;1012e3e] VW[ Vr]6] T]c2 L JAN 2003 irw-ar~~~ METHOD AND APPARATUS FOR
LASit ANALYSI S OF DI OXI NS BACKGROUND OF THE | NVENTION 1. Field o 2t JAN 2003
| nvéMti of*This invention relates to a nethod and an apparatus for |aser

anal ysi s of di gui ed to anal yze di oxins, which are contained in a
gas such as anM‘“M\“mﬂmm\Tor wat er such as waste water, in real time. Mre
specifically, e tnvention relates to a dioxins analyzer for directly

anal yzi ng di oxi ns %N exhaust gas, which is discharged from an
incinerator, a thermal deconposition furnace, or a nelting furnace, such as
a muni ci pal SOMETHORAND iARPARMTAISOFOR abA $ BRI UL IYRIr sSwast pToReRser ator, or a
sludge incinerator, in real tine wwthout a tine delay; a conbustion control
system for controlling conbustion in the furnace based on the results of
anal ysis by the anal yzer; i oxi ns anal ysi s nethod and a di oxi ns

anal yzer for neasuring thggggﬁg%&ﬂq & EHEOFNéEWé%Ndous’substance such as
an or ganohal ogen conpound in seepage water froma dunping site or

i ndustrial waste water, and a waste water treatnent system using the

anal ysis method or anal yzer pi214Dgscthft#,Q0,Qf;he Related Art Dioxin has
high toxicity in a tiny anmount, and developnment of a high sensitivity
nethod for its anal y¥iis ivvdiasidretelatussto bh13RR] Ac@bhUpHratulsaser

anal ysis nere~~wWW 2 2 JAN 2003 net hod capabl e of high sensitivity

anal ysi s hasfoeéasewriadysis.of dioetest aylepred too phapesaldiadnlgeen nade

t hat a conbi nati on of supersonjc jet spectroscopy and resonance enhanced
mul ti phot on YifilzaF¢ GANEaANAE dduRgahauatpastamerhauat wraser st t ut ed
conmpounds i I t 0_di oxi,ns Wi ckhardt, R , Zi nmermann, U. Bosel
E.W Schi a\é@%’ra}'pigg “%o%%n%ﬂégﬁés&nsﬁéﬁc{rt fie. 7 Mopsgepggaficalbiedbf, the above
proposal - congigidit ianRESEed Ofo ANAUNZING AndSsc WS .88k, 2 gas sampl e
as a jet in a vacuumand cools it I nstantaneo s?y 0 a errpelyature close to
absol ute zeranyigizihg dbexbby isi mpl bkiawek ida%, SPREEAUM di&rdgleation limt
of this nmethod for dioxin and its derivatives (hereinafterreferred to

as" di oxi ns")fran apoimcigpiyatod & theradidgicomposntenbhatwaindf, be sanple is
necessary for the actual analysis of dioxin. As noted fromthis, the nethod
takes a gredt Rfd&ingr fRFRRCANSWIH @t af Banieirel joMlid waste

incinerator, an industrial waste incinerator, or a sludge
incinerator, in real time without a time delay; a combustion
control system for controlling combustion in the furnace
based on the results of analysis by the analyzer; and a
dioxins analysis method and a dioxins analyzer for
measuring the concentration of a hazardous substance such
as an organohalogen compound in seepage water from a dumping
site or industrial waste water, and a waste water treatment
system using the analysis method or analyzer. |

2. | Description of the Related Art

Dioxin has high toxicity in a tiny amount, and
development of a high sensitivity method for its analysis

is desired. ‘Thus, the application of a laser analysis

| VAV
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The conventional manual analysis takes 1 to 2 nonths until the results_of
analysis are obtained. Thus, it is difficult to neasure di oxi g g]aM‘erﬁQaad
in e i Aicinerator daily, and control conbustion, as necessary, to perform
an operation always fulfilling the proper regulatory val ue. Furthernore,

t he above-nentioned nethod for analysis of dioxins uses |laser light of a

pul se width ofetiiey @E\HQBleofr‘l@f@é%@HQQ\?i&il% %ﬁéf?gfg}]ag%eeﬁgbgféé%e

i oni zation. As the nunber of the chlorine ncr eases, JAN 2003
i ntersystem coassi M@ irBtend yehpspta PEPRIBAQCEBHESHEES atis®e ofhar $0-cal | ed
heavy atom effect, shortening the life of excitation. Consequently, no ion
signal s are obempimakion wét Rodefoen Hetiedt spgcsaoptep ymeEinec wkespambe ch
conprises irradjating sanple nolecules with laser light to ionize them

sel ectively, ®RRBapFHBYLELIPREECT 4PRAEaE1IonSamerReN PatRAtsIRMIGacafi on No.
222181/ 1996) . en. the sanple | ecul esgre sel ectjvelyionized, | yt he

t ar get ed samFﬁ%ﬁh“%S“gSggk?%ng Cé’ﬁlgoflﬂgséﬁﬁpé‘n}?e %%8 2ol 8$oxi ns in

t he exhaust gggig@&gghhbqhaqghMéggahg,r@gIBéééqq_éW%[egggﬁagnapgéggond | aser
light with a satisfactory detection sensitivity is used in“Seletctive

i oni zation. | Qokbis, &S Jpaven, NealegineeoRnal ysis of dioxins is

i npossible, as stated earlier. According to the proposed nethod, only one
particul ar i sonmer canHbeevneashedabdVe propasal icuncariner a sudidtcantes,

wavel engt h scanning i's necessary. |In making neasurenments while scanning
wavel engt hs, &BRUSEREAA 965 v AP FRgE RGeS engelissapele a2 ddevadd for each
nmeasur enent. The adjustnent%takes so much tine that honol ogues_of dioxins

in the exhaus?2gGRem @HhGPO 1R HniPSARFaNPuSAY §9 fetenRe%R iRy LSt he
proposal , noreqv ectl [Qn zat. LT Lt inthe failure to show
detection peaEg,&lgs%Oltﬁ'ﬁ'ee \%v%%éie%dnlg \gg%?gbsyon ?ﬁggyégég% gﬁfgéﬁ‘é&“érs (pm.
Thus, constanttheos&esdt Qh afiniavIfeRELE hStNES R Moxlin dabe¢tsng di oxins
at a location adjacent to the incinerator in actual operation, extensive
danpi ng neansidsnéededfes fhevehhafigervrbfatrahso a3 “dib:2nkAN 2d@Bothe

resul ting nol ecular ions for dioxins, and wherein: the honol ogues of the

di oxi ns i n t hePRenddt? ort Qs Higd tdicpreentyr ankdry afd ththisemad peés el i mi nat es

t he burden of neasuring t concentrati.on, of .al ternative to _dioxins,
bhen ne 00, ChRACERER Y dor i 2REBRL rE a8 it bor A ACr e Eh R eyt he

concentrati ongf st r@]@}nte@fmﬁatﬁéllﬁ%sagd?Eéﬁ &R0 eHE [atdon 8fe§éo§2§r B3¢, y

Honol ogues of dioxins in the conbustion gas can beé analyze

Unl i ke sel ectigeeekbonbgati on, tiresone adjustnent of wavel ength is
unnecessary, and sinple analysis permts high sensitivity analysis of
di oxi ns. : The conventional manual analysis takes 1 to 2

months until the results of analysis are obtained. Thus,
it is difficult to measure dioxins generated in the
incinerator daily, and control combustion, as necessary,
to perform an operation always fulfilling the proper
regulatory value.

Furthermore, the above-mentioned method for
analysis of dioxins uses laser light of a pulse width of
the order of nanoseconds (107° second) for selective

ionization. As the number of the chlorine atoms increases,



The |l aser light of the broad spectral width may be | aser |light of a pul se
wi dth shorter than a life in an electron excited state of nol Qc@léANtZﬂﬂBe
meadBred* According to this constitution, honol ogues of dioxins can be
anal yzed si nmul taneously. The |l aser light may be fentosecond | aser |ight of
2 to 500 fentoseconds. According to this constitution, honol ogues of

di oxi ns -can be, Lol taneously. The wavel ength of the | aser |ight
may be a fi xedla/gglé%i%g?"ﬁ C:I%S%lpgn]dét%ﬁ SBtP1e- $86HM OHAELST BRAGUED thi s

constitution, Benplagues el dea¥ins: %&%&gaggﬁgﬁﬁ'@gﬁgggg' Yg The

ej ection nmeans may have the pul se valve for ¢j gas in a

direction coaxeatimatiorm 8Conzeduen?@lN z2a0s3 fdryisigndi 5esté oph &L e | ONS,
and the laser light may be applied froma direction perpendicular to the

jet ejected fromthe pblBethed ior Aetecding temphe snalonsilidsyt whdchal | t he
lons ionized fromdjoxins in the ejected sanpled gas can be detected with

an ion detect oF?m?ﬁbs%iflrédé)f‘tf‘h‘éjsé‘}“@é?i1%911&?&?61@§ wiyh Besarsliightnbez| e.

According to tgbﬁlgé)nts&ér& usteil%nc’titvgﬁy?j Sgéegr &)Ssed (see Japanese
Unexamined Patent Publication No. 222181/1996}) . When the
sample molecules are selectively ionized, only the targeted
sample can be detected, and the current homologues of
dioxins in the exhaust gas cannot be analyzed in real time.
Moreover, nanosecond laser light with a satisfactory
detection sensitivity is used in selective ionization. 1In
this case, however, real-time analysis of dioxins is
impossible, as stated earlier. According to the proposed
method, only one particular isomer can be measured. When
measuring other substances, wavelength scanning is
necessary. In making measurements while scanning
wavelengths, adjustment for varying wavelengths needs to
be made for each measurement. The adjustment takes so much
time that homologues of dioxins in the exhaust gas cannot
be analyzed in real time. According to the probosal,
moreover, selective ionization may result in the failure
to show detection peaks, if the wavelength varies only by.
several picometers (pm). Thus, constant correction of
wavelength is necessary. In detecting dioxins at a
location adjacent to the incinerator in actual operation,

extensive damping means is needed for preventing vibrations,



can be shaped in a rectangular form and a further increase iadéma zﬂ@ﬁ'
detection sensitivity can be achieved. The sanpling means may a s [ing
pipzlequrpped with a filter for renoving ash in the exhaust gas. According
to this constitution, clogging in the sanpling pipe can be prevented. The
sanpling nmeans may include backwashing means . According _
tothisconstitution, if clogging occurs, the clogged sanpling pipe can be

i medi at el y washedpe aeno eqralty ©If s diil 6 x Do$ 1§tfﬁﬂéﬂ¥u@@egAaEr@Q&hend of the
sanpling nmeans may be provided in at |east one location inside the

i nci nerator, tW%eYPERNUdLGRFESICEion-furnace or nelting furnace, or inside an

exhaust gas flue. Accoyding ta this constitution, the site of analysis of
di oxi ns can be set as tfs:sr?agse(f‘.ciS’f’n SeRNRIBPOFEA gt afddsadgethronet er may be

a reflectron t<¥8§cé§?§§aﬁ%‘?\%£%@%&%s b9y measuring the concentration of

CO, and control combustion in an incinerator or the like
based on the estimatés. When the CO concentration is as
high as 100 ppm, there confirms to be a correlation between
the CO concentration and the dioxins concentration. As
shownjxxFIG.14,however,tu)correlationholdsbetweenthe
dioxins cqncentration and the CO concentration in a region
in which the CO concentration is as low as 50 ppm or less.
Thus, measurement of the CO concentration alone is not
sufficient for effective control of combustion which can
prevent the occurrence of dioxins. Recent years have seen
the establishment of combustion control at low CO
concentrations. Consequently, there is.a demand for
reliable prevention of dioxins occurrence by direct
instantaneous measurement of dioxins.

Decomposition pfoducts of dioxins, such as
chlorobenzene (CB) and dichlorobenzene (DCB), have been
considéred to be correlated to dioxins in terms of
concentration. The measurement of these decomposition
-products or dioxins precursors is not direct measurement
of dioxins, and cannot lead to strict evaluation of the
state in the incinerator. Thus, real-time analysis of the
exhaust gas is demanded, and the utilization of the results

of analysis for combustion control is desired. In detail,

e e



2 2 J AN 2003 This constitution inproves the sensitivity of anal s'ig

Anot her aspect of the invention is a dioxins analysis nethod, 2 Qﬂgi
mul th.phot on ioni zing dioxins in an exhaust gas or waste water with the use
of laser light, the exhaust gas being discharged froman incinerator, a

t hermal deconposition furnace, or a nelting furnace; and anal yzi ng

honol ogues of the dioxins sinmultaneously. According to this aspect,

honol ogues of i§ilpd hserdmpos sahak yredval wat¢ ahebhsk yecHeaskasiar theght of a
broad spectral, w dt nt osecond | aser light of 2 to 500

| dth y be f d |g
fentoseconds.dﬁ58ﬂpa?ﬂgwagfﬂ§§056ﬁ§%?%%%PBﬁWeHB Bl1adghRe OSCUGEBRFRSs can be

anal yzed si nul ta . r f, the jnvention is.a first
conbusti on coh?rgﬁgg§é¥éﬁ#?%k%ﬁlFn@?gg%a %f ?Brt% aF§Q$ o3 E6RBuRti bl e

material intoqJaBxinsi RES A&dn ek, dSEoRPOsH td ik iy nage, or a melting
furnace, maintaining an amount of heat generated by conbustion at a
constant | evelbccandisgppressi ng occurrence of a hazardous gas containi ng
di oxi ns, conpri sing:

In measuring a substance whose concentration
correlates to the concentration of dioxins, one particular
substance is measured in selective ionization, as described
previously. If dioxins cannot be detected, despite their
actual occurrence, because of other factors, such as
displacement of the optical axis of laser light and clogging
of sampling piping, the concentration of dioxins cannot be
measured properly. To dissolve this drawback, it is
necessary to provide two measuring devices and conduct
analysis while monitoring the data obtained. 1In this case,
an extensive analyzer is required.

Conventionally, soil water, such as seepage water
from a dumping site or industrial waste water, is placed
hmanadjustmenttank,whereitsamountaﬁd;ﬂiareadjusted.
Then, the adjusted soil water is rid of organic matter and
nitrogen components in a bioremediation tank, and
coagulated with the addition of a coagulant in a
coagulation-sedimentation tank to Separate heavy metals
and suspended solids (SS). Then, the supernatant is
subjected to accelerated oxidation to decompose

difficultly decomposable organic substances contained

therein, including dioxins. Then, the oxidized liquid is



the aforementioned dioxins anal yzer capable of instantaneously n@a3WANP(03
the dioxins in an exhaust gas fromthe incinerator, thernmal deconposition
fur Mce, *or mel ting furnace; and 10 z ? JAN 2003 conbustion air control
means, whereby a concentration of the dioxins is detected without a tine
del ay, and an anpbunt of conbustion air is varied according to the
concentration of the dioxins detected. According to this aspect, conbustion
preventing thepaeord rdneegbf adiserdnfi Liare thissrpardwermadd bn abeiwormdaust i on
control system the conbustion air control nmeans may control an anount of
air and a conceMERe i AP BPLIRPGERVRF . ord drhepptdi sehapeprary temiad ion air

and secondary gerRust hon 8Lr.. Peeor ding A MR SINSLI YT G, GaTRUStion

dioxins, the difficultly decomposable organic substances,
is a method which comprises adding hydrogen peroxide to
water containing organochlorine compounds, and applying
ultraviolet radiation to decompose the compounds. A
method for decomposing dioxins by introducing ozone instead
of irradiation with ultraviolet radiation has also been
proposed.

According to the conventional methods, analysis
of dioxins has been carried out, with concentration from
waste water being repeated with the use of an organic
solvent. Usually, a long time of more than 70 hours has
been taken, making rapid measurement difficult. To
decrease the dioxins concentration in the waste water,
application of ultraviolet rays or injection of much ozone,
as described above, has been performed. Measurement
respopsive to the concentration of dioxins in waste water
is still difficult, and decomposition of the dioxins in the
presence of an excess of ultraviélet radiation br ozone is
common practice. Thus, a demand is made for decomposition
adapted for the concentration of hazardous substances in

waste water, including dioxins.

