
AN ISVALUATION OF -WI!: ALKALI FLAME IONISATION DETECTOII 

AND THE COULSON ELILCTIIOLYTIC CONDUCTIVITY DET15CTOR IN 

THE ANALYSIS 01’ N-NITI3OSAMINI‘:S IN FOODS 

A compnrison is maclc of the pcrformnncc chnrnctcristics of two dissimilar 
nitrogen detectors, The various pnramctcrs influencing the spccilicity and sensitivity 
of the detectors are discussed and expcricnce gnincd in their use for the analysis 
of foods for traces of nitrosamincs is described. Only slight cliffcrcnces in the sensitivi- 
tics of the two clctcctors wcrc found but the Cc+lson clcctrolytic conductivity detector 
was more sclectivo and less disturbed by small ch.nges in opcmting pnramcters, and 
hence is consiclered the more suitable for routine USC in this field of analysis. 

A flow cliverting system is dcscribcd which enables the thermionic cletector to 
be used both with clllorinatcd solvents and injection volumes of hydrocarbon solvents 
greater than 2 ~1. 

INTRODUCTION 

The carcinogenic propertics of many of the N-nitrosamines are well docu- 
mentedl-3. Foods are known to contain secondary amine9 and with the wiclespread 
use of nitrite as il preservative b, the possibility of these precursors reacting to form 
nitroso compounds has been discussed. 

The analysis of food extracts for nitrosamincs hns been reported in the liter- 
ature, and diverse instrumental techniques have been a.pplied”-l~, However, not all 
of these are equally suitable nncl such unspecific methods as polarographyllJ~ ancl 
thin-hycr chromatography 13-115 have been shown to procluce false positives’J”~l’. 
Even gas-liquicl chromatography (GLC) when using a flame ionisntion detector (IrID) 
is generally unsuitable for the majority of sample concentrates, clespite elaborate 
clean-up procedures (Fig. I). This is due to the very low levels of nitroso compounds 
present in the extract in comparison with co-extractives, It has tllercfore been 
necessary to use gas-liquid chromatogrrtphy/~nass spectrometry (GLC-MS) with a 
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Fig. I. Chromntoyram of il conumtrntcd cstract of GoutIn CIICCHC Usitlg il fli\IllC iO!liSiltiOll clctoctor. 
The rctcntion timcn of the xlitrosamincs arc intlicatctl by arru\vH. I = IIBIN; z = DEN; _J = 13I'N: 
‘1 = DEW. 

high resolution instrument as tlic most sclcctivc tcclmiquo available for the analysis 
of extracts for traces of nitrosamines 18-20. As tile use of tllis procedure is expensive 
and requires highly trained operators, tile approacll in these laboratories lias been 
to develop metllocls based upon steam distillation and solvent cstrnction, followed 
by GLC using nitrogen-selective cletectors. Only when apparent positives arc recorclecl 
are the samples subjected to confirmation by GLC-MW~~l~22, 

This paper compares tile results we have obtainccl when using two dissimilar 
nitrogen detectors, viz. tlie alkali flame ioJiisation (tliermionic) dctcctor and tlic 
Coulson electrolytic concluctivity clctector, in conjunction wit11 commercial gas 
clironiatograplis. 

ALKALI FLASJE ION SATION DI~TJXTOJ~ 

The alkali flame ionisation detector (AVID) is a modification of the ND, In 
which alkali metal ioJls are introduced into tile flame to vary the ionisation processes 
and to enllance selectively the rcsponsc to compounds containing certain lletcro- 
atoms. This phenomenon was first reported by GIUFFRJIM~~, and I-CARMEN AND 
GIUFFRIDA~~, who showed tllat the response to phosphorus was increased by a factor 
of IOO. TlJe close similarity in electronic configuration between phospllorus and 
nitrogen prompted AUE el nl .2‘ to experiment wit11 a variety of alkali salts in order 
to improve the selective determination of nitrogen, and tlleir results inclicatecl that 
rubiclium sulpllate gave tile best overall performance. In a comprellcnsive review of 
thermionic detectors, BRAZHNIKOV cl n1.2” compared and contrasted the pcrformancc 
of tile detector with tips formed from a number of salts, ancl concluded that rubidinm 
cllloricle was preferable for nitrogen compounds. Caesium bromide has also baen 
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considered suitable in this respect”‘. No less conflicting are the reports of the signi- 
ficance of detector geometry28, electrode spacing2u*3u, nature of carrier gas”’ and 
hydrogen flow 2*-82, The importance of operating under carefully controlled conditions 
is exemplified by the use of slight adjustment of these parameters to vary the selec- 
tivity of the cletector and conditions for the following elements have been described: 
chlorine, iodine and bromine”l133r3d; silicon, tin and lead”” ; and s~lplmr”~. It seems 
clear, therefore, that the choice of parameters for tliermionic cletectors is still empiri- 
cal, and that further development and understanding is essential before they can be 
considered suitable for anything except specialist or research applications. 

