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Forecuord 

During the last three decades~ epidemiologists have collected 
and analysed a mass of data on cancer incidence in a large number 
of defined populations~ and striking differences in cancer patterns 
have been demonstrated. The available evidence suggests that 
variations in the environment~ directly or indirectly~ are responsible 
for the observed differences in cancer incidence at certain sites. 
Analytical epidemiological studies are being carried out in many 
countries~ the objectives of which are to identify specific carcino­
gens. UndoUbtedly~ "lifestyle" habits - smoking~ immoderate drinking 
of alcoholic beverages~ unbalanced diets - make a major contribution 
to cancer causation. However, an important role for carcinogenic 
chem-icals present in very low concentrations in the environment and 
associated with pollution of air, food and water cannot be excluded. 

In industrialized communities it has been estimated that from 3 to 
5 per cent of all cancers in man may be due to direct industrial 
exposure. The long term effects on the general population of very 
lmJ concentrations of chemical carcinogens, acting either singly or 
in combination~ and entering the environment as natural or industrial 
pollutants, still remain to be assessed. However, monitoring both 
the carcinogenic 11load 11 in the environment and secular trends in 
cancer incidence may make it feasible in the future to identify 
modifications in the level of environmental carcinogens. Such moni­
toring might open the way not only to the evaluation of hazards, but 
also to the possibilities for control and prevention. 

The need for accurate data derived from reliable analytical 
techniqu~s for measuring environmental carcinogens is of major 
importance in modern epidemiological research. I wish, therefore, 
to express my graN tude to all who have contributed towards the 
compilation of this manual of selected methods. With its publication~ 
I hope that the Agency will contribute effectively to increasing the 
power of current research on the etiology of human cancer. 
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John HIGGINSON, M.D. 

Director 

International Agency 
for Research on Cancer, 
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INTRODUCTION 

There are two broad avenues of approach to the identification of 
environmental carcinogens, the measurement of cancer incidence and the 
measurement of the carcinogens, known or putative, themselves. The 
International Agency for Research on Cancer is concerned with both of 
these and sees the publication of selected analytical methods as an 
important means of encouraging the generation of reliable and comparable 
data on the levels of selected carcinogens in the environment that may 
ultimately be shown to be associated with the incidence of a given cancer. 
In considering the substances to be included in the manual, the Editorial 
Board has looked in the first place at those chemicals which have been 
included in the IARC Monographs on the Evaluation of the Carcinogenic 
Risk of Chemicals to Man, the publication of which commenced in 1972. 
The chemicals which have been evaluated in the Monographs were selected 
on the basis of evidence of human exposure, together with some experi­
mental evidence of carcinogenicity, with or without evidence or suspicion 
of a human risk. A short priority list of chemicals, or groups of 
chemicals, to be treated in this manual, has been prepared on the basis 
of these evaluations, selecting those substances, or groups of substances, 
for which there was strong evidence of carcinogenicity in man or in ex­
perimental animals, and for which human exposure was likely to occur. 

The volumes in preparation include vinyl chloride and the polycyclic 
aromatic hydrocarbons. 

For the preparation of each volume a small Review Board, appointed 
by the Editorial Board, has undertaken the detailed evaluation of the 
literature and the main selection of methods of analysis to be included 
and, following detailed discussions with the Editorial Board, has pro­
vided the text upon which the volume is based. No attempt has been 
made to provide standard methods of analysis, but, wherever possible, 
methods have been selected for which reliable data have been established 
by collaborative or co-operative studies, preferably on an international 
basis. 

The methods are presented in the recommended ISO format. 

The Editorial Board recognizes that analytical chemistry is a subject 
which is constantly developing and that new or improved methods may super­
sede those now published. It therefore proposed to include such methods 
from time to time in future volumes of the Manual. 

H. EGAN 

Editor-in-Chief 
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RECOHJ:fENDED ABBREVIATIONS 

In an attempt to standardize the abbreviations used for 
N-nitroso compounds, recommendations made at the 5th Meeting 
on Analysis and Formation of N-Nitroso Compounds (Durham, 
New Hampshire, USA, 24-26 August 1977) have been followed in the 
present volume and are given below. 

