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A hybrid mass spectrometer has been used to show the potential o l high resolution MS a n i 

hybrid MS-MS lor dioxin analysis. The two methods have been compared in the determination of 

FCDDs and F<:OFs, both offering a high degree of spedUdty to the analysis. Oata obtained inofcafes 

that the h-vo technicfjes are complementaiy and choice of methods wi l depend on the type of matrix 

interference. 

Introduction 

The detennination ol chlorinated ditsenzo-fHlioxins 

(PCDDs) and dibenzofurans (PCDFs) in complex matrices 

often requires extensive sample clean-up prior to 

instrumental analysis. Samples may contain chemical 

interferences at concentrations several ondeis of magnitude 

greater than those of tho PCDD and PCDF, placing heavy 

demands on the instrtimentation. 

Difficulties in the analysis of environmental samples 

make selectivity and sensitivity inportant consklerations 

for the method ol choice. Capillary column high resolution 

gas chromatography- higti resolution mass spectromeUy 

has tsecn the 'StarxJand methocT to date for the analysis ol 

samples such as sediments, effluents and biokigcal tissues. 

Tandem mass spectrometry {MS-MS) has been able to 

meet the requirements of selectivity txit has not yet reached 

the ultimate detection tevels of SIM. However, our MS-MS 

data do show some very useful features when it comes to 

lhe analysis ot real samples. 

Magnet 

Fgue I: SchemMc dggrom ol a CONtXt t SO hyfcrtt 
GC-MS-MS Instniment 
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Instrumentat ion 

FigufB 1 shows a cSagram of the CONCEPT I S a It 

is of EBCX3 geometry, ttiat is a double-focusing, forward 

geometry sector instrument (MSI) , followed by a 

quadrupole collision cell and a second quadrupole for 

fragment mass analysis (MS2). 

A resolution of 10,000 (10% valley definition) is needed 

for dioxin analysis using selected ion monitoring (SIM). 

Figure 2 shows ttiat the prxxlict of resolution and sensitivity 

versus resdulion nomains relatively constant beyond 10.000 

resolution. This indkates that the transmisston of MSI at 

10,000 resolution is alxxit 1()% of that at 1.000 rosoiulwn. 

To circumvent the problem of sensitivity kjss, encountered 

by monitoring at substantially reduced accelerating voltage, 

the k>ns to be monitored are split into groups of similar 

mass (tetra, penta, hexa, hepta and octa-chloro) and a 

dfferent magnetk; fieW strength is used for each group. By 

this means, mass discrimination amongst the groups is 

minimized. Figure 3 shows the analysis of equal 

concentrations of penta, hexa, hepta, and octa chloro 

compounds by this method. 
RgLfO 2: OJVB ol lhe product of iBxAlticn and sereilMty 

versus rasduticn lot a CONCEFl inetnmont 

M & M S 

For kw resolution MS-liK to attain equal sensitivity to 

HFlSIM. no less than 10% of the precursor tons originating 

in the source must reach the final collector (MS2) as 

fragment tons. Such sensitivities are not generally achieved 

in MS-MS, however, because of further losses in 

transmission through MS2 and tjecause of ton kisses in the 

collision process itself. 

When these loss factors are fatten into account the 

detected ton currents at MS2 are typically between 1% and 

0.5% of the source tons, tearing to detection limits between 

10 and 20 times poorer than the HFlSIM mode of operatkxi. 

Rgure 4 and 5 show these Bmits at 2 ions/sec for HFlSIM 

ard 4 tons/sec for IvlS-IVtS. 

Despite this reduced sensitivity, IvIS-MS may, 

however, provkle superior results where heavily-polluted 

samples are to be analysed In particular, PCBs (espedaty 

the hexa and hepta-ctilorinated congeners) are known to 

interfere with the measurement of TCDDs and its ion 

fragments formed in the ton source. Addbonal interferences 

Rgixe 3; Anofysis of penta. hixa. hepta and octcKtkxo 
PCDOs t v gnxcsalBctlon h SIM 
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are often experienced fttjm methyl and ethyl tetrachkxinatod 

dbenzoturans, even when using SIM at 10.000 nesdutton. 