COULSON ELECTROJ~YTIC CONDUCTIVITY DJ:TISCTOR 

The Coulson electrolytic conductivity detector (CECD), as described by COUL- 
SON ill IC#“‘, is claimed to be a specific and sensitive detector of compounds con- 
taining nitrogen and, by varying the mode of operation, also of compounds containing 
sulpliur or lislogcns. For the estimation of nitrogen-containing compounds the 
effluent from a gas chromatographic column is mixed with hydrogen and passed 
through a reduction furnace at Soo” over a nickel catalyst. Nitrogen-conttlining com- 
pounds arc reduced to ammonia, which is subsequently dissolved in deionised water 
and passed through a micro ccl1 in which changes in the electrolytic conductivity 
are measured, Halogens, which, if present, would be reduced to the corresponding 
acid and hence interfere, are removed by a strontium hydroxide coated plug of glass 
fibrc placed between the furnace and the detector cell. Other organic species form 
pyrolysis hydrogenation products which give no response in the conductivity cell, 
PATCNIITT~~ has recorded several refinements of the detector which enabled him to 
detect nitrogen at about IOO pg. COCWRANE AND WIJ.SON~~ compared the response of 
the CECD with an electron capture detector for the detection of nitrogen-containing 
herbicides, The response of the former was found to be lower, possibly clue to inherent 
peak tailing wllcn using the CISCD. 

EXPERIMENTAL 

No attempt has been made to evaluate the various critical parameters cx- 
haustively and attention has been concentrated upon obtaining reliable and repeat- 
able results from a standard detector, based on manufacturers’ instructions. The 
experiments were carried out with a Varian 1700 Series gas chromatcvgraph fitted 
with a rubidium sulphate thermionic detector. Optimum background current is first 
achieved by careful stepwise adjustment of hydrogen ancl rcir flows, These require 
careful control to obtain reproducible results and, even when using mass flow con- 
trollers, a drift in background current is often experienced at maximum sensitivities, 
The hydrogen flow is especially critical ancl has to be controllecl to 0.01 ml/min if 
stable conditions are to be maintained. liotameter type flow indicators were removed 
from the system as they cause instability in the gas flow, possibly due to small leaks 
or oscillations of the float. 

Operating conditions chosen are: carrier gas (helium) flow-rate, 25 ml/min; 
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hydrogen flow-rate, 40 ml/min’; air flow-rate, 240 ml/min’; sample size, z-IO@; 

injection tcmpcraturc, 2oo”; detector tcmpcraturc, 230”, 
The cllromatograpllic column is prepared from G.5 m x z mm I.D. stainlcss- 

steel tub packed with Is”A, IWAP (15 g i;FAP on x00 g Chromosorb W, acid- 
wasl~cd, DhICS trcntccl, So-100 mesh), and conditionad for 4S ii at 250’ with carrier 
gas flowing, prior to use. TIE column is normally held isotl~crnially at 130’ but 
occasionally it has been temperature programmccl at I”/min in tlic rnngc Ire’-IGo’. 
The response of thermionic detectors is clisturbccl by chlorinated solvents ancl the 
flame is estinguisliccl by injection of more than 2 ~1 of hydrocarbon solvent. These 
cliflicultics have been overcome by inserting a VALCO flow diverting valve lxtwccn 
tlic column and the clctcctc.)r (1Yg. 2) so that solvent can Ix vcntccl to atmosphere. 

CC column Switching 

= Q 

valve 

I 
Capl llary 

%lT%e 
Vent 

flithc ionisiC;tion rlctcctor. 

If the outlet flow from the valve is carefully Ixhncccl by means of capillary tubing 
and a needle valve, there is no clisturbancc of basclinc stability on switching, despite 
the sensitivity of this type of detector to clxmgcs in gas flows. 