N-nitrosodirnethylamine 

N-nitrosodi- -butylamine 

N-nitrosodi-isobutylamine 

N-nitrosoethylmethylamine 

N-nitrosopyrrolidine 

N-nitrosopiperidine 

N-nitrosornorpholine 

Mononitrosopiperazine 

Dinitrosopiperazine 

N-nitrosoproline 

N-nitrososarcosine 

N-nitrosohydroxyproline 

N-nitrosopipecolic acid 

N-nitrosohydroxypyrrolidine 

N-nitrosonornicotine 

N-nitrosodiethanolamine 

- NDMA 

- NDBA 

- NDi-BA 

- NEMA 

- NPYR 

- NPIP 

- NMOR 

- M-NPZ 

- D-NPZ 

- NPRO 

- NSAR 

- NHPRO 

- NPIC 

- NHPYR 

- NNN 

- NDELA 

When abbreviating nitrosureas, use -NU. 
use -NUT. 

-xiii-

For nitrosourethanes, 
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CARCINOGENICITY OF N-NITROSO COMPOUNDS AND THEIR 
POSSIBLE ROLE IN THE DEVELOPMENT OF HUMAN CANCER 

La.ima Griciute 

~~Nitroso compounds, both in the form of nitrosamines as well as 
nitrosamides, have been shown, in animal experiments, to be among the 
most potent chemical carcinogens known to date. It wass only a 
little more than 20 years ago that Magee & Barnes (1956) first des­
cribed the hepatocarcinogenicity of the simplest nitrosamine (N-nitroso­
dimethylamine) in the rat. During the relatively short time since 
that land mark, N-nitroso compounds have become the subject of intensive 
international research, with growing scientific as well as practical 
impact, since such compounds have been shown to occur in the human 
environment and therefore constitute a potential health risk for man. 

Several reviews on the carcinogenicity of N-nitroso compounds are 
available (Druckrey et al., 1967; IARC, 1972; Barnes, 1967; Magee 
et al., 1976; Preussmann, 1975) and a revised IARC monograph in the 
series "evaluation of carcinogenic risk of chemicals to man" is being 
prepared, containing extensive information concerning N-nitroso 
compounds in the human environment. This monograph will be available 
early in 1978. For this reason, only a short summary of the more 
important data will be given here. 

N-Nitroso compounds are among the most potent chemical carcinogens 
known at the present time. More than 120 different compounds have 
been tested in animal experiments and about 80% of them have been 
shown to be carcinogens. Any new compound of this group must there­
fore be considered a potential carcinogen until evidence to the 
contrary appears. 

The more important representative of the N-nitrosamine group, such 
as A~nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA), 
have been tested in many animal species. NDEA has been shown to 
be carcinogenic in more than 20 of these, including subhuman primates. 
No animal speei es is known to be resistant to the potent carcinogenic 
effects of this compound. 

Tumours can be induced in all important organs. Organ specificity 
in carcinogenesis is mainly governed by the chemical structure of the 
carcinogenic compound, but also depends on animal species and strain, 
dosage, mode of administration and duration of exposure. Organs 
affected include liver, lungs, kidney, oesophagus, stomach, urinary 
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4 GRICIUTE 

bladder, brain and nervous system and blood--generating organs. 
Many of the tumours produced are similar to those in man. 

Carcinogenic response is clearly dose-related. In chronic 
feeding studies, the lowest effective daily dose (in the diet) has 
been determined to be 2 ppm (mg/kg) for NDMA (Terracini et al., 
1967), 0.75 ppm for NDEA (Druckrey et al., 1963) and 10 ppm for N-
nitrosopyrrolidine (Preussmann et al., 1977). N-nitrosarnines, 
therefore, can be active carcinogens at low doses in animals. It 
has been shown in several studies that a single dose can also be 
effective. Mohr & Hilfrich (1972), for example, injected s.c. 
single doses of N-nitrosodiethylamine in rats. Even at the very 
low dose of 1.25 mg/kg b.w. (0.3 mg/animal), typical kidney tumours 
were observed. 