SUMMARY OF THE INVENTION



wi t hout the occurrence of dioxins according to the status of corg)gsﬂANnZ[Iﬂan
be performed. Another aspect of the invention is a second conbustion
cont®qol systemin an incinerator for charging a conbustible material into
an incinerator, a thermal deconposition furnace, or a nelting furnace,

mai nt ai ni ng an anmount of heat generated by conbustion at a constant |evel,
and suppressi ng occurrence of a hazardous gas containi ng di oxins,
conprising: the above Thoxirsscanaliyzentiapabhie wfen rsicantanebed| yn measuri ng
the dioxins in an exhaust gas fromthe incinerator, thernmal deconposition
furnace, or meli¥gy Flirtiec &orgaeinagspreldl ¢restviidly téfoear L®Ens for renoving

dust in the exhaust gas, 11 2 JAN 2003 whereby a caoncentrati pn of the
di oxins is detEgt Frfout gh?i%té)%:eq &F, CHRdMARE Whtlsogosw%gll % an

adsorbent for adaublaiahendhorl pecls HAriedopospring, (8 bswin

concentration of e dioxins _ ccordarng I's aspect, The
adsorbent can Hg; SP'A¥CHaRE FEAUYIRL aARTySEH JFeaCoRI S d A alifedNin

appropriate _

a gas such as an exhaust gas or water such as waste water.

An aspect of the present invention is a dioxins
analyzer for applying laser light to a gas or solution
containingdioxinstop@rformlasernmltiphotohionization
of the dioxins, and then measuring the ionized dioxins.

Thus, the analysis of dioxins can be conducted in
real time.

Another aspect of the invention is a dioxins
analyzer, comprising:

sampling means for directly sampling a combustion
gas containing dioxins in an exhaust gas discharged from
an incinerator, a thermal decomposition furnace, or a
melting furnace;

ejection means for ejecting the sampled gas
containing the dioxins into a vacuum chamber with the use
of a nozzle having a pulse valve for forming a supersonic
jet;

laser applicator means for applying laser light
of a broad spectral width into the ejected supersonic jet
to form molecular ions of homologues of the dioxins during

a resonance enhanced ionization process; and

a time-of-flight mass spectrometer for analyzing



spray anmount. Another aspect of the invention is a third conbustgqgﬁﬂﬂp%h&h
systemin an incinerator for charging a conbustible material int

i nci®erator, a thermal deconposition furnace, or a nelting furnace,

mai nt ai ni ng an anount of heat generated by conbustion at a constant |evel,
and suppressing occurrence of a hazardous gas containing dioxins, '
conprising: the above dioxins anal yzer capabl e of instantaneously neasuring
t he di oxins i nclen weArshggas lkeabat htonddredabainst hanaakhéeeciaigposi ti on
furnace, or nelting furnace; conbustion air control neans; and dust

col | ecti on/renoval nea#hﬁfhﬂmQLﬂﬂ@@ﬁngfdGEQ dirpxtins eﬂhabgtCQEQUSRMﬂgreby a
concentration of the dj.oxing is d tec ed without a tine delay, an anount of
conmbustion air93% i e&éiaraﬁﬁ y?% the concentration of the dioxins

det ect ed and an armunfh Ja%@@@y eqf %ﬂa@g§% %ebrﬁdfi Il o%dréecﬁe%rlgugdtme di oxi nS

is vari ed according to th ncentration of the dioxins ect

J AN 2003 Accogshdsh @ tilinSo ASREST te At 4o aG8RDHS! I QRPEERNtd Y the
occurrence of dioxins can be performed, and al so the adsorbent can be

sprayed as reqamnd kg imndheadi dda nzsobised loadt e carrappt 0h iRitee@Ar e anount .
concentration of the alternative and the concentration of
dioxins. Homologues of dioxins in the combustion gas can
be analyzed directly. Unlike selective ionization,
tiresome adjustment of wavelength is unnecessary, and
simple analysis permits high sensitivity analysis of
dioxiné. |

The laser light of the broad spectral width may
be laser light of a pulse width shorter than a life in an
electron excited state of molecules to be measured.

According to this constitution, homologues of
dioxins can be analyzed simultaneously.

The laser light may be femtosecond laser light of
2 to 500 femtoseconds.

According to this constitution, homologues of
dioxins can be analyzed simultaneously.

The wavelength of the laser light may be a fixed
wavelength in a range of 240 to 350 nm.

According to this constitution, homologues of
dioxins can be ahalyzed simultaneously.

The ejection means may have the pulse valve for

ejecting the sampled gas in a direction coaxial with a



Anot her aspect of the invention is a fourth combustion control syt SN 2003n
i ncinerator for charging a conbustible material into an incinerator, a

t he™mal deconposition furnace, or a melting furnace, maintaining an anount
of heat generated by conmbustion at a constant |evel, and suppressing
occurrence of a hazardous gas contai ning di oxins, conprising: the above

di oxi ns anal yzer capabl e of instantaneously neasuring the dioxins in an

exhaust gas frﬂrpiwe,_eﬁwg&@%@t&f tHNGbAB! AeeqRoshkken) iyRaes, wor nelting

furnace; and a stabilizing burner, whereby a concéntration of the dioxins

i s detected wdgpuedartbmta delraytianharpuppenl hfdcgahd et ediddtea t he

exhaust gas according to the concentration of the dioxins detected to burn

' the dioxins infndre téehaudseguslvéccording to this aspect, discharge of
dioxins to the atnosphere can be suppressed. Another aspect of the
invention is a fifth dﬁﬁ%ﬁ§?@6nt€oﬁg%%lC%ﬁ%&k&ﬂqlﬁnana#ﬁth@rh@%ﬁ for
charging a conpusti bl into gn incinerator, a. thernal

- al ,
deconposi ti on ¥YUH{A e%rgﬁt Ehgﬁ??nbnf $&IECREI REAPIFAIAN EHORS of heat

generated by cuiistdO%idh anc995t@te . 2 2 J ~N 2003 | evel, and
suppressi ng occurrence of a hazardous gas

The nozzle of the ejection means may be a slit
nozzle.

According to this constitution, the ejected gas
| can be shaped in a rectangular form, and a further increase

in the detection sensitivity can be achieved.
The sampling means may be a sampling pipe equipped
with a filter for removing ash in the exhaust gas.
‘ According to this constitution, clogging in the
sampling pipe can be prevented.

The sampling means may include backwashing means.

According to this constitution, if clogging occurs,
the clogged sampling pipe can be immediately washed, and
analysis is not interrupted.

A front end of the sampling means may be provided
in at least one location inside the incinerator, thermal
decomposition furnace or melting furnace, or inside an
exhaust gas flue.

According to this constitution, the site of
analysis of dioxins can be set as desired.

The time-of-flight mass spectrometer may be a

reflectron type mass spectrometer.



cont ai ni ng di oxi ns, conprising: the above dioxins anal yzer capabl e of

i nst ant aneously neasuring the dioxins in an exhaust gas fromthe

i nci*nerator, thermal deconposition furnace, or melting furnace; go%b%kll?tgrqs
air control neans; and a stabilizing burner, whereby a concentration of the
dioxins is detected without a tine delay, an anount of conbustion air is
varied according to the concentration of the dioxins detected, and a
supporting gas is fed into the exhaust gas according to the concentration
of the dioxins detected to burn the di,oxins in ust..gas.. Accordi ng

t hy h h
to this aspect, effigpéﬁtcﬁ%ﬁ%h%?ﬁ%ﬁP|ﬁW9§§HFFn§£?ﬁ%g%%€kﬁ$%a c&%of di oxi ns

can be perfogﬂgﬂ' d di scharge of dioxins to the atnosphere can be

suppressed even i'f résynthesis of dioxins in the flue takes place. The

di oxins anal ysis net had-RBY £9Pp8EE S8 HPlivivedtiaseis|a gitodihsa surface of
a solution to be neasured to performlaser nultiphoton ionization of

di oxi ns on t lmalykfiaceetand, dedngrmisiingg a concentration of the dioxins in
the solution to be neasured. In the dioxins analysis nethod, the | aser
| i ght multiphoton ionizing dioxins in an exhaust gas or
waste water with the use of laser light, the exhaust gas
being discharged from an incinerator, a thermal
decomposition furnace, or a melting furnace; and
" analyzing homologues of the dioxins
simultaneously.
According to this aspect, homologues of dioxins
can be analyzed simultaneously.
The laser light of a broad spectral width may be
femtosecond laser light of 2 to 500 femtoseconds.
According to this constitution, homologues of
dioxins can be analyzed simultaneously.
Another aspect of the invention is a first
combustion control system in an incinerator for charging
a combustible mate:ial into an incinerator, a thermal
decomposition furnace, or a melting furnace, maintaining
an amount of heat generated by combustion at a constant
level, and suppressing occurrence of a hazardous gas
containing dioxins, comprising:
the aforementioned dioxins analyzer capable of
instantaneously measuring the dioxins in an exhaust gas

from the incinerator, thermal decomposition furnace, or

melting furnace; and

10



may be nanosecond | aser light or fentosecond laser light. In the diéﬁi?sa
t a

anal ysis nmethod, the laser light 19 2 2 J AN 2003 may be |l asé 21
wavet ength of 300 nmor | ess. The aforenenti oned di oxins anal yzer nmay
conprise: a |aser device for applying laser light to a surface of a
solution, which is to be neasured, in a reservoir; a counter electrode

provi ded opposite the surface of the solution, which is to be neasured, in

the reservoir; a high yvgl OueL. e, for applying a high voltage
bet ween the counter eIecE%o ecgh thgggég%%v ?%?é%and a processor for

anplifying and processiigay 8lRRlcehe rabi bR ShatabxoRtaiNgdeedted e

di oxi ns anal yzer, an incidence angle of the laser light applied to the

surface of thewsdhatti entimebde heens wred amaymbent 5o fle@eestdbnl 858.1is
varied according to the concentration of the dioxins
detected.

According to this aspect, combustion preventing
the occurrence of dioxins can be performed.

In the combustion control system, the combustion
air control means may control an amount of air and a
concentration of oxygen of one or both of primary combustion
air and secondary combustion air.

According to this constitution, combustion
without the occurrence of dioxins according to the status
of combustion‘can be performed.

Another aspect of the invention is a second
combustion control system in an incinerator for charging
a combustible material into an incinerator, a thermal
decomposition furnace, or a melting furnace, maintaining
an amount of heat generated by combustion at a constant
level, and suppressing occurrence of a hazardous gas
containing dioxins, comprising:

the above dioxins analyzer capable of
instantaneously measuring the dioxins in an exhaust gas
from the incinerator, thermal decomposition furnace, or
melting furnace; and

dust collection/removal means for removing dust

in the exhaust gas,

11



In the dioxins analyzer, the laser |ight nmay be nanosecond | aser |ight or
fentosecond laser light. In the dioxins analyzer, the wavel engt 2n2>f%N1ezrqgg
| asér light may be a fixed wavel ength in a range of 240 to 300 not
aspect of the invention is a waste water treatnment system for deconposing
difficultly deconposabl e substances in waste water, including: the dioxins
anal yzer of the invention capable of neasuring a concentration of dioxins

in the waste water, aaﬂeg@g§QJ@énégﬁ%éggﬁﬁygfQ%%§Q¥%éJ&£g?%E Xi 03 4i s

detected without a tinme delay, and th oxI ns ste water 15 = (

2 2 ,~ AN 2d0%iaheudecoimpeseday) drieaprLeRMEeo OEphY Iraxyh Jadireahs
according to the detected concentration of the dioxins. BRI EF DESCRI PTI ON

OF THE DRAW N&Sr adsorbing the dioxins is varied according to the
concentration of the dioxins detected.

According to this aspect, the adsorbent can be
sprayed as required, and can be controlled to an appropriate
spray amount.

Another aspect of the invention is a third
combustion control system in an incinerator for charging
a combustible material into an incinerator, a thermal
decomposition furnace, or a melting furnace, maintaining
an amount of heat generated by combustion at a constant
level, and suppressing occurrence of a hazardous gas
containing dioxins, comprisiﬁg:

the above dioxins analyzer capable of
instantaneously measuring the dioxins in an exhaust gas
from the incinerator, thermal decomposition furnace, or
melting furnace;

| combustion air control means; and

dust collection/removal means for removing dust
in the exhaust gas,

- whereby a concentration of the dioxins is detected
without a time delay, an amount of combustion air is varied

- according to the concentration of the dioxins detected, and
an amount of spray of an adsorbent for adsorbing the dioxins

is varied according to the concentration of the dioxins

detected.
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The present invention will becone nore fully understoodfromthe detailed
description given hereinbel ow and the acconpanyi ng draw ngs whi ch gé&qghﬁéen
by way of illustration only, and thus are not limtative of the2r2r

i nvention, and wherein: FIG 1 is a schematic view of a dioxins analyzer
according to an enbodinent of the present invention; FIGS. 2(A) and 2(B)
are concept views showing flying directions of ions; FIG 3 is a schematic
vi ew showi ng an ion cl gwkafdidigoxbnshibyaigedty, & daicaeher cob&tfd S a
schematic view of ejection neans equi pped with a slit nozzle; FIGS. 5 (A
and 5 (B) axe WEWEUHOG Hoe Orsurssnre o foflianahy sias oé parformed, and

t ol uene- nonochl e mxtyre wth the use of pulsed laser |ight (A) of
a pul se width o%%%%%%sggﬁ%rb?ﬂ%s G B etPaYgIt apByedtizedupsd ednibe of 15

ns, respectivelysntild3Sedd t6A) a§1151p re views showi ng the spectral
widths of pulsed |aser Iight (A o?o%%au%ses%iaéﬁ A™8¥"500 fs and pul sed

laser light (B) of a pulmehairdbBpekt 155 Nehe MERREGLIEELY: 2 1ourth
combustion control system in an incinerator for charging
a combustible material into an incinerator, a thermal
decomposition furnace, or a melting furnace, maintaining
an amount of heat generated by combustion at a constant
level, and suppressing occurrence of a hazardous gas
containing dioxins, comprising:

the above dioxins analyzer capable of

instantaneously measuring the dioxins in an exhaust gas

from the incinerator, thermal decomposition furnace, or

melting furnace; and

a stabilizing burner,

whereby a concentration of the d.ioxins is detected
without a time delay, and a supporting gas is fed into the
exhaust gas according to the concentration of the dioxins
detected to burn the dioxins in the exhaust gas.

According to this aspect, discharge of dioxins to

the atmosphere can be suppressed.

- Another aspect of the invention is a fifth
combustion control system in an incinerator for charging
a combustible material into an incinerator, a thermal
decomposition furnace, or a melting furnace, maintaining

an amount of heat generated by combustion at a constant

13



2 2 JAN 2003 FIGS. 7(A) and 7(B) are views show ng the distribution of

di oxi n hormol ogues in | ow concentrations; FIGS. 8(A) and 8(B) a2& JAMZ003
showi ng the distribution of dioxin honologues in high concentrations; FIG
9 is a view showi ng the results of nmeasurenment of the spectrum of

di benzo-p-furan tetrachloride (T4CDF) ; FIG 10 is a view show ng the
results of measurenent of the spectrum of dibenzo-p-furan pentachl oride
(PSCDF) ; FIGleel:s aadsshemieseing ewafrrandicosicns ABakYd&is i ng a | aser
light emtter and a v.aCULCJim‘chanber integrated thereto for formng a

mol ecul ar beam T1 oW BIGILP31PE, AW ENigs vi ew of a conbustion control
system FIG 13 is a view Wi the states before and after conbustion
control; FIG 19 is a‘eﬁéﬁﬁ%ﬁgmﬁgaxfTﬁa%ﬁﬁ%ﬁﬂ%ﬁiQ§ﬁaBé?me§n t he

concentrati on iofstGRtaRdobBey CROSEN .8} | fdioxins; FIG 15 is a
schematic view of a dioxins: anal yzerIfagt tH d10XiRE IR an exhaust gas
from the incinerator, thermal decomposition furnace, or

melting furnace;

combustion air control means; and

a stabilizing burner,

’ whereby a concentration of the dioxins is detected
without a time delay, an amount of combustion air is varied
according to the concentration of the dioxins detected, a'nd
a supporting gas is fed into the exhaust gas according to
the concentration of the dioxins detected to burn the
dioxins in the exhaust gas.

According to this aspect, efficient combustion
preventing the oécurrence of dioxins can be performed, and
discharge of dioxins to the atmosphere can be suppressed
even if resynthesis of dioxins in the flue takes place.

The dioxins analysis method may comprise:

applying laser light to a surface of a solution
to be measured to perform laser multiphoton ionization of
dioxins on the surface; and

determining a concentration of the dioxins in the
solution to be measured.

In the dioxins anaiysis method, the laser light
may be nanosecond laser light or femtosecond laser light.