Colclsolr clectvol;vtic colrtltcctivit~v tlctcclou 
The Coulson electrolytic conductivity detector was operated in conjunction 

with a Varian IZOO Series gas chromatograph housing a column prepared as described 
above. In a typical analysis the following conditions were found to bc satisfactory: 
carrier gas (helium) flow-rate, 25 ml/min ; hydrogen flow-rate, Go ml/min ; sweep gas 
(helium) flow-rate, 25 ml/min; cell flow (ion-exchange water), 1 ml/min. 

The ,transfer line from the gas chromatograph comprises a stainless-steel 
capjllary tulx rSo mm x 0.2 m-n I.D. housed in a copper tube of 20 mm O.D. 
surrounded with glass filxc packing. The tube is heated by electrical tape and the 
temperature maintained at about zzo” by a variable voltage transformer. A VALCO 
flow diverter valve is incorporated before the reduction furnace ancl by use of this 
we have founcl it possible to inject samples of up to 50 $1, although I0 ~1 is sufficient 
for most estracts under test. Unlike the AFID, the response of the CECD appears 
to be independent of small changes in the various gas flows and hence conditions of 
__. ..____.. _ _ . 

l Initial flow-rrrtcs which arc then mljustctl during optiniisation. 
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operation are much less critical. Injector and column oven temperatures were similar 
to those usccl with the iWID, 

Tlic nitrosamincs included in the present survey have been limitccl to the steam 
volatile lower clialkyl compounds-dimethyl (DMN)-, cliethyl (DEN)-. clipropyl 
(DPN)- and clibutyl (DBN)-nitrosamines -and the lieterocyclics N-nitrosopipericline 
(PIP) and N-nitrosopyrroliclinc (PY RN). Primary stanclard solutions were prepared 
by weighing appropriate quantities of ‘pure’ grncle nitrosamines into calibrated flasks 
ancl dissolving in clcniinernliscd water. Tlic rcagcnts were used as rcceivcd from the 
manufacturers without prior treatment, other thau clicclcing that only one peak was 
obtainccl by gas chromatography using a 1;ID. As nitrosaminc solutions are light 
scnsitivc”O tlie stanclarcls arc storecl in glass containers wrappccl in aluminium foil 
ancl kept in a constant temperature room at 10’. No cletcrioration of the standards 
was obscrvecl unclcr these conclitions over a pcriocl of six months. 

RESULTS ANI DISCUSSlON 

In comparing the linearity of tllc AFID and CECD detectors, calibration curves 
were prepare;1 in tile range of interest i.c. o-zoo ng of nitrogen, Tlic reqxxise of the 

Fig, 3. Rcsponsc of the ulltali flnmc ionisation dctcctor to DMN and DEN. x , DMN; 0, DEN, 

AFID to incrcnsing amounts of D&IN and DEN is illustratecl in Fig. 3# In a similar 
curve shown in Fig. 4, the linearity of the response of the CECD to DMN ancl DEN 
is demonstrated, In both cases tllc curves were prcparecl from data obtained from 
peak height mcasurerrients, licncc one would not expect the lines to 1112 coinciclcnt. 

For practical purposes the sensitivity of both cletcctors was calculated from 
the minimum detectable amount at twice the noise level, under normal operating 
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conditions. For DRIN. botll dctcctors have a limit of about 100 pg cnlculntcd as 
nitrogen. This figure is of the same order RY data previously rcportcd by PATCWETT"~ 

for tllc CISCD, but HRIZTJIANW has chimed a dctcction level of IO 11~ nitrogenous 
material on a moclificd Varian AFID. Sample size is an important factor w11cn chro- 
matographing dilute solutions, and in the case of the AFID a mnsimum loading of 
2 pl is normally reconimenclccl, but by using tlic vciit valve refcrrccl to previously, it 
has been possible to use saniplcs of up to 20 pl. l’lic only limit to th amount of 
samI~le that can 1~ injcctccl under these conditions woulcl IX tlw capacity of tlw gas 
cliromatograI~l~ic colunm. A cliromatojiram of 50 pl of a dilute aqueous nitrosamiiic 
solution oknincd using the CIXD is iilustratccl in Fig. 5, Tllc minimum clctcctablc 
nrnount is clcpcnclent on the backgrouncl signal, and with the ClfCD this is maintained 

J 1 

I:&. 5, Chromntogram of 50 pl of :ITI nc~ucous standard of sis nitrowmincs at n concentration of 
I mg/kg. I = DMN: z = DEN: 3 = DPN; 4 = D13N; 5 = 1'11'; 6 = PYIIN. 
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at a low lcvcl by continuously recirculating tlie water througll an anion-exchange 
resin. 

