; e3e\ H>6t T8Q SPECI FI CATION  TI TLE OF THE | NVENTI ON Chem cal substance
detection apparatus and chem cal 5 substance detection nethod TECHN CAL

FI ELD The present invention relates to a them cal substanc "
apparatus and a nmethod for nmeasuring a chem cal substance ;@ﬂ\ﬁ\y@@m{mﬁm\l on,
and nore particularly to a chem cal substance detection ap and a
cheni cal substance detection nethod, which are used for detecti*¥**with

hi gh accuracy, a dioxin or a precurSBEGIREEABIONoNt ai ned in’ gt
amount in the exhaust gas from for exanple, a refuse inci ne*@w\ﬁ‘ﬂm“ﬁwm@m
15 BACKGROUND ART Recently, for reducing dioxins contained i exhaust
gas froma refuse incineration system attenpts are being made t'®%€asure

in real tinme ™WToE OF PHEPINENIOON t her eof contained in the exhaust gas and
20 use the neasurenent values for controlling conbustion of the

i nci neration furnagshenhittr) dudstaceragtdidreappapstusidiy Bhamicaisol ution
GC/ M5 (gas chromat ography/ mass spectroneter). However, this nmethod requires

cumber song prs%ﬂs??ﬁé@ﬁgt@&%n thegt!y, a tinme of fromsanpling to
obtaining a result needs several weeks so 25 that it is not practical to
use this nethod where real -tineness is 2 required. An on-line nonitor is

known in which dioxins or precursors thereof contained in exhaust gas are
ionized by a ri essure chem cal ionization nethod and the
resul t ant iogﬁﬁ&ﬁmtﬁ%ﬁbby means of a three-dinmensional tetrode nass
spectrometer. 5 The_on-|ine nonitqgr has been described in detai]l .in.
Abstracts of the 1%”? Ebﬁﬁee'?téﬁ(‘f@nﬁﬁﬁdegafteﬁgﬁa?ncéﬁm'%?e'ys%a@\%?geﬁ%‘ﬁé@fbmnt

Experts, and see the literature if necessary. .
apparatus and a method for measuring a chemical substance

10 concentration, and more particularly to a chemical substance detection
apparatus and a chemical substance detection method, which are used
for detecting, with high accuracy, a dioxin or a precursor thereof
contained in a very slight amount in the exhaust gas from, for example,
a refuse incineration system.

15
BACKGROUND ART

Recently, for reducing dioxins contained in the exhaust gas from
a refuse incineration system, attempts are being made to measure in
real time dioxins or precursors thereof contained in the exhaust gas and

20 use the measurement values for controlling combustion of the
incineration furnace. The dioxins may be measured with
high-resolution GC/MS (gas chromatography/mass spectrometer).
However, this method requires cumbersome pretreatment and, currently,
a time of from sampling to obtaining a result needs several weeks so

25 that it is not practical to use this method where real-timeness is



However, the atnospheric pressure chem cal ionization nmethod 10 15 has the
following problens. First, the sensitivity for neasurenent of nol ecul es
which are hardly changed to negative ions2is |ow due to its measurenent
principle, and therefore the nethod is difficult to apply to control with
high precision. The ionization probability of a chem cal substance to be
nmeasured is largely affected by the gas conposition of an atnosphere. Thus,
for determ niraquaedondamondineomarfitarhie ketoavn oawhdcibsliexioe of poacuredraeasur ed
el ectric signal intensity by making calculation, it is necessary to use a
chemi cal subsheres conthaied ige 2ia extpeas ave idhizedtppean atmosphetier nal
standard sanple, increasing the cost for the neasurenent. In the

at mospheri ¢ [yr8§§UfeecRERMTEHabniRNickeine?RodRiniothe WG NYeHes aréy, a phenol
is detected wherein there is a correlation between a phenol and a dioxin

Wi th respect hgalliedB)GREASLE AUAEE. AU Bt Adsydpediiditieter

sensitivity of neasure wever, the phenol I kely to be deposited

on a pi pesandrtNBRAIRL fdrifor FAObeRldd¥dridet fPBIAAR! Sosaths Shedfhihevi N
a neasurepient W I'gh sensitivity, piplng |is require 1o be I mprove vv:th
: o A :
o di sadvant 5ebece a0l affpan SSURE HOnGRSE BRI RERL FABS O ABR N
t he accuracy of he,maa?ure nt. Further, when a substance which is nore
s I teRatyseat aroas

easily ioniz S8 be neasured is present in the exhaust
gas, such a 5 substance is first ionized, thus making it difficult to
accur atel y measur e Howevepdharaimasphesicarassusa chemicat nizafiermatbed e. g. |
trichl orophenol), which is an optinal_index substance of the dioxin

concent r at i orhdsotheofmlodwingaweplerssnotFiegtwthyes sansidivity far measxesgstafnce for
anot her furnace since there may 10 be a difference between the one furnace
and anot Hér vnbleoutspedtich areHmrdiypehangédtoaesyabivet ibasdenawtdumto fter
conmbustion, and thus, the nmethod which can neasure a single precursor has
only poor genaeabummhpaspripcimer ahdshetefoos liee methdsl, isadiffetuiod dpplyrig

i nproved general - purpose properties advantageously can detect 15 various

types of chengdgitbolSWitR HAGK PFebisian t aTFﬁéUéh_btaitﬂ‘onp@r‘tﬁja!ﬁilﬁP/ dfhechearieal an
obj ect of the present invention is to provide a chem cal substance

det ecti on appﬁfbasttﬁﬁcérﬂg e AlEIEFaY iﬁW%ﬁe@%&%XitﬂB B6fhpodhticih ofan

achieve at | east one of I nproving the sensitivity Of detection of a

chem cal Subsé@%iﬁg%@ggf%deﬁ‘ﬁgge%r %%eirm?ﬁ iﬂpir]ggﬁhggpféﬁgi‘épcgf tﬂ@t&fgﬁ%h‘)f

the chem cal 10 be deét ect to su n e that the co stion
PO A N RN G e R T I R S
furnace, and crzglgldf:ait%%,tithi% r(\:gget:-ss]:aorgl tE)hL?sedgtc Cetrriﬂ%gl EﬂBisParR%%t c::onztSaining]1 an
expensive C isotope as an internal standard sample, increasing the cost
for the measurement.
In the atmospheric pressure chemical ionization method,

20 generally, a phenol is detécted wherein there is a correlation between a
phenol and a dioxin with respect to the concentration and a phenol has
relatively high sensitivity of measurement. However, the phenol is
likely to be deposited on a pipe and therefore the memory effect is

remarkable, and, for achieving a measurement with high sensitivity,

25 piping is required to be improved with some contrivances. |n addition,



DI SCLOSURE OF THE | NVENTI ON A chem cal substance detection apparatus
according to an aspect of the present invention includes an ionization unit
that applies to a chenical substance enerdy higher than an'ionization
potential of 5 the chem cal substance and | ower than a sum of the

ioni zation potential and dissociation energy of ions of the chem cal
substance to ionize the chem cal substance; an ion trapping unit that
traps, usingeaey iondeahedrexhaast gas, fa phenand disadyartaigeolistyl detemted on
group conprising the ions of the chem cal substance formed by ionization by
the ionizati @ueutd the memory effect, the replaiweringthe tloauragpdf #e energy to
the ion group by neans of a SWFT waveform conprising a frequency conponent

excl uding a fhesiaReYeSOr IRFHRREdiWttet @ SbRBRLE AVhiERSOMROREe 4 §iBAHHIZYd Of
the ions of the chem cal substance to renove an inpurity fromthe chem cal

substance; a bd AadfRRUS el RRPtA ekhgushiens calorl
subst ance. Igﬂ?ﬁéﬁgﬁ%eggd%ﬁb%% anc% et ec'?:iﬁoneappar at us ac%tggdi'ng to the
above- nenki o A3 L RN j ; 1 ' '

Subst anceS eniPsiRR sl iaRet haR makiBgIELRRLL AT, Akbfaeh RRaRre

obj ect chem ¢al subst anc nd_ |l ower than a sum of the ionization 20

potenti al angﬁaisélgjéi?%?? g%%gn’QFG;?UB?é-i ons of the detection object chem cal
substance is applied to the detection opject chem cal substance., Therefore,
the chenical substahE&May B@%ﬁ@&ﬂ%@-c%ﬁiﬁgm{hﬁ@g V\‘fﬁ'tcﬁdﬁta'bEPH@ roken,
making it possible to inprove the ionization effjci encg. 25 Further, a

SW FT wavef orifdex sybstanceappthediadn coaesntiagioanfor ong fugnagepis net 5
impurity and hence, the inpurity can be quickly renoved. In the ionization
accordi ng t o alwayprarseptinaljeaex supstancefmrapotheqfivinase ¥ncednemmah i s
appropriately adjusted, and hence various nol ecul es do not unnecessarily
suf fer dil8sodieatidifferendenheteeenhhe Tiner Bfroaee and gnathesrwith eespecidoent s are
generated and the anount of inpurities to be renoved in the step of
removing an itheuypeyofifarexdd emthy comaitionss fortdahbubtoSVERT thos tthge can be

| onered to allow the chem cal substance to be detected to be left to remain

unbroken, nakhathdd wheEs chhenbaslifPB®IRgleBretrire6i has oiypplobrvi ty of the
mass anal yzer. In addition, there is no need to prepare an excessively high

power source rhil@iu% 5?&§@rtf&8.t IhO8theh fv B2 Bahdeth SR Rabmgs upPr essed.
chem Ca

Further, in the subst ance detection apparatus accordi'ng to the

Efﬁﬁifﬁér ably “%ﬁ%ysgﬁﬁfﬁ%kﬁgzjﬁ%ﬁ? iéé@?“"&&é@%%ﬁ%%%&Sﬁ?%’@?eg@‘ftow g of
on 1 ap 150 Yars B0k aF oY YhsTARERR RN hp Bhab HEROPRBIES one of o
r

time-of-flight nea enment node, sinc he tinme for asurenent .can be
shortened. I'n the i ot %’i?piarfboglﬁctt,O(?éhﬁrﬁrfss?ﬁh{m’ter“g%é‘ ﬁsotﬁsp'ioﬁ('qC%@ uni t
using an electric field, a magnetic field, or anotgﬁ{? el egtroma%neti c force
can be used. fbemicadsubstancs getectipiyarpatatisan aGeraicAesURRIANCSRay be
used individually or a plurality of these may be used in conbination
appr opri at el ydetastisngnetirod, omhichapan aghigue af laast one ehimpievieg the a radi o
frequency electric field is forned is known, and this is preferred because
t he handl i ng sensitiVidy iof eleyeetisty of ehclse mjpgalisebstancaéo bel deteicted,. The term
"detection object chem cal substance" here neans a

20 improving the rate of detection of the chemical substance to be

detected to such an extent that the combustion conditions of a
combustion furnace, such as an incineration furnace or a heating
furnace, can be controlled even during the operation of the furnace, and
reducing the cost for the detection equipment.

25



6 5 10 precursor of a dioxin or a dioxin contained in the exhaust gas from
for exanple, an incineration furnace. In the chem cal substance detection
apparatus according to the present invent4on, a dioxin-concentration of the
exhaust gas can be presuned by detecting a precursor having a good
correlation with a dioxin. Alternatively, a dioxin contained in the exhaust
gas can be directly detected to determ ne the dioxin concentration. The

| atter can b®ISHDSUREORAHEJNYENELNed val ue by a precursor. Dioxins
general ly include dioxins, furans, and nol ecul es call ed copl anar PCB. The
precursors incl ude Abengenesl, s xthnas detectid oappenakreaceirdmptobanzene, and
nonochl or obenzene, and phenol s) such as trichlorophenol. In addition, SWFT

represents " gispieed oNN@fP@égéﬁPWemoﬁqnbweslén Tomizatieninit B age) opment
of a Capillary High-Performance Liquid Chronmatography Tandem Mass

S iS4 ! ' '
ot o T PR SR, BRIt Do Furh R e o

Time-of-flig nmuni cation 1 n nma

spectronekry, —F =7 W S hA .cal nce
detecti onBapggggth&ﬁéggéggls%a&%t%oéi@gﬁﬁ/gf”%n %?@?pﬁctpedﬁnﬁ?éﬁg’r %étleétr?ﬁa?
invention includes an.ionization pnit t |, t ] : tance
energy hi ghel‘aq‘ﬂgﬁsgﬁ'qtkﬂﬂ 95\%(%0&%%{’{]&]3 gﬁgﬂ‘iﬁcﬁf’f&#ﬂﬁ{ggﬁiﬁléggggand

| oner than a sum of the jonization @ot ential. gﬁd‘fi ssoci ation ener of

i ons of the ical subslange: @nt 9N BAPRING HR!t ARRhIraRE: UBNS: amEaney an
trapping unit that traps, using any one of an electric field and a magnetic
field, an iorelgeligfieldnnd & MGonesicifisld, an ioALreHBRUBPIIg8NSshEnieastYr med by
ionization by the ionization unit; an 7 inpurity renoving unit that

appl i es ener ghetahearicai enbgtange foymeashhy ionizatiswrtheiatizatior aimit; iagi ng a
frequency conponent excluding a frequency corresponding to an orbital

r esonancéOf r éqpanity remadvieg iumitsthelt appdiesheme rgyl tosthiesipangre upoby emeares ah
impurity fromthe chem cal 5 substance; a fragnmentation unit that applies

energy to the BYNRT aayefyrmeanspoding d Féque negvedmponenpxclsding a
frequency conponent corresponding to the orbital resonance frequency of the

s ool AP ERY SaER TR ORI S e TBagEn ey SITHE RS,
chem cal  subsfaRe€hemical substance to remove an impurity from the chemical
substance; and a mass analyzer that measures a mass of the chemical
15 substance.

In the chemical substance detection apparatus according to the
above-mentioned aspect, in ionization of a detection object chemical
substance, energy higher than an ionization potential of the detection
object chemical substance and lower than a sum of the ionization

20 potential and dissociation energy of ions of the detection object
chemical substance is applied to the detection object chemical
substance. Therefore, the chemical substance to be detected can be
ionized without being broken, making it possible to improve the
ionization efficiency.

25 Further, a SWIFT waveform is merely applied for removing an



In the chem cal substance detection apparatus according to the

«above- nenti oned aspect, fragnentation of the detection object chem cal
substance is perfornmed by neans of a fraggentation unit that applies a

Tl CKLE waveform Therefore, even when an inpurity is present in a 15
frequency band corresponding to the mass nunber of the detection object
chem cal substance, the effect of the inpurity can be renoved to achi eve an
accur at e neasmpeanigyandl e ek i theampunityycan berquicldy rememyresht slnathe gener at ed
in the ionization and therefore, in the fragnentation of the detection

obj ect cheni ¢onhizatibatasteeding thes preskrtndeton ] e oherpt retdrédtdr
subst ance can be efficiently subjected to fragnentation. Accordingly,

al most al |t henikaAeRBStapRbptiBtelf edasiedn M KehcE hafotameldrlienas can be
subj ected to neasurenent of the nass anal yzer, and therefore the detection

sensi LIty SlotiihoRRSsaRRLUREE dRABIRIONTBE MRSaRBH. t Nheraysbhgnacan be

controlled wth precl si on. I'S an operation
subj ecting a t ' . ect ) ; i.on and
separating « NG L0 BCPRERLT AkS Serkiifo 2ba 3B HARGR: bh R ANESIobE oM
a mass nunber close to, that of,the detection object chem cal bst ange. See
"Devel opnent ranoé’eéalﬁ'i thea? pl—P%'rﬁ’B@YW@r%ﬁ@@”[‘&ﬂﬁ axﬁfﬁ%tsgﬁgpﬁﬂ/ﬁ?ﬁTandem
Mass Spectronetr tem Usin W FT Technol in an lon Trap/ Reflectron
Ti me- of - f 1 i gt el\i\é’i‘%ﬁ'@?fﬁ%%g'é e 'O%Péwit@%ﬁ%&m?ﬁ' suGstance t6
spectronetry, vol. 11 1739-1748 (1997), for details. In the chem cal
subst ance detkcdetactegpana left ta FRMAGhURRIOKAN TDakING it Dossikie tpdmmiave
chemi cal substance energy higher than the ionization potential and equal to
or smal | er tHhe deteatioe sensitivtnobthe massoanalyzeon oadditioal theve i ”O ect ron
volts. Furthernore, the ionization unit is a
10 need to prepare an excessively high power source and the production
cost for the apparatus can be suppressed. Further, in the chemical
substance detection apparatus according to the present invention,
generation of excessive fragment ions can be considerably suppressed,
thus rhaking it possible to suppress a lowering of the trapping efficiency
15 | caused by an excess amount of ions present in the ion trap. As the
mass analyzer, it is especially preferred to use one of a time-of-flight
measurement mode since the time for measurement can be shortened.
In the ion trapping unit, a unit that traps ions in the unit using an electric
field, a magnetic field, or another electromagnetic force can be used.
20  An electric field, a magnetic field, and other unit may be used
individually or a plurality of these may be used in combination
appropriately. As such an ion trapping unit, an ion trap in which a
radio frequency electric field is formed is known, and this is preferred

because the handling is relatively easy (this applies to the following).

25 The term “detection object chemical substance" here means a



| i ght generation unit that generates |light having a wavel ength of 50 to 200
.nanoneters. Mreover, the ionization unit is a vacuumultraviolet 15 | anp.
It is preferable that the energy applied 8o the detectiron 0bject chem cal
substance by the ionization unit is higher than the ionization potential
-and equal to or snaller than a value of a sumof the ionization potenti al
and 4 electron volts. Wen the detection object chem cal 20 substance is

i oni zed by epeegyrsofr dfiagtiioxin loe ardicadirecghtainédtindgheietitauiss ga8 fromzdor
nanoneters. Such a light is preferred since it can be easily obtained using
a vacuum ul t exehdlet ahdnpinefatibefuoedces ubist tieceh etal cal tsubistapgesadataction
according to still another aspect of the present invention includes an ion

trappi ng uni apdarsfiat adddtatng U6 tE preYe A vehtion, 8l @ekin Cofdertratior of
magnetic field, an ion 9 group conprising ions of a chem cal substance
Y

fored by | ohgahaalst RS bENUSURRS By HABEARGH rocuibér hidhgapner at es

a SWFT waveform havin ude in a Trequency correSponding to

leh thaiSs BOm e e EREa Blof, n AN bty R Al oS R I "
[ | i [ i he,.vol |, i is. | : vol
Aol tude | nexnepshaancA AR I PEdRRIP b KRtk e

frequency of the inmpurity present in concentratjion such that it exhibits
a signal int &r‘?@icﬁf?waé'\%‘r tﬁh?mfaép‘?fr%%gérﬁ’ﬁ Eors &estingrd B Yed HAIUS mass
10 anal yzer that applies the SWFT waveform generated in the arbitrary
wavef or m gendyag iPsACUIFAT. t HiexiEsi ganefiedynengiepdi@xpis ttHeano@d appi ng” uni t
to renove the inpurity, and then neasures a mass of the chem cal substance
or a fragnmentmolesutes called oplanmnPCA. sTbe tpaecersdss éaeluda Refzan@sus
according to the 15 above-nentioned aspect, an inpurity in an especially

hi gh cond¢ent raaichoas trehlbeolsen zmte, wdickhlarebeneendyandimgnact8ar ¢ie vearsf,or m i n
whi ch the voltage anplitude in a frequency corresponding to the mass nunber

of an inpuritahddpRERDLs, istich LDRGEHIbFGERenvIhi gher than a specific signal
intensity is increased and the voltage anplitude in a 20 frequency

corresponding to thg JRFEGoAUSHEIFTOfe rasb AR Stare@VEaeBfornNIrvdrovourier
concentration is |lowered. Thus, an inpurity can be selectively renoved and

therefore only 3aplineneggy “b%a/éﬁ:ﬂﬂ'bléfjfgof QL%aSQMIETy High FeLheé irdin cé LRANGT

source apparatus can be reduce a here |§ no need to use an

cxcesst Vel Y AR aRY TaR B ML SR cF RN Sy S SUR T
15  Technology in an lon Trap/Reflectron Time-of-flight Mass Spectrometer”,
Rapid Communication in mass spectrometry, vol. 11 1739-1748 (1997),
for details.
A chemical substance detection apparatus according to another
aspect of the present invention includes an ionization unit that applies
20 to a chemical substance energy higher than an ionization potential of
the chemical substance and lower than a sum of the ionization potential
and dissociation energy of ions of the chemical substance to ionize the
chemical substance; an ion trapping unit that traps, using any one of an

electric field and a magnetic field, an ion group comprising the ions of

25 the chemical substance formed by ionization by the ionization unit; an



10 the inmpurity for which the voltage anplitude of a SWFT waveformis
increased is an inpurity present in such a concentration that it exhibits
at least a signal intensity substantially7equivalent to the signal
intensity of the detection object chem cal substance. The inpurity may be
an 5 inpurity present in a further smaller mass nunber, but |arger energy
is required for SWFT in such a case, and therefore it is preferred that

t he inpurityimpusity rempovirtg/uhdthatappiegralergnternbketign g0opproyemeams ofor e of
the signal intensity of the detection object chem cal substance. A chemi cal

subst ance deteSWIFT wapPefcriiigore¥ing Rofrequehty lcobfparmithexcladipged of the
present invention includes an ion trapping unit that traps, using any one

of an el ectrigg defﬂcg @He S 6RARG toCah loPbiflal RIS oinal ca PEGUERIPHT S bbrisons of
a chemical substance formed by ionization; an arbitrary waveform generation
unit tnat 9eRetRt Shefhich Slbd@RIN Mo WaR ind iRty ROKH BEPER MRt S
reduced as a frequency I's I'hcreased; an a ss”anal yzer that applies

the SWFT_waveformto t i Qup . e i i L,to
remove the i r%l&#qrgﬁe,%E%Igﬁg%ht%@%ugrhgﬁgﬁ%}%@'eo% Qﬁﬁﬂh&eﬁ%m&% EXCe or
a fragnent thereof. . In_t hem cal substance detection rat accordi ng
to the aboveReHt3 Bﬁégﬂégglegtvya‘(?@r@n‘é?r&f?”ém P?&e%e%w ?ﬁ%ﬁﬂ%@ﬁhavi ng a
20 | arger mass nunber i s higher than the ene appl i to an iLopurity

havi ng a snalqoé?eﬁ%‘éj'%%ége otRKar ESgnanage rgﬁHPBEY 0?2@%%%@“ W%quency in
an ion trap is a function of a mass nunber, and, the |larger the nass
nunber, the @hemical shestansgudnitggmMentateetharianseefl theecheigal fUpPstaned v al
corresponding to the nass nunber interval 1. On 25 the other hand, in the
formation of amdSsFassvanalymenthahereddures a massnaliatfeagmeant ebtheexanpl e, the
literature, "Devel opnent of a Capillary Hi gh-Performance Liquid

Chr omat og0aphshehsicdesubbizshcapect ronmetry System Usi ng SWFT Technol ogy in an
lon Trap/ Reflectron Tine-of-flight Mass Spectronmeter”, Rapid Conmuni cation

in nmass 5 spectromgpltie cHemichl sliBstankét8elekdDdh) appatdis hcoamtihgrimthe
formed by subjecting a frequency spectrum having a fixed vol tage anplitude

to inverse Foiy '\Fér-n%errfgibﬁféaf %ﬁ@c@?@@@ﬁ%niéﬁoﬁpofiﬁé ABtdRBInOsbjekh chbificsiase,

a waveform synthesi zed from wavef orms having a fixed voltage anplitude at

fixed fr equerg%gt?ﬁgé Yﬁgﬁffgr?mze?e Bﬁﬂnn%émge'bffaoﬁsgn{é?\téﬁéﬁ ul(h@tSt‘ﬁ,atta*fbwiéQ 4 arger

the mass nunber, the s er of the“sinusoldal wave per mass

nmb i nt I~ L, d i nL.er: I L1,
other words, TR IFIRRET; e EtorRia ER e Tab BhFLIRrebeh i Mo
b | atj vel 1. B t t,, i.nth hem cal b . detecti
appar at ud 515 EGuREEBand e iR erBasdpenee’ ot BEREe 1 ¢ ude
of the sinusoidal wave is increased for_ maki up for, the reduced nunber of
the si nusoi da#Piggleheryiealisithsippee. g PgPSEPBﬂXP E'HB\"BSY €am PO LD i ed

to ions having | arge mass nunbers, so that even such inpurities can be
surely reerve@IC.hlBMe@dUﬁ@ﬁJWrﬂ,teéﬂ@?@‘yrqmle'&t-ré@u@ﬁi@HOQOOaWdaé’@trVg?‘é(ct ory range
can be applied to ions having small mass nunbers and therefore the use

ef fici ency offrapmentergy generbted impthe Ehizaien iad thesetoreedstheel y hi gh
power source apparatus is not required, and hence the cost for the

appar at us canfragmentaties ofdhe Aletbetion abjsctbchemizal detbstanem thptasitas
according to still 25 another aspect of the present invention i-ncludes an

ion trap@ong defelction object chemical substance can be efficiently subjected to
fragmentation. Accordingly, almost all the fragments of the detection
object chemical substance can be subjected to measurement of the
mass analyzer, and therefore the detection sensitivity of the mass

analyzer can be improved and the combustion can be controlled with

25 higher precision. The TICKLE is an operation for subjecting a



12 that traps, using any one of an electric field and a magnetic field, an
i 0on group conprising ions of a chem cal substance forned by ionization; an
arbitrary waveform generation unit that ggnerates a SWFT waveformin which
a voltage anplitude has a fixed distribution, irrespective of a 5 nass
nunber of a nolecule to be renoved by SWFT; and a mass anal yzer that
applies the SWFT waveformto the ion group trapped by the ion trapping
unit to renp\etestiomobiedtychemnital seibst@rcaite fragmarstatioh driveseperatosy
substance or a fragnent thereof. The chem cal substance detection apparatus

accor di ng to thBectEchHR \tbj BN hanash 2URREA nd e frows Ant RAduritpheavihg e =eguency
spectrumof a SWFT waveformin which the vol tage anplitude is Increased as

the frequen% Mb&FBldse td that YR RS edfloh éth&wéﬁﬁ%l%%?,%nées tgkgn as

an absci ssa, e voltage anplitude per unit ss nunber is a substantially

Ir:)rggu?/glsuﬁa\;lﬁr%%mﬁ%gsggtgl?5bﬂlatrpﬂngvedeﬁgﬁ@wﬁéﬂorﬁere?{)@ﬁaks@g' ?actory
ven”suchSi m R ANees %cﬁrdnﬁé‘ v AR “&b%k&f?ﬁﬁ e oeh iR g

power source us |s U|r nce the gost for the

apparat us can' Bﬂéﬁﬁ%ﬁ:@% mez@ gﬂ?’éél%d%%fgﬁqrﬂﬁ dé?@@u on appar at us
according to still another aspect of the present invention includes an ion
trappi ng uni tCemaunicagen indnags éﬁ?CHﬁ@Qﬂy MPle 3% 7481(398AH TR magnet i ¢
field, an ion group conprising ions of a chem cal substance forned by

i oni zati on; aetaiditrary waveform generation unit that generates a SWFT
wavef orm 25 which gives no voltage anplitude in a plurality of frequency
bands 13 correspdndheghamitas substarees defecign appaiatys ofhectomizatédn
substances, and which gives a voltage anplitude in a frequency band

cor respondi nauripapplies to thetutvendicad Bubstadet nedyf highee thah ithe iomizativohat
applies energy to the ion group by nmeans of a TI CKLE waveform having a 5

plurality of ddtaauanaid @RANBNYSsmhallersinndi viué ©fY Buinabf RSN
frequenci es of the chem cal substances to fragnentate the ions of the

chem cal subSiRRRal aRch BIdBRR 9BRLY2 Fuifain 8P o BRI ey e or 1 Lo

the ion group trappe e lon frapping unit to renove impurity, and

then measuri pegamgqseﬁ%ra%n it magg,sorraggé?.gﬁpﬁs%l awaJélaﬂgﬁgbgsghsr eof .

