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TECHNICAL FIELD

The present invention relates to a chemical substance detection
apparatus and a method for measuring a chemical substance
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.

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
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

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

S
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t hereof contained in exhaust gas are ionized by an atnospheric pressure
chem cal ionization nethod and the resultant ions are neasured by neans of
a three-di nensional tetrode mass spectroneter. 5 The on-line nonitor has
been described in detail in Abstracts of 2he 11th Conference 2000 of Japan
Soci ety of Waste Managenent Experts, and see the literature if necessary.
However, the atnospheric pressure chem cal ionization nethod has the

fol | owi ng prissjuired. FAnsan-lineemseiter tis kinowrf br winicls diexiratorgsrecli®sorsl ecul es
which are hardly changed to negative ions is |ow due to its measurenent

principle, ahérebbeehtairethe axtidued gas did forizéd HyoarpiRimosphericontrol with
hi gh precision. The ionization probability of a chem cal substance to be

measured is prys@ery cHelntiebetbiiyalifs athdPERASHE! B3ufant h@hF@sphere.
Thus, for determ ning a concentration of the chem cal 15 substance fromthe
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of neasurenent. However, the phenol is Ilikely to be deposited on a pipe
and t her ef or¥e8 Hee ngﬁfé'wreeffffmesi%f%r emar kabl e, and, for achieving a
measurenent with high sensitivity, 25 piping is required to be inproved
with some contrivdneeevernthgiainosphenc psessuiencheauealdonidaticat megbpda
phenol is disadvantageously detected

has the following problems. First, the sensitivity for measurement of

10 molecules which are hardly changed to negative ions is low due to its
measurement principle, and therefore the method is difficult to apply to
control with high precision. The ionization probability of a chemical
substance to be measured is largely affected by the gas composition of
an atmosphere. Thus, for determining a concentration of the chemical

15 substance from the measured electric signal intensity by making
calculation, it is necessary to use a chemical substance containing 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 detected wherein there is a correiation 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. In addition,



due to the nenory effect, thereby |owering the accuracy of the

measurenment. Further, when a substance which is nore easily ionized than
the precursor to be neasured is present in the exhaust gas, such a 5
substance is first ionized, thus making i8 difficult to accurately neasure
t he substance to be neasured. A certain precursor (e.g., trichlorophenol),
which is an optimal index substance of the dioxin concentration for one
furnace, is A¥en inlodegredexbaristngasi adehesolbistdisadvantagemidie d etacieace
since there may 10 be a difference between the one furnace and another with

respect to dhe toythe merfanynefectothéfebclowiringtise becueaepustheon, and thus,
the nethod which can neasure a single precursor has only poor

gener al - pur perasurerRIrtl e FurtheroWin Bofulsstancavitied i93Mbrg eaklIPiGNieed
general - purpose properties advantageously can detect 15 various types of
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I NVENTION It is an object of the present ntion
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I oni zati on It that applies to a chem cal substance energy higher than an
I oni zation p ee%gtpgﬁanggptot%% MARM'ER subst ance and | ower than a sum of the
i oni zation potenti gl nd di ssoci ation energy of igns of the chem cal

substance to ioniz N JHERHESAr (@uﬁsttﬂﬁﬁlé?mahemﬂ- whiphiis@ruaptimalat
traps, using any one of an 25 electric field and a magnetic field, an ion
group conpr i ‘A8 SURstppre aiithg dipkin epeeertiatientfor enedurnasedisoyol oni zat i on
by the ionization unit; an
always an optimal index substance for another furnace since there may
10 be a difference between the one furnace and ancther with respect to
the type of furnace or the conditions for combustion, and thus, the
method which can measure a single precursor has only poor
generai-purpose properties. [n other words, a method having
improved general-purpose properties advantageously can detect
15 various types of chemical substances simultaneously if possible.
DISCLOSURE OF THE INVENTION
It is an object of the present invention to solve at least the
problems in the conventional technology.
A chemical substance detection apparatus according to an
20  aspect of the present invention includes an ionization unit that applies
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

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



I mpurity renoving unit that applies energy to the ion group by nmeans of a
SW FT waveform conprising a frequency conponent excluding a frequency
corresponding to an orbital resonance frequency of the ions 5 of the

chem cal substance to renove an inpurity fromthe chem cal substance; and
a mass anal yzer that neasures a mass of the chem cal substance. In the
chem cal substance detection apparatus according to the above-nentioned
aspect, in ithe zhtenoab$ubstdatedormedoby éshizatien mathe idhizatish amit,arener gy
hi gher than an ionization potential of the detection object chem cal

subst ance animparBy rémaRiry GHMtAht bPplieseryyad thedbandrodp BP@nsans of

di ssoci ation energy of ions of the detection object chem cal substance is

appl i ed to thesgETGLLPEfRRI 86 dm;rg%%ﬁ’(req%ﬁéxf&bqﬁpoﬁéﬁf gkanaing ae

chem cal substance to be detect be 15 1 ohized w thout being broken,
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enpved. In the ionization accordi ng to the

i mpurity Lcan gui.ckl.
o sent et ik Ehiibal SR ERss B tetipys SBorinB-RRantie aibept T at el y
adj usted, and hence various nol ecules do not unnecessarily suffer .
di ssoci at i onSYPSiERGE; AR MaPL AEEHZET lg‘ﬁ‘ltﬁ'%ask‘f&%ﬁ fRars ngh%ﬁ}‘?"a%'
generated and the anount of inpurities to be renoved in the step of
renoving an PWPSHENCE.is extrenely small, so that the SWFT voltage can be
| owered to allow the chem cal substance to 25 be detected to be left to
remai n unbroken, nbkthgychemiosksbibstancei dgtectionsapparatdeaecordingdentbieti vity
of the mass analyzer. In addition, there is no
above-mentioned aspect, in ionization of a detection object chemical
10  substance, energy higher than an 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. Therefore, the chemical substance to be detected can be
15 ionized without being broken, making it possible to improve the
ionization efficiency.

Further, a SWIFT waveform is merely applied for removing an
impurity and hence, the impurity can be quickly removed. In the
jonization according to the present invention, the energy required for

20 ionization is appropriately adjusted, and hence various molecules do
not unnecessarily suffer dissociation or ionization. Therefore, only a
very few fragments are generated and the amount of impurities to be
removed in the step of removing an impurity is extremely small, so that

the SWIFT voltage can be lowered to allow the chemical substance to

25 be detected to be left to remain unbroken, making it possible to improve



need to prepare an excessively high power source and the production cost
for the apparatus can be suppressed. Further, in the chem cal substance
detection apparatus according to the present invention, 5 generation of
excessive fragnent ions can be considerabky suppressed, thus meking it
possi ble to suppress a lowering of the trapping efficiency caused by an
excess anount of ions present in the ion trap. As the nass analyzer, it is
especi al | y pthsf detectidrosessitivity aff the tiavs-aralyzéght In agaisioneBete PHe si nce
the tinme for neasurenent can be shortened. 10 In the ion trapping unit, a

unit that trepeditonsreparthm ertéssiseRohigh sbwet sbbrcd aplddthedp FRANRRIT
field, or another el ectromagnetic force can be used. An electric field, a
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t hese may be used in conbination appropriately. such an ron trappi ng
unit, an iongfh Il Il Lo fr - | e i G fi .1s fornmed is
known, and thLltl sét{ésn Cpr%?ﬂg(rélragg é@%%%ggge) atcﬁgﬂﬁlgﬁglﬁ tﬁ'& ’?'Isésreg-ltéb\?é&ﬁ' n’easy (this
appl i es t | T erm"detection object, chem cal substance"
her e neatr?g agg?é%tﬂésioi ?Pg}‘cssﬁ'%xﬁfﬂg%‘ﬁni 'ﬁ?%??ﬂ%%ﬁbgﬁi%agw FHepP t gas
from for exanple,.an.incineratjion furnace. In the chem cal substance
detection SN amakAGL Aesble T, SURPias Biawenng o 1BRPIng BRSIERGCY
concentration of Ee exhaust gas can be presuned by detecting a precursor
having a go&V ¥ 3 LERERF BNAUE okions praseémianithelign teapli oAsrtheont ai ned
in the exhaust gas can be directly detected to determ ne the dioxin
concent r at i JRassHNalszek it sagspecialypreterrddtteatsengnea qfretionedffighe 25 by
a precursor. Dioxins generally include dioxins, furans, and 6 nolecul es
cal | ed copl aneasRCBneTihenpdesineotise tined olemzauesesnt can be shortened.
10 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.

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

15 radio frequency electric field is formed is known, and this is preferred

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

The term “detection object chemical substance" here means a
precursor of a dioxin or a dioxin contained in the exhaust gas from, for
example, an incineration furnace. In the chemical substance detection

20 apparatus according to the present invention, a dioxin concentration of
the exhaust gas can be presumed by detecting a precursor having a
good correlation with a dioxin.  Alternatively, a dioxin contained in the
exhaust gas can be directly detected to determine the dioxin

concentration. The latter can be used for detecting a presumed value

25 by aprecursor. Dioxins generally include dioxins, furans, and



such as trichl orobenzene, dichlorobenzene, and nonochl orobenzene, and
phenol s, such as trichlorophenol. In addition, SWFT represents "Stored
Wavef orm I nverse Fourier 5 Transfornt. See "Devel opnent of a Capillary

H gh- Performance Liquid Chromat ography Tgndem Mass Spectrometry System
Using SWFT Technology in an lon Trap/Reflectron Time-of-flight Mss
Spectroneter”, Rapid Communication in nmass spectronetry, vol. 11 1739-1748

(1997), for mideaules. cdlied\cophmiaraPCBUbST e gredatRrtiiatludepBsatesegccor di ng
to anot her aspect of the present invention includes an ionization unit

that appliessuth s elombrertéi, A6RICPOBEAYeRb JBRH rhBABCRIBIbBBNZEHEON
potential of the chem cal substance and |l ower than a sum of the i1onization

potential agddqiaRALabion A@IcWofoHeNy. of the chem cal substance to
ionize the 15 chem cal substance; an'ion trapping unit that traps, using

any one of an ele HGitfd I%m | b QN grou onpri sing
the ions of the c e%ﬁhggidrgu St gﬁc%p?ggﬁﬁg E%fgf%wé%?%ﬁﬁblfgﬁ{agl@?ﬂ tion
unit; angi ' enow ng.ni t, that .applies .ener tq the ion group by
means of > anttﬁd—éfx&@v'ef §rer%g g%‘?'??ﬁﬂﬂa&?? ﬁ%ﬁew E‘iﬁ’r’b‘%ﬁ‘éﬁ?"‘éﬁ'&?‘g igda” 20
frequency cogrresponding .to_an, orbjtal resonance frequency of the ions of
t he cheni cal &bﬂ%'g'@éﬂgré%trﬁ’ Tandem ﬁsﬁrﬁféﬁ@f?mlett@rﬁﬁ@fﬁﬁiﬁﬂgﬁw@ﬂ'bst ance;
a fragnmentatjon unit that applies energy to the ion group b nmeans of a
TI CKLE wavef S8¢RIREYiI8iaNy len rapiReftscttongomenet-fightMape Shenfraroetars,
orbital resonance frequency of the ions of the 25 chem cal substance to
fragnent at e RARI Genipuni¢catioénimass spestramedry, olahtl 17384$34ad09Zer t hat
nmeasures a nmass of a fragment of the
for details.
10 A chemical substance detection apparatus according to another
aspect of the present invention includes an ionization unit that applies
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
15 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; an
impurity removing unit that applies energy to the ion group by means of
a SWIFT waveform comprising a frequency component excluding a
20  frequency corresponding to an orbital resonance frequency of the ions
of the chemical substance to remove an impurity from the 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

25 chemical substance to fragmentate the ions of the chemical substance:



chem cal substance. In the chem cal substance detection apparatus accordi ng
to the above-nentioned aspect, fragnentation of the detection object

chem cal 5 substance is performed by neans of a fragnmentation unit that
applies a TICKLE waveform Therefore, evep when an inpurity is present in a
frequency band corresponding to the mass nunber of the detection object
chem cal substance, the effect of the inpurity can be renoved to achieve
an accur at e apdsumaasnanalyaeadiat immasures\a massrof 4 émghieht afitrent s are
generated in the ionization and therefore, in the fragnentation of the

det ecti on obf¢remicdlestbstbneabst ance, the desired detection object chem cal
subst ance can be efficiently subjected to fragnentation. Accordingly,

al nost al | the fragimeny ahéfni&éillesmﬂﬁtaﬁbb%teehbﬁ%ppfd?ﬁfﬂ§§bc§+b9ﬁb%ﬁgﬁeca“ be

subj ected to neasurenent of the 15 mass anal yzer, and therefore’t

combust  on o be M idhoq Bl iraR R AREn A nB S BREGN HhuABEchEfjcal

FF agnent o1 o SHANEE S Bhribre) BY B8RSR CR s ek ERienr B R et Beb e r om
cher oal - subLCEE Wttt ERGRTaE. Gion whan Ahdmpudlyrs peprenminee.
Teahnol ogy. | FEARE BN DaRFLEIREFPRESIngHioTiNEIEHeS RuReT R{dbe Sfriseionet er

Rapi d Conmmuni cation in mass spectrometry, vol. 11 1739-1748 (1997), for 25
details. 8 9hiechehemipaksubstanseathe effect of ithe imppuitacan be memoveidztat i on

achieve an accurate measurement. In addition, only a very few

10 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, almost all the fragments of the detection
object chemical substance can be subjected to measurement of the

15 mass analyzer, and therefore the detection sensitivity of the mass
analyzer can be improved and the combustion can be controlled with
higher precision. The TICKLE is an operation for subjecting a
detection object chemical substance to fragmentation and separating
the detection object chemical substance from an impurity having a mass

20 number close to that of the detection object chemical substance. See
‘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), for

25 details.



unit applies to the chem cal substance energy higher than the ionization
potential and equal to or smaller than a value of a sumof the ionization
potential and 4 electron volts. Furthernore, the ionization unit is a 5

| i ght generation unit that generates |light having a wavel ength of 50 to

200 nanoneters. Mreover, the ionization unit is a vacuum ul traviol et

lanmp. It is preferable that the energy applied to the detection object

cheni cal subst ancelrbthd bhemicakzsubstanoeidetestibhgipparahas thiecioinimatie i on 10
potential and equal to or smaller than a value of a sumof the ionization

potential andni siptiets’ tontheothemiddiesudiandetersrg9rhighe e tihars iegiicaization
substance is ionized by energy of light, the wavel ength of the light is 50

to 200 nanO”Béf&ﬁnal%Weéuhlﬂi“br bﬁlélfé?ftﬁéhf‘éivadl&%f'atsmrbfbt%e%ﬁuié‘t:on
obtai ned using a vacuumultraviolet |anp. 15 A chem cal substance detection

appar at us acgofiing drfy ﬁtélél:ltroﬁ%l%er ﬂ?HﬁQFmBFe tt}f‘npe i ‘?fﬁﬂ#n 'u'?lYtel tqon

I ncl udes an 1T on trappl ng uni t ha traps using a an e ectrlc

field an ield ri.sin on a cal
subst ance T ol RDRETl r&amtiﬁa GRnels p'si@*)%osf%wﬁvgeiﬁ CobROTRI ¢ ¢ hat
generates a ge%FT wave ﬁ havi ng a volta e arrp jtude in a re E%

cor r espondi ng"t &3P B¢ r§a| Qe SEnthe ?1’&}'”(5 IS VAgHYM U "?)YB nt in
a concentratjion such that it exhibits a signal intensity higher than a

pr edet er m ne'é’”éﬁ’gnal intensity, wherein the voltage anplitude is |arger
than a voltage anplitude in a frequency band corresponding to an orbital
resonance frequench isfpreferalbe thatuhiet gnerigysapplied ta tbertsiactianiabjesuch t hat
it exhibits a signal 9 intensity lower than a predetern ned signal
intensity; athemicelssubstance by the ionization unit is higher than the ionization

10  potential and equal 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. Such a light is preferred since it can be easily
obtained using a vacuum ultraviolet lamp.

15 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

20  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 larger than a voltage amplitude in a
frequency band corresponding to an orbital resonance frequency of the

25 impurity present in a concentration such that it exhibits a signal



anal yzer that applies the SWFT waveform generated in the arbitrary

wavef orm generation unit to the ion group trapped by the ion trapping unit
to renmove the inpurity, and then neasures a mass of the chemical 5
substance or a fragnent thereof. In the cfem cal substance detection
apparatus according to the above-nentioned aspect, an inpurity in an
especially high concentration can be selectively renoved by using a SWFT

wavef orm i nintansity idwer thamgepredstetmireed Bighdlrietarangy ater aeagssdi ng to
the 10 mass nunber of an inpurity present in a concentration higher than a

speci fic siganalyzerenat bppliss itRerSAIET avefloih Yehbassdarmhkt ftrafy @
frequency corresponding to the mass nunber of an inpurity present I'n a

| over_concenivadefar Genld?uroRUnif Withe fh bFBS itah ﬁb?%@@{cﬁ%ﬂﬁ‘p@

renoved and thereforé only small energy i§ requir
addition, a gg Gt here
need to use anwgécr%gﬁ;cly@% ﬁ&ﬁﬂgﬂh%mr %’Fﬁ%ﬁgtsh{'gais 05 ﬁbga‘%ﬁ from
an econorg ca [ ferredthat the inmpurity for which
t he vol ta@ge %“rlr%é)(aﬂﬁﬁ r0¥ faaggv\?pt‘.'um‘\% ormis increased is an inpurity
present in such a co cenératl on that it exhihits 20 at |east a signal
i ntensity substant inping chemica) shstapee et §FHARIanRAratLs ?9006'1"n9H@ the
detection object chemcal substance. The inpurity may be an inpurity
present in aABeYewReNteRed @spesbsan imparity buan espesialindrgh is required
for SWFT in such a case, and therefore it is preferred that the inpurity
is an i rrpur|QqnmrafgotaG@nmlsalente,feﬂywmemiebyemungm $9/ & Tolvavaforne
signal intensity of the detection object chem cal substance. 10 A chenmi cal
subst ance denewhicintheppaitageanapitedd inga freqiendy corresponding to the
10 mass number of an impurity present in a concentration higher than a
specific signal intensity is increased and the voltage amplitude in a
frequency 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
15 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
advantageous from an economical point of view. It is preferred that
the impurity for which the voltage amplitude of a SWIFT waveform is
increased is an impurity present in such a concentration that it exhibits
20 at least a signal intensity substantially equivalent to the signal intensity
of the detection object chemical substance. The impurity may be an
impurity present in a further 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

25 the signal intensity of the detection object chemical substance.



anot her 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 conprising ions of a chem cal substance forned by ionization; an 5
arbitrary waveform generation unit that g@nerates a SWFT waveformin

whi ch a voltage anplitude is reduced as a frequency is increased; and a
mass anal yzer that applies the SWFT waveformto the ion group trapped by
the ion trappi ng ufighemiocadsustanee detectiary appadatiiseaccordasgitestil nass of
the chem cal substance or a fragnent thereof. 10 In the chem cal substance

det ecti on appaothtarsaspecirafithe presient inedoien imditdeserh RePRabpitdenaner gy
applied to an inpurity having a |arger nmass nunber is higher than the

ener gy appl i #rattteagd) ustRyrdriy onbafi 410 efe iRl fidld dRPa Mmaghetic faackaliby, the
orbital resonance frequency in an ion trap is a functidn of a nass nunber,
and, the | argeiupl Solrpisig SofUBRY chih iz8tioh!
smal | er the gf repéuem I nterval coqr:resgc(:)a:]1 | nﬂgﬁ%g&?ﬁgfrﬁé?ﬁmégﬁ?ht grr’val
1. On t i I [ wayv eneral | y
conduct e?e i %@Q?F%%r}’ﬁf@?ﬁﬁeeﬁé}?@ba@@ @?at?%g@%'r%ﬁmsmﬁg’éé{&fwaw
Hi gh-Perfor Iagw d Chronmat ogr.aphy Tandem Mass Specironetr 0 System
Usi ng SW FT@Q@%@P’%’E&?Q%E‘MW&%&‘Q 1 5%&%?@@&? [PAugnEY. i§rinere dzl\%%
Spectroneter”, R%i d mn,{El gati n ig n§ss spectronmetry, vol. 11 1739-1748
(1997), a SV AR %?gof%ﬁfi at gPReas the IMMFdvangiodnt fethe iy 96peRt r um
having a fixed voltage anplitude to inverse Fourier transformto convert
it to a tindT?RBESHY the 1N Yapring uaitde remeyethe dppunidy ard theom wavef or s
having a fixed voltage anplitude 11 at fixed frequency intervals is
formed. Therrgégpures a mass afdbe, chdmical substance or a fragment thereof.
10 In the chemical substance detection apparatus according to the
above-mentioned aspect, 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. Generally, the orbital resonance
frequency in an ion trap is a function of a mass number, and, the larger
15 the mass 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, the literature, “Development of a Capillary
High-Performance Liguid Chromatography Tandem Mass Spectrometry
20 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 having a fixed voltage amplitude to

inverse Fourier transform to convert it to a time region. In this case, a

25 waveform synthesized from waveforms having a fixed voltage amplitude




| arger the mass nunber, the smaller the nunber of the sinusoidal wave per
mass nunber interval 1, and hence energy per nass nunber interval 1 is
small. In other words, the energy applied to a nolecule 5 having a | arger
mass nunber becones relatively small. By iqontrast, in the chem cal
substance detection apparatus according to the above-nentioned aspect, the
vol tage anplitude of the sinusoidal wave is increased for nmaking up for
the reduced atifised fofquemey mitensalsdalfomned, Jihkrefaecfintieisseddes fthet ory
energy can be also 10 applied to ions having | arge mass nunbers, so that

even such i grger thesnase nbeniser ehy sheamicthe himdAdidfitAB, siROSE I Whva
required and satisfactory range can be applied to ions having small nass

number s and pBEHISY Aukitrfterdhl I cfitiee LRGP BEIESS difnbaP! Oved.

