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SUMMARY

The pyrolysis of nitrosamines in 2 modified Hail microelectrolytic conductivity
system provides the basis for a highly selective and sensitive determination method.
Under the conditions specified, the response of this detector system to nitrosamines
is at least 107 times greater than that for n-hexane. The infiuence of several operational
parameters on the response of the detector to nitrosamines was studied. For open-
chain nitrosamines, the detection limit is 50 pg and the response is linear up to at
least 200 ng.

INTRODUCTION

The carcinogenic properties of N-nitroso compounds are well established'. In
recent years, a number of methods for their isolation and detection in foods have been
developed?-%. Three types of nitrogen-specific detectors have been applied for screen-
ing by gas-ligquid chromatography (GLC): the alkali flame-ionization detector (FID),
the Coulson électrolytic conductivity detector (CECD) in pyrolytic? and reductive
modes’ and the so-called thermal energy analyzer®. Positive findings obtained by these
methods should be confirmed by gas-liquid chromatography-high-resolution mass
spectrometry (GLC-MS).

Fhis paper reports on the determination of volatile nitrosamines using a modi-
fied microelectrolytic conductivity detector (Hall detector, Model 310, Tracor In-
struments, Austin, Texas, U.8.A.)°. As will be shown, this system is considerably
more sensitive and selective towards nitrosamines than is the earlier described Coulson

_ detector’®.

EXPERIMENTAL

Chemicals
: The purity of nitrosamines used as analytical standa:ds was checked by gas

chromatography. Dichlioromethane (analytical grade; Merck, Darmstadt, G.F.R.)
- was purified by column chromatography on silica gel-calcium oxide and by distilla-
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tion; n-hexane was" punﬁed by cofumn chromatoerag&y orr szﬁcz. gef and cfisti{{atxcn. R
Standard sofutions wWere prepdred by dissolving nitrosamines. (ahouf: 100 mg} inZ m£~ -
of é;téiﬁre&e%’ﬁsﬁe and makmg up ta volume *35{&& ﬁ-ﬁﬁnﬁ.ﬁa" ’ R

A Hew;ett—?ackard 7620A - mstrmnﬁt was fitted” wzih z 3 m X i{8 in. G B..
stmn!ess-steel column, packed with 105 CarPowax 20M-terephthalic acid on 8§0-100-
mesh Gas-Chrom Q. A 4cm x [/8in. O.D. stainless-steel pre-colan, filled with si-
Iyfated glass fibres, was used. The chromatographic column was condmoned prior
to use for 35 b at 215° with 2 helinm flow-rate of 36 mifnin. .

The temperascure of the injection biock was maintained at 200° and thc column
temperature was programmed at 10°/min from 100° to 210°. The carrier gas was
helfium (How-rate 60 mijmin), purified through a two-stage Hydro—Purge gas flter
(Applied Science Labs., State College, Pa., U.S.A)-

Samples of 1-5 ul were injected. The solvent peak was. vented through the
fom-port valve of the detector unit (Fig. 1). .
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Fig. 1. Block diagram of the modified microé!ectroiytic conductivity detector.

Betector
The system consists of a low-dead-volume conductivity celi connected to a
modified pyrolysis furnace from a Coulson detector (Fracor Instruments). Nitros-
amines present in the effluent from the gas chromatograph (1) enter the quartz tube (3).
via a four-port valve (2) and are subjected to gas-phase pvrolysis at 550°. The pyrolysis
- products are swept by the carrier gas stream into the gas—hqm& contactor {4}, where_
they are dissolved in deionized water which is continually recycled through an ion- -
exchange column (5). The signal from the electrolytic conductivity celf (6) is amphﬁed
-and recorded .on a strip-chart recorder (7). Pyrolysis products produce a -detector
signal when they are readily sofuble in water and when they change its electrolytic '
conductivity. The GC cofumn is connected to the detector by a giass-lined stainfess-
steel capiffary (20 em X 0.7 mm L.D., S.G.E., Melbourne, Australia}. The temper-‘ )
ature of the capifiary is 7G0° and that of the four-port valve s 270°. - .
- The quartz tube (6. mm O.D, tmm LD, 3¢cm Iong} is ‘hefd at 55
furnace (21 cm fong). A plug of 100 mg of granufated. potassium. ‘carbonate; pl‘aoed i
at the outlet end of the quartz tube Between sxiamzed gfa.ss-woof is &eici at 4:(}*" b
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Fig. 2. Effect of furnace temperature on the detector response for open-chain and heterocyclic N-
-nitrososamines; 10 ng/ul of each nitresamine injected. O, N-nitrosodimethylamine (NDMA); X,

N-nitrosodiethylamine (NDEA); @, N-nitrosodi-n-propylamine (NDPA); +, N-nitrosodi-n-butyl-
amine (NDBA); O, N-pitrosopiperidine (N-pip).

