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* I s * * 3 so that thei r detection at low levels in envi ronmental sou rces is of

¡r, F̂ ot0| V̂een which confusion is possible in differential pola rography can be ejected by
Sls of the former in alkaline solution ti n itri te, in the manner of Daiber and Preus-

SeP°ration of N-nitrosodimetylamine from fish subjected to nitrite treatment is 
,('Nsqt! '6Ved by distillation in steam. The identity of the amine moieties contributing to 

QMlfles ava' lable in biological systems w ill not, however, generally be known. In de- 
( 6sHmating small amounts of unknown N-nitrosamines in biological systems it is im- 

SePorate these compounds as a class as selectively as possible since the sensitivity 
O C d  ic detectio" !n homogenates of tissues is very poor. By no means a ll N-nitrosa- 
* N d to be carcinogenic can be separated by destination in steam but of such compounds 

Wq i Were adsorbed from aqueous solution in Icrge measure on activated carbon. After 
C^Phe 8 of the separated carbon, most adsorbed N-nitrosamines other than those con- 
\  ^  res*dues can be eluted, at least in part, in boiling methanol, with separation 
l,j( 0r9aeic nitrite o rig ina lly present. Desorbed N-nitrosamines in aqueous methanpl 

* b® detected and estimated by differential pola rography and by photolysis to ni-

Wj® iden9.? ph type A 1660. In this instr ument, the voltage sweep is applied simultaneously 
SqPD CQl Cells' the oufPuf currents of the being in opposition to each other. The wave 

S rQ t6rtair,in9 to a range of concentrations of various N-nitrosamines were observed
'Cu,e superimposed on the cathode ray tube used fa  thei r display and were employed

of tL^en^c compounds of this type cover only a limited range of voltage. The spe- 
J ° f  the h e'r detecf'°n is enhanced in differential pola rography in which advantage is ta- 
“,[0n ¡_ gradation of a ll N-nitrosamines studied on irradiation with ultraviolet light in

’ŝ S' Pol  ̂ Ŵo mosf sensitive techniques for the detection and estimation of N-nitrosa-
rtbls of13 r°9raphy is more specific than gas liquid chromatography since the half wave po- 
4.:, UTautk^.: _ , r . . i j  _______r __n— n, «

’(̂ S' Pol  ̂ Ŵo mosf sensitive techniques for the detection and estimation of N-nitroso-
cN sof°r°9raphy is more specific than gas liquid chromatography since the half wave po- 
4 .  UTautk^.: _ . r . . i _ i ._ - .- j —______r  n— Tk»J S o f ? L thentic compounds of this type cover only a limited range of voltage. The spe- 
m °f the d 6'r detecfion is enhanced in differential pola rography in which advantage is ta- 

„gradation of a ll N-nitrosamines studied on irradiation with ultraviolet light in

V " ''" '" r ia l poiarogram or a iN-nirrosumine juiui iun "■>" ---------------- --------
S e n t l6Cted t0 u|traviolet photolysis comprises a peak which is not influenced by other 

,|>  n i b b l e  to such irradiation. Unlike most N-nitrosamines, other polarographicaily 
pĤ en° US comP°ur,ds are reduced at the dropping mercury electrode at both acid and 

t b p r  Values. Differentiation between N-nitrosamines and unsaturated aldehydes and
" hk * . .  .L • I r . . .1 1 . I « f f  1 ? — I .Anwinkw /-'Tl n Ko o f f O r-t&A Kv/

vclues. Differentiation between N-nitrosamines and unsaturated aldehydes and

'y.



The de'
for calibration curves, in conjunction with the pre-determined amplification facte  
oxygenation of solutions was accomplished with a stream of oxygen free nitrogen-

Ultraviolet photolysis.