Further, an excessively high power source appara I's not required, 15 and
1 CH s st b

el ectri c%f i eﬁ%\"@ﬁda ?@32@%%%%%%" _BSROFB?? red?{%gl_%’c%ﬂﬁhi gi ngyi ons of a
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anplitude has a fixed djistribution, irrespective of a mass nunber of a

mol ecul e t o BECATEIRG &e the abavermegiipnedaseechibe vadiagenampditude of thae

SW FT waveformto the ion group trapped by the ion trapping unit to renove
an i npurity,SiaHgotdadwava it irereasadSor 25akingt e fahihe reducadsumbes aff a
fragnent thereof. 12 The chem cal substance detection apparatus according
to the the sinusoidal wave, and therefore satisfactory energy can be also
10  applied to ions having large mass numbers, so that even such
impurities can be surely removed. In addition, energy in a required
and satisfactory range can be applied to ions having small mass
numbers and therefore the use efficiency of the energy can be improved.
Further, an excessively high power source apparatus is not required,
15 and hence the cost for the apparatus can be suppressed.
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
20  arbitrary waveform generation unit that generates 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 a mass
analyzer that applies the SWIFT waveform to the ion group trapped by

the ion trapping unit to remove an impurity, and then measures a mass

25 of the chemical substance or a fragment thereof.



above-nenti oned aspect is such that, when the frequency spectrumof a
SWFT waveformin which the voltage anplitude is increased as the
frequency is snmaller is converted so that the mass nunber is taken as 5 an
absci ssa, the voltage anplitude per unit jmass nunber is a substantially
fixed value. Thus, substantially the sane energy can be applied to

nol ecul es having any nasses to be renoved by SWFT. Therefore,

sati sfactory ener gyheahémmical subsfandedetectiomapparatag acsadingrés shaunbers,
and hence even such inpurities can be surely renoved. 10 Further, an

excessi vel y hbghemueetioned asp et iacaththias, WAENAEUrE§Genc? BB cBATRE of ke
cost for the apparatus can be suppressed. A chem cal substance detection

appar at us acgw g mgalefsrin lih wrﬂaﬁttﬁérvcﬂ bnflith 48 1555 eh“é(ﬁ\iéé on.

includes an ion trapping unit that traps, using any one of an e
field and af?g Le:-fi i i Si i .of hem cal
subst ance for nggshgfiléﬁﬁzé;lﬁrg%;dogﬂ&%%%§ﬁ§?§ﬂ%%$%$ﬂ]ubﬂﬁe§r|§ttﬁgﬁﬁlﬁ_ﬁt t hat
generateg a i vef.or i ch _qi,yes no voltage anplitude in a plurality
of fr equgncyaﬁsté\y r?;gg%@()rtﬁgrs‘}r?c&%ena"ﬁ’c&'ﬁ’é%?%WLF&%“T Hﬁ"}ﬂeﬁr'ﬁlq ty of
chem cal subst,ance nd which gives a voltage anplitude in a frequency
band corres Qﬂaﬁgﬂyﬁgeg Yalue. nu-[:[ﬁ)‘éfrs Wb%ﬁngﬁ%ﬁ?ﬁﬁ%‘e eNegay Fea Pen unit
that applies ener to the ion group by neans of a TI CKLE wavef orm havi ng
a plurality@RRlieg g‘éﬁ@!ﬂ@?“lﬁﬁ“@@w@@t any shasssfot begenovedibyaBWEJonance
frequenci es of the chem cal substances to fragnentate the ions of the
chem cal subEhenefers, satisfaciany enargyycan beralso anpliessta lensShiFHnRgAErgavef or m
to the ion group trapped by the ion trapping unit to renove 13 the
i npurity, ardasbenwmbasyrantheassesvearf stbk imipemitieal csnibst Svedp rémoved.
10 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
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
15 group comprising ions of a chemical substance formed by ionization: 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
20 to a mass number of an impurity; a fragmentation unit that applies
energy to the ion group by 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 a mass analyzer that applies the SWIFT

25  waveform to the ion group trapped by the ion trapping unit to remove



fragments thereof. The anpbunt of a dioxin or a precursor thereof contained
in the exhaust gas froman incineration furnace is very slight, and an 5
i mprovenent of the detection accuracy therefor is very inportant when the
conditions for conbustion of the incinerggion furnace are controlled in
real tinme. In the chem cal substance detection apparatus according to the
present invention, an inpurity is renoved using a SWFT wavef orm whi ch

gi ves no vol thegienpuopty, tandethiem trieaduregyarasseanidhe dBesicaleamndhogs P a
plurality of detection object chem cal substances. |In addition, the

det ecti on obfragmerienhemdofsubst ances are detected sinultaneously by the
mass anal yzer. Thus, a plurality of detection object chem cal substances

d d sinul rdi hER iR
are detected sinultgaegHsliyt apd d.bggglsglgg@ae%ﬁ%g?gﬁbgg‘anghta\%a iniAg

accuracy can be achieved and the p ustion control can
be i nproved. hg;c;g I X ?’ﬂﬁ% t | . rat.us, f r includes an
I oni zation u?]%iﬁﬁtl a aipi)"gjlrril e%g'b@tg et@ﬁeﬁﬁhgggégg’%&%éﬁgnﬁ%%ﬁhi gher than
an ionizatio lal _of the chem cal substance and |ower than a sum of
the Ton: 3at  DPRYEB e s AR lER Sfrwr RS uS vd o aBheRem ca
substance to,ioni ze . the chem cal substance. Mreover, the ionization unit
applies to the ‘&%‘ﬁ#&’&ﬁ f&&&@ﬂb@&%l%@% &Ve g Rerationfumace agheoairpdad
potential and equal to or smaller than a value of a sumof the ionization
potential arlB r@adtider ofn the chemigat pubsisanvecdetestion: aprarales eéccoohing
apparatus according to the 25 above-nentioned aspect, energy higher than
t he ioni zat iterthgopraseindlinegnticn, ahémperidytis camobjeectsiogemiSIFEubst ance and
| ower than the dissociation
waveform which gives no voltage amplitude in the frequency bands
10 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 with high accuracy can be achieved and the precision
15 of the combustion controf can be improved.
The chemical substance detection apparatus further includes 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
20 chemical substance to ionize the chemical substance. Moreover, the
ionization unit applies to the chemical substance energy higher than the
ionization potential and equal to or smailer than a value of a sum of the
ionization potential and 4 electron volts.

in the chemical substance detection apparatus according to the

25 above-mentioned aspect, energy higher than the ionization potential of



energy is applied to the detection object chem cal substance to ionize the
detecti on object chem cal substance. Therefore, unnecessary fragnents are
not generated, and the detection object chem cal 5 substance to be left is
allowed to remain unbroken, making it poggible to inprove the detection
sensitivity of the mass analyzer. By virtue of this effect as well as the
above-nentioned action and effect obtained by the chem cal substance

det ecti on aptier detexstidrhebibxrt adtemicas sobstdndd gndflowehehantheadiasyciations
further inproved, enabling a neasurenent with 10 high accuracy. In

addi tion, thenemypissapphe®itoaneidutebabatdjact themteal sistARcEaBtioAIA«cd Wi th
hi gher precision. Further, the SWFT voltage can be |owered, and therefore

there i s no firedet 3 | i t he
praduct  on cant R e oy ChoEr Aty

subst ance deﬁﬁﬁHé?ﬂs’%&Dﬁe’(gt ggﬁ&(ﬁé&g?ha tﬁb%étecﬂﬂﬂé&p@%gf%ﬁ%ﬁc&f the

present inventfFon Inc onrzation step o a chem cal
subst ance engr i r.than.an,ionization .potential of the., chem.cal
subst ance anfdiatedbine 1905 AUPNELR [RaIEENBRO kR SRaKiNS LR SSIER
di ssoci ati on_ener of, iqgn f the chem cal K 20 substance to jionize the
chemical sub% %B&?/"ea&‘q aﬁ?qc&%%b?ﬁ@s'é‘ﬁ’gﬁ %fthetméﬁﬁiamﬁ'y%@i- nPamtea&for an
electric field and a magnetic field, an ion roup conprising the ions of
the cheni cal thigséfesh@s well rsgthsyabpyeimantionedtaction asdieftaqtabtaings bun
i mpurity renmoving step of applying energy to the ion group by neans of a
SW FT wavef dhe eefmicali subsianee idadgaon yapparpbrse thedateatipngensitivtyehcy
corresponding to an orbital 15 resonance frequency of the ions of the
chemi cal subtheamesstanalyzerés further improved, enabling a measurement with
10 high accuracy. In addition, the combustion of an incineration furnace
can be controlled with higher precision. Further, the SWIFT voltage
can be lowered, and therefore there is no need to prepare an
excessively high power source and the production cost for the
apparatus can be suppressed.
15 A chemical substance detection method according to still
another aspect of the present invention includes 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 the chemical
20 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; an impurity removing step of applying

energy to the ion group by means of a SWIFT waveform comprising a

25 frequency component excluding a frequency corresponding to an orbital



an inmpurity fromthe chem cal substance; and a nmass anal yzi ng step of
measuring a nass of the chem cal substance. In the chem cal substance
detection nethod according to the 5 above-nentioned aspect, when an
impurity is to be renoved, energy higherjsthan the ionization potential of
a detection object chem cal substance and |ower than the dissociation
energy is applied to the detection object chem cal substance. Therefore,
an inpurity oesormEnce egquedcwiuofl theabhevafriget diee ittt Gluibsta 9de €6 reafvam cal
substance to 10 remain unbroken, and generation of unnecessary fragment

i ons can be andngiutitydhdm thepgheased sAistatcd;"end RiGdls malgﬁmg“@w o by
Accordingly, the detection object chem cal substance to be left can be

al l owed to rERisuriiyPaKEss omhérgg,érﬁ,c@pggbg{ag,\ﬁe%rl nmprove the detection

sensitivity of the mass anal yzer. Further waveformis nmerely 15

appl | ed for T emovi RoyANCHERHEL ¥, 500N B8NS oS r@gpggqgécgfcggggp%wk'y

renoved. I n addition, I 'oni zat'l on acco
i nventiong o fra Fenis are ene ate t he anount of
i mpuriti ?s t%b%\’gr’éﬁéﬁgég&l ASPFET 's anoanl HH{}' hg g%%ﬁrfﬁu'??\’?ﬂ-. SNeiGY renel y
small, so th 1 th ET .vol| t can%_ﬁ wered and hence 20 there is no
need to prep tion cost
d Blobelhagdbedpoi of & dptactionabiad cheraigat
for the appar&% us can be suppressed. A chem cal substance detection mnethod
according t o>4R$ ﬁﬂceaﬁﬂﬂ me%ﬁmth%m&mw@@@mergm%mpdjﬁd. tocthedes an
I oni zation step of ap g to a chem cal substance energy higher than an
i oni zati on %e@@ﬁ@mmaec chemdcahsubstanceubskhereforn il bmpurityhean desum of
the 16 ionization potential and dissociation energy of ions of the
chemi cal removed while allowing the detection object chemical substance to
10 remain unbroken, and generation of unnecessary fragment ions can be
considerably suppressed during the removal of an impurity.
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
15 applied for removing an impurity and hence, the impurity can be quickly
removed. In addition, in the ionization according to the present
invention, only a very few fragments are generated and the amount of
impurities to be removed in the step of removing an impurity is
extremely small, so that the SWIFT voitage can be lowered, and hence
20 there is no need to prepare an 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

applying to a chemical substance energy higher than an ionization

25 potential of the chemical substance and lower than a sum of the



substance to ionize the chem cal substance; an ion trapping step of
trappi ng, using any one of an electric field and a magnetic field, an ion
group conprising the ions of the chem cal substance formed by 5 ionization
at the ionization step; an inpurity renovigng step of applying energy to
the ion group by neans of a SWFT waveform conprising a frequency
conponent excluding a frequency corresponding to an orbital resonance

frequency of iomﬁmati@mqaotbénﬂi@leandilelm?;smiiaﬂuhﬁmg? dfdohsrafvhe eerhigaurity from
t he chem cal substance; a fragnmentation step of 10 applying energy to the

ion group bysupetanceftodiohiZéiie WwhkRiieaNSuEStERICES afdioh trapaingstepcanMPonent
corresponding to the orbital resonance frequency of the i1ons of the

e o ol hRBARY, (Wbing R 5AL Uil BRtABTY dritfadhiafhent kA6 2N

a mass anal yzin ep o uring a mass o ragnen enm ca
subst ance. aem. cal. o 'y ' th ceording to the
above- nenti os#;béj dz;(s:%@?trmr?&ég%é%ﬁg% ?gﬁgoﬁ?‘eﬁﬁ@%ﬁépgg{ﬁ% go&[rg%(fgg hem cal
substance i s ucted, by .applying.a TICKLE waveform.to the _detection

by ect oment GBI B b 18 RabR St8n BD MY TefoYing BB T PV i ¢
a frequency band cor{es ondi n gg the mass 20 nunber of the detection

obj ect chem ¥3FrYIBsthean gF fragangrof o Wik waveforarrasaprigiigvad t o
achi eve an accurate neasurenent. In addition, only very few fragments are
gener at ed i nreadengnicempeienirexclugdingadrequency nerresaghdingito an abital
detection object chem cal substance, the desired detection object chem cal
subst ance cdgspeapiceifcégquengy 25 thaliprs oédhe chemaigatsubsiante ticoamdivegl y,

al nost all the fragnents of 17 the detection object chem cal substance can
be subj ect ecan anpusisy from the chemical substance; a fragmentation step of

10  applying 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; and a mass analyzing
step of measuring a mass of a fragment of the chemical substance.

15 In the chemical substance detection method according to the
above-mentioned aspect, fragmentation of the detection object chemical
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

20 number of the detection object chemical substance, the effect of the
impurity can be removed to achieve an accurate measurement. In
addition, only very few fragments are generated in the ionization and
therefore, in the fragmentation of a detection object chemical substance,

the desired detection object chemical substance can be efficiently

25 subjected to fragmentation. Accordingly, aimost all the fragments of



anal ysis, so that the detection sensitivity of analysis in the mass

anal yzer can be inproved. By this detection nethod, in controlling the
conditions for conmbustion of an incineration furnace, the conbustion 5 can
be controlled with higher precision. A chgm cal substance detection nethod
according to still another aspect of the present invention includes an ion
trapping step of trapping, using any one of an electric field and a
magneti c fi ethie detedtion objentphemimal subgtaroscah e subjdcted teuhasance
formed by ionization; an 10 inpurity renoving step of neasuring a

di stributionanblysis, sptihat thecastcvtivedsémsitipRy icfariHIpsiB iANAeapRkyi ng to the
lon group a SWFT waveform conprising a frequency conponent correspondi ng

to an i npur ph¥iye?SRIM bbNmbreledet ByiHIE U dtatlion PhelHie il?%to[?gf&q@gttﬁé .

impurity; and a ‘mass analyzing step of nmeasuring a mass o chem cal
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according to t I oned aspe pres
pr edet er rg ne ' [ re. .l s.selectively renoved. Therefore, the energy
needed f(r)gr g%Fr'rg)E/E% g‘&"ﬁﬂklgﬁr}%ﬁlﬂ i?‘f%“‘?’np%e%'a fred and satisfactory anmount is
smal |, as 20 conpared to.the ener eeded for renoving all the inpurities.
Therefore, a power”™ "El?aéﬁb'grsg@ﬂ%/e gﬁﬁacﬁ@’} Etﬁﬂsegoaqpogﬂw tnatithis is
advant ageous from an econom cal point of view It is preferred that the
inpurity in anpieicasestddhespiesent inventiguinglydes aseien ppping stemef  a
signal intensity substantially Z;}Ui valent to the signal intensity of the 25
det ecti on objragpintheysioglaryupie i elfndric finldiand aapageetio fielpuantign1s
having a further smaller signal intensity, but larger energy is required
group comprising ions of a chemical substance formed by ionization; an
10  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 an
impurity present in a predetermined ratio or more to remove the
impurity; and a mass analyzing step of measuring a mass of the
15 chemical substance or a fragment thereof.
In the chemical substance detection method according to the
above-mentioned aspect, an impurity present in a predetermined ratio
or more is selectively removed. Therefore, the energy needed for
removing the impurity in a required and satisfactory amount is small, as
20 compared to the energy needed for removing all the impurities.
Therefore, a power source apparatus can be reduced in size and this is
advantageous from an economical point of view. It is preferred that
the impurity in a predetermined ratio is an impurity present with at least

a signal intensity substantially equivalent to the signal intensity of the

25  detection object chemical substance. The impurity may be an impurity



for SWFT in such a case, and therefore it is preferred that the inpurity
Is an inpurity having a signal intensity 50 percent or nore of the signal
intensity of the detection object chem cal substance. 5 A chem cal
substance detection nmethod according to ggill 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 conprising ions of
a chemi cal shégingra éurithermsrhdilerisighabintensityrbutdabgér angrogwisefaguired
generation step of generating a SWFT waveform 10 having a vol tage

anpl i tude i nfor SWERTEARUCHPA R0 Rdthdrefarie iRlidbtélerrd® HPARIMeLInh S GGlyency
of an inpurity present in a concentration such that it exhibits a signal

intensity hijghgy irhbaﬁtsahawﬁﬂfhesfiahaﬁg\téhgi@yﬁ"soi ;?'él%%ﬂttdf’mo}‘@?i‘%@sti |

vol tage anplitude Is large han“a voltage anplitude In a requenty band

correspondi Not rﬁ)%wopﬂpé' B%g?ét?@?(@;%‘gi%H‘ﬁ'ﬂ%%‘r?%)bb%t‘aﬁ 15 inpurity present

I n a concentra such™ t s a sitgnal "intensity |lower than a
predet er g ned signal . intensity;. and S . an i ng step of plying the
SW FT vva?ef orm ge@FQPMC?ﬁSFﬁﬁta%&?{%&VW@@ rﬂ%@ﬁé'ﬁ@tﬁc’oﬁg@ni t to the
lon group trapped in the ion trapping step to renove the inpurity, and
t hen measur i?fgf?'g‘eﬁé’ﬁe&% Otfﬁgeﬁe(?EBHrb nt g’tcéll‘l‘i%s éh iQnrtrag Séi’e?teof .
In the chem cal substance detection apparatus according to the .
above- ment i dRRBIPIRGH ASING BINY Qe CAGS alestiie figdd endaa sragetiadieldraniion a
frequency corresponding to the nmass nunber of an inpurity present in a
hi gh concentgrauiposompeisinginns of axth il subistmate fortreed ibyyiomizagtéon;t&man a
25 specific signal intensity is increased, and the voltage anplitude for an
19 i npuri t yarbitrary wavetoe giergrationiste b ofeyeteralingr 2 SWEE T avavefprmi ty in
an
10  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 larger than a voltage amplitude in a
frequency band corresponding to an orbital resonance frequency of the
15 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 measuring a mass of the
20 chemical substance or a fragment thereof.
In the chemical substance detection apparatus according to the
above-mentioned aspect, the voltage amplitude of a SWIFT waveform in
a frequency corresponding to the mass number of an impurity present in

a high concentration such that it exhibits a signal intensity higher than a

25 specific signal intensity is increased, and the voltage amplitude for an



especi ally high concentration can be selectively renoved. An inpurity can
be selectively renoved and hence only small energy is required for SWFT.
Thus, only small energy is required for SWFT, and a power 5 source
apparatus can be reduced in size and theng is no need to use an
excessively high power source, and this is advantageous froman econom cal
point of view. It is preferred that the inpurity for which the voltage
anpl i tude ofimaBVyAN avoefaomoardration ke riedl. anTheqaford,yan iapunigy & aheast
a signal intensity substantially equivalent to the signal 10 intensity of

the detecti cespdgiaty higietonele nttdtiRindoge beTSSIeCiNElY fomBR¥d. DARMpIAY ity
present in a further smaller mass nunber, but larger energy is required

for SWFT i ncsvgl seleaifelydnbied il Behbe iohly Ehﬁl?éh@%!hgfequhf%& FRUrity

is an inpurity having a si'gnal intensity 50 percent or 0 e signal
intensity ofgphgTdetgsld | o '
subst ance detection mt%%lg?gﬁ%ieﬁlg%?g%?gk??lﬁegﬁgfm@pﬁqgg&\gﬁt
present gnv ' | Lon _trapping.ste tr.appin si ng any one
b “an el Sot ry OSBRSS oA hEPPhUARR) B i SRatherp (SRR B 1S e ABns of
a chem cal substance farped by ionizatiop; .an 20 inpurity renoving step of
appl yi ng a W%ﬁ‘jmgﬁfﬁw FPRHIGe. é\rd]#yaés adyantageots fralpAtd as a
frequency is increased to renpve an_ inpur :ﬁé{g fromthe chemical substance;
and a nmass HRANINIG! Pobpt of vieneashiis pgeterred shak thenimpuety ten whighsthence or
a fragment thereof. In the chem cal substance detection nethod according to
the 25 prese@itagenaplitede oftee SIMETIgwameioimads tincrea siedpisr an ympavitng a
| arger 20 nass nunber is higher than the energy applied to an inpurity
havi ng a having at least a signal intensity substantially equivalent to the signal
10 intensity of the detection object chemical substance. The impurity may
be an impurity present in a further 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
15 substance.
A chemical substance detection method according to still
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
20 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 substance or a fragment thereof.

