
SUMMARY 

The pyrolysis of nitrosamines in 2 modi5ed HaIi microeIectrol,ytic conductivity 
system provides the basis foor 2 highly sekctive 2nd sensitive determination method. 
Under the conditions spec&d, the response of this detector system to nitrosamines 
is at fe2st IQ7 times greater thm that for n-hexane. The infkeme of sever21 operational 
paruneters on the response of the detector to nitrostines w2.s studied. For open- 
chain nitroszrnines, the detection limit is 33 pg ad the response is linear up to at 
least 200 ng. 

The czcinogenic proper&s of N-titroso compounds are weif establlshedl. In 
recent ye&i a munber of methods for their isc&tion and detection in foods have been 
developedz4. %hree tvpes of nitrogen-specific detectors have been 2ppkd for screen- 
ing by g2.s-iiqtid chrom2togr2phy (GEE): the 2IkaLi &me-ionization detector (FID)‘, 
the Cadson ~&ctroiytic condmtivity detector (CECD) in pyro@tk4 and reductive 
modes’ and the so-cakd thermal ener_T anaIyzerS. Positive findings obGxd by these 
methods shou!d be cobed by g2s-!iqtid chrorzmtography-high-resolution mass 
spectm@&y (GLC-MS). 

This pa$er reports 0~1 the determination of volatile nitrosamines using 2 modi- 
Eed micrqetec&oIytic conductivity detector @32El detector, Model 310, Tracor IQ- 
stmments, Amtin, Texas, U.S.A.)9. As wiH be shown, this system is considerably 
more sensitive 2nd selective tow2rds nitrosamines than is the earlier described Co&son 
de&c&P. . 

: ce &t&y of ni@os2mines used 2s anaiytk2l standards ~2s checked by gas 
cbromatogr2pby. Dicbloromethane (analy~ic2l grade; Merck, Darmsadt, G.F.R.) 
was p.tiEd by coltin chrom2togr2phy on. siiicz-gekakim oxide 2nd by distilla- 
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Fig. 1. Block diagram of the modified mic&!ectrolytic conductivity deteam. 
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Fig. 2. Effect of furnace remperatme on the detector response for openchain and hetemcyclic N- 
nitromsarnines; 10 n&i of eac& nitrosamine injected. 0, N-nitrosodimethylamine (NDMA); X, 
N-nitnxodietbylmie (NDEA); @, ~-nitrosodi-n-propylamlne (NDPA); f, N-nitmsodi-n-butyl- 
tie @IDEA); 0, F-nitrosopiperidine (N-pip). 

an additionat heating device (4 cm long)). The outlet of the qua& tube is connected 
IO the cokductivity cell by a I-cm length of PTFE tubing (0.6 mm I.D., 1.7 mm O.D.). 
The h&m sweep gas Boy-rate is 60 ml/tin. 

Water Bow through the conductivity cell is exactly adjusted to values of 0.3 
to I.8 ml/mti by a microme~eer-cantro&d (Mitutoyo, Tokyo, Japan) needle valve. It 

‘is-circuk&ed by 2 centrifugal pump (Xa. 480, Ebeim, Qeizisau, G.F.R.) through a 
mixed-bed ion-exchange resin column (18 g of A650 f-X8, 20-50 mesh, Bio Rad 
Labs;, Richmond, Cali& U.S.A.). 

RESULTS AND DISCUSSEON 

The i&uence of the furnace temperature on the detector response for five 
nitrosamines is shown in Fig. 2. Zt can be seen. &at the optGnat temperz,ture is bet+xen 
550” 2nd 650”_ Witin &is zange, obvlousiy the most ef&ient fragmentition of 
nitro.s&ines in the gas p&se fo efec~oiy&ztiiy conducting producEs is achfeved. 
Fig. 3 showk tie influence of the Bow-zate of water on the response of the conductivity 
ceu. A decreased Bow-rate of water zeesuits in an increased response. A Bow-rate of 
-0-7 ml/mm w&s found to be optiai. Values below 0.7 ml/n& fu&er increase the de- 

: t&o,r.respo& (Fig. 31, but also result in baseline noise and peak *Sling. The value 
of0.7 m@ni.n also agrees witi tEze flow-iate fomd to be optimallgor fhe HzH detitor 
in tie reductive~ mode”. 
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Fig_ 3. E&e of fldw-rate of water thmugiz the concktivity ce!i.on the detector R-sponSe; 10 ix&f 
of each nitrod e injected. 0, NDMA; X, NDE.4; 0, NDPA;. f, MDBA; 0. N+ip. 

with five nitroamines (Fig_ 4). In Table I, mean vahes for peak areas 2nd retention 
times are fisted, together with st2andard devi2tions 2nd coe&ients of &i2tion from 

seven consecutive isotherm2l sepmtions of six N-nitroso cornpounds. 
I A con;parison of the detector response for each nitrosanine, rehztive to k- 

nitrosodimethy~amine (NDMA) (P, T2ble I), with the relative nitrogen content of 
each molecule (M, Tabfe I) reve2k tbhat there is no clear r&tion&ip between tie two 
p2r2meterss. Evidently, pyrolytid fkgmeutationof these compounds to electro&ticaIIy 
conductkg products is strongly iufluenced by their moleculslr structure. This-tiding 
is in accordance wi*& the results obtined with a- CECD in *&e pyro&tic modez; in 
the reductive nod&, however, the-detector response reikcts more clearly the relative 
nitrogen co&.ent of 2 particular nitros2inine7. 