Ultraviolet irradiation of solutions of N-nitrosamines, e tc ., was undert ĵ  ̂j.akes‘,< 
Hanovia 1 litre  photochemical reactor modified with a quartz vessel constructe ^¡¡¡¿^ 
samples of 10 ml o r less which was supplied by Quartz Fused Products, Shepperfon'

Reagents.
, fy|<jrn|ne

N-nitrosodiumethylamine, diethylamine, di-n-propylamine and d -̂n" 
were obtained from Eastman Kodak L td ., Kirkby, Liverpool; streptozotocin w0S lu n *  b/ 
vided by the Upjohn Company, Kalamazoo, Michigan, U .S .A . ,  and C-nitro corTpre(jS 
the British Petroleum Company, Sun bury-on-Thames. We are indebted to Dr. jsl-nî r050.̂ 1 
of the Forscherhruppe Praeventivmedizin, Freiburg, Germany for samples of the 
of methyl-2 -hydroxyethylamine, dicyclohexylamine, methyl-4 -picolylamine, n* . .  ■,
__ ________ il__I____ I___j-  ______ _____ I___J ;l____________I___-J:-.I__________ and ^ . ►J'l'1amine, methylamylamine, di-n-amylamine, dibenzylamine, diethanolamine
methylamine, to Professor E . Boyland of the Institute for Cancer Research, *"°n . T r .C- fV' 
t rosopy rroIodine, piperidine and N-methylaniline, to Dr. J .M . Barnes of the ' 0ffh* 
ratories, Carshalton, Surrey, for N-nitrosomethylu rea and to Dr. E .K . WeisbunEÎ
tional Cancer Institute, Bethesda, Maryland, U .S .A . for l^-dinitroso-pip®1*1̂ ^  f
sop roline was prepared according to the method of Sander* and recrystal I ized r -jltfl*

Granular activated carbon 8-12 BSS mesh was kindly donated by Sutcltf 
& Co. Ltd. ,  Leigh, Lancashire.

Nitrite on method of Nicholas and Nason^1.

RESULTS

Properties of N-nitrosamines.
yTable 1 records the peak potentials, with reference to the mercury P°° e0js ^  

derivative polarography of a range of authentic N-nitrosamines in solution JO'

IP ’1

rography of d ia lky l, a lkaryl and heterocyclic N-nitrosamines at a concentra*'0*! iy in ^
——______ ___ __ !  _ I___ i.  II ' _. . .    .  _ LJ 9-3• % i.

—  i~i-iv5|,v.r; -■ - ■— ■»- — --------- ---------— .. —  ■■■-------  fher~ pji"
HC1. In solution in absolute methanol containing 0.1 volume aqueous 2N
tentials were 50t 80 mv more negative. Well formed derivative peaks werd °b 0f 0-' f .

osa mines at a concentration^^ . ,

the response disappearing in almost all instances on raising the pH above 2-3- c0̂ p l>
case of 1: 4-dinitroso-piperazine was a wave evident at pH 8 .4  (potential " • of51 j|-
ble in size with that in 0 .2N  HC1 (potential - 0 .76v). The sensitivities of 
dialkyl-N-mtrosamines tested were of the same erder with millimolar diffusion g/ o 
rect polarography in aqueous 0 .2N  HC1 fer N-nitroso-dimethylamine, dietny ^ (OQ*0’ 
propylamine and di-n-butylamine of 26, 26, 39 and 37 A respectively. Tbe P° |iĝ ,(f<>' 
waves of a ll N-nitrosamines examined disappeared after irradiation with ultravl0^0 
0 .2N  HC1 within 1 .1 /2  - 3 hours. Thus a difference polarogram of a solution 
samine with reference to an aliquot subjected to irradiation comprises a pe° i{Jo\e 
of the original before photolysis whilst polarographically active contaminants 
photolysis do not contribute to the resultant wa>-e . . piti*̂

* pifi ^
The distilation at atmospheric pressure of an aqueous solution of o si r
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S  to I*,..
' ¡f N n 'tS 0 r'9 'nQl volume leods generally to its concentration in the distillate, particu- 

^the ¡°  ̂ 2-3 N or 20% NaCI has been added in itia lly . From Table I it is apparent
^thylo r°^UĈ 'on an hydroxyl group into a simple dialkyl-N-nitrosamine as in N-nitro- 

r̂, q|  ̂ ‘“fydoxyethy lamine almost completely eliminated the volytility in steam of the for- 
6,lc6 nt the compound remained unchanged in the distillation residue even in the pre- 

°’ 3hJ alkali in itia lly .

Suontitor ___________________
,|>ri of !vely °n shaking fo r 2 hou rs with activated carbon (2 g/1 0 0  ml) with the excep- 
'̂ch t|̂  nitrosodimethylamine and N-nitroso-methyl-2-hydoxyethylamine (Table 1) for 

> Sod| ® ^iciency of adsorption was somewhat less. The capacity of carbon to adsorb N- 
 ̂to 0\  ^arr,ine as an instance, pe rsisted at least over the range of pH from that of 0 .2N  

!tc')was j
rregularandn rarely complete.