In the chemical substance detection method according to the

25 present invention, the energy applied to an impurity having a larger



smal | er mass nunber. Generally, the orbital resonance frequency in an ion
trap is a function of a mass nunber, and, the larger the mass nunber, the
smal l er the frequency, or the smaller the frequency interval 5
corresponding to the mass nunber intervakpl. On the other hand, in the
formati on of a SWFT waveform generally conducted in, for exanple, the
literature "Devel opnment of a Capillary Hi gh-Performance Liquid

Chr omat ogr apimas$amaabehis higpacthamite gnSypy appliedrig &Wmpurifebbririgpgy in
an lon Trap/Reflectron Tine-of-flight Mass Spectroneter”, 10 Rapid

Communi cat i osmalieMassss RaATeITEGyneidly, tHé ottt Fethdnk®OffbquedcpWMFT
waveformis fornmed by subjecting a frequency spectrum having a fixed

vol tage anplad uste ticd isna%ﬁetigﬁlmiaernésrsaﬁaﬁergi ,5ﬁd,09ra/i%; eritheRadsti M

region. In this case, a waveform synthesiz rom wavef Ornms having a fixed
vol t age anpl | ' 7 ' S | e re, in
Uhi s ase, 1 huHPErothe sifter i FHoACY, Rin A siUb® 1 R ent P forkaf
si nusoi dal V. mass, hunber interval .1 a hence, ener er, mass
nunber | it eropireSBend R e Hassafmbdr adtervald. oS8 ShSaheY nBRH,
nmol ecul e having, a | arger nber pecones relatively spall. 20 B
contrast, i Jhﬁﬁf@rmﬂ@ of g BHFT offave my gengERIMABNALGEIRS Bt for eample,
si nusoi dal wave is increased for making up for the relatively snall
energy, and {NRditeraiugesRavelepmeny Oérae&@pllww HighaPesfogpanasdliayid ons
havi ng | arge nmass nunbers, so that even such inpurities can be surely
renoved. Fur@hermatagrepbysEndgm Maga SpretrorsetnycBystepaliting SWIRGt 25
requi red, and hence the cost for the apparatus can be suppressed. 21 A
chem cal subBidmmdogeimen mm WedprRéfatmrdiThgetaf-Bight IMass Spectrometer”,
10 Rapid Communication in mass spectrometry, vol. 11 1739-1748 (1997),
a SWIFT waveform is formed by subjecting a frequency spectrum
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
15 is formed. Therefore, in this case, the larger the mass number, the
smaller the number of the sinusoidal wave per mass number interval 1,
and hence energy per mass number interval 1 is small. In other words,
the energy applied to a molecule having a larger mass number
becomes relatively small.
20 By contrast, in the present invention, the voltage amplitude of
the sinusoidal wave is increased for making up for the relatively small
energy, and therefore satisfactory energy can be also applied to ions
having large mass numbers, so that even such impurities can be surely

removed. Further, an excessively high power source apparatus is not

25 required, and hence the cost for the apparatus can be suppressed.



anot her aspect of the present invention includes an ion trapping step of
trappi ng, using any one of an electric field and a magnetic field, an ion
group conprising ions of a chem cal substance forned by ionization; an 5
arbitrary waveform generation step of gemgrating 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 a nass anal yzing step of
appl yi ng the SW FTAwderhimainsubstdrece deteptimrpmethadestoatiing o stil t r appi ng
step to renove an inpurity, and then 10 measures a mass of the chem cal

subst ance or anofrisrgigpyctidiahediresenbinvaritednh ardluded drigetrdpbasd R Bet hod

s such that, when the frequency spectrumof a SWFT waveformin which the

vol tage aﬁpﬂrébﬁﬂ%i@ihﬁ%@%ﬁ@ ¥ EF‘ecftFiECﬂé?&%{de'eﬁvr@??hbﬁ& fie??,lctﬁﬁg%t ed so

that the mass nunber 1S taken as an absci ssa, age anp ude per 15
mass nunber at | [ | Yy Lhe.  sane
energy can bgﬁﬁpﬁggﬁﬁgﬁﬁé%gﬁé@ﬁ%%%%%aunbyﬁgggzgnﬁéagﬁy %rrlé?r%{'/gﬁ’ %§
SW FT. Therefar i.sfactory energy .can be alsq. a ' to_ions having
Car go mads. MUMERY Ui Aih dsndaRol kB b defe dliod R R MET B rrL it ed.
Further, an excessively high power 20 source, aratus is ngt required, and
hence t he co‘gﬁ'cﬁb? ﬁ@%ﬁ%\%’?‘d@e hasna E@@@ﬁ?fﬁg&w, INeIRaatve Oksdbst ance
detection nethod according to still another aspect of the present
i nventi on i NERSESHMRET Gh a Mabprwg tor e removedabyiSWIF Tisand aampssne of an
electric field and a nmagnetic field, an ion 25 group conprising ions of a
cheni cal subdnalyging stapedf Bpplying theiSWIFE waveforaptothep grogpt o the ion
group a SWFT waveform which gives no
trapped at the ion trapping step to remove an impurity, and then
10 measures a mass of the chemical substance or a fragment thereof.
This chemical substance detection method 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
15 mass number is a substantiaily fixed value. Thus, substantially the
same energy can be applied to molecules having any masses to be
removed by SWIFT. Therefore, satisfactory energy can be also
applied to ions having large mass numbers, and hence even such
impurities can be surely removed. Further, an excessively high power
20 source apparatus is not required, and hence the cost for the apparatus
can be suppressed.
A chemical substance detection method according to still
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

25 group comprising ions of a chemical substance formed by ionization; a



voltage anplitude in a plurality of frequency bands corresponding to nmass
nunbers of a plurality of chem cal substances to renbve an inpurity while
| eavi ng the chem cal substances; and a mass analyzing 5 step of neasuring
masses of the chem cal substances or fragments thereof. The anpbunt of a
di oxin or a precursor thereof contained the exhaust gas from an

I nci neration furnace is very slight, and an inprovenent of the detection
accur acy t hestefpoof applyéingy to tiperidoamroupen SVOIRhevas@idiriehighf givesardust i on
of the incineration furnace are controlled in real tine. In the chemca

substance dei@tigeanmmitode iacs phutaniey be frddiRrivyesands icBY¥piopidingo i mpurity
I's renoved using a SWFT waveform which gives no voltage anplitude in the

frequency bam@ssqinhBereBfianslurdMyoPinémiddsutistdRtEsto PBnRRILEH chemi cal
substances. In addition, the 15 détection object chem cal substances are

detected si ”ﬁﬁ&@r’i‘l@%ﬁhéﬁl Xvin hﬁe”@ﬁém%'éﬁﬁgtggggg:sané & éﬁ%ﬁ@@d

det ecti on obj hem ca stubstances are Si mul t aneous
thereforeg, fqr e I . even when the gccuracy of .detection of the

i vi dusl - JRPBS TR S MasheR i ane et st ot Fhdivghly
plurality of  subsiances are 20 collectively exam ned fromthe correl ation

with dioxinst&f®@Val uated with respect to the conbustion state to achieve

a neasurenent with_higher accuracy, and the precision of the conbustion
control can be inpltl&&mount ehadiedin aupsireseEsethererbroRtaingd thecor di ng
to still another aspect of the present invention includes an ion trapping

step of 25 exhgstraas frem@ndngingration famnateds vecy slightl andlan magneti c
field, an ion 23 group conprising ions of a plurality of chem cal
subst ances hawnegement of the detection accuracy therefor is very important when
10 the conditions for combustion of the incineration furnace are controlied
in real time. In the chemical substance detection method 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
15  detection object chemical substances are detected simultaneously by
the mass analyzer. Thus, a plurality of detection object chemical
substances are detected simultaneously and therefore, for example,
even when the accuracy of detection of the individual detection object
chemical substances is unsatisfactory, a plurality of substances are
20  coilectively examined from the correlation with dioxins or evaluated with
respect to the combustion state to achieve a measurement with higher
accuracy, and the precision of the combustion control can be improved.
A chemical substance detection method according to still

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

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



different masses formed by ionization; a step of applying to the ion group
a SWFT waveform which gives no voltage anplitude in a plurality of
frequency bands corresponding to mass nunmbers of a 5 plurality of chem cal
substances to renove an inpurity while | egving the chem cal substances;
and a fragnentation step of fragnenting the chem cal substance in an order
of froma chem cal substance having a snaller mass nunber to a chem cal
subst ance hagioup ecmgrigeng liess of muphealityeofhelsemicel subsigneséepastngreasur i ng
masses of the chemical 10 substances or the fragnments thereof. In the

cheni cal subdgiffenent Aristels RrMER! B9 doRication: Adsted ¢MEppRIRS ethé fygntion, a
plurality of detection object chem cal substances are successively

subj ect ed tOgﬁd@ges\hﬁrmawrotrhﬁweegﬁsuﬁgg@@ eggﬁrﬁ&u@@.ﬁ@ ect

chem cal subStance having a snaller ose having | arger

one. Ther ef %.ﬁramgeoffﬁ TERLY Oéoﬂragggﬁ‘&ﬁnﬁtf a3 iberl gYlca

subst ance havin oss Ie to prevent t he
a mass_ nunb er than of the

f ragnent -of e haV| n
det ect i off b@gi%" IR SR ERERs TeRiavs &0 Fiouk!ty Wil fagfiing ffe
det ecti on obj ec Qem c? subst ancefs can bhe 20 detected, so. that the
sensitivity sybstgnces;and ﬁer?%%ﬁﬁﬁo'ﬂ@tea ifERdmgntiegdhfenent with
hi gher accuracy. A chenical substance det ection nmethod according to still
anot her aspe@lerﬁfcﬁh"ﬁé'b@ﬁ%%@\ﬂn aRvertarad from agbemigal substenss mavisged of
trappi ng, using any one of an electric field and a magnetic field, an ion
25 group corfgnalengadsmeuntber tpl aichemigabsubstamicediawnpsa targes nhass ng 24
different nasses formed by ionization; a step of applying to the ion
number; a mass analyzing step of measuring masses of the chemical
10 substances or the fragments thereof.
In the chemical substance detection method according to the
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
15 those having larger one. Therefore, the fragmentation of the detection
object chemical substance having a small mass number makes it
possible to prevent the fragment of a substance having a mass number
larger than that of the detection object chemical substance from being
broken. Thus, all the detection object chemical substances can he
20 detected, so that the sensitivity of mass analysis can be improved to
achieve a measurement with higher accuracy.
A chemical substance detection method according to still
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

25 group comprising ions of a plurality of chemical substances having



group a SWFT waveform which gives no voltage anplitude in a plurality of
frequency bands corresponding to mass nunbers of a plurality of chem cal
substances to renpve an inpurity while leaving the 5 chem cal substances;
and a fragnentation step of applying enepgy to at |east two isotopes of
the chem cal substances by nmeans of a TICKLE waveform conprising frequency
conponents corresponding to the two isotopes to fragnentate the two

| sot opes; andifferent massaisyfoirmgdsby fomizationaaustepgoinmssigingto the iehem cal
substances or the fragnments thereof. 10 In the chem cal substance detection

net hod accorgigip hGSWIET WaesRitin WREH §ivs nd e l1@lend fplitsdd ok ance
detection nethod applies a TICKLE waveform conprising frequencies

cor r espondi gty of #851chEP el REEsEEndRy (PiRRS! AimdBHe G Lhem cal

substance to subj at two | sotopes o he detection object
chem cal sub : Hem g&rﬂgﬂ | ) RYASTP %'Ié[w
plurality ofﬁli;'jg%ﬁ@péefs)c ar egd’aﬁse &%ﬁé%%tom%og%a%Z@gﬁg@%%Eerg orlzg tFFti,l\e/en
when a di.oxin or.a recursor. thereof is present in_.an extrenely s]ight
mrount. | At HenSToih bR RS Bl AR Btk S HRANGEeT SRt Ar | &
addi tion, en . used in contrglling the conmpustion of an ingcinerajion
furnace, the€gst Ewedﬁetocpﬁso@f the-ch8mica) subsiapees Y SRS Pha ARt cal
subst ance detection nethod, the nass analyzing step includes neasuring at
| east two neWBEEEOrENEAMArINGJERAURNCY cRFPORENtS conasponsting fie thadwoc al
substance. In the chemi cal substance detection method according to the 25
present i nvesotapgs ta flagasentade the dwopsstaded;rantanmast analyzingostephef 25
detection object chem cal substance are subjected to nass anal ysis.
measuring masses of the chemical substances or the fragments thereof.
10 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
two isotopes of the detection object chemical substance to
15  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. In addition,
when used in controlling the combustion of an incineration furnace, the
20 precision of the control can be improved.
In the chemical substance detection method, the mass analyzing
step includes measuring at least two members among isotopes of
fragments formed from the chemical substance.

In the chemical substance detection method according to the

25 present invention, at least two isotopes of fragments formed from the



Thus, a plurality of isotopes of fragnents are used in the nass anal ysis
and therefore, even when a dioxin or a precursor thereof is present in an
extrenely slight anmount in the exhaust gas, the accuracy of 5 detection can
be inproved. In addition, when used in cgptrolling the conbustion of an

I ncineration furnace, the precision of the control can be inproved. The
chem cal substance detection nethod further includes an ionization step of
appl yi ng, beleteetierembjechghéhdcalosulistange dreagulsipeted t® mddss thelyshen cal
substance energy higher than an ionization potential of the chem cal

subst ance arThyoveplitdity af ssttopkstdrefrhgiers 208 RAEM td madtdanalysis
di ssoci ati on energy of ions of the chemcal substance to ionize the

chemi cal  subgi@ficrerbrb, Ve WAELAdiSkiRSH raﬁgﬁeeﬁfr&ﬁiqlh%geggfshﬁfésérﬁ%

ionization step 15 includes applying tot chem ca ubst ance ener gy

St a0 4 b G 0 GG | BB kbl oBFBHA g 2, VoL

of a sum of I-oni I"on po ton n the nethods
for detegtin henm cal substange accordi.ng t t he present invention,
ener gy hegharBRERRdiAT BR, TR PIRGpod B calions WhensuSe@it EpPtre i Big
chem cal subst agce .and | ower . than. a sum of ,tlﬁe Il oni zat i gn (got ential and
di ssoci at i orFEABHBYOBOfihNGRerAIOTHBIBACRoE BRPEEION REMIE &PNE R SBANCe i s
applied to the detection object chem cal substance to ionize the detection
obj ect cheniR&imBiM&tnce. Therefore, unnecessary fragments are not
generated, and the detection 25 object chem cal substance to be left is
al l oned to remai n Umbcbrericabsubstakicegd ¢tectiopsinblizod fuither tvaudas atet ect i on
sensitivity of mass anal ysis.
ionization step of applying, before executing the ionization trap step, to
10 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.
In the chemical substance detection method, the ionization step
15 includes applying 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.
In the methods for detecting a chemical substance according to
the present invention, energy higher than an ionization potential of a
20 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.

Therefore, unnecessary fragments are not generated, and the detection

25 object chemical substance to be left is allowed to remain unbroken,



By virtue of this effect as well as the above-nentioned action and effect
obt ai ned by the chem cal substance detection nethod, the detection
sensitivity of the mass analyzer is further inproved, enabling a 5
measurenent with high accuracy. In additign, the conbustion of an

i ncineration furnace can be controlled wth higher precision. Further, the
SWFT voltage can be | owered, and therefore there is no need to prepare an
excessi vel y miaging dweossible teimprbwehthegdetertidrosensiivityaf maks aiysiat us
can be suppressed. 10 The ot her objects, features, and advantages of the

present i nv@ptvitoe afahipefiett aslvyll astthbatidve-mentiondd aktionnand efacent
fromthe following detailed descriptions of the invention when read in

conj unct i on opfaifed by MECHRBRAIBAINLLSANES Potedifo PRl EhodE-ShE JEILENLAF THE

DRAWNGS Fig. 1 is an explanatory viewillustrating a chem cal substance
detection a - i filar j ijivention;
Fig. 2is a oﬁ:‘ﬁg}l?ﬁgﬁéghgﬁ%%%gg@%ru%sf?@#%gﬁ@rggtgg’o%F‘ﬁ%Fﬁ% accordi ng
to the figrst i i ion;, Fi .
expl anat Ory 'H?’%‘f)'gén@%@? "ﬁﬁb“@hag?égﬂéa‘%you A{‘eé](g?%I'gﬁQF@‘?ng‘ﬁ?lf%ﬁoﬁggPEUS t he
RF vol tage when the trap frequency is fixed;.Figs, 4A and.4B ape
oxpl anat or y BERSTARENIETORES oA 98 GRatrageith J3het PreBsiamnar JERSEs ¢ he
RF frequency when the RF vol tagg%i s fixed; Figs. 5A and 5B are di agrans
expl ai ni ng the P¥ 5T wolkage casihe dnwaresivand thegpiarr thefigdisame agesns i t ude
and the rel ationship between an ion signal and a mass 27 nunber; Fig. 6 is
a di agr am explepane ren axeessjyehchigpeewensoorce angviteTpredustimrmeasttardi ng to
the fifth enbodi ment of the invention;

the apparatus can be suppressed.

10 The other objects, features, and advantages of the present
invention are specifically set forth in or will become apparent from the
following detailed descriptions of the invention when read in conjunction

with the accompanying drawings.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory view illustrating a 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. 3A and 3B are

20 explanatory diagrams of the ion signal intensity distributions versus the
RF voltage when the trap frequency is fixed; Figs. 4A and 4B are
explanatory diagrams of the ion signal intensity distributions versus the
RF frequency when the RF voltage is fixed; Figs. 5A and 5B are
diagrams explaining the relationship between a SWIFT frequency and

25 an amplitude and the relationship between an ion signal and a mass



Figs. 3A and 3B are diagrans explaining a frequency spectrumof a
conventional SWFT waveform Figs. 8A and 8B are diagrans 5 explaining a
frequency spectrum of a SWFT waveform according to the sixth enbodi nent

of the invention; Fig. 9 is a diagramexpifaining a frequency spectrum of a
SW FT waveform according to the seventh enbodi ment of the invention; Figs.
10A and 10B are diagranms explaining a frequency spectrum of a Tl CKLE

wavef or m accounibey; Fig. Wig halisgramtdxpdaininly mefrequenthespectamiiocdrg and Fi gs.
11A to 11D are diagrans explaining a frequency spectrum of a Tl CKLE

wavef orm acswigiTngavefdrhe agcotdingribathentifith ehbddien e mvehtheoin vaingioi; n t he
diagrans are individually obtained by converting the frequency spectrum so

that the masgigguBeand BB akedidgraans Axprainffy alireGlsricMebbctrthh 6AGRYI NG OUT
THE | NVENTI O\IgThe present invention i sbdesgfq bed in detail belowwth

reference  tdRERAEITPAINT Wa BRI Figs TR SHEBENAd BuRTiahpn. hovever . 1s

not limted to ex ary enbodi nent s ur t her, enents i n exenpl ary

20 enbodi . . : : q
" the apt arrialihd T eBY LD oA SVREE Ha RS RERAMD Rt

I nbodi .incl t i1y i ved. b
SKiI ed 1 n” CHRTLPTB et Gt Sng 1RTepidhy Pl S & awlef B Xk a A chent cal
subst ance 2f5 det ection aB aratus. according to the first enbodi nent of the
present 28 WHYESREHAPCEH E’bﬁgrﬂ WdF iro‘daf’ﬁ%rﬂé@é&?[‘ﬁ@%%ﬁh‘@nﬁ‘é@”@ubstance

i ncl udes an ionization chanber 1, a gas feedin apoarat us 2, a vacuum
embodiment of the invention; Figs. 10A and 10B are diagrams

explaining a frequency spectrum of a TICKLE waveform according to
10 the seventh embodiment of the invention; and Figs. 11A to 11D are
diagrams explaining a frequency spectrum of a TICKLE 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.
15
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
20 embodiments include ones that are easily conceived by persons skilled
in the art or ones substantially the same. In addition, elements in the
exemplary embodiments include ones that are easily conceived by
persons skilled in the art.
Fig. 1 is an explanatory view illustrating an chemical substance

25 detection apparatus according to the first embodiment of the present



ultraviolet lanp 3 as an ionization unit, and a tinme-of-flight mass
spectroneter 4 as a nmass anal yzer. The ionization chanber 1 5 includes, as
an ion trapping unit, an RF (radio frequency) ion trapping apparatus 10
having an RF ring. The ionized detection28bject chem cal substance in the
exhaust gas is trapped in a trap 11 by neans of a radio frequency electric
field fornmed therein. A unit that traps ions in the unit using an electric
field, a 10 immgntonc fArebpgpacatusnbdhéor detdtingraghetimical substarare be used.
An electric field, a magnetic field, and other unit may be used

i ndi vi dual | inclhuddshas eonizationoth ApPEP [, izag 8k YeeSanpeappatatne2,od vagahmi on
trapping units are known, and, of these, preferred Is the RF ion trapping

appar atus 11,tiavieelarmpradsar IHIEH6H Wieddd & timelsk-flight praggl since 15
the handling of the apparatus is relatively easy. As the ion trapping wunit

other than t%d?fcfrg}égﬁc4%sp§%‘é§'§ah%ﬁge§gph% {b?wif‘at%ﬁ%ﬁtan‘(t%rt fge and a

static magnetic an be used. ion appl ng apparatus 10 as the
ion trappin ' includes.a fi.rst end c 2. . a.second and an
R i g Sa. Indfldgs, RCASI6E Papnib b Bt (rand SRR oad htln Y
Fig. 1, the RE rin i s dispo Jinsi of the first end cap 12 and the
Sedond end BRRATEATS 19 hAUNRAT Fiy 0B | o R IRIUEEdASIRFUEN O eBuancy  poer
source apparatus, 21 for applying a trap vol t_a%e, whi ch apparatus applies a
radi o frequettgMmical syfstanceyin thg exbpugheasds drpngd in agram 1128y MRAN%dI o
frequency applied traps in the trap 11 the ionized detection 29 object
cheni cal sub¥tanadiodifeiqueney edeisicafieldsfosmedainegg@in.n t he exhaust gas. An
arbitrary waveform generation apparatus 20 as an
A unit that traps icns in the unit using an electric field, a
10  magnetic field, or another electromagnetic force can be used. An
electric field, a magnetic field, and other unit may be used individually
or in combination appropriately. Several types of such ion trapping
units are known, and, of these, preferred is the RF ion trapping
apparatus 11 in which a radio frequency electric field is formed since
15 the handling of the apparatus is relatively easy. As the ion trapping
unit other than the RF type, a Penning trap employing a direct voltage
and a static magnetic field can be used.
The RF ion trapping apparatus 10 as the ion trapping unit
includes a first end cap 12, a second end cap 13, and an RF ring 14,
20 and is of a three-dimensional 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 radio frequency power
source apparatus 21 for applying a trap voltage, which apparatus

applies a radio frequency voltage as a trap voltage to the RF ring 14.