Certain N-nitroso compounds have been shown to be active in 
transplacental carcinogenesis (IARC Scientific Publication No 4, 
1973). In a similar, but more far-reaching study, Tomatis et al. 
(1975), in a so-called multigeneration experiment, have shown 
increased tumour incidence in F2 and F3 generations after a short 
exposure in utero of the F1 generation to N-nitrosomethylurea. 
F2 and F3 had no direct contact with the carcinogen. It can be 
expected that the fetus is 50 to 100 times more sensitive to induction 
of lesions by N-nitrosourea derivatives than is the adult organism. 

In general, most N-nitroso compounds are mutagenic in different 
test systems (Montesano & Bartsch, 1976), but mutagenic activity 
does not always correspond to carcinogenic activity (Lijinsky & 
Elespuru, 1976). 

At present, there is no direct and conclusive evidence for 
carcinogenicity of N-nitroso compounds in man. A recent report 
concerning two cancer patients, however, associates leukaemia and 
treatment with N-nitrosourea derivatives (Cohen et al., 1976). This 
is probably not conclusive, but is at least suggestive. Other 
indirect evidence is also available: 

1. The same acute changes have been observed in persons 
working with NDMA in industry as in animals treated 
with this compound, e.g. centriglobular liver necrosis 
(Magee, 1973). 

2. The in vitro metabolism of NDMA in rat and human liver, as 
measured by C02 formation, is similar (Montesano & Magee, 
1974). 

3. Proliferative changes, consider.ed to be precancerous, 
have been observed in human embryo lung tissue cultures, 
following administration of N-nitrosoureas (Kolesnichenko, 
1975). 

The foregoing observations justify, to some extent, the uncertain 
extrapolation from animal data. No epidemiological evidence concerning 
the carcinogenicity of N-nitroso compounds in man is presently available, 



CARCINOGENICITY OF N-NITROSO COMPOUNDS 
but may arise in the future from studies of occupational exposure to 
N-nitrosamines (e.g. N-nitrosodiethanolamine in curring fluids). 

Exposure of the general population to potentially carcinogenic 
N-nitroso compounds may arise from t\-JO sources: 

1. Preformed N-nitroso compounds in different environmental 
media, such as food, air and water, as well as in tobacco 
smoke (Hecht et al., 1978; Hoffmann et al., 1974, 1976), 
certain cosmetic articles (Fan et al., 1977) and drugs 
(Eisenbrand et al., 1978). 

2. N-nitroso compounds formed in the human gastrointestinal 
tract, or other sites, by the reaction of nitrosating 
agents, such as nitrite, nitrous gases and sometimes 
nitrate, on precursors such as secondary and tertiary 
amines. 

Monitoring of human exposure to determine the total load of N­
nitroso compounds must therefore take both sources into consideration. 

The determination of preformed volatile N-nitrosamines is at 
present the most advanced aspect of the study of exogenous N-nitros­
amines in the environment. The methods described in this volume, 
which have been drawn from those successfully employed in the 
collaborative studies conducted by the IARC, in copjunction with the 
International Union of Pure and Applied Chemistry (Castegnaro & Walker, 
1978; Walker & Castegnaro, 1974, 1976), show the tremendous progress 
in this field from the very first attempts (Preussmann et al., 1964), 
and the subsequent methodical developments by different groups 
(Eisenbrand, 1974; Fine & Rounbehler, 1976; Gough & Woollam, 1976; 
Preussmann & Eisenbrand, 1971; Telling et al., 1974; Walker & 
Castegnaro, 1976; Walker et al., 1975). The present volume shows 
that we now have reliable and sensitive methods for the quantitative 
analytical determination of volatile N-nitrosamines. It must always 
be realized, however, that volatile exogenous N-nitrosamines are only 
a part of the total load of N-nitroso compounds. At present, most 
non-volatile derivatives cannot reliably be detected and determined, 
but methods are being developed and collaboratively tested for this 
purpose. 

The amount of exposure to endogenous N-nitroso compounds formed 
in the gastrointestinal tract or other sites in the human body is 
completely unknown. The analytical determination of the precursors, 
also briefly dealt with in this volume, still presents many problems. 
Despite much progress, from the first observation (Sander, 1967) to 
the present time, endogenous human exposure cannot yet be quantified. 
However, a promising move toward the solution of this problem has 
recently been made by Fine and co-workers (1977), who determined 
N-nitrosamines in human biological material, such as blood. 