' ! bl-nitrosamines studied were removed from aqueous 10 p .p .m . solution vi rtual-

. . -.nine as an instance, pe rsisrea at ieasr over rne iunyc ui p i num »•••
^ Phosphate buffer pH 6 .0 . Adsorption on other reagents (silica gel, alumina,

Aft,
"'3 in t,er cer,l r'̂ u9ation and acqueous washing of the carbon adsorbent, elution with 

2! r®sidi/ an°̂  ml Pe r 9 dry carbon) proceeded with a ll N-nitrosamines without a phe- 
I '̂ vvithUe| eXcePt N-nitroso-di-n-pentylamine but the proportion recovered varied conside
r s ^  e amine moiety of the nitrosamine, as is demonstrated in Table 1. A second simi- 
*dl h| !̂'0ri with further methanol was sufficient for the quantitative removal from carbon 

ropy lam ine but a sim ilar treatment of adsorbed N-nitroso-di-n-pro- 
l*U j ut a similar treatment of adsorbed N-nitroso-di-n-butylamine raised the propor-

irbeH * ,ed to only 50%.

N to ,n apue°us solution o r in methanol with or without water, N-nitrosamines are photo- 
\ l  / le|d inorganic nitrite at an alkaline pH. Using the conditions of Daiberand Preus- 
, !1 liber- Qt,Ueous N a„C0 3 , 80-100% of one nitrogen atom involved in the nitrosamino group 
(X t(> d within 3 nours. In the presence of methanol, n itrite  released was itself sunject 
;'%d ¡V ?  degradation and its release from an aqueous methanolic solution of Na-CC^ in- 
,, 9»nic 't!Qlly Until an optimum period of irradiation of about 15 minutes, after which the 

n. n;tr'te detected declined to zero. A maximum release of up to 40^o of one nitrogen 
% d 'tr,te provided confirmation of the results of Daiberand Preussmann fo ra  more re- 

n̂ e ° f  N-nitrosamines. 
r of r Irelated compounds.

N the N-nitrosamides studied (Table II) gaveinitially strong polarographic waves 
iJOf ¡ts . 1 but that of N-nitroso-N-methylurea disappea red within a few hours by v ir-
^ ^ " « t y -  A polarographic response in this electrolyte was common to a range of 
%>l'6s bu)0Ur'ds rePresenting various nitrogenous types and also to unsaturated aldehydes and
V  nitr Qceta|dehyde gave no response. Unlike the majority of N-nitrosamines, most

compounds gave polarographic waves also under alkaline conditions, the
V  ^  response often being greater than at acid pH and at a mo re negative potential
V  Only ition Of borax to pH 8 .4 . N-nitrodimethylamine, in fact, gave a pola rographic
N .  a,f olkaiine pH? Unsaturated aldéhydes and'ketones resembled the simpler N-nitro-i | ’  " I V  I I •  Wl I JMI V I Wl V U  WW. *

Qt their polarographic response disappea red on raising the pH in this manner.

bot°ne ° f the comP°unds tested could be differentiated from N-nitrosamines by ultra- 
, to|ysis in 0 .2N  HC1, since a ll were susceptible under the conditions employed, an 

ror»9ly adsorbed by activated carbon. However, none of the other nitrogenous com-
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fromd»'
pounds could be detected polarographically in methanol after attempted desorption 
bon in the reluxing solvent . The unsaturated aldehydes investigated were partia ^efe|y. 
into this solvent but the unsaturated ketones resisted desorption by methanol comp ^

In solution in aqueous Na2COo, oil nitrogenous compounds tested 
on irradiation with ultraviolet light; amyl nitrite reacted as inorganic nitrite a ŝ° 
tolysis. However, this reaction provided a means of differentiation between N"nl rjse 
and unsaturated aldehydes and ketones between which confusion could otherwise0 
rographically. ,t j j J i  S

• bioloSicelRecommended procedures for the separation and detection of N-nitrosamines in 
materials.