In the dioxins analysis method, the laser light

14



for analyzing dioxins in a solution; and FIG 16 is a schematic view of a

waste water treatnment system for deconposing difficultly deg%’?/‘éﬁ@b%%
subst ancés in waste water. DESCRI PTI ON OF THE PREFERRED ENMBOBIWVENTS

Preferred enbodi nents of the present invention will now be described in
detail with reference to the 17 2 2 .1 AN 2003 acconpanyi ng draw ngs, but
they are in no way limt the invention. FIG 1 is a schematic view of a

di oxi ns anal yZexy dscdrgieng 1ighanoenbodivarihgeh bRespheganty iyvgntion. As
shown in FIG 1, the dioxins analyzer of the present enbodinent is conposed
of sanmpling neans 14 cGifpffSrement smes! diexipipenaByter mdiyr@signsssanpl i ng a
conbustion gas 10 contaa'ig'ég]_gdgivoxi gs, whi ch has been di scharged from an
incinerator, a thernal® deconpositF SR PRPAYEBY Ieser hight hg afwunface (nmay be

herei nafter refers edit@ishimlyias ' yrhace” frgma flue 11 in the
furnace, the sanpling pilpe 13 havilngg%ao ?ﬁ FepSYsedr 1< froiRt Vodds ej ection

means 19 for ejectingad beustePpleddcdasqddH L i4Nni e dioxins into a
vacuum chanber 18 with the use of a nozg)l eQ’%%l%ﬁlaé géjji'}epg s :ﬁa\?@ for

form ng a supefsbht cqlettivl, wheser iappl he aledls urRaNS; RehboFe AARIMINY | aser
light 20 of a broad spectral width into the ej ected supersonic j ‘et 16 to
form ol ecul ar i ons 2# &f9RoMel bagrofert IsoudicexiFos spplyth 4 @sgRance
enhanced i oni ;]%tlit%n p%o ess; %‘nd a time-of flight nass spectronmeter 24 for
anal yzi ng the Tesualti ng #of 2 diisarorBRer 21 g agieorindsthe e smseir;
spectroneter 24ghaving an ion detector 23. Configured in this manner, the
di oxi ns anal yzer can directly anal yze the honol ogues of the dioxins in the

conmbustion gas 11. |naFbGocdssbherdeffi89¢s ; I denotes a pul se
generator, 26 a pul se driver, 28 a digrt aﬁﬁé@?rﬁf‘gsegg%?“z’é‘%ﬁ"i nf or mat i on
processor, 30<dephotiodetrcemt ,sidhalooBéaifeq. 2 2 JAN 2003 r el ectrodes, 35
amrror, 36 a condenser lens, and 37 a |l aser introduction w ndow.

In the dioxins analyzer, an incidence angle of the
laser light applied to the surface of the solution to be
measured may be 15 degrees or less.

In the dioxins analyzer, the laser light may be
nanosecond laser light or femtosecond laser light.

In the dioxins analyzer, the wavelength of the
laser light may be a fixed wavelength in a range of 240 to
300 nm. |

Another aspect of the invention is a waste water
treatment system for decomposing difficultly decomposable
substances in waste water, including:

the dioxins analyzer of the invention capable of

measuring a concentration of dioxins in the waste water,

and wherein:

the concentration of the dioxins is detected

without a time delay, and the dioxins in the waste water

15



In the above anal yzer, laser light fromthe | aser applicator neans 22 is
reflected by the reflecting mrror 35. The reflected |aser Iightﬁ&f
condensed by the condenser |ens 36, and introduced into the yqu awghber
18 through the laser introduction wi ndow 37. Separately, the sanpled gas 15
frominside the furnace is fed to the. pul se nozzle 17 of the ejection neans
19. The pul se generator 25 produces TTL signals, which control the pul se

driver 26 to opesd ddw @ hazehe 44 a certain period.of tinme (200 to
500 E~s), thereby for#?ﬁg the super%dﬁ%%ﬁ?%fﬁﬁ@y%fﬁéggufggl@%H%rator 25

al so produces aetadisignal shkodeesttad dde-draselk ibhobk @ﬂeoﬁiéki Qoad
spectral width such that the laser light is applied to the supersonic jet
when the nolecules in the jet to be analyzed reach the spacing between the
el ectrodes 31 and 32. Laser light is in pulsed form Thus, the introduction
of the sanple while no IggéFFigEﬁg%ITTaﬁ%dﬁiﬁ@ﬁe@ﬁeWINGe burden on the
vacuum system and wastefully increases the anmount of the sanple necessary
for analysis . Hence, the sanple can be introduced in pulsed formin
synchronismw th the ' a cillation. The resul tipng nol ecul ar
ions 21 are subjectedﬁﬁggg%e%%ggt?ﬁgeﬁf%é%iﬁﬁﬁﬁiqgfoﬂﬁ Qﬁrgltﬁ}ﬂbn | ens
formed by the widntstodest 2dm tB3,de?di 134 .deded ; e y, the ion
detector 23. The present systen1const?§&%es 5%??8%@§$“%bﬂ5¥%;ﬁ¥%}%Mw 20D3
flight mass sp¥¥d rdeereconphogingvaradiing®egehes rui §hvan 9w j{nigat i on
potential are jncorporated and ions are produced during non-resonance

i oni zati on, suchtuséFetdan pelui s2hdidiiushedef nom L heitesl vedbmmjhecul es based

on the differ é%é n Ehe n?ss nungfr. El ectric signals proportional to the
nunber of iong can be BYFAFNRY a1nq Hh&rSindet ector 23. These el ectric

signals are anplified gy a;psgamldifier 27, . and the mass spectrum can be
noni tored by the digital o%c??losé%f%gﬁé? b 8s $1 PRLN e 1yig&Ct 1 um

data, the sigualcoraagse! ahOohiieiintil BBt kAL PLOCESE O A% i, S anal
processi ng. As described above, the invention F0|n 'y uses resdénance

enhanced mul ti phot on iF3GiSzaRi(ah &RENPIB) an@ ldoeept- {1LEH sH@Shq
spectronmetry (TOFMAS), and al so uses |aser light of a broad spectral w dth
(f ent osecond 15459 FdReSFtiqnusof timmsiinventi on can neasure honol ogues of

di oxi ns sinultaneouslm)grI Acgording to the invention, the nmass spectrumis
measured with the ting-8f-Plight DeRNaldéciiseshewiag an idre dlesdr

intensity varigs duking k - measur enent, for exanple, the pattern
changes. Thus, the photodg?g%§g§6n 4%§e6?85fded for detecting the intensity

of laser light. The |aser iniensiisndimiTRnivh@redevisbet s, plotgdet ector 30.
Where necessary, the laser intensity may be stangar I zed, and & correction

of the intensiegpipppdbeinmde 4ot mozale;t he accuracy of the mass spectrum
data. The invention uses |aser light of a | ong wavel ength 20
FIGS. 5(A) and 5(B) are views showing the results

ofanalysiscﬁfatoluene—monochlorobenZénendxturewiththe
use of pulsed laser ligﬁt (A) of a pulse width of 500 fs
and pulsedvlaser light (B) of a pulse width of 15 ns,
respectively;

FIGS. 6(A) and 6(B) are views showing the spectral
widths of pulsed laser light (A) of a pulse width of 500

fs and pulsed laser light (B) of a pulse width of 15 ns,

respectively;
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2 2 .1AN 2003 as the laser light 20, and thus can ionize honq%ggdﬁﬁ ﬂ@ t he
dioxins in the conbustion gas sinultaneously. Even if nol ecul h 3Iow
i oni'zati 6n potential are incorporated and ions are produced during
non-resonance ioni zation, precise analysis can be nmade based on the
difference in the tine of flight, because the tine-of-flight nass
spectroneter is used to detect the ions. The filter 12 provided at the

front end of the saaniQ%Spi e 13 of the sampling nmeans 19 is preferably a
metallic filter which B5 witHst &0¢ Hilgh eERpBIMUrLCYING Shévent cl oggi ng

of the sanpling,. md Tl S ed to use the filter with a dust
renoval rate O?nggﬁaﬁ%ﬁgiéﬁ §6B%$£33%<§¥ﬂQ5§Siﬁﬁ %ﬁw1?ﬁchPFf8%lﬁ%Sbf t he
sanpling pipe 13 in thereanm {0 dRARY B} 4arBackes s {RARY FRY be provi ded
for perform ng backwashing with a nitrogen gas purge, for exanple.
According to thlestnventicanef|dsetid hghblofuas Hhoriys Reakceal rak dbhs | s

enpl oyed. As a result, a plurality of organic nol ecul es other than dioxins
are sinmultaneously ionF¥edS Mhasviehehovyapitbemssadylsest feasgrembrnzene)

ot her than dioxins may be taken as an indicator. By nopnitoring chandes in
the signal int8hAsths SBECEREMRgSRPenapreciipean tetsgghhgrtdn JaCRBl ched for.

Al t tively, dl ch N t.h ' | J.nt it the filt
oy b pur aet i (i nfESod0 SRR SRS PR LSO R R
backwashi ng. TBe {HoBbeeRGufilof BEbSAYBLLDE, PP Pehaby SXPAS Sbsddr) ; 2 2 JAN

2003 to high tenperatures of a conmbustion exhaust gas 1nt urnace or the
flue. Thus, resynthesisief M axi assdienatlickel ow alf hhdsosid€anAtgeedi ngly, a
di stribution of honol ogues of dioxins in the furnace or flue can be
directly sanpl sdving at¥asqy ket earbbedlr mpdta vadeud chambet Antegpabedded in
the flue. However, the filter 12 may be interposed mdway in the sanpling
pi pe 13. The oliPeFeperfPheidrmimna ReMoARFIIAY e fl®Yis covered with

protective neans 13a s hat, t he piping tenperature will be kept at 120 to
D00C. 11 the pi ping t olper atute & SReNE S et 25 GtooBRAERSACPBRE by occur
because of much,watet contained in the conmbustion gas 10. At a high

t enperature above 200C, resynthesis of dioxins will start. The tenperature

range of 120 to 200C i s1gnt ended 4 oripewaBliheskee emeities bERrsUghion rate
of the exhaust gas is preferably
after combustion control;
FIG. 14 is a view showing the correlation between
the concentration of CO and the concentration of dioxins;
FIG. 15 is a schematic view of a dioxins analyzer
for analyzing dioxins in a solution; and
FIG. 16 is a schematic view of a waste water

treatment system for decomposing difficultly decomposable

substances in waste water.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention

will now be described in detail with reference to the

17



about 0.5 to 1.0 liter/mn. This is to prevent dust in the exh it gﬂs
which is of the order of submcrons, fromadhering to the pipiﬁg. ﬂ tggﬁ
preferably, piping interiorly coated with a coating material such as silica
(e.g., silicosteel) is used as the sanpling pipe 13. This is to prevent
di oxins fromadhering to the interior of the sanpling pipe 13. To obtain
the laser light of a long wavelength, it is preferred to use a fentosecond
pul sed | aser ( = 5 n Ci i I ex: I f the
|laser 22 2 2a\ij°fﬁ§‘ 588%%‘99?%{%”6 SR tts“%é’c??%l 1.0 h”é&s s i etlhlgght of a
pul se wi dth sharfwhttiban the life in an electron excited state of the
nol ecul es to be neasured. Particularly preferred laser light is fentosecond
| aser light of 2 to 500FIGenflosecormdheframtie pied erfabl giodblstanBGGer
fent oseconds). As laser |ight of the above fentoseconds, a third harnonic
of a seni condu@ONEer Lo SitRafEmangsef | the rresengninHeshapphi r dsl aser is
ls not restricted, as long as it is

ble. Th | t.h t
gsalavgl eng?hmm}/ﬁ%]cor?i’r}lg%‘i %gg'gﬁgsﬁg%i Jg%x’dlsoi‘inﬁ&yéﬁﬂ Pt it FTLSBE di oxi ns .
Aff'edvvaelémg);%}' a-a?g@q 0 nm.is ayai le. :This i
becauls)é t he \s{pectra mlv%ii?lglt hgo t %?dg%t%oéggggﬁrﬁéns?ér 9 .@L%g‘?%’?ls%“kﬁ %a:jst hat
a strict wavel engidl ideCpige NB EQr%ElQ:(eLc:))(ﬂ? Qﬁmﬁl&%gﬁgj&ﬁ%b&s%i%ﬁ &ﬂgllyozed need
g

not be sel ected. shown in FIG , when pul sed | aser t of an
arbitrary fixedomeeindngt HioR48s nMyhidtd raspwess Wi deéhatfed0b-ds aas appl i ed
to a mxture of toluene and nonochl or obenzene, peaksfor bot hsubstances were
observed, neani¥ifinenatiosniz sheonaditcompbpst somduenpossidt e. medtinge ot her
hand, when pul sed | aser Iimggt of a pulse width of 15 ns was applied to a

t ol uenermonochl oFYBEFed8a¥ REuRereindtan dedisengenko cHHMRILKAS be i oni zed,

and only a peak. t al.ye e d,..as.shown ip FI G .(B) .. This is
because nonochl ogronéaﬁ:%ezénjiers&@?(ctﬁtlazéd{%ggnthgxf)%rsqjarcee't gh asét EiIllglal’ﬁlp(% t he

nanosecond order3 hlawtinigsaipﬂit?egld 1\20'252 m&zﬁsgti%&ﬁ%e%%usﬁe%s tihe

presence of a chlorine atom 2 Q03 According to Hel senberg's
uncertainty prifed pfiectivhetheheanpileebgus dsheaftdiasery thghiioxkinshiardo the
wavel ength resol ving power worsens . In the case of a pulse width of 300

f ent oseconds, farvaswaimpkcbampae & goith theposerofadenszie aBomavBhqim as
shown in FIG 6(A). Thus, a plurality of dioxins can be sinultaneously
excited and iorf (‘8d1Vd EpEakSFMiNG th FURErSOR¥END £BNh/ nkdR%econd pul sed

| aser, by contr . 1.Qni.zatlon erfornmed only selectiyely. at. a hjgh
resol vi ng pomergt?)éhcfa%%ﬁmmé%%s S Z(S)\;vﬁriar'?&llyén% %{e.r _ d?§%e¥%%¢? tb’?ecc ciuse of
the heavy atom gld&Gla10%1588 G Pihee LR PBLPXLAS LA QB €8t

efficiencylowers. Consequently, the sensitivity 1s insufficient, nmaking

det ection i nposssldailaicdondi Ayl yf hdmo Lsmedf offl thashoskins! secidgaser |ight
(fentosecond | aser light) of a pulse width shorter than the |life of the

el ectron excit e emsnBenred asnizatinn ipreesssonandkastimepobsible to

det ect honol ogugs, qf, di oxins. |In anal yzi ng honol ogues of dioxins,, sanpl es
havi ng di fferenff]ré}]teé‘l?lsér s\F\’EFIjﬁ?@eE%% }ode%orﬁ"ré‘ﬂiaéﬁ’éwgdﬁ‘? eF ettt Eing

denti 1 ed basef Al JilG: ToRS SRCELE3i GYAI, [ Ohel NE-SUBSLAPESR. Ol L sane
nol ecul ar wei ght,” isomers can be di stingui ghed by gét ekt ng, Detore and,
the wavel engt h gepanfanciotetBetbe$i 088ht{ Qlrdd1¢nt & S8 TRANERS Scwimber .
dioxins analyzer can directly analyze the homologues of the
dioxins in the combustion gas 11.
In FiG. 1, the reference numeral 25 denotes a pulse

generator, 26 a pulse driver, 28 a digital oscilloscope,

29 an information processor, 30 a photodetector, 31 to 34
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The detection sensitivity for the detection of particular isoners and
precursors of dioxins corresponding to 0.1 ng-TEQ N8 (TEQ tQ)éZ quAt,%
equi‘val ency quantity) as 29 2 2 JAN 2003 the regulatory val ue o 2893 ns
in the exhaust gas (the val ue corresponds to the actual concentration of
dioxins of 5 ng/Nm is required to be 0.5 ng/Nm (0.03 pptV) for the total
concentration of dibenzofuran pentachloride as an exanple of a particular
i soner of di oxehec206@engBbin fidrppt V3o HicohBentOF alknsONGRNBHAL | 95 PF

chl orobenzene as an exanple of a precursor of dioxin, and 200 ng/ Nm (20
ppt) for nonochRbFedentiere. wisksor.ding to the invention, selective
ionization is not performed, but all the honol ogues and precursors of

di oxi ns are ionized, so" APREFranyAeranbaPrr ddghef pemdireetiasds shown

in FIGS. 7 (A . 8,4A) and. 8 (B) , the neasured distribution of
dioxins in th,eagégé%asé%én%g rso%nét Serfegrlﬁﬁé% ity §(gnreihRctdmongiga’eous
horol ogues of dE0XiTie r& £l it PIRL IRgNA0: s Lur an

tetrachl ori de (TqCDF) to di benzo- p- grggtﬁél%%&og@ﬁﬁgrg?g@’ %}Eﬁfﬂz‘ SAPRT hi gher
in concentrati dansiid) dhaxint heideagueso suehvAsull BREZBa P13 X LHuah
tetrachl oride (T4CDD) to di benzo-pdi oxi n pentachl ori de (PSCDD) ch have
been consi der e8hed as@rei porahictiion eindow BY . msaparianglyhesef saapled

honol ogues, the reLfti ve anmounts of dioxins can be determned. FIGS. 9 and
10 show the re8@fty’ JEAMEBPEET ddle £arparativifeds to Hehes padiseanotzle

di benzo-p-furan,tegr | oride (T9CDF d di benzo-p-furan pentachl oride
(PSCDF) . The g%t g%t?}ggn ep]eezic&slol ' 5‘eﬁ8§r flgso Th& PYhae t sRnoealkar 145

di benzo- p- f ' i f{,t 27 i i ith th
peaks Tor di bonsgmrrarar 3aral s tbd, (o AR R R Y DA p-f uran
oct achl ori de ( EBERRheAba0sBaso ALK S 7 NERF a_zc?é_r;tf}m&] Ebrtﬂé‘a éP‘éim%efé‘o?