The anmount o oxXin or a pr ec II’lEd aust gas

f i f d
detectton accaiboanpmaters, MstebiY tsdnizatdiuitis BRI tndvieldt
combust i on of the incineration furnace are controlled 15 in real tinme. In

the chenil®al '8t ance detection apparatus according to the present
invention, an inpurity is renoved using a SWFT waveform which gives no
vol t age arrpl i tude ilhis pecterableeiia) tbarﬁﬁer%rar%%m Hie detestioneiect y of
detection object chem cal substances. In addition, the detection object
cheni cal subs@?aem&al&N@SMQQ:bydhEOOQMﬁjIOMh@Iéu%Ihygl'tgf thiss thesionigediofzer .
Thus, a plurality of detection object chem cal substances are detected

si mul t aneous| potamdial Eindredwaldo or smader dhamta walue ¢fi glsuac ofithe jordzatioe
achi eved and the precision of the conbustion control can be inproved. The
chemi cal subspetentiali@inecs iedectappaoitsus Whehithe detettideotdect2Chemitatat i on

unit that applies to the chem cal substance energy higher
20 substance is ionized by energy of light, the wavelength of the light is 50
to 200 nanometers. Such a light is preferred since it can be easily
obtained using a vacuum ultraviolet lamp.
A chemical substance detection apparatus according to still

another aspect of the present invention includes an ion trapping unit

25 that traps, using any one of an electric field and a magnetic field, an ion



14 than an ionization potential of the chem cal substance and | ower than a
sum of the ionization potential and dissociation energy of ions of the
chem cal substance to ionize the chem calgsubstance. Mreover, the
ionization unit applies to the chem cal substance energy higher than the 5
i o0oni zation potential and equal to or smaller than a value of a sumof the
i oni zation potential and 4 electron volts. In the chem cal substance

det ecti on appaoap CHnAsiSingi ivgstaf d bbeatioakesuestanoaddrraspddmyt jorezatiqyy, am gher
than the ionization potential of the detection object chem cal substance

and | over thapbithaydvaeoRiral h@RefdlidNandxhaSganetated 4 SWIFT delvesdinon
obj ect chem cal substance to ionize the detection object chem cal

substance. T yé\q@ fi PRIS ARG L6 Gn Gbtal he
detection objh‘(;a::v?ﬁdgﬁgvrglca gu sﬁgﬁgelﬁ?%f%gh?g?y%ios aSI | owe Eo rnemai n

unbr oken, makj| j ' t O ] ; t ] LK 0. he
mass anal yzelr?kggg}é b/?éf)?'u%?"%‘lfn%%&t %ﬁgﬁg&?gﬂb‘?ﬁ@ﬁvﬁﬂ s ggn?ﬁﬁﬁgggﬁé%gn{qagned
action and effect. ahtained by, t C ' . [ us,
fhe. det ecti ol SEhoRd; SRyt RBR SR 3o D BT ERFE AL Sl TBRARY.
enabling a negsurenent with high accuracy. Ipn addition, the conbustion of
an incinerati rﬂ'ﬂmﬁl?;\%élo éﬁeb@%E’Hﬁ'{cf%ﬁ %QW ﬂ??mlag‘f%fagpﬁ' @E’\pé'i?‘é)qme. " t her,
the SWFT voltage 20 can be | owered, and therefore there.is no need to
prepare an eXtedugney hand gorirsRandibarte araatbitaldepppance ifuausssy efthe: he
apparatus can be suppressed. A chemi cal substance detection nethod

accor di ng t o igypuUrity ariesaet inag pencestration puekstiat it exbiiisoa sigraludes an
ionization step of 25 applying to a chem cal substance energy higher than
an ioni zat i orintensitySot@rtbten patdeteriired Iségr aldhtensity; andea amaiss ower t han
a sumof the ionization potential and dissociation energy of ions of the
chemi cal 1gubsirgigger thateppliest the SWIFTcwhavefdrst generated indhetardjitparng step
of trapping, using any one of an electric field and a magnetic field, an

ion group conpivésionsh §&felNRdh QhititbehehsmgralipIrdsied e tﬁ@riﬁﬁC{réb’pin? _
ionization at the ionization step; an inpurity renoving step of applying

energy to th(’yd'ipfb gélﬂBPeq}ﬁerTﬁﬁ{}ﬁ'étgfaﬁd%%ﬁ%@@¥@rfé§r£nn‘?§ﬁjgr shdghandisgauency

conponent excluding a frequen fresponding to an or resonance

frequency of élmgst%ﬁ)gg o(?fa Frggn%m%%%oisubstance to renmove an inpurity from
ups a

the chem cal s ance, and¥a nass anal'yzing step of neasuring a mass of

the chem cal substagnge. |.n the chenic st.anc i ;

according to the 1gn§8eﬁ‘%{8&%sﬂ'f§§hr§¢%§g%§%®g} Sp&ﬁ@ﬁ%ﬁ%ﬁg@'&@?\? tihg to be
removed, gner hi gher, t%ﬁ the jonizati QEY pot enti al Wg( a %et ection object
chemi cal 19ubsT2MN&s iRk ASPRGH ahENBIF LY 2R ESRESIANGY9Ns applied to the
detection object chem cal substance. Therefore, an | rrpuritk/ can b(; r enoved
whil e al | owi rePRgenteatia eaBPebeestivehergpared Rysyeinge SYVHelayelenr oken,
and generation of unnecessary fragnent ions can be considerably suppressed
during the renovaichotheayoltagrieimyglitudedoralfregugncy eoreranandiog tespect

chem cal substance to be left can be allowed to remai n unbroken, making it
possi bl e to imassweirmber détacnmpurityegpreisentin @ adnaendraticgshigharythan.a
Further, a SWFT waveformis nerely applied for renoving an inpurity and
hence, the i mpedifiy stgmalbiatensitkisyinceeased andrthedebitagmaniplitatie in @ni zat i on
according to the present invention, only a very few fragnents are generated

and the gmpunfre§fiency corresponding to the mass number of an impurity present in a
lower concentration is lowered. Thus, an impurity can be selectively
removed and therefore only small energy is required for SWIFT. In
addition, a power source apparatus can be reduced in size, and there is

no need to use an excessively high power source and this is

25 advantageous from an economical point of view. It is preferred that



16 inpurities to be renoved in the step of renoving an inpurity is
extrenely small, so that the SWFT voltage can be | owered, and hence there
is no need to prepare an excessively hi giQpower source, and the production
cost for the apparatus can be suppressed. 5 A chem cal substance detection
-+1met hod according to still another aspect of the present invention includes
an ionization step of applying to a chem cal substance energy higher than
an i oni zat i othedtmgniritpfonvhidie tvdanitage aapbtusiecef arBWMIbhevatdfanmassum of
the ionization potential and dissociation energy of ions of the chem cal 10
subst ance to ihordasedtiBearchapucity psedsitancaichaa domeeht@pipinnid as itegxtobits
trappi ng, using any one of an electric field and a magnetic field, an ion
group conpri gtnNgasthg sigig iateri sy shisstiapdiallyulfilivaent totnedidvaliinfdrgatyl on at
the ionization step; an inpurity renoving step of applying energy to the

I on group by dﬁﬁ@%é%&cﬁo§Wﬂié'ct"‘@l¥@r§1@édﬂs‘%}%@éﬁ§é.”gTﬁe]iﬁﬁdrﬁglﬂﬁé‘ﬁbecé’ﬁmone”t

excluding a frequency corresponding to an orbital resonance frequency of-

the ions gf t ] [ m cal
subst anced a P PYHIEAraBenbiE (BRARr Sty RIMKaSE RN i 131c8 Srtag 1E)
means of a TI CKLE wavef, onprisin fr n onpane r di ng
to the orbi ta[Pthfe\quf%réé@%ff'?éd'& n%gag?’ ?ﬁg%ﬁg%fog? W'%eo@ﬁ%ﬁggéﬁagﬂgestance
to fragnentate thef\ iions of the chem cal . su stancg; @;d a‘i?gﬂss anal yzi ng
step of measdfRYGTY BREMypUTAY RAYREA Signal fRteasdy A PRIt ATRare Pf t he
chem cal substance detection nethod according to the above-nenti oned
aspect, fragriBAtsgnahinéensike ofjthe detesfigbpbiact ahemical stBstanss: ance i s
conducted by applying a TICKLE waveformto the 17 detection object

chemi cal subst ance.A Themicar substaasedriactianiapnarptus peceidir@ e stil a
frequency band corresponding to the mass nunber of the detection object
cheni cal 18ubsdrwotber asheckedf tut poéserteinvaptiontipcludiesban iemtrapging uaihi eve an
accurate nmeasurenent. In 5 addition, only very few fragnents are generated
in the ionizahabtrapad utsr? ahgrane b ahhsletiragfient ahd enmefgnatideiedd! anrionbj ect
chem cal substance, the desired detection object chem cal substance can be
efficiently uBCE R ptigirld RHEESE atdHimicAf § ObSiah@eYforMle®BY idnikatibg; an
fragnents of t1he detection object chem cal substance can be subjected to
mass 10 anal ygi ok b O [RARIYY O, Sy d mass
anal yzer can gﬁrm%ggforwﬁteﬂi@?@ﬂg@tltis@?rgtgltmﬁg%?ésié\sé,gﬁ-?g\:’aﬁliégg"mg
conditions f I | N6 i f e I can be
control I ed wi WHER BiiayagR Anefilhdd it AR Rs o frlRGEnc) iEriRpREeh: 8y 3

recr sion. em Cca ance

according.to still 15 anather f rese i i i udes an
fon L r apdBng SrFuAReREase: SABAES e SR WEETupds iR 8 drPibang .
magnetic field, an_ ion group conprising ions of a chem.cal stance forned
by i oni zat i on2BREH Ry Vnrtéﬁﬂgﬁ}ggug'ttgﬁ rEMaNE UG \%U%\tydiaé‘g’%ﬁﬂti on of an
inmpurity contained in the ion group and apBI%/i ng to the ion g{oup'a SW FT
20 wavef or m cCHRFEHEShG Mars &tBAG  &BIsb AERBIANGS @5 3JFRIMEN Braifofnpurity
present in a predetermned ratio or nore to renove the inpurity; and a mass
anal yzi ng step of nisalher chemicatessibsbanee detertinnappaidysArserdindato theynent
thereof. In the chem cal substance detection nethod according to the 25
above- nment i onablowseentiored iaspect, ttheperargytapplied by addtraurtityiddving o

20 larger mass number is higher than the energy applied to an impurity
having a smaller mass number. Generally, the orbital resonance
frequency in an ion trap is a function of a mass number, and, the |érger
the mass number, the smaller the frequency, or the smaller the
frequency interval corresponding to the mass number interval 1. On

25 the other hand, in the formation of a SWIFT waveform generally



18 or nore is selectively renoved. Therefore, the energy needed for
+enmoving the inpurity in a required and satisfactory anount is small, as
conpared to the energy needed for renoving all the inpurities. Therefore, a
power source apparatus can be reduced in size and this is 5 advant ageous
froman econom cal point of view It is preferred that the inpurity in a
predetermned ratio is an inpurity present with at |l east a signal intensity
subst anti al | ycoaqiuicted émtfor @xaneple; gmeallitenat eres i*Developmentief acCapiiaopj ect
chem cal substance. The inpurity nmay be an inpurity having a further

smal | er si gn#ighnPerfaimencbutiqlry Caroatsghaphy Taemadadd Fpuct@Metryi n
such a case, and therefore it is preferred that the inpurity is an inpurity

having a sig ' ' Rb IRy oA e | o8 ThrBs/Rdéfs@tod Ntensity of the
detection objryé}csttéII(ﬁ:thrgrlisdcdaIsvgﬁ:lo-“ts)?gg@eE.J O%yclherri cgrli su%st ance 0clet ection met hod

according to gﬁﬁé-égﬁ@{ﬂ%sé‘%r&%e{é}% REBRPEOMMA(ANL AR iifilagdes an ion

trappi ng ste apping, 'using any one o n electric and a
magneti c gi el i r QUR 4 C. i4S i f ] f ormed
by i oni zattsi onsgbeacg%a(bgﬁyg\é&yq\}vave o'r1z4§gqer at'i gns ‘&'gg%‘?ﬁﬁé’@ﬁgﬁ ?ﬁggg SW FT
wavef or m havi.n vol.tage anplitude in a frequency corresponding t n
orbital reso%ﬁ@b}PF 88%19)?%”&% ﬁ%?‘i@;}‘%’ﬂ%@&%{x? Vgﬁégﬁcaéﬂpﬁté‘tdi%o such
that 20 it exhibits_a signal intensity hi g,h?r than a redej,ree)rrti ned si gnal
intensity, wHBY®iS¢ FRRMNEBIRAGEHMIPIGONYETTY P & HEle tagiANa WHERIEFASEmA i t ude
in a frequency band corresponding to an orbital resonance frequency of the
i mpurity presikaveformaswhesirecafroonwayefoimsihavingeaixsid volkage gmplitude
intensity lower than a predeterm ned signal intensity; and a mass 25

anal yzi ng st egt fofecafrpliyengytiherga¥sHS faawetor i hgnedorst, dol this cdse, theo
arbitrary waveform generation unit to the ion group trapped in the ion

t rappi ng 18t edatgerr thaom@assheurbphrtheysmaher thenundssuwfi the sinossidabivavee

chem cal substance or a fragnment thereof. In the chem cal substance

det ecti on appmdrahassanfAber Mekvalthearkd AbAe gty Prrdnaspecimbéhe vol tage
anplitude of a SWFT waveformin a frequency corresponding to the nass

nunber of an jhalyhl §%s RneSENt Id Btifer RS AREEHE Y SPbIrctd &hableicuiexhi bits

a signal intensity higher than a specific signal “intensity is increased,

and the volt dﬁg@ Latrl{aggréégs ﬁﬂﬁagygé%ég r@lalti?,\lé(yﬁmr_lt ration is

| owered. There nmpurity 1 n an especla concentration can
be selectively re . i it | hence
only small ener gyn%fggaﬁ:gﬁggﬂw&e é]\ﬁrﬁ[#£$ﬁf?§k§®# ygg%%tﬁwgéégrga?n?s
required for SWFT, apd,a power soutr.ce gpparatus can. be reduced i ize and
there s Mo raspelnd et SBRYEBROER )R P arovine Loteee shinlitie & Fe”Ts
advant ageous from an econom cal poi n# of ax(;_ew. g{/éo iﬁ praferred t hat §he
inpurity for SAHERIGAh&VaMS tsa@@'”%gﬁ‘i’ Q@ aNG UB\IPEth§dedrEpthnWNbePhased
is an inpurity having at least a signal intensity substantially equival ent
to the signalthensisuspidal gyavercanbthenefoie sajisfact@neenergy cammbeaiee. The
inpurity may be an inpurity present in a further 20 smaller mass nunber,
but | arger enappied to ienpuhrethd Brge\wmaEss invmherns, soctheat evancdsudierefore it is
preferred that the inpurity is an inpurity having a signal intensity 50

percent or noinepwfitiéheasnilgnalireigtrensoved.of Int deditiene enieogy dbpeaequidedni cal
subst ance. A chem cal substance detection nethod according to still 25

anot her ggpecin@fsatidtadiopypeage Ruarte applisdltodensdravieg sia@lpmiasg step of
numbers and therefore the use efficiency of the energy can be improved.
Further, an excessively high power source apparatus is not required,
and hence the cost for the apparatus can be suppressed.

A chemical substance detection apparatus according to still

25 another aspect of the present invention includes an ion trapping unit




20 trapping, using any one of an electric field and a magnetic field, an
<-on group conprising ions of a chem cal substance fornmed by ionization; an
impurity renoving step of applying a SWHP waveformin which a voltage
anplitude is reduced as a frequency is increased to renove an 5 inpurity
fromthe chem cal substance; and a mass anal yzi ng step of neasuring a nass
of the chem cal substance or a fragnent thereof. In the chem cal substance
det ecti on nethatrapspusiinggany oniecofpa e sdectricriiedtancha magnetiefigyd apliord to
an inpurity having a | arger mass nunber is higher than the energy applied
to an inpuri tgrobp\dongprasih@ ismeldfea cheadcausdiestanCerforrakbyhy idmézatidn ;t s
resonance frequency in an ion trap is a function of a nmass nunber, and, the

| arger the megpitrutybgavefoid gaRetaion baitfthatyeneyatesra SgiMwaverfoinfen
frequency interval "corresponding to the mass nunber interval 1. On the

ot her hand, iyh; i £ Tsi ; e ed in,
for exanple, %E@ﬁaebﬁ{t?ﬁgﬁﬂ?@up%eve Epfrlr%%/egﬁﬁghgggi Irrlaéadr%/écﬁﬁggéﬁéérfornance

01, oo MBS SR B B DYWLk WD

Technol ogy in an rap/ ctron TInme-o pectroneter",
Rapi d Communi_cation jn.nass. t r I 739- , SW FT
waveformis fa&ar%%erb hagm%@g?ﬁﬁ% %‘Rﬂﬁq‘&éﬁ@’fgbé‘%{‘f%fﬂ%hé@gbﬁi’ggghf93§ed

vol tage anplitude to inverse Fourier transformto convert it to a tine

egi on 1t 118 168 SEAPRIMGATEY kY HEBpHeIAE MR T Anc RN GieAsUres ABeSS i xed
vol tage anplitude at fixed frequency intervals is formed. Therefore, in
this case, tHtharghamicabsyistanaapes, fragmesiihe®@oft ne nunber of the

si nusoi dal wave per mass nunber interval 1, 25 and hence energy per nass
number interval 1 iEhespbemicalrsuhsiancesiedection appatiatusneeeprdithia tteto a
nol ecul e having a | arger mass nunber becones relatively small. By contrast,
in the ph8sergbdvemdritiomed asped isagechathEt] whea ihfe fraqushoyspediimaba i s

i ncreased for making up for the relatively snall 5 energy, and therefore
sati sfact ory SNWAFTywaweefobm ial whictptile editage iamslitnae isgnterase dias shewunber s,
so that even such inpurities can be surely renoved. Further, an excessively

hi gh power squs&ce RRPR’ fndfiet $s BBhvERBHIdthataRe MABS fumiSecidstakbArag he
apparatus can be suppressed. A chenical substance detection nethod

accordi ng 10 4 bbscikaliiis K}srtaaapaerﬁgnﬂfdé per BhRSAASS iR QMg | nCl udes an
ion trapping step of ttapping, using any one of an electric field and a

tic fiel . o . Ccal ¢ ¢ q
O S at ] orslogtBntiBfly BXBUR 0P Y <8R Rlalf (TR el  liFBe (S T8

rary wavef orm-génera n generdting a SWFT
wavef orm,i.n whi ch vol t age,_anpl.i.t ude has fi,x L Stri i .
irr espect1|5ve %qﬁ:lhedil? %@ng&ﬁg@?‘“aﬂ %y”&aégﬁﬁetoflge g%'%%ﬁg&;é,dgg\{/”:gw FT; and
a mass anal yzing step of. | ying the SWFT waveformto.the ion ou
trapped at tﬁthé:,Q?ZOEé?éﬁﬁlsggg@%ﬁ%FégY@ﬁﬁv%e Q\rflsvaq ﬁBB['?FQP 1Ry htal’{gfgg[?é'ggur es a
mass of the chem cal substance or a fragnent thereof. This chem cal
subst ance det@@SBAHMBEHoANENENER aveat SUGhERPHTIEACATY R SEARY 'SRRY&Dim of

a SWFT waveformin which the voltage anplitude is increased as the
frequency is Bwdhegran excessivetyclighopewar soHECcerappandtusdp nod reduérdas an
absci ssa, the voltage anplitude per nmass nunber is a substantially fixed
val ue. Thus, andbieaceithlel gostHer $hemppaeatys cam biees apmiciseddt o nol ecul es
havi ng any nmasses to be
20 A chemical substance detection apparatus according to still
another aspect of the present invention includes an ion trapping unit
that traps, using any one of an electric field and a magnetic field, an ion
group comprising ions of a chemical substance formed by ionization; an
arbitrary waveform generation unit that generates a SWIFT waveform

25 which gives no voltage amplitude in a plurality of frequency bands



25 renoved by SWFT. Therefore, satisfactory energy can be al so 22 5 10
.15 20 25 applied to ions having |arge mass nunbers, and hence even such
inmpurities can be surely renoved. Furtheri3d an excessively high power source
apparatus is not required, and hence the cost for the apparatus can be
suppressed. A chem cal substance detection nethod according to stil

anot her aspect of the present invention includes an ion trapping step of
trappi ng, usioogresponciieg 66 naasehembeérs ¢f @ pduratity af chgmicalcsyhistadeesn i on
group conprising ions of a chem cal substance forned by ionization; a step
of applying tand Whidhogivesoal voitaGel drhplieuds or mfrédy wdn @i hesd rormadongitng
anplitude in a plurality of frequency bands correspondi ng to nass nunbers

of a plurality DR Bdlr DARS MISEStY @ fragPiehtanoh TN IHat applies | eavi ng
the chem cal substances; and a mass anal yzing step of neasuring masses of

the chemical iha)anaas ioh JibARTRIhedtiebeaiTICHIE WEIbrAhaiN @i n o a

precursor thereof”containe ust gas froman I ncineration furnace is

very slight, i i LS very
mpor t ant SunE1EHED ol IR UGTE oo it BB pBRAREFIY BfbtartEsEhahee 00
are controll in real tige...lnt c 1 cal. .su et ection hod
accordi ng to%?% u?ﬂ%%%r?& tﬁ%&mlgﬁfsgﬁgﬁpﬁéﬁ tt%y#%ﬁ’r%zﬁ%@e@i‘%u'&nﬁgogﬁéw FT
wavef orm whi ch gives no voltage litude in _the frequency b

cor r espondi nd '&aEFHgéﬁrﬁ?S@@nglggé'%ﬁ'soﬁ“a Z@éﬁhe{]@apﬁ%? ¥'§%§§&§:ﬁf:es. I'n
addition, the detection object chem cal substances are detected

si mul t aneous|WaysformelontiesiomnararietrapprdsLy theian HEPPINGENHEP S8MBIE obj ect
chem cal substances are detected sinultaneously and therefore, for exanple,
23 even when thRémuugily.aapd dhedeneasutng onasses phthe chenlicaleauhstanees by ect
chem cal substances is unsatisfactory, a plurality of substances are

col I ecti 18l y fexgmenedtHerewft he correl ation with dioxins or evaluated with
respect to the conmbustion state to achi eve a neasurenent with higher 5

accuracy, and the preshaficuntadf 4 béoxinrdrus brecurcontheleof @onb@inedpnahed. A
chem cal substance detection nethod according to still another aspect of

the present ié}MﬁHﬂétT@ﬁsi fiehidRSnaiheirafio h TaRTIdRYisSI&y fght! apdiarg, Uusing any
one of an electric field and a magnetic field, an ion group conprising ions

o 21Ty B I eatoeg il Bt FeR

the conditions for combustion of the incineration furnace are controlled

15 inreal time. In the chemical substance detection apparatus according
to the present invention, an impurity is removed using a SWIFT
waveform which gives no voltage amplitude in the frequency bands
corresponding to a plurality of detection object chemical substances.
In addition, the detection object chemical substances are detected

20 simultaneously by fhe mass analyzer. Thus, a plurality of detection
object chemical substances are detected simultaneously and; therefore,
a measurement with high accuracy can be achieved and the precision
of the combustion control can be improved.