25 The radio frequency applied traps in the trap 11 the ionized detection



arbitrary waveform generation unit is connected to each of the first and
second end caps 12, 13, and applies a voltage having a specific 5 frequency
to between the end caps in the bel owdescribed SWFT and TICKLE. The gas
feeding apparatus 2 is provided with a g&9 injection pipe 5 and the gas
injection pipe 5is fornmed froman on-off valve using an orifice, such as
a pul se valve, or a capillary tube. Exhaust gas Gs 10 from for exanple, an
i nci ner at i onobjechabeminhl shbstarfoedanhd dther gabstangesctombaimpegddn hei s

i ntroduced into the ionization chanber 1. A heater 6 is provided around

the gas injesxhanstpgde SAnTadifrent waveftmmgerdatihoa prpatas 29 49an
preventing a detection object chem cal substance from being deposited on

the inner wahtbigthry Mav@dSrh Y ra®BnPilie i9 cohRedd tPBREAIIIORCHATRRY 1 1S
provided with vacuumultraviolet lanp 3 as an ionization unit that applies

; . : hem N arte i1 Th
't avi ol et Tore s eR0 Cahea, 13 AR Abpiel 3 Rk Rakil A3Pesitichar go of a
bt ai [ h A X 02
&2 to aS orrBAueBEY R hetyeBrEt B Ena s R pelinnterParSwibr gt
wavel engt h ohé}%é? dnanom&*ters froma hydrogen plasma is used. By changi ng
s

the type of I scharged in the vacuum ultraviolet lanp 3, the dose
of the photon ener_PP_I/gof t he vacuum wultraviolet |ight generated can be

changed. Ther ef or el NA&ES Befing @pparates 2dainravidad wihedgas ingactiPiet ect i on
obj ect chem cal substance, there 30 can be applied photon energy such that
t he det ecti oPiPELPcand dthedasainjectinn pipe & isgdosmest frandango-effsealeeatsing t o
an extent |arger than that of
an orifice, such as a pulse valve, or a capillary tube. Exhaust gas Gs
10 from, for example, an incineration furnace, which is fed to the gas
injection pipe 5, is introduced into the ionization chamber 1. A heater
6 is provided around the gas injection pipe 5. The heater 6 is a
heating apparatus for preventing a detection object chemical substance
from being deposited on the inner wall of the gas injection pipe 5.
15 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
adding a rare gas, such as Ar, Kr, or Xe, or H,, O», or Cl; to Ar or He.
20  In the present embodiment, Lyman « light having a wavelength of 121.6
nanometers from a hydrogen plasma is used.
By changing the type of the gas discharged in the vacuum
ultraviolet lamp 3, the dose of the photon energy of the vacuum

ultraviolet light generated can be changed. Therefore, according to

25 the ionization potential of a detection object chemical substance, there



the ionization potential. Thus, not only can ionization of the coexisting
subst ance having an ionization potential higher than the photon energy 5 be
prevented, but also fragnmentation of the detection object chem cal
substance can be suppressed. Instead of gfhe vacuumultraviolet lanp 3, a

| aser or its harnonics can be used as the ionization unit. In this case,
by using a tunable |aser, a substance to be ionized can be sel ected by
changi ng 10 ddrebprapplieccpbotyn gaeegyisadh thst tine dietectidre obgsarchamical
conventionally known one can be used. In the present invention, a vacuum

ul traviol et subgghcbadgdnet updergndidsodfiathéh te at0Oxteat tarjcerthanahabefused,
and the wavelength of the light 1s nore preferably 100 to 200 nanoneters,

desirably i nheheniAitdm PBtéﬁti%m 1340 nb3S 1R teiEiodiZatidiP BY the cheRrmignt 15
of further suppressing the generation of unhecessary fragnents. As a unit

that appli essﬁfé‘i‘%ﬂé{eW%xﬁnﬁ%bﬁﬁﬁj?é{}i@%%?ént%ﬁﬂbﬁ@ théH?ﬁ%WogﬁéHﬁBgze e,

a | aser having the wavel e acuum u avi ol et Xci mer

acoel or apea i Pheeliefs Bk alSo YradsROtatiorChL I BB Gtg S bR SR BBhoar o o

detecti on object chem Cla:]:?J subst ance contained in a sanple gas in the
i oni zati on BPCY CaNRE SHEPIEPEeT nati vel y, el ectron beans are separated
in terns of a sector and a beam havi ng energy of about 10 _electron volts

is taken out and !BAsteaaf the Nasyumulradpledilatp dhpdasetREMScal subst ance
contained in 25 the exhaust gas in the ionization chanber 1. 31 The
ti me- of - f 1 i drarmeniss gaeche orasideas dhanppizationaumibs s Imthisycase, yedsindes a
detection object chem cal substance by neasuring its mass
tunable laser, a substance to be ionized can be selected by changing
10 the photon energy generated. As the tunable laser, a conventionaily
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,
desirably in the range of from 112 to 138 nanometers from the viewpaoint
15 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,
for example, He ions may be accelerated by means of a particle

20  accelerator and allowed to bombard a detection object chemical
substance contained in a sample gas in the ionization chamber 1.
Further alternatively, electron beams are separated in terms of a sector,
and a beam having energy of about 10 electron volts is taken out and

allowed to bombard a detection object chemical substance contained in

25 the exhaust gas in the ionization chamber 1.



with respect to the ions of the detection object chem cal substance
contained in the exhaust gas, which ions are caused by ionization in the 5
i oni zation chanber 1. By applying a drawing voltage in a pulse formto the
second end cap 13 in the RF ion trappi ng3pparatus 10, the ionized
detection object chem cal substance is introduced to the mass spectroneter
4 and flies in the mass spectroneter 4. The flying ions are detected by an
i on detector 30, anhbettimesdffightdsassispecheneetes 4 &hictpis hiradsbyarmlyzer
preanplifier 31 and then taken in a data processing apparatus 32 and

subj ect ed t ospatifiesr@dessttign objedthcharmnise rlubstahes byankasarifgdto ahsynel
plate is used in the ion detector to inprove the sensitivity of ion

detection. TReth'RSpeTRe6theTBAE0f4he RASEIISA dbjbbIBhEMitAl diistafbere is a
good correlation between a tinme 15 of flight and a mass of the flying

substance, apgnidife& iR tRe BxMALSt Yast Wcﬁ'i?ﬂb?%&é?ﬁ.}mt By iSn2&tRH! RdHe OM &

time of flight and the substance™'s ent e’ mass. Procedures
for detegtin : ichy.j cti bji ect _ contai,neq in.the
exhaust - gas, Butr e ShaMiert: C8y 3 PRl 8iaNIg \eiBioe R EUFe kB tnce
I's described next wth reference to Eig. 2. Fig. 2is af hart of a
cheni cal submeaﬁégo?fiteéﬁ?%q%e%@@ Egg@mﬁfﬂapﬁw @Hgarqtp,sS{OO, o@niggd  of
the present invention,  First, exhaust gas Gs from an incineration furnace
is fed to t hdelestionphisst chemiesl subsiansegsoniroduceriestheymasss fed to the
i oni zation chanber 1 is then irradiated with 25 vacuumultraviolet |ight L
from t he vactR@sUPME4er 41and fligipirthamassspsatromeataudt Jdwe tyingiomsves
photon energy fromvacuumultraviolet light L to be ionized (step 5102).
The precur soareadetealeddnt anrionladettor 30, and the signal detected here is
10 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
measures a time of flight. There is a good correlation between a time
15 of flight and a mass of the flying substance, and therefore a mass of the
flying substance 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
contained in the exhaust gas, using an apparatus 100 for detecting a
20  chemical substance is described next with reference to Fig. 2. Fig. 2 is
a flowchart of a chemical substance detection method according to the
first embodiment of the present invention. First, exhaust gas Gs from
an incineration furnace is fed to the ionization chamber 1 (step $101).

Exhaust gas Gs fed to the ionization chamber 1 is then irradiated with

25  vacuum ultraviolet light L from the vacuum ultraviolet lamp 3, so that



substance has an ionization potential in the range of from8.5 to 10.0

el ectron volts. As nentioned above, the vacuumultraviolet light used 5 in
the present enbodi nent has a wavel ength of 121.6 nanoneters, and its
photon energy is 10.1 electron volts. Engpgy slightly larger than the

I oni zation potential of the precursor is applied to the precursor, and
hence the precursor can be ionized w thout applying thereto excess energy.
10 Accor di nggxhaudtgao Gz mtgives photon & exg ddtemntvanuurbjuira viotdehgiotal
substance can be efficiently subjected to nmeasurenent. The reason for this

resides in tthabe (disize@nistgd IHDV)SI %@Pvmmlds_té@ét@tmn objgdtt gener at es
only a very few fragnents and alnost all the ionized precursor can be

subj ect ed t GURASHESHRIY aRYohDatiRSSofeRRE 9IRS $ande of fr&ldr85Ctd dplyy, 1N

t he exhaust gas froman incineration furnace, a precursor Is present only

[ an extrenglyshi alils ANRUM o AENLASIRI Sl ik fh fhyictet AR bgbhe. 1T

addition, the l'owering o rapprng ficiency o etra 1 can be
resent anmount

suppressed. . nfra nt _lons are i n I e

poront ap crBAPBP B e mbelndhthad'a Wb R oral2h o RHhpLh and
otential of, th rap. However, the ionizatio usi ng. a .vacuum ul travi ol et
PPght can odisPREIAbPPeLGIR 1051 SIFRIFGR MORS: ofEnsay alant arosythan Hhens.
thus nmaking it _possible to suppress a |owering of the trapping efficiency
of the ion tiPAFadissapatantial of tB@rﬂﬂ@é‘vﬂFS‘%@ eplird b dbe iPseaUSArFFNdol t age
can be lowered. 25 The "SWFT" neans an operation for renoving an

i mpurity, irhattethe psscunsor tcamebeageizednwithouhgpalypgdheredofexarssncy i s
applied to between the first end cap 12 and the second end cap 13 in the

trap 11 to oheagg. t he

10 Accordingly, the ionized precursor as a detection object
chemical substance can be efficiently subjected to measurement. The
reason for this resides in that the ionization using a vacuum ultraviolet
light generates only a very few fragments and almost all the ionized
precursor can be subjected to measurement by the mass spectrometer

15 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
present in a large amount, the potential created by the ions trapped in

20 the trap 11 cancels the potential of the trap. However, the ionization
using a vacuum ultraviolet light can considerably suppress generation
of unnecessary fragment ions, thus making it possible to suppress a
lowering of the trapping efficiency of the ion trap apparatus 11.

Further, the below-described SWIFT voltage can be lowered.

25 The "SWIFT" means an operation for removing an impurity, in which a



orbital of ions. In an ionization nethod that generates many fragnents, a
| ar ge nunber of fragnments having, as a parent nolecule, the 5 precursor
which is a detection object chem cal substance or another substance are

di sadvant ageously generated in the mass mggnber which should be renoved in
the process of SWFT. For renoving themin SWFT, a very large voltage is
required, and therefore a SWFT voltage generation apparatus (arbitrary
wavef or m geneokége wamfong kaviagge speciiievkequenopéesiagplion tohsetmid@y tihand,
when the SWFT voltage is increased, a nolecule having a nmass nunber which

is not intenflest érd chp 1 ak@ntheSsddoHeEBndiiL 1 BEA thetthap 1ADeSHARgd @ NY @

mass nunber intended to be broken, and the precursor to be |left is broken,

leading to grdifaVesriiBAsOf 1hhfh RARHARSY rﬁétr{%e&a%:ﬁ?éﬁ’eﬁjafes Wali))g\fv ents

i oni zation according to the present 1nvention, only a very agnent s
are generate ?@:‘d f o of R 5) noved in the
process of S [ ghgﬁ{eﬁeﬁgﬁ?b@%&rﬁgmﬁﬁr%’% ﬁ@%%g}h'ﬁﬂé %‘Ilr ol tage can be
| ower ed d the precursor .to | eft can pe, al.lowed t.o renai n unbroken, so
that ol oy GIEPREY R 58 dSiecloh Al8s! SaaMicRin ba1aNGS BrAndiBREL! o
remaining after SWFT is subjected taqo the bel ow described TICKLE or
COOLI NG, f raaﬁ%%rﬁgcsr%reg@ﬁ@ﬂ&?a 9qqusly Ganesatep it B Masiseeumber whiche
i oni zation nethod that generates many fragnents, so that fragments of
subst ances otMuldt g fempyegeisi thedpraneseefsoW iiTe  domn remevingsthiemani ti es,
thus causing a |lowering of the 25 accuracy of mass analysis. By contrast,
in the ioni zZ2WIsd, metérydadge vattagedismgquiredhang thewreforiena SWIllBH, vodialge a f ew
fragnents are generated in the ionization, so that this problemcan be
subst anti al | gesetatieth apparatus (arbitrary waveform generator) having a large
10  power is needed. On the other hand, when the SWIFT volitage is
increased, a molecule having a mass number which is not intended to
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
a lowering of the accuracy of mass analysis.
15 In the ionization according to the present invention, only a very
few fragments are generated, and therefore the number of fragments to
be removed in the process of SWIFT is extremely smali. Accordingly,
the SWIFT voltage can be lowered and the precursor to be left can be
allowed to remain unbroken, so that almost all the problems can be
20 solved. When the parent molecule remaining after SWIFT is subjected
to the below-described TICKLE or COOLING, fragments are generated
from various parent molecules in the ionization method that generates
many fragments, so that fragments of substances other than the desired

precursor are contained as impurities, thus causing a lowering of the

25 accuracy of mass analysis. By contrast, in the ionization method



SWFT is described next. This is an operation for renoving unnecessary
subst ances present in the exhaust gas while |leaving a 5 detection object
chem cal substance. For this operation, a voltage at a frequency in a w de
band corresponding to an orbital resonangg frequency of a substance to be
renoved is applied by an arbitrary waveform generation apparatus 20 to
between the first end cap 12 and the second end cap 13 in the RF ion
trappi ng appaccardinglfb tidipsedénicioventiont esly hdemnfragmentseanevg enerated
according to the present invention. The orbital resonance frequency

correspondi rig the ibhzatiorg et this pheblews sanwdeubefaritiziydsdleeti on obj ect
chem cal substance is excluded fromthe frequency in a wi de band. The

substance to be respypY isHedRFIEH .t TR Rr ¢ opEPhTibNdSI A& olind onbar ds
the wall of the RF 1on trapping apparatus 10 to | ose a charge, so that it

I's not pres [, Qn, L N qlnj e ] (S t‘w s still
trapped in ﬁman%fea%%ﬂ%y SE%EC%EE&%/%@[H ggtlgﬂea%%iﬁ%hﬁ@%éwm% I%é ri 3 14. This
operatiop is | . N ET | L L c . i le | i ng the
ot et of on SBrUBH aReE coBRlvar R ubheR, < osdhis, RPERAED (2 vefeuBEH S

TI CKLE is described next.. Tl CKLg I s an operation for., subjecting a
detect | on obCRYSREIR AaVids BARd AAErSSPITIAIBRIR AN PERIATES0BEBE AL | ng ¢ he
detection obj ect chem cal substance froman inpurity having a mass nunber
close to thef]r@r%.'é%n%ﬁB@rSléﬁStﬁﬁéedgt%W@ﬁV@Hj isarplist Ry Anarbianst ance.
Mass nunbers of fragments generated froma 35 nolecule of the detection
obj ect cheniwayefoupsganeeation apparatus 20rbe betweeartbet fivsh ensbeap d2 apd

speci fy the detection object chem cal
the second end cap 13 in the RF ion trapping apparatus 10. This

10  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
substance to be removed is vibrated with a large amplitude and

15 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
removed while leaving the detection object chemical substance by this

20 operation (step S103).

TICKLE is described next. TICKLE is an operation for
subjecting a detection object chemical substance to fragmentation and
separating the detection object chemical substance from an impurity
having a mass number close to the mass number of the detection object

25 chemical substance. Mass numbers of fragments generated from a



substance. Further, by neasuring the amobunt of the fragnents, the
concentration of the detection object chem cal substance can be 5
determned. Different fromthe SWFT, in TICKLE, a voltage at a frequency
corresponding to the orbital resonance frgyguency of the detection object
chem cal substance as a parent nolecule is applied to between the first
end cap 12 and the second end cap 13. In this case, a voltage at the
frequency i s mg@prhidof théddetection bejestdreaniab sutsearscel 8saf pahgntar bitrary
wavef orm generation apparatus 20. This constitutes the fragnentation unit

accor di ng t ondlecpleeamnthémvesaswred (Bhepé ORI detd@islebBddiBhaiept
chem cal substance are allowed to collide with other coexisting substances

in the trap glbs@arideaneaHALE thh?né&é&g{drﬁ%(fg%(&&toﬂ@%&?@hﬁ?ﬂgf{ﬁé‘ce’

t hus conpleting the fragnmentati'on by 1 step

comp et on ObohbenfsABREIL G ARoblcl S5 cHUEBBPLGAHE off gl V! 20°

to the RF ring IS term nated, raw

lied tp t L to.d f [ f th
et ect i ort obp e iRE canrERBul dahl ot SklF Folbe RS cavilisient 37 (st ep
S105). The ipna of the detecti.on obtj ect chem cal substance fly in the nass
spect r omet er T#IHFECY QRESRANGINGJRA: thesorbital sasepange frrauancy ebtha r onet er

4. As nenti oge apove, there is a good correl ation between a tine of
flight and a ﬁg’s@'% objest ghgnigal substaneecas znparanimaptacsla isnapplied tohe
flying substance is detected 25 froma tinme of flight and the substance is
identified fPelwesr thadikst endraps12srabihe shasndend eapriB.t hin treasasenent
(step 5107). The tinme-of-flight mass spectroneter used in the present
a voltage at the frequency is applied to between the end caps by means
10 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 fragmentate the detection
object chemical substance, thus completing the fragmentation by
15  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 puise form is applied to the second end cap 13 to draw the fragment
ions of the detection object chemical substance to the mass
20 spectrometer 4 (step S105). The ions of the detection object chemical
substance fly in the mass spectrometer 4 and a time of flight is
measured by the mass spectrometer 4. As mentioned above, there is
a good correlation between a time of flight and a mass of the flying

substance, and therefore a mass of the flying substance is detected

25 from a time of flight and the substance is identified from the mass (step



enbodi nent has advantages in that one neasurenent operation is conpleted
within several tens mcroseconds, and the tine required for 5 measurenent
is very short and the response is excellent. Therefore, the nass
spectroneter is preferred especially wheggthe conditions for conbustion in
an actual plant are controlled in real tine. As another nmass analyzer, a
mass anal yzer of an electric field type or an RF coil type can be used.
Parti cul arl y$108¢ tREsamrpleting trenmeasremere (stepSI 0F). spect ronet er havi ng
a sinple structure nerely by providing an ion detector at the outlet of

the trap 11. In thEh@pRipes-AffigRPMdsy splettesiiatgr asebenithelpragbat ance
according to the present invention, the exhaust gas introduced to the trap

11 is directémbbuidhthad é/wdhtagégqmmhf bAviAk8EutdBBht bRekMidbAss a 15
substance to be neasured. lons of the substance to be neasured are then

subj ected t %J@%Htﬁiﬁﬁﬁr‘s@\)’erﬁg%ﬂ\? ;f}“g{:#egc‘vﬂérgjs,l%{ e{rm:% ﬁmé ﬁ?gl‘ﬁped Py FT or

fragnent ati on y not be succes e sa condrtions
as those_for_the convepntional jonization. _The condit.i f and
T okLE aPe desashiRReRtisIERshER 47 YiF 1ropaie L Cebpeiit, of el e o
the ion signal intensity disiributions versus the RF voltage. when the trap
frequency | SDFiREgS SHERTOMAISA PREPEPY SHACRN BPliEPARE NS 806 | on
si gnal intensi té distributions versus the RF frequency when the RF voltage
is fixed. |rPamBusbania@rpacuahpiant armreptroled intresl 5imey aAsmAROBERer t han
25 vacuumul traviolet light, a detection object chem cal substance is 37
i oni zed out ghaesaalyzen eamass. arrdyzer af mbrelectrimfield Hhine aevacRFaEil obj ect
chem cal substance, an inert gas or a bonmbardnent gas, such as
type can be used. Particularly, the RF coil type can constitute a mass
10 spectrometer having a simple structure merely by providing an ion
detector at the outlet of the trap 11.
In the apparatus 100 for detecting a chemical substance
according to the present invention, the exhaust gas introduced to the
trap 11 is directly irradiated with vacuum uitraviolet light to ionize a
15 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
under the same conditions as those for the conventional ionization.
The conditions for SWIFT and TICKLE are described below. Figs. 3A
20 and 3B are explanatory diagrams of the ion signal intensity distributions
versus the RF voltage when the trap frequency is fixed. Figs. 4A and
4B are explanatory diagrams of the ion signal intensity distributions
versus the RF frequency when the RF voltage is fixed.

