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Use of isomers in the detection and estimation of volatile nitrosamines by
combined high-resolution mass spectrometry-gas chremategraphy
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(Received July 8th, 1973}

Several methods have been used for the analysis of trace amounts of volatile
N-pitroso compounds. These consist principally of (i} use of a conventional gas chro-
matograph (GC) employing a nitrogen-seasitive detector!~3, (ii} use of a chemi-
luminescence analyser™®. and (iii) a GC coupled with a high-resolution mass
spectrometer®—3. The last method has been used most widely and usually involves
peak matching techniques to monitor the differeat nitrosamines.

In the method described here. focussing of the mass spectrometer is carried
out by first inserting @ sample of an isomer of the nitrosamine to be examined and
locating the mass ion isomeric to that of the nitrosamine. Samples containing the
suspected nitrosamine are injected into the GC and the mass spectrometer acts as a
specific ion detector at a given retention time. The use of isomers in this way has
advantages of safety over the use of the highly carcinogenic nitrcsamines themselves
for focussing purposes.

EXPERIMENTAL AND RESULTS

All of the isomers and nitrosamines except M EN " were obtained commercially
and used without further purification. Standard solutions of each nitrosamine in
spectroscapic grade hexane were stored in a refrigerator and solutions (10 ppm) were
made up from these before injection of standard amounts into the GC.

Tas chromatography—mniass spectrometry

Throughout the determinations a Perkin-Elmer Model F1l gas chromare-
raph with a hvdrogen flame ionisation detector was used, the carrier gas being beh:um
t a flow-rate of 12 ml/min. The column employed for all the nirrosamine determina-
ions consisted of 109 DEGA on £0-100 mesh Chromosorb W9 . x I/? in. O.D.).
The temperature of the column was varied for each nitrosamine determiz}atxog and was
o the range 100—180°. In all cases -2 ul injections of nitrosamine solutions in hexane
vere made into the column. _ ) )

The effiuent from the column passed through a split (15:1). with the major
yortion flowine into the GC—mass spectrometer interface (Watson-Biemann separarcr)

* For abbraviations of N-nitrosamines, see Table L.
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by way of a heated (2007%) metal transfer line. A valve was positioned between
separator and ion scurce so that the passage of efluent from the column into the ion
source could be controlled. In all cases the bulk of the solvent from any injection was
excluded from the mass spectrometer.

The mass spectrometer used was a Perkin-Elmer Hitachi RMU 7L double
focussing instrument set at a resolution of 18,000 (36 % valley). The ion source tem-
perature was maintained at 200°. the ionisation energy being 75 eV and the accelerator
voltage being 4800 V.

Use of isenters for nitrosamine determinations

In this particular study seven volatile N-nitroso compounds have been
examinad and they are (isted below. In each case, in order to focus on the exact mass
ion of a nitrosamipe. an isomer was chosen, having the same molecular weight or
exhibiting an ion isomeric to the same mass as in the nitrosamine spectrum. All the
isomers had toc be reiatively volatile (i.e., generaily melting below 100°), stable at
200-250° and giviag & good recorder response for the particular ion under examina-
tion. The abundances of the fons examined for each nirrcsamine are given in Tables
f and If.

TABLEIL
VOLATILE N-NITROSAMINES

N-nitrase derivaiive of for manitared (nrej  Abundance of ion
¢°y base peak}

Dimsthylamine (DMN) 74 §7.8
Piathylamine (DEN) 162 573
Di-r-propylamin= (BPN) 138 1.8
Di-r-butylamine (DBIN) &L" 80.0
Aethyiethviamine (MEN) S 68.4
Pvrrofidine {NOpyr} 100 0.4
Piperidiae (NOCpip} iis £8.4

* Fragme=nt jomn.