O | aser

denonstrated that these conpounds can be ionize pon exposure

light at a wavebebh@d mf,, therebyasptr®inGheNBupaRdosd8 Per Measurgd. I n the
invention, the position at which the |aser Iigﬁt 20 is applied to the
sanpl ed gas 15PY&S¢ GIANEEater 35 mlstepabiiyce s defieyr singrea 3 Bo=cafttal 70
(preferably 15, < D < 50 re_preferably x/D = about 31, that is the
rel ati onship dg??)r(l{eacfedfy?f’%lgt %szlfea gﬂrz?ﬁé’t oo landdtResunts thatet i)
between the nozzker posdrd qry and thg posiftd an, Qf application of |aser light,
the relationship used in the ggnvent ?gn%ljlié nolrecy g‘rlcbé?\# gg%‘&t'frb%copy
Concretely, wheoléhelewzial endi geet eb bs hdyPoa haseh Lha@htphsiapplied at a
position about 25 nm apart fromthe nozzle hole. Wen fent ogecon | aser
light is used, bab¥eultdre electrodes 31 and 32. '

Laser light is in pulsed form. Thus, the
introduction of the sample while no laser is oscillated
increases the burden on the vacuum system, and wastefully
increases the amount of the sample necessary for analysis.
Hence, the sample can be introduced in pulsed form in
synchronism with the period of laser oscillation.

The resulting molecﬁlar ions 21 are subjected to
an electric field applied by an electron lens formed by the
electrodes 31, 32, 33, 34, and are then detected by the ion

detector 23. The present system constitutes a time-of-
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collision still occurs imediately after ejection fromthe nozzle, and
cooling is insufficient. After the sanple cones into a transl t?o\mﬂ Rt e,
it can bé sufficiently excited and ionized. The reason is as foflows:  In
selective ionization, full cooling to close to the absolute zero point is
necessary to inprove sensitivity and selectivity. In the invention, on the
ot her hand, selective ionization is unnecessary, so that full cooling is
not required. Tofli‘%rtor\‘/lae t he asurenment of honol ogues of dioxins with the
use of fentosecondaser Tight T ChET nvidts oaYentif ;odgendablvitfion t he

ej ection nmeans 149 03 i.nclude the nozzle 17 having the

pul se val ve for ejy{agfﬁﬁéagﬁggs%ﬁ% e aglaéalrf51888§§°%’??§/e<§\ﬁat‘}iiltli?é‘sf B¥eNng

di rection of .t hermueeed @irisorlreddnd i Advi sab ar_ the laser -
light 20 to be applied fromﬁe di recc%r}donn%eggégleﬂﬂ?&coﬁ]’aég?% THhe ot g@ti on of
the supersonic jdistiBgejebeddf forormhehelapulrsa Mal¥euDis e dPza €nl7- In the
i nvention, the direction of ejection of a nolecular beamformng the
supersoni c jet THEIiferepsei 4n Whe masse numpeng di regtriien sagnte ions (the
coaxial directigon will .be designated hereinafter as the [X-axis direction]
) . As shown inBFPECr51pRARL tq %gfee'f“é‘?“é‘?r &1 1ippaAscqn ibghobtahsed mthehey i ons

) ionized f rom;dj,0xi i e e, ected s | ed, gas arrive at the ion
detector 23. In sel é%??(\:/te&f tgrﬁ{li'za hre & Fﬁggﬁﬁn%’s‘&?ﬁﬁdalrés%mpﬁfgﬂﬁq bgn t he

ot her hand, the dpreshpPDr Oy ©f7€ChH QN 1R ecyl ar beam form.ng the
supersonic jet 16, i .e!.), [V-axi s d I’EC% 8%f,£mél%ec|t)£erru6‘eﬁapc Gi’g}ontl&%f:ﬁg i on
flying directiomy Xhaxdsgtitabdddinlloscapeshown i fGes? €B) madd this

case, an electric field is applied depending on the weight of 1ons, whereby
desired ions ar SPeftreBudata, rihe tfignads deteséwt .t s iforsadibhi cult to
gui de all the igns to the gon detector. Accordingly, it is vital that the
direction of th&GFEEATaf? bkmsdwdmadnerpresagnai recti on of ions be the
same, in order to neasu | gques ,of di gxins and di oxji ns precursors of
their deconposition pr o%gcpgggln—lg‘?eiﬁ %, WRehVeRtoR oikindrly MerSene,
heavy ions are die@%hBfice adthd sy 1128 f | AL & el recursors
of dioxins, 27 2 2 ~ aN 2ao~ all futlﬁgplh%:gégfd&éluzbagilé’ﬁ]cggwgﬁhgf‘ﬁe

detector in thetdaseobftfFght 2aBk. shécttSme 2B (rokARE) Of 2 20N QNEses
particul ar type can reach the detector, thus lowering fthe accuracy of

coi nci dence nead@senehiglf afhe bhoowd cguetdiadt wibuhi Ofenddsddepdcasgepf FI G
2 (B) , noreover,, ha§er light is applied fromone side surface of the
el ectrode becaudd98F) t hd WS athenshven barwezan meeserechonelégeds @md t he

el ectrode, thergg j st i the electric field. Thus, the distance
bet ween t he nozz?exgh% %%@ug%é]&ol”ggé"cannot be rendered small. The

configuration of FIG 2a£l)rd thRothdi gt the ctric field and can
bring the nozzle 17 and thereil}ggcsztrode 31 ﬁ%slgat’oglégcrﬁlé%? hsé)re.Ctl%ﬁcé? | aser
light can be appkaeurea wathitte sanpter deNsjHynst flspecs@ohbabrtde defection

sensitivity can be increased. FIG 3 is a schematic view showing a state in
whi ch the laser intensity varies during long-term measurement,

for example, the pattern changes. Thus, the photodetector

30 is provided for detecting the intensity of laser light.

The laser intensity is monitored with the photodetector 30.

Where necessary, the laser intensity may be standardized,

and a correction of the intensity may be made to improve

the accuracy of the mass spectrum data.

The invention uses laser light of a long wavelength
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anion cloud of dioxins is flying to a detector. In FIG 3, electrodes 31
to 34 are arranged, and a voltage of VS is applied to the glde‘baﬂU:‘hl,
whil'e a voltage of Vd is applied to the el ectrode 32. An ion cloud 39 is
formed between the electrodes 31 and 32, and the distance between the

el ectrodes 31 and 32 is, for exanple, 0.8 cm while the distance between
the electrodes 32 and 33 is, for exanple, 0.5 cm The resulting ion cloud

39 flies in a RkyiRg t4hs @B S with a length of L, and is then
detected by an ion detect 091%1.: %&’rwe%r}dort\%%n?i%dlw?%%POSPQH?Skfa% a .

finite breadt hthandddiesnomree @mmecelerat i f | ting ions
differs according to the position of ?gﬁl %%Sé %qg\gitéﬂgloéggg' f(g:r"%rrﬂt]ign. G ven
the sane nmass WMehderles éthoniow danh zhbeoh Yo rdet8al 05 r23nk8-gdbffEsrent
times, thus leading to a decrease in the resolving power . To overcone this
drawback, i ons?BfeleRT e Aredupgdt dur BtageraaesloanatioNolSE agi drhe

el ectrodes 31 §?g032. V\hﬁn the ions reach the ion detector 23, the shape of
the ions is flIAISCHUENALKEL? SRC P MREE Rasad parfdvudl §farencetiadtied

si mul t aneousl| yg i ¥é tHOUE 3114 | ay,. . whereby the sensitivity of detection
i's increased. Next Wi ﬁllf%&ttl'g\%eg%u%%ptfté%gili“%'offcﬂflﬁrﬁ&ﬁsm%?ch i nproves the

manner of ej ecspent mddra sampkeqdf£omd l e of the invention into
a vacuum chanber, and which detects di od%nt;#hﬁeegtgﬁé'and rapidly with

hi ghsensitivity, w thdlite pErlfternilogpaoei@pd SACh s fqg@lq:eg}laag%o%e As a

met hod of increasing the sensitivity of detection, it has been known to

rai se the degrRRfibmieegthed thel smerlirigghtahy w cengenserabPPS:

However, such a n%g]ﬂlod cannot fully increase the detection sensitivity.
Hence, the i n/&Ht3 oS h@t%‘f vhRieh igan vighetanthhigk teepechitonesendgicti vity by

form ng an ej i r sldt.nozzle into a rectangular form As shown
in FIG 4, thg&ltséfﬁht;gg%é?%% %flaghgnsaé?éc’tq%ﬁl%l B17d 6 rrefmurasgul ar

shape, and di oxd RseaggONPARSd ' forma j 16_in a vacuum
chanber (not shown) . Since ?h‘épzrhgapgﬁgi;%"g)%leg ?]nc’%g;ltgé’ 7P the slit
nozzle 17 1s tuipmesenanglbqying be shectiaddiet2 1 takesafpl 64 QU ar shape
in a direction of advance of |aser light 20 applied. In tﬁis gion, the
jet 16 is eff ekl iPetlie FanPktrg meAnFI1@, BIckwsR mdANSIRDBb3, pidiadeaser | i ght
20 is applied f'on a direction perpendicular to the sheet face. In FIG 4, a
shaded area x T¥pPESERFLIAR Ragkvaahing redilt weniforegrn efasapuege ofoin whi ch
detectabl e ions. Argactually existent. The above configuration enables the

pi nhol e- shaped nozz %6 to afford sufficient sensitivi ty. According to the

present enmbodi ment, a maEAdenYiddt Re dinQ% gisgntfa”stﬁg;gﬁfgoof;;‘lbgpg\g OL ppt

can be detected w thout being concentrate i nce overl ap

of the nol eculsedigah Widgeney atpdoledl heanssPeLsANLe b SluaNd 8¢ €gi on
where the laser light 20 can be applied, the detection sensitiVvity is

further increffdRniFurphernbee otiersiiban diokifs dre agtimiltadeasklpestrictor
17b is provi d%ocl) qn the gas ej %%tion side of the slit nozzle 1? having the
rectangul ar ej"€CHi%EN - hot &Sy7&hgs oFdaniavente e sBeeagse benehne) neasure, a

further spreagdya.tRe-A i irection of the rectangul ar shape of the
mol ecul ar beam 16 can. eagé}ﬁgﬁ%ezns? d?’ecgﬁggau%ﬁt?‘i‘/,“fcﬁé:arﬁﬂ?oergbf t he

mol ecul es, Whineihizoe 1iAGtchAdRE 8hathdVist Bnb St d,] ecréasesadically
conpared wi th the absence ofg%?he air bl ggt ré{sﬁérr!%m&,r 0%7%.(6 ﬂ{ggfug further

i ncrease in tmelsendesi velyggiay banabki RyeehedBesd Hes alBenBShe £) £Ct r 0des
31, 32, 33 and an ion

regardless of changes in the signal intensity, the filter

may be purged with a nitrogen gas at certain time intervals

for its backwashing.

The front end of the sampling pipe 13 .is exposed
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detecting MCP (m crochannel plate) as the ion detector 23 shown in FIG 3
are in a rectangul ar shape. Thus, the ions can be trapped w thout waste,
and *t he i'nprovenent of sensitivity can be achieved. 30 2 2 2 JAN 2083
Next, concrete other enbodi nents of the neasuring device of the invention
w Il be described. FIG 11 is a schematic view of a dioxins analyzer having
a laser light emtter and a vacuum chanber integrated thereto for formng a
mol ecul ar bearp§ | q\rer‘g @%msgo in FIG 11, a dioxins analyzer according to

t he present enbodr ent SIE<ES bRRP i it egrbluisyion exisanpt iqwgs pinpend3 for
directly sanpliuigazeCorD i as 11 contai ni ng di oxins, which has been

di scharged from an inci ngﬁgt ggl,lg'a frﬁg?mfeﬂ&mﬁpﬁsﬁ tifoflibeinaces or a

mel ting furnacelikeam anstRested ur sanpl j.ng pipe 13 having a
filter (not shown) at its front end;ﬁgjg(gﬁ?%ﬂilyﬂear%éhfgrflbgtéf)’éc‘?f ng the
sanpl ed gas 15°BGAPENAE RS dmaxﬁiszhn;ﬁeifuﬁxa%eVé‘P_‘f‘iWecmgrdiwcgﬁth the use
of a nozzle 17 havying a pulse valve 17a for formng a supers&ﬁ'l Yet 16:

| aser appli cats(?f“p\rgﬁans 22 borne on an optical bench 40 for applying | aser
light 20 of a broad s?%c%al width into the ejected supersonic jet 16 to
form Mol ecul ar ions 21 ot "foRbBYtleLmbodiment okhast Hurdng 2 ikesonance

enhanced i oni pabi9ReA' PEESHs eflectron type tinme-of-flight mass
spectrometer 24 for anal yZI ng uF(i:‘e' dﬁ%&?‘ﬁ’s‘f'i the fiJitry Labeavihe i n which the

resul ting nol éotkaposeismZvdy ¥n tREe SRESEIonet.er havi ng an i on detect or
23 and a reflectron 42; and an infor rra?'ﬁ%in{rfﬁ cPdéDsengAg'Zg for processing

informati on detected Bhetbetéorpaddippet-9r o r CORLT .- 1he analyzer of a
conpact size measuring 2 min height, g 5min %ﬁ%ngar?&pf ﬁ]gl 131 engt h,
for exanple, E8ReHRA prhh de@tegtive m@ams J¥dy 2003 nSuchnanpapplyzer is
install ed near t he furnace to anal yze honol ogues of dioxins in the
conbusti on gasTHEFHN L iEddokst Fenhdatdilacttoy 200¢C FI Gr thet Peoiygreral 43
denotes a gat@eﬂ{ﬁé]}/ U%Q iasng 95 evacuation neans for reducing the pressure
i nsi de the vacuum chanver "18°4fd thenf130°Ry copdeddat ién anasaoicem-evacuat i on
system power lsetHWs: @@Nhaoh RARE! .47 . a | aser system power source. The
| aser applicator neans 22 on the SB??%%TG%éﬁcﬁﬁgcﬁo G068 gasslo.
spectronet er 24 aahégli s@asachtiret RBoSAMR) Jof-a ared with a case in
whi ch they are di sposed on differ ent f?;)r(r)e{s:f T%se\?%(e?ﬁrn)o‘aﬁsel,s Rgx/%}%ﬁgﬁ
correction respbhsitatto Thértanmens tutbeE8Age | H IBSPaS) Ip@ofr AlTES IS
unnecessary, mdel{tc?e itrrpr ovenent of sensitivity can be achi éved. According
to the invention, the a85e¥pREtkffg @vergsused is of the reflectron type
designed to increase qtie ion sepsitivity. This spectroneter is based
on the follow ng princi pfgagﬁ &S 8E§hr?a9i‘h§u$%@a§aﬁr§ pressfesrabdys wit h

greater (smaldberit 018 @tbqflt%@?ﬁlghgs qtser?z%g)yel ectric field nore deeply
€

(nore shallowWy) before being reflected, the PFPYTRY dovwér imkhef f ecti vel y

| onger (shor fehpugitsyancevhiidiusis icnshwi bhgdi-f £ er enerai es can be
gathered in the detector at the sane tine égtroégré\%lwté%é%éri%(ff’ﬁti on of the
i on detector a@%@ﬁ)‘“%tﬁyt?%@iﬁmi cPgatshé n g esamlve, pi Pengvacuati on
nmeans with ai%;ﬂ%%fl%girfnt capacity can be used. In the above configuration,
the interior o g Y coated with a coating material such as silica

(e.g., silicosteel) is used as the sampling pipe 13. This
is to prevent dioxins from adhering to the interior of the
sampling pipe 13.