In the ionization conventionally used utilizing a unit other than

25 vacuum ultraviolet light, a detection object chemical substance is



nitrogen gas, is then fed into the trap 11 fromthe outside to fragnentate
the detection object chem cal substance. Therefore, alnobst no air 5
conponent s i ncluding water vapor and oxygen contained in the exhaust gas
as a gas to be neasured are present in tggp 11. For this reason, the ion
signal intensity distributions shown in Fig. 3A and Fig. 4A are exhibited.
On the other hand, in the ionization nethod according to the 10 present

i nvention, tionizedautsideast thet trapuicied For fragmeaatidbh ofsthei detedtion
irradiated with vacuumultraviolet light to ionize a detection object

chen cal subgbpitt@hehhieaPEabstarie, mmaﬂgab%riﬁgldm%mmﬁe?aya@@ch a¥nd
oxygen contained in the exhaust gas are present in the trap 11. Wen the

detection ObhﬁFégé‘rhggB,C%. gﬁpﬁécﬂi}ﬂ‘é the §4pI1aCtBrh éﬁtéiﬂéqm%ﬁiem?ﬁ

appl yi ng the bel™ow 8escri TI' CKLE voltage in an environment

such it copanaatedR GHIER Akl S0pWplRe. VAROLIEAY SAaTEgRKi ot W th

the detection | ec substance, present conditions
such that. fragnents cannqt be tr ed. For, exanpl e en.the RE voltage
excoeds. B500°0BPoRTTS Lt WatEEAser B AR Contey i SnE iRt e
the RF frequency is lower than 1.0 megahertz, fragnents_cannot be trapped
(Fig. 4B). T9@S 5% ga@owdb%mﬁgsw%a%pn%%emfmt%gﬁﬁ-vcﬁ%ﬂas aBPPPRd to
the RF ring 14 and the RF frequency. The cause of this isép_resumad t hat
wat er vapor , the @n signahdntensity| distritutions showryigdhignsifednfd igadd & arity
and hence the 25 orbital of the fragnents of ions of the detection object
cheni cal 38 exhibifednce becones | arger, so that the ions bonbard the wall of
the trap 11 to | ose a charge.
On the other hand, in the ionization method according to the
10 present invention, the exhaust gas introduced to the trap 11 is directly
irradiated with vacuum ultraviolet light to ionize a detection object
chemical substance. Therefore, air components including water vapor
and oxygen contained in the exhaust gas are present in the trap 11.
When the detection object chemical substance is subjected to
15 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,
there may be present conditions such that fragments cannot be trapped.
For example, when the RF voltage exceeds 1500 volts, fragments
20 cannot be trapped (Fig. 3B). Further, when the RF frequency is lower
than 1.0 megahertz, fragments cannot be trapped (Fig. 4B). The trap
conditions mean values of the RF voltage applied to the RF ring 14 and
the RF frequency. The cause of this is presumed that water vapor, i.e.,

a water molecule and an oxygen molecule have polarity and hence the

25 orbital of the fragments of ions of the detection object chemical



For trapping the fragnments of ions of the detection object chem cal

subst ance even when the water nol ecule or oxygen nolecule 5 coexists with
the substance, it is necessary to adjust the trap conditions. For exanple,
a case is presuned in which TCB (nmass nupggers: 180, 182, 184) is a parent
nmol ecul e, and fragnments (rmass nunbers: 145, 147) caused by elimnation of
one chlorine fromthe parent nolecule, fragnents (mass nunbers: 109, 111)
caused by elsubstahterbeforhas [dQerhsorthaethaishobenityshdoienwaltinaf theftragnment
(mass nunber: 74) caused by elimnation of three chlorines and one
hydrogen are1fed gsded. cHdrga. conventional ionization method, when the RF
voltage is 1000 to 2000 volts at an RF frequency of 1.0 negahertz,

fragment ions can pg t@ﬁ?ﬁﬁ]ﬂ?ﬁg&?rﬁeﬁfs{"@ﬁ) ol e tbtecifh obfecinder the

sane frequency conditio resence of oxygen and water nol ecul es,
when the RF i l.ts, BFE[H I.ons
advant ageousﬁédh'?(’gapﬁé‘@,d%&%é %\xﬁﬁﬁ%ﬁﬁ tké W'fl/(ﬁrrta'gge |usié8%0°)§@éf%}?k\e/% Ites,
fragment _i ons_can, be.pore stahbly trapped see Fiqg. ..3B en the RF
Vol tage. Ps_ teasrto vl e SuSRabete A0S Tacdraty Gorisinting b &felans. .
the conventional nethod, but, in this nethaod, ﬂ]ﬁ? fragnment i ong Ban be
stably trapdedf SXamPIRF CRsqUERIESUME] He WHRR st Auphessy 180,
megahertz. The fragnment ions can be further stably trapped at an RF
frequency of182,018®highamerenhmaleculgngnd tagmamsimasonunbersgdiért z (see
Fig. 4B). 25 In SWFT, it is necessary to inprove the trap efficiency of a
39 subst anck4®)ochgsent byweladindtioshof ena grdoeine fnomelhe patentimglecuiegher
mass, whereas, in TICKLE, it is necessary to inprove the trap efficiency
fragments (mass numbers: 109, 111) caused by elimination of two
10 chlorines and one hydrogen, and a fragment (mass number: 74) caused
by elimination of three chlorines and one hydrogen are detected. In a
conventional ionization method, when the RF voltage is 1000 to 2000
volts at an RF frequency of 1.0 megahertz, fragment ions can be
advantageously trapped (see Fig. 3A).
15 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
voltage is 900 to 1100 volts, fragment ions can be more stably trapped
(see Fig. 3B). When the RF voltage is 1600 volts, an RF frequency of
20 1.0 megahertz is suitable in the conventional method, but, in this
method, when fragment ions can be stably trapped at an RF frequency
in the range of from 1.2 to 1.7 megahertz. The fragment ions can be
further stably trapped at an RF frequency of 1.0 megahertz in the range
of from 1.4 to 1.6 megahertz (see Fig. 4B).

25 In SWIFT, it is necessary to improve the trap efficiency of a



of the fragnments of the substance to be neasured having | ower nass
nunbers. Therefore, the value of energy applied to the RFring 14 in 5
SWFT, i.e., the product of an RF voltage and an RF frequency is adjusted
to be larger. On the other hand, the prodggct of an RF voltage and an RF
frequency in TICKLE is adjusted to be smaller. Thus, the trap efficiency
of the substance to be neasured or fragnents thereof in SWFT and TI CKLE
can be i nproswebstai@ertor bexnepseared hidtFis agearent ynoleclilechdvitg 4 highehert z,
and trapping is made at 1600 volts in SWFT and at 1000 volts in TICKLE

Al ternati vel pnadshavirbress, iRgeCKAE e id huedsSaryle0Pn v Viestheattd ptéfiipRinty nmay
be made at an RF frequency of 1.4 negahertz in SW and at 1.0 negahertz

in TICKLE. Fyf thefradyrh@hizaéf i YubHeinke! toeh Embs SWeRNBavihg BMErAGsEF

vol tage may be changed. This changing nmay be either in a “stepw se response

o % IO SRSt By B (R

di ssipates out of the tra er a pre
| apsed, d r re . | a s that_ the itions are optim zed
so s 1o onostofE % ey e bR AT 0 T eBRiand' BaRE e dfey IS, °F
advant ageous_t ha he TI CKLE vol.tage i | gher,. The s .nu of the
det ecti on ob?%‘(stt%‘i&né%b(% arg@pst bﬁ\:&'e aﬁ“tee’n"@gm@ Q‘Pa@??é&acthf@d‘ YORGIE i s
snmal | er than that ore the fragnentation. Therefore, it is at |east
necessary t hafd@eRRreguensgy ind ISHLE dyadpistad trbe smplted. o huse the
frequency after conpletion of 40 TICKLE be smaller or |arger than that
bef ore TI CKLEFaprflieiancy ehthe substarceviol bageeagyisidedr fragmentrrthereof 4 or
the RF frequency is reduced
SWIFT and TICKLE can be improved.
10 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.
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
15 and the RF voltage may be changed. This changing may be either in a
stepwise response manner or in a gradual manner. The detection
object chemical substance dissipates out of the trap 11 after a
predetermined time of life has lapsed, and therefore it is advantageous
that the conditions are optimized so as to shorten the time required for
20 TICKLE. Specifically, it is advantageous that the TICKLE voltage is
higher.
The mass number of the detection object chemical substance
after the fragmentation by TICKLE is smaller than that before the

fragmentation. Therefore, it is at least necessary that the RF voltage

25 applied to the RF ring 14 or the RF frequency after completion of



or increased, the trap efficiency of the fragnents having smaller nass
nunbers is | owered. Accordingly, when a certain period of tine |apses 5 in
this state after conpletion of TICKLE, such fragnents are reduced to | ower
the detection sensitivity of the mass spdftroneter 4. Therefore, it is
preferred to switch the conditions as nentioned above imedi ately after a
| apse of the tine needed for fragnentation of the detection object

chem cal subElGIRLE ke serallarpurt larger than tkatthefave TACKLE.0 Bobezwarcahent her
than a detection object chem cal substance are renoved in SWFT, and, in

thi s i nstancthe RiF voipage appliaditoghe REsng ndnbetheeRA frajaehcyds rbdaeedf the
fragnment ions generated in the fragnentation of the detection object

chem cal subg méagyéttrteetraPeém\éeéhcyTbﬁtHeeﬁ@gméﬁs HdViRgismaléd nfdsgh an
impurity is detected 15 together with the fragrrent |ons I'n the mass

anal ysi s af tﬁl.f:mfblé‘?s id IAWEFLY at ABEORMn-%rmI‘Ea 9 st ance ?‘%‘F"I.'irn"i‘@Yaﬁées

nmeasurenent of the detection object addi t1on, when
a large anmount ri rap 11
s di sad@anﬁggtgéétjéﬁjgs]% g‘?@&'%té&%8v\eﬁ0ﬁ%?%uap ef"bﬂ%’i cy, 1r;e'r%}c[éﬁj ¢ef ore
20 it is advanta t al nos urities are re ed in SWFT
ahi | o | eavi ngWst o TrteaDpEI I Yy SRS Rafs %apegﬁsga%!ﬁée "EbReralfiERi ng
all the i rrpurl ties while |eavi n onlli/ t he detection éect chem cal
subst ance, at §WPEaf fbeSHﬁ'tﬁé‘v’ﬁ $Ce P dgeBRAS MyHrchagorsirmagdiadelyy t o
the mass nunbers in a very wide range 25 nust be applied. However, such a
SW FT wavef oafﬁ%a\}angenfééaémg needesbfgidneamentation wf dbedaigetiaas onl y
smal | energy per unit frequency, and hence the energy which can be applied
to a nol ecul@bjealichgmical substance after inputting a TICKLE waveform.
10 Substances other than a detection object chemical substance
are removed in SWIFT, and, 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
15  together with the fragment ions in the mass analysis after the
fragmentation by TICKLE to lower the accuracy of measurement of the
detection object chemical substance. In addition, when a large amount
of other impurities are present in the trap 11, the trap 11 is
disadvantageously saturated to lower the trap efficiency, and therefore
20 it is advantageous that aimost all the impurities are removed in SWIFT
while leaving only the detection object chemical substance.
For removing ali the impurities while leaving only the detection
object chemical substance, a SWIFT waveform having frequency

components corresponding to the mass numbers in a very wide range

25 must be applied. However, such a SWIFT waveform having frequency



certain mass nunber is disadvantageously small, so that the renoval
efficiency of inpurities is |owered, thus lowering the accuracy of 5
detection of the detection object chem cal substance. Accordingly, when a
SW FT wavef orm havi ng frequency conponeniyy in a wide range is applied, it
IS necessary to inprove the performance of the radio frequency generation
apparatus 21 which is a SWFT wavef orm source, to increase the output of

an anpl i fi er componmmpits ity iangidd eangé s ofitytdraall @ meady pdm@nit érecyegeyer at i on
apparatus, or to expand the band of the frequency anplified, so that the

size of or caAl Helcd e aRRAGRWHich Tandbs applistages wsblecuns haerrfla For
solving the problem a nmass spectrumis neasured with respect to the

i mpurities CQ@ﬁﬁirﬂ%és“nM\%e‘?ﬁ?%ﬁ'%d ag%@sb)"@mjaﬂ, ISRt ith&Te Ay d| eMoved

by neans of a SWFT wavef orm havi ng reduency conponents corresponding to

the range of offRtendy BPRhByriEsl Bluek 8ok L Rl g R LR Jlp of anue of

mass nunbers as € rehoved can determn
exanmple, detti a S ctruminclude inpuritiges havi a val ue of
o onal 1 & erdp{EhBn 35, BB phikansitemnCR SubsBal g Afe ol
predet erm ned, val ue%lvg;ﬂge é)redeterm'_ned value is at |east substantially
equi val ent tWheRA SWHhhwaRTerE; hgvipg ffeeuUeRehCeRAIPANAIEE A& WMEF Fange
nmeasured, and it is _?(eferred that the inpurities renoved are inpurities
havi ng si gnal® applietsit is aecegsary toirpravg e perfgrmance oktheeradipe
I mpurities renoved 25 may be inpurities with further smaller mass nunbers,
but | arger effeaygng® ganeratiquiapehradus QW wiidmissa GWH T asavefohar sdunce, it
is preferred that the inpurities are inpurities having signal intensities
50 percent ofo increase the output of an ampilifier for amplifying the output of the
10 radio frequency generation apparatus, or to expand the band of the
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
15  impurities are removed by means of a SWIFT waveform having
frequency components corresponding to the range of mass numbers
which at least must be removed. The range of mass numbers which at
least must be removed can be determined by, for example, letting a
mass spectrum include impurities having a value of signal intensity of
20  the mass spectrum equal to or higher than a predetermined value.
The predetermined value is at least substantially equivalent to the
signal intensity of the chemical substance to be measured, and it is
preferred that the impurities removed are impurities having signal

intensities equal to or higher than this value. The impurities removed

25 may be impurities with further smaller mass numbers, but larger energy



nore of the signal intensity of the chem cal substance to be neasured. In
an incineration furnace as an exanple, the range of mass 5 nunbers which
at | east must be renoved is, for exanple, 48 to 355, and inpurities are
removed by nmeans of a SWFT waveform havigpg frequency conponents
corresponding to this range. By this nethod, a neasurenent of a detection
obj ect chem cal substance with satisfactory accuracy froma practical

poi nt of vi eiw reauiteel AYSWBUET iw sunduts ddseappl vergdopxcie s pyefleyrddchtlyst ener gy
to the trap 11. Thus, there is no need to use an excessively large

apparat us, athé ineueies adrelinipifiticdPRavialgusighanirens iy 56 ceft @6. 5A and
5B are diagrans explaining the relationship between a SWFT frequency and

an anplitude r ' ki ' '
umber . The g Ay B e A ST Ao as IR S e

frequency in the s Jigure.  Ei | dj e guency
spectrum of a Swlgqg%@%?%rr%h%ﬁggrrnﬁr%%gaq %ggé]?)?%h errgéo érqngagfnéo%set he
present . nvention. The frequenc ectrum shaows, an .intepsi |t age 20
Do+t udd) " rumeels mian Alfars Biust R tBVRAVES IS diliq 8RS of *a
frequency of the SWFET or Tl CKLE waveform For in purity in a
very high coARUIMPKEIES ate (RIPGVES Y BRAES Yor WL M veIGemBaYngs. but
in the conventional SWFT, frequencies corresponding to all the mass
numbers ar e HpgHERAY SOMpPRNLALSCOIGESRRRIIAFHO; thigisan2e. sPycihis eagthed. @he
SWFT voltage is deternmined fromthe voltage required 43 for renoving an
i mpurity in meashrgmest of endeteatiamn objeckochenmical sebsiamce whbrsatistaciong an
impurity in a very high concentration, a very high
accuracy from a practical point of view can be achieved without
10  applying excessively large energy to the trap 11. Thus, there is no
need to use an excessively large apparatus, and the cost for the
apparatus can be suppressed.
Figs. 5A and 5B are diagrams explaining the relationship
between a SWIFT frequency and an amplitude and the relationship
15 between an ion signal and a mass number. The mass number shown
in Figs. 5A and 5B corresponds to the SWIFT frequency in the same
figure. Fig. 6 is a diagram explaining a frequency spectrum of a
SWIFT waveform according to the fifth embodiment of the present
invention. The frequency spectrum shows an intensity (voltage
20 amplitude) of a SWIFT waveform or a TICKLE waveform as a function
of a frequency of the SWIFT or TICKLE waveform. For removing an
impurity in a very high concentration, a very high SWIFT voltage must
be applied, but, in the conventional SWIFT, frequencies corresponding

to all the mass numbers are applied at the same voltage amplitude.