The chemical substance detection apparatus further includes an

25 ionization unit that applies to the chemical substance energy higher



group a SWFT waveform which gives no voltage anplitude in a plurality of
frequency bands corresponding to nass nunbers of a plurality of chem cal
substances to renove an inpurity while | gaving the chem cal substances; and
a fragnentation step of fragmenting the 15 chem cal substance in an order
-of froma chem cal substance having a smaller mass nunber to a chem cal
subst ance having a | arger nmass nunber; a nmass anal yzing step of neasuring
masses of thehghem ralizatids perestialosf theecHemm substdiereeahd lbwet ikagzeni cal
subst ance detection nethod according to the 20 present invention, a

plurality of gighesthenoMRateh p‘é‘témi@ﬂbn&@§§@éﬁ§ﬂ§n%r€br§??&%ﬁh}(ﬂ'tMe _
subjected to fragnentation in the order of froma detecfion object chem cal

substance haviyagnRapBRbS nc'@at%sio?\h‘ﬁe@ e LRehll05E m’tbneﬁ! ag5ie oRBF: the

Therefore, the fragnentation of etection object chem cal substance

havi .l mas. i i ; f, f
nay 09, 2, STl sy WP ShaTRESS bt AR RS ObEARLATYAN vRbesihaRTRE, ©
bj ect chem cal. subst hj bei br oken. ,. Th |1 .the detecti bj ect
ohL et e Gl B ASFRI SR OER Lok AE M el B TR MO
| ysi be, i dt hi t with high . 5B A
cnalyel s can 2 LIRIOUSE 10, 2ol PYC g Jecaitenent b uh higher aceur acy,

t he present invention includes an ion trapping step of trapping, using any
one of an el ectric Initeprheiaical sHgatance ﬂﬁ&%',onaﬁpp%f@t% GeeotbRprtPthRg i ons
of a plurality of chem cal substances having different nmasses fornmed by

i oni zati on; eaalsvepmeEntameEdyasgecty enesgy dvigher thasuth eaiopiz#iomaoetgrdiahafhi ch
gives no voltage anplitude in a plurality of frequency bands correspondi ng
to mass nunbehe déteatiphwhjéct yhemicdierubsdincabaddoees thanrthewissaciatiopuri ty
while | eaving the chem cal substances; and a fragnentation step of applying

energy tqoat dAgl isWpplieel RPERe abtddivnchisieice ehefibal Asstanby tovanzeof a
TI CKLE 15 waveform conprising frequency conponents corresponding to the two

i sotopes to ft'hégd@c?f:f}ﬁg cgtﬂsctt &R?m&nmtaﬁw aTRRPSf RO NR A rgp of

measuring nmasses 0 em cal substances or the fragnments theréof. In

oo SRR UL L PEARy et
vavelor m Com gL SRS RoofarRRIBRN kb PRI A5RES o

t he detection aobject chem cal .substance to_ fragnmentation, making, mas

anal ysi s. Th[}é’,' rﬁl"ﬁrtgfeira‘?/teBF'OPs?ﬁ%@é't%PE[% analveRE n§¥s‘ﬁ%§H3R§si s
and therefore, even when a dioxin or a 25 precursor thereof is present in
an extrer® y Wis gifechasuvell s threakoramantipned @ﬁ@oaémr%f&%@b@éf%ﬁwon
can be inproved. In addition, when used in controlling the conmbustion of an
i nci nerat i on therehepical issibstaree dete@ion Rppatatpothe datamtiampeasitivity ®f| n
the chem cal substance detection nethod, the nass anal yzi ng step includes
measuring at theamassvanatgndrissfuathargniprovegeenabling sgmeassirémemtavit om t he
chem cal substance. In the chem cal substance detection nethod according to
t he present imgénda¢auracat lIreasdditiow theatambastdn fof agrieetse fatiomefdrfiacen t he
10 detection object chem cal substance are subjected to nmass anal ysis.
Thus, a pl uratan yeodontselepastiPhighergresissorr eFusih@r] the BRVIFISgoleage ySi S
and therefore, even when a dioxin or a precursor thereof is present in an

extremel el i gid baMBWEredn ahlah@¥ERHEthEAS is hBh ety prapate 4let ection can
be inproved. In addition, when used in controlling the
excessively high power source and the production cost for the
apparatus can be suppressed.
A chemical substance detection method according to still

another aspect of the present invention includes an ionization step of

25 applying to a chemical substance energy higher than an ionization



15 conbustion of an incineration furnace, the precision of the control can
.be inproved. The chem cal substance detection nethod further includes an
ioni zation step of applying, before execuyting the ionization trap step, to
the chem cal substance energy higher than an ionization potential of the 20
-chem cal substance and | ower than a sumof the ionization potential and

di ssoci ati on energy of ions of the chem cal substance to ionize the

chemi cal subgictestal dfthiehehernésdlcalbssaied andeodetrebanansort bbthe t he

ioni zation step includes applying to the chem cal substance energy higher

than the 25 ijgmizaeibhqbteatianbhaldigssciatiual ederggrofsionk|ofrthehehenicadl ue of a
sum of the 26 ionization potential and 4 electron volts. In the nethods

for detecting st tlomy@hanRrmraPsdbathic@; Wieio #8EpIng Srepnéd on,
energy higher than an 1onization potential of a detection object chem cal

subst ance an 0, I.Qnd 213t bale and, o

di ssoci ati onq{aér@r,}gé' ggﬁ}@oﬁg?gﬁet é}%&@gtl%’%ﬂ[r@%élgb%@;?H@hgﬁégglflﬁ,bas? zli?]r(‘:e i's
applied tp the detection. object chemca n | onl e detection
by ect  cham AP UBEePAff R oRo R 30 o ded RHERLB° 161

gener ated, and .th?_ det gt%ti.on.ol:l' ect, chem cal substance tci be 1\J eftI IS

al | oned to reABZAUGRAIIRENONZATIALSIRP: idn FBRUITH EPMEVINg$EPL RPN ct i on
sensitivity of mass analysis. By virtue og t hi ffect, as well as the
above- nent i orfftera¥ttPdhedan EPLeRY FaNTe ab%;vvﬁﬁi WA CABEHIL 8
detection nethod, the detection sensitivity of the mass anal yzer is further
i nproved, endm@quency eemponemtexcliudinga ffeasesgy £oyrespenseg te @mn ol
conmbustion of an 15 incineration furnace can be controlled w th higher
preci si on. Fuesheance ire@Wicy obtheapnscahtheechemical gubstaincato e¢mvovet her e
is no need to prepare an excessively high power source and the production
cost for 10he @ppapatitisfroantiee cheppcsissdsstarte Bh&EfRa PESCSRA My 2N gChte pHEF
DRAWNGS Fig. 1 is an explanatory view illustrating an chem cal substance
detection apnﬁéaéuﬁn?@ﬁféﬁs”@fﬂ'\% EhemiddlSubetdeee nent of the invention;
Fig. 2 is a flowhart of a chem cal substance detection nethod according to

the first enbodi men tﬂ% %ﬁnid&Y%ﬁb%ﬁ{jcfﬂG%ctme@H@d 2cBbrdingabethe

expl anat ory di agrans o Ion sig Intensity distributionS versus 27

e e L ST

expl anatory diagrans 0O e I'stributions versus the
RF frequency when the vol.tage is fi ¢ Fl as. ) . are di agrans
expl ai ni ng tH?égﬁsr(&IE%ﬁg%i'%“'683%&9‘8”@%%3f%@‘q‘ﬁ@ﬁ@f"iﬁ% %‘%ﬁ'c |itude
and the rel ati qnship between an ion signal.and a nass., nunher: Fig. 6 is a
di agr am é%pl a ﬂ@”geﬂ’@qu @ﬁe%ﬁ%ﬁSBF'ag'oﬁ/?W%@e?%‘? fﬁ%&‘bh?%li ng to
the fifth enbodi nent of the inventiaon; Fi %s. L%a% and 7(_b§ are di zil%ans
expl ai ni ng a 9¢tegliengpiepbehemmsalrsUPiaRGent TORAFTOLOY RfY | RYG3N 8 gs.
8(a) and 8(b) are di agrans , . )

removed while allowing the detection object chemical substance to

remain unbroken, and generation of unnecessary fragment ions can be

considerably suppressed during the removal of an impurity.

20  Accordingly, the detection object chemical substance to be left can be
allowed to remain unbroken, making it possible to improve the detection
sensitivity of the mass analyzer. Further, a SWIFT waveform is merely
applied for removing an impurity and hence, the impurity can be quickly

removed. In addition, in the ionization according to the present

25 invention, only a very few fragments are generated and the amount of



10 explaining a frequency spectrumof a SWFT waveform according to the

-si xt h enbodi nent of the invention; Fig. 9 is a diagramexplaining a
frequency spectrum of a SWFT waveform acigordi ng to the seventh enbodi nent
of the invention; Figs. 10(a) and 10(b) are di agranms expl aining a frequency
'spectrum of a TI CKLE waveform according to 15 the seventh enbodi nent of the
invention; and Figs. 11 (a) to 11 (d) are diagranms explaining a frequency
spect rum of anmpuckies toalye remavadcior thienstetpooft teenavinghareimpdriteis  of t he
invention wherein the diagrans are individually obtained by converting the
frequency spesitremelosmhal!l sbhRattiss SWIREKoltageaeambasoweredsans $ancd0 BEST
MODE FOR CARRYI NG QUT THE | NVENTI ON The present invention is described in

detai | bel owthbidlig RbHeRIF R bPepdie A @XTBABNIENG hiJRPLRAES soli€e P4 LG ERE
i nvention, however, is not lImted to exenplary enbodi nents. Further,

el enents in trj}gd%ﬁgﬁlcﬁ,{s}llféﬁt@gggép%ggi%érggg%pqg%ea_hat are easily

concei ved by 'persons s in‘the art or ones

substantially the Egﬁgn,hg Pﬂ%étgﬂﬂe O?tggﬁgh%é%oty%ﬁ?@gpé §6¥Hﬁnbodi ment s

i ncl ude ones that asz’y concerved By persons s e art.
(First enbodi e Fi qg. 1S an explanatory view,illustrating a,chepi cal
Subst ance. devtatngn aaaar af fé BedsthigeRhdp usilicks ATl tatin 2t B he
present inventi qn,. An at%ﬁ]ar at UF 100 for det ecti_ng a,chem cal .SL{bstance

i ncl udes an i3RRIYAG Ona GheSAl sUbStagcs eRIGYNYIREHA AR &8 I9NIZALRL yum
ultraviolet lanp 3 as an ionization unit, and a tinme-of-flight mass

spect ronet er Rptgstial phthe ghamjsalrsubsiance@nshlowsy hRandSUM Of 1€ udes, as an
ion trapping unit, an RF (radio frequency) ion trapping apparatus 10 havi ng
an RF ring. Theizatioinzeotemdiad andotisebfi@tioncérengyadf omssefdheecheamiaad exhaust
gas is trapped in a trap 11 by nmeans of a radio frequency electric field

f ormed t Heér eisubshanoe to tibwizetthepshemital isubsteneeidn ion trgppingebmp of ¢ fi el d,
a magnetic field, or another electronmagnetic force can be used. An electric
field, a magneipgingl ekthg ang ordef aHrdlecirryfidkl as¢d maginetiduediiyanriohn
conbi nati on appropriately. Several types of such ion trapping units are

known, and, ofrolupessmpPsRiEiHEbrisSof e BrehfdaltdiAiathnte dpAedtys 11 in
whi ch a radi o frequency electric field is formed since the handling of the

apparat us | s ibflZiorPhy ifARhizAo Bed Ofh IHBERL Bl ISR of BaBlyide RF

type,b a Pegnl ng trap enploying a age an atirc magnétic field
U . . : . . unit 95
"hcl udes o 71908rong B bTRRRLERRER TS 4P VB T WE bRl EaRR B g ¢

15 frequency component excluding a frequency corresponding to an orbital

resonance frequency of the ions of the chemical substance to remove
an impurity from the chemical substance; a fragmentation step of
applying energy to the ion group by means of a TICKLE waveform
comprising a frequency component corresponding to the orbital

20 resonance frequency of the ions of the chemical substance to
fragmentate the ions of the chemical substance; and a mass analyzing
step of measuring a mass of a fragment of the chemical substance.

In the chemical substance detection method according to the

above-mentioned aspect, fragmentation of the detection object chemical

25 substance is conducted by applying a TICKLE waveform to the



29 and is of a three-dinensional tetrode type. As shown in Fig. 1, the RF
«ring 14 is disposed inside of the first end cap 12 and the second end cap
13. To the RF ring 14 is connected a radiid frequency power source apparatus
21 for applying a trap voltage, which apparatus 5 applies a radio frequency
voltage as a trap voltage to the RF ring 14. The radi o frequency applied
traps in the trap 11 the ionized detection object chem cal substance and

ot her subst anedsctiomdijexdchemidad sebistante.gathe@foes, béterampenaarf or m
generation apparatus 20 as an arbitrary waveform generation unit is

connect ed t o ieqahitpfis bhesdntrint a fired) uEh cyacamdl cond spapdliridto 18 measd applies a
vol tage having a specific frequency to between the end caps in the

bel ow descri SV bF tr?é‘deFé&I@rEobLQt@ cm@mt:aesubgtaaq@@altﬁé @$fedt io$ tips ovi ded

with a gas injection pipe 5 and the gas injection pipe 5 is formed froman
on-off val ve j uﬁ‘ﬂ&sjc'ép% PEMloves toSH ed8 BELG Y FhE8sy@mentanil | ary
t ube. Exhaust rom or exanple, an incineration furnace, which is

10 ﬁe;thgrgzaad;ﬁg&z?b@wo Pl éﬂ%&%ﬁ?@%dﬁ@%@'ﬁ*t‘ﬁeg&“%éﬁl’h%?agb.eé

t

ety E S A s
vacuum ul t ravi ol e ) as

oni zati on uthe Qasiech s brenbies) CPS"icagﬁ%%ﬁﬁaaﬁe&ﬂ%E? shigiengsy "

substance to ionize it. The vacuumultraviolet |anp gener ates vacuum

ultraviol et ISupiectedolp irgaestations &Qj‘&éd@ﬁﬂhlﬁi@@sﬁ)@”ﬂﬂ;eéd@lg'ﬁ‘@”és Phre gas,
such as Ar, Kr, or Xe, or H2, 02, or Cl2 to Ar or He.
the detection object chemical substance can be subjected to mass

10 analysis, so that the detection sensitivity of analysis in the mass
analyzer can be improved. By this detection method, in controlling the
conditions for combustion of an incineration furnace, the combustion
can be controlled with higher precision.

A chemical substance detection method according to still

15 another aspect of the present invention includes an ion trapping step of
trapping, using any one of an electric field and a magnetic field, an ion
group comprising ions of a chemical substance formed by ionization; an
impurity removing step of measuring a distribution of an impurity
contained in the ion group and applying to the ion group a SWIFT

20 waveform comprising a frequency component corresponding to an
impurity present in a predetermined ratio or more to remove the
impurity; and a mass analyzing step of measuring a mass of the
chemical substance or a fragment thereof.

In the chemical substance detection method according to the

25 above-mentioned aspect, an impurity present in a predetermined ratio




30 In the present enbodinent, Lyman a |light having a wavel ength of 121.6
«nanoneters froma hydrogen plasma is used. By changing the type of the gas
di scharged in the vacuumultraviolet |lamg, the dose of the photon energy
of the vacuum5 ultraviolet |light generated can be changed. Therefore,
-according to the ionization potential of a detection object chem cal

subst ance, there can be applied photon energy such that the detection

obj ect chen calmeubid aalestiveds remmovedderiherdfarsothakeinengy meadeexfioent | ar ger
than that of the ionization potential. Thus, not only can ionization of the
coexi sting 1lGemdahgnae impurig iam rexUired aAd swistattony am@heristsiaallt be
phot on energy be prevented, but also fragnentation of the detection object

cheni cal subsicngsrefitd fife éH@%ﬁ%@@edlf@ﬂreﬁ%m% bi&heapigintidd. ravi ol et
lanp 3, a Iaser or its harnoniCs can be used he 1onization unit. In

this case, e?&eﬂ%éo&v‘é’f@&'u‘?cé a’raﬁJsSb'é’ﬁtb%” dcdbh élQQ'aﬁﬁd Hié\ls be

sel ected by c angi ng phot on ene y generate the tunab aser

ot avi of & '*Wﬁ@sﬁﬁ% (e e EaEE IS aclfy BF %%%Onaﬁ(@%@ﬂéteﬁ?%%ﬁh%e"ﬂig‘d
and t he wavel

h of f bl 00 200
50 desi r abl y 1A bk 0%{5@ Bf%tsmrim | a4 %2, Sh it xrngte?ﬁemﬁbe”@ o g
f furth th t f
Chat "ot co LRI p s i paia Y cabivAIRBHIA e Lissial IeBsty dTdRpsa |t

a | aser havi &gﬁt he vvavel ength of a vacuumultraviolet light, or an excimer
| anp may be gctipniahieet chemycalissistanse f ol hexEMH Y rPRY ioenan fimp Uiy
accel erated by nmeans of a particle 31 accelerator and allowed to bonbard
a detection dijwing achutherasmallbs sigral istansitynbdt iargar saepd e igaequined he

ioni zation chanber 1. Further alternatively, electron beans are separated
in terns16f Hos SWIFT imstch dheasehandrtpeesfergyt isfprafered thakthresimparityol t s
is taken out and 5 allowed to bonbard a detection object chem cal substance

cont ai ned in jgh BXpadst haang & sidwealiinte vty 50 pehesesr moréhsf the signal
time-of-flight mass spectroneter 4 which is a nmass anal yzer specifies a

detection objiaedngitiest fid dEHRIIANEBjRY CFRASEAI SGbdtancBRSS Wi th respect to
the ions of the det'ection object chem cal substance 10 contained in the

exhaust gas, which A%'H%n%5| §@H§l‘§?\cléydét%'&'t|5ﬁtﬁ1@fhdd135 &rdif 'tégtt?llon charber

1. By appl ying a drawing vo ul'se formto the se end cap 13

in the i on | t cal
substance i3 7 é@%@@%@&%’@ﬁﬁ%ﬁé&gpe%n#@ﬂe AR PR S Bl
spectro t5er 4. The fI |ons 1? F Eg %4 an ion deft%%t aor .30, and
the signaP del8BPYg: H Ya%‘?P aé‘d*’ﬁ& e ﬁ? Aptia Magneticlidy ABONaken
in a data processi ng apparat us 3& d subj ec ed to ataqpéoces,m 58 In the
present enbod? iRk CORPHSIHINENAER PIWPE I§u SENGETQrAER] BY 19RZ8EPAr 8o
i nprove the sensitivity of ion detection. The mass spectroneter 4 20
measures a tiARIGANY wWaysfornTigeneration siep®f asnesating ehSHeFlewavafaime of
flight and a mass of the flying substance, and therefore a mass of the
f1yi ng subst ah@eingsa dettageeamplitudeain arfeeqrertay ¢onreapanding toudr oabidal | s
identified fromthe nass.

resonance frequency of an impurity present in a concentration such that

20 it exhibits a signal intensity higher than a predetermined signal intensity,
wherein the voltage amplitude is larger than a voltage amplitude in a
frequency band corresponding to an orbital resonance frequency of the
impurity present in a concentration such that it exhibits a signal
intensity lower than a predetermined signal intensity; and a mass

25 analyzing step of applying the SWIFT waveform generated in the



Procedures for detecting a precursor, which is a detection object 25
.contained in the exhaust gas, using an apparatus 100 for detecting a 32 5
chem cal substance is described next witimgeference to Fig. 2. Fig. 2 is a
flomchart of a chem cal substance detection nethod according to the first
-enbodi ment of the present invention. First, exhaust gas Gs from an
incineration furnace is fed to the ionization chanber 1 (step S101).
Exhaust gas Gerbiteslryt wavbfomogienatation cindtntoeth elicinsgtchwgntrappadiiatthd iont h
vacuumul traviolet light L fromthe vacuumultraviolet lanp 3, so that

exhaust gas Cﬁa;b;@i@gisytéﬁ toh@irRdv & Ieé G plIFieyN ML then Mddamim atmhéghf thet o be
ionized (step S102). The precursor as a detection object substance has an

ioni zation podkdthicdl suBstdifed BRacfragmkptitheredt. 5 to 10.0 el ectron volts. As
menti oned above, the vacuum 15 ultraviolet |ight used in the present

enbodi ment has a "‘@Ya‘%h%’%é}n al Jos@arﬁ‘@é‘%’?‘écﬁ[@na?ﬁgrét%.é&%?r&i’hg%etrh%\’. s

10.1 electron volts. Energy slightly Ilarger e 1onization~potenti al

of the precur i ) r 0 X e r can
be i oni ed w are AR abReb LB bmae REES BT VAN o Zea
precursor as .a detection object 2@ Zﬁpchem' cal subat anfe can b(? ef fi ci{antly
subj ected to ReAIGOMSRGY COFFeSRUIAIBE tPSN e HASS MBUNBRE Of ANy AU Presen
ionization usjng a vacuumultraviolet |ight generates only a very few
fragnents andNad M canpeptatippiucduthatdeaxRibitscagignal dptgnetyHobhsr
measur ement by the mass spectronmeter 4. Particularly, in the exhaust gas
from an i nci ni@eat a specifimaigeal intenstiMrs dncreaspde ganithenvgitage amplitudenel y
slight amount and therefore this effect is remarkable. In addition, the
| owering of tfog an bppirty ief & ilcwverancentration isrlawergédcam herefangpragssed. When
fragnent ions are present in a |large amount, the potential created by the
ions tragd@ed inmmpurity3Intdreespapially wighcedrecaneatiiot eah it selectihelyt reapoved.
However, the ionization using a vacuumultraviolet |ight can considerably
suppress geneAatirpurRy cannes eesedtivdly aenived MG hehlesornTpldnmall ehepgp s bl e
to suppress a lowering of the trapping efficiency of the ion trap apparatus
11. 5 Further ol iR n W e
"SW FT" rreanspe%d?lgepggfdartl oanq.gr renﬁ?i\ﬁ:ilg-ganyné]! énﬁgfq){:% réﬁm‘ IC re‘nglgm age
wavef or m havi Ikl i | d het: { I end
cap 12 and thé;'gqs%c%%ggtﬁgﬁéé%%%§%?%%tsh§afpgpﬂeﬁc%g I@ﬁga{%\gght t}(E‘Pecl;%t'ngt% Ea?l of
ions. In an iQni ion tha h er.at es f ts, 10 a large
nunber of fra@%ﬁ?@ %gvgﬁg,xcgggﬁl%ﬁ)\éﬂgh b%%éé[é%ggfet%@ggs%c%rsor which is a
detectio bj ect chem cal, substance or. anot her .substance ar
di sadvant Bye0RQYJMEERANZ: f5om An GrenaBucal BRBLef MIPkh JhEuFBReAdhabed | n
the process of SWFT. For renpving themin SWFT, a very _large voltage is
required, andthenErridyefos vaichtheoyqliage ﬁ@@@%@?é&fi%év\é paVAVeEMiSi trary
wavef orm generator) having a |arge power is needed. On the other hand, when
the SWFT vol thggeased isendarudityahaing @lilleastagisignal intaysityuswestantinly i s
not intended to be broken is broken, together with a nol ecul e having a nass
nunber i nt endequivaldmt tortlecsignahihteheitproddhe smtechobebjedt chemmabken,
| eading to

substance. The impurity may be an impurity present in a further

20 smaller mass number, but larger energy is required for SWIFT in such a
case, and therefore it is preferred that the impurity is an impurity having
a signal intensity 50 percent or more of the signal intensity of the
detection object chemical substance.
A chemical substance detection method according to still

25 another aspect of the present invention includes an ion trapping step of




20 a lowering of the accuracy of mass analysis. In the ionization according
t0 the present invention, only a very few fragnents are generated, and

t herefore the nunmber of fragnents to be rmgyoved in the process of SWFT is
extrenely small. Accordingly, the SWFT voltage can be | owered and the
‘precursor to be left can be 25 allowed to remai n unbroken, so that al nost
all the problens can be 34 5 solved. Wien the parent nol ecul e remaini ng

after SWFT itsagpihgeoatad boytdne bEhnwldelsicr fidledardd @itniagaetiC@ald Nen ion
fragnents are generated from various parent nolecules in the ionization

net hod that gagapaisfipfBitg fonkdoraichensieal Babsiank@finedoby seishassesn ot her
than the desired precursor are contained as inpurities, thus causing a

| owering of t; : i i ioni zation
ot nod accor g 1ERINIRG SR o ViR S|P YA RThim if wlEn' 4R
generated in . OnLzati on, ' r abl S i ally