To obtain the laser light of a long wavelength,
it is preferred to use a femtosecond pulsed laser (1 £fs =

-15 K
10 S) as an excitation laser. An example of the laser
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vacuum chanber 18 is 10-5 torr (1.33 x 10-3 Pa), and the 32 2 JAN 2003
interior of the flying tube 91 is 10-' torr (1.33 x 10-5 Pa)2.2 Nr@ﬂﬂ@d
above, the use of the dioxins analyzer of the invention makes it possible
to simultaneously ionize and neasure the honol ogues of dioxins wthout
scanni ng | aser wavel engths. Wth the conventional neasurenent of only a
singl e substance by selective ionization, it is difficult to distinguish
bet ween an actlu@lhtdeﬁrﬁét&%aid\sbB@tEQPQﬁ@E&aEE%Qg thenkasgel Sylstance in
the furnace and an apparent decrease in the concentrat’ion of N sfaarget
nol ecul es i nt rddifbedhontertleamedsuling device1becadseeof: @y apaeenal ity
during sanmpling. This problemis solved by the invention that directly
anal yzes di oxio%s.thﬁc'é‘a WL & he vomved onabrmbasiiathyg preifeededonl y one
parti cul ar isclrgesrerc n gﬁ rreagured. When neasuring ot her substances,

' € het BstAPYPS99PFakPABE nbhghut ep® R staM$ililescanni ng

wavel engt h scanningi
wavel engt hs, adiystae 0 i vel engt hs needs to be nmade for each
measur ement. The aéj ugﬁlﬁén{m(%%{(&sr%gg%g%’ tg#etf’hg Ok Stfseadsd - di oxi ns
in the exhaustasgass&€aniehther anal yg&ek is i ne. Agcording to,the
i nvention, honol ogues of dioxins can be ggg%géﬁgﬁvgﬁgﬁ%t@g@%%ng and
wavel engt h corofest$awi coreluatoec BaSer Y and8gc nd HNHG CBSL, YriyAg,gont i nuous
| ong-term measur ement can be reduced markedly. It has been inpossible to
eval uat e whet IF@PPRéER ehaeST | ¥ tumakdeconposi ti on products of dioxins mean
that the occurrence ofI, di oxi ns has been suppressed, or that the
deconposition of di oxi RS %‘éeﬁtf‘é@ﬁhsﬁ‘b‘bﬁ‘é%éé?mam heught 3@stricged AN 2003
di oxi ns are oggURKLR9,s The jlvention cap directly nmeasure di oxins, and thus
can provide ac%ur&g?g ?%fgfrria 'iaor'l”afvc?ﬂeBgﬂ‘Bu‘@H%th St andn igpasesi ng
subst ances WhasexeARCAM Hakl-gRSoFOr .W.th_the cqgncentration,of

A baeeans. Jﬁh%gl%' &n?i’ﬁtelgo"ﬁafv%]ﬁé‘gﬁ rtfcul ar

di oxi ns, according to conventional selectivei

type of substancanges ofeaén@d356 fnnd b S vRanbbeu! aerﬁ@itsaﬁ@cea&%n{?{?% be
detected, despite the actual occurrence of dioxins, because of other

factor, such &®8<@r5pl atiednpfothe Hemptecahd axise0f ihasers IsOBtoga ¢l 0ggi ng
of the sanpli nﬂ ?i ing, the concentration of dioxins cannot be neasured
reliably. Accofa r‘?gs"f rthe¥ayRyeRetbacceydtmmtpaddte typgarfi cherobgeat es ot her

t han di oxi ns iyl f anequs|y.. By nonitoring behaviors of

t hese organi CE?m éé%ﬁ%rggéé{% ?‘%ﬁ%lngols*: gﬁéﬁgﬁgt%ﬁogd’isnﬁh%‘&% 15'«-:&%05@4\] zed

i nst ant aneousk}en! pu RO TBS N S t e_analysis while oviding a
nmeasuring devi cgna%l‘a a rg%?ﬁgngggggvﬁ:énagrgﬁgﬁ%ﬂ?e%%i@'ﬁ’ﬁ‘&%@&:g, t hus

si mplifying thedoeasuandg REPTRALL o3G0 fgmaes@ﬁﬂii@&"tooi mileHhQace
control nethod using the neasuring apparatus of the 1nvention w be
descri bed. FI &f tpiupgeansihenethonobewzefie a peakisuss botkeabsehnsyst em As
shown in FIG 12, the control systemof the present enbodinent is a
conbust i on coREFBICRERLY SN i ReaRINACkIfdr APBizhbior handiatg lysdenbese i bl e

O P onPbes I8! NBECeRE SURL 3% LASA LRSS 1A TATRE o
a2 pulse width of 15 ns was applied to a toluene-
monochlorobenZene:nixture, monochlorobenzene could not be
ionized, and only a peak for toluene was observed, as shown
in FIG. 5(B). This is because monochlorobenzene is excited

upon exposure to laser light of the nanosecond order, but

is ionized with poor efficiency because of the presence of

a chlorine atom.
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34 2 2 JAN 2003 furnace, or a nelting furnace, maintaining the anmount of
heat generated by conbustion at a constant |evel, and suppressi

occurrence of a hazardous gas containing dioxins. This contQol @gt@m
conprises a dioxins anal yzer 53 capabl e of instantaneously neasuring the
dioxins in the furnace 51, and conbustion air control neans 54, whereby the
concentration of the dioxins is detected without a tinme delay, and the
amount of conbustion ainecbgdVagied yas i to the_concentration of the

di oxi ns detected. In the pr ese?nt e#%gg?lﬁr’g%{] § RBCFREFRRF ARSI NS1PLE! o
f1uidized bed kihen tevbalsa wikuhdifz edsded i 5B« als éﬁ&rtb,OEhefwav%‘i\é’Hﬁ%eam”om
the fluidized bed 55, an ash chute 56 is disposed for transporting ash
after conbusti §iS8f VIR RUMFUSOIrERES matler Lak &2sd @ faappeTSs &riticReds
position. To t %Offé’nimdé zed bed 55, a forced draft fan 59 is connected via
pi pi ng 58 havi g a primary’ Eonphet isemaile , aptriresodntngl paved v @i8dns

i nt er posed t hekgi i tion air is fed to an arbitrary site from
a | ower porti orﬁi%ofgb?ﬁge ﬁ"%/’d%%ggk{g"eva By FliGak (Phe 1B poriluoalbtyt he
fluidized bed kifldidxinsacdwhe at 2. 1s.cqgnnected via piping 61
havi ng a secondarg conbust | on%%@lgﬁgﬁégg% ﬁﬁ?éF%&W‘ B@‘”r?ﬁ%t‘ﬁ%gb@

t herein. Secongasiskoniishi tire abhvast sort Sl as, which has
been generated by primary conbusti on, atﬁaﬁgﬁg%ég?&gl gﬁlgﬁat & ¥ ¥%i zed bed
kiln 51. On a SPRETa®Y4 isinized cowss perfémmediodie sbheicdizedy bad kiln 51,
a conbustible H?t]i«_?ri al feed hopper 63 is provided for charging a

combusti bl e mate?f afSSXIEMBLoHeruAE cP pal P85 as Zhdwh AN 2003 sm) d waste,

into the fluidpgg 5. At _a_lower portion of the hopper 63, a feeder 69
i s provided whi chg?ésﬁ'g@rﬁ%\/er’?eﬁﬁuse m?o?'?‘i d'SAh atiem edkBast Bl therateri al 52

out into the fEniehzedabsss55-qiHa8 conhustihle material 52 fed by the
feeder 64 is gasified in the flui gngég;%belaoqslsz,atdﬁ& TIPSy daensnt eri or
of the fluidi zédngmyhdatilly, 5thabeugstbg, fidi zed 3 Above. t he
fluidized bed kiln 51, there are sequenli iyf;lllll y coHEggtcggmé’ b%?'flé}g 65 for
cool i ng a hi ghdeesfcioat imposehblest | Ancoasi el g nad Bye GFRUSEL Qi the
fluidized bed ki}usneégﬁial exhaust gas treatnent equipnent 66 for renoving a-
hazar dous gas %h iS€d| dtghkal femtosaranddlesdrdi afht f anf 67 pudlsesucki ng

the exhaust gag;qi hi nme for_rel easing the exhaust gas into the
at nosphere. Near t?ﬁghg%gﬁ?}’%fhg%ﬁghﬁw&ﬁ LRy reexcategrehpdre 69 is

di sposed for spadN@scalci y ide activated carbaon, etc. into the
equi pnent 66 where neceségd;@h%bgégéétﬁledr} fnﬁzi(aiszje'él 96-’@(551% entgdetasd di oxi ns
anal yzer 53 ishquadwigded a§ aeagims Ng neans capabl e of instantaneously
measuring the concentration of dioxins in the conbustion gas in the
furnace. This anal yzerl5@3nalkz imshonclayue oSt 8hewink D sahiBled Hivihy, and the
measur ed infor({ri?tfj on. '{Es electrically connected to a controller 71.” The
control l er 71 95 &FEREr PRaFFYlbritRicthdd cont he prhediatennbustion air

amount cont r ol g .\ econdary conbustion air anmount control valve
60, . an oxygen élmﬁn?nggaglljig%d%é&\}gll% cdon thedwassi pPerhga bulven 72.

Conbusti on corfiarok haByube: [y OLFedL Y. hoing, 36 . z 2 ~aN 2003 as
required, primary conbustion air armgnsiaqr%(r)%i%}gfc,uggf YRt NraryP OB FSust i on

air anount comanobe dbatimguidhddie0xrgen c é'r%[}l { n.gconbustion air,
or any of these types of control. Iy:‘) t he Egﬁg'r(??%feﬁ dst-‘(t%)](l%lllt-i n
predicting cor‘i‘tal”SPyleﬁé’élhsqemTeim Pél tiee ith sagnpledbetridangescen the

di oxi ns concentrati org}?f romtine series data based on the resul'ts of

measur enent s B1y £h8Y¥PO%i ns anal yzer 53. The predicting control nmeans has a

fuzzy controller for Qggt&g{; 81‘;' t he basel.ine (nean value), and a chaotic
control ler for suppressing the oCtuiTentdvtydfexi e defecttiant iof

control | er predireisuide idbpXl ation.at a.certain tinme in the
future, fromtinme series gar gg%gseig %ﬁltr{sﬁéfsr E%H’?BF SREFSFPOREARY by t he

di oxi ns anal yzer0 SBng&m‘in/f\Imi’t(mmdtgiﬁitd}ﬁegﬁgygiﬁggg OJan ) e%lk it
cal cul ates a mani pul ated variabl e for increasing the secon ei%y c8ftbust i on
air anmount. The fuzzy controller grasps the deviation between the results
of neasurenent of the exhaust gas and the set value for the dioxins
concentration, and cal cul ates a mani pul ated vari able for reducing the
deviation to zero. Based on the sum of _t he nmani pul at ed vari abl e determ ned
by the chaotic controller and the mani 66I ated variable by the fuzzy
controller, the primary conbustion air amunt control valve 57 and the
secondary conbustion air anount control valve 60 are operated to control

t he di oxins concentration of the plant. An exanple of a conbustion control
operation using the chaos theory by the conbustion control system of the 37



2 2 .SAN 2003 foregoing constitution will be described bel ow. However
conbustion control of the invention is not restricted therefd Jixde 2003
conbustible material 52, such as a nunicipal solid waste, is charged from
the conbustible material feed hopper 63 into the fluidized bed 55 of the
fluidized bed kiln 51. The conbustible material charged is gasified in the
fluidized bed 55, and burned inside the fluidized bed kiln 51 . The

resul ting exha i s cooled by the boiler 65, and rid of a hazardous
gas and parti cgﬁ%tgéa%]tatﬁ:é)rrybya W 8%h US¥1IRRsI T (thgt RERRVEEUIPPHEh®6 such
as a filteringvgusd £AldRSRHs TH t treated gas i.s sucked by the

i nduced draft fan 67, and?ﬁelgasegﬂriggﬁfﬁé g ??ﬁé%f%ﬁ?ﬂnnfg.gh%xgﬁ%nsphere.
Above the fl uidf Zedgbed) kid Be&&iré@&xﬂb@XLQSnGPﬁﬁg@?b@tb I Fo the
|nstantaneouslg nmeasured by the dioxins analyzer 53, an S|gnafs ased on
the resul ts of tlakakraimeantsagiensefit diberz@fedinc beRga6RNbF 0Hé e4s (3Pt shown)
. The predicting controller predicts changes in the dioxins concentration
according to tREAENFOLE RedrFtisndasl somer mf priediot i RGOCong fith | @ are

sent to the co | 1.er jch adjusts the openings of the primary
conbustion ai rBétirr\g)un orcé%?r %?L?/gl?Pél‘?ftéﬁ&lpﬁeogééﬂﬁﬁmnééﬁﬁuﬁic‘Un air

anount controlg N | justi.ng.the_a ts of primary
conbustion air %ﬁﬁdp/%e%gngapgéggﬁ%ﬁgﬁ%#lgg%p’A%n%g'}sbrcbr PG ke PP G he

di oxi ns anal yzesr Sdoriccratdrasbadeho . t e dHREhaPPL | f) uidized bed
kiln 51 38 2 2 ,f AN 2003 to rreasu:%the E:] ngén%}?é;tlﬁ{c)vné oelotﬁll’oxi ns in the
conmbusti on gassé¢lectierd domdeetinnr £al nét NierfRased, oput hg11 i k. series data
on this concentratjon, changes in the concentration of carbon nonoxi de are
predi cted by tli‘l@“?)]roéﬁ%eét 2RY RIGIRYISILST o fisiimy inseachaam itdeelr yo Based on t he
prediction, th@hgrm nes of gri mairg conmbustion air and secondary conbustion
air in the | ower ort et 6FOPRE FRDIiRE ZRRPBE@%i I n 51 are adj usted. Thus,

t he peak of the dioxi t i-an be s ressed to a predeterm ned
val ue or |ess, and_th?sargrggﬁﬁnlor_g %‘glbgkifl@ggﬁgrg{@daﬁarﬁﬁé PREEER).: The .
di oxi ns concentheikesuadd et exbht in B;ha%ifo%gﬂgfi%wé’\?e} Sgh%H 28 Aeul Y

installed is targeted at 0.5 ng-TEQ NnB, an econe ‘necessary to

measure this corcéntnaté 0a.subhetlconaestid ghkooss ﬂBmHPcEt?Qé"A gEQheRigne (a
precursor of dioxins) and di benzofuran pentachl oride PSCDF) correspondi ng

to the di oxi nstEFtdPedPEBASOofUCh g dieTEQ-NrBuase 2Ot radid-iard 0. 5
ng/ Nn8, respecf#; \élex.t These concta]@tér ations can be detected by use of the
apparatus of the'-rAve Toen=hd i 25herta ciloxiids @haPyYy eredtiahes

invention makes, RAFHHSatBELT -tine detection of the dioxins
concentration in the : urﬁgggnaﬁgértl h%loe’% fROJR9UEF BUGR 19 a time del ay of

about S to 20 &iRN@Sp-dA6&Oh LG} Ych B 1$OVM,EPDFG diPen¥BagUr ement is
made in a manner in which a signal B of detection by the neasdring machi ne

foll ows a peakdi®xgin péetaihobdmisid PXX)DD)Nwhheh harBasesn HeRsedeRbER o he
af orenenti oned control is perforned i medi ately after 39 2 2 JAN 2003

finding that thVeReYH: Faxiektnf Bymeaassuriag thesecaset hangbauds,
representing t‘n‘e corltrol of occurrence of dioxins '
' : € relatlive amounts of dioxins can be determined.
FIGS. 9 and 10 show the results of theoretical
calculation of the spectra of dibenzo-p-furan
tetrachloride (T,CDF) and dibenzo-p-furan pentachloride
(PsCDF) . The detection peaks lie near 260 nm, and the peaks

for dibenzo-p-furan pentachloride shift toward 270 nm in

comparison with the peaks for dibenzo-p-furan
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is detected. The |l ocation of sanpling of the exhaust gas is not a
restricted location in the furnace as stated above, but may b2 EgJAN ypege
necessary, in the flue fromthe furnace to the boiler 65, or in the
fromthe boiler 65 to the exhaust gas treatnent equi pnent 66. Particularly
by installing the dioxins analyzer 53 between the boiler 65 and the exhaust
gas treatnent equi pnent 66, it can be judged that if no dioxins occur in
t he furnace, ditetirashhavidecclribedzdopnstreanbeaohlbefids nagepeaayse of
resynthesis of dioxins precursors . In this case, activated carbon, an
adsorbent, is $Fcapedks Mt AL dPr-ayEk 63 thherssy deénsnserated hbabxhaust
gas can be ads%r bed, and their d'k%cﬂéar{jte o the outside can be_prevented.
on,