Sclcclivily 
The CECD is nitrogen-slxcitic in the reductive mode when astrontium hydroxide 

scrubber is used in line to remove acid produced by the reduction of halogenated 
spccics. RHOADES AND JOHNSON~~ and Iss~s~r~~sn~ AND ‘~ANNENUAUM~~ llave described 
further rcfinemcnts in whicli the clctector is opcratcd in t11c pyrolytic rather tllan 
reductive mode, and by this method they claim a response only to nitrosamines and 
amines. However, tllis selectivity is gainecl only at tile expense of sensitivity, and in 
our present work, in whicll detection levels of I &kg of nitrosamines in tllc original 
samples are recluirecl, tllis approacll has not proved satisfactory. 

When using the AND tile operating parameters are adjusted to achieve a 
compromise bctwcen maximum sensitivity and sclcctivity, and in practice the 

2 (b) 

Pig. 6. Chrornntograms of n niixturc of qua1 piWt.!4 ot’ toltlciic, tloclccnno, pcntntlccanc, licxitn- I-01 
ant1 IO mg/lcg cnch of (I) I>MN, (a) IlEN, (3) I)J?N, nncl (4) DUN. (a) IBID; lo-la A/mV: attcnu- 
ntion x Y: sample 3 /cl. (lo) r\PIU; IO- 
tcnuation x 8; snmplc 10 pl, 

l2 A/mV; cttlcnuntion x 32; samplc 4 141. (c) CECD: at- 

Pig. 7, Chromntograma of n mixtllrc of (I) D&IN, (a) dichlorobcnzcnc, (3) J>EN, and (4) phorntc 
(to nig/lcg of each in acctonc). (a) 1~lD; 10-1’J A/niV* , attenuation x 32; sample 3 pl, (l2) Al~ID: 
x0-18 R/mV; nttcnuntion X 128: samplc 2 pl. (c) CECD: attenuation x GA\: sflmplc ropl. 
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dctcctor response to plioslA~orus is liormally greater than that to nitrogen. Although 
the AVID is claimecl to bc about IO ooo times less sensitive to l~yclrocarl~ons than the 
FIDQ”, a negative peak is commonly ol~scrvecl when large quantities of hyclrocnrl~ons 
are present. This plienonicnon is particularly troublesome in nitrosaminc analysis as 
Iiyclrocarbons are commonly usccl as solvent for injection. Thus far, investigations 
hnvc shown thnt tlic production of the negative peak is clclxxtclcnt upon hyclrogen 
flow-rate and is generally most apparent whim the lrdtcr is acljustccl for maximum 
sensitivity. The different response lxofles of the two specific clctectors ad the 
stnnclarcl ND, under similar gas chromatographic conditions, can be seen in the 
cliromatogrnms shown in Fig. 6. These were clerivccl from a misturc of three hyclro- 
carbons and an alcoliol spilcccl with four nitrosamines in the ratio of 1000 :I. It can 
bc infcrrccl from tlicse chroniatograrns that interfercncc from the major coniponcnts 
would prohibit the USC of the I;ID for this analysis. T11c lack of response of the CKCD 
to phosphorus and halogen cornparccl with the AND ~ncl ND is illustrnted in Fig. 7. 
For this ;1. misture of IO mg/lcg DMN, DEN, dicl~lorol~en~enc, and an organopllos- 
pliorus pesticide (phorate) in acetone was clirc~mntograpl~ecl using the three detectors. 
The CECD reslxmcls only to the nitrogen-containing compounds wllercas the l?ID 

(b1 

6 

Fig. 8. TcrnIl”r.?turc-l~rojiranlmutl chromatogmms of a mixture of (I) DMN, (1) DEN, (3) TIPN, 
(4) DBN, (5) PIP, and (0) PSIIN (IO mg/kg of each in aqueous solution). (a) CECD; programmccl 
nt IO/niin, Ilo-r50°, (1-1) AFID; progmmmctl at I”/min, xIfl--150°, 
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trace has peaks corresponding to all the components, but with a much reduced phos- 
phorus response. By comparison, the AND produced a nc&xtivc peak for solvent 
and clichlorobenzene, and a greatly enhanced response to the phosphorus compound. 
The additional peaks may be due to either decomposition on the GC column or to the 
presence of impurities in the sample, Some adjustment of the hydrogen flow to the 
AFID would improve the selectivity, but only at the cxpcnsc of sensitivity, 