S0l ved. - sw ridBEEREE R IPe S8R &b ek e T BB SR 2 15 20
25 unnecessar.y. suhst.anc pr.esent ,in, the exhaust gas while .l eaying.a

dot oct | on by AU ERAATE oK et s oblin Gy 1D pafaSs AN AER 2 o
frequency in a wide band corr onding to an,orbital fesona frequency of
a substance trBeﬁéuF'Bﬂtﬂ/B'@Sissog% ?'é?img‘fﬂléd‘%ért%??? Ela {Kég@%ﬁﬁﬁﬁfﬁﬂﬂfr ation -
apparatus 20 to between the first end cap 12 and the second end cap 13 in
the RF ion trappi ndndppahanical substance-datagtion methed acepidingytortdgovi ng
unit according to the present invention. The orbital resonance frequency
cor r espondi ngpresenhinvierdiprertbe efergheaprdisd teuahdmpefrity havirg adarger obj ect
chem cal substance is excluded fromthe frequency in a wi de band. The

subst ance t o rhassenonieer isshighlerdhed thetenexgly aapydieaina a b unhe uaiby hiaeirpads t he
wal | of the RF ion trapping apparatus 10 to |l ose a charge, so that it is

not presant asmaNet AassThemberecGeneraly ctie efetdl casosamss freriensydhi | |
trapped in the trap 11 by the trap voltage applied to the RF ring 14. This

SEELt] o o SLISTHRT s iR e g e ep o L
S103). number, the smaller the frequency, or the smaller the frequency interval
corresponding to the mass number interval 1. On the other hand, in
the formation of a SWIFT waveform generally conducted in, for example,
15 the literature “Development of a Capillary High-Performance Liquid
Chromatography Tandem Mass Spectrometry System Using SWIFT
Technology in an lon Trap/Reflectron Time-of-flight Mass Spectrometer”,
Rapid Communication in mass spectrometry, vol. 11 1739-1748 (1997),
a SWIFT waveform is formed by subjecting a frequency spectrum
20 having a fixed voltage amplitude to inverse Fourier transform to convert
it to a time region. In this case, a waveform synthesized from
waveforms having a fixed voltage amplitude at fixed frequency intervals
is formed. Therefore, in this case, the larger the mass number, the

smaller the number of the sinusoidal wave per mass number interval 1,

25 and hence energy per mass number interval 1 is small. In other words,



TICKLE i s described next TICKLE is an operation for subjecting a detection
.0bj ect chem cal substance to fragnentation and separating the detection

obj ect chem cal substance froman inpurityq having a mass nunber close to

t he mass nunber of the detection object chem cal substance. Mass nunbers of
fragments generated froma nol ecul e of the detection object chem ca

subst ance as a parent nolecule are then neasured to specify the detection
obj ect chem thé energy appdiedFiar & meolechie maang angrgdremassumiminér t he
fragments, the concentration of the detection object chem cal substance can
be det erm negpeddné£rsativeryosmiale SWFT, in TICKLE, a voltage at a
frequency corresponding to the orbital resonance frequency of the detection

obj ect chenmi cal Suﬁl 856®asE iA tRE'MBEeAP|REHtRN, Sharr)tage dmphaidesn the
first end cap 12 and the second end cap 13. In this casé, a voltage at the

frequency is o ; 1 ry
wavef orm genéﬁgﬁ'%ﬁ%g%&?@b’ggg%gﬁﬁw?ﬁ@?f‘% ggqtaﬁg?% rréillgéﬁl\el%[)};%[ﬁq%ﬂ uni t
accordi ngzto t r nt | i i ect | | ect

chem cal gubse[ngﬁgg’ §$§téﬁe%e@&ﬁ%tsgggga&wﬁdéﬂgfqyﬁg%b E’ger g@éeiébslfélangé)isoﬁﬁsst ances
inthe trap ?{%@to fragnent at e tBe det egti,on objiect .chem cal suBstancF t hus
conpl eting t KRV % G RESSH YY) ?f%l&%ﬁ'(%tt%\ﬁ?rs gah IMRErLes SAMPESUWARMYf t he
fragnentation by TICKLE, the qe}1_gp|icat,i orl of the volta?e to the RE ring 14

i s term nated®Mauech df witNAG APXEGRSIVAIVANIGH RRWEESRLTEE APPRIAYSHS N e
second end cap 13 to draw the fragnment 25 ions of the detection object
cheni cal subdeauiredt endhremessthe cost &ydder apraiatus castkg sePpHssethe i ons of
t he detection object chem cal substance fly in the mass spectroneter 4 and
atinme of flight idA chamicaldsilystaheertetectipranethost accarding tomstitli oned
above, there is a good correlation between a tinme of flight and a nmass of

the flyinQg 5 andiaeanepectiofitidpredantcnaention intludes 4n yormtrapphsg atepeof s
detected froma tinme of flight and the substance is identified fromthe

mass (step SkBfipinghusirgPERY riensf hhe|geRRUfigIMEARd GSintignelie fleld THR ion
time-of -flight mass spectroneter used in the present enbodi nent has

advant ages | fbrbggtccﬂﬂ rigpRSWIRIEN cPRAiRh] Sibstant foPmRlebEibkalibn; afver al

tens m crosecon an time required nmeasurenent 1I's very short and

for
the response dbiXGAlaGBlarn BEREFAIGH sIdlf ofBehePRtid 00T alf"l‘p\%vﬁvé’fo?fr?fr{ ed

especi al Iy when ( or co n1n an- ac ant are
control I ed i %ﬁﬁ‘?ﬁl ar\/'oﬂ%'gepésmgnﬂfdﬁéeﬁas a fixed distribution, irrespective of a

15 mass number of a molecule to be removed by SWIFT; and a mass
analyzing step of applying the SWIFT waveform to the ion group
trapped at the ion trapping step to remove an impurity, and then
measures a mass of the chemical substance or a fragment thereof.

This chemical substance detection method is such that, when

20 the frequency spectrum of a SWIFT waveform in which the voltage
amplitude is increased as the frequency is smaller is converted so that
the mass number is taken as an abscissa, the voltage amplitude per
mass number is a substantially fixed value. Thus, substantially the
same energy can be applied to molecules having any masses to be

25 removed by SWIFT. Therefore, satisfactory energy can be also



mass anal yzer, a mass anal yzer of an electric field type or an RF coil 15
.type can be used. Particularly, the RF coil type can constitute a mass
spectroneter having a sinple structure mgpely by providing an ion detector
at the outlet of the trap 11. (Second enbodi nent) In the apparatus 100 for
«detecting a chem cal substance 20 according to the present invention, the
exhaust gas introduced to the trap 11 is directly irradiated with vacuum
ul traviol et ldpphiedtto ioasitrevingdaims arass homberseasdhencel @ren stich he
substance to be neasured are then subjected to fragnmentati on by SWFT and

TICKLE. For fifip%ritie@sedh b§\/§Lﬁ§ngembaédﬁnMrim, anyeXwdsshe g higle poindrl y
achi eved 25 under the sane conditions as those for the conventi onal

i oni zati on. Sg%&%%%g%%‘ﬂjst 1s°ﬁ‘§t Ifé?fui%\e’, FhREndt e EEodt fo0RRCEpPEFALRS! OW.

Figs. 3(a) an re explanatory agrans of the ion signal iIntensity
di stribution e vol tage when the trap frequency is fixed. Figs.
4(a) and 4( b)sca\zér%éééglbgﬁ%%ﬂgdr'y diagrans of the ion signal intensity 5

di stributipons vers he . re y. Y i jxed. In the
i oni zat i oh convent ﬁﬁé?ﬁl}g@s%ﬁbﬂgﬁplgzqeﬁgggoﬁEﬁ?ﬁootdh%#é@%‘gnrg ?/%léhﬁm
ultraviolet Ii , a detectijon object. chem cal substance |s ionized tside
of the trap PP%WEGF aFPﬁﬁ?@Hhﬁ PB‘?IA%?Ct 'PM%“@%ME?'P?&S&J} é%{{fEHBFH%aFeP 8t
substance, an inert gas or a bonbgrdmant gaf, such as 10 ?itr? en gas, is
then fed int drapRINgr BpiNOLANY SRS AkapgRIeFc Hig/dang femegneticfie ge?@ ¢Pon

obj ect chem cal substance. Therefore, alnobst no air conponents including
wat er vapor agrdupxsaaprisig @inseef @ chenicakfubstanggsfoames Rpasonisgabhenndasur ed
are present in trap 11. For this reason, the ion signal intensity

di stri buti onsstepafrapplyifiggto Blealoragb Ui g. SWIBYT wiaeefobmewhidhi givés @n t he

ot her hand, in the ionization nmethod according to the present invention,
the exhaust oastdgy apmlicede o at hiaralitgofliftegsedcy ®ahdy dorresbataidgwot h
vacuumul traviolet light to ionize a detection object chem cal substance.

Therefore, aimag8mMeABEisSof 8PIUINY ofaheimitapsubGinved toxyaesveant ai ned in
t he exhaust gas are present in the trap 11. Wen the detection object

cheni cal subﬁwwﬁgﬁﬂhg%é%ﬁéﬁw%%imw aMRPh Yh 8%k bR8lyzing

bel ow descri b tageé 1n an environnment in which such ai’r

P S S S
such that f rat%rél?ggﬁ cannot be trapped.

15 The amount of a dioxin or a precursor thereof contained the
exhaust gas from an incineration furnace is very slight, and an
improvement of the detection accuracy therefor is very important when
the conditions for combustion of the incineration furnace are controlled
in real time. In the chemical substance detection method according to

20 the present invention, an impurity is removed using a SWIFT waveform
which gives no voltage amplitude in the frequency bands corresponding
to a plurality of detection object chemical substances. In addition, the
detection object chemical substances are detected simultaneously by
the mass analyzer. Thus, a plurality of detection object chemical

25 substances are detected simultaneously and therefore, for example,



38 For exanple, when the RF voltage exceeds 1500 volts, fragnents cannot be
trapped (Fig. 3(b)). Further, when the RF frequency is lower than 1.0
nmegahertz, fragnents cannot be trapped (EZ2. 4(b)). The trap conditions
mean val ues of the RF voltage applied to the RF ring 14 and 5 the RF
frequency. The cause of this is presuned that water vapor, i.e., a water
nol ecul e and an oxygen nol ecul e have polarity and hence the orbital of the
fragments of evemswhéntthe aliwraty @f ddipetidon afidhe dadividinstdeteetibr odjest

| arger, so that the ions bonbard the wall of the trap 11 to | ose a charge.

10 For trappigh@ntieal bupsrpites iefunsuiisfaétdriiea @eletity on sabseficeshgr® cal
subst ance even when the water nol ecul e or oxygen nol ecul e coexists with the

substance, i tooliRchOERSERIMINEH A he [dogrdI&BEN GAMHIAERS or RR¥/al eXREPNVRL 2
case is presuned in which TCB (mass nunbers: 180, 182, 184) is a parent

ol eoul e, | aNGeLhBGRNI, CHRMMIGEE: (d4ind aﬁﬁgage@ﬁgnwitﬁ'mg@gg on

of one chlorine from nt nol ecul e,” Tragne nmass nunbers

111) caused b | L i nat i f two ¢ i el r :

f ragnment nas%ccﬁ’tﬁh&ra%@g'ﬁ]e gé‘ﬁé@ﬁm})w QH %Sﬁkﬁmg'r??‘o‘?o&ﬁ&e@%ﬁ?d%@eghd one
hydrogen are detected, In conventiopal j.onization nethod, —when the RF
voltage is 1000 to>6B8N¥e2 ‘I”?%taapeéﬂeatﬁﬁhwéaﬁ aggorging ﬁ%&gﬂertz,
fragnent ions can be advantageously trapped (see Fig. S(a%. Under the sane
frequency corfllathBhaspact Abthe pEesre ipvepligndaclud@san ian HePeig 8P fhen
the RF voltage is 700 to 1300 volts, fragnment ions can be advantageously
trapped, and,trawingt heingraps ongl ohge glscopofield and@ wmeonsticifiedgndAtionons
can be nore stably trapped 39 (see Fig. 3(b)). Wen the RF voltage is
1600 vol ts, egrorp darepusingyionis df 8 plepditeof chesnisai s abstancesthaying
conventional nethod, but, in this nethod, when fragnment ions can be stably
trapped 40 ardifferdntenassey formetey mmdeatddn;fa sted o? applying torpalient z. The
fragment ions can be 5 further stably trapped at an RF frequency of 1.0
megahertz in gr%pr@@}wlpf_V\faf\ﬁéfbﬂrn“vvhi@hlgiﬁeﬁﬁﬁﬁhélfté%e@%?@Iitﬁd@-in”e_( b)). (Third
enbodiment) In SWFT, it is necessary to inprove the trap efficiency of a

substance to ﬂﬁrér‘]i@%frf?é’qd%é‘i‘bbﬁd@ &qfﬁgoﬁmbgqglrﬁag@“h%@rsﬁm@gr 10

mass, whereas, | ICKLE, 1t “is necessary to Ifiprove the trap efficiency of
t he fragnent 5(#”%?\‘1 j I@Y% S.
Therefore, t elﬂf/%llftggofo enlcg:;é g%“ggb%eéf‘?’g%rﬁg"%%\ﬁr W%“ I Hn’%ﬁ?—\?%ﬁ(ﬁ% ,
t he product of, an. RF vaol e a n r CY, 1S j . | ar ger .
On the ot her (;'Di |ca[l ﬁ&gﬁf%ﬂiﬁﬁ%@ﬁ%ﬁﬁfﬁ{g‘g&g@ 3ﬁﬂja§ﬁ4%§lr¥9?g ency in
TICKLE is_.adjusted to be small|er. Thus, .tthe trap effi.cien of .t he
substanca o SEa SHBSIRC hghearerf S Fhe et HRTSRRENSA be
i nproved. For exanple, the RF frequency is fixed at 1 nmegahertz, and
trappi ng i s ngBallat messonybes tpa shertfcalgubstaneedaying ¢ larden MAse. 20
Alternatively, the RF voltage may be fixed at 1600 volts, and trapping may
be made at annWRRbEfeqRass aoRlyzing e iedmeas wiryassasdohtheicoemieiher t z
in TICKLE. Further alternatively, both the RF frequency and the RF voltage
may be changesubstansestoarthefiagmenteténelor in a st epw se response manner
or in a gradual manner. The detection 25 object chem cal substance
di ssi pates out of timethter elperhicaifdudrstance 4@tection method according to the
20 present invention, a plurality of detection object chemical substances

are successively subjected to fragmentation in the order of from a

detection object chemical substance having a smaller mass number to

those having larger one. Therefore, the fragmentation of the detection

object chemical substance having a small mass number makes it

25 possible to prevent the fragment of a substance having a mass number



5 10 15 predetermned tinme of life has |apsed, and therefore it is

-advant ageous that the conditions are optim zed so as to shorten the tine
required for TICKLE. Specifically, it isoadvantageous that the TICKLE
voltage is higher. The mass nunber of the detection object chem cal
'substance after the fragnentation by TICKLE is smaller than that before the
fragnentation. Therefore, it is at |east necessary that the RF voltage
applied to thgrgdr thangha# obthé iet&Etidn ehisstahemhical sabstdree onpbeiNigCKLE be
smal l er or larger than that before TICKLE. However, when the RF voltage

applied to thgokEnri MHubs afrthehetBtibheshjeBerhémicadBitanted RaRGRSed, the
trap efficiency of the fragnents having snmaller mass nunbers is | owered.

Accordingly, fd&F?%gﬁjE%%rﬁh%it@hQ%@n%‘ﬁimy bt FRad a@ﬁ%?slsn?éﬁ“b% ifiproSeaftoer

conpletion o such fragments "are reduced’to | ower the detection

sensitivity %fChH%\?eo@Egéﬁgﬁ’éﬂﬁﬁﬁ%@‘g%ﬂr%&| it is preferred to

switch the conditl Ione i nmedi y after a |l apse of the

af ter i npdt i ng a B CRBE GELEYANCE P erot MstERtsS iR dRule "ot her

than a detection object ch cal substance 20 25 are renoved in SWFT, and,
i this | net ARANSRASORET MF AERASY VARLSN AGRER L IIaeRP N SIREE of
the fragnent ions generated in the fragnentati on of the detection qbject
chemi cal subdfapiagnusindany onsveban riectricalield arg amegnesicipld, andanan
inmpurity is detected together with the fra?rrent ions in the mass anal ysis
after the frageepteamprising DInSkefEa tpdu tadifye of chemicals westaoceadwyin@nent of

t he 41 detection object chem cal substance. In addition, when a |arge
anmount of ot hldifferemtunasses fameedrtgsiomization; e steapf appliting torthe idd i s

di sadvant ageously saturated to lower the trap efficiency, and therefore it
i s advanyagearduph®S\VEIFPWadfbrrhhehichpgives inesvelt@ge ammylitddeinSN FT 5 while
| eavi ng only the detection object chem cal substance. For renoving all the

i npuri Ui es_ whllieallgaifrh @H ey bERASRIOPRISpIMAMG 86 made uRmers LT ance, a

SW FT wavef orm having frequericy conponents corresponding to the nass

nunbers in aMSFepirtg‘éoﬁgcrﬁce@ﬂ%@ TUBEtd PR tfov ‘P@M%uritsyﬁﬁhi@l%\hgﬁﬂthe

wavef or m havi'ng conponents 1 n a wde range has on

energy per unj d ' ; i 0 a
ol eoul o navivy B SEEStandlE, aifRadradiieARAIE st 6268 € oRere) B ek ¢
the renoval effigcjency ,of i rities is lo ed. thus |oweri ccuracy
of det ectionqS?sf Od%?t@@f‘?m&j%ﬁm%rﬁuﬁgia %B&ﬁ%‘i‘“i&ég‘?ﬁ\t@s@ 15
when a SWFT wavef orm havi pg frequency conponenfs in a wide range s
Appl | 6d, 1Bt | IWEHRIOEELER Py BTRG NN TBPPBR RIS ERNEPPRANCLED B MRuency
generation apparatus 21 which is a SWFT waveform source, to increase._the
out put of an IgAINNES & fragmedigte the hyotipatapasy @dba NMAES PAAIGIRY SiRRAEY
generation apparatus, or to expand the band of the 20 frequency anplified,
so that the smeasufingrmesses fofithemhemisal aubstancesi eaiheatisggesis| y

i ncreased. For solving the problem a mass spectrumis neasured with

respect to ththerepurities contained in the exhaust gas, and the inpurities
are renoved by neans of a SWFT waveform havi ng 25 frequency conmponents

correspondi ng to thig thengieewiicaiasibstanbedetection method according to the
20 present invention, the chemical substance detection method applies a
TICKLE waveform comprising frequencies corresponding to at least two
isotopes of the detection object chemical substance to subject at least
two isotopes o_f the detection object chemical substance to

fragmentation, making mass analysis. Thus, a plurality of isotopes are

25 used in the mass analysis and therefore, even when a dioxin or a



42 5 10 which at | east nmust be renoved The range of mass nunbers which at
.l east nmust be renoved can be determ ned by, for exanple, letting a nass
spectruminclude inpurities having a val p& of signal intensity of the nass
spectrum equal to or higher than a predeterm ned val ue. The predeterm ned
wvalue is at |least substantially equivalent to the signal intensity of the
chem cal substance to be neasured, and it is preferred that the inpurities
renoved are iprpouidorehelenf isgpeisendlin antextsémieds skghiaamioantin bhgher t han
this value. The inpurities renoved may be inpurities with further smaller

nmass nunber s,expidfust ageth&BReUYadys of B8tdtRIN £E8F baidrdvedSUdR RIdiA6R;
Therefore, it is preferred that t'he inpurities are inpurities having signal

intensities @r%%%atingsoﬁdmnefth&%n%be@%ni wa%niﬁicsrverataomﬁrﬁ&tféﬁtﬁ

@I
subst ance to be neasure an”incineration furnace as an exanple, the

range of rras'rs&;%?ﬁ%%p Iraltflrfrﬁ) rcarnng%%naﬁ%li@@% Syist be renoved is, for exanple,

48 to 355, a r enmove Means of a SWFT wavef or m havi ng
frequency_.conponents .correspondin o this, range. his nethod, a..

reacur oot of a ddi B8 STRRRL el Belhre Pt metody tnk Fasrnailaing
accuracy froma pr&cti cal point of view can be achi eved w thout ?ppl yi ng
excessi vel y I3{fgdnelvdegynegsvHag atdpash tweamembers 28910 (RPIRREY Ho use an
excessively | arge apparatus, and the cost for the apparatus can be

suppr essed. (fmgmﬁngﬁwfmm%ﬁm thgchemignl aubstsnee. are di agrams expl ai ni ng
the rel ati onship between a SWFT frequency and an anplitude and the

rel ati onshi p 25 betindba chremizal sugatancemdeteativssmetihdd accrrdingdoshgunber
shown 43 in Figs. 5(a) and 5(b) corresponds to the SWFT frequency in the

sanme figure. gregenbirivemdiot, ajrleasketnd éEotopgs offfraguenty farpead from tie a SW FT
wavef orm according to the fifth enbodi nent of the present invention, The

f r equency 0s pafstedtiv A BiectehémicdISulstaned bageubjedtelitoutass einatysH\Y FT
wavef orm or a TI CKLE waveformas a function of a frequency of the SWFT or

TI CKLE wavef Orrms,Fé)pJr@mp/bflgsoqapéérwfrf'régmbmsaaw@ugebiighhécrﬁseyrahat 08, a
very high SWFT voltage nust be applied,” but, in the conventional FT,

frequenci es cofd RRRRNIE Ve FhkntdidHBE S r Y PREEGsBT ehéiRfisPrasedtia same
vol t age anplitude.
an extremely slight amount in the exhaust gas, the accuracy of
detection can be improved. In addition, when used in controlling the
15 combustion of an incineration furnace, the precision of the control can
be improved.

The chemical substance detection method further includes an
ionization step of applying, before executing the ionization trap step, to
the chemical substance energy higher than an ionization potential of the

20 chemical substance and lower than a sum of the ionization potential
and dissociation energy of ions of the chemical substance to ionize the
chemical substance.

In the chemical substance detection method, the ionization step

includes applying to the chemical substance energy higher than the

25 ionization potential and equal to or smaller than a value of a sum of the



10 Specifically, the SWFT voltage is determ ned fromthe voltage required
for renmoving an inpurity in the highest concentration. For this reason,
when renmoving an inpurity in a very highogoncentration, a very high voltage
anplitude is needed as a whole, thus lowering the use efficiency of energy.
<15 In addition, a power source apparatus having a | arge capacity is
required, increasing the cost. Further, for |leaving a parent nol ecul e whic
is a detecti dpnightieatpotbatiatahdsdbarmeyoltye frequency band correspondi ng
to the mass nunber of the detection object chem cal substance is excluded

fromthe SWFT waveh @r&imEtHod iR teteblifg 2En&dlid a1 baiphed lé@_@ofdin%ﬂ@' i ed,
the range of the nmass nunbers actually renmaining after excluding the

frequency bang ip;fﬁﬁgﬁ! |rffentidan ein’étrggq'ﬁghelsﬂmérhéﬁ iBﬁ{ﬁfati%fn. 56\%{;9?? ?ﬁté‘i on

obj ect chem ca stance I's renov ausing a problemin tha
at the

det ecti on_acGiiagyo} Sl QUEURticHIS AR CA bVeS theR Edm

i
actual frequency spectrum o ormis not an igfea
rectangul ar f.orm i.ndi cate t.he sol. 44 5 | jne sh i b Fi 5(a) but
a rectang |ar'°?“&@?h°\5‘wﬁ%ﬁng'ﬁréﬂf’|‘@SB?B'&%HSG'E%Wrwgﬂé Qﬁ%?o&htleﬁg%at ed by -
t he broken Iine shown in Fig. 5(b). Specifically, .the frequency spectrum of
L SWET waverdbinet Sharmicpis Pstancd s abaige S the Setb G bivos Grata s ever d
the bottom and therefore the frequency band corresponding to the mass
number of thSubstanee & iopzedhedrigctan ahiest ehedicaEubstaCdy ~F shown in
the figures beconmes narrower, so that the detection accuracy is |owered.
Ther ef ore, asThevefere, urFiegeseary fragnogntsgareandt genekated, and the deseglioswW FT
wavef orm havi ng a frequency corresponding to the mass nunber of an inpurity
in a high coradett ahémical substareséd benieft iscaNmiedde ramain tundeoken, t he
portion of an inmpurity in a |low concentration is |owered. Thus, an inpurity
in an especi ahbkiny Bhoseienbriaigroneths dutestibraiansdtivity ehmesd. andlysis.
preferred that the inpurity of which the voltage anplitude of a SWFT

waveform is issfww@@fitﬁis?éffédfpag ey aavh&apavelmBatiohst etidnyand dirast
equivalent to the signal intensity of a chem cal substance to be neasured.

The § mpur i ¢y JFRKidRey BY thERUIGhiEaPSRAERnde gt e et AUTR! i admeRoRUTDe!

but | arger energy 1s ed for a case. erefore, it is
preferred th | i I i I I 'gén.faé intensity 50
percent or rrgstfeé{sgﬁ\”kﬂgym%m%% %Bgl@?#i@htﬁ%ﬁrﬁﬁ@?ﬂle@al Sl%lsn a%ce to be
measured. Thus, the volta litude of the SWFT waveform can he | owered
as a whol e, srBe?ﬁerrHﬁ”f Hﬁﬁ‘ﬁ@‘ AAGHIEYY e:%\?g LYl ien%(?@ég@ﬁoﬁso an
efficiency of, epergy. In addition, a power source apparatus haying a small
capaci ty%’an 'BG“\%%P”JHH‘%EEW Cﬁgﬁﬁegwmg'@b%gp%%%anwﬁé duced
in size 25 and the cost can be |owered. Further, the detection object
chenical  45theud¥{iEdcecltage sandig aweres tandtherefa@ thergdeng 7efd t@ hus
making it possible to inprove the detection accuracy of the nass

spect ronet er prep@EsexarmeraessivanbighFpoeer spayceaaddﬁ}/\s)pr@ndelctdpagmﬁéor
explaining a frequency 5 spectrum of a conventional SWFT waveform Figs.
8(a) and 8(b)thar epplacduscanchelsaippregsed.f r equency spectrum of a SWFT
wavef orm according to the sixth enbodi nent of the present invention. Figs.