Instead of spraying FCHHVEEECRR YPABEFPLPRES i heFe721986bsi di ary

conmbusti on neang, 5 WQ%.'PS’n%E\?B?' | &g é’%’@hﬁﬁ %%@hgv\genrdecb%/ Loxi ns _gener at ed

can be burned. Next, an apparafus an 61" 'ana rilgﬁaé“egfsuﬁl Xins in a

sol ution such as wast e rwatigs iWenthendesid %JQ%;st%ﬁ!hﬂ GheERNGR 49sELG 15
As shown in FIG 15, a dioxins analyzer 100 according to the present

enbodi ment conprigh¢s2a iasgpldedi te td shaplappiyd NG tasesniight 183 to a
surface of a solution 102, which is to be neasured, in a reservoir 101; a
counter el ectr ®FELEEILPY VI §BE BPPISKI P T RE Burlaterafe®dly 25X AN 2003

t he solution 1Q2, ﬁhich is to_be neasured, in the reservoir 101; a high
vol tage power soufde T@éef%lfe%leprp?kirfyn@‘ & Ai §RovbI 2hgehsdt isefhehe counter

| ectrode 105 | : d dat ' 107 d
of “an anpl i 11 or A67a T or et Th et BEEP1E QAT sRinardoblai nod. - an

A/D converter 10&ahoe CONWRIIEE e 328 SSINAorPhnkihen@PRsikiSh i nto a
digital signal, and a nonitor 107c for inmage processing the signal. Using

this anal yzer I appbisextilongbf 1583 ri Bigp! tRE e athensHip acedoin the
solution 102 to be neasured to carry out |aser nultiphoton ionization of

di oxi ns on t he cowveataonahdne lrcwlair deamatspent obschmxi nSonnrehel gol uti on
bei ng neasured is determ ned. According to the invention, the concentration

of dioxins in tEMERE QARELEr LA ERF dét @ct 88 t bASRY LéIAL| bvapeddrdof t he
order of pg/liter. . L he_.conc ration_of _dioxi.ns in the ste water -
can be anal yzed rgpﬁggéflémgt%%%& reqd't i7hg " nfEARI 5 $953% &mﬁbout 72
hours as in the conveninaRakeR¥b5864APM JRLNG F 01 1 IBRASIY € the

ol
di oxi ns concentration in the waste water. The rncidence angle fa 9t the

| aser |ight appldldadstiontdte lqustases Ahmbheasol phirearhejatd impastsedhies
preferably 15 degrees or less for the follow ng reasons: At the laser |ight
i nci dence angl @qzF)leof and degt e ior Inssd findsht of Aftterl &ber shinghe i s
reflected, and does not enter into the_solution 102 being neasured. Thus,

i oni zati on t aké®%alBPrafeAdithiryadnFirigh tifecalrbacttdiialsetdyl uti on.
According to thg Nhe3eaha "PETH ST e dLOXLOS &' A for10ws: 1In

selective ionization, full cooling to close to the absolute

zero point is necessary to improve sensitivity and

selectivity. In the invention, on the other hand,

selective ionization is unnecessary, so that full cooling

is not required.

To improve the measurement of homologues of
dioxins with the use of femtosecond laser light in the

invention, it is advisable for the ejection means 19 to
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2 2 JAN 2003 the surface of the solution are anal yzed, and the
concentration of dioxins inside the solution is not directl yzgaqmw ?gggf
However, 'a satisfactory calibration curve can be drawn using sanpl’e from
t he sol uti on whose inside dioxinsconcentration hasbeen progressively
varied. Hence, it can be judged that the concentration can.be determ ned
even upon ionization on the solution surface. Wen ionization is perforned
inside the sol yhéDide the ABASUE AMERbvERHUSHd Bulsecaf{ Bt @d by juet Big the

sol vent. Under these circunstances, the ionization nmethod carried out near
t he surface of thhesasgled gas Hs doaxtibelynviattt icae, £f1lgisyidfirecenbhyof easi bl e,
because it permts adjustnment of an increase or a decrease in the anount of
hydr oxyl radi chl8 Rpifsrdeadiens £21di ok is dbeomshdisebda Huwitbe laser wast e

ter treat ,systemtq be d ibed | ater. on. .The | Jight |
hanosecond. (1083EAInGp bt SBBT P H e & BB R HICE Sk na)
laser 1ight  ThRevaYSLEnOhD f (hesLBSEol ONed § A cliibxedavayghenath in a
o 30 a wa

range of 240 t nm An exanple o S wat'er treafnent system for
deconposi ng di phiisel v ywaaesompesabke1subst ances in waste water with the use
of the above anal yzer will be described. As shown in FIG 16, the waste

wat er treatnent systenfacclos dinvgntdohhetlpy edericteohodf nejictdompobEses t he

di oxi ns anal yzer 100 of FIG 15 capable of neasuring the concentration of
di oxi ns i n washelagubar bgagifpimiagddworieos sands tkiy L€ d sporatictlowhbldat i ng an
ul travi ol et Iarrg 42 2 2. JAN 2003 200 for applying ultraviolet radiation
(W) and adapt &8€tlo Yither 18R %Bﬁ%-lBBﬁt%%%%z@iﬁ?ﬁtjg‘ghgiHe

hydr oxyl (OH) dj : .on-sedi nent at i on. i.p t 20

el uding a colBur Sl S nRESRehe B4 B F} TR B P ] B

coagul ati on- sedhBRAta FOO, LARK, 2P erefe! A1N0i 4 (NE§hEYSHhENo hBSvy
concentration of dioxins is detected by the dioxins analyzer 100 wthout a
ti me del ay. Theoasbunnickdfmmokidxiradicahse genteatetpledaghsiaredvaccor di ng
to the detected concentration of the dioxins. The dioxins in waste water
(raw wat er) 207&othai htmgdelectidodsSsubbn awlestivechons zadt by ngsing e

deconposed by the dioxins, deconposition device 202 usiq&ﬁ;uqh h%droxyl
radi cal s. ThenP2BQSBERUR AL FRA% erINE - cHRFhearéheanir_edi thentederhlPRe

coagul ati on-sed;i d [ n whereaft er , a coagul at.ed.s| udge 208
i s separated f%rf”%ﬂ%%lloggtogﬁfngggcpéggn SFCat & wat gpezf)‘ggeq%co%olrcdp% to the
foregoi ng constigh u{i®n, (yhexdisoxi MSctdFQTPSI N RARuGar B8 3l Yshed
according to the current status of the contents of ‘hazardous substances,
such as di oxi nglyingtdieecawonaleraxAG/di sctd ondsdd shewhiici EDG. dd8pnposi tion
of the raw water becones possible. Wen the dioxins concentration in the
raw wat er 207 Hastkkeceded an edechiic fakdd {zapgpliod depesdipg/on the), an
ozone-cont ai ni g%lggési and, hydrogen peroxi de can be supplied to jnitiate the
X

deconposi ti on Phsiofti YNEEERY A3V SFhIGBSI XA TRRAUSES APEC but may

be changed accqndi ng,t %é%ffl 0 a.agg.%qs USDE Y a1t +hd

h . . ‘all t
unnecessary 43 2 gn\]%\% toﬂgeén’ers%t ggh{l/l r%lxcy r)cr ggl @zﬁs £
deconposi tion Qfon@i @%i BEcCOHStAUdAt ) Waste water treatnent as done with
t he conventional system Thus, the treating efficiency of the treatnent
system can be raised, &wadoanisgkyg\tshvivigailntlidtethe elineentioaquf fment can
be achi eved. The coagul ation-sedi mentati on equi pnent 206 is

molecular beam and the flying direction of ioens be the same,

in order to measure homologues of dioxins and dioxins

precursors of their decomposition products. For example,

when light ions are benzene, heavy ions are dioxins, and

ions of an intermediate weight are precursors of dioxins,
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designed to add a coagul ant 211 and an alkali (e.g., NaOH) 212 to the raw
wat er 207, and coagul ate .and sedi nent solid matter and a QIgAN mmathe
coagul ati'on-sedi nentati on tank 205, followed by renoving them The alkal
is added to adjust the pH which has |owered in the coagul ati on reaction.
Depending on the required quality of treated water, nmeans such as sand
filtration neans or activated carbon adsorption neans nmay be further added

after the coagtlatit®n-YddefeRtRE i NFIaErPrD| e dpfecipsvEl ddscEaBRd di oxi ns

d iti i dopt it hod i n _whi.ch. hyd |

(@) Tad calshr BGertrak o By FHRe TOMT Sk 8F ALY ot PReroRHEE  HooY)

and ozone to dopaNPAse AR KNS ceRRBLSE loh Y %gw%ilﬁ@xﬂé%éu a%? gals unti|
enbodi t 0

no harmis found. According to the present nment , e c i nati on of

hydrogen per oxbdaciten2d meaduozneet bis:heronsldusd aat edims: igh .exappl e of
t he hydroxyl radical generating neans. O her exanples of the generating
means are ~1 itheagisg PEITIG. dinenar¢dvent t Laveolléghtaysapyl ped fikbmavi ol et

| anp, ~2 irradiation of a conbination of ozone and hydrogen peroxide with
ul traviol et r&p§s Bydgnsusface of rhenelggsraderkssaisa afafpe and ~3

[ di ati f : . ide with ul i.0l et b | t i ol et
|, The' met RG4SC-SHERHRHTHIERR T1° BLBREFoF CReGF ARl b ALFEJe Ry an
ul traviolet |amRr68y%ss il WgPLRS SYEEL PP ‘f‘i.reid'.ar‘i‘h&s‘r’fghggtd%?ggﬁ%??g W,

. . E1H
i nvol ves irradiating ozone ?‘ogone concentration 10

ultraviol et raditakeanthavhog: vaw@ienrtns1ebt 283 R AL 24 rRRukPegener at e
hydr oxyl radicals. The nmethod ~2, using the conbination of ozone and

hydr ogen peroximddl.i nfleeconkfiyduogetomert aXicdde? (x) dpeamutndisfud®the 5, 000
mg/liter and ozone in an anount of 50 to 5, 000 ng/liter, and irradiates
them wi th ul t @d@csirde £agidbyanth aan Paingl thel appzte lgermddataehydr oxyl

radicals . The . nethod ~ irradiati on of hydrogen peroxide wi.th ultraviolet
rays by an ul terle?\?:;c(gf’g? ?&rﬁ)l,os’len 8ceﬁas°r}h>9(§P85en %é‘ﬁ?gi éés?ﬁ Honsant of 10
to 5,000 /'l ter nd i & radi j it Vj r

ul travi ol g? I gr?papgaégﬁeégt% kﬁ{ygﬁfogf%pwsagieggﬁég ’Iji—'%r%fers?royoftgf%t ﬁgedi oxi ns

deconposi t i on cdewices oBY¥ehsi t ¥ BYf aled bai § Ackbes&agul at i on- sedi ment ati on
equi pnent 206 to achi eve a conpact size. Wile the present invention has

been described in the HIo.e3disng stashadic viiew shdwiMepa udaresioeathichat t he
invention is not limted thereby, but nay be varied in many other ways.

Such vari ati orf§ aP8 abeud heipsgas ded fdyingdepar etectrsm the EdFi-rit and
scope of the invention, and_ all ch nodifications as would be ghvious to
one skilled it RASSEEOPE Phihddd 66 BELITET it KPR EERD %’%o\ffe of 45

2 2 JAN 2003 Hﬂ@a@%ﬁ%@gegocéﬁg'Qied%@ode 31, while a voltage of V4 is

applied to the electrode 32. An ion cloud 39 is formed
between the electrodes 31 and 32,.and the distance between
the electrodes 31 and 32 is, for example, 0.8 cm, while the
distance between the electrodes 32 and 33 is, for example,
0.5 cm. The resulting ion cloud 39 flies in a flying tube
(not shown) with a length of L, and is then detected by an.
ion detector 23. A region ionized by laser light has a
finite breadth, and the manner of acceleration of the

resulting ions differs according to the position of ion

28



2 2 JAN 2003 47 What is clained is: 1. A dioxins analyzer, conprising:
sanpling neans for directly sanpling a conbustion gas contgggi q*m§ins in
an exhaust gas di scharged froman incinerator, a thermal d w@@!i n
furnace, or a nelting furnace; ejection neans for ejecting the sanpled gas
containing the dioxins into a vacuum chanber with use of a nozzle having a
pul se valve for form ng a supersonic jet; |aser applicator neans for

appl yi ng | aser tbirght i6f . a diveatk ISPBGIE 3ha Wi ﬂ%ﬁbggﬁ Ocr{eh%gkezcetaec% ghpersoni c
e

jet to farmnol ecul ar ions of honol ogues of I oXI ns during a résonance
enhanced i oni zaphoAepeotesss3 dmd di fferenof £ {hé GhttHRS cSRCRET egRLer for
analyzing the resulting nol ecul ar ions for dioxins, and wherein: the

homol ogues of PREFBFBXIMALNTeTRl Eovnandon Faovareoderads qranadgged. 2.
The di oxins an?EX§e£réﬁa(ééﬂ§“| dw?erein: the laser |ight of the broad
spectral width P8 | A5ertT9GHE 26F L% "0 Shagehasapl e xat kdmmsanki thein an

el ectron excitg f | es;t measured. 3, The di oxi ns anal yzer
of claim1, mhe?%?%?6§%§3ﬁg§g$%?fgﬁpuﬁgpg%ﬁfﬁ§b5%ﬁﬁ1FQEéF”} §hECEPL 2 to 500

fent oseconds. 23, Tiee dirgensranad Wzas of €4 M | N;onihe wavel engt h
of the laser light is a fixed wavelength in a rgﬁagbgﬁﬁagﬁnfo%gﬁﬁe§n1 2 2
JAN 2003 48 5. sThel thoxowslnant yeeecoéd eliaultinewhel @) withBEt & €6hd ON Means
has the pul se valve for ejecting the sanpled gas in a direction coaxial
with a flying 9f+2%ti'Bie sy hee isensitantty et Hasectioghts iacapaséed from a
direction perpendicula, to t jet ejected fromthe pul se valve. 6. The

di oxi ns anal yzer of c|§Fﬁ¥1Yhﬁhé¥§#ﬁw an explanation for means which

improves the manner of ejection of the sample from the slit
nozzle of the invention into a vacuum chamber, and which
detects dioxins directly and rapidly with high sensitivity,
without performing a step such as concentration.

As a method of increasing the sensitivity of
detection, it has been known to raise the degree 6f
convergence of laser light by a condenser lens. However,
such a method cannot fully increase the detection
sensitivity. Hence, the invention aims at further
improving the détection sensitivity by forming an ejection
from the slit nozzle into a rectangular form. As shown in
FIG. 4, the slit nozzle 17 has an ejection hole 17a of a
rectangular shape, and dioxins accompanied by a helium gas
form a jet 16 in a vacuum chamber (not shown). Since the
shape of the ejection hole 17a of the slit nozzle 17 is thus
rectangular, the ejected jet 16 takes a rectangular shape
in a direction of advance of laser light 20 applied. 1In

this region, the jet 16 is effectively ionized. In FIG.
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the sanpling neans is a sanpling pipe equipped with a filter for renoving
ash in the exhaust gas. 7. The dioxins anal yzer of claim 1, 2vhelAN 2003 he
sanpl i ng"nmeans i ncl udes backwashi ng neans. 8. The dioxins anal yzer of claim
1, wherein: a front end of the sanpling nmeans is provided in at |east one

| ocation inside the incinerator, thermal deconposition furnace or nmelting
furnace, or inside an exhaust gas flue. 9. The dioxins analyzer of claim]l,
wherei n: the tBrebheflaght Inags sz;meetsrggﬁigédi&aa reflegtibgn type nass
spectrometer. 10. A dioxins analysis nethod, conprising: nultiphoton

i oni zi ng di oxi REFPRNARCEIMAGSt thasheetwaste. waherTo t4) Bsehofed 2ses i ght,

t he exhaust ga? pgi Qgsgi schal{n%ed froman incinerator, a thernal

deconposi tion furnace cdr° & heiXiiRgds 6f faeel verh lame wai agrhobon ogues of

t he dioxins si n -2 JAN 2003 49 11. The di oxi ns anal ysi s

met hod of cl ai %H%%ﬁ ﬁ/é\l&egr%%/arﬁlet ﬁé’%rsaéé? Prigmllr etistsnsad Bpectooale width is

f ent osecond | asenfig@hit fn 2nbB159Q e onds. . [12. A combustion control
systemin an incinerator for charging glrg%%fc)%sq}aﬁe Hﬁt"a?eﬁo fhtrdin

i nci nerator, asuvhéiakdntdexoryiadivtiton furnace, or a nelting furnace,
mai nt ai ni ng an anount of heat generated by conbustion at a constant |evel,
and suppressing occurr%‘ﬁ%@r@fn%thé;b&rmrgamb@m@ém,ng SHrPpUeNPith

conprising: th i oxins analyzer of claim1 capable of instantaneously
neasuring the %idg‘)?ixﬁg ?W%:Sﬁ‘te@aﬁsltolgéso fOrlappt henibeciebsateat witihargal

deconposi tion fay L, ng f.urnace; and conbustion air control
means, whereby a @%%?Qﬁtgg‘ﬁtq?‘é%d of “tRECHHIESE Si & laggece el Win hbuthea ti e

del ay, and an momewilf bearbustd W ried according.to the
concentration of the dioxins dte(jtegl%t]%:g.édl% @ﬁesgg%ﬁ%‘ﬂ%ﬂ%&oﬂ??&h%yst emin

an inci nerat orregial ailmee ithechassr 12 gmhereidan ggeaggﬂggt.itq]ne air control
means controls an ampunt of air and a concentration oxygen of one or
both of pri mar$etesbies isensativany sechndarey Geebustign air. 14. A

conmbusti on control sysr%‘em in an incinerator for charging a conbustible
material into an inci nePEtGEmozes has nalhowre cianpgdsi.t denahuanacielasy a nel ting

furnace, maintalningan YNt p%v{‘c?gé o%et[,]}?er aga%de?gcgfgr?%sigeogf ?:the
slit nozzle'17 having the rectangular ejection hole 17a of
the invention. Because of this measure, .a further spread
in the minor axis direction of the rectangular shape of the
molecular beam 16 can be suppressed. Consequently, the
number of the molecules, which are not irradiated.with laser

light, decreases radically compared with the absence of the

air blast restrictor 17b. Thus, a further increase in the

sensitivity can be achieved.

