
An ExperiIIlental Challenge of RIttlttIPA for On― site,Dioxin― direct and Rapid

沖l o n i t o r i n g  o f t h e  P C D D s / F s  E x h a u s t e d  f r o m  l n c i n e r a t o r s

Suzutt Yl.Yatsul K,Nakata Al,Ushiku Tl,lRanaka M二

lIDX Technologics lnc NI Bulld 9F 3-12-9 Kayaba‐
cho,Nihombashi,Chuo―ku,Tokyo,Japan 103‐0025

Abstract

We tried to analyzc thc highly(4 to 8)chlorinatcd PCDDs/Fs on the exhaustcd gas from EPA ETV boilcr

、vith our ncM′ly developed cquipment RIMMPA,、 vhich is colnposed of 2 1asers for cxcitation and ionization,

MMS(Multi_Mirror systcm),HTPD(High TempCrattrc Pulsed‐gas Dcvice)and TOF―MS.MMS and HTPD are

thc kcy technologies、vhich havc brought the sclcctive soft ionization of PCDD/F isomcrs. For salnpling the

cxhausted gas,、vc inserted an accumulation colunln of thc adsorbing/desorbing material bet、vccn the sampling

nozzle and RIMMPA

In the experilncnt,thc accumulation cOlumn did not、 vork、vcll Though a fc、v dloxins、vere idcntifled by

isotope ratio of chlorination iom signals obtained with TOF― MS, most signals were maskcd by unexpected

intensc noisc originated from dcnsc polychlorinatcd polycyclic aromatics 、 vhich wcrc uscd for production of

dioxills in thc bollc丘

Introduction

W e  h a v c  s u c c e e d e d  i n  t h e  d c v c l o p m e n t  o f R I M M P A (玉e s o n a n c e  l o n i z a t i o n  w i t h  t h e  t t u l t i―里i r r O r  s y s t c m

Plloton Accumulation‐TOF―MS)WC have achieved thc 2 color 2 photon rcsonance lonization ofthe highly(4 to

8)chlorinatcd PCDE)s/Fs The selectivc softionizatlon of PCDE)/F isomers has also been achicvcdl'2,3.

The analytical principlc with RIMMPA is as followsi

[RIい江lMPA MIechanism]

A Two― c010r iasers are emittFd      l

and injected intO a chamber     l

B Thc lascrs are renected several tlmcs l

bv thc mirrorsin the chamber      l

C Thc gasFrom in― let is ittcCtCd to   l

the posidon where the renected    i

lasers are concenrated and Ollly  l

the objecdve molcculcs are iolllzed  i
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Fig l RIMMPA mcchanism and the Kcy tccl■ nologies
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In this systclll, VヽC uSe t、vo lascrs of nanosecond pulsc durationi one is a dyc laser of、 vhich the

、vavelength is tunable in thc ultraviolet rangc for excitation and thc other is a flxcd、vavelength laser of thc■iAG

5th 213nm for ionization of molccules. The molcculcs are selectcd by excitation 、 vavelength This scanning

opcration is dcflncd as isOmcr inode

Thc typical expcrilncntal data arc sho、 vn in Figs 2 and 3 The samc mass spcctrllm of 2 isomers

2,3,4,7,8-PeCDF and l,2,3,7,8-PcCDF obtained iom TOF― MS are sho、 vn in Fig 2、 vhcre the sot ionization is

succcssfully callicd Out and only parcnt ion signal appcars、vithout any flagmentation The、 vavelength spectra of

2 isomers are shown in Fig 3、 vith the resonant、vavclcngth for excitation
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Fig.3 Wa1/elengths of2

isomers ofPeCDF

Thc results of cxpcrilnental analysis of PCDDs/Ts are concludcd in Figs. 4 and 5. Thc all dctection

points for PCDE)/T isomers arc dotted on the framc of excitation wavelength and mass numbcr in Fig.4 Thc

、vavelength dcpendencc of cxcitatlon spectra for PCDDs and PCDFs are diffcrcnt each othcr:For PCDF isomers,

a series of sha均p isolated rcsonant spectra appcar in the longcr、vavelength rcgion and broad band spectra appear

in thc shortcr、vavclength rcgion On the contra●ンL for PCDD isomcrs except 2,3,7,8 PeCDD,only broad band

spectra appear so that、vavelength separation for isomcrs is not easy. The broad band spectra rcglons for each

congeners,ho、vcver,are illustrated by vertical 10 1ines in Fig 4 and the wavclength collll■Only crossing all the

broad band rcgions is notcd、vith a horizontal linc by“a"in the flgure The lascr of、vavelength on the horizontal

line can cxcite ali congeners in onc tilnc and ionized by 213 nm laser The operation inode is dcflncd as congcncr

mode The dctcction lilnit fbr 2,3,4,7,8-PeCDF is achieved to 0 41 ppt as sho、,■in Fig 5,