7(b) and 8(b) are individually obtained by converting the frequency
spectrumof a SWFT waveform so that the nmass nunber is taken as an

absci ssa,20l0 BRMEFYDESCRAOFION ©F THEMRAMINGSt he mass nunber. A general
Fig. 1 is an explanatory view illustrating an chemical substance
detection apparatus according to the first embodiment of the invention;
Fig. 2 is a flowchart of a chemical substance detection method

according to the first embodiment of the invention; Figs. 3(a) and 3(b)

25 are explanatory diagrams of the ion signal intensity distributions versus



SWFT waveformis fornmed by subjecting to inverse Fourier transforma
.rectangul ar-form frequency spectrumof which the anplitude is not changed
even when the resonance frequency of ion®7becones larger (Fig. 7(a)). The
SWFT waveformin this case is a waveformon which 15 the resonance
frequency corresponding to the mass nunber. of an inpurity to be renoved
superpose. This waveformis ideally a continuous waveform i ncl udi ng whol e
of the orbitahe REwoitage Whengukedias fregquessydedixegl; tigs. 4@)tanch4(Bsarer ange.
However, the actual inverse Fourier transformis nmade based on data of

limted 20 res@NARery HRALRARES 85 thaneh sih d1aatdisiyt diSWFURi ovey eé U tihec| udes
di screte frequency conponents and the frequency pitch is constant. Wen

this mveforrﬁ#?ré@%‘ﬁ%bﬁﬁ Cth@ Rprmagfen@ ﬂi’)?éos,ﬂﬁlﬁbS(a) érgkﬁgf(l?)ﬁgk@ncy pi tch

is larger in aregion in t he mas unber isTlarge, e frequency

ptch Is smaldigy e BERIhAM ik WOLEBAERR BBEGeH IOSHVIRT fiSqsamt) and. 4O

When usi ng suc orm an anp gh energy density is
applied tp an ion havin |, er. : e n i only a
oW enerof adAmpTRIAd 3of BRaiEtaRTER PRy 2Ptk SloREERAd MRS O Y
7(b)). For this reaﬁ__on, an ian havi Eg %.5. smal | er mass nur{ber gan be easily
broken, but AWMBRLHADI RdS# Pladjam RARLIRINGHR TEANERYSREAUUDLTR br oken,
and thus it is left as an inpurity. Unnec ssar¥ fra nen%s are generated by
TIKCL to | owsIVRE Wwavefeamyaehordiis tathe Jidthsempedinggnt ohéhe MEMIBVLI em a
SW FT waveform formed by 10 subjecting to inverse Fourier transforma
frequency spddgsuiid)ranhi7éh) are diagreateespidiningde fiesuedgycsReAIM a
resonance frequency corresponding to the mass nunber of an ion becones

hi gher i s usebniiéingiona{ SVYIF Bwawefagms &ods.B(SYWaRT 8b) efrerdipgsanisst act ory
energy can be also applied to an ion having a |l arger mass nunber (Fig.

8(b)). 1%0Spesidiainahgd v fréties ecy apebtruappf aeSVAFSW EVefwamehocondimg thitled t he
vol tage anplitude has a fixed distribution, irrespective of the mass nunber

of a mol ecul &j)i® &ALOATALAL PYh S FEntidn FigBbik)a dfeyrainkxpismingnai on
having a | arger mass nunber can be further surely renoved. Further,

required and ﬁ%@@fé@%enﬁaﬁx ngﬁqé@@ﬁo&ﬁPa& RThd 8179 sBauhiy a

smal |l er mass n at the use I clency of energy can be | nproved.

I n addi tion, e&ﬂﬁgéﬁﬁéﬁi ¥§b¥% LereQﬁ UL SPY asea@cpggg@)t NS gﬁag?%nsr equi red,

and t heref or _ _ ne apipal‘at S cah'be suppreesse event h
crbodiTent) 2ol bihind o e her SRR DA FRRRLE PRSI SOSEH LY, @
pect rumigt eI SRETABPARILLEE Hlehiy Hothe ATEUEIoh kDot R TP ¢ he
present | nvenéiiagrr]émlsne;pqginﬁgzufrrggﬁghcgépg%ﬁﬁ?n %]} at'PIeCKLE waveform

according to the ninth embodiment of the invention wherein the

diagrams are individually obtained by converting the frequency

spectrum so that the mass number is taken as an abscissa.

20
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention is described in detail below with reference
to the accompanying drawings. The present invention, however, is not

limited to exemplary embodiments. Further, elements in the exemplary

25 embodiments include ones that are easily conceived by persons skilled



5 apparatus 100 for detecting a chem cal substance with respect to a
-detection object chem cal substance which is, for exanple, a precursor of a
dioxin, when a plurality of detection objogct chem cal substances are

si mul t aneously subjected to neasurenent, the detection accuracy can be
further inproved. Particularly, the anount of the precursor of a 10 dioxin
contained in the exhaust gas froman incineration furnace is extrenely
slight, and hetice aanor opesvarbstantially hiee dahext | bnadditiona@ementeirythe

i nportant when the conditions for conbustion of the incineration furnace

are control | keinfblafRrkenidd@mdm™E ifolidecé e tifathd e @hsily cOhcsligkdasy on obj ect
chem cal 15 substances to neasurenent simnultaneously, there is used in

SWFT a frequrieynsRRAIIMR Gfe 8rtSW FT wavef ormin which the vol tage
anplitude i stl!%? tﬂat ﬂs, a SWFT wavef orm which gives no vol tage anplitude
in the resonetpﬁgt Eh%bq t and corresponding to the mass nunbers of the
detecti on obj‘ect chem cal substances (Fig. 9). The 20 frequency spectrum of

this SWFI waveform.is,the ubyj Q] . Four.i . o form
a SWFT \Aévef orm %h1 Wf@aggﬁr&&'g&} Elg'lgh%?'{‘ﬁeélghgb"f&m%%mc%bt ai ned
by the inversge transform the detection object chemnical substances are
still trappecF%tﬁCTt"Pl'é atp,pa'liga&@ agcorghing ?%;S@? ﬁtﬁ%ﬁﬁ%@ﬂ@&”i@%&%@@ﬁ%’?‘ef ore

t hey can be 25 separated frominpurities, 48 The detecti on object

chemi cal subdf¥@RléERN.ar An: 2RPARAINP dOQ%ktPridetertingenehemitalBphsdance of a

TI CKLE waveform fornmed by subjecting to inverse Fourier transforma TICKLE
frequency spdocludestaivionjzatiparaambenlti agas faeding appegatiscy, BagguUM
corresponding to the nmass nunbers of 5 the detection object chem cal

subst ances ((Wirgvicl€{ @mp 3Tae anciomizatian findgasdta tioresobflightendesect i on

obj ect chem cal substances are then neasured by neans of the nmass

spect romg0er shecteenéicd.4 4s)a hmassdanaliykert hThddoeidation ciaraber dhemni cal
substances, so that their concentrations can be determ ned. Alternatively,

TI CKLE nmay ané@@‘éléQtag%N%rﬂﬂ’ag(paﬁég Uinilaln REVehaToTTrequERey Plonswappirig ng to

inverse Fourier transforma TI frequency spectrum having a | arge

anpl i tude | n Jdies £ROOR0SEATRARE RFOINGO! 1 ignbied HBRIANS] 8Bjdcer T espondi ng

to the mass n ers o tection Object chem cal ances (Fig.
10(b)). Furt ' : i ; ' t 15
numbers of ¢ geBEl Rt Lin HE ekhaBHERE B LB RIA LI By e TR

applied to the respective substances.. iLviely.. (Eighth enbodi nent) As
descri bed abo¥e® "dhién rgqB?U?;)éleﬁ‘?é}”(?fﬂeggﬁ@grﬁ%gnt?]g}b{?'gct chem cal substances

are sinultaneously subject to neasurenent, the 20 detectjon, accuracy can
be advant'@geous!y |M\/‘§@?CE%{P&S “’\,\ﬁ\?nuf“ﬁélsm%ﬁ&aﬁﬁﬁtﬁ hﬂ@t’@cti on

obj ects chem cal substances are simultaneously z(grbj ect eg to aerement,
the fol | owi ngM@esstiefieddi seanothinr alesioneagneliaiyrceLLay §i‘ﬂi5:$d M which a
fragment pattern having TCB (trichl orobenzene) and DCB (dichl orobenzene) as
parent 25 nol@leatris fielkd, cbmagnatiaiieldhanshethariynt mawbe usegnodivvduaben a
mass 49 nunber of 145 of the TCB fragnent and a mass nunber of 146 of the
DCB fragment osirasomnitaticars apprdpriateiiyr eSewheal tyees aic¢upbBoarteapping

si mul t aneously subjected to TICKLE, part of the TCB fragnent may be broken
by the near Tukid-Bré keguwanandfof@Bsel prefecrediscteeRF ion vappiagpl e, a
concentration of TCB cannot be determ ned by subjecting TCB to

fragnent gig onggparaa88arain WHichCh rabnTraguiemeyrdléytritafiéladsdored sinober
equi valent to the mass nunber of TCB to neasure a signal of the fragnent,

so that the a héﬁdliuﬁ% o@l%@fédqﬁ?ams KR |bfveQedsd. Adse jom tidppirdd CKLE

according to the seventh empodinent, 10 variols cdres should be taken for
accurat el v apphi die 14, g;bgg@tm,fae%%%mratpoeﬁmomsa BHeReloRAge

optim zing the
and a static magnetic field can be used.

The RF ion trapping apparatus 10 as the ion trapping unit

25 includes a first end cap 12, a second end cap 13, and an RF ring 14,



In addition, even when such cares are taken, the fragnentation may not be
.appropriately achi eved. For solving the problem in the present enbodi nent,
a detection 15 object chenical substanceggaving a snaller nass nunber is
first subjected to fragnmentati on by TICKLE, and anot her detection object
‘chem cal substance or an inpurity in the range of the mass nunber of the
detecti on object chem cal substance is renoved. A detection object chem cal
subst ance hawntgiseofl atlyeye-dimensiona¢teirodesuppect &d $lvowl iTIFYLE, the Bénerat e
a fragnment of the detection object chem cal substance having a | arger nass

nunber in thejng@nges efispdediisideWwThRE firdt Bt Cag he vt 8ad 5660 Adjepd!
chem cal substance having a snmaller mass nunber is present. By this nethod,

when the det ooy py. obbafh RPAiEal i8NGS A5t il forlcl SGlefraSS number

is subjected t gnent ati on, tection object chem cal substance

F?ZLQ% g e aanpa I P 185 aPERD e BEP AN BAdPRIR S Pouiny o
arger nmass nunho.

er from being broke faor, t tecti,gn obj ect
chem cal 5 sdbiERCE PO 500e hE volABk AT HAm P aRB g B AP L IEN Then o
plurality of _detectiqn object chem cal substanpces ving .different mass
nunbers are &&%H%H%@M@%@BB&W%%%%%Q’ﬁ'@n}{]aﬁ quHFﬁﬁiu c@é%&l‘%y can
be achi eved. Specifically, a case is considered in which TCB (nmass nunbers:
10 180, 182, ohgact akwmicahembetaree andoether subgtances cant@ineq iy thes
(rmonochl or obenzene; mass nunbers: 112, 114) are detected simultaneously.
Prior to TI Clxhaustgasi t A aabiérargnwsdeefoby SVIGTRLIGN aRpai@dvs 2§ ahese
detection object chem cal substances. For subjecting MCB to fragnentation,
a TI CKLE fremrbitcgrycwavefgondengratiorifinithe comse chedibecach dfitRei first laewd
applied to first and second end caps 12 and 13 to generate a fragnent
havi ng a{Qasssgvdmdesnd®icaps. 12,M 3 hasd cppliessaibsltages emavivey iangpeaifis nunbers of
112 to 114 are not present in the trap 11 of the ion trapping apparatus 10.
After the fr aﬂaﬁmr?éy NbeiwdEBthEEhd Saps! i 6d e18W-dEE dribRANSW I QR by
applying a TICKLE frequency corresponding to the nmass nunber of DCB. The
resul t ant fragmg i ncl ude ones havi ng mass nunbers of 111 and 113 caused
by elimnation of one chlorine from DCB and one having a mass nunber of 75
caused by elimnati t I : i Jy: TCB i s
subj ected to 25 frﬂr&eﬁ%gtfﬁgﬁﬁﬁ/ggggF@tiu%grwésoﬁfoe\}g]%éeian?gﬁggré:éé;%%%?onrg to the
mass 51 5 nunbe-#1 of , TCB. The.frta ment s 9 eratig in this Cgrﬁ]st nce_.i ncl ude
ones havi ng fHB& Lﬁﬂijep%e ges1qeclp P'P&nﬁ 3 JY M ré)dntip B4 HAVEOS'BE one
chl orine, _ones hayi ng mass nunbers of 109 and 1 caused el i m nation of
two chl or1ﬁnesarhﬁﬂ\f['SﬁesH%Ira@g@erRuef%é{a&f‘e Wﬂpﬁﬁﬁérﬁggenuﬁéﬁuﬁ 9#2 B3used
by elimnation of three chlorines and one hydrogen. The correspondi ng
Tl CKLE f r equdfemefonprampie carineneration fedmaces ygueh iy éeq tothe 93¢ fragnent s
at certain intervals. After conpletion of the fragnentation of the
det ecti on objigigction pipe 5, is introduced into the ionization chamber 1. A heater

6 is provided around the gas injection pipe 5. The heater6 is a
heating apparatus for preventing a detection object chemical substance
20 from being deposited on the inner wall of the gas injection pipe 5.

The ionization chamber 1 is provided with vacuum ultraviolet
lamp 3 as an ionization unit that applies energy to a detection object
chemical substance to ionize it. The vacuum ultraviolet lamp 3
generates vacuum ultraviolet light L by discharge of a gas obtained by

25 adding a rare gas, such as Ar, Kr, or Xe, or Hy, O3, or Cl; to Ar or He.



10 chem cal substances, the fragnment ions in the trap 11 are subjected to
-Cooling without applying a voltage to between the first and second end caps
12, 13 in the ion trapping apparatus 10. 3phe Cooling unit that the fragnent
ions collide with neutral gas in the trap 11 to |lose their energy, and the
‘fragment ions are cooled by this procedure. The Cooling can inprove the
accuracy of mass neasurenent by the mass spectroneter 15 4. After

conpl eti on ofin GeelpregentetbasimentoLy@aa @ $igapplavedy aovabelengtiootl 1@ cap
13 to introduce the fragnents to the nass spectroneter 4 and the masses of

t he fragment sankiétéus ebrarLhygasgaregdlashoa idasetine concentrations of the
detecti on object chem cal substances can be 20 determ ned. Specifically,

the concentrationsgfc iﬁpdth%p%a@fm §8$ AidEgeBYinRb UGN
respectively, the si'gna ntensity of a fragnent having a mass nunber of 77

and the sign L L fRangnd, i gﬁ?@, 113 and 75.
The concent rﬁl%r%ﬁﬁoﬁ&l?k&?gaﬁﬁ%gﬁg er m%n@g(y 03 %e t?ﬁgﬂéte?%c;@ljranal
i ntensitygof r nt, .havi r e e ; rlap the
fragnent 3501 eV T Ras S Pa A BE SrANGRE SRR 3spBiyBY %, 5P 105
109, or 74. tection object chem cal, substances fromwhich.fra nts
gener at ed hadieiabeHaRRTENE 68 Scetent SBvaIpapch PaTcd ARbeh ST CBR R To
can be simultaneously broken by neans of TI CKLE 5 wavefaqrm For  exanpl e,
MCB and MCP 428 ¢ rasPtpl'§Gb‘j"é‘?;tt°é‘de'i‘%rg‘yr%%ﬁ?aéttihSn‘?EetéﬁHOPr@ieﬁiﬁ"%Wéc%CP, and
finally TCB and TCP are subjected to fragnentation, enabling a sinultaneous
nmeasur ement  gubsitanes geesdiotdendengiootisepE@tioncloean attertuissganthan thad afhi s
case, fragnentation is conducted two substances by two substances, and 10
hence the tirtkerieniziatiod patentiad f Thgspnohbnbnecas iomizatiab@ftthergasxistimgs t he
time required for fragnentation for six types of substances
10 substance having an ionization potential higher than the photon energy
be prevented, but also fragmentation of the detection object chemical
substance can be suppressed.
Instead of the vacuum ultraviolet lamp 3, a laser or its
harmonics can be used as the ionization unit. In this case, by using a
15 tunable laser, a substance to be ionized can be selected by changing
the photon energy generated. As the tunable laser, a conventionally
known one can be used. In the present invention, a vacuum ultraviolet
light having a wavelength of 50 to 200 nanometers can be used, and
the wavelength of the light is more preferably 100 to 200 nanometers,
20 desirably in the range of from 112 to 138 nanometers from the viewpoint
of further suppressing the generation of unnecessary fragments.
As a unit that applies energy to a detection object chemical
substance to ionize it, a laser having the wavelength of a vacuum

ultraviolet light, or an excimer lamp may be used. Alternatively, ions,

25 for example, He ions may be accelerated by means of a particle



conduct ed one substance by one substance. (N nth enbodi ment) A detection
-obj ect chem cal substance may have an isotope, 15 and such a detection

obj ect chem cal substance has different rmgss nunbers. For exanple, MZB has
i sot opes having nmass nunbers of 112 and 114. The reason for this is that
‘the chlorine bonded to a benzene ring is of two types having mass nunbers
of 35 and 37. In such a detection object chem cal substance having

i sot opes, thecdelstansi aivd efllowesl tebeaibard @hkie¢ettiohebjentichemighhnce havi ng
one mass nunber is |lower than the collective density of the detection

obj ect chem Galpstathsd 8BRfain@ldntSaRiplé Yas\RaRedioPiliiceRaMder Mg one mass
nunber is solely subjected to neasurenent by neans of nass spectroneter 4,

the sensitiViggyd, W@gﬁ@éﬁuéh%@@%@%@&@&w RIBILEr a sexforlaki ng

the MCB as an exanp aving a mass nunber of 112 is solely

o % hat e?h;°c%§°§éhﬁ[e%’£ﬁ%%¥;§@3%?¥¥%Se%%?(?? ??@@JM&%%#H@QOE AR ie
122 whi choi o HBAE R BbalPdiacs ERRERIOT PhIER artd) RTksh <k ERTRAHTRE noa

in the exhaust gas from an incineration furnace, which is a detection
obj ect cheni GEP @é’ﬁ’é{sgﬂ@é,'nh@§ R 1Za49 L ABRDESW -concent rati on, and

therefore it is necessary to inprove the detection sensitivity as high as
possi bl e. 10 By subjhetimeyof-flightapasntspacsioraeierdst Whieh isatpss apalyger east
two detection object chem cal substances, the problemof a |owering of the
measur enent spesifies atdetestiobeohjett ebiemicaleyiisdaace by measutagbts BASSwi t h
taking the isotopes of TCB as an exanple, but the present invention is not
limted to T@Hth aespectytoditiccionisoof thig eetectioandlsjelct themibait sulrstancan be
applied as long as they have isotopes. Figs. 11 (a)
10 contained in the exhaust gas, which ions are caused by ionization in the
ionization chamber 1. By applying a drawing voltage in a pulse form to
the second end cap 13 in the RF ion trapping apparatus 10, the ionized
detection object chemical substance is introduced to the mass
spectrometer 4 and flies in the mass spectrometer 4. The flying ions
15 are detected by an ion detector 30, and the signal detected here is
amplified by a preamplifier 31 and then taken in a data processing
apparatus 32 and subjected to data processing. In the present
embodiment, a microchannel plate is used in the ion detector to
improve the sensitivity of ion detection. The mass spectrometer 4
20 measures a time of flight. There is a good correlation between a time
of flight and a mass of the flying substance, and therefore a mass of the
flying éubstance is detected from a time of flight and the substance is
identified from the mass.

Procedures for detecting a precursor, which is a detection object

25 contained in the exhaust gas, using an apparatus 100 for detecting a



to 11 (d) are diagrans explaining a frequency spectrumof a TICKLE wavef orm
.according to the ninth enbodi ment of the present invention wherein the

di agranms are individually obtained by comerting the frequency spectrum so
that the mass nunber is taken as an abscissa. 20 Fig. 11 (a) shows the

«di stribution of isotopes in TCB ions. For exanple, all the isotopes of
detecti on object chem cal substances can be subjected to fragnentation, an

i sot ope havi nghemida¢suestaradd is Heserbedmexbwitd referemee be Fignvelid.rom al |
the isotopes, or the isotopes of detection object chem cal substances from

which the 25 jgasfoenber oha\dhinidal 8LBStandEPdElidYiohahkethd$ at¥6ldifg§docan be
54 subjected to fragnentation. In this case, as a TlICKLE waveforny there

can be used opng ﬁ}*éft%inflgﬂdim’erﬁ%ﬁ\%tbﬁé&etn@iri\\ﬂé’rﬁ'iogrﬁ. FPHE@,?‘J&(htaru%'f' fg@r a

frequency spectrum whi gives a large anplitude in a wi de ran of a

resonance [ SEMNGY IRARG Ry R Ry ihces! MGo e IREAUHTBEL AT PdtehNe 5

i sot opes of at 1east on obj ect chemca tances (Frg. 11

b)). The_.nmas € f ich4h sonance _fr.equency, af f ect,s i ons has
\(/azi)ati on5and§iﬂmf%¥§?u%m%ﬂs g% E%C{]E%ﬂ%?/'%'ﬂéé{'?ﬁrﬁ%ﬁﬁ/?%rg{ & M%d anpl i t ude
is used, a phenopenon curs in ich TI i,s difficult for 1Q the
: so'ltjopes ha\F/)i 'ﬁ'@ﬁt@dﬁﬁﬁﬁrﬁﬁﬁ“&fm "':"Wlﬁ’tlﬁrt\ I%SEL h‘l?r%é'f‘%l"é‘léélum @k[%"??t

relatively easy for the isotope having an internedi ate nass nunber. For
this reason, @A¥h3usPrifahexhayabaay Gpeeeeivasinhatan@naray fFramtvegauaipl i t ude
is large in the maxi rum and m ni num mass nunbers of the isotopes of the

det ecti on obj¢tnavigietdight Ldair inaed 4stepl§162) t h&hgl pregursgr as ai sot opes as
t he object of TICKLE can be subjected to substantially the sane TI CKLE,

t hus enabl i ngdetelstipardhjatt subsiahaenhds agnenizticonpoténtial iathe edyge toier e may
be used a frequency spectrumin which the voltage anplitude is large in the
maxi mum gied nfromn®IB 18 $0. e Eetrch 061t he Aisspapefedsalid\e, Ak &clcudim
fragnentation and the 20 voltage anplitude is relatively small in the

intermedi at e gB&yidlerght (8641 thbqﬁe's@anawbo?dkn{eqﬁ)hasFWd\@en%th of
alternatively, there nmay be used a frequency spectrumin which The voltage

apli tude i n'441e ol SAEORBIAY Mk s bRoMA LeleYol Moo eRlAIRG! vhREensi Y i s

snmal | er than the voltage anplitude’'in the isbotope having a relatively high

hand & | ar oot Sy @ BEgEF toal e Sneion Holkhlie py RO S

nunber as that of e.certain isoto na e present. For example, it is

pr esuned that?m?lhqupcb?hﬁfr?ﬁ'ﬁsoé’ ?583@”&%0%&8@qu%5??9ibgs'oﬁ‘%(ﬁg t he sane
mass nurrbeé:1 as.hha% of a T(EB 5 i sotope having a mass nunber of 180 are
present. Ph sWEERCY! aRRYING thetate §XaFs§ren&®opes excl uding this isotope may

be subjected to fragnentati on so that the |arge anount of inpurities are
not subjected to frAgeeitinglyothe iiHzedinigcursasasuasiiaction oRiettgh accuracy.
In this case, there can be used a TI CKLE wavef orm obt ai ned by subjecting to

10 i nverse Fothemical sapstance sahrkeefficigntipscbjecteddopnessuteraept.urbhety of
resonance frequencies corresponding to the mass nunbers of a plurality of
i sot opes whi ctea®mfatr tbentesides ipdhat ihesiondzationucbkingatvaeusameltnasslatunber
and which are selected fromthe isotopes (isotopes of TCB here) (Fig. 11
(d)). 15 (Tenlightegboeliatestonly a very few fragments and almost all the ionized
20 precursor can be subjected to measurement by the mass spectrometer

4. Particularly, in the exhaust gas from an incineration furnace, a

precursor is present only in an extremely slight amount and therefore

this effect is remarkable. In addition, the lowering of the trapping

efficiency of the trap 11 can be suppressed. When fragment ions are

25 present in a large amount, the potential created by the ions trapped in



A detection object chem cal substance has an isotope, and a fragnent of the
-det ection object chem cal substance has an isotope simlarly. Therefore, a
measurenent of the fragnent has simlar [@0oblens described in connection
with the eighth enbodi ment. 20 Conventionally, the concentration of a

‘det ection object chem cal substance has been neasured only from one
fragnment, or the concentration of a detection object chem cal substance has
been esti mat ¢he byapat tcancematodhpoteialfofapeetnas. Honvenar, thenienizatien ance
present only in an extrenmely |ow 25 concentration, such as a precursor of a
di oxi n cont aiygeth brvddiurexhadeiolet hghtgesn icoasiderabhcs msprissareferatiane, when
one isotope of a fragnent is nerely neasured, a neasurenent with

sati sfactory cyensiddesshly FrAAGENnD0ORNIRHs FYAng it bHSsIBAL teEOppREEhANg of a
plurality of fragments, the absolute nunber of the fragnents i n one isotope

I's too small aRdring WKkl $hEEINY ¥ficRncy 8t tid idiftray S5idraRid 79, the

concentration. E(rjlrﬁgsol Vi ngéélﬁe proLI em” anong the isotopes of the fragnents
formed frgma detegt] oby 1 I i.spt opes
are subjeCted to nféjéﬂ%ern@ﬁ?e%%@%3%221@%%%%@? rcgfﬁ %?%ﬁ%’:&\?ol t age)
of a certain/fra «a value of a sum pf maxi mum _10. val ues.of 1t

spect rum of é‘rr‘kﬂ %@ﬂhry na?ayggtno%ggr,a%w\ ﬁ”\f&f“u%‘“BQ ap gﬂﬁy%& & gﬂg@fa t he
spectrumof a plurality of |sotopes is . used as a neasurenent, val ue of mass
Spect ronet er VAtage WAVSTAFm HAUINtha SRR S50HEEEY P APPUGH: i PR can
be used, and therefore, even when the concentration of a substance to be
measured is distengicap dd,anchhe segendiand/eay 16finnBgstiirridnio ehanges she
spectronmeter 4 can be inproved. In addition, when a spectrum having a |arge
noi se conponarbitabopiarsent In aoriorizatienemetmod tipal geperatagmeany diagsaestsi n
the mass nunber of a certain isotope, the nmass nunber of the isotope

excl udi ng0t hea Ergetnumbef of firmgrsentzpkeaving, s = pheentetiofecue; theni ne t he
concentration of the 20 substance to be neasured, so that the noise of an

inpurity can dilecussBrweBicht BUS denédtio mo biedteamizatstib¥idntehdghrotimrcur acy.
As descri bed above, in the chem cal substance detection apparatus according

to the presefguds@aﬁeé ia‘P&diié‘d(bé’rWaﬁ%biu@W gEnarletqantthemads eeimisévelwhicH

substance, energy higher than an ionization 25 potential of the detection

obj ect. cherm oo ayihe! AfiByaRd AURiTobEES of SWRFTS EB: Tuifling iterhapt 22t on

poLenti al an _ on eger of ‘1ons the detection object chem;c cal
the det ecti oro BB dce Vatuirta TeiBbkdR s80LERY, SRAThETRIgP BN T hEse” o e
o ok o 3B el or SFA AL e Ay RO ASMTAEHD B eTakdd

suppressed. Accordingly, the detection object chem cal stance. to be left
is allowed toPPERRITNBREREKePN HRKOLLLT Pabgs‘é’hﬁlnethteow&gw?qg&'%et ection

sensitivity of the mass anal yzer. Further, a SWFT waveform.is ner elg/
applied for increased, a molecule having a mass number which is not intended t

be broken is broken, together with a molecule having a mass number
intended to be broken, and the precursor to be left is broken, leading to
20 alowering of the accuracy of mass analysis.