25 Specifically, the SWIFT voltage is determined from the voltage required



vol tage anplitude is needed as a whole, thus lowering the use efficiency
of energy. 5 In addition, a power source apparatus having a | arge capacity
is required, increasing the cost. Further, for |eaving a parent nol ecule
which is a detection object chem cal subggance, the frequency band
corresponding to the mass nunber of the detection object chem cal
substance is excluded fromthe SWFT waveform but, when a high 10 voltage
anpl i tude i sfapemedngtdreimpogey df tHéhigresst sondemteation.uaFby thisasgisnoinng
after excluding the frequency band is smaller than intended, so that part

of the detecihen @%@ﬂhgcé}emaﬁahtwbatmqngﬁ écﬂf@fﬂﬂatlorﬁ?aél%ﬁ@ higtpr obl em
in that the detection accuracy is |owered reason for this resides in

that the act n%g nﬁaggg dJéH gg a’;\ |§V\(|—F'§, W&'ﬁr‘?@ §_|§ ot an i deal

rect angul ar cate e sol I ne s own 1 n but a

rect angul ar ht I y broadens toward the bottom I ndi cat ed by
t he broken I%ﬁ@%ﬁwpeﬁb% Specifically, the frequency spectrum of

a SWFT veformlls ‘fg{é& rect angul ar fohm.vvhi E br oadens..t owar d
the bott&m and thér@ 'é’”c r?ep%ef ﬁ&dﬁﬁ%ﬂ@&’ Al BRG] A9 CABACHY Frass
nunber of the detection ect chem substance i ndi cated by AF shown in
the figures Ta5ed s!nﬁ‘é‘-’r@% the Lost ha?fwﬂherd rleavisie adRaneRd\molectifer ed.
Therefore, as shown in Fig. 6, the voltage anplitude of the SWFT waveform
havi ng a freyhicip %@#ate@ﬁ@@mbmgctt @mmecagreswstaacmm@efregﬂeaﬁyum. ty in a
hi gh concentration is increased and the 44 voltage anplitude for the
portion of agorreppendng to thd massomemier atfitbe detectionarkjdct Themicain
impurity in an especially high concentration can be
substance is excluded from the SWIFT waveform, but, when a high
10  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
15  SWIFT waveform is not an ideal rectangular form indicated by the solid
line shown in Fig. 5A but a rectangular form which slightly broadens
toward the bottom indicated by the broken line shown in Fig. 5B.
Specifically, the frequency spectrum of a SWIFT waveform is actually in
a rectangular form which broadens toward the bottom, and therefore the
20 frequency band corresponding to the mass number of the detection
object chemical substance indicated by AF shown in the figures
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

25 number of an impurity in a high concentration is increased and the



selectively renmoved. It is preferred that the inpurity of which the

vol tage anplitude of a SWFT waveformis increased is an inpurity 5 having
a signal intensity at |east equivalent to the signal intensity of a

chem cal substance to be neasured. The iggurity may be an inpurity present
in a further smaller mass nunber, but larger energy is required for SWFT
I n such a case. Therefore, it is preferred that the inpurity is an

i mpurity havvoitage singplitiudierfioenbetporfionpefr ae mnparityiin @ lolw tbecsentratibnlie
intensity of the chem cal substance to be neasured. Thus, the voltage

anpl i tude of Iciere8W FlThy@ vai dnpueiey il anl eypscdlphigh Woelcentsiornean ban
I mpurity can be renpbved with increased use efficiency of energy. In

addi tion, a powefivERUF&GRoEAAr 3 i4Sprid¥ired ﬁaﬂﬁé'inﬁﬁﬁﬁ?idﬂuﬁi@:ﬁ @ used,
and hence the power "source apparatus can be reduced i1n size 15 and the cost

can be 'Omr%tetx{%%@wm:dteh@f 9‘§\I9‘fl‘ift %b?ﬁ?iséh?f@&?éd i§§ﬁ§ﬁfdgfrﬁ can be

surely left In oper at'1 on, us” makin possSI xprove t he
detection acguracy_ of the SS,. S troneter 4. .Figs, 3A 3B .ar i agr ams
expl ai ni g S FV G SerdTalRIN B RSt Tlaibry fa e wighdudnaii o7 o2 °a
and 8B are di,agra 2 xpl aining a freqyen spect r.um of SWFT wayeform
SCcor i ng.t CRABIaSHbPTARES 4P HEnmeaSTRY. priheREPyboHAYRe 30 EPURR and
8B are individually obtained by converting the frequency spectrum of a
SWFT wavefRigfedd ipgaturthrr sradienmdts nbghek byt araey eliyoydsdeaniedl y, a
diagramas a function of the mass nunber. A general SWFT 25 waveformis
forned by sulgré&aMilng insualverssserouthereforantispreferasl thaidhanigupwityfisr m
frequency spectrum of which the anplitude is not changed even when the
resonance f rauumpcayityhavimg absigaabinteasidgr50 percent or more of the signal
10  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
15 and the cost can be lowered. Further, the detection object chemical
substance can be surely left in the SWIFT operation, thus making it
possible to improve the detection accuracy of the mass spectrometer 4.
Figs. 3A and 3B are diagrams explaining a frequency spectrum
of a conventional SWIFT waveform. Figs. 8A and 8B are diagrams
20 explaining a frequency spectrum of a SWIFT waveform according to the
sixth embodiment of the present invention. Figs. 7A and 8B are
individually obtained by converting the frequency spectrum of a SWIFT
waveform so that the mass number is taken as an abscissa, namely, a

diagram as a function of the mass number. A general SWIFT

25 waveform is formed by subjecting to inverse Fourier transform a



(Fig. 7A). The SWFT waveformin this case is a waveformon which the
resonance frequency corresponding to the mass nunber of an 5 inpurity to be
renoved superpose. This waveformis ideally a continuous waveform

i ncl udi ng whol e of the orbital resonance4sfrequencies corresponding to a
certain mass range. However, the actual inverse Fourier transformis nade
based on data of limted resonance frequencies, and the resultant SWFT

wavef or m i nctectangliardioser frequeneyuprcyrummfoskichsthendmiphieude ésinency pitch
is constant. \When this waveformis represented in terns of a nass nunber,

t he frequen@ﬁaﬁ?é@%deﬁ\bvﬁé_ﬁethei@s@ﬁ%@ﬁehﬁe%&@ﬂ_iéﬁ@_mé@ eri s
| arge, and the frequency pitch is snaller in a region in which the nmass

nunber s sqgpl -T_A?rr’ WSWEF’W\A&%%%Wtﬁ% W@ﬁ&%%fz?‘gfroqﬁ%ht\wﬁ at a

hi gh energy dénsity is applied to an ion having a sma mass nunber, but

an anplitude r.gy, ' A | i i ving a

| ar ger mass trﬁjgn{)%rgr@fcgé ﬁggggﬂﬁgrcotqﬁ‘%@é%cgb@nt%%ﬁ ﬁ%ﬁ%ﬁré@ﬂﬁapgf Il er

mass nu r can b asi |y broken, but an iap. having a Larger, mass 20 numnber
TG 1 dul ¢ ToReRl B Bk kit Badiiost s Thia Wavethi ISIA B Sanecossary
fragnents are generated by TIKCL to | ower the accuracy of mass anal ysis.
For sol vi ng ??ﬁ@"lﬂﬁ%me%ar@WﬁFF%gé’YW'ﬁ\qfotthr?e‘armw rg§BaeePng to i nverse
Fourier transforma frequency spectrumin which 25 the voltage anplitude

i s reduced aefiH@NE@SoFRIiEEPEPENGIY Cestaingnassseneeng Hewewer, thes nunber

of an ion beconmes higher is used (Fig. 8A). By using such a SWFT
wavef orm saattsphinvergeeneurgr transform is made based on data of limited

resonance frequencies, and the resultant SWIFT waveform includes

10  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
is small.

15 When using such a SWIFT waveform, an amplitude at a high
energy density is applied to an ion having a smaller mass number, but
an amplitude at only a low energy density is applied to an ion having a
larger mass number (Fig. 7B). For this reason, an ion having a smaller
mass number can be easily broken, but an ion having a larger mass

20 number is difficult to be broken, and thus it is left as an impurity.
Unnecessary fragments are generated by TIKCL to lower the accuracy
of mass analysis.

For solving this problem, a SWIFT waveform formed by

subjecting to inverse Fourier transform a frequency spectrum in which

25 the voltage amplitude is reduced as the resonance frequency



be al so applied to an ion having a | arger mass nunber (Fig. 8B).
Specifically, there can be applied a SWFT waveformin which the 5 voltage
anplitude has a fixed distribution, irrespective of the nmass nunber of a
nol ecule to be renmoved by SWFT (Fig. 8BMg so that even an ion having a

| arger mass nunber can be further surely renoved. Further, required and
sati sfactory energy can be applied to an ion having a snmaller mass nunber,

so that the osmespbndirenty tioé neass guniser dOabéon Mgcovess highedidi iseh, an
excessively | arge power source apparatus is not required, and therefore

the cost for(Fige sapaBy usirgpBuch @ SWIFTER&Seform Isatfsfastdryddméiggtan
expl aining a frequency spectrumof a SWFT waveform according to the

seventh enbogprmgh éﬁpmef&eto%ﬁssmhawn¢ %V%?%%P%aéﬂ Hamﬂé}ﬁca@.daé B are

di agranms explaining a frequency spectrum a TI CKLE wavefdorm according to

the seventh epbeidIg! indyh 412 bR £56Rq LIYRIENORay LA WRASHEFEEN! by

means of the "apparatu I Ng-a chem'ca tance Wth respect
to a det5ect i Ollrt]a obj ect,.chem cal

. ubst anc. ich is, for e le, a
br ecur soi> 20+ aropiHHAES . LT KIFBUNEN' apSbestie GETR Mast ca
substances are simyl taneous subj ect ed asur enent he detection
accur acy cannuﬁ@qftr}%tq]@o’?ﬁﬁl%%gg rﬁm@wﬁﬁagvﬁ'@ﬂ@aﬂ%%S%fth%@veﬂ
precursor of a_  dioxin contained in the exhaust gas from an incineration
furnace is @RiPBHAWNG |G l@rger maphedHEw e campedusihsitsusely Femeaeedct i on
accuracy 25 is very inportant when the conditions for conbustion of the
i nci ner at i onFyuthef,urespiredhapd satisfatiosy energyalan bewpfi@d tubpdoni ng a
plurality of detection object chem cal
having a smaller mass number, so that the use efficiency of energy can
10 be improved. In addition, an excessively large power source
apparatus is not required, and therefore the cost for the apparatus can
be suppressed.
Fig. 9 is a diagram explaining a frequency spectrum of a SWIFT
waveform according to the seventh embodiment of the present
16 invention. Figs. 10A and 10B are diagrams explaining a frequency
spectrum of a TICKLE waveform according to the seventh embodiment
of the present invention. In the measurement by means of the
apparatus 100 for detecting a chemical substance with respect to a
detection object chemical substance which is, for example, a precursor
20 of a dioxin, when a plurality of detection object chemical substances are
simultaneously subjected to measurement, the detection accuracy can
be further improved. Particularly, the amount of the precursor of a
dioxin contained in the exhaust gas from an incineration furnace is

extremely slight, and hence an improvement of the detection accuracy

25 is very important when the conditions for combustion of the incineration



substances to neasurenent sinmultaneously, there is used in SWFT a
frequency spectrumof a SWFT waveformin which the voltage 5 anplitude is
0, that is, a SWFT wavef orm whi ch gives no voltage anplitude in the
resonance frequency band correspondi ng ta7t he mass nunbers of the
detection object chem cal substances (Fig. 9). The frequency spectrum of
this SWFT waveformis then subjected to inverse Fourier transformto form
a SWFT wavefunnamce\drenc@vitrélTed sn t8attinduct ed using the SWFT wavef orm
obtained by the inverse transform the detection object chem cal

substances are sti Forisudpgstihg & plLRgityreiddtbctibni sbjett 8RBHIGalRPPAr at us 10,
and therefore they can be separated frominpurities. The detection object

chemical subsiBsERTed ® MaRRubeiedt P ultancdasi QH@F‘é‘F@EbQB iMSWEERS; Of 2

Tl CKLE waveform fornmed by subjecting to 1nver Fourier transforma Tl CKLE

frequency s r f band
corresponding to t SS nunbers 0 ec |on obj ec m cal

quency SPRELLALIBHdMIrdin! ' SwIFF RVt if wﬁ%h fhacvisiede
subst anc esul fra |on af the de ection object
chem cal %:ul(ogbg)r{'éé@@)éﬁ ’Fﬁ%{m'sz@ %rg\z@:Jr %ﬁ?@éﬁ%‘c VR 'Wagg @%%ct rorrejt er
4 (see Fig. %ﬂ?@ ,dentjfy the det ectlon ogjae t chem cal subs ances, SO
that their cBMAIRKGS R Jhe rosananes deausAmenan GUTERRINAING toTtheKNeSsay be
conducted using . a TICKLE waveform formed by subjecting to inverse Fourier
transform a ntrg@arﬁ gf thgudstegtiepehieahrhamical subsirpees tfigt2de Thet he

range 25 enconpassi ng whol e of the frequencies corresponding to the nmass 48
nunbers of tHequoensyspestiim efthishSWY IFA wayeforndeshéFisybjacteB)to  Furt her
alternatively, the frequencies corresponding to the nass

inverse Fourier transform to form a SWIFT waveform. When SWIFT is

10 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
separated from impurities.

The detection object chemical substances are then subjected to

15 fragmentation by means of a TICKLE waveform formed by subjecting to
inverse Fourier transform a TICKLE frequency spectrum having a larger
amplitude in the frequency band corresponding to the mass numbers of
the detection object chemical substances (Fig. 10A). The resultant
fragment ions of the detection object chemical substances are then

20 measured 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
TICKLE waveform formed by subjecting to inverse Fourier transform a
TICKLE frequency spectrum having a large amplitude in the range

25 encompassing whole of the frequencies corresponding to the mass



nunbers of the detection object chem cal substances may be individually
applied to the respective substances successively. 5 As described above,
when a plurality of detection object chem cal substances are

si mul t aneously subjected to neasurenent, gghe detection accuracy can be
advant ageously i nproved. However, when the plurality of detection objects
chem cal substances are sinultaneously subjected to neasurenent, the

fol | owi ng probmberarafdbe. detedtiborolsiratrphemieaksslestancesr(Figlet@g).i n which a
fragment pattern having TCB (trichl orobenzene) and DCB (di chl orobenzene)

as parent nBluetberestarnatibep tied fRsqudIvisateridspondingitd ftReenass bet ween a
mass nunber of 145 of the TCB fragnent and a mass nunber of 146 of the

DCB f ragnment nifbss dfethk @éte%tioﬁ"t%j@f:?Eﬁen%@@l“sJ@aﬁ?@s Y2 15
si mul t aneously subjected to TICKLE,” part of the TCB fragnent may be broken

by the near ;} pr& : , le, a
concentrati o'n @H%@cgﬂn%@y@“ e erpné ﬁé@gg@u?}%ﬁt?%&*g@%
fragnentation and p ting, TCB from an_ i npurity _having a ,mass nunber
equi val e%t to the %gs@%ﬁm?gjra pveched ﬁ@i@w'&éf%\@ 2 CPIFCY e
fragment, so that the accuracy of .detection of TCB. i | owered. Thus, in
the TIOKLE 2B OPiFHIGULSTENESE AT M LiARGAURbABUDIRFLPY dadneasusranptiithee
taken for acgurately applying a frequency corresponding to the mass nunber
or optinizi néefﬁ%mﬂ FeGuragy sy be advapianepusly mpioveiden Howevesrwbenr e
taken, the fragnentation may not 25 be appropriately achieved. 49 For
sol vi ng t he iheoplusality of dateqtiossehjectsrisbentioat substaeicestaren obj ect cheni cal
substance having a snmaller nass nunber is first
simuitaneously subjected to measurement, the following problem arises.
10  For example, a case is considered in which a fragment pattern having
TCB (trichlorobenzene) and DCB (dichlorobenzene) as parent
molecules is obtained at the same time. A difference between a mass
number of 145 of the TCB fragment and a mass number of 146 of the
DCB fragment is as small as 1. Therefore, when TCB and DCB are
15 simultaneously subjected to TICKLE, part of the TCB fragment may be
broken by the near TICKLE frequency of DCB. In such a case, for
example, a concentration of TCB cannot be determined by subjecting
TCB to fragmentation and separating TCB from an impurity having a
mass number equivalent to the mass number of TCB to measure a
20  signal of the fragment, so that the accuracy of detection of TCB is
lowered. Thus, in the TICKLE according to the seventh embodiment,
various cares should be taken for accurately applying a frequency
corresponding to the mass number or optimizing the TICKLE voltage.

In addition, even when such cares are taken, the fragmentation may not

25 be appropriately achieved.



subj ected to fragnentation by TICKLE, and another detection object

chem cal substance or an inpurity in the range of the mass nunber of 5 the
detection object chem cal substance is renoved. A detection object

chem cal substance having a | arger nmass ggnber is subjected to TICKLE to
generate a fragnent of the detection object chem cal substance having a

| arger mass nunber in the range of the mass nunber in which the detection
obj ect chemi cal subst aobéngdie pgoblelf, snthd presarstsembodanent, pdedection By
this met hod, when the detection object chem cal substance having a |arger

mass nunber osjestiheaiiedl sabstangeedvhpan snidiker abegiumbeply fiest cheni cal
subst ance having a snmaller mass nunber has already been subjected to

fragment ati ogubjRteE RS Frtrh E8ttiROFR NI CKILE, ehd and@hecd bt 86fecghem cal
substance having a | arger nmass nunber from being broken by the TICKLE for

the det eCtiOéhé’iWi@éﬂsJH%‘?Hﬁ&?'or ﬁp@bgﬂﬁﬁg{%\’é Fthdl BFRAS Pha SEARINTEID

Accordingly, even when a plura ectiorr obj ec c%em cal su@rsi ances
wth b of 2oedefRHn b Befi Bo bR bR e G Ao BeBHR ! Gor oc
148, 150) | aASRBENCTIBRbE P EARSE ARG BErgoh diaer SIS S AUISRIa o
detected sinultaneously. Prior to TICKLE, inpurities are renoved by SWFT
25 whi | e | ealliGiLEHOS@e RN 8 BAgANEQS thecdelestionpkieshebsmical 50
subjecting MCB to fragnentation, a TICKLE frequency corresponding to the
mass number ¥bsfBRCEhaVied a@ibeedass nuntterandhsdenas ehthe amss
number in which the detection object chemical substance having a
10  smaller mass number is present.
By this method, when the detection object chemical substance
having a larger mass number is subjected to fragmentation, the
detection object chemical substance having a smaller mass number has
already been subjected to fragmentation, preventing the fragment of the
15 detection object chemical substance having a targer mass number from
being broken by the TICKLE for the detection object chemical
substance having a smaller mass number. Accordingly, even when a
plurality of detection object chemical substances having different mass
numbers are detected simultaneously, a measurement with high
20 accuracy can be achieved.
Specifically, a case is considered in which TCB (mass numbers:
180, 182, 184, 186), DCB (mass numbers: 146, 148, 150), and MCB
(monochlorobenzene; mass numbers: 112, 114) are detected

simultaneously. Prior to TICKLE, impurities are removed by SWIFT

25 while leaving these detection object chemical substances. For



12 and 13 to generate a fragnent having a mass nunber of 77. In this case,
subst ances havi ng mass nunbers of 112 to 114 are not present in 5 the trap
11 of the ion trapping apparatus 10. After the fragnentation of MCB, DCB is
subjected to fragmentation by applying &0TI CKLE frequency corresponding to
the mass nunber of DCB. The resultant fragnents include ones having mass
nunbers of 111 and 113 caused by elimnation of one chlorine 10 from DCB

and one havi sghj@ctmgsMABrbe fragm&btateus ed THIYKEE freqaenoy coofegpanmdihy doi nes
and one hydrogen. Finally, TCB is subjected to fragnmentation by applying a

frequency cotteerassthimbe? of MCBRRSthanabpliedfto TEBt aftlesddorghentiscapaner at ed
in this instance include ones having mass nunbers of 145, 147, and 149

caused by el iﬁieﬂﬁiﬁgﬂo%rﬁr_a@é‘% ﬁBPﬁférﬂ%a\ﬁﬁ@% ARdsNSumbRY dfunber fm fjs109
and 111 caused by elimnation of Two chlorines and one hydrogen, and one

havi Li . : and
one " hydr ogeceeSneniaRtes haa facy iR 3e P2 86 Y 4% AOL BodrR A7

l'i ed, ' h t in int l's. 20 Aft
conpl ot oh” ot & fiabrHhghbRe 0 uAHART AERaBLETTBY Ooj ot ohor cal

bst , the f t i in the t 1 .Subj ect t Cool i
W thout _appl yi ng. 08T tagdragmagiatsmmot Mow: Pt 15 3tbiefd tona caps 12, 13
in the ion trapping apparatus 10. The Cooling unit that the,  fragnment ions
col Iide w t hrAglaBatigady aApphing Bapl GELESregueneyeprresponging 38 18ad t he

fragment ions are cooled by this procedure. The Cooling can 51 inprove the
accuracy of mMass nmber @rfré%'l@Bby Theeresigtanifeagmends éncluge ones having

mass numbers of 111 and 113 caused by elimination of one chlorine

10 from DCB and one having a mass number of 75 caused by elimination
of two chlorines and one hydrogen. Finally, TCB is subjected to
fragmentation by applying a frequency corresponding to the mass
number of TCB. The fragments generated in this instance include
ones having mass numbers of 145, 147, and 149 caused by elimination

15 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
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.

20 After completion of the fragmentation of the detection object
chemical substances, the fragment 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. The Cooling unit that the
fragment ions collide with neutral gas in the trap 11 to lose their energy,

25 and the fragment ions are cooled by this procedure. The Cooling can



After conpletion of Cooling, a drawing voltage is applied to the second
end cap 13 to introduce the fragnents to the nmass spectroneter 5 4 and the
masses of the fragnents introduced are nmeasured, so that the concentrations
of the detection object chem cal substanggs can be determ ned.
Specifically, the concentrations of MCB and DCB can be determ ned by

sel ecting, respectively, the signal intensity of a fragnent having a nass
nunber of 77improvehtheagoatadyndensds measurémeptdy thelthadsavs pectrasstaunber s
of 113 and 75. The concentration of TCB can be determ ned by selecting the
signal intengity of a fragnent having a mass nunber which does not overlap
the fragnents of MCB and DCB, for exanple, a mass nunber of 145, 147, 149,

109, or 74. Detect aptarQirRsletiohesi g;abliggPétmﬁﬁﬁgf\r&mg@is@?@ﬁ@@%&é@ﬁé 15

generated have mass nunbers which do n overl ap; for “exanp and TCP
can be simnul f@ﬂﬁ?& &G ef qr. e,
MCB and MCP %é‘g&ﬁfl:l"ﬁelsr%ﬂ Qé'g}ﬁ?gpgﬁn 0 rg{gerrg’r?;{;at | on,togﬁ& 'En%gng] %@tgﬁﬁg%,
and finaldy d TCP are ubjpected ta fragnentation, enabling a
'l t andous A e Fisr o B BEes 1o RRERE: 5 Mbigstesd chan by
substances. | n this case, fragnmentation is conducted two substances by two
subst ances, {iRiCOngaRaaTRRS A JBerdRIaCHian QPG RReRY eI N6AS iC@Nohe y
about three times the tinme required for frgﬁ_nentation for six types of
subst ances @etfiidped. onpesibicalhindbempraentalinneat MCBsnd BSR &anoe obj ect
chem cal substance nmay have an isotope, 52 and such a detection object
cheni cal subdetatounadoyibelestiag reapectivelybtressighal irteavsitysyf aOBgrasnt
i sot opes havi ng mass nunbers of
having a mass number of 77 and the signal intensities of fragments
10  having mass numbers of 113 and 75. The concentration of TCB can
be determined by selecting the signal intensity of a fragment having a
mass number which does not overlap the fragments of MCB and DCB,
for example, 2a mass number of 145, 147, 149, 109, or 74.
Detection object chemical substances from which fragments
15 generated have mass numbers which do not overlap, for example, TCB
and TCP can be simultaneously 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
20  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.