- an additional heating device (4 cm long). The outlet of the quartzA tube is connected
to the conductivity cell by a 1-cm length of PTFE tubing {0.6 mm L.D., 1.7 mm 0.D.).
The helium sweep gas flow-rate is 60 mi/min.

Water flow through the conductivity cell is exactly adjusted to values of 0.3
to 1.8 ml/min by a micrometer-controlled (Mitutoyo, Tokyo, Japan) needle valve. It

“is circulated by 2 centrifugal pump (No. 480, Eheim, Deizisau, G.F.R.) through a
mixed-bed ion-exchange resin column (18 g of AGS0 1-X8, 20-50 mesh, Bio Rad
Labs:, Richmond, Calif., U_S.A.).

RESULTS AND DISCUSSION
The influence of the furnace temperature on the detector response for five

" nitrosamines is shown in Fig. 2. It can be seen that the optimal temperature is between
550° and 650°. Within this range, obviousiy the most efficient fragmentation of

‘. mpitrosamines in the gas phase to electrolytically conducting products is achieved.

Fig. 3 shows the influence of the flow-rate of water on the response of the conductivity
cell. A decreased flow-rate of water results in an increased response. A flow-rate of
‘0.7 ml/min was found to be optimal. Values below 0.7 ml/min further increase the de-
tector response (Fig. 3), but also result in baseline noise and peak talling. The value
of 0.7 mi/rain also agrees with the flow-fate found to be optimal ! “for the Hall detector
in the reductive mode™.

Lmeanty of the detector zcsponse was estabiished for the rauge of I-Z00 ng
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Fig. 3. Effect of flow-rate of water through the conductivity ccll on the detector response; 10 ng/ul
-of each nitrosamine injected. O, NDMA; X, NDEA; @, NDPA; +, NDBA; ©, N-pip.

7‘/

with five nitrosamines (Fig. 4). In Table I, mean values for peak areas and retention
times are listed, together with standard deviations and coeflicients of variation from
seven cousecutive isothermal separations of six N-nitroso compounds.

- A comparison of the detector response for each nitrosamine, relative to N-
nitrosodimethylamine (NDMA) (P, Table I), with the relative nitrogen content of
each molecule (M, Table I) reveals that there is no clear relationship between the two
- parameters. Evidently, pyrolytic fragmentation of these compounds to electrolytically

conducting products is strongly influenced by their molecular structure. This finding
_is in accordance with the results obtained with a CECD in the pyrolytic mode®?; in
the reductive mode, however, the detector response reflects more clearly the relative
nitrogen content of a particular nitrosamine’.
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Fig. 4. Cal.'bratmn _graph for ﬁve nitrosamines; 1 gl of eack standard so!utxon injecfed. O, NDM‘A
T X NEEAS, ‘%B?ﬁ, +, NDBA; O, Npin,
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f CHROMATOGRAPHIC RESULTS FOR N-NITROSAMINES

X; = mean retention time (5ec); X; = mean peak arez (mm?); S; and S; = standard deviations:
‘ Vgand F> = coefficients of variation; P = 100 (peak area of given compound)/(peak area of NDMA);
= 100 (meL wt..of given compound)/(moL wt. of NDMA).

‘N-Nitraso derivatives. %, S, V. X S&° V. B M

Dimethylamine 113 044 032 120 7.3 6.1 100 100
Diethylamine 45 044 030 106 6.7 6.3 87 73
Di-n-propylamine 230 05 022 100 492 49 82 7

Di-n-butylamine 451 05 011 64 20 31 53 48
Piperidine 506 033 007 32 g 32 26 65
Py}:ro!ldme 561 053 0@° 17 13 L7 i4 T4

* Standard deviation with the FID was 1 for NDMA.

The detection limit, estimated from the minimal amount of nitrosamine de-
tectable at twice the noise level, was about 50 pg for straight-chain dialkylnitros-
amines. For heterocyclic compounds, it was considerably higher (0.5 ng for N-
nitrosopiperidine arnd 1 ng for N-nitrosopyrrolidine). A smaller response for hetero-
cyclic nitrosamines was also found by Rhoades and Johnson!® and Essigman and
Issenberg', using 2 CECD in the pyrolytic mode.