Besides, the mesh eiectrodes 31, 32, 33 and an ion
detecting MCP (microchannel plate) as the ion detector 23
shown in FIG. 3 are in a rectangular shape. Thus, the ions
can be trapped without waste, and the improvement of

sensitivity can be achieved.
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2 2 JAN 2003 50 a constant |evel, and suppressing occurrence of a hazardous
gas containing dioxins, conprising: the dioxins analyzer 2f c\!)m n)rgggcapabl e
of i'nstantaneously neasuring the dioxins in an exhaust ga Zr m t he

i ncinerator, thermal deconposition furnace, or nelting furnace; and dust
col l ection/renoval neans for renoving dust in the exhaust gas, whereby a
concentration of the dioxins is detected Wthout a tine delay, and an
anount of spray of an Naigor bencréoe catieordingitleetdi OKithe meatariRd
according to the concentration of the dioxins detected. 15. A conbustion
control system$n%nS n&#‘ﬁeﬁ&f’SPt*%‘P Widr gengleacedbpdsti ble material into
an incinerator, a therﬁ;g q§c]c_)§r%ogic}li ontfurnace, or a nelting furnace,

mai nt ai ni ng an anount of héat genarated by Yeebestd GhoFing sHstzeR | evel

and suppr essi NgvagRUs 18868 1afgnt dREa ntalning. dioxins,
conprising: the dioxins anal ;?zer of ¢ a%% ?L%%gglgigllcgla&be%n]s’?%‘?ﬁrfﬁ:@gusl y
measuring the tdiexxites for @orexhausimeiRscdla@mERR EDG|;nerator, thermal
deconposition furnace, or nelting furnace; conbustion air control neans;
and dust col | ection/ r éfoshbwnebm$ IGor 1 ernaioginkishallp-eheaddiausly gas,
whereby a concentration of the dioxins is detected without a tine delay, an
amount  of contisttiign PErsent ¢AP P& et disdicemppeed hintegicelity atfi an of t he

di oxi ns det ect upt _of. spr of an adsorbent for adsorbing the
dioxins is varsf\agﬂéﬂggl%o%%g%t gmf @86%&%%%&%@8&41% oS ddt ect ed.

2 2 ~ ~N 2003 &hthGnifgCayBYsSEE on 16049 1hal temin an incinerator for
chargi ng a conbusti bl e material’ m]k?loéﬁar?%sngf%%grg%%%aﬁg? an

decomposi ti on iurinacaron; tekii DaduhBas e 1 GRIIEARELNG 20 UTRYRL Of heat
generated by conbustion at a constant |evel, am§ suppressi ng occurrence of

a hazardous gdiroeceai ficny thokias;he drhaskNgthé hearmh D pipaahgzer of
claim 1l capabl e of instantaneously nmeasuring the dioxins in an exhaust gas
from the inci M&VdGra fEhERFAINodetinUset ios fuamtaend; erjereloh mgahsr nace;
and a stabilizigng burner % a concentration of the dioxins a.s

detected without "a t?]r’reeCtdié]\AgQ$?l.gg AR SUPPBI 17 MPrgad nita gl eke idios inke exhaust

gas accor ﬁ' ng éhg)?hgﬁr;%%g@gg-e&é[%épaBO‘IJigl'b%hgl195)(e| 0% deleched; § g.R4nn the
a pulse valve 17a for forming a supersonic jet 16; laser
applicator means 22 borne on an optical bench 40 for
applying laser light 20 of a broad spectral width into the
ejected supersonic jet 16 to form molecular ions 21 of
homologues of the dioxins during a reAsonance enhanced
ionization process; a reflectron type time-of-flight mass
spectrometer 24 for analyzing the dioxins in a flying tube
41, in which the resulting molecular ions 21 fly, the
spectrometer 24 having an ion detector 23 and a reflectron
42; and an information processor 29 for processing
information detected by the ion detector. Céncretely, the

analyzer of a compact size measuring 2 m in height, 1.5 m

in width, and 2 m in length, for example, can be provided.
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17. A conbustion control systemin an incinerator for charging a
conbustible material into an incinerator, a thermal deco”pfthiAW @%nace,
or a nelting furnace, maintaining an anmount of heat genera by Z* ustion
at a constant |evel, and suppressing occurrence of a hazardous gas

cont ai ni ng di oxi ns, conprising: the dioxins analyzer of claim1 capable of

i nst ant aneously neasuring the dioxins in an exhaust gas fromthe

incinerator, thehmah alechmEosiibi OfsfANNARL Gealt HEBIFLIXAG cEUE Hakf yc@TDUSE T oNn
air control neans; and a stabilizing burner, whereby a concentration of the
di oxi ns i s deth@®od@aueshefit dhoxime idelthy, canbasolot @fs cdnrbustion air is
vari ed accordi.n% to . the concentration of the dioxins detected, and a
supporting gas T&APEAPPRESLY mPd didsstlyas Hr#dfdi Ag the muri12@03 52 to

t he concentr atq.Qn h | 0X] detected . to burn the dioxins in the
exhaust gas. tfg%%%%% éi g??%séétgg?’ys%qs e ﬁgdeﬁ?c%ﬁ‘ta’r‘?ﬁ f£ A% P si ng:

appl yi ng |aserrédu@!ihgf[@n@.p%%rsfsﬁﬁ?@.ﬂ'fs_i"?ies@llxénvia%ﬂuPno?}pﬁnﬂEeraﬁgra(lad({ LR perform
n e

| aser mul ti photon ionization of dioxins on the surface; a i ni ng a

concentrati on Wiyingetub®xilns4 6 m vheusRlevhicant i on ke, SRASPEGLr sbrcLhe
di oxi ns anal ysis nethod of claim18, wherein: the'laser light is nanosecond

| aser |ight orcoéxrdspanad, | arerd] ighkle20syThen dbowd NSsAir@ey.Si Bhdret hod of
claim18, wherein: the |aser light is laser |light of a wavel ength of 300 nm
or less. 21. TRESHi BWRICRA Peeps A2 ehaihe bptioapriaiaigdOa dmbehedevi ce

for applying | r.li to a syrface of a solution, which is to be
nmeasured, in g%r%gsgb\%g?%?m%t%%%{ & S PEEPPERE M H TP WpIdeMee the surface

of the sol uti @ampakkahiits 4 @aRe (,n.the reservoir:. g hi vol t age

power source for pappl yilng a ﬁi gh{%gﬁ%@gghﬁg%ﬁeﬁl?%%sec ﬁﬂtdé‘rtafé"lrgapr ode and

the reservoir frandsa phecesses, fulveadplihybograndi JH Q‘é%%%n%%v@”gﬁ' ectric
1,

current signal obtained. 22. The dioxins analyzer of claim erein:

vibrations inHerent in respective frames is unnecessary,
and the improvement of sensitivity can be achieved.

According to the invention, the mass spectrometer
24 used is of the reflectron type designed to increase the
detection sensitivity. This spectrometer is based on the
following principle: Of the ions having the same mass, ions
with greater (smaller) translation energies enter an
electric field more deeply (more shallowly) before being
reflected, thereby flying over an effectively longer
(shorter) distance. Thus, ions with different energies
can be gathered in the detector at the same time. To prevent
deterioration of the ion detector (MCP) 23 by the organic
gas in the sample, the evacuation means with a sufficient
capacity can be used.

In the above configuration, the interior of the

vacuum chamber 18 is 107 torr (1.33 x 10™® Pa), and the
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surface of the solution to be neasured is 15 degrees or | es€ AN 72083

di oxi ns anal yzer of claim22, wherein: the laser |light is nanosecond |aser
i ght or fenmtosecond | aser light. 24. The di oxins anal yzer of claim 22,
wherein: the wavelength of the laser light is a fixed wavelength in a range
of 240 to 300 nm 25. A WAste water treatnent system for deconposing

difficultly decomposabbg SubsLanaeube MRSkel Aty i(Dehudi ng:s she di oxins
anal yzer of claim 21 capable of neasuring a concentration of dioxins in the
wast e wat er, and wher ei$:natrsl ebovent thei ore off tthe dioxins asaletect ed

W thout a tine delay, and the dioxins in the waste water are deconposed in
the presence off AP8rigikANTigi RafeS At dveditkdette $HeuHaaneawed Yoot r at i on
of the dioxins

As2. A A A _ AN REEIR Ao REPIRGUCH O AioxIRSoWANANE AFCARIA. A9 AL. AA
9. AU, A% fobly @%@hﬁ@%@?&&%ﬁ/ﬂtﬁé- E8n bt A ashienatl s AV ALY
only a single substance by selective ionization, it is
difficult to distinguish between an actual decrease in the
concentration of the target substance in the furnace and
an apparent decrease in the concentration of the target
molecules introduced into the measuring device because of
an abnormality during sampling. This problem is solved by
the invention that directly analyzes dioxins.

According t'o the conventional measuring method,
only one particular isomer can be measured. Whén measuring
other substances, wavelength scanning is necessary. In
making measurements while sAcanning wavelengths, adjustment
for varying wavelengths needs to be made for each
measurement. The adjustment takes ‘so much time that
homologues of dioxins in the exhaust gas cannot be analyzed
in real time. According to the invention, homologues of
dioxins canbe analyzed, wavelength scanning and wavelength
correction are unnecessary, and a running cost during
continuous long-term measurement can be reduced markedly.

It has been impossible to evaluate whether
decreases in the decomposition products of dioxins mean
that the occurrence of dioxins has been suppressed, or that

the decomposition of dioxins has been suppressed, although
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incinerator for charging a combustible material 52 into a

furnace 51 such as an incinerator, a thermal decomposition
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heat generated by combustion at a constant level, and
suppressing occurrence of a hazardous gas containing
dioxins. This control system comprises a dioxins analyzer
53 capable of instantaneously measuring the dioxins in the
furnace 51, and combustion air control means 54, whereby
the concentration of the dioxins is detected without a time
delay, and the amount of combustion air is varied according
to the concentration of the dioxins detected. In the
present embodiment, the incinerator 51 is a fluidized bed
kiln having a fluidized bed 55 at its bottom. Downstream
from the fluidized bed 55, an ash chute 56 is disposéd for
transporting ash after combustion of the combustible
material 52 to a predetermined position. To the fluidized
bed 55, a forced draft fan 59 is connected via piping 58
having a primary combustion air amount . control valve 57
interposed therein. Primary combustion air is fed to an
arbitrary site from a lower portion of the fluidized bed
55. Near the lower portion of the fluidized bed kiln 51,
~a forced draft fan 62 is connected via pipingv61 having a
secondarycombustionairamountcontrolvalveGOinterposed
therein. Seceondary combustion air acts to burn a
combustion gas, which has been generated by primary
combustion, at an upper site in the fluidized bed kiln 51.
On a side wall of the lower portion of the fluidized bed
kiln 51, a combustible material feed.hdpper 63 is provided

for charging a combustible material, such as a municipal
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!:10%b&-()_10%5§j ye\poggyyb 3¢)2 Hieposg6¢ )1isr provided which is driven
" by a motor to push the combustible material 52 out into the
fluidized bed 55. The combustible material 52 fed by the
feeder 64 is gasified in the fluidized bed 55, and burned
in the interior of the fluidized bed kiln 51 above the
fluidized bed 55. Above the fluidized bed kiln 51, there
are sequentially connected a boiler 65 for cooling a high
temperature combustion gas obtained by combustion in the
fluidized bed kiln 51, exhaust gas treatment equipment 66
for removing a hazardous gas and particulate matter, an
induced draft fan 67 for sucking the exhaust gas, and a
chimney 68 for releasing the exhaust gas into the atmosphere.
Near the exhaust gas treatment equipment 66, a sprayer 69
is disposed for spraying calcium hydroxide, activated
carbon, etc. into the equipment 66 where necessary. Above
‘the fluidized bed kiln 51, ﬁhe dioxins analyzer 53 is
provided as measuring means capable of instantaneously
measuring the concentration of dioxins in the combustion
gas in the furnace. This analyzer 53 has a structure as
shown in FIG. 1 or 11, and the measured information is
electrically connected to a controller 71. The controller
71 is electrically connected to the primary combustion air
amount control valve 57, the secondary combustion air
amount control valve 60, an oxygen amount regulating valve

73, and a stabilizing burner 72.

Combustion control may be performed by performing,
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, 10984 ¢ ) rdquired, primary combustion air amount control, or

secondary combustion air amount control, control of the
oxygen concentration in combustion air, or any of these
types of control. If the controller 71 has built-in
predicting control means, the controller 71 can predict
changes in the dioxins concentration from time series data
basaﬂontheresultsofn@asurementsbythedioxinsanalyzer
53. The predicting control means has a fuzzy controller
for control of the baseline (mean value), and a chaotic
controller for suppressing the occurrence of dioxins. The
chaotic contréller predicts the dioxins concentration at
a certain time in the.future, from time series data based
on the results of measurements by the dioxins analyzer 53,
and if it predicts the occurrence of a peak, it calculates
a manipulated variable for increasing the secondary
combustion air amount. The fuzzy controller grasps the
deviation between the results of measurement of the exhaust
gas and the set value for the dioxins concentration, and
calculates a manipulated variable for reducing the
aeviation to zero. Based on the sum of the manipulated
variable determined by the chaotic controller and the
manipulated variable by the fuzzy controller, the primary
combustion air amount control valve 57 and the secondary
combustion air amount control valve 60 are operated to
control the dioxins concentration of the plant.

An example of a combustion control operation using

the chaos theory by the combustion control system of the
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thereto.

The combustible material 52, such as a municipal
solid waste, is charged from the combustible material feed
hopper 63 into the fluidized bed 55 of the fluidized bed |
kiln 51. The combustible material charged is gasified in
the fluidized bed 55, and burned inside the fluidized bed
kiln 51. The resulting exhaust gas is cooled by the boiler
65, and rid of a hazardous gas and particulate matter by
the exhaust gas treatment equipment 66 such as a filtering
dust collector. Then, the treated gas is sucked by the
induced draft fan 67, and released ffonlthe chimney 68 into
the atmosphere. Above the fluidized bed kiln 51, the
dioxins concentration is instantaneously measured by the
dioxins analyzer 53, and signals based on the results of
measurements are sent to a predicting controller (not
shown). The predicting controller predicts changes in the
dioxins concentration according to the chaos theory.
Signals by the predicting controller are sent to the
controller 71( which adjusts the openings of the primary
combustion air amount control valve 57 and the secondary
combustion air amount control valve 60, thereby adjusting
the amounts of pPrimary combustion air and secondary
combustion air.

As described above, the dioxins analyzer 53 is

attached to the upper portion of the fluidized bed kiln 51
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gas in the furnace in real time. Based on the time series
data on this concentration, changes in the concentration
of carbon monoxide are predicted by the predicting
controllerusingthechaostheory. Basedontheprediction,
the amounts of primary combustion air and secondary
combustion air in the lower portion of the fluidized bed
kiln 51 are adjusted. Thus, the peak of the dioxins
concentration can be suppressed to a predetermined valge
or less, and the amount of dioxins generated éan be reduced.

