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THE TRACE DETECTION OF SOME NON-VOLATILE NITROSAMINES 
BY COMBINED GAS CHROMATOGRAPHY AND MASS SPECTROMETRY 

___ ._. .._ 

SUXlXlhRY 

A gas chtomato~rrtphic-msss spectrometric procedure based on charttcteristic- 
ion monitoring is described for the separation and detection of trace amounts of some 
non-volatile nitrosamines. A siIvsr-frit interfke and a modified spectrometer-inlet 
ssstrm used to transfer material from the gas chromatograph to the mass spectromstet- 
:trc described. 

INTRODUCTIOK 

Several papers describing the ~3s cht-omtltographic separation of volatile di- 
alkyl and hetcrocyclic nitrosumines have been published’-“_ In view of the carcino- 
genic nature of some nitrosrmG-tss. the drtcct ion of trace amounts of such mtiterial is 
dcsirtlble. Tcchniqurs for detectin, ‘3 steam-volatile nitrosamincs by combined gas 
chromntagraphy and m:~s spectrotnetry (GC-MS) down to the ,+/ml level are now 
\vell established’-Y. The GC of sonic less volatile dialkyl and aromatic nitrosatnines 
on both packed and capillary columns has been reported ‘.*” but no procedure for the . 
GC-MS high-resolution contirmation of trace amounts of these materials has been 
evolved_ This paper describes such a method. based on :I technique used in this Iabo- 
t-story for detection of traces of volatile nitrosaminesY. 

DISCUSSION AND EXPERlME3TXL 

The GC-MS equipment used has been describeds. Trttnstk- of sample from the 
chromatogrrtph to the mass spectrometer is normally by means oftt silicone-membrane 
separator_ which has been operatin, ‘v satisfactorily up to 160’ for about 3 years. The 
life of the membrane is substantially reduced by continuous operation at higher 
temperature. and at over 230” is reduced to ;f matter ofhours. High-temperatureoperrt- 
tion also results in an increase in the pressure in the mass spectrome$er. For the anal- 
ysis of less volatile nitrosamines (which requires sustained high-temperature opera- 
tion). a ditrerent separator is required_ To facilitate interchange between a membrane 
separator and a high-temperature separator. a device of similar geometry would be 
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_ convenient. Sepxxtors described in the literature which may be wed at high tempem- 
tures include that of Watson and Biemtmn’l_ that of Ryhage” and the silver frit”. 
Apart from the incompatibility ofa glass Watson-Biomann separator with the existing 

interface geometry_ it was found that the transfer of a number of nitrosamines was 
less elective than with the membrane separator_ In view of the limited avnilabiiity of 
the Rvhage separrltor. it was decided to study the suitability of;1 silver-frit separator. 
which can lx constructed at negligible cost. In one such device”. the frit \vas mounted 
in the stem of a metal tee piece: more recently, details of a separator of much lower 

intcrntd volume and suitable for ili~h-resolution GC have been published”. 
A diagram of the silver-frit sepru-ator used in the present \vork is shown in Fis. 

I _ Thr frit is contained in the same housing as the silicone membrane described 
previously (qf: Fig_ I of- RX_ S). The silvc frit (Flotronics. Spring House. Pa.. U.S.A._ 

xnd Systems and Components Ltd__ Deuizes_ Great Britain) consists of a disc ZI mm 
in disnxtrr by 50ftm_ with :L pore size of 0.2 fan_ It is supported against ;I coarw 
sintered stainless-steel disc on the lwv-pressure side of the housing. The steel disc is 

compressed ttginst a gold O-rinz. and the IWO faces of‘ the housiq are sealed against 

the atmosphere by nxans 01-a second gold ring The intern4 volume of the separator, 
excluding the transi>r lines_ is -4pl. Since the seprator housing is identical to that used 
for rhc silicotlc-nlcnlbratlo separator. inter&my bctuccn the t\vo devices is strxi$lt- 

forward_ The silver separator is not suitable for the trsnsf;lr of trace an~ounts 01‘ IOIV- 
molecular-weight compounds and does not therefore suprrscdc the nwnbranc squ- 
rator for the tram&r of volt~tile nitrosamincs. The separator is connected to the 
chromntograph and mass spectrometer by stainless-steel tubing (05 mm i-D_)_ isol:~ 
tion from the mass spectrometer is by s stainless-steeI bellows vaIue. and the silver-frit 
f&x is evxuated by means of a rotary pump. Constrictions in rhe trtmsfer and pump- 

ing lines are adjusted to _ c%x a pressure of0.1 torr \vith a helium carrier-23s flow-rate 

of.10 ml,imin at the GC column exit_ The useful tiow-rate range ovt’r which rhe sepa- 
rator may be used is limited by the resulting pressure in the mass spectrometer. 
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Chang_es in sourct’ pr~sswi2 \vith carrier-gas tIo\v-rate (at thr column exit) m-r’ shonn 
in FiS_ 2. As csanipics_ thrw high-boilin, u dislkvl nitrosamines \vt‘rt‘ studied, I-L., di- _ 
qxntyl. di-n-hssyi and di-n-octyi nitrosamincs: di-cyclohcsyl nitrosaminc (m-p_ 
loo-) w;ts ;tlso included_ Aromatic nitrosamincs tend to decompose at clcvated temper- 
ature. particularly on polar stationar_v phast’s”‘: diphcnyi and dibenzyi nitrosamincs 