The response for heterocyclic nitrosamines could be improved, however, when
a stainless-steel capillary (1/16 in. 1.D.), heated at 400°, was used to connect the GLC
column with the detector, instead of the described glass-lined capillary (Fig. 5A and
5B). Hot metal surfaces obviously contribute to the catalytic pyrolysis of heterocyclic
nitrosamines. Fig. 5 shows that the relative peak heights of heterocyclic nitrosamines
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Fig. 5. Influence of temperature and type of mbiﬁaxy on the detector response. (A) Standard equip-
ment, GLC column and detector connected by glass-lined capillary, held at 200°. (B) GLC column
and detector connected by stainless-stect mpxilary held at 400°., Pexks: I = NDMA; 2 = NDEA;
3 = NDPA; & =NDBA; S = Nepip. -
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Fig. 6. Comparison of the detector response for nitrosamines and pyrazines. (A) FID detéction. @)
Detection by microelecirolytic conductivity detector. Peaks: P = pyrazine; 2.5-DMP = 2, 5-di-
me.hylpvra_me, 1 = NDMA;2 =NDEA;3 = NDPA. -

under these condltlons are higher, but taﬂmg of the peaks also increases considerably.
The selectivity of the system for the detection of nitrosamines can be expressed
as the ratio of the amount of a given nitrosamine to that of a straight-chain hydro-
carbon, when both give _equal chromatographic signals. For NDMA and n-hexane,
this ratio was found to be 1:10". In the trace analysis of nitrosamines using less selec-
tive methods, GLC peaks caused by substituted pyrazines have sometimes been
wrongly attributed to nitrosamines™.. Pyrazines are most likely to be expected as
interfering compounds, especially when heated foods are analyzed. For instance,
Z,5-di melhylpyrazme and NDMA have identical retention times {Fig. 6). We there-
fere tested the response of the detector for fwo representative comaoumis pyrazine
and 2,5-dimethylpyrazine. Using the conditions under which 160 pg of NDMA pro-
duced a detector signaf of 30 £V, 10 g of each pyrazine stilf gave no cfetectaEfe signal.
. Fg, 7a and 7P shicws as an example a comparison Between reductzve detecnon
{pyroiysis in ﬁycfmgen at 820°j and pyroiytic cfetectzcm. It can-be seen tht ..nalysxs
of compiex food estracts s fcilitated if the detecior is used in the pyrolytic mode. The -
cifrumatograny of aa extract from a toecf sampfe. recorded in: “the recfuctwe moefe
_swfers freaviy fiom (nterfering peaks: tfie peak of E&'}m adaied af a_mncﬁnt:mem
- OF S ke (pos) to i sample, isafmost una’etectaufe éecause et mtertenngsu&stances
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Fig. 7. Comparison of detector response in (A) pyrolytic mode (550°) and (B) reductive mode (820°).
5 rel of concentrate of mixed barley and wheat, fortified with 6 ppb of NDMA and 10 ppb of NDPA.
Peaks: 1 — NDMA; 2 — NDEA; 3 = NDPA; 4 = NDRA; 5 = N-pip.

Pyrolytic detection, however, gives a clean chromatogram with prominent peaks of
two nitrosamines (NDMA and NDPA), added at concentrations of 6 and 10 ppb,
respectively, to the original sample. The extract was prepared simply by sicam dis-
tillation under reduced pressure, extraction of the distillate with dichioromethane
and concentration of the extract in 2 Kuderna—Danish evaporator; the final solution
was made up in n-hexaneS. It is obvious from Fig. 7 and also from a large series of
similar chromatograms obtained from a wide variety of food extracts prepared in the
same Wa}"’ that, by the use of the detector in the pyroiytlc mode, additional clean-up
of the concentrate to be analyzed can be avoided.

The system has been in continuous use for over 18 months. For proper main-
tenance, it is advisable to repiace the potassium carbeonate plug in the quartz tube
after about 2 months’ use ané to clean the quartz tube at the same inferval with
_ chromic acid, distilled water and acetone; after cleaning, the tube must be recondi-
tioned at 750°.in a helium stream for about 1 h. It is alse advisable to exchange the
- water in the conductivity cell every week and to replace the mixed-bed ion-exchange
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resin mcnthiy From ﬂme to &me. ‘the smaff gzece of PTFE tubmg t&at cormecés he
m'tz ‘tube-with the ceii shouid bz cleaned or repiaceé . ~>
Dichioromethane iy not a suitabie sofvent, i)ecaus° xt cadses 6feecfmg oi‘ ‘E{e .
sﬁatxonary phase into the detector #nd pyrofyzes to hydrachioric acid at the working-
temperature. It is aiso necessary for tile carrier gas and food exfracts to be free from
Amexsture because even frace- amounfs of wafer spoi.f the pofassmm w.rbonate scav-

. enger’ :
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By modnymg a commercxaﬁy avaiiabfe mtcmefectrofytlc conéucﬁ:v:ty de- .
tector (Hall detector), we obtained a nitrogen-specific detection system with superior
properties for nitrosamine analysis. A built-in four-port valve allows the solvent peak -

. to be vented to the atmosphere before it can enter the detection system.

N The dead volumes of the connections between the gas chromatograph and the
heated quartz tube, and between the tube and the conductivity cell, were reduced s
far as possible. This resuited in better sensitivity and a lower time constant of the sys-
fam, glvmo narrower peaks. A built-in micrometer allowed repmduczble adjustment

of the flow-rate of water through the cell.
The modifications described render the system highly sensitive and selective for

ni&osamiﬁe detection and permit uninterrupted long-ferm use.
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