One of the advantages of selective nitrogen detectors is their insensitivity to 
increased column bleed produced during a. tempcraturc-programmed analysis. The 
abscncc of baseline drift is a noteworthy feature, especially when operating at lligh 
sensitivities ancl using columns of high liquid phase loading, Typical chromatograms 
of a tcmpcrature-programmed analysis are shown in Fig. 8 indicating that both 
dctcctors are suitable for this type of operation, even when as in this case the liquid 
phase (WAY) contains nitrogen. Under similar conditions the trace from a FID 
would rise rapidly off scale. When temperature programming the AND we recom- 
mend that the background current be checked and, if necessary, readjusted before 
tlic next injection. 

Ros~o~~tso factors 
Experiments were clesigned to test the rcsponsc of both nitrogen-selective 

detectors to nitrosamines containing different proportions of nitrogen and carbon 
in the molecule. In this study the response of the detector was calculated by measurc- 
ment of peak nrcas using a Disc integrator. The rcsponsc of each clctector relntivc to 
DPN was then computed and the results arc prcscntcd in Table I, togctller with tllc! 
nitrogen and carbon contents of each nitrosaminc, c *Igain calculated relative to DPN. 
It can bc seen that the response of the CECD follows the nitrogen content, within 
experimental error. On the other hancl, ISSENBERG AND TANNENBAUM~~ have rcportecl 
that when using the CECD in the pyrolytic manner alone, the cletcctor response is 
depcnclent on the structure of the nitrosamine. Presurnal~ly in this rnodc of operation 
the molecule is incompletely fragmcntcd. 