In the ionization according to the present invention, only a very
few fragments are generated, and therefore the number of fraéments to
be removed in the process of SWIFT is extremely small. Accordingly,
the SWIFT voltage can be lowered and the precursor to be left can be

25 allowed to remain unbroken, so that almost all the problems can be



removing an inmpurity and hence, the inpurity can be quickly renoved. Thus,
the rate of detection of the detection object chem cal substance can be

i ncreased and hence it is preferred in thgg control of an actual

i ncineration furnace. In the chem cal substance detection apparatus
-according to the 15 present invention, fragnentation of the detection

obj ect chem cal substance is perforned by neans of a fragnmentation unit

t hat appl i es salviddCKLW véav e pare Atheodd cule, reevaninghefiteaS WIS sybjested esent
in a frequency band corresponding to the mass nunber of the detection

obj ect cheni ¢glthe UgbatEEscrithed TICREE of CDOLINBUFidgmErts e gensnaedto 20
achi eve an accurate neasurenent. In addition, only a very few fragnents are

generated in g JRULhhAhtangIddIRES TP fe idMzhlEn eGB! i UheHhtdde
d

detection object chem cal substance, the desire etection object chem cal
subst ance ca jcLentl ] 0 i i t he
detection seqarty Siad gt b HabRaliRenleof LAOEERCES Rfier EARTAC Maklred
conmbustiop can he controlled.with . 58 high recision. ln the em cal
ubot anceBdoteb P e AL A5 iy Ehul SR 81 pbRace P8
energy applied to the_detecti 0[1 obj egt ch«?m' ctal ubst ance by the .ionization
unit is hi gh@CURRRY CRENISHRRAISK: pBY SANEASIsIMHE BI&RHe MEtoal | er t han
a value of a sumof the ionizatiqgn potential and 4 el ectron volts. \Wen the
det ecti on objascor@mnenioctie Bl iB¥enton oRNYed foy fEa@ngPtoare pgreratese
wavel ength of the light is 50 to 200 nanoneters. Therefore, an inpurity can
be renoved wiinibatiogizatioat isodthahteiscesrodgmf cayherauhstantialbelved. a vacuum
ultraviolet 10 lanp is used for such light, and hence the handling is easy
and t he constructi GWIFTtib el esgpidbeat nsxtcanT His isiampbpéiagidn flom rehevihgni cal
substance detection apparatus according to the present invention, the

vol t age aopl idnibcedfsany SVWbETa rveaseh ggBntiin ahé reodiaeize gaconhits peandhga t o t he
mass nunber of an inmpurity present in a 15 high concentration such that it

exhibits a sidgaktibAtepstt ¥hémedfrsididande SPE6F thie sdaradbni atwtdde/ata
i ncreased, and the voltage anplitude for an inpurity in a | ow concentration

s |owered. FhesdRtein 8TvidBbEAd LorfBRrRMAP S Bl driaBlhesoensd rati on can

be sel ectively An inpurity can be selectively renoved and hence

only sral | egﬁé(ﬂerﬁséy BFg;EnLLt?SQaRQé t6 DS hdved ¥ SppReB B hn SAY[tFSyaPPar at us

can be reduc i’ze,
waveform generation apparatus 20 to between the first end cap 12 and

15 the second end cap 13 in the RF ion trapping apparatus 10. This
constitutes the impurity removing unit according to the present
invention. The orbital resonance frequency corresponding to the
frequency of the mass number of the detection object chemical
substance is excluded from the frequency in a wide band. The

20 substance to be removed is vibrated with a large amplitude and
bombards the wall of the RF ion trapping apparatus 10 to lose a charge,
so that it is not present as an ion. The detection object chemical
substance is still trapped in the trap 11 by the trap voltage applied to
the RF ring 14. This operation is called SWIFT, and impurities can be

25 removed while leaving the detection object chemical substance by this



there is no need to use an excessively high power source and this is
-advant ageous from an econoni cal point of view In the chem cal substance
detection apparatus according to the pregsnt invention, the energy applied
to an inpurity having a larger 25 nmass nunber is higher than the energy
-applied to an inpurity having a 59 smaller mass nunber. Further, the
chem cal substance detection apparatus according to the present invention
i s such that opehatioh l{stefp 8d08hcy spectrum of a SWFT waveformin which the
voltage anplitude is increased as the frequency is smaller is converted so

that 5 the mass numheKLUESid akserilfed MRx@bSTICKAE ishen vpktftgsn éavpl i t ude per
unit mass nunber is a substantially fixed value. Therefore, satisfactory

energy is ap&'uib?@ct% régudétgﬁgbhtdbjéé‘%’&ﬁ‘@nﬁcélashﬂﬁftaH@é% RrEEREnfaioneamye it

and energy in a're sati'sfactory range can be applied to ions

having smal | s?%%?gﬂh’&?ﬁé%et@&ﬁoﬁrb%?eé}tlhgwhé’rgﬁza]r%u%gér%@%h ah ihr{stﬁllrﬁg)ergy can

be i nproved, at”an excessively ower source appar at s’ not

required and - t r a1t he
Cham cal BubdiRIE o8ReBTnbE, skit: BEHRL RS fERes? o ehEIakon sBideton,
an inpurity is renmoyed using a SWFT waveform 15 whi.ch qgive vol t age
anplitude in c’?‘l’?émf:?gaﬁgﬁ@f‘c%an ags MHEbeiPhyagaelty r?fﬁ}{]ﬁfmhét ection
obj ect chem cal substances. In additiaon, the ?et ection object chem cal
subst ances arBOg&UiR oEihe dalection obiest dienica! substancs ss&Partills, a
plurality of detection object chem cal substances are detected

si nul t aneousimolecyle ase shen aneas uigsstor speeify te detectinrypbiast ¢hgeyicabn be
achi eved and the precision of the conbustion control can be inproved. In

t he cheni cal substancee Hartber by nagasuringithaamouwhtnef the fragmendsctine

i nvention, the chem cal substance detection apparatus further includes an

i oni zati a0 urddndematatippbdf e tetédtmmebjmct ichienubpbsubstaaceczdn B8 subst ance
energy higher than an ionization potential of the detection 60 obj ect

chem cal subsictae®irey | DS reitdrora tEeB\WAFThim TIOKEE! horlrejecat hal and
di ssoci ati on energy of ions of the detection object chem cal substance to

| oni ze the d%@g&é@&y eB}r%§Pﬁga§+§ fcﬂihé%?éiiﬁ%%o,nbﬂcbﬁ?ec‘fd%;ﬁéf thgubst ance

det ecti on apparat us ‘accor e present 5 invention, the ionization

S bct cher RtBLRBh, dUIBEt BRGMICA Sl aRCARRYY Bitenthidlecifiei8 drifieddioc | on

obj ect chem c ce éenergy higher e 1onization potential and

caual £ or SGBhS 204 48 Benla B3 Mk osR, SR AELL 0 LR GERk, 271 ¢
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of the arbitrary waveform generation apparatus 20. This constitutes

the fragmentation unit according to the present invention. The ions of

the detection object chemical substance are allowed to collide with

other coexisting substances in the trap 11 to fragmenta_te the detection

20 object chemical substance, thus completing the fragmentation by
TICKLE (step S104).
After completion of the fragmentation by TICKLE, the application
of the voltage to the RF ring 14 is terminated, and a drawing voltage in

a pulse form is applied to the second end cap 13 to draw the fragment

25 ions of the detection object chemical substance to the mass



detection object chem cal substance and | ower than a sum of the ionization
potential and dissociation energy of ions of the detection object chem cal
substance is applied to the detection objagct chem cal substance to ionize

t he detection object chem cal substance. 15 Therefore, unnecessary
fragnents are not generated, and the detection object chem cal substance to
be left is allowed to remain unbroken, nmaking it possible to inprove the
det ecti on sernpielctronigtenf4 (SteprBsB5anallye éons BY tive detectidn bbjext ehleaticahs
wel | as the above-nentioned action and effect obtained by the chem cal

subst ance det®®istdiceflyanRRpeahtSs spetdehsrlisoangentild of flighefs t he mass
anal yzer is further inproved, enabling a neasurenent with high accuracy. In

the chem cal mubstRRCEy IfbFAsLIBBIBARIREAOr AthdRidy BDEIENnrBYENT I ON,
in ionization, energy higher than an ionization potential of a detection
obj ect chem t r f Plelall QN

potenti al an?é?égﬁrg%]?gﬂﬁ;%etwg@%o?H%s‘ﬂé?&?ﬁ%m %GTtaggtdggﬂlbéfwlogj ect

chem cal substance is applie t LQn.obj cheni c tance.
Ther ef or e,g t 3@?%%?'i %’ﬁ&)(t)rh?%é%P%%Qﬁ?gglo(?ghggﬂéﬁgéﬁ§§harECeen]So%%’t?z‘ggqjvi t hout
bei ng broken,, and further eneration of unnecessatry fragnents can pe

consy der abl y 6D Bk 8F Fio ARG e SbStariat Btk TN TR ass detihon

obj ect chem cal substance to be |eft can be allowed_ to_ remain unbroken,
making it posz]Me thus coprRietingrbedueasifne8beriR199).of the nass
analyzer. In the chem cal substance detection nmethod according to the
present invention, Theatjmaro&flight mRss Epapstaraeiesiisssl ecthecpeageddl 10
substance i s conducted by applying a TICKLE waveformto the detection

obj ect chem aahbedbséanbas aivantdgeejn Evatnondemeasuremmntidgperatioprissent in a
frequency band corresponding to the mass nunber of the detection object
chem cal 1gubs¢canpreted atihfsesieraf teéfemicgeicoydspanbigheameedquiveddbreve an
accurate measurenent. 15 Accordingly, alnost all the fragnments of the

detection objehsGhafibafls $&RESROEarPthd fesdtiRCisedixdellgmss Theabfoses, SO
that the detection sensitivity of analysis in the nmass anal yzing step can

be i nproved. hg rhaes%*b%r&&%et%tﬂh§£ef“eerr9@b%bbgﬂl "RhBAGh BRI Os For the

present invention, an'inpurity present in a pr termned ratio or nore 20

Is selectivel y,haIONEE in E'ﬁeégu%rl $>1arlithﬁree&?ﬁt%llé‘&‘ﬁq?galr@hege'ﬂé"hﬁgtﬁ €

inpurity in arequired and S sffactory anount Is sma s conpared to the
energy needed for renoving all the inpurjties. Onl nmal |l ene .S, needed,
and hence a d&ﬂé? asftﬂ?%eef- %p’ﬁ‘ﬁ'rsﬁtau&alxg% B aPeeaﬁEt&‘f ?{%I%Stiygg Qarn%lﬁﬁﬁgglls
advant agequs from an, econojm cal point of view . In the chem cal substance
et act | of Bt Ba CATLBRAISR.t SPartEuaEy TenRErkoil RisherBRonsHBEd Mz
anplitude of a SWFT waveformin, a frequency corresponding to an inpurity
havi ng a si gniteGtrRagtsn javngre siropenstiusiyaeimecelyiynarovidingran i9n i s

i ncreased, and the voltage anplitude in a frequency corresponding to an
inpurity in ad¢testenatcthe edtiebal the Fapollbred. Therefore, an inpurity in an
especi ally high concentration can be selectively renoved, and the energy
requi red for (Semonchgndoodimsmt)ty in a | ow concentration can be reduced.

Thus, only small energy is required for renoving an inpurity, and there is
no need to use an ekcigsappatathsgiopfovadetsctinga ahdntidals ubstandeant ageous

proman 20 according to the present invention, the exhaust gas introduced to the
trap 11 is directly irradiated with vacuum ultraviolet light to ionize a
substance to be measured. lons of the substance to be measured are
then subjected to fragmentation by SWIFT and TICKLE. For this

reason, SWIFT or fragmentation may not be successfully achieved

25 under the same conditions as those for the conventional ionization.



10 econom cal point of view In the chem cal substance detection nethod
.according to the present invention, the energy applied to an inpurity
having a | arger mass nunber is higher thegy the energy applied to an
impurity having a smaller mass nunmber. Further, the chem cal substance

-det ection 15 nethod according to the present invention is such that, when
the frequency spectrumof a SWFT waveformin which the voltage anplitude
i s increased Hse tbadftioogufon SWIBTsarad TECKLE aendestriided beldwat Figs. (a3
nunber is taken as an abscissa, the voltage anplitude per mass nunber is a

substanti al | yarfd 3ash ¥@ explahiaes §f Giagramat oithacionr sigAl Bitensiyy i s applied to
an inpurity having a larger nmass nunber to renove It and energy in a

required and §atrisftRfsOverstiange RFW&IFEQ%OWhie%dth%OtréBﬂﬁecg‘géﬁdggissﬁ'@d. Mmass

nunbers, and thus the use efficiency of the energy can roved, so that

an excessi velpy: . hi p I id i : ; t he
cost for the A8Rar CUETE 4(BLHRE SBRARIBH Siagtolty of GR IdeefRtINIERSRy .

det ecti onzapp . acc [ t nL. i gyention .an jmpurity is
removed 08, ng el RS R S R fe g e R Cne BE stk e d™: e
frequency bands corr anding. to a plurali of /detection object chem cal
substances. I'n addilniBR. opHatas eenfen g b vSes e ighia & didy bifeedhare

det ect ed simult aneous|y bY 5 the mass anal yzer. Thus, a plurality of

det ecti on obj‘@UUR&iirayiclel ightadceatestienqeligst eberyica) sUbsdansce ¥ and
therefore, a neasurenent w th high accuracy can be achi eved and the

preci si on of iPAResbobiside of tkettapn1cafrwdragmpestaion phthendetamdigincal
substance detection nmethod according to the 10 present invention, a
plurality of alfeetthemicdljsdistaheei salinsdigasaocedambasdoestgagesych as

subj ected to fragnentation in the order of froma detection object chem cal
subst ancdChawitrggensgad,liertherSedrintd eie trap hbsenake nyitsidederfragmentate
Therefore, all the detection object chem cal substances can be detected and

hence the sengitdatetyioffol[BeEchREMidS Subklahsel NTheY&fdre eARROStNEo Air
measurenent w th higher accuracy. In the chem cal substance detection

et hod accord&&ﬁpbﬁeh{}ein%ﬁ@&ﬁgtwéfé‘fe\mdd?rhnc? Bﬁggéﬁr@oﬁi‘éin%hﬁtt%% sgction

met hod applies a TI CKLE wavef orm conpri sing frequenci es correspondi ng to at

| east w0 | SiapeEs Phablls HiFhRAISBIGHsEHPH Bl BHDSERPHstagHRI oot ot

| east 20 two opes 0 em cal substance to

i1 the mss A8 50 S9nAETARREY SRuTouldHS B M Y an BB BrE oo
t her eof i%f p(r]éaggitﬁan an extrenely slight anount in the exhaust gas, the

accuracy n can be inproved. 25 In the chem cal substance
det ecti on net hod according t resent invention, at |eas

othe . 64 p , ] t two

i sotopes of fragnen®8 therdtbar Massh imdhederizatian MBfhad ackeidirgto di@st ance
are subjected to mass analysis. Thus, a plurality of isotopes of fragnments
are used in tPEseRsdNvaTHIgnthegxhaurdrggoindrodicad tghihe tagi bixisndisectay
precursor thereof is present in 5 an extrenely slight anobunt in the exhaust
gas, the accuirgadiatefd dithecaduwm aditakbiolénhidglitedionize a detection object

chemical substance. Therefore, air components including water vapor

20 and oxygen contained in the exhaust gas are present in the trap 11.

When the detection object chemical substance is subjected to

fragmentation by applying the below-described TICKLE voltage in an

environment in which such air component molecules including water

vapor and oxygen coexist with the detection object chemical substance,

25 there may be present conditions such that fragments cannot be trapped.



In the chem cal substance detection nmethod according to the present

i nvention, before the ion trapping step in the chem cal substance detection
nmet hod, energy higher than an ionization 3®otential 10 of the detection

obj ect chem cal substance and | ower than a sumof the ionization potential
-and di ssoci ation energy of ions of the detection object chem cal substance
is applied to the detection object chem cal substance to ionize the

det ecti on objart exdrapie;alhen ke &€ evoltiag et dvecesitnd 560 voltss fragoeentst ect i on
met hod according to the present 15 invention, in the ionization step,

ener gy hi ghercdnmn B gabpedz@ig oB(Pt eFurthlerantleddhal RFGrequen®l isclowidran a
val ue of a sumof the ionization potential and 4 electron volts is applied

to the detectihgh ﬂbjr%?aﬁﬁf’t&", ‘F@gnﬁéﬁt%t@é‘&@ot_ & erRpIce(FigNAENFSSTh trap
fragnents are not genefrated, and the detection object chem cal substance to

be Teft I's 314qmtoe riga\a1ch UBIOKR"yolfBL MpoliecPBHEPRE Ay hipayre the

detection sensitivity of mass anal ysis. this as wel |
t he abovexnent.i i a ff i ne em . gnce
detecti on5rre[&h83?ESh%qc%éer?@m irf'fﬁgscgﬁglgt&aﬁqtﬂy&ogr%@%‘gé@&a\ﬁ’gr@z\g&ﬁli' urt her
i nproved, enabli a nmeasurenent with hi accuracy. 25. 65 | NDUSTRI AL
APPLI CaBi LI T At dTBRRY SRB A Styget hirleBie A8 pafity it bEnGR the
apparatus and the chem cal substance detection nethod according to the
oF Baent 1 nverRTba! G 16 SAGME R LSS 1, IRIECHON; GHeGEEOFINSA o 5 di oxi n
or a precursor thereof contained in a verty slight amount in the exhaust gas
from e.g., oSylstaseeibesiomeniargsrsysthal then@nsrambred the watbebihentaphe
rate of detection of a chem cal substance to be detected to such an extent
that the conblistd osecarmhiargens of a conbustion furnace, such as a heating
furnace, can be controlled even during the 10 operation of the furnace.
66 10 For trapping the fragments of ions of the detection object
chemical substance even when the water molecule or oxygen molecule
coexists with the substance, it is necessary to adjust the trap conditions.
For example, a case is presumed in which TCB (mass numbers: 180,
182, 184) is a parent molecule, and fragments (mass numbers: 145,
15  147) caused by elimination of one chlorine from the parent molecule,
fragments (mass numbers: 109, 111) caused by elimination of two
chlorines and one hydrogen, and a fragment (mass number: 74) caused
by elimination of three chlorines and one hydrogen are detected. Ina
conventional ionization method, when the RF voltage is 1000 to 2000
20 volts at an RF frequency of 1.0 megahertz, fragment ions can be
advantageously trapped (see Fig. 3(a)).
Under the same frequency conditions in the presence of oxygen
and water molecules, when the RF voltage is 700 to 1300 volts,

fragment ions can be advantageously trapped, and, when the RF

25 voltage is 900 to 1100 volts, fragment ions can be more stably trapped



CLAIM5S 1. A chem cal substance detection apparatus, conprising: an
Jdonization unit that applies to a chem cal substance energy hi gher than an
i oni zation potential of the chem cal subsjgance and |ower 5 than a sum of
the ionization potential and dissociation energy of ions of the chem cal
-substance to ionize the chem cal substance; an ion trapping unit that
traps, using any one of an electric field and a magnetic field, an ion

group conpri gsgg FFi!?.%Stg').S gihéheneRPiveitageubstenr o kor a@ RO YreigerRinggtdfon by
the ionization unif; an inpurity renoving unit that applies energy to

the ion grOUpl.@%nggé‘ﬁ‘értﬁfis%uﬁ%@ir’("%\’@%@h%ﬁﬁ@ﬁéﬂ Flefod HGEa Ry conponent

excluding a frequehcy corresponding to an orbital resonance frequency of
subst ance:  amietie Wi FEACALRAS fof BEBORNraBRE dtfed RITHERBRRE" °°
oni zati on il ineraog g TeEl & 8 R e ThE b B R N IE ke han
e’ on 25t HBST B Pt Bk R RT3 T Mol R P
substance to ionize the chem cal substance; an ion trapping unit that
traps, using Hfjownk4de b Begaherz ¢ses Gidafdbd). magnetic field, an ion
group conprising the ions of the chem cal 25 substance forned by ionization
by the ionizdihdW emibodiment)
In SWIFT, it is necessary to improve the trap efficiency of a
substance to be measured which is a parent molecule having a higher
10 mass, whereas, in TICKLE, it is necessary to improve the trap efficiency
of the fragments of the substance to be measured having lower mass
numbers. Therefore, the value of energy applied to the RF ring 14 in
SWIFT, i.e., the product of an RF voltage and an RF frequency is
adjusted to be larger. On the other hand, the product of an RF voltage
15 and an RF frequency in TICKLE is adjusted to be smaller. Thus, the
trap efficiency of the substance to be measured or fragments thereof in
SWIFT and TICKLE can be improved.
For example, the RF frequency is fixed at 1 megahertz, and
trapping is made at 1600 volts in SWIFT and at 1000 volts in TICKLE.
20 Alternatively, the RF voltage may be fixed at 1600 volts, and trapping
may be made at an RF frequency of 1.4 megahertz in SWIFT and at 1.0
megahertz in TICKLE. Further alternatively, both the RF frequency
and the RF voltage may be changed. This changing may be eitherin a

stepwise response manner or in a gradual manner. The detection

25 object chemical substance dissipates out of the trap 11 after a



67 an inpurity renoving unit that applies energy to the ion group by neans
-of a SWFT waveform conprising a frequency conponent excluding a frequency
corresponding to an orbital resonance freguency of the ions of the chem cal
substance to renove an inpurity fromthe 5 chem cal substance; a
fragmentation unit that applies energy to the ion group by neans of a

Tl CKLE wavef orm conprising a frequency conponent corresponding to the

orbital resongadetdmeineantinedcsf lifeeharEpseld, tamel teesieral it fhatanegeous
fragmentate the ions of the chem cal substance; 10 and a mass anal yzer that

nmeasures a MRRat fe BohbAWANArObpliRfzEM88 £2to SHBAEANRR tife rE@ e, cal
subst ance detection apparatus according to claim15 1 or 2, wherein the

oni zati on unpice! | ki1, KISHAAINaHESLANGE: BRETIYKDEUIaddiAn € he

i oni zation potenti al equal” to or snma han a val ue of a sumof the
I oni zati on p%gﬂ '}al and 4 electron volts. 4. The chem cal substance
detecti on apparatrus according to claim20 1 or 2, wherein the ionization

AR LR e e e O R
according o ol al et 0l Sk By ridRLESD GRS AN tha beord ™

fragmentation. Therefore, it is at least necessary that the RF voltage
applied to the RF ring 14 or the RF frequency after .completion of
TICKLE be smaller or larger than that before TICKLE. However, when

10 the RF voltage applied to the RF ring 14 or the RF frequency is reduced
or increased, the trap efficiency of the fragments having smaller mass
numbers is lowered. Accordingly, when a certain period of time lapses
in this state after completion of TICKLE, such fragments are reduced to
lower the detection sensitivity of the mass spectrometer 4. Therefore,

15 it is preferred to switch the conditions as mentioned above immediately
after a lapse of the time needed for fragmentation of the detection
object chemical substance after inputting a TICKLE waveform.
(Fourth embodiment)

Substances other than a detection object chemical substance

20 are removed in SWIFT, aﬁd, in this instance, an impurity having a mass
number equivalent to those of the fragment ions generated in the
fragmentation of the detection object chemical substance must be
removed. The reason for this is that such an impurity is detected
together with the fragment ions in the mass analysis after the

25 fragmentation by TICKLE to lower the accuracy of measurement of the



25 68 6. A chem cal substance detection apparatus, conprising: an ion
drapping unit that traps, using any one of an electric field and a nagnetic
field, an ion group conprising ions of aghem cal substance fornmed by
ionization; 5 an arbitrary waveform generation unit that generates a SWFT
-wavef orm having a voltage anplitude in a frequency corresponding to an
orbital resonance frequency of an inpurity present in a concentration such

that it exhi hidtectosiapjatt chérancditsubsitghes. t hnadditpredeter & laege aingmait
intensity, wherein the voltage anplitude is |larger than a voltage 10

anpl i tude in gF dthedkppLYitieansteCOidsRIRPNEhEUrdP18NtHY Rabal1 fsesonance
frequency of the inpurity present in a concentration such that it exhibits

a signal i nt efighiyah@iRlolsfA0afirBIEHIRS RWILARK HagnBticldHENShibtheRbbra MsS

anal yzer that app wavef orm generated in arbitrary

vavet or m gengt ot LaDa Adedd A ABHEAYA S FARRILDY:S RemBRch o SUlpeR’ "

unit to reno t hén "nmeasur a nass hé“chem ca
subst ance .or a frilé;nent tr]

ereof, .7...A chem.cal substance detection
appar at us 3 colpts 152 R0 gnly S datfpioh Best e 90815 any one of an
electric field 20 d a magnetic field, an ion oup conpri si i opns of a
cheni cal substance TYUr iREBOHNYi %lﬁm%\ﬂmBH,”ﬁﬁﬁ vgll',ubqgigad\ﬁgg Lihe Eigé%qé}’htion
unit that generates a SWFT waveformin which a voltage anplitude is
reduced as a 9Riegtiehei¢al sukstanseda WIFT waveform having frequency

components corresponding to the mass numbers in a very wide range
must be applied. However, such a SWIFT waveform having frequency

10 components in a wide range has only small energy per unit frequency,
and hence the energy which can be applied to a molecule having a
certain mass number is disadvantageously small, so that the removal
efficiency of impurities is lowered, thus lowering the accuracy of
detection of the detection object chemical substance. Accordingly,

16 when a SWIFT waveform having frequency components in a wide range
is applied, it is necessary to improve the performance of the radio
frequency generation apparatus 21 which is a SWIFT waveform source,
to increase the output of an amplifier for amplifying the output of the
radio frequency generation apparatus, or to expand the band of the

20 frequency amplified, so that the size of or cost for the apparatus is
disadvantageously increased.