(111.p 39 and 67 __ rcqxctively) wt‘rrf sciected. The nitrosamines wc’rr‘ partitioned by 

5 ‘,!,;, SE-52 ml SO-IGO BS mesh Chrotnosorb W AW DMCS contained in a I5 m ._’ IS 

111111 I.D. stainless-stt’t‘i columned Thcchromato~raph mm1 and transfer-line temperature 

\V;LS 110 -_ and the cttrrier-gas Row-rats \v:ts 3-4 ml~min. Comparison of the spectra 
obtained by introducing each nitrosmnins into the 11lass spectrcmeter both via the 
chromatogrnph and directly sho~vcd that nqiigibis decomposition occurred under 

these conditiom. Rctrntion data art pramted in Table I. to@hrr with Kovtits 
retention indicts (I) at 210 and cl~ange in index per IO- (. Il~lO-) covering the range 
zio-z-to-_ 

A cwnparison of the GC flame ionistltion dctwtor and MS total-ion-monitor 
rcsponsc protiics for the nitrosaminm listed in Table I shmved that signilicmt peak 
distortion ws wcurrin g aticr clotion from the GC column: undsr the same esprri- 

nwntal conditions_ distortion \V;LS not obscr\cd uith SOIL of the iaver dialkyl nitro- 
samines. The transfix line to the 11lass spectromctcr passss into the ion source vi:1 a 
mtztal-ta-glass seal and tcrmimtes as ;t jet :tbov~. and in iinr’ with_ the ion block. 

TXBLE I 

RETENTlON DXTA 



62 T. A. GOUGH, K. S. WEBB 

Compounds smsrginp from the transfer line are thus directed at tfx ion block, and 
some toss can occur before ionisation_ Distortion and sample losses can be minimised 
by terminating the transfer fine lvithin the ion block”, and a transfer fine with a 
retractable silica jet NXS built for the purpose. The transfer fine oxtside the ion source 
is attxhed to a stecf bellows operated by a micrometer head. The bcfIo\vs are attached 
by means of a gold compression fitting to a silica jet within the ion source. For 
normal operation, the jet is moved into the ion block by rotating the micrometer head; 
for source removal. the jet is retracted. A study was made of the ctlkct of jet position 
on the peafi symmetr>- and sensitivity for a wide range of compounds. In genera!. for 
compo:mds of dccreasin, ‘7 \-ofstility, the position of the jet rclativc to the ion block 
became more critical. For the nitrosxnincs listed in Ttlblc I_ concentrations of 100 
,&mf injected on to the column could readily be detected by total ion monitoring \vhcn 
the jet terminated Lvithin the ion block. The elution proiiles \vcrc compatible with those 
observed on the ffamc ionisation detector. With the jet 3 mm a\vay from the ion block. 
peak distortion and 3 diminished response were observed_ At S mm a\~ty from the 
bfock_ none of the nitrosamines \V;LS detected_ For the specific detection of smaller 
amounts of nitrosamines_ in \\-hich the jet was within the ion block. chxacteristic ion 
monitoring under hi@ resolution \vas used_Thediafkyf nitrosamines~ivcprogressivcf~ 
!ess intense parent ions :ts the series is ascended_ and for di-n-pentyl nitros:tmine the 
relative intensity of the parent ion is only 4”;;. For-some diafkyf nitrosamines. loss 
of OH is chm-actcristicLh_ and the fragment resultin= CT from this loss \vas used ;:s a 
basis for detection_ For dicycfohesyf and dibenzyl nitrosamines, the parent ions are 
suflkicntfv intense to be analytically useful. For diphcnyf nitrosamine”. major ions 

occur at nr,ic 167 (C,,H,N). 16s (C,?H,“N) and 169 (C12H,,N). The ion at ii~!c* 169 is 
produced by an ion-moIecrrle reaction. and its intensity is thcrcfore presstn-c dcpcn- 
dent_ For quantitative analysis_ it is prel>rable to use nl!ta 16s fbrmed by loss af NO 
_from the parent. Tabfc I I fists the xctn-aft masses used fbr spccilic drtcction. togctficr 
with tfie corresponding masses of pcrfluorcitri-n-but~!~tIiiitie fragments used t-or peak 
monitoring_ Relative intensities with respect to the appropriate base peak are also 
shown. ki’ith ;I resolution of7000. the detection limit was about fO~c~-i’n~f (based on 
the amount of matcriaf injected on tl> the column) for all the compounds. 

16S_YSSS 

1 Y6.YSIS 
756.9557 
II l.YS71 
I6S.YSSS 
21S_YYOj 

Kon-vofatilc nitrosamincs can be spcciticsnlly dctcctcd by characteristic ion 
monitoring in 3 fiish-resofution m;:ss spectrometer after gas cfiromstogc~phic separa- 
tion_ The detection limit using the system described herein is IO ,c&ml. 
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