• i rnatet'0 5 ^
In the absence of excessive lipid, aqueous homogenates of biologic0 ' ^  

should contain both steam volatile and non-steam volatile N-nitrosamines which
pa rated from the residual matrix by high speed centrifugation. LwW'

,._n-pen'y f
Simple volatile N-nitrosamines such as N-nitroso-dimethylamine, "°J ) ']|afi£,nNo

mine, -dibenzylamine, piperidine, e tc ., are readily separated by fractional „ and n°nW!C' 
aqueous slurries containing salt and methanol. For the removal of both volatile ^̂ l̂ar 
tile N-nitrosamines, cla rified aqueous homogenates are stirred fo r 2 hours with g 
tivated carbon (2 g/100 ml); the efficiency of the removal of N-nitrosamines r̂orn^ot 
impaired by the presence of lipid . Aqueous washing of the sepa rated carbon does ,^orggnlC r 
appreciable loss of adso rbed nitrosamines but does allow the removal of traces o  ̂ ,j 
nitrite possibly remaining from the original material examined; the polarography °^ortifcic,i 
samines must proceed in an acid environment which could promote the formation 
seconda ry amines are concurrently extracted. , ¡dP

te r  an“ ° hAfter two or three washings of the carbon adsorbent with distilled wo ^  bo^'^l 
tation of residual liquid, N-nitrosamines are desorbed in refluxing methanol f° r 2N ^ ^
mination by derivative polarography of the methanolic eluate containing HCl t0 ^  c:o<'c. 
any waves attributable to N-nitrosamines at potentials within the relevant ranger feiO J  
tiation being estimated by the response on addition of an authentic N-nitrosarnine y 
with a peak potential close to that observed. The disappearance of the wave  ̂ 4 ^
ranee of a further wove at a more negative potential on addition of borax to p̂  f a H 
des additional evidence of the presence of a N-nitrosamine. S im ilarly , the wove 
samine at acid pH should disappea r on irradiation with ultraviolet light for two

cof'
The determinations of inorganic nitrite upon aliquots of methanol e^at  ̂ 0ri 

0 .1%  Na2C 0 3  before and after ultraviolet irradiation for 15 minutes w ill indie0 
de due to exposure to the light if a N-nitrosamine (s) is present. The reaction 's p e 
one and the yield of nitrite is dependent upon the presence of other compounds ,°de'ernl'^ 
o r ig in . For the estimation of N-nitrosamines present, it is therfo re necessary t fi-
the yield of nitrite from an authentic N-nitrosamine in the same environment I V 1'5 S' 
cremental additions to further c l̂iquots of the methanol eluates. According to 
sented by Daiber & Preussmann , the yield of nitrite on alkaline i rradiolion of 
nitrosamines is a linear function of their molar concentrations up to at least 0 -
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^rcgj. 4 problem of the estimation of small levels of N-nitrosamines in biological 
Potential5 V l̂ tJa^y unique in that it requires the detection of mony such compounds oil of 
5̂ 'trosQ  ̂ 7s'°logical importance But with very different physical prope rties and with only 
K f r °  9rouping (s) in common. It w ill be apparent from the foregoing that the me- 

l̂e e etection advocated are not unequivocal in characterization and provide an incom- 
#flevel,r° Ction Qt best. Thus the results obtained are most likely to represent underestimates 

b t^hich N-nitrosamines are present, though the absolute concentrations in environ-H i Sou
rces ore seldom of great concern.

% ut ®ther nitrogenous compounds simulating N-nitrosamines are unlikely to be formed 
"Ellice* QHve|y^drastic conditions of reaction and their confusion for N-nitrosamines would 

tfie err0r on the side of safety. Some of the N-nitnosamines which would be lost 
%  cire SeP°ration techniques involving adsorption on carbon such as N-nitrosordipilSDytaj- 

—^1, jn fcict̂  considered to be carcinogenic^. However, in spite of its obvious Iimi—
det6c. e rneihod does provide a means of analysis of many N-nitrosamines which \Aould not

PnW! i U s ir in  i l _________ i ________ _ ___ i _____ I___ ! « . . «  U . >uU!/>ls /-ires r t o v / o r tk c * I o c c  r * f  r v t f f l i n t i n lVsioi . Us'ng the customary distillation technique but which are nevertheless of potential 
u9 icq | *

We
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Substance Peak potential in derivative Elution from carbon Photolysis in a lka li
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