For solving the problem, a mass spectrum is measured with
respect to the impurities contained in the exhaust gas, and the
impurities are removed by means of a SWIFT waveform having

25 frequency components corresponding to the range of mass numbers




25 a mass anal yzer that applies the SWFT waveformto the ion 69 group
trapped by the ion trapping unit to renove the inpurity, and then neasures
a mass of the chem cal substance or a fragent thereof. 8. A chem cal
substance detection apparatus, conprising: 5 an ion trapping unit that
traps, using any one of an electric field and a magnetic field, an ion
group conprising ions of a chem cal substance formed by ionization; an

arbitrary waweliehnatdeast aiusdbeurdrhotddl Jéweeraigesofim@AdsFTumbeed amich atwhi ch
a voltage anplitude has a fixed distribution, 10 irrespective of a mass

nunber of a nMBheCwiut be kMbes®\ad by deV¥indi ne@"@ly Foasanmngl tghgtahat
applies the SWFT waveformto the ion group trapped by the 1on trapping

gﬂktstéﬁcreegfvfﬁafw SPEEHU Jei80 pRRERORAY A3, 2RSS DGRl RERELTR,
appar atus, cqugy gwgprgenu'n%qpaw&'o%.ajﬂéFtﬁamaé p&reae&rwﬁéa@uma one of an

electric flel I'ng 1ons of
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' A dreduend Rined hat ?hsep?rﬂghﬂﬁeé?e%o”v%%sa{‘e”{'n?gﬂnﬁés Raving Signal
intensities equal to or higher than this value. The impurities removed
may be impurities with further smaller mass numbers, but larger energy

10 is required for SWIFT in such a case. Therefore, it is preferred that
the impurities are impurities having signal intensities 50 percent or
more of the signal intensity of the chemical substance to be measured.

In an incineration furnace as an example, the range of mass
numbers which at least must be removed is, for example, 48 to 355,

15 and impurities are removed by means of a SWIFT waveform having
frequency components corresponding to this range. By this method, a
measurement of a detection object chemical substance with satisfactory
accuracy from a practical point of view can be achieved without
applying excessively large energy to the trap 11. Thus, there is no

20 need to use an excessively large apparatus, and the cost for the
apparatus can be suppressed.

(Fifth embodiment)
Figs. 5(a) and 5(b) are diagrams explaining the relationship

between a SWIFT frequency and an amplitude and the relationship

25 Dbetween an ion signal and a mass number. The mass number shown



25 a fragnentation unit that applies energy to the ion group by 70 neans
.0f a TICKLE waveform having a plurality of frequency conponents
corresponding to orbital resonance frequegsies of the chem cal substances
to fragnentate the ions of the chem cal substances; and 5 a mass anal yzer
that applies the SWFT waveformto the ion group trapped by the ion
trapping unit to renove the inpurity, and then neasuring masses of the

chemi cal subshdrigess() dnmaditienterrebpoads.tothe SWEF T Heaq wsxi cysimbidieasame
detection apparatus according to any 10 one of clainms 6 to 9, further

conpri sing arfiguyrel za&igop iy didgram arplaigingt # flehrieplrgndpedtrustlaFtaance ener gy
hi gher than an ioni zation potential of the chem cal Substance and | ower

than a sum OfS\N?PTi\ﬁé‘@/ét%trhpé'cé@ﬁo‘?ﬁ@]ité“t%é‘rfﬁtm'%%iirﬁbint)'&fﬂ'i'%b%s@ﬁﬁ]ieons of

the chem cal substance to ionize the chem cal substance. _
Coni zati on unnPoagef T ed e PAeRRL SPEEHRET BBt s et eI e
ontzat ! og PO ghi el Bl SHRTWRIORIH £3ihER RaVRluh 56 odie "
subst ance endigy MAAGRBEY A e 5 S [GRLE ot BUEIRA off S TEHERECED
substance and | ower than a sumof the ionization potential and dissociation
energy of i orBRIIt¥AN ke BhBighcePneRMsatited VETY High sWHeT valagednust
substance; be applied, but, in the conventional SWIFT, frequencies corresponding
to all the mass numbers are applied at the same voltage amplitude.
10  Specifically, the SWIFT voltage is determined from the voltage required
for removing an impurity in the highest concentration. For this reason,
when removing an impurity in a very high concentration, a very high
voltage amplitude is needed as a whole, thus lowering the use
efficiency of energy.
15 In addition, a power source apparatus having a large capacity is
required, increasing the cost. Further, for leaving a parent molecule
which is a detection object chemical substance, the frequency band
corresponding to the mass number of the detection object chemical
substance is excluded from the SWIFT waveform, but, when a high
20 voltage amplitude is applied, the range of the mass numbers actually
remaining after excluding the frequency band is smaller than intended,
so that part of the detection object chemical substance is removed,
causing a problem in that the detection accuracy is lowered. The

reason for this resides in that the actual frequency spectrum of a

25 SWIFT waveform is not an ideal rectangular form indicated by the solid



71 an ion trapping step of trapping, using any one of an electric field and
-a magnetic field, an ion group conprising the ions of the chem cal
substance forned by ionization at the iomjgation step; an inpurity renoving
step of applying energy to the ion group by 5 neans of a SWFT waveform
«conprising a frequency conponent excluding a frequency corresponding to an
orbital resonance frequency of the ions of the chem cal substance to renove

an inpurity flinenshdéwndhetgcalasbiisa ascinqangr forrmeshicnaligatipdroagensf
measuring a nmass of the chem cal 10 substance, 13. A chem cal substance

detection netthRerd SREMJtEIIhd RAtd @ ByZthlel DidkencihEhampl ini Pig. B5epp chemi cal
subst ance energy higher than an ionization potential of the chem cal
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SW FT wavef orm conpri si nqgl a frequency conponent excluding a frequency
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substance to renove an inpurity fromthe _
becomes narrower, so that the detection accuracy is lowered.

Therefore, as shown in Fig. 6, the voltage amplitude of the

SWIFT waveform having a frequency corresponding to the mass

10 number of an impurity in a high concentration is increased and the
voltage amplitude for the portion of an impurity in a low concentration is
lowered. Thus, an impurity in an especially high concentration can be
selectively removed. |t is preferred that the impurity of which the
voltage amplitude of a SWIFT waveform is increased is an impurity

15 having a signal intensity at least equivalent to the signal intensity of a
chemical substance to be measured. The impurity may be an impurity
present in a further smaller mass number, but larger energy is required
for SWIFT in such a case. Therefore, it is preferred that the impurity is
an impurity having a signal intensity 50 percent or more of the signal

20 intensity of the chemical substance to be measured. Thus, the voltage
amplitude of the SWIFT waveform can be lowered as a whole, so that
an impurity can be removed with increased use efficiency of energy. In
addition, a power source apparatus having a small capacity can be
used, and hence the power source apparatus can be reduced in size

25 and the cost can be lowered. Further, the detection object chemical



chem cal substance; 25 a fragnentation step of applying energy to the ion
.group by 72 means of a TICKLE waveform conprising a frequency conponent
corresponding to the orbital resonance frgguency of the ions of the

chem cal substance to fragnentate the ions of the chem cal substance; and 5
‘a mass anal yzing step of measuring a mass of a fragnent of the chem ca
substance. 14. A chem cal substance detection nmethod, conprising: an ion

trappi ng stepubistane®pande sarglg laftyinahe SWIBM aderatione tHils frialinlg #nd a
magnetic field, an ion group conprising ions of a chem cal substance forned

by i oni zati orosaiibleBUi b vEarBVd dta cibAPadiuraBR o th8Inassls pbEirBHidten40f an
I mpurity contained in the ion group and applying to the ion group a SWFT

wavef orm co I St ncy conponent corresponding to 15 an inpurity
present in ?gﬁ%ﬁ%rﬁ%ﬁkﬁg%atio or nore to renove the inpurity; and a nass
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according to the sixth embodiment of the present invention. Figs. 7(b)
and 8(b) are individually obtained by converting the frequency spectrum
of a SWIFT waveform so that the mass number is taken as an abscissa,
10 namely, a diagram as a function of the mass number. A general
SWIFT waveform is formed by subjecting to inverse Fourier transform a
rectangular-form frequency spectrum of which the amplitude is not
changed even when the resonance frequency of ions becomes larger
(Fig. 7(a)). The SWIFT waveform in this case is a waveform on which
15 the resonance frequency corresponding to the mass number of an
impurity to be removed superpose. This waveform is ideally a
continuous waveform including whole of the orbital resonance
frequencies corresponding to a certain mass range. However, the
actual inverse Fourier transform is made based on data of limited
20 resonance frequencies, and the resultant SWIFT waveform includes
discrete frequency components and the frequency pitch is constant.
When this waveform is represented in terms of a mass number, the
frequency pitch is larger in a region in which the mass number is large,
and the frequency pitch is smaller in a region in which the mass number

25 is small.



25 waveform having a voltage anplitude in a frequency corresponding to 73
.an orbital resonance frequency of an inpurity present in a concentration
such that it exhibits a signal intensity 49§ gher than a predeterm ned signal
intensity, wherein the voltage anplitude is |arger than a voltage anplitude
in a frequency band corresponding to an orbital resonance 5 frequency of
the inpurity present in a concentration such that it exhibits a signal

intensity | ower thanhanpstagtserch aSWsFDravefotranantampindieaataddghanal yzi ng
step of applying the SWFT waveform generated in the arbitrary waveform

generation unddery daﬁiﬂ'ﬁ@ A5 PIEY td aRned HAvihge soallkF aRPdNEuRIRR, bat renove
the inpurity, and then 10 neasuring a nass of the chem cal substance or a

fragment thergpbmpludd SRR GPlow WRerAaBndRY 95 apPNedRbNAliorf ARVIgSANT: an

ion trapping step of trapping, using any one electric
formed by 1 oriadh 5eSS ke FORD T ENED e BiSte STt B pargy ey e
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Unnecessary fragments are generated by TIKCL to lower the accuracy
of mass analysis.
For solving this problem, a SWIFT waveform formed by

10 subjecting to inverse Fourier transform a frequency spectrum in which
the voltage amplitude is reduced as the resonance frequency
corresponding to the mass number of an ion becomes higher is used
(Fig. 8(a)). By using such a SWIFT waveform, satisfactory energy can
be also applied to an ion having a larger mass number (Fig. 8(b)).

15  Specifically, there can be applied a SWIFT waveform in which the
voltage amplitude has a fixed distribution, irrespective of the mass
number of a molecule to be removed by SWIFT (Fig. 8(b)), so that even
an ion having a larger mass number can be further surely removed.
Further, required and satisfactory energy can be applied to an ion

20 having a smaller mass number, so that the use efficiency of energy can
be improved. |n addition, an excessively large power source
apparatus is not required, and therefore the cost for the apparatus can
be suppressed.

(Seventh embodiment)

25 Fig. 9 is a diagram explaining a frequency spectrum of a SWIFT



an ion trapping step of trapping, using any one of an electric field and a
sragnetic field, an ion group conprising ions of a chem cal 25 substance
formed by ionization; 74 an arbitrary wayeform generation step of
generating a SWFT waveformin which a voltage anplitude has a fixed
distribution, irrespective of a mass nunber of a nolecule to be renoved by
SWFT; and 5 a mass anal yzing step of applying the SWFT waveformto the

i on group trappedfam abeordingttoahpi seyvestteembodieneneothd pragdnty, and then
measures a nmass of the chem cal substance or a fragnent thereof. 18. A

cheni cal subsiraeatiodet digsono(et &mdl 10¢o)RFe SidtraniderPldifiRgtd pRRjUBG L ep of
trappi ng, using any one of an electric field and a magnetic field, an ion

group conpri skpactr@mSols TACKLETWeie f6HAHRGEingOr: S¥vd MR ERbbAlmeft St ep
t

of applying to the ion group a SWFT wavef orm which gives no voltage

anpl i tude in 6fmélpI?été'yér%fiHié%ﬁﬁ@ﬁl.ueﬁmhé’%‘é’és&é 57 REHSNGr fe mass

nunbers of a plura em cal substances to remove an irnpurity while

eavi 9 the, cheRALs NREIATIARLR B RS IRE R PR S dliB I
substance det 8gtteic?i%nn§l§jg89bhgpnqgéli g&t?@(:ance which is, for example, a precursor

of a dioxin, when a plurality of detectio_n object chemical substances are
simultaneously subjected to measurement, the detection accuracy can
be further improved. Particularly, the amount of the precursor of a

10  dioxin contained in the exhaust gas from an incineration furnace is
extremely slight, and hence an improvement of the detection accuracy
is very important when the conditions for combustion of the incineration
furnace are controlled in real time.

For subjecting a plurality of detection object chemical

15  substances to measﬁrement simultaneously, there is used in SWIFT a
frequency spectrum of a SWIFT waveform in which the voltage
amplitude is 0, that is, a SWIFT waveform which gives no voltage
amplitude in the resonance frequency band corresponding to the mass
numbers of the detection object chemical substances (Fig. 9). The

20 frequency spectrum of this SWIFT waveform is then subjected to
inverse Fourier transform to form a SWIFT waveform. When SWIFT is
conducted using the SWIFT waveform obtained by the inverse
transform, the detection object chemical substances are still trapped in
the trap 11 of ion trapping apparatus 10, and therefore they can be

25 separated from impurities.



an ion trapping step of trapping, using any one of an electric field and a
-magnetic field, an ion group conprising ions of a plurality of chem cal
substances having different masses forneddgpy ionization; a step of applying
to the ion group a SWFT waveform which 25 gives no voltage anplitude in a
plurality of frequency bands 75 corresponding to mass nunbers of a
plurality of chem cal substances to renove an inpurity while | eaving the
chem cal subst anceshheadétectfaragbhjaut athieomicat epbsifanfceagarenthiemgs ulfje ctedrbto cal
substance in an order of froma chem cal substance having a smaller nass

nunber 5 to drafeenestionsbhshanne dfay TNOKAE wageforrasenedrbersubie 0SS to
anal yzi ng step of neasuring nasses of the chem cal substances or the

fragments thepgefse RBuribr ¢ET6Ah STICKRECRe§6s €6} 5pB I REVingOaMigRirng:
10 an ion trapping step of trapping, using any one of an electric field and
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east two | sor%g gﬁred by means of the mass spectrometer 4 (see Fig. 1) to identify
the detection object chemical substances, so that their concentrations
can be determined. Alternatively, TICKLE may be conducted using a
10 TICKLE waveform formed by subjecting to inverse Fourier transform a
TICKLE frequency spectrum having a large amplitude in the range
encompassing whole of the frequencies corresponding to the mass
numbers of the detection object chemical substances (Fig. 10(b)).
Further alternatively, the frequencies corresponding to the mass
15 numbers of the detection object chemical substances may be
individually applied to the respective substances successively.
(Eighth embodiment)
As described above, when a plurality of detection object
chemical substances are simultaneously subjected to measurement, the
20 detection accuracy can be advantageously improved. However, when
the plurality of detection objects chemical substances are
simultaneously subjected to measurement, the following problem arises.
For example, a case is considered in which a fragment pattern having

TCB (trichlorobenzene) and DCB (dichlorobenzene) as parent

25 molecules is obtained at the same time. A difference between a mass




of the chem cal substances by nmeans of a Tl CKLE waveform conpri si ng
-frequency conponents corresponding to the two isotopes to 20 fragnentate
the two isotopes; and a mass anal yzi ng st4@p of measuring nasses of the
chem cal substances or the fragnments thereof. 76 21. The chem cal

‘subst ance detection nethod according to any one of clains 12 to 20, wherein
the mass anal yzing step includes neasuring at | east two nenbers anong

i sot opes of fungbends146rofetiel TOB frAgmemérincad nsads nanteer & P46 of hiee

chem cal substance detection nmethod according to any one of clainms 14 to

20, further qOBrirsyMmendis a8irmal iadN st FRepéfor@PhiieRdTCBeldfd ©EBetELi ng the
ionization trap step, to the chem cal substance energy higher than an
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By this method, when the detection object chemical substance

25 having a larger mass number is subjected to fragmentation, the



& -t Bb} xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]calca
J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bel , x<s9~Qc, gE} xsni d_Z]] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] gy ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]cal ca]ca]ca! L 3v;

1 DFYM xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca! 1@

F*] 7x{ 9Y$f } xsgutdcdh @@%j@@t] crrdraijat alubslsrde Ahos alsradited eaksalyabeahas] caj ¢

aJca] ca] ca]ca] ca]ca]ca] calca]ca] calca]ca]cal >+i:=| A~!I'[i &/ o} xsnid_Z]]ca]ca]

ca] ca] ca] ca] %]&ﬁdf?%gﬁ%@ﬁjéﬁk@%cﬁhﬁﬁiéﬁkﬁ@hPéié@rﬁﬁ‘ﬂgcmecﬁ]agﬁié?ﬁ]dﬁhﬁa] ca]

ca] ca] ca]ca]ca]cal’4

A{!']8 id :

ool ol col SR IR RSN R P AT LR
cajcalc C C : calcalca]calc

a} ca} ca} ca} c?%ﬁbﬁ@%h nglhEg i’@ﬁg%zﬁr gg}*o‘ﬁ%‘%?‘}'§§1°ﬁ%@g%*ﬁeg’]’@} ca]ca]ca]ca]c

aJca] ca] ca]calcal.calcalca | GY, t PZ =ehEG

il 2 AR L LM A R T cd

ca 21 YZzz& ()-109 "()-

#10% V& () - qujl;y&qi]ty)éfzdé&eg '%-ogﬁleqto@ (ga_lﬂu%équ;es/%avmg(&ifferent mass

p@"10%& ()-L9%10% & ()-10%& ()-Fm10%& ()-3!tHM 109& ()-3 .

ant 109%& () - 3qqmbgr&&g@¢g@c§tpd sigwitemeously,” a measurement with high

10z0#10% & () - ! ~0#109%& ()- @"10%U& ()-L! yWa" 10%&' () - L=~dEg\ =10% & ()-LZ

109%2& ()- 102asiravy fcadobe'achieved.109%z& () - 10%& () -G dgj dEg\ =9910% &' () -.

10%& ()-, F10%& ()- vy 10%& ()- 10% & ()- $10%& ()-]

V~\ Ty GCs"10%& () - ! kSpédifigahg’ 4 pase 98 LoviBidgredsihOfRich) TCBO@ASx nlifders:

10%& ()-zV}[<1l: 10S&"10%& ()-!|S&" 10%& ()-!'tHS&"10%1& ()- 10%& ()-"!'p

10%&' () - 19" 10P& 182 HBHF 840/ DCB" (1048 hlimberd0Y&s( 11481 K501,084d MCH!
"109&' ()- M&10%& ()- 10 10l 89}[ <1i:

é,o?; }Pgﬁ (< ;Ag&y@rﬁawa%gwaemzw@&maas\ @3 49%& o detéEtel0%& () - 9sf"10%
simultaneously. Prior to TICKLE, impurities are removed by SWIFT
whilé leaving these detection object chemical substances. For
subjecting MCB to fragmentation, a TICKLE frequency corresponding to

15 the mass number of MCB is then applied to first and second end caps
12 and 13 to generate a fragment having a mass number of 77. In this
case, substances having mass numbers of 112 to 114 are not present in
the trap 11 of the ion trapping apparatus 10.

After the fragmentation of MCB, DCB is subjected to

20 fragmentation by applying a TICKLE frequency corresponding to the
mass number of DCB. The resultant fragments include ones having
mass numbers of 111 and 113 caused by elimination of one chlorine
from DCB and one having a mass number of 75 caused by elimination

of two chlorines and one hydrogen. Finally, TCB is subjected to

25 fragmentation by applying a frequency corresponding to the mass
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ones having mass numbers of 145, 147, and 149 caused by elimination
of one chlorine, ones having mass numbers of 109 and 111 caused by
elimination of two chlorines and one hydrogen, and one having a mass
5 number of 74 caused by elimination of three chlorines and one
hydrogen. The corresponding TICKLE frequencies are successively
applied, respectively, to the fragments at certain intervals.
After completion of the fragmentation of the detection object
chemical substances, the fragment ions in the trap 11 are subjected to
10 Cooling without applying a voltage to between the first and second end
caps 12, 13 in the ion trapping apparatus 10. The Cooling unit that the
fragment ions collide with neutral gas in the trap 11 to lose their energy,
and the fragment ions are cooled by this procedure. The Cooling can
improve the accuracy of mass measurement by the mass spectrometer
15 4,
After completion of Cooling, a drawing voltage is applied to the
second end cap 13 to introduce the fragments to the mass spectrometer
4 and the masses of the fragments introduced are measured, so that
the concentrations of the detection object chemical substances can be
20 determined. Specifically, the concentrations of MCB and DCB can be
determined by selecting, respectively, the signal intensity of a fragment
having a mass number of 77 and the signal intensities of fragments
having mass numbers of 113 and 75. The concentration of TCB can

be determined by selecting the signal intensity of a fragment having a

25 mass number which does not overlap the fragments of MCB and DCB,
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and TCP can be SImuItaneoust broken by means of a TICKLE
waveform. For example, MCB and MCP are first subjected to
fragmentation, and then DCB and DCP, and finally TCB and TCP are
subjected to fragmentation, enabling a simultaneous measurement of
six types of detection object chemical substances. In this case,
fragmentation is conducted two substances by two substances, and
hence the time required for the fragmentation is only about three times
the time required for fragmentation for six types of substances
conducted one substance by one substance.

(Ninth embodiment)

A detection object chemical substance may have an isotope,
and such a detection object chemical substance has different mass
numbers. For example, MCB has isotopes having mass numbers of
112 and 114. The reason for this is that the chlorine bonded to a
benzene ring is of two types having mass numbers of 35 and 37. In
such a detection object chemical substance having isotopes, the
density of the detection object chemical substance having one mass
number is lower than the collective density of the detection object
chemical substance, and therefore, when a substance having one mass
number is solely subjected to measurement by means of mass
spectrometer 4, the sensitivity of measurement is disadvantageously

lowered.
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measured. Particularly, a precursor of a dioxin contained in the
exhaust gas from an incineration furnace, which is a detection object
chemical substance, has an extremely low concentration, and therefore
it is necessary to improve the detection sensitivity as high as possible.