25 A detection object chemical substance may have an isotope,



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 5 such a
detection object chem cal substance having isotopes, the density of the
detection object chem cal substance havi @ one nass nunber is |ower than
the collective density of the detection object chem cal substance, and
therefore, when a substance having one mass nunber is solely subjected to
measur ement Bdrasisasfetgation thjsplechemintal ubstante hesndiffieirent pnasts
measurenent i s di sadvantageously |owered. Taking the MCB as an exanpl e,
when MCB havnombsersas $FormexdmpleafMCB2has isoloples savingohedstmumbessioénent ,
MCB having a mass nunber of 114 is not neasured, so that the concentration

actual ly 15 dezegiced14s Towefeddvdnfdritbish {rattheecHlienaeidridedo af MCB by
the concentration of MCB having a mass nunber of 114 which is not

reasur edPapbheshairiy ioPiS 568 iy favd AuRftiisigress Bdtde  pxhaust

gas from an i1 ncineration furnace, s a detection object chen)cal
eceseary? t osnal PodEcRER dhieRl cHERERL bt oAy haR BN el . %,
obi ect chom daneQURE T ed8cfun ety Srrdiea Niidenfn b o enatr crent
S0t opes of REENEE 1SI0MRE B thE GOTERUVE A SEthendethetiah PBiSt | m ted
to TCB, and any detection object chem cal 53 substances can be applied as
| ong as t heych@micalsyihstance Fagd thernefare.owhen dsypstaneghamineRpednassg a
frequency spectrum of a TI CKLE
number is solely subjected to measurement by means of mass
10  spectrometer 4, the sensitivity of measurement is disadvantageously
lowered.
Taking the MCB as an example, when MCB having a mass
number of 112 is solely subjected to measurement, MCB having a mass
number of 114 is not measured, so that the concentration actually
15 detected is lower than the collective concentration of MCB by the
concentration of MCB having a mass number of 114 which is not
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
20 it is necessary to improve the detection sensitivity as high as possible.
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

25 invention is not limited to TCB, and any detection object chemical




wavef orm according to the ninth enbodi nent of the present invention
wherein the diagrans are individually obtained by converting the 5
frequency spectrum so that the mass nunber is taken as an abscissa. Fig.
11A shows the distribution of isotopes i®3TCB ions. For exanmple, all the
| sot opes of detection object chem cal substances can be subjected to
fragnmentation, an isotope having a theoretically |ower concentration can

be renoved fsobstanceshean betapsiad 48 longtdetieohapedsoopdat edFigen 10/ tect
chem cal substances from which the nass nunber having a larger inpurity

ratio is exchm@kecai@gbamsselbdn@miﬂg 4 RIS Fddthim dfMa TMCKLEAse, as a
TI CKLE waveform there can be used one obtained by subjecting to inverse

Fourier tranghQbfdin afc"c%ﬁél‘i‘ﬁgc% ﬁféeﬁfrftH'QbrﬁBbHﬂnSM’SPtr?e hﬁ%ﬁmbhiikjﬁe ina

wi de range of a 15 resonance€ frequency band so as to | e the mass
nunbers of al S 0 . @ﬁlt;a o) ' em cal
subst ances ?ngetrg@lthg) afa%zém?aérs@mﬁ{g r g&%}tgﬁlgfhg &e@%ﬁgﬁée’[ﬁ? requency
affects ipons, _has variation and,t efore, when a.f uency spgect.rum havi ng
o xed B0 GRPRRRGHSECEERFS ) ibARaRs M BEBef i (4N Per REREES A
difficult fog, the isotopes having the nmaxi rum and_m ni nrum nmass nunbers and
TICKLE is religiVié §h@‘é’§f|§'ﬁo‘ﬁ3{rﬁg“ti'%'b9(§ﬂ)%°tﬁﬁ\?ﬁr@ B#Bi gD nedi at e mass
nunber. For this reason, when using a frequenc%% spectrumin which the
vol tage anplitude Ferexpgwienatitbensionan ahdetagiionuabiatd shesnigahbers of
the isotopes of the detection object chem cal substance, all 54 of the
plurality ofsubstanpes G bhesuwhpetad uf fragGresiatian, ke isobjpe hedinga
substantially the same TlICKLE, thus enabling substantially uniform
theoretically lower concentration can be removed from all the isotopes,
10  or the isotopes of detection object chemical substances from which the
mass number having a larger impurity ratio is excluded can be
subjected to fragmentation. In this case, as a TICKLE waveform, there
can be used one obtained by subjecting to inverse Fourier transform a
frequency spectrum which gives a large amplitude in a wide range of a
15 resonance frequency band so as to include the mass numbers of all the
isctopes of at least two detection object chemical substances (Fig.
11B).
The mass number of which the resonance frequency affects ions
has variation and therefore, when a frequency spectrum having a fixed
20 amplitude is used, a phenomenon occurs in which TICKLE is difficult for
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 in which

the voltage amplitude is large in the maximum and minimum mass

25 numbers of the isotopes of the detection object chemical substance, all



fragmentation. Alternatively, there may be used a frequency spectrum in
whi ch the voltage anplitude is large in the maxi nrum and m ni nrum 5 nass
nunbers of the isotopes as the object of fragnentation and the voltage
anplitude is relatively small in the intguredi ate mass nunber (solid line
in Fig. 11 C). Further alternatively, there may be used a frequency
spectrumin which the voltage anplitude in the isotope having a relatively
| ow i on si gnaf thenphmsiity of isctopkeb &rs tHeobjdot of MCAYE taname Isubjettedrtot he

i sotope having a relatively high ion signal intensity (broken line in Fig.

110). On t hesgbsantiafipctheasdras B GKIENhu ehabling tsustdwtiaingunFohat antial 'y
the sanme mass nunber as that of one certain isotope may be present. For

exanpl e, it fagR{R4iBA t ' o - Fréqieméy SpebtraHi i ties
havi ng t he sal{rrg mssﬂﬁungfeggb{ﬁﬁgtﬁé?éie &éﬁabibgf)%gjpé tr1avi ng )g Er?fa}lsgmnun’ner

of 180 are p o R [ ' 0 X6 Ilng this
| sot ope may i[')]gﬁ'g'u [r] g{c ggﬂggea%rﬁggﬁngrf Ig’t l%égégh tb%arﬁg%dr@l?'ltnaggae @R@g@ﬁgﬁ of
i mpuriti a of subj ec 1o fragment ation Levin measyr.ement
w Eh i gf> acKBeacy B f e i6 Qops TR e ol B RabildaRelERh T or m
obt ai ned by subj ecting.t Jnverse Fourier transform requenc pectrum
compr 1 51 g’ 2 s prituge isdeirRE el in oS BegRals MRy M ERRG oS
nunbers of a, plural i_t)é_of i sotopes which do not contain inpurities very
much in the (SOAgeing &’ Fignbe)-anbuiihet mltaraatiuelye there may PadIsesha opes
(isotopes 25 of TCB here) (Fig. 11 D). 55 A detection object chemi cal
subst ance hafeguensyspesiruandn aviiichdhentwoligga anplidudetin dhedbplege cheni cal
substance has an i sotope
having a relatively low ion signal intensity is smaller than the voltage
10 amplitude in the isotope having a relatively high ion signal intensity
(broken line in Fig. 11C).
On the other hand, a large amount of impurities having
substantially the same mass number as that of one certain isotope may
be present. For example, it is presumed that, in Fig. 11D, a large
15 amount of impurities having the same mass number as that of a TCB
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
20 case, there can be used a TICKLE waveform obtained by subjecting to
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 isctopes (isotopes

25 of TCB here) (Fig. 11D).



simlarly. Therefore, a neasurenent of the fragnent has simlar problens
described in connection with the eighth enbodinent. 5 Conventionally, the
concentration of a detection object chem cal substance has been neasured
only fromone fragnent, or the concentrggi on of a detection object

chem cal substance has been estimated by pattern matching of fragnents.
However, in a substance present only in an extrenely I ow 10 concentrati on,

such as a precur soA ddtesatidh®bjactohémicEidsubsthhee dvdsnantiso@ds, fandman
i ncineration furnace, when one isotope of a fragnent is nerely neasured, a

neasur ement fiaghdtdfsthacdQettivfnshjecy chénfisanalibHanceaEes akvisstdpe t he
pattern matching of a plurality of fragnents, the absolute nunber of the

fragments ingigfigady3 Ol PRErdSrd OF ndBS irethidhniloy H@ﬁ%bﬁ;@ﬂtﬁi\%’sfrﬁﬂ r

statistically esti'mating the concentration. For soFving the problem anong
t he i sotopes . f r ef. | [ chem cal
subst ance - 2R TIPAGHE O8I fn soBnERHob Bt 3 EiBhH SheRliE:
Specifically,. in a.spectrum (signal. .volta of. a certain fra nt, a
Vaue of 2 JGRnEpRHERR Rt St R o Skt Sl Bem EAl Ty of
| sotopes, or a value of a sumof areas of the spectrumof a plurality of
i sot opes is tHRtansehasBgeNBRBFHISALHY Homess KagmandnBE i€ 4. By this
met hod, all the isotopes of a certain fragnment can be used, and therefore,
even when térNeIHERten sf icodetgctiprsabiechshenmisabsubstangechas beegt renel y
|l ow, the 25 sensitivity of neasurenent by nmass spectroneter 4 can be
i nproved. 56estimateldbyi pattewheratahisgect fragnentsng a | arge noi se conponent
is present, for exanple, an inpurity fragnent appears in the mass nunber
of a However, in a substance present only in an extremely low
10  concentration, such as a precursor of a dioxin contained in the exhaust
gas from an incineration furnace, when one isotope of a fragment is
merely measured, a measurement with satisfactory sensitivity cannot be
made. Even in the pattern matching of a plurality of fragments, the
absolute number of the fragments in one isotope is too small and
15  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
20 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

25  sensitivity of measurement by mass spectrometer 4 can be improved.



certain isotope, the mass nunber of the isotope excluding the spectrum of
the i sotope may be selected to determ ne the concentration of the 5
substance to be neasured, so that the noise of an inpurity can be renoved,
t hus enabling a nmeasurenent wi th higher ggcuracy. As described above, in
the chem cal substance detection apparatus according to the present

I nvention, in ionization of a detection object chem cal substance, energy
hi gher than Bnaddhicrtwieen Hspetteo hhvioly 4 hargieheixtd complnnestt is peesent,
substance and | ower than a sumof the ionization potential and

di ssoci at i onfnStpRS, drPiBpafity fragneetesppearop B mawheabes Wid ance i s
applied to the detection object” chem cal substance. Therefore, the

det ecti on_objghirf ABHGE! i HINPRGARADMRel RBITRS cbug tHE!gHbfREN.

and further, generation nnecessary fragnents I ch”is a problem

ur ! > of | )
nccor i ngl v, Of 1o Riopdinal B &lketdd BRdelprafih s EORREARROR NG R, PP o
t ' br oken, Ki i t i ble tp i the detecti
enci {1 vitty DAOTRECe B8e MengulR SeiatRe DetATAvERIREPE b ol

lied f 20 ' ' it d h . 4 ' I t b I ckl
ehoved.  THRMOVAR. ik SoRblB L aspusrIaTE wigh SahBhaBEALY: Cheri cal

substance can be increased and hence it is preferred in the control of an
actual incinerati8& dascithas abaven theeahemicasuhstapsedtatestipbn appar at us
according to the 25 present invention, fragmentation of the detection
obj ect cheni appafdtus adesirdingeta the présemieidvioptionairs iaiizationafrent ati on uni t
that applies a TICKLE waveform Therefore, even when an inpurity is
present in adetection object chemical substance, energy higher than an ionization
10 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. Therefore, the detection object chemical
substance can be ionized without being broken, and further, generation
15  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
20 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

25 present invention, fragmentation of the detection object chemical



frequency band corresponding to the mass nunber of the detection object
chem cal substance, the effect of the inpurity can be renoved to 5 achieve
an accurate neasurenent. In addition, only a very few fragnents are
generated in the ionization and thereforg&7 in the fragnentation of the
detection object chem cal substance, the desired detection object chem cal
subst ance can be efficiently subjected to fragnentation. Accordingly, the
det ecti on sesishstaniceyisgferfimmedty meamsadfya dragraentatiompnidvibdl appliesra
conmbustion can be controlled with higher precision. In the chem cal

subst ance deTHTKLEnwapeforai.usTherafote ngvén winen apriesmunttyl isyeesieat jin ahe
energy applied to the detection object chem cal substance by the

i oni zation UftbubRcPILEIRT cbReBpbREINP R Ifé iR PALATHdaGf the dséctiowal to or

smal l er than a value of a sumof the ionization potential and 4 electron
volts. Wen i 'ﬁqc C ' 3 AtS cdriPBeZeth ERSr oy
of light, t h%g%ggg?.'g%l'?ﬁpggg% e |‘°"|gﬁta1€ﬁ§é°§?f5§bz n ncomet ers. %eer efore,
an inpurigy i rat | ;.J‘r]. Nec agpents. In
addi ti on,5 a é%&&%{ﬁg%@%ﬁ@eﬁg%h(%ﬁgﬁs L'J%reégd ot st |&azf ?08 , _and hence
the handling,is easy and the .construction.of th rat us ,can be
Sl 11 ed. FAOTIE A eetealeeia tbe inelAtBnand sAertplk BB ding 1o the
present invention, the vaoltage anplitude of a SWFT vvaveforr?éj%g a,
frequency coipgapuHaling afdherdeteslionnbiget chemiral syRstengepthe d8sired a 25
hi gh concentration such that it exhibits a signal intensi té' hi gher than a
58 speci fi cdeiaghign ¢bicshsheymicel pubstensedcanhe efficientiy aybjestedteude for
an inpurity in a low concentration is |lowered. Therefore, an inpurity in
an fragmentation. Accordingly, the detection sensitivity of the mass

10 analyzer can be improved, and the combustion can be controlled with

higher precision.

In the chemical substance detection apparatus according to the
present invention, the energy applied to the detection object chemical
substance by the ionization unit is higher than the ionization potential

15 and equal 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. In addition, a vacuum ultraviolet

20 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

25 high concentration such that it exhibits a signal intensity higher than a



especi ally high concentration can be selectively renoved. An inpurity can
be selectively renoved and hence only small energy is required for 5 SWFT.
Thus, a power source apparatus can be reduced in size, and there is no
need to use an excessively high power soggce and this is advantageous from
an econom cal point of view In the chem cal substance detection apparatus
according to the present invention, the energy applied to an inpurity

havi ng a | ar gpecifie¢ sigaal mtehsity is irdrehaeed| had theevategegpanggigbdedor @nan
impurity having a smaller mass nunber. Further, the chem cal substance

detection apppuatym 896@ chmkriteatide iPlesertd.i NVeetefore, an smplirithat anwhen
the frequency spectrumof a SWFT waveformin which the voltage anplitude

is incr _easede%e&i'&ﬁgfﬁi AYKIHOEtFatfdREAR b SefRiiVEIY RémdYetnalad Implfityass
nunber is taken as an abscissa, the voltage anplitude per wunit nmass nunber

I's a subst a”{:éﬁ'ﬂé’s%lgﬁgﬂfeggéérﬁov%%rﬂ ﬁ%ﬁgg ﬁ&isﬁzﬁwbﬂ@‘ggﬁbq uiréd 38p! 1 ed

to an inpuri havi mass n renove 1t-and energy Irn a
required and i.sfactory range can be applied _to jan i.0g.. mass
nunber o, SandSTRTat nbh S ea sove s EfBrcgPBRatS Cehche PuReY UP R e s
that an excesgsively hi gh power source apparatus i s not requi re[g and hence
the cost for &g ISA¥HAFSALS Sk aPLXGRFH VI 9N RPWeSeHESH 88 18(H ance
detection apparatus according to the present invention, an inpurity is
removed usi ndd¥aRIAGEP UsalFebam e N ER| goldsohyeye! t age anplitude in the
frequency bands corresponding 59 to a plurality of detection object
cheni cal subst anceb thenchadicabsybstaacediatectiporapisretus eneardng teubst ances
are detected sinmultaneously by
present invention, the energy applied to an impurity having a larger
10  mass number is higher than the energy applied to an impurity having a
smaller mass number. Further, the chemical substance detection
apparatus 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
15 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
20 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.
In the chemical substance detection apparatus according to the

present invention, an impurity is removed using a SWIFT waveform

25 which gives no voltage amplitude in the frequency bands corresponding



the mass anal yzer. Thus, a plurality of detection object chem cal

subst ances are detected sinultaneously and therefore, a neasurenent 5 with
hi gh accuracy can be achi eved and the precision of the conbustion control
can be inproved. In the chem cal substange detection apparatus according to
the present invention, the chem cal substance detection apparatus further
I ncl udes an ionization unit that applies to the detection object chem cal
10 subst ancetceaqrlgyalitygiietetebtionarbjechchemical sudisstanceas. oin aldd it etdve on
obj ect chem cal substance and |ower than a sumof the ionization potential

and di ssoci agibmrtinesBjectichiepmigabbubbindeisestd ostadtp e dimuttaeously bybst ance
to ionize the detection object chem cal substance. |In the chem cal

substance defiRChiA% ARRREBE.USTAGSORMINEAIY JifetRLBSAMEbjéet LRYAAEAN, the
ionization unit 1n the chem cal substance detection apparatus applies to

the det ecti og, ObigeksClIRh GRlI YNNG RBIE PN ThaRforé " R iebARL | On

potential and éequal” to or smal an a va a sumo e 1onlzation

Chen cai- oot BrTaRadaiath s a0bmerdevs adRhAhHERoERSr R FGHRiRo,

than the ionizati gnﬁg&t@ent lal of the detection object chem cal substance
and | ower thSANKOLG {RErOM&6Ghi zati on potential and dissociation energy
of ions of the detection object chem cal substance is applied to the

det ecti on object chetheahemicalsuhsiance dajartiananparaties areardyppdeithe
chem cal substance. 25 Therefore, unnecessary fragnents are not generated,
and the det epreésantdoventipectha pbbaimiesl sulsiaanedatectien|amparatusifurdhed t o
remai n unbroken, nmaking it possible to inprove the detection sensitivity
of the mass includes an ionization unit that applies to the detection object chemicali
10  substance energy higher than an 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 to ionize the detection object chemical substance.
In the chemical substance detection apparatus according to the present
16 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 volts. in these
apparatuses for detecting a chemical substance according to the
20 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.

25 Therefore, unnecessary fragments are not generated, and the detection



anal yzer. By virtue of this effect as well as the above-nentioned action
and effect obtained by the chem cal substance detection 5 apparatus, the
detection sensitivity of the nmass analyzer is further inproved, enabling a
measurenent with high accuracy. In the cgegm cal substance detection nethod
according to the present invention, in ionization, energy higher than an
loni zation potential of a detection object chem cal substance and | ower
than a 10 suobjefct ichemical sabstamgeoteebéileft iaradlodvext bx ramiadm uabeckgnof | ons
of the detection object chem cal substance is applied to the detection

obj ect  chenizing WosdSE1BR tol MAPAIWY the HatestRd e ekhsivity etthecheisscal
subst ance can be 1onized wi thout being broken, and further, generation of

unnecessary 44aG78A! SEGANNE GO SacRla \ﬁéﬁ@seﬁ%egbb{?eirhénﬁénéém zat i on.

Accordi ngly, etec n object chemcal substance to be left can be

21 owed To TSI HOPLAKENoLBKLA® fqegeﬁéh%aﬁé JERESYtoblignaet ect i on

sensitivity O he mass ana chem c ance detection

met hod arc?cordl ng t.o tBEEi ﬁg stent |nv ntlo h a mentatll on of % etection
obj ect chem 2Rpanius,, Q gelian §8Ha bfye '5‘%‘1 X T B veformto
the detection object m cal substance ere ore even when an inpurity

is present iiMRIOvELy 'WQa‘ﬂd“%%?H“E—%’B%ﬂHW high ECYFASY- nunber of the

detection Obj ect chem cal substance, the effect of the inpurity can be
removed to achi evelmihesbamical subsfansaeiatection mpethad ﬁ@P?"dlaQrFBstheal | the
fragnents of the detection object chem cal 61 substance can be subjected

to mass anal pisentsovehiion imeictization oenergynkighieritbgnain ardkgdds in t he
mass anal yzi ng step can be inproved.
potential of a detection object chemical substance and lower than a
10  sum of the ionization potential and dissociation energy of ions of the
detection object chemical substance is applied to the detection object
chemical substance. Therefore, the detection object chemical
substance can be ionized without being broken, and further, generation
of unnecessary fragments can be considerably suppressed in the
15 ionization. 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.
In the chemicai substance detection method according to the
present invention, fragmentation of the detection object chemical
20 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.