Systematic quantitative information on exogenous N·-nitroso 
compounds in- the human environment is still scanty: The nitroso 
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6 GRICIUTE 
compounds most often detected have been NDMA, NDEA, N-nitroso­
pyrrolidine (NPYR) and N-nitrosopiperidine (NPIP). The main substrates 
were cured meat and fish, tobacco smoke, certain alcoholic beverages air 
and surface water. The quantities detected vary from 0 to 1.000 ~g/kg, 
but in most case lie between 1 and 10 vg/kg (ppb). At present, it is 
generally agreed that the most suitable method for the identification 
of N-nitroso compounds is gas chromatography, combined with mass 
spectrometric confirmation. Nitrosamine-specific chemiluminescence 
detection (e.g. Thermal Energy Analyzer), however, will very likely be 
the method of choice in the future. 

Since standardization of methods is always the first step toward 
the goal of obtaining reproducible and comparable data from trace 
analytical methods, the International Agency for Research on Cancer 
has undertaken the publication of this first volume of the Manuals of 
Selected Methods of Analysis for Environmental Carcinogens. 
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GENERAL REVIEW OF APPROACHES 
TO NITROSAMINE ANALYSIS 



1. SAl:IPLING ANil SA1'1PLES 

T. Kawabata 

1.1 General remarks 

In many respects, the sampling procedure is as important as the 
analytical procedure employed. The results obtained from analysis 
are of little value if they are obtained from a test sample which does 
not accurately represent the average composition of the material 
analysed. Likewise, samples of a diet should be sufficient in number 
and variety to be statistically representative and to allow replication 
and confirmation. Nevertheless, no attempt will be made in this Manual 
to set down detailed instructions for sampling in environmental studies, 
as such a detailed approach is beyond its scope. However, some general 
guidelines for taking representative samples are given below. 

1. 2 Definitions 

a. Sampling unit: the smallest quantity in which the product is 
available. 

b. Lot; a clearly defined block of material comprised of units 
of a single type, class, size and composition manufactured, 
stored and shipped under essentially the same conditions and 
for the same period of t~ne. 

c. Sample: a sampling unit or collection of sampling units, 
selected at random, which is determined to be needed to 
ensure that the analytical results are representative of an 
entire lot. 

d. Random selection: selection such that every sampling unit 
in a lot has an equal chance of being included in the sample. 

1.3 Sample preparation 

For small samples of food (i.e. less than 1 kg) a representative 
sample may be obtained by homogenizing, then taking a suitable aliquot. 
When a blender is used, care should be taken to keep the blending time 
to a minimum, to avoid loss of volatile nitrosamines due to localized 
heat which may be generated within the sample. For larger samples, 
where a lot cannot be thoroughly mixed, a composite sample of randomly 
selected units (e.g., a number of cans of food from a batch process) 
may be taken and suitably homogenized. Where a heterogeneous product 
is sampled, random selection is often impracticable. In this case, 
a representative sample may be obtained by separating the essential 
component parts, such as the crust and meat filling of a pie, and 
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taking from each an amount in proportion to its size. 	If different 
parts present different analytical clean-up problems, they should be 
analysed separately. 	An alternative approach is to take a number of 
parts which are considered to be representative of the whole sample. 
Whichever method of sample selection is used, the quantity must be 
sufficient so that, after mincing or grinding and finally mixing, 
duplicate samples may be taken. 	After preparation, samples not 
immediately analysed should be stored in airtight containers, prefer-
ably completely filled. 

special techniques for obtaining representative samples of cheese, 
animal foods, etc., can be found iп  the appropriate literature, e.g., 
Official Methods of Analysis of the Association of Official Analytical 
Chemists, 12th cd., 1975. 	Similarly, the determination of the number 
of samples required for a statistically correct demonstration of the 
presence or exact level of Л1-nit oso compounds for regulatory purposes 
is also beyond the scope of this Manual. 	For more information on this 
subject, readers are referred to ASTI Standards - Е122-72, Choice of 
Eample Size to Estimate the Average Quality of a Lot of Process (1972) 
and Еl05-58, Probability &грling of Materials (1958) and Is0/TC 69, 
Applications of Statistical Methods (ISO Technical Committee 69), ISO 
2602-1973, I50 2854-1976, ISO 2859-1974, I50 3207-1975, I50 3301-1975, 
I50 3494-1976, ISO 3534-1977. 