10 By subjecting to fragmentation all of the isotopes of at least two
detection object chemical substances, the problem of a lowering of the
measurement sensitivity can be solved. An explanation is made below,
with taking the isotopes of TCB as an example, but the present
invention is not limited to TCB, and any detection object chemical

15 substances can be applied as long as they have isotopes. Figs. 11(a)
to 11(d) are diagrams explaining a frequency spectrum of a TICKLE
waveform according to the ninth embodiment of the present invention
wherein the diagrams are individually obtained by converting the
frequency spectrum so that the mass number is taken as an abscissa.

20 Fig. 11(a) shows the distribution of isotopes in TCB ions.

For example, all the isotopes of detection object chemical

substances can be subjected to fragmentation, an isotope having a
theoretically lower concentration can be removed from all the isotopes,
or the isotopes of detection object chemical substances from which the

25 mass number having a larger impurity ratio is excluded can be
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frequency spectrum which gives a large amplitude in a Wlde range of a
resonance frequency band so as to include the mass numbers of all the

5 isotopes of at least two detection object chemical substances (Fig.
11(b)).

The mass number of which the resonance frequency affects ions
has variation and therefore, when a frequency spectrum having a fixed
amplitude is used, a phenomenon occurs in which TICKLE is difficult for

10 the isotopes having the maximum and minimum mass numbers and
TICKLE is relatively easy for the isotope having an intermediate mass
number. For this reason, when using a frequency spectrum iﬁ which
the voltage amplitude is large in the maximum and minimum mass
numbers of the isotopes of the detection object chemical substance, all

15  of the plurality of isotopés as the object of TICKLE can be subjected to
substantially the same TICKLE, thus enabling substantially uniform
fragmentation. Alternatively, there may be used a frequency spectrum
in which the voltage amplitude is large in the maximum and minimum
mass numbers of the isotopes as the object of fragmentation and the

20 voltage amplitude is relatively small in the intermediate mass number
(solid line in Fig. 11(c)). Further alternatively, there may be used a
frequency spectrum in which the voltage amplitude in the isotope
having a relatively low ion signal intensity is smaller than the voitage
amplitude in the isotope having a relatively high ion signal intensity

25 (broken line in Fig. 11(c)).
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10%& ()-.  be present. For example, it is presumed that, in Fig. 11(d), a large
amount of impurities having the same mass number as that of a TCB
5 isotope having a mass number of 180 are present. In such a case, a
plurality of isotopes excluding this isotope may be subjected to
fragmentation so that the large amount of impurities are not subjected
to fragmentation, achieving a measurement with high accuracy. In this
case, there can be used a TICKLE waveform obtained by subjecting to

10 inverse Fourier transform a frequency spectrum comprising a plurality
of resonance frequencies corresponding to the mass numbers of a
plurality of isotopes which do not contain impurities very much in the
same mass number and which are selected from the isotopes (isotopes
of TCB here) (Fig. 11(d)).

15 (Tenth embodiment)

A detection object chemical substance has an isotope, and a
fragment of the detection object chemical substance has an isotope
similarly. Therefore, a measurement of the fragment has similar
problems described in connection with the eighth embodiment.

20 Conventionally, the concentration of a detection object chemical
substance has been measured only from one fragment, or the
concentration of a detection object chemical substance has been
estimated by pattern matching of fragments.

However, in a substance present only in an extremely low

25 concentration, such as a precursor of a dioxin contained in the exhaust
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5 unsatisfactory for statistically estimating the concentration.

For solving the problem, among the isotopes of the fragments
formed from a detection object chemical substance, at least two
isotopes are subjected to measurement. Specifically, in a spectrum
(signal voltage) of a certain fragment, a value of a sum of maximum

10 values of the spectrum of a plurality of isotopes, or a value of a sum of
areas of the spectrum of a plurality of isotopes is used as a
measurement value of mass spectrometer 4. By this method, all the
isotopes of a certain fragment can be used, and therefore, even when
the concentration of a substance to be measured is extremely low, the

156  sensitivity of measurement by mass spectrometer 4 can be improved.
In addition, when a spectrum having a large noise component is present,
for example, an impurity fragment appears in the mass number of a
certain isotope, the mass number of the isotope excluding the spectrum
of the isotope may be selected to determine the concentration of the

20 substance to be measured, so that the noise of an impurity can be
removed, thus enabling a measurement with higher accuracy.

As described above, in the chemical substance detection
apparatus according to the present invention, in ionization of a
detection object chemical substance, energy higher than an ionization

25 potential of the detection object chemical substance and lower than a
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substance can be ionized without being broken, and further, generation
5 of unnecessary fragments, which is a problem caused when removing
an impurity by SWIFT, can be considerably suppressed. Accordingly,
the detection object chemical substance to be left is allowed to remain
unbroken, making it possible to improve the detection sensitivity of the
mass analyzer. Further, a SWIFT waveform is merely applied for
10 removing an impurity and hence, the impurity can be quickly removed.
Thus, the rate of detection of the detection object chemical substance
can be increased and hence it is preferred in the control of an actual
incineration furnace.
In the chemical substance detection apparatus according to the
15 present invention, fragmentation of the detection object chemical
substance is performed by means of a fragmentation unit that applies a
TICKLE waveform. Therefore, even when an impurity is present in a
frequency band corresponding to the mass number of the detection
object chemical substance, the effect of the impurity can be removed to
20 achieve an accurate measurement. In addition, only a very few
fragments are generated in the ionization and therefore, in the
fragmentation of the detection object chemical substance, the desired
detection object chemical substance can be efficiently subjected to
fragmentation. Accordingly, the detection sensitivity of the mass

25 analyzer can be improved, and the combustion can be controlled with
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10%& ()-EL %%%é‘a&%l—to or smaller than a value of a sum of the ionization potential
and 4 electron volts. When the detection object chemical substance is
ionized by energy of light, the wavelength of the light is 50 to 200
nanometers. Therefore, an impurity can be removed without
generating unnecessary fragments. |n addition, a vacuum ultraviolet
10 lamp is used for such light, and hence the handling is easy and the
construction of the apparatus can be simplified.
In the chemical substance detection apparatus according to the
present invention, the voltage amplitude of a SWIFT waveform in a
frequency corresponding to the mass number of an impurity present in a
15 high concentration such that it exhibits a signal intensity higher than a
specific signal intensity is increased, and the voltage amplitude for an
impurity in a low concentration is lowered. Therefore, an impurity in an
especially high concentration can be selectively removed. An impurity
can be selectively removed and hence only small energy is required for
20 SWIFT. Thus, a power source apparatus can be reduced in size, and
there is no need to use an excessively high power source and this is
advantageous from an economical point of view.
In the chemical substance detection apparatus according to the
present invention, the energy applied to an impurity having a larger

25 mass number is higher than the energy applied to an impurity having a
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amplitude is increased as the frequency is smaller is converted so that
5 the mass number is taken as an abscissa, the voltage amplitude per
unit mass number is a substantially fixed value. Therefore,
satisfactory energy is applied to an impurity having a larger mass
number to remove it and energy in a required and satisfactory range
can be applied to ions having small mass numbers, and thus the use
10 efficiency of the energy can be improved, so that an excessively high
power source apparatus is not required and hence the c.ost for the
apparatus can be suppressed.
In the chemical substance detection apparatus according to the
present invention, an impurity is removed using a SWIFT waveform
15  which gives no voltage amplitude in the frequency bands corresponding
to a plurality of detection object chemical substances. in addition, the
detection object chemical substances are detected simultaneously by
the mass analyzer. Thus, a plurality of detection object chemical
substances are detected simultaneously and therefore, a measurement
20 with high accuracy can be achieved and the precision of the combustion
controi can be improved.
In the chemical substance detection apparatus according to the
present invention, the chemical substance detection apparatus further
includes an ionization unit that applies to the detection object chemical

25 substance energy higher than an ionization potential of the detection
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In the chemical substance detection apparatus according to the present
5 invention, the ionization unit in the chemical substance detection
apparatus applies to the detection object chemical substance energy
higher than the ionization potential and equal to or smaller than a value
of a sum of the ionization potential and 4 electron voits. In these
apparatuses for detecting a chemical substance according to the

10 present invention, energy higher than the ionization potential of the
detection object chemical substance and lower than a sum of the
ionization potential and dissociation energy of ions of the detection
object chemical substance is applied to the detection object chemical
substance to ionize the detection object chemical substance.

156 Therefore, unnecessary fragments are not generated, and the detection
object chemical substance to be left is allowed to remain unbroken,
making it possible to improve the detection sensitivity of the mass
analyzer. By virtue of this effect as well as the above-mentioned
action and effect obtained by the chemical substance detection

20 apparatus, the detection sensitivity of the mass analyzer is further
improved, enabling a measurement with high accuracy.

In the chemical substance detection method according to the
present invention, in ionization, energy higher than an ionization
potential of a detection object chemical substance and lower than a

25 sum of the ionization potential and dissociation energy of ions of the
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of unnecessary fragments can be considerably suppressed in the
5 ionization. Accordingly, the detection object chemical substance to be
left can be allowed to remain unbroken, making if possible to improve
the detection sensitivity of the mass analyzer.
In the chemical substance detection method according to the
present invention, fragmentation of the detection object chemical

10 substance is conducted by applying a TICKLE waveform to the
detection object chemical substance. Therefore, even when an
impurity is present in a frequency band corresponding to the mass
number of the detection object chemical substance, the effect of the
impurity can be removed to achieve an accurate measurement.

15  Accordingly, almost all the fragments of the detection object chemical
substance can be subjected to mass analysis, so that the detection
sensitivity of analysis in the mass analyzing step can be improved.

In the chemical substance detection method according to the
present invention, an impurity present in a predetermined ratio or more

20 is selectively removed. Therefore, the energy needed for removing the
impurity in a required and satisfactory amount is small, as compared to
the energy needed for removing all the impurities. Only small energy
is needed, and_ hence a power source apparatus can be reduced in size

and this is advantageous from an economical point of view.

25 In the chemical substance detection method according to the
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than a specific signal intensity is increased, and the voltage amplitude
in a frequency corresponding to an impurity in a low concentration is

5 lowered. Therefore, an impurity in an especially high concentration
can be selectively removed, and the energy required for removing an
impurity in a low concentration can be reduced. Thus, only small
energy is required for removing an impurity, and there is no need to use
an excessively high power source and this is advantageous from an

10 economical point of view.

In the chemical substance detection method according to the
present invention, the energy applied to an impurity having a larger
mass number is higher than the energy applied to an impurity having a
smaller mass number. Further, the chemical substance detection

15 method according to the present invention is such that, when the
frequency spectrum of a SWIFT waveform in which the voltage
amplitude is increased as the frequency is smaller is converted so that
the mass number is taken as an abscissa, the voltage amplitude per
mass number is a substantially fixed value. Therefore, satisfactory

20 energy is applied to an impurity having a larger mass number to remove
it and energy in a required and satisfactory range can be applied to ions
having small mass numbers, and thus the use efficiency of the energy
can be improved, so that an excessively high power source apparatus is
not required and hence the cost for the apparatus can be suppressed.

25 In the chemical substance detection apparatus according to the
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5 the mass analyzer. Thus, a plurality of detection object chemical
substances are detected simultaneously and therefore, a measurement
with high accuracy can be achieved and the precision of the combustion
control can be improved.
In the chemical substance detection method according to the
10 present invention, a plurality of detection object chemical substances
are successively subjected to fragmentation in the order of from a
detection object chemical substance having a smaller mass number to
those having larger one. Therefore, all the detection object chemical
substances can be detected and hence the sensitivity of mass analysis
15 is improved, enabling a measurement with higher accuracy.
In the chemical substance detection method according to the
present invention, the chemical substance detection method applies a
TICKLE waveform comprising frequencies corresponding to at least two
isotopes of the detection object chemical substance to subject at least
20 two isotopes of the detection object chemical substance to
fragmentation, making mass analysis. Thus, a plurality of isotopes are
used in the mass analysis and therefore, even when a dioxin or a
precursor thereof is present in an extremely slight amount in the

exhaust gas, the accuracy of detection can be improved.

25 In the chemical substance detection method according to the
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and therefore, even when a dioxin or a precursor thereof is present in
5 an extremely slight amount in the exhaust gas, the accuracy of
detection can be improved.

In the chemical substance detection method according to the
present invention, before the ion trapping step in the chemical
substance detection method, energy hig'her than an ionization potential

10 of the detection object chemical substance and lower than a sum of the
ionization potential and dissociation energy of ions of the detection
object chemical substance is applied to the detection object chemical
substance to ionize the detection object chemical substance. In the
chemical substance detection method according to the present

15 invention, in the ionization step, energy higher than the ionization
potential and equal to or smaller than a value of a sum of the ionization
potential and 4 electron volts is applied to the detection object chemical
substance. Therefore, unnecessary fragments are not generated, and
the detection object chemical substance to be left is allowed to remain

20 unbroken, making it possible to improve the detection sensitivity of
mass analysis. By virtue of this effect as well as the above-mentioned
action and effect obtained by the chemical substance detection method,
the detection sensitivity of the mass analyzer is further improved,
enabling a measurement with high accuracy.

25



1910% & ()- 10g 10g
10g3! 10%g& () - 3! yC3! 10%@0% () - 3y&#10%g& ()-g!t y&#10%&' ()-gyg{g~giij kdEg\=!
1°F"110%& ()-110%& ()-10%& ()-10%& ()65 10%& ()-s10%& () -
kkdl | mmmmdYNC! 1 10z 10z 10z&9! 10% & () - &OF10% & ()-3. mM0%& ()-L$
10% & ()-M $10%& () - mmOnnn+odEYNC! 1 s!10%& ()-|
10% & () - SGL0% & ()-99n0% & ()-3210%& ()-L10%& () - +o4p{ppp- qt qdEYNC! 1
Y'z 10%& () {KDI0STRIAL-ARPLICABITFYML0% & () -z 10%& () -
10% & ()-3tqgr %sj sssdEYNC! 1

Snlo% & () - &310% & A9 nfeHildhe d ébo{/éoﬁ@e@chénﬂ@él substance detection
10%& ()-G $! 10%& ()-stftgthtitltsuu_

apparatus and the chemical substance detection method according to
the present invention are useful for detecting, with high accuracy, a

5 dioxin or a precursor thereof contained in a very slight amount in the
exhaust gas from, e.g., a refuse incineration system, and suitable for
improving the rate of detection of a chemical substance to be detected
to such an extent that the combustion conditions of a combustion
furnace, such as a heating furnace, can be controlled even during the

10 operation of the furnace.
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an ionization unit that applies to a chemical substance energy
higher than an ionization potential of the chemical substance and lower
5 than a sum of the ionization potential and dissociation energy of ions of
the chemical substance to ionize the chemical substance;
an ion trapping unit that traps, using any one of an electric field
and a magnetic field, an ion group comprising the ions of the chemical
substance formed by ionization by the ionization unit;
10 an impurity removing unit that applies energy to the ion group by
means of a SWIFT waveform comprising a frequency component
excluding a frequency corresponding to an orbital resonance frequency

of the ions of the chemical substance to remove an impurity from the

chemical substance; and

15 a mass analyzer that measures a mass of the chemical
substance.
2. A chemical substance detection apparatus, comprising:

an ionization unit that applies to a chemical substance energy
20 higher than an ionization potential of the chemical substance and lower
than a sum of the ionization potential and dissociation energy of ions of
the chemical substance to ionize the chemical substance;
an ion trapping unit that traps, using any one of an electric field
and a magnetic field, an ion group comprising the ions of the chemical

25 substance formed by ionization by the ionization unit;
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excluding a frequency corresponding to an orbital resonance frequency

of the ions of the chemical substance to remove an impurity from the

5 chemical substance;
a fragmentation unit that applies energy to the ion group by

means of a TICKLE waveform comprising a frequency component

corresponding to the orbital resonance frequency of the ions of the

chemical substance to fragmentate the ions of the chemical substance;

10 and

a mass analyzer that measures a mass of a fragment of the

chemical substance.

3. The chemical substance detection apparatus according to claim
15 1 or 2, wherein the ionization unit applies to the chemical substance
energy higher than the ionization potential and equal to or smaller than

a value of a sum of the ionization potential and 4 electron volts.

4. The chemical substance detection apparatus according to claim
20 1 or 2, wherein the ionization unit is a light generation unit that

generates light having a wavelength of 50 to 200 nanometers.

5. The chemical substance detection apparatus according to claim

1 or 2, wherein the ionization unit is a vacuum ultraviolet lamp.

25
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6. A chemical substance detection apparatus, comprising:

an ion trapping unit that traps, using any one of an electric field
and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;

5 an arbitrary waveform generation unit that generates a SWIFT
waveform having a voltage amplitude in a frequency corresponding to
an orbital resonance frequency of an impurity present in a concentration
such that it exhibits a signal intensity higher than a predetermined
signal intensity, wherein the voltage amplitude is farger than a voltage

10 amplitude in a frequency band corresponding to an orbital resonance
frequency of the impurity present in a concentration such that it exhibits
a signal intensity lower than a predetermined signal intensity; and
a mass analyzer that applies the SWIFT waveform generated in
the arbitrary waveform generation unit to the ion group trapped by the
15  ion trapping unit to remove the impurity, and then measures a mass of

the chemical substance or a fragment thereof.

7. A chemical substance detection apparatus, comprising:
an ion trapping unit that traps, using any one of an electric field
20 and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;
an arbitrary waveform generation unit that generates a SWIFT
waveform in which a voltage amplitude is reduced as a frequency is
increased; and

25 a mass analyzer that applies the SWIFT waveform to the ion
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group trapped by the ion trapping unit to remove the impurity, and then

measures a mass of the chemical substance or a fragment thereof.

8. A chemical substance detection apparatus, comprising:

5 an ion trapping unit that traps, using any one of an electric field
and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;

an arbitrary waveform generation unit that generates a SWIFT
waveform in which a voltage amplitude has a fixed distribution,
10 irrespective of a mass number of a molecule to be removed by SWIFT;
and
a mass analyzer that applies the SWIFT waveform to the ion
group trapped by the ion trapping unit té remove an impurity, and then

measures a mass of the chemical substance or a fragment thereof.

15
9. A chemical substance detection apparatus, comprising:
an ion trapping unit that traps, using any one of an electric field
and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;
20 an arbitrary waveform generation unit that generates a SWIFT

waveform which gives no voltage amplitude in a plurality of frequency
bands corresponding to mass numbers of a plurality of chemical
substances, and which gives a voltage amplitude in a frequency band
corresponding to a mass number of an impurity;

25 a fragmentation unit that applies energy to the ion group by
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means of a TICKLE waveform having a plurality of frequency
components corresponding to orbital resonance frequencies of the
chemical substances to fragmentate the ions of the chemical
substances; and
5 a mass analyzer that applies the SWIFT waveform to the ion

group trapped by the ion trapping unit to remove the impurity, and then

measuring masses of the chemical substances or fragments thereof.

10. The chemical substance detection apparatus according to any
10 one of claims 6 to 9, further comprising an ionization unit that applies to
the chemical substance energy higher than an ionization potential of the
chemical substance and lower than a sum of the ionization potential
and dissociation energy of ions of the chemical substance to ionize the

chemical substance.

15
11. The chemical substance detection apparatus according to claim
10, wherein the ionization unit applies to the chemical substance
energy higher than the ionization potential and equal to or smaller than
a value of a sum of the ionization potential and 4 electron volts.

20

12. A chemical substance d.etection method, comprising:

an ionization step of applying to a chemical substance energy
higher than an ionization potential of the chemical substance and lower
than a sum of the ionization potential and dissociation energy of ions of

25 the chemical substance to ionize the chemical substance;
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an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising the ions of the
chemical substance formed by ionization at the ionization step;
an impurity removing step of applying energy to the ion group by
5 means of a SWIFT waveform comprising a frequency component
excluding a frequency corresponding to an orbital resonance frequency
of the ions of the chemical substance to remove an impurity from the
chemical substance; and

a mass analyzing step of measuring a mass of the chemical

10 substance.

13. A chemical substance detection method, comprising:
an ionization step of applying to a chemical substance energy
higher than an ionization potential of the chemical substance and lower

15 than a sum of the ionization potential and dissociation energy of ions of
the chemical substance to ionize the chemical substance;

an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising the ions of the
chemical substance formed by ionization at the ionization step,;

20 an impurity removing step of applying energy to the ion group by
means of a SWIFT waveform comprising a frequency component
excluding a frequency corresponding to an orbital resonance frequency
of the ions of the chemical substance to remove an impurity from the
chemical substance;

25 a fragmentation step of applying energy to the ion group by
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chemical substance to fragmentate the ions of the chemical substance,
and
5 a mass analyzing step of measuring a mass of a fragment of the

chemical substance.

14, A chemical substance detection method, comprising:
an ion trapping step of trapping, using any one of an electric
10 field and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;
an impurity removing step of measuring a distribution of an
impurity contained in the ion group and applying to the ion group a
SWIFT waveform comprising a frequency component corresponding to
15 an impurity present in a predetermined ratio or more to remove the
impurity; and
a mass analyzing step of measuring a mass of the chemical

substance or a fragment thereof.

20 15. A chemical substance detection method, comprising:
an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;
an arbitrary waveform generation step of generating a SWIFT

25 waveform having a voltage amplitude in a frequency corresponding to



10zy&10%9& ()- $"10%& ()-Y'10%& ()-", 10%& ()-&10%& () -
10%& ()-/04dEbC 10z&2 10%g& ()- &010%g& ()-."10%& () - &,
10%g& ()-*f10%9& ()-s(10%& ()-4ybC 10z13%& ()- s9 10%&' ()- 10g 10g 10g99f
10%g& ()-93710%g&' ()-9510%9& ()-(gdEbC 10z- 109%& ()-s! 109%& () -
910%&' ()-10%&' ()-109%& ()-  "10%k' ()- Q dEbC 10z Y(10%&' ()- f&LO%& () - 9%f
109%&' ()- 3"109%& ()- 109k ()- LT109%& ()- A{']dEbC 10z610%&' () -
&A@ 0% () - &Aanlo#kta( ressN&AO&E gguencyosfat impLOivRpf¢sédBhE a toncZaDedob() -
such that it exhibits a signal intensity higher than a predetermined
signal intensity, wherein the voltage amplitude is larger than a voltage
amplitude in a frequency band corresponding to an orbital resonance
5 frequency of the impurity present in a concentration such that it exhibits
a signal intensity lower than a predetermined signal intensity; and
a mass analyzing step of applying the SWIFT waveform
generated in the arbitrary waveform generation unit to the ion group

trapped in the ion trapping step to remove the impurity, and then

10 measuring a mass of the chemical substance or a fragment thereof.

16. A chemical substance detection method, comprising:

an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising ions of a chemical

15 substance formed by ionization;

an impurity removing step of applying a SWIFT waveform in
which a voltage amplitude is reduced as a frequency is increased to
remove an impurity from the chemical substance; and

a mass analyzing step of measuring a mass of the chemical

20 substance or a fragment thereof.

17. A chemical substance detection method, comprising:
an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising ions of a chemical

25 substance formed by ionization;
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an arbitrary waveform generation step of generating a SWIFT
waveform in which a voltage amplitude has a fixed distribution,
irrespective of a mass number of a molecule to be removed by SWIFT;
and
5 a mass analyzing step of applying the SWIFT waveform to the

ion group trapped at the ion trapping step to remove an impurity, and

then measures a mass of the chemical substance or a fragment thereof.

18. A chemical substance detection method, comprising:

10 an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising ions of a chemical
substance formed by ionization;

a step of applying to the ion group a SWIFT waveform which
gives no voltage amplitude in a plurality of frequency bands

15 corresponding to mass numbers of a plurality of chemical substances to
remove an impurity while leaving the chemical substances; and

a mass analyzing step of measuring masses of the chemical

substances or fragments thereof.

20 19, A chemical substance detection method, comprising:
an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion g'roup comprising ions of a plurality of
chemical substances having different masses formed by ionization;
a step of applying to the ion group a SWIFT waveform which

25 gives no voltage amplitude in a plurality of frequency bands
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a fragmentation step of fragmenting the chemical substance in
an order of from a chemical substance having a smaller mass number
5 to a chemical substance having a larger mass number;
a mass analyzing step of measuring masses of the chemical

substances or the fragments thereof.

20. A chemical substance detection method, comprising:

10 an ion trapping step of trapping, using any one of an electric
field and a magnetic field, an ion group comprising ions of a plurality of
chemical substances having different masses formed by ionization;

a step of applying to the ion group a SWIFT waveform which
gives no voltage amplitude in a plurality of frequency bands

15 corresponding to mass numbers of a plurality of chemical substances to
remove an impurity while leaving the chemical substances; and

a fragmentation step of applying energy to at least two isotopes
of the chemical substances by means of a TICKLE waveform
comprising frequency components correspbnding to the two isotopes to

20 fragmentate the two isotopes; and

a mass analyzing step of measuring masses of the chemical

substances or the fragments thereof.
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22, The chemical substance detection method according to any one
of claims 14 to 20, further comprising an ionization step of applying,
before executing the ionization trap step, to the chemical substance
energy higher than an ionization potential of the chemical substance

10 and lower than a sum of the ionization potential and dissociation energy

of ions of the chemical substance to ionize the chemical substance.

23.  The chemical substance detection method according to claim 22,
wherein the ionization step includes applying to the chemical substance
15 energy higher than the ionization potential and equal to or smaller than

a value of a sum of the ionization potential and 4 electron volts.