These data lncntioned above、vcrc obtained iOm thc standard salnples of diOxins at the laboratoりnot at

the fleld wOrk So,wc participated EPA(the U S Environmental Agency)/ETV(thC Environmcntal Teclulology

Veriflcation)PrOgram _And we challcngcd to analyzc thc cxhausted rcal gas tom thc EPA boilcr

ぶ在aterials and httethods

For on―site and rapid monitoring of PCDDs/Fs cxhausted flonl incinerators, ho、 vcvcr, there are t、vo

technical issucs to be solved Thc flrst is to usc thc He gas as canricr gas instcad of air gas in order to kccp the

high scnsitivity9 thc second is that as the minimum detectablc lilnit is not so 10w as O.4 ppt(400ppq or

4 4ngrNm3)that iS 44 tilncs iarger than thc Japanese environmental rcgulated valuc,thc concentration has to bc
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cnhanccd Adopting an accumulation column composcd of adsorbing/desorbing material could be expccted thc

concentration cffcct and the ttltcring perforlllance on the dismrbancc impuritles
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Fig 5 The detectable lo、vest limit ibr

2,3,4,7,8 PcCDF for Sれ N=3.

Fig.4 The wavelength and mass mapping ofPCDD/F

isomcrs and the、vavclcngth of all cOngcncrs excitation

is sho、中1ュby a dotted linc.

Concepmal scheme Of thc sampling systcln is shown in Fig 6 Ater thc cxhausting gas is flitercd,it is

adsorbed at 120°C and accumulated into a TENAX condenser(Adsorption step)The mattcr such as PCDDsが s

tllen is desorbcd with thc spccincally COntrolled tempcrattrc around 300° C(Heat Desorption step)and then to

rcmovc ni仕ogen, oxygen and organic compounds of io、v bolling point, helium gas Of 120°C is substituted

(Helium substitution step)During this ittcctiOn Of samplc gas to RIMMPA,the operational tempcrature of

HTPD was kcptat200° C

In tlle cxpcriment, 、vc tried to sclcct most effectivc accumulating material among TENAX,

altiflcially―produce silica gel,glass flbcr as the flttest lnatcrial.By using this accumulation column and helium

canrier gas lnethod,RIMMPA could be redccmcd a lack of scnsitivity and the rapid monitoring inethod could be

cstccmcd“ senli‐rcal tilne inonitoring"as Iちr as PCDDs/Fs could bc ineasured during the shorter tillle than the

variation tilne ofthe incineratlon buming

Results and Analysis

Thc cxperilnent、vas canried out during two、vecks of 9/12/2005 to 9/22/2005 Nine test runs、vere callicd

out during this tem。血 d the salalplcs wcre collected for 429るofthe duratiOn

Howcvcr,this sal■ pling system didn't work well and TENAX was not effectivc We could not ad」 ust thc

pcrfoHnance during this shOlt tem.Though a fc、 v dloxin、vcrc idelltifled by isotope ratio of chlorination iom

signals obtained from TOF‐ MS,Inost signals、 vere maskcd by unexpcctcd intense noiscs iom dcnse originatcd

plychiorinated polycyclic aromatics、〃hich、vcrc uscd for production of dloxins in the boilcr We tried to analyze

the scvcral t〕pical iSOmcrs、 vith isomers mode and congeners with congener modc but any successf泣 l rcsults

abouttotal TEQ ofthe Samplc gas could not bc obtained
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Discussion and conclusions

Wc、 vcrc obliged to challcnge on thc direct rnonitoring ofthe real gas、vithout rehearsal bccause、vc could

not flnd bcforchand any dOmcstic incinerator cooperating with us ttr the prclilninaEy test Thc operations of

sampling systcnl、vcre not stablc from beginning to end in thc test circumstanccs Extensivc cxperienccs of

operation and maintenancc、vcrc requircd.In conciusion,wc realized thc tOughncss in the rcal gas analysis and

、vc learned many things Fron■ thcsc cxperienccs、vc M′11l be ablc to dcvelop the new rapid monitOring methOds

and the ne、v apphcation ofRIMMPA in near的 的rc
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Fig.6  Accumulation conccpt for adsorbing/dcsorbing thc sampling inatcr
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