The dioxins concentration at the exit of the
furnace which will be newly installed is targeted at Q.5
ng~-TEQ/Nm®, and it will become necessary to measure this
concentration. The concentrations of monochlorobenzene
(a precursor of dioxins) and dibenzofuran pentachloride
(PsCDF) corresponding to the dioxins concentration of 0.1
ng-TEQ/Nm® are 20 ng/Nm® and 0.5 ng/Nm’, respectively.
These concent'rations canbe detected by use of the apparatus
of the invention.

The use of the dioxins analyzer of the invention
makes possible the real-time detection of the dioxins
concentration:in the furnace and the exhaust gas flue with
a time delay of about 5 to 20 seconds. Accordingly, as shown
in FIG. 13, measurement is made in a manner in which a signal
B of detection by the measuring machine follows a peak A

of the dioxins (DXN) in the furnace. Hence, when the

aforementioned control is performed immediately after
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finding that the concentration of dioxins has increased,
a peak C representing the control of occurrence of dioxins
is detected.

The iocation of sampling of the exhaust gas is not
a restricted location in the furnace as stated above, but
may be set, where necessary, in the flue from the furnace
to the boiletv65, or in the flue from the boiler 65 to the
exhaust gas treatment equipment 66. Particularly by
installing the dioxins analyzer 53 between the boiler 65
and the exhaust gas treatment equipment 66, it can be Judged
that if no dlox1ns occur in the furnace, dlox1ns have
occurreddownstreamfromthefurnacebecauseofresynthesis
of dioxins precursors. 1In this case, activated carbon, an
adsorbent, is sprayed from the sprayer 69, whereby dioxins
in the exhaust gas can be adsorbed, and their discharge to
the outside can be prevented. Instead of spraying
activated cafbon, the stabilizing burner 72, subsidiary
combustion means, may be installed in the flue, whereby
dioxins generated can be burned.

Next, an apparatus and a method for analysis of
dioxins in a solution such as waste water will be described
with reference to FIG. 15.

As shown in FIG. 15, a dioxins analyzer 100
according to the present embodiment comprises a laser

device 104 for applying laser light 103 to a surface of a

- solution 102, iwhich is to be measured, in a reservoir 101;

a counter electrode 105 provided opposite the surface of
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the solution 102, which is to be measured, in the reservoir

101; a high vbltage power source 106 for applying a high
voltage betweén the counter electrode 105 and the reservoir
101; and data processing means 107 composed of an amplifier
107a for amplifying an electric current signal obtained,
an A/D converter 107b for converting an analog signal of
the amplifieriinto a digital signal, and a monitor 107¢ for
image processing the signal. Using this analyzer 100, .
laser light 103 is applied to the surface of the solution
102 to be measured to carry out laser multiphoton ionization
of dioxins oﬁ the surface, and the concentration of dioxins
in the solution being measured is determined.

According to the invention, the concentration of
dioxins in the waste water can be detected to up to a low
level of the order of pg/liter. Thus, the concéntration
of dioxins in'the waste water can be analyzed rapidly,
without requiring an analysis time of about 72 hours as in
the conventional extraction method for measurement of the
dioxins concentration in the waste water.

The incidence angle (a) of the laser light applied
to the surface of the solution being measured is preferably
15 degrees or liess for the following reasons: At the laser
light incidence angle (a) of 15 degrees or less, most of
the laser light ié reflected, and does not enter into the
solution 102 béing measured. Thus, ionization takes place
preferentiallj only on the surface of the solution.

According to the present measurement, dioxins on
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concentration of d10x1ns inside the solution is not

directly meaéured. However, a satisfactory calibration
curve can be drawn using a sample from the solution whose
inside dioxins concentration has been progressively varied.
Hence, it can be judged that the concentration can be
determined even upon ionization on the solution surface.
When ionization is performed inside the solution, the
measurement tends to be affected by water, the solvent.
Under these circumstances; the ionization method carried
out near the surface of the solution, as in the invention,
is sufficiently feasible, because it permits adjustment of
an increase or a decrease in the amount of hydroxyl radicals
generated by a dioxins decomposition device in a waste water
treatment system to be described later on.

The laser light is nanosecond (107° second) or
several hund:ed femtosecond (10'13 second) laser light.
The wavelength of the laser light is a fixed wavelength in
a range of 240 to 300 nm.

An example of a waste water treatment system for
decomposing difficultly decomposable substances in waste
water with the use of the above analyzer will be described.

As shown in FIG. 16, the waste water treatment
system according to the present embodiment comprises the
dioxins analyzer 100 of FIG. 15 capable of measuring the
concentration of dioxins in waste water; a dioxins

decomposition device 202 accommodating an ultraviolet lamp
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1ntroduceanOZOne—contalninggas201andgeneratehydroxyl
(OH)radicals;andcoagulation—sedimentationequipment206
includhm;acoagulationtank203,aflocformationtank204,
and a coagulation-sedimentation tank 205. According to
this system, the concentration of dioxins is detected by
the dioxins analyzer 100 without a time delay. The amount
of hydroxyl radicals generated is adjusted according to the
detected concentration of the dioxins. The dioxins in
waste water (rawwater) 207 containing hazardous substances,
such as dioxins, are decomposed by the dioxins
decomposition device 202 using such hydroxyl radicals.
Then, suspended matter is coagulated and sedimented in the
coagulation-sedimentation equipment 206, whereafter a
coagulated sludge 208 is separated for purificatién, to
form treated water 209.

According to the foregoing constitution, the
dioxins decomposing power can be adjusted according to the
current status of the contents of hazardous substances,

~such as dioxins, in the raw water 207. As a result,
efficient decomposition of the raw water becomes possible.
When the dioxins concentration in the raw water 207 has
exceeded a certain value (e.g., 20 to 30 pg/liter), an
-ozone-containing gas and hydrogen peroxide can be supplied
to initiate the decomposition of dioxins. This regulatory
value is not restrictive, but may be changed according to

the effluent standards. Consequently, it is unnecessary
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to generate hydroxyl radicals for decomposition of dioxins

constantly in waste water treatment &s done with the
conventional system. Thus, the treating efficiency of the
treatment system can be raised, and an energy saving in the
treatment equipment can be achieved.

The coagulation-sedimentation equipment 206 is
designed to add a coagulant 211 and an alkali (e.g., NaOH)
212 to the raw water 207, and coagulate and.sediment solid
matter and a colloid in the coagulation-sedimentation tank
205, followed by removing them. The alkali is added to
adjust the pH which has lowered in the coagulation reaction.
Depending on the required quality of treated water, means
such as sand filtration means or activated carbon
adsorption means may be further added after the
coagulation-sedimentation facilities.

The above-described dioxins decomposition device
202 adopts a decomposition method in which hydroxyl (OH)
radicals are generated by tﬁe joint use of hydrogen peroxide
(H202) and ozone to decompose dioxins completely with the
hydroxyl radicals until no harm is found.

According to the present embodiment, the
combination of hydrogen peroxide (H,0,) and ozone has been
illustrated as an example of the hydroxyl radical
generating means. Other examples of the generating means
are O irradiation of ozone with ultraviolet rays by an
ultraviolet lamp, ® irradiation of a combination of ozone

and hydrogen peroxide with ultraviolet rays by an
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Q, irradiation of ozone with ultraviolet rays by an
ultraviolet lamp (e.g., a low pressure mercury lamp: output
10 to 200 w), involves irradiating ozone (ozone
concentration 10 g/m® or more) with ultraviolet radiation
having waveiéngths of 185 nm and 254 nm to generate hydroxyl
radicals. The method @, using the combination of ozone
and hydrogen peroxide, injects hydrogen peroxide in an
amount of 10 to 5,000 mg/liter and ozone in an amount of
20 to 5,000 mg/liter, and irradiates them with ultraviolet
rays by an ultraviolet lamp to generate hydroxyl radicals.
The method @), irradiation of hydrogen peroxide with
ultraviolet rays by an ultraviolet lamp, injects hydrogen
peroxide in aﬁ amount of 10 to 5,000 mg/litér, and
irradiétes it with ultraviolet rays by an ultraviolet lamp
to generate hydroxyl radicals. Furthermore, the dioxins
decomposition device may be integrated with the
coagulation-sedimentation equipment 206 to achieve a
compact size.

While the present invention has been described in
the foregoing fashion, it is to be understood that the
invention is not limited thereby, but may be varied in many
other ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and

all such modifications as would be obvious to one skilled

in the art are intended to be included within the scope of
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What is claimed is:

1. A dioxins analyzer, comprising: sampling means for
directly sampling a combustion gas containing dioxins in
an exhaust gas discharged from an incinerator, a thermal
decomposition furnace, or a melting furnace;

ejection means for ejecting thevsampled gas containing the
dioxins into a vacuum chamber with use of a nozzle having
a pulse valve for forming a supersonic jet;

laser applicator means for applying laser light of a broad
spectral width into the ejected supersonic jet to form
molecular ions of homologues of the dioxins during a
resonance enhanced ionization process; and

a time-of-flight mass spectrometer for analyzing the
resulting molecular ions for dioxins, and wherein; the
homologues of the dioxins in the combustion gas are

directly analyzed.

2. The dioxins analyzer of claim 1, wherein:
the laser light of the broad spectral width is laser light
of a pulse width shorter than a life in an electron

excited state of molecules to be measured.

3. The dioxins analyzer of claim 1, wherein:
the laser light is femtosecond laser light of 2 to 500

femtoseconds.

4. The dioxins analyzer of c¢laim 1, wherein: the
wavelength of the laser light is a fixed wavelength in a

range of 240 to 350 nm.
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5. The dioxins analyzer of claim 1, wherein:

the ejection means has the pulse valve for ejecting the
sampled gas in a direction «coaxial with a £lying
direction of the ions; and

the laser light is applied from a direction perpendicular

to the jet ejected from the pulse valve.

6. The dioxins analyzer of claim 1, wherein:
! the sampling means is a sampling pipe equipped with a

\ filter for removing ash in the exhaust gas.

7. The dioxins analyzer of claim 1, wherein:

the sampling means includes backwashing means.

8. The dioxins analyzer of claim 1, wherein:

a front end of the sampling means is provided in at least

one location inside the incinerator, thermal

decomposition furnace or melting furnace, or inside an

exhaust gas flue.

9. The dioxins analyzer of claim 1, wherein: the time-
of-flight mass spectrometer is a reflectron type mass

spectrometer.

10. A dioxins analysis method, comprising: multiphoton
ionizing dioxins in an exhaust gas or waste water with
use of laser light, the exhaust gas being discharged from
an incinerator, a thermal decomposition furnace, or a
melting furnace; and

analyzing homologues of the dioxins simultaneously.
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11. The dioxins . analysis method of claim 10, wherein:
the laser 1light of the broad spectral width is

femtosecond laser light of 2 to 500 femtoseconds..

12. A combustion control system in an incinerator for
charging a combustible material into an incinerator, a
thermal decomposition furnace, or a melting furnace,
maintaining an amount of heat generated by combustion at
a constant leval, and suppressing occurrence of a
hazardous gas containing dioxins, comprising:

the dioxins analyzer of claim 1 capable of
instantaneously measuring the dioxins in an exhaust gas
from the incinerator, thermal decomposition furnace, or
melting furnace; gnd

combustion air control means,

whereby a concentration of the dioxins is detected
without a time delay, and an amount of combustion air is
varied according" to the concentration of the dioxins

detected.

13. The combustion control system in an incinerator as
claimed in claim 12, wherein:

the combustion air control means controls an amount of
air and a concentration of oxygen of one or both of

primary combustion air and secondary combustion air.

14. A combustion control system in an incinerator for
charging a combustible material into an incinerator, a
thermal decomposition furnace, or a melting furnace,

maintaining an amount of heat generated by combustion at



H

10" 10",;10% & ()-!vs+10%"P"& ()-}rg\: 10! $109%CC& ()- 10g 1
109g& ()-  010%g& ()-9!'Y10% & ()- (!Y10%g& ()- (%Rxmb@ 10!! ~

10g 10g 10g9; 10%g& () - %d0%g& () -, #10%g& () - F10%& () - dEnb@

2@%2@93 z

1001 +109%&' () - $109& () - &3"3109%&' ()- 10%& ()-9 F10%&' ()-  Y109& ()- =@BCQH@
101 110% & ()-$10%g&' ()-$ "1109%g& ()- 10 10 10&@ 10%&' () -, 109& () - #8; <bC8

10@; 10%@ () - 10%@ ()-"10%& ()- s0

a constant 1level, and suppressing occurrence

hazardous gas containing dioxins, comprising:

cof a

the dioxins analyzer of claim 1 capable of

instantaneously measuring the dioxins in an exhaust gas

from the incinerator, thermal decomposition furnace, or

melting furnace; and dust collection/removal means for

removing dust in the exhaust gas,

whereby a concenttation of the dioxins is detected without

a time delay, and an amount of spray of an adsorbent for

adsorbing the dioxins is varied according

concentration of the dioxins detected.

to the

15. A combustion control system in an incinerator for

charging a combustible material into an incinerator, a

thermal decomposition furnace, or a melting furnace,

maintaining an amount of heat generated by combustion at a

constant level, and suppressing occurrence of a hazardous

gas containing dioxins, comprising:

the dioxins analyzer of claim 1 capable of instantaneously

measuring the dioxins in an exhaust gas from the

incinerator, thermal decomposition furnace, or melting

furnace;

combustion air control means; and

dust collection/removal means for removing dust in the

exhaust gas,

whereby a concentration of the dioxins is detected without

a time delay, an amount of combustion air is varied

according to the concentration of the dioxins detected,

and an amount of spray of an adsorbent for adsorbing the

dioxins is varied according to the concentration of the

dioxins detected.
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16. A combustion control system in an incinerator for
charging a combustible material into an incinerator, a
thermal decomposition furnace, or a melting furnace,
maintaining an amount of heat generated by combustion at
a constant level, and suppressing occurrence of a
hazardous gas containing dioxins, comprising:

the dioxins analyzer of claim 1 capable of
instantaneously measuring the dioxins in an exhaust gas
from the incinerator, thermal decomposition furnace, or
melting furnace; and

a stabilizing burner,

whereby a concentration of the dioxins is detected
without a time delay, and a supporting gas is fed into
the exhaust gas according to the concentration of the

dioxins detected to burn the dioxins in the exhaust gas.

17. A combustion control system in an incinerator for
charging a combuétible material into an incinerator, a
thermal decomposition furnace, or a melting furnace,
maintaining an amount of heat generated by combustion at
a constant 1level, and suppressing occurrence of a
hazardous gas containing dioxins, comprising:

the dioxins analyzer of claim 1 capable of
instantaneously measuring the dioxins in an exhaust gas
from the incinerator, thermal decomposition furnace, or
melting furnace;

combustion air control means; and a stabilizing burner,
whereby a concentration of the dioxins is detected without
a time delay, an amount of combustion air is varied
according to the concentration of the dioxins detected,

and a supporting gas is fed into the exhaust gas according
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dioxins in the exhaust gas.

18. The dioxins analysis method of claim 10, comprising:
applying laser light to a surface of a solution to be
measured to perform laser multiphoton ionization of
dioxins on the surface; and

determining a concentration of the dioxins in the solution

to be measured.

19. The dioxins analysis method of claim 18, wherein:
the laser light is nanosecond laser light or femtosecond

laser light.

20. The dioxins analysis method of claim 18, wherein: the
laser light is laser light of a wavelength of 300 nm or

less.

21. The dioxins énalyzer of claim 1, comprising:
a laser device for applying laser light to a surface of a

solution, which is to be measured, in a reservoir;

~a counter electrode provided opposite the surface of the
solution, which is to be measﬁred, in the reservoir; a
high voltage power source for applying a high voltage
between the counter electrode and the reservoir; and

a processor for amplifying and processing an electric

current signal obﬁained.

22. The dioxins analyzer of claim 21, wherein:
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23. The dioxins analyzer of claim 22, wherein: the laser
light is nanosecond laser 1light or femtosecond laser

light.

24. The dioxins analyzer of claim 22, wherein: the
wavelength of the laser light is a fixed wavelength in a

range of 240 to 300 nm.

25. A waste water treatment system for decomposing
difficultly decomposable substances in waste water,
including:

the dioxins analyzer of claim 21 capable of measuring a
concentration of dioxins in the waste water, and wherein:

the concentration of the dioxins is detected without a
time delay, and the dioxins in the waste water are
decomposed in the presence of hydroxyl radicals

according to the detected concentration of the dioxins.