fhe detection limit, estimated from the minimal amount of nitrosamine de- 
tectable at twice the noise level, was about 50 pg for straight-chain diakylnitros- 
am&s. For heterocyclic compounds, it was considerably higher (0.5 ng for N- 
nitrosopiperidine and 1 ng for N-nitrosopyrrolidine). A smaller response for hetero- 
cyclic oitr~samines was also found by Rhoades and .Johns~n~~ and Essigman and 
kenberg’, using a C&D in the pyrolytic mode. 

The response for heterocyclic nitiosatines could be improved, however, when 
a~staintess-steel capillary (l/i6 in. ED.), heated at 4W’, was used to connect the GLC 
column with f&e detector, instead of the described glass-lined capillary (Fig. SA and 
33). Hot metal surfaces obviously contribEztz to the catzdytic pyrolysis of heterocyclic 
nif.rosamines. Fig. 5 Shows that the relative peak heights of heterocyclic nitrosamines 
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Fig 6. Comption of ihe debtor respousc for nitiosamines and p~razines. (A) FID de&&on. (B) 
Deatkm ~by mkmcl~lYGc conduc&ity detector. Peaks: P = pyrazine: 2_S-DMp = 2_Sai- 
rn~*~Y~p,vrazine; 1 = NDMA; 2 = NDEA; 3 = NDPA. - 

. 

under these conditions are higher, but tailing of the peaks also incnases considerably. 
-The sekctivity of’the system f@r the detection oftitrosknines can be expre%eh 

as ihe ratio of the-amount of a given nitrosamine to tit of a s&iight-chain hydro- 
carbon, when both give equal chromatographic signa&. For NDM& and n-hexane, 
this ratio was found to be 1 :IO’. In the trace analysis of nitrosamines u&g less sekc- 
five met6odk GLC pe&s caused by substituted pyrazj~es have sometimes been 
w&&y attrzmti to nitrosarmties==~ I57~2zhes 9re m&t Eke& to be expected 2.i 

interSering_ compounds, espe&lIy when heated foods ~&e ana@zed. :For &I&.LI~~, 

2,5XmeL&y1pyrazine and NDMA have identical retenti0~ times (Fig. 6)_ -We there- 
G&e tested tie res@~se oFtie detector for two representative coqoun&, pyrazi+ 



Fig. 7. Comparison of detector responx in (A) pyrolytic mode (5.50”) and (l3) reductive mode (820”). 
5 p1 of concentrate of mixed barley and wheat, fortikd with 6 ppb of NDMA and IO ppb OF NDPA. 
P=zah: 1 = ND&fA; 2 = NDEA; 3 = NDPA; 4 = NDBA; 5 = N-pip. 

Pyrolytic detection, however, gives a clean chromatogram with prominent peaks of 
two nitrosamines @IDMA and NDPA), added at eoncentmtions of 6 and XI ppb, 
respect&ely, to the original sample. The extict was prepared simply by steam dis- 
tillation tider reduced presstq, e&Zraction of the distillate with dichloromethane 
uzd concen&&ion of the extract in a Kuderna-Danish evaporator; the fkal solution 
was made up in n-h&me6. It is obvious from Fig. 7 and also from a large series of 
similar cb.romstogatis ob+&ed from a wide variety of food extracts prepared in the 
same‘w# tha& by the use ofthe detector in the pyrolytic mode, additionat clean-up 
of t3ie~con&nt&te tom be an&zed can be avotded. 

Ihe system has been-in continuous use for over IS months. For proper main- 
tenznq it is advisable &i repIzce the potassium carbonati plug in the quartz tube 
after nbdut 2- months’ use and to clean the quartz tube at the same interual with 
chranic acid, distSl&i water-and aqetone; after. cfeting, the tube must be recondi- 

_ tiqned at 750*&t a heGum sWa_m for about 1 h_ It is &a advisa@le TV exchange the 
w&er in the Conductivity cell every w&k and to replace the mixed-bed ion-exchange 
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_ By iriodX@ing a comme~aE~ avaiktbie microeltio~c conductivity iie- 
tedot @W.l detectpr], we ob&@ned.a nitrogen-specific detection sJist&n wi& &per&r 
properties for nitrosatine anaEysis. A built-in four-port valve aE0~~ the solvent Pgak 
to he vented to the atmosphere before it can enter the cietectioir sysfem. 

The dead volumes of the connectionsZ&ween fhe gas chroma~o_&ph and the 
heated quartz tube, and be@xen the tube -aiid the Cotiductivi& celI,- were reduced &6 
far as pti_ssr33le. This resuited in better sksitivity and a lower tin+constant of the sysi 
tern, &vi?,0 narrow& pe&s. A built-in micrometer alIo&& reprodticibfe adjustment 
of the flow-rate of water through the cell. 

The modifkations described render the system hi&.ly sensitive and sekctive for 
nitrosamine detection and permit uninterrupted_iong-term use. 
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