éromodedpnalyzing apparadusnal yzi ng appar at uses
descri bed)B8F, by using an ion nobility sensor such as a FAI M5 sensor, it
i s possi bl e to Jgetrely fibfdPsasREefodd protessingnirmedicime} badl tHee and to
deduce 1 NgailyRRRLGH, 1€ ARFEMAY T gUrtahe th 'd@%gtf‘ anRhnklyRR Pariphgse to
R e e L ST R
thing g specify microorga s{ns or theqike B’Q aprJTp?Iymg a Eﬁﬁlflgssensor, Sudh ’

microorganisms or the like have often been avoided as measurement

subjects of a FAIMS sensor. According to the present invention, the

benefit of being able to specify viruses and bacteria to prevent food

contamination, nosocomial infection, and nosocomial contamination

and in other medical fields in real time or close to real time is

immeasurable.

[0039]

In the analyzing apparatuses described above, by using an ion

mobility sensor such as a FAIMS sensor, it is possible to detect the

presence of microorganisms or the like and to deduce the types of

microorganisms or the like in real time or close to real time. Also, in

addition to the viruses and bacteria included in the sample gas, by

destroying (breaking down) macromolecules such as proteins, this
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anal yzi ng apparat us enabl es such macronol ecul es to be easily detected using
an ion nobility sensor. Accordingly, in the sane way as other chem cal
substances, it is possible to carry out characterization of a plurality of
viruses, bacteria, proteins, and the |ike based on information on ion
nmobility and the Iike obtained froman ion nobility sensor. Al so, by
constructing a database including information produced by characterization,
it becones possible to estinate and specify a plurality of viruses,

bact er i a,an@lypzigighappanatushenables sischgnaofamateculesitol bgseasilyn anal yzi ng
appar at ugietetted sisity amnion hashitity sengor! Acaodirglyndn ahei samepaiayt with a
laser: as othdl ERENAESLAGStUMcesC A PEsABIEAIcerry dudr get to converge at
the fi St Ef%rifé\gon of a plGraifty ofivifudds "HatedPorotefits, A4 4deng a
substanﬁg. @s een L1 i at W i é\%;ﬁ{ & t%ts ih gtr 88‘} nt using
an ion nobig Peged Qik gyror .aﬁ%%%y i g? ) C "5 aim 1,
wher ei n taibIQdMRPYE&eNgdrt Alser Ryesonstructing;a gatabasg<NP4iRg anal ysi s
target tdnferoagoorpwduced byr¢hariackenzatiane it hegomeasupassibig 9 and

a di scharagtirgat@iandspetify @i purality ofirvireses ubadttaeniss proteind, rand fibeanal ysi s
target tQqikdasing softheirel. 3. The anal yzing apparatus according to claim 2,
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wherein the carrier substance includes a marker source material that

rel eases a marker chem cal substance by being irradiated with a | aser. 4.
The anal yzi ng apparatus according to claim3, wherein the nmarker source
material includes: a marker chem cal substance; and nanocapsul es

t hat encapsul ate the marker chem cal substance and rel ease the marker

chem cal substance when irradiated with a laser. 5. The anal yzi ng appar at us
according to any of clains 2 to 4, wherein the discharging unit includes an
ink jet head that discharges the caCEABMSsubst ance i ncluding the analysis
target. 6. An analyzing method conprising: causi ng an anal ysi s

t ar get tolcgﬁvag{é]gzm épbb?éﬁusp@bfﬁ ridihadi ated with a | aser; and
anal yzing a Samgy frgdaridif LN MadiatiRy bSe ddiAt vies bregers rradi ated with

e ﬁiﬁrcé‘ﬁpﬁgf.%éoﬁxa&& SN Cataings 2%'gé%yﬁa%%‘?‘fér#”evr%%?;%i'e”?n a

liquid sttiee har gi ng the carrler substance including the

anal ysi s targetd tit dRakyizing apeamplagps nchediag apubrapsertingt Rambst ance

with a | dsesn itrbdiated with the laser at the first point using an ion mobility
sensor.

2. The analyzing apparatus according to claim 1,

wherein the convergence unit includes:

a unit causing the analysis target to be captured in a carrier
substance in a liquid state; and

a discharging unit discharging the carrier substance including
the analysis target to the first point.

3. The analyzing apparatus according to claim 2,

wherein the carrier substance includes a marker source
material that releases a marker chemical substance by being
irradiated with a laser.

4. The analyzing apparatus according to claim 3,

wherein the marker source material includes:

a marker chemical substance; and

nanocapsules that encapsulate the marker chemical substance
and release the marker chemical substance when irradiated with a
laser.

5. The analyzing apparatus according to any of claims 2 to 4,
wherein the discharging unit includes an ink jet head that
discharges the carrier substance including the analysis target.

6. An analyzing method comprising:

causing an analysis target to converge at a first point
irradiated with a laser; and

analyzing a sample gas including a substance that has been
irradiated with a laser at the first point using an ion mobility sensor.

7. An analyzing method comprising:

capturing an analysis target in a carrier substance in a liquid
state;

discharging the carrier substance including the analysis target
to the first point and irradiating the carrier substance with a laser, the
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carrier substance including a marker source material that rel eases a marker

chem cal substance when irradiated with a | aser, anal yzi ng the
sanpl e gas including a substance irradiated with the |laser at the first
poi nt using an ion mobility sensor; and determ ni ng a chemi cal

substance detected together with the marker chem cal substance by the ion
nmobility sensor as a chem cal substance derived fromthe anal ysis target.

carrier substance including a marker source material that releases a
marker chemical substance when irradiated with a laser,
analyzing the sample gas including a substance irradiated with
the laser at the first point using an ion mobility sensor; and
determining a chemical substance detected together with the
marker chemical substance by the ion mobility sensor as a chemical
substance derived from the analysis target.
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