Attention is drawn to the need for сaхefиl reporting and labelling, 
particularly with regard to sample origin and conditions of transport, 
since these may later be found to be relevant to the formation of 
"artefact" nitrosamines. 

When perishable samples (or samples which are not to be analysed 
immediately) are received by a laboratory, they should be stored at 
deep-freeze temperatures. 	Where applicable, representative ground or 
minced samples can be prepared and treated with methanolic potassium 
hydroxide solution to prevent the formation of fT-nitroso compounds 
during storage and transit. 



2. EКTRACTION AND CLEAN-UP ЛЕТ100S 

G.M. Telling 

2.1 Introduction 

The pattern of development of analytical methods for volatile 
N-nitrosamines closely follows that for other trace contaminants, 
such as pesticide residues. 	Interest in N-nitrosamine analysis 
became significant only in the late 1960s, when the problem was taken 
up independently by a number of laboratories. 	As a result, although 
the general approach was one of extraction, clean-up and determination, 
a considerable variety of techniques were employed. 	A major problem 
in N-nitrosamine analysis arises from the fact that the only common 
property of these compounds is a structural feature, namely the N- 
nitroso group, > N-N = p, 	This group may be attached to a large 
variety of moieties,R and R', which donate different physico-chemical 
properties to the individual molecules, R 	

N-N=fl 

Furthermore, our knowledge of the precursor amines, which give rise 
to the nitrosamines, is also limited. 	The analytical approach depends 
on whether or not the N-nitrosamine of interest is steam volatile. 
The chemical nature of volatile N-nitrosamines is now fairly well 
defined and various methods fir their determination have been reported. 

Collaborative studies organized by the International Agency for 
Research on Cancer (IARC) have shown that several methods are now 
available for the quantitative determination of a series of volatile 
N-nitrosamines added to luncheon meat at the 5-20 pg/kg level. 	The 
literature also contains a number of techniques for the analysis of 
food products, alcoholic drinks, air, water and biological samples, 
such as urine or blood. 	The present review covers the wide variety 
of techniques reported over the period 1966-75 and will compare those 
techniques which have become established and used in the third ‚ARC 
Collaborative 5tudy. 

As in most other residue methods, analysis for volatile N-nitros-
amines can be considered to consist of three stages, viz: 

extraction 
clean-up of extracts 
determination. 

It is not always possible to divide methods into these neat compart-
ments, but they are useful in considering available techniques. 
In an ideal process, quantitative extraction of thé desired component 
would be achieved without extraction of interfering material. 	Such a 
situation is never achieved in practice and the problem is one of 
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obtaining optimum extraction conditions. Normally, the more vigorous 
the extraction conditions employed, the larger the amount of со- 
extracted interfering material. 	This then necessitates more rigorous 
clean-up conditions, 	similarly, clean-up should give quantitative 
removal of interfering material while retaining the species to be 
determined. 	This, again, is never achieved and conditions have to be 
optimized. 	The degree of clean-up required often depends on the 
final determinative step to be used. 	The introduction of selective 
systems, such as gas chromatography with high-resolution mass spectro-
metry (CC-Ms) and, especially, the Thermal Energy Analyzer (TEA), have 
allowed much less rigorous clean-up techniques to be used. 

2.2 Ехfхю  tгon 
Techniques for extraction can be considered under three main 

headings: 

2.2.1 Direct solvent extractиon 

A range of solvents for direct extraction of nitrosamines 
from food substrates has been reported, including water (Ender & Ceb. 
1967), diethyl ether (Panalaks et al., 1973; Sen et а1., 1969; Van 
Ginkel, 1970), acetonitrile/heptane (Eisenbrand et al., 1969) and 
dichloromethane (Heyns & Koch, 1971; Neurath et al., 1964b). 