In the case of the AND thcrc is a more complicated rclntionship amongst the 

~~~EL~TIVE RI~S~ONS[S VI\CJYJI~S AND I~ISLATIVE NITROGBN AND ~~1~130~ CONTISNTS or N-NWRWA- 
MINES 

. . _ . - . 

Nitf0sttrrtiw Reltrlive ~espowe fnclov Nilvogcrr corrhwl Cnrhr~ coMml 

A I’lD CECD FID - 
_.___.____ ________________. _______..__ -- ._.- _ -.-.. . - . _. . . - . . . . _ 

DMN o.gB IA‘+ 0.29 I,7G 0.59 
MEN I.02 r..+r I,@ 0.74 
DEN I.12 I*35 0.87 I.28 0.85 
DPN I,00 1.00 I .oo 1.00 1.00 

Dl3N 0.83 0.81 I.OG 0.82 1.10 

PIP X.l2 1.07 o.GS 1.rq 0.95 
PYRN I q0.q. 1.20 o..+ I 1.31 0.87 
__._-_--_.___ .______.________.._.___.__~,______... ._...___ ~~._.-__...___-~_-.___~_. -.___._.~.~~__-_-.-.--- 

m For nbbrcvintions, 900 test. 
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various parameters affecting its response to nitrogen. Table I sllows that the corre- 
lation between tile AND response factors and nitrogen content is less good, but it 
is still more closely related to nitrogen than to carbon content. A survey of the 
litcraturc shows appnrcntly conflicting opinions on the correlation between nitrogen 
content and rcsponsc characteristics of alkali flame detectors to hetcroatoms. Auo 
42 NZ,~~ found a non-proportional response from certain nitro compounds, On the 
other I~ancl, Hewlett-Packard chin+ that their dctcctor responcls linearly to nitrogen 
in any organic rnolccule indcpcndcnt of the molecular struc-turc. 

In a recent international collaborative study organised by the IARC (Intcr- 
nntionnt Agency for Rcscarch on Cancer, W,I-I,O,, Lyon) two aqueous snmples 

TAULE IL ’ 

RKSULTS 01’ AXALYSls 01’ SOLUTIOS u I’OR I>EN ASI1 I’YI<N 
“m_._-___-__ --- 
llrleclov Corrrpositiou of soltifiort 13 (cdcirlntcd) 

I~ErV .-I 1 Ii I’YRX iI / I3 
(Wll/ (WZI~) 

---_-_.- . ..__ _. .-... _._ _ ,.___...__ _.__-._ __.__.. _ ..__.. ._._._--__. . __ __.-._.-- 
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..-.-.-..__-_a__--.-_.___ ._._ - ___-,.__.__-- -._.-._-- . . . . -.__ _I.___- . . . 

1’ So~vcnt~vcntcd for G min. 
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(A, R) each containing known amounts of two nitrossmincs (DEN, PYRN) were 
circulated to participants for analysis, Solution A was to be usccl as a rcfercnce 
standard; tlie composition of solution I3 was not disclosed to the analyst. The result 
was cxpresscd as a ratio A/B by means of peak height measurements. From Table II 
it can 11c seen that the average compositions as calculated for each detector arc in 
good agreement with each other ancl with tllc actual composition clisclosed at tile 
conclusion of the study. 

Satisfactory results liavc lwcn obtainccl from the analysis of samples of meat, 
fish and otller food products. Both clctectors have been used in this work although 
the grcatcr specificity of tile CKD generally products a cleaner chromatogram. A 
characteristic tract from a CECD is illustratccl i.n Fig, g, this was obtained from a 
hcxane extract of a sample of Goucla checsc. h zso-g sample was steam distilled and 
the aqueous distillate extracted with methylene chloride. The solvent was than 
reduced to small volume in a Kuclcrna-Danish evaporator and I ml It-llcxane aclded 
to the concentrate. The evaporation was continued to a final volume of 250 ~1. This 
represents a concentration factor of x IOOO on the original weight of cheese as is 
required to achieve a cletcction limit of I pg/kg. Each sample is spikecl with ~o,ug/kg 
of DEW as internal stanclard ancl as a cheek on tllc recovery process. Overall rccovcrics 
fall within the range Go to So%, DPN was cllosen since we have not yet identified it 
in any of the samples tested, ancl it has a suitable GLC retention time. 

The majority of foocls contain nitrogenous compounds, many of which arc co- 

Time 

I+ ,3- 11 12 
lime 

Pig, 9, Chromatogram of mi extract of Churla chccsc spiluxl with IO pg/kg DPN using the Coulson 
clcctrolytic conductivity dctcctor, 1 = DMN; z = DEN; 3 = DPN; ‘1 = Dl3N, 

Fig, IO, Chronrntogrnm of an cxtrnct of cool qGltcrl with to /r&kg DI’N using the Co~l~on clcc- 
trolytic concluctivity clctcctor. I = DXIN; 2 = DEN: 3 =f DPN. 
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cstractccl with nitroso conilxxnids, and hence produce interference even when using 
selective detectors. l’hc chromatogmm of a fish extract spiked with DPN illustrated 
in Fig. 10 shows peaks which cl0 not corresponcl to tlw nitrosamines sought. This 
interfcrciycc is especially noticeable when analysing cooked foods, or foods which 
llavc been kept for estenclccl pcriocls in storage tests, clue to chemical or bacteriological 
decomposition. Our present objectives arc to improve clean-up tcclmiques awl to 
clevisc a, tiiorc sopliisticatccl CLC alqwoacll, for esample “heart cutting” using two 
dissimilar columns in a manner clescrilxcl bv DEANS 44. In tlic meantime samples 
wllic]l arc found to contain comlx~nents of similar retention times to nitrosamincs are 
suhmittccl for analysis by the combinccl GLC-MS tcclmiques rcportccl by GOWH 

AN I.> t1’151313*l’. 

In our cspcriencc of the csamination of a variety of food samlAcs for very low 
levels of nitrosnminesl0*2~ both the MID and CECD have given satisfactory results. 
Howcvcr, tlie most important criteria of a sliccific nitrogen detector arc that it should 
rcsl~oncl to iiitrogei1-coiitaininlS niatcrials without intcrfcrcnce from other molecules 
lxcsent, also the clctector sl~oulcl’be capnblc of a high clcgree of sensitivity and repro- 
ducibility and be relatively free from high noise lcvcl and baseline fluctuations. Con- 
siclering tlwsc factors, the espericncc of olxmtors in this laboratory indicates that 
the electrolytic conductivity detector is more convenient and reliable than the 
ionisntion cletector for the analysis of foodstuffs for trnccs of nitrosamines. 

The nutlwrs tllanlc Mr. C. J, \~OOI.I.AZI mcl Mr. 31. UXSTISAISJOSS for csperi- 
mental nssistancc, Mr. 15. A. \Vr\I.Iwx< for permission to publish the results of the 
International Agency for Rcscarch on Cancer, W.H,O., Lyon, and tllc Government 
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