TABLE if

ISOKIERS OF VOLATILE NITROSAMINES

Kitrosamire” Fositive fars mgritored Fsomer o o Abundance of -
fsomer fon

o {°: base peak;

DieN C.-H,N.C Methyi urea 64.0

BEN C:H,.N.0 Butytic acid hydrazide [5.0

DPEN CeH i N.G N«2-amirocethyl}-merpholine 1.6

DBN CsH N Tri-n-butylamine 6.5

REN CsHN-O Ethvi vrea 324

NQpyr CH:NC Cyclopropans carboxy lic acid hydrazide 17.7

MOpip CH,oN.O i-Piperazing carboxaldefivda 33.7

* Abbreviations as in Teble [T N a -
Fragment ion ia spectruém of DBN and of tri-n-butyiamine.
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Fig. I. Mass spectrometric response at stated attenuations of {A} without and (B) with the addition

of 2.0 ng DMN at m-e = 74.0480 in the gas chromarography of a concentraied food exrract in
hexane. Injection volumes: (A) 1 0nul; (B) 2.0 .

A few milligrams of the {somer were introduced into the mass spectrometer
by way of a heated glass inlet system and the magnet was precisely focussed on the
required ion. A l-gl aliquot of an authentic nitrosamine was then injected into the
GC and the detector responses were recorded on a chart recorder. The solvent was
sxcluded from the mass spectrometer and the valve controlling access to the mass
spectrometer was only opened after the peak due to solvert had diminished. It was
possible to obserie directly any response for nitrosamine coming from the column

after the vaive hdd been opened. The response for 10 ng of the nitrosamine was
recordad and the rewention time notsd: in between each run the focussing of the

LA

magnet was carefully checked to ensure that the mass spectrometer had remained
focussed accurately at the correct ni/e value. In this way, it was possible to compare
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TABLE I

RETENTION TIMES OF N-NTTROSAMINES ON MASS SPECTROMETER

Nitrosariine® Eclumn temiperature  Reientiv: timaz
(*C; i}

DMN 160 7.50

MEN 110 7.25

BEN 120 6.50

PPN 140 6.00

DBN 170 6.57

NOpsr Y 6.00

NQpip 180 5.35

T Abbreviations as in Table I.

the response at the given retention time of the suspected nitrosamine with that ob-
tained from [0 ng of the autherntic pitrcsamine. Using this method the limit of
detectability for 2 given nitrasamine was about | ng/ul”. The measurement of response
was facilitated by the use of an atteauator unit (coastructed by our In-Line Process
Control Section} which could precisely cut down the incoming signal by a given frac-
ticn. In soms cases interfering peaks occurred near the specific retention time for the
nitrosamine bzing monitored. especially in the case of DMN. Fig. | shows the MS
response at an m'e value of 74.0480 in two cases, A being an injection of 1 ul of a
szmple containing suspected nitrosamine and B a repeat injection of the same sample
which had been spiked with DMN itself. The trace shows resolution of the two peaks,
indicating that the major peak in B with the correct m'e value was not due to DA N
The attenuation figures refer to percentages of the incoming signal bzing detected on
the recorder ocutput of the mass spectrometer.

The retention times for the nitrosamines are noted below. The column tempera-
ture for DMN was adjusted to give a refatively long retention time so as to improve
any Interference effects.

BDISCUSSION

The use of isomers for spacific fon focussing is suitable for analysis of velatile
N-nitrosamines and has the advantage over oscilloscope peak matching methods in
that a permanent record is made of the resuits without having to use photographic
methods. Menitoring of a nitrosamine ion by this method is also more specific than
examination of the NGO~ ion®, which can alsc be produced in the fragmentation of
other compounds such as those containing a nitro group. Whilst a resolution of
70,600 is required to distinguish between sr/e values for the molecular ion of DMN
and that of ¥°Si {CH:)s {ref. %}, a value of 10.009 is usualiy considered to be adequate.

Warning note
IN-Nitrosamines are very carcinogenic compounds and a strictly laid-down
precedure should be adoptad for all aspects of experimental work involving their use.

2 I*!In the case of DPN, the response for 10 ng was smaller. so the limit of detection was about
jah /7398
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