MS-MS constitutes Itio mettiod ot ctwioe in Itieso cases. In 

a case where the analyst has no knowledge of possblo 

interfering peaks, it may tx3 impossitile to decide which 

approach is more appropriate so that both mettxxJs may 

t>e necessary. 

Results 

In tho analysis of smokestack sanples undertaken 

during the course of this worK ttie MS-MS corxitions used 

are shown in table 1. Several standard solutions and 

blanks were njn during the course ol Ihis Investigation. 

The data obtained showed good Enearity of response over 

the concentratton range 500 pg to 350 fg and suggested an 

ultimate detection limit of 200 fg with 2:1 S/N ratio. All 

unknown samples were prepared in iso-octane, and 1 jJ 

injections of these soluttons were injected into the GC. 

For heavily-contaminated samples such as the 

smokestack sample of Figure 6, t ^ - M S shows clear, 

sti-ong ions from components simultaneously eluting frx)m 

lhe GC column. Many isomers are present as is typical of 

real samples. The series shows aU 5 groups from tetra to 

octa. Figure 7 shows the isomers of TCDD and TCDF 

TABLE 1 MS-MS CONDmONS 

MS) resolution 

MS2 resolution 

Collisbn gas 

Pressure 

Collision energy 

Numt)er d ions monitored 

Precursor ion rate 

1.000 

unit mass 

argon 

set for 50% attenuation 

iSOeV 

5 groups ol 8 ions all 
COa losses from native 
or-'Cspke 

8 ions'sec 

included in Figure 6. Eight tons per second vieie monitored, 

four from the " C spike parent ions and four from the native 

parent tons: only the lour native tons are shewn. 

/ ^ y ' \ i y y \ ^ \ / \ y \ / 

-A/uAvA^/AJ 

figuB 4: Arctysis ol tO lg d ICOO by HJSM OOOO OT 
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RgLia & A i x t / x o l 3 5 0 l g o l TCDf t y hylxld GC-MSMS 

i£tTg C O O b s 

Rgue 6: Hybrid GC-MS/HS analysis o l heavl/<xintarTlnatad 
m o t e stack son^pte fer PCDOs a r d PCDfs. 
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Figure 8 shows an MS-MS ion chromatogram of a 

composite smoke stack sample, ttiis time showing a 

pfedominancc ol tho hopta-ctiloro isorriers. 

Figure 9 shows an MS-MS mass chtomatogiam of a 

1000 m' air sample with TCDD and TCDF tsomers at pg 

levels. Subsequent isomer quantitation of these samples 

has been performed using our standard software package, 

with botii intcmat or external caltxation. Results o< this fafl 

outside the scope of this paper and are to be reported 

elsewhere. 

Conclusion 

Overall sensitivity in PCDD and PCDF analysis is 

primarily a function ol Uie selectivity of tho analytical 

process. The wide variety ot potentially interfering matrices 

encountered in everyday samples precludes ttie use of 

any one analytical method. This study illusb'ates an 

altemative approach, provkJing reasonable sensitivity in 

sitijations where traditional SIM is inadequate. 

Pguo 7: GC-MSMS trace ter JCDO ond TCDF carpcnanls 
h tha sxno arx:iy:is jhoun h H^so 6 

Jukk k t 
fi^uo fl; GC-MSMS troco Jbr ffie ancfysb of a carposte 

smoke skxA sample 

.A. 
_ _ M . - w . , / u ^ ' 

J :_ 
J . 

,SKJJ\ , 

/\ •~^ ^.- ,v AA.^., It /IA, • , „ ^__ 

ngilB 9: GC-MSMS trace fcr 9v3 crKlysts of a IOOO nV df 
sample 
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