25 Accordingly, almost all the fragments of the detection object chemical



In the chem cal substance detection nmethod according to the present

I nvention, an inpurity present in a predetermned ratio or nore 5 is

sel ectively renoved. Therefore, the energy needed for renoving the inmpurity
in a required and satisfactory amount isggmall, as conpared to the energy
needed for renoving all the inpurities. Only small energy 1is needed, and
hence a power source apparatus can be reduced in size and this is

advant ageoussfibsianze cawbensusiectedl td ndssvaralysi€) dothdtehehdetectionsubst ance
detection nethod according to the present invention, the voltage anplitude

of a SWFT vwayR§ik/Tyidf ﬁwalzgi%qnem‘éymg@srmpﬂmignge@cm bemptsidvedhavi ng a
signal intensity higher than a specific signal intensity is increased, and

the vol tage ampli ! jilfhe hefit4COUSHGHCEUABEABAHhBEIS aBBodTRYtblthel N @ | OW

concentration is 15 [owere erefore, an inpurity in an espécially high
concentratio : cLj r | r
renovi ng an B{ens;eﬂﬂi'ﬁgelﬁﬁbﬁ’ %g:/{vﬁ.'lc%"r'{ég;ﬁ?r}égg%ﬁpga[#égg%r]@é%gd&q%ég%%%l y
smal |l energy is reqgujred for regoving an inmpurity, an ere is.n ed to
doe | an SicabIIerhVRbLFTRONRS sdhecafbrRn i d R eryy nsdlitd BEIB G vilE BE S,
econom cal point of view |n the chenjcal substance det?ction nmet hod
accordi ng t olPYrityined dRAYI"RIAHI] SAtistartophamprigsiseall 3s SRMRAIES
having a larger mass nunber is higher than the energy applied to an
i npurity havﬁ\ﬁgeaermeeéedﬁasgemmw allthe: inepurities c UMY smalkepsi@nce
detection 25 nmethod according to the present invention is such that, when
the 62 freqisenegdspeand lrancie a pPWdTTsoarcef appaiatusitachbe feduoeddpesize
anplitude is increased as the frequency is smaller is converted so that
and this is advantageous from an economical point of view.
10 In the chemical substance detection method according to the
present invention, the voltage amplitude of a SWIFT waveform in a
frequency corresponding to an impurity having a signal intensity higher
than a specific signal intensity is increased, and the voltage amplitude
in a frequency corresponding to an impurity in a low concentration is
15 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
20 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

25 method according to the present invention is such that, when the



the mass nunber is taken as an abscissa, the voltage anplitude per nmass
nunber is a substantially fixed value. Therefore, satisfactory 5 energy is
applied to an inpurity having a | arger mass nunber to renove it and energy
in a required and satisfactory range cangbe applied to ions having smal
mass nunbers, and thus the use efficiency of the energy can be inproved,
so that an excessively high power source apparatus is not required and

hence the cofeqlency spezbnan aif us SYAIF DevavebprrednechichGhenvdltege hem cal
substance detection apparatus according to the present invention, an

impurity is a@pnvede isinteaseW! dsl tvaiRiqigicy\iBi shaler RScofveb agethat
anplitude in the frequency bands corresponding to a plurality of detection

obj ect cher ¢l msldaRBES is kikdidhs! ddpsklia, dRb SR ahiptitlae s cal

substances are detected sinmultaneously by e nmass "anal yzer.

L ol RSBy P LeGib GBRHLAG rixed PALRNC PP Alefo fE AR ctor

si mul t aneousl'y "a erefore, a r enen W' t [ acdcuracy cax be
achi eved .and_t he precisjon,of the conbust.i on ,control can be i roved. In
Bet iR Lehpve

the cheniPcal ®3THt SnERPIRY L ANIREENGRA KNG TGS BasRdIum
I nvention, a plurality of detection ‘3% ?C%ﬁ chem cal substances, dar e,
successi vel yit &N eRerdy Wbaregyires: and SatisFAGREY HRRe caN be dRrliedyta 00s on
obj ect chem cal substance having a smaller nmass nunber to those having
| arger one. Maépgrynall mass munbers andbihupihe vserfficteqncy efuths GREERY can be
detected and hence the sensitivity of mass analysis 25 is inproved,
enabl i ng a neas becineproveid, sohihgitem excessively Bigh powehsosihesiapplargtusisance
detection nethod according to the present invention, the chem cal substance
det ecti on memdiockcapred endahence the cost for the apparatus can be suppressed.
10 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. |n addition, the
detection object chemical substances are detected simultaneously by
15 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
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 targer cne. Therefore, all the detection object chemical

substances can be detected and hence the sensitivity of mass analysis

25 is improved, enabling a measurement with higher accuracy.



Tl CKLE wavef orm conprising frequencies corresponding to at |east two

| sot opes of the detection object chem cal substance to subject at least 5
two i sotopes of the detection object chem cal substance to fragnentation,
maki ng mass analysis. Thus, a plurality @B i sotopes are used in the nass
anal ysis and therefore, even when a dioxin or a precursor thereof is
present in an extrenely slight amount in the exhaust gas, the accuracy of
detecti on can be i hpthevedemifal subhstancealeteationubsthont acdetrdiogitortheet hod
according to the present invention, at |east two isotopes of fragnents

formed from phsserdaheshiion, the eaenitsind eisdtapubsdstectopmethidy appidstap mass
anal ysi s. hus, a plurality of isotopes of fragnents are used in the mass

anal ysi s ang¢ReESKAVEforfY 8BmBiRIng fﬂé@%ﬁbieé cdOriE o ERY tbharieakt two

present in 15 an extrenely slight anmount in the exhaust gas, the accuracy
of detectio LR ; : Elﬁ'@r?i‘i I : ' t hod
accordi ng toﬁPﬁgﬂe%rﬁéégﬁt&:{ﬁgé%é F%’h?étbe oreé?hseuﬁég%ﬁ?gggpl n gg%lgl%iah@?t he
chem cal - supst ange det i_on had, . . r i r i oni zati on
pot ent i aI5 20761 |stqc}8p83togfgt§n@0%et§g:}|§§togﬁggcgéphggﬂgg%%%ﬁ%gﬁt(@ | ower than a
sum of the jonizatign potential and dissociation enger of . ions of the
detection obPEEISRABAN AIAKNBITARE ENASIRp! (4% & PIHEaTib, Sk SenPBs Ase:
chemi cal substance to ionize the detection object chem cal substance. In

the cheni ca¥sediathaiBageralydn and hareiRies QyenigvieNthIpHB 25
I nvention, in the ionization step, energy higher than the ionization 64

potential andresyuapr thereofdspresent imaan £xirgroeloslightsamosit iméhe oni zat i on
potential and 4 electron volts is applied to the detection object chem cal
exhaust gas, the accuracy of detection can be improved.

10 In the chemical substance detection method according to the
present invention, at least two isotopes of fragments formed from the
detection object chemical substance are subjected to mass analysis.

Thus, a plurality of isotopes of fragments are used in the mass analysis
and therefore, even when a dioxin or a precursor thereof is present in

15  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 higher than an ionization potential

20 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

25 invention, in the ionization step, energy higher than the ionization



substance. Therefore, unnecessary fragnents are not generated, and the
detecti on object chem cal substance to be left is allowed to remain 5
unbroken, making it possible to inprove the detection sensitivity of nmass
analysis. By virtue of this effect as welgl4 as the above-nentioned action
and effect obtained by the chem cal substance detection nethod, the
detection sensitivity of the mass analyzer is further inproved, enabling a
measur ement potenttal @ndaequabty or shialleMDHETR Al lueBE BGABNLGfTtHeAo nizatidroned
above, the chem cal substance detection apparatus and the chem cal

subst ance depetdritii et hasleageard Itgist pplide teties elteclive nbjoct chiemiczf ul
for detecting, with high accuracy, a 15 dioxin or a precursor thereof

cont ai ned i ngghy@antes! e refdRUNInAdtdddary SrdipHaht0afe hbP@enersted, &addef use
incineration system and suitable for inproving the rate of detection of a

chemi cal _SubieAgEedifd PGk SHeRlical SuBLEIAUPELIB L lodie 6 9gRIR) | On

condi ti ons of a conbustl rnace, such as a heating turnace, can b
troll i he. ..20 ti f t . o I 1. A

chor cal SsubdRartkErdnak ol PhsS i o Mhdtyst 1 S8leRRRR, aeriistialy tini ¢

that t , i f I ic. field d tic field

o oo eRcaRRYebne 81 BRueibl SebkChd At BB ey o

an arbitrary vvaveformgenerati on unit that generates a SWFT vvaveforJn

havi ng a vol 2&ien ans etiagkoblained tyyiheneheavraleyrsiansg degection method,

the detection sensitivity of the mass analyzer is further improved,
enabling a measurement with high accuracy.
10
INDUSTRIAL APPLICABILITY
As mentioned above, the chemical substance detection
apparatus and the chemical substance detection method according to
the present invention are useful for detecting, with high accuracy, a
15 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

20 operation of the furnace.



an orbital resonance frequency of an inpurity present in a concentration
such that it exhibits a signal intensity higher than a predeterm ned 10
signal intensity, wherein the voltage anplitude is larger than a voltage
anplitude in a frequency band correspondiggg to an orbital resonance
frequency of the inpurity present in a concentration such that it exhibits
a signal intensity lower than a predeterm ned signal intensity; and a nass
anal yzer that applies the SWFT wavef oChAdkI*rated in 15 the arbitrary
wavef orm generation unit to the ion group trapped by the ion trapping unit

to renove the, i npuAi dhemibad subefanEndaetaticn apparadtus, chenmiwingcal subst ance
or a fragnent thereof. 2. A chem cal substance detection apparatus,

conprising: 20 an hANchtARpHiRG Wit thathRbps! 88ing A8Y B8 Bl aR e bfricifield
electric field and a magnetic field, an ion group conprising ions of a

chem cal su O | an: )t fmygeneration
unit that geﬁﬁggﬁq@iﬁ%{ﬁﬁ?ﬂ&r\e@%’ﬁ%%%ﬂm IQQ\}%ﬁ%?&‘?gﬁ% |I('§%ulde S
reduced a_f Cy. LS Jncr ed; and 66 a nmss anal yzer that
applies the %V\g’%%ﬁ%gv%’fmerﬂ ﬁg 'éﬁ%ﬁ% 'group trapped by the ion trapping
Subst ance or & fr a3 LY EaVSIay SeRSERGN LAY Lt Al A b
apparatus, conprising: an ion trapping unit that traps, using any one of an
electric fi ewavewrmgﬁméw@tag%amp EHAedR @Fr@aye@&mqréﬁ%ﬂgm@ﬁ@ % a
chem cal substance forned by ionization;, an arbitrary waveform generation
unit that geasrarbdsl sewace frequency of an impurity present in a concentration

such that it exhibits a signal intensity higher than a predetermined
10 signal intensity, wherein the voltage amplitude is larger than a voitage
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
15 the arbitrary waveform generation unit to the ion group trapped by the
ion trapping unit to remove the impurity, and then measures a mass of

the chemical substance or a fragment thereof.

2. A chemical substance detection apparatus, comprising:

20 an ion trapping unit that traps, using any one of an eiectric 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 is reduced as a frequency is

25 increased; and



10 waveformin which a voltage anplitude has a fixed distribution,

I rrespective of a 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 renove an inpuriggy, and then 15 nmeasures a nmass
of the chem cal substance or a fragnment thereof. 4. The chem cal substance
detecti on apparatus according to any one of clains 1 to 3, further
conprising an ioni aanass analyzemthat spyliesstheoSW I wihaeeieun tedbstiance
energy higher than an ionization potential of the 20 chem cal substance and
| ower than ageaup ofapipeel bpthedsharagrghgniniato ramd vei theoion @d rityn aedethgy of

i ons of the chem cal substance to ionize the chem cal substance. 5. The

chem cal subgicittRedef AfJOHF MRPBRSHIICalAONXEhBE droa Sleimenthetecpher ei n
the ionization unit applies to the chem cal substance energy 67 higher

than the ionization potential and equal to or smaller than a value of a
sum of the ionization potential and 4 electron volts. 6. A chem cal

subst ancg, detectio | Sl nd;..5: ' ppi .en of trapping,
usi ng an$5 on%‘ of aﬁ ({elfée'ﬁ&%i g%%g?%r}'(fslé Q%&eél&}ngahggf%{ugf E;Pﬁ?prggr{ﬁgbn gr oup
conprising ions of a.chem cal substance forned by ionization; an inpurity
renovi ng step of n@ﬁéﬂpﬁﬁﬂ)‘?ﬂnﬂi%@'F?’B@a}t‘irﬂﬂso'ﬂs’gﬁ a%ﬁﬁﬁ"ﬁ? a@cﬁ??%&ﬁe‘iﬁelpn t he
ion group and applying to_the ion group a 10 SWFT wavef or con;)rising a
frequency cofpdritAtaditicelgkh@amipnt 8roum cPRRIising ippesd @ chgmical
predetermned ratio or nore to renove the inpurity; and
substance formed by ionization;
an arbitrary waveform generation unit that generates a SWIFT
10  waveform in which a voltage amplitude has a fixed distribution,
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 to remove an impurity, and then

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

4. The chemical substance detection apparatus according to any
one of claims 1 to 3, further comprising an ionization unit that applies 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.

5. The chemical substance detection apparatus according to claim

25 4, wherein the ionization unit applies to the chemical substance energy



a nmass anal yzing step of neasuring a mass of the chem cal substance or a
fragment thereof. 15 7. A chem cal substance detection nethod, conprising:
an ion trapping step of trapping, using any one of an electric field and a
magnetic field, an ion group conprising ggns of a chem cal substance
formed by ionization; 20 an arbitrary waveform generation step of
generating a SWFT waveform having a voltage anplitude in a frequency

cor r espondi ngigher thandhbkiibaizatesppaeterdidiraagliequyl tf oasmatfarrthap avabent in
a concentration such that it exhibits a signal intensity higher than a
predet er m negf 3 YUBNIf thBtieABIdtoN PORIrRIN dnte4 \edbtrgn vomgl.i tude is |arger
than a voltage 25 anplitude in a frequency band corresponding to an orbital
resonance 68 frequency of the inpurity present in a concentration such
that it exhibits a signal intensity |ower than a predeterm ned signal

ntensity; agd a MRS ALY LLBYSIEPa8lo AR HdobheoiRIngavef or m

generated in'the ar rary waverorm generati on unit on group 5
trapped in the ion_trapping.step . to. . enmpve the.inmurit .[reasuri ng
2 rbe 0B 't he chenRdoh S cReRRriF AR e IEind Bl se of 3% RRRITCS
substance degection nethod,. conprising: an ion trapping step aof trapping,
usi ng any onfelgrand aamagnstic f(‘)‘;:’Llﬁl’1‘31""e'I° %‘P?d’pac?rﬁ'gﬁ’ﬁﬁfrﬁ% "?’P%Pg? gl?]erin group
conprising ions of a chem cal substance formed by ionization; an inpurity
renovi ng st epHR$tagggl PrmedabwigmTatielef ormin  which a voltage anplitude is
reduced as a frequency is increased to
an impurity removing step of measuring a distribution of an
impurity contained in the ion group and applying to the ion group a
10 SWIFT waveform comprising a frequency component corresponding to
an impurity present in a predetermined ratio or more toc remove the
impurity; and
a mass analyzing step of measuring a mass of the chemical

substance or a fragment thereof.

15
7. 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;
20 an arbitrary waveform generation step of generating 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 signatl intensity higher than a predetermined
signal intensity, wherein the voltage amplitude is larger than a voltage

25 amplitude in a frequency band corresponding to an orbitat resonance



renove an inpurity fromthe chem cal substance; and 15 a nmass anal yzi ng
step of neasuring a nmass of the chem cal substance or a fragnent thereof.
9. A chemi cal substance detection nethod, conprising: an ion trapping step
of trapping, using any one of an electrigg8 20 field and a magnetic field,
an ion group conprising ions of a chem cal substance fornmed by ionization;
an arbitrary waveform generation step of generating a SWFT waveformin
whi ch a vol t rgquenplidfutie ihgaurityfpreséntlirs arédnde mtnation suebpbat itvexhibita nmass
nunber of a nolecule to be removed by SWFT; 25 and 69 a mass anal yzi ng

step of appl gigignahigt&veitT Ioveyefimat preldeteiraihedl Sighal igtepettyatnghe ion
trapping step to renove an inpurity, and then neasures a nmass of the

chem cal substancegzQhads HdyRRY dtB8TE Y pplymglthe SVeIEMWeR/efSHRSt ance

detection nmethod, conprising: ah ion trapping step of trapping, using any
one of an el ' fi Fn@@ L e 1] ; ' 1. Si ng
ions of a pIgg{A%{{[?ddPE}hgh%%%ég su&ggﬁ%gseﬂegepﬁg dcmﬁcg'r“géln{?o@gasﬂé f or med
by ionizatiop,; t. of. applving t.o the ion grpup. a. SWFT ef orm whi ch
10 gives ho 18PPsddRRng pRREP I Gr BrarvEiRE Rafhutly A High
correspondi ng to nmass nunber s of plurali of chem cal su ances to
orove. an | nSARYTRR MEaPSRY thg RENCADA bAIANSSHGt A iEadmet dhareot
fragnentation step of fragnenting the chem cal substance in an order of
froma chem cal substance having a smaller nass nunber 15 to a chem cal

substance having a | arger nmass nunber;
8. 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 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
15 a mass analyzing step of measuring a mass of the chemical

substance or a fragment thereof.

9. A chemical substance detection method, comprising:
an ion trapping step of trapping, using any one of an electric
20 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
waveform in which a voltage amplitude has a fixed distribution,
irrespective of a mass number of a molecule to be removed by SWIFT;

25 and



a mass anal yzing step of neasuring masses of the chem cal substances or
the fragnents thereof. 11. A chem cal substance detection nethod,
conprising: 20 an ion trapping step of trapping, using any one of an
electric field and a magnetic field, anggon group conprising ions of a
plurality of chem cal substances having different nasses formed by

i oni zation; a step of applying to the ion group a SWFT wavef orm whi ch

gi ves no vol t age aaphassid@alyringEtapalfidpplging theg 8dVYT bavesoth to the
corresponding to mass nunbers of a plurality of chem cal substances to 70

renove an i gitduprriappedegivibegidrmeappitg eflp tbsinaveesn irapdridy, and
fragnentation step of applying energy to at |east two isotopes of the

chem cal subfieiffadiite SRARTRSE oftht SHERIVAVAILYtAhcE U Kigite it GRAHEBEY
conponents corresponding to the two isotopes to 5 fragnentfate the two

| sotopes; and a mass anal yzing step of neasuring masses of the chem cal
subst ances or the fragnents thereof. 12. The chem cal substance detection

nmet hod agcorging t ny.on Q.of clajng.6 to wher ei he nass
anal yzi nécstg?)' i ncﬁ&%%ﬁ?ﬁf%’?@c%fjeigﬁn Pl/%ﬁ%rgnsﬁ?flﬁ%ﬁg | sot opes of
fragments formed fromt Qe chemi cal substance. .13. The cheni cal substance
detection method a@RdPRIRPRIBISHGPAdrarRiNg Using REYeOne o1 2N elgetie,
conprising an ionization step of applying, before executing the ionization
trap step, tieldnand emagietisiiivldaffeione@IUp cOMPIiSing hams & 4 Bivraktyi oh
potential of the chem cal substance and |lower than a sum of the ionization
pot enti al ancheiniaciwstancesdaying different masses formed by ionization;
a step of applying to the ion group a SWIFT waveform which
10 gives no voltage ampiitude in a plurality of frequency bands
corresponding to mass numbers of a plurality of chemical substances to
remove an impurity while leaving the chemical substances; and
a fragmentation step of fragmenting the chemical substance in
an order of from a chemical substance having a smaller mass number
15 to a chemical substance having a larger mass number;

a mass analyzing step of measuring masses of the chemical

substances or the fragments thereof.

11. A chemical substance detection method, comprising:

20 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

25 corresponding to mass numbers of a plurality of chemical substances to



of 1ons of the chem cal substance to ionize the chem cal substance. 20 14.
The chem cal substance detection nethod according to claim 13, wherein the
ionization step includes applying to the chenmi cal substance energy higher
than the ionization potential and equal t/®@ or smaller than a value of a
sum of the ionization potential and 4 electron volts.

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 corresponding to the two isotopes to
5 fragmentate the two isotopes; and
a mass analyzing step of measuring masses of the chemical

substances or the fragments thereof.

12. The chemical substance detection method according to any one
10  of claims 6 to 11, wherein the mass analyzing step includes measuring
at least two members among isotopes of fragments formed from the

chemical substance.

13. The chemical substance detection method according to any one
15 of claims 6 to 11, 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
and lower than a sum of the ionization potential and dissociation energy
of ions of the chemical substance to ionize the chemical substance.
20
14, The chemical substance detection method according to claim 13,
wherein the ionization step includes applying 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.