Most reported clean-up procedures now incorporate extraction into 
dichloromethane as one or more of the steps. 	Neurath et al. (1964b) 
examined the efficiency of various solvents and concluded that extrac- 
tion was almost complete with dichloromethane. 	This was confirmed 
by Telling et xl, (1971), who showed that when aqueous solutions of 
volatile nitrosзminеs are extracted with equal volumes of dichloro-
methane, more than 95% of the nitrosamine is found in the organic phase, 
except for N-nitrosodimethylamine (MDMA), where only 77% is transferred 
to the organic phase. 	The volume of dichloromethane required can be 
considerably reduced by the use of salting-out techniques (Crosby et 
al., l972a). 

Extraction of alcoholic beverages has posed analytical problems, 
since the lower homologues of dialkyl nitrosamines are freély soluble 
in water, ethanol and solvent mixtures. 	Direct distillation presents 
problems due to the formation of azéotropes. 	Castegnaro et al. 
(1974а) reported a successful technique for spirits, based on the 
adjustment of alcohol content to 55%, saturation with anhydrous 
magnesium perchlorate and extraction with dichloromethane. 

Urine and faeces have been extracted successfully with dichloro-
methane, after being made alkaline (Kawabata & Miyakoshi, 1976; 
Telling et a1., 1974). 
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2.2.2 Digestion techniques 

The most vigorous extraction technique is based on 
digestion of solid samples with a mixture of methanol and potassium 
hydroxide for 3-5 hr. 	The digest is then extracted with dichloro- 
methane, either in a separator (Howard et al., 1970) or by continuous 
liquid-liquid extraction (Fazio et al., 1972). 	Heating the sample 
with citrate-phosphate buffer (pH 7.0) to break down the sample and to 
coagulate protein has also been proposed (lwaoka et al.., 1974). 
The resulting digest is also extracted into dichloromethane. 	As will 
be seen in Table 1, these vigorous extraction conditions necessitate 
considerable subsequent clean-up of the extracts. 

2.2.3 Distillation methods 

The low molecular weight nitrosamines are all steam 
volatile, hence the first stage of many reported methods involves 
distillation. 	Neurath et al.(l964b) first reported the distillation 
of nitrosamines from meat under alkaline conditions and Eisenbrand et 
al. (1970) showed that nitrosamines could be successfully distilled 
trou aqueous systems under alkaline, neutral and acid conditions. 
The use of acid conditions is somewhat suspect, however, as these may 
encourage the formation of nitrosamines as artifacts. 	The most 
commonly used alkaline distillation conditions are either strongly 
alkaline (sodium hydroxide, Neurath et al., 1964b) or дnildly alkaline 
(potassium carbonate, Telling et al., 1971). 	The use of strongly 
alkaline distillation is preferred by Sех  et al. (1974a), in order to 
avoid nitrosamine formation during analysis. 	Addition of up to 20% 
of sodium chloride to improve the distillation yield is frequently 
employed. 	Distillation from aqueous methanol has also been suggested 
(Walters et al., 1970). 

Distillation may be carried ont in steam in one (Eisenbrand et 
a1., 1970Ь) or two (Crosby et al., 1972а) stages, or under vacuum 
(Neurath et al., 1964b). 	Diethyl ether extracts of flour have also 
been steam distilled, after additIon of water (5еп  et al., 1969). 
The conditions used for distillation can also vary widely (Eisenbrand 
et al., 1970) ranging from ambient conditions to reduced temperature 
and pressure; distillation at 50-60°C under reduced pressure has 
been used by Telling et al. (1971). 	Fine et al. (1975с) have modified 
the distillation processes by adding mineral oil and sodium hydroxide, 
to improve recoveries, especially of nitrosopyrrolidine (NPYR). 

The dichlоromethаiтe extract from methanolic potassium hydroxide 
digestion has been mixed with alkali, the solvent removed and the 
residual aqueous solution steam distilled (Howard et al., 1970). 
In a similar manner, direct dichloromethane extxaсts have been 
distilled from sodium hydroxide and barium hydroxide solutions (Fazio 
ес  al., 1972). 
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A variety of distillation techniques has also been proposed for 
the analysis of alcoholic beverages. Sen & Dalpe (1972) used azeotropic 
distillation, while Crosby et ai. (1972b) used a spinning-band column 
for fractional distillation. 	Williams et a1. (1971) used normal 
vacuum distillation, followed by addition of water until a two-phase 
system with diebloromethane was obtained to overcome the effect of the 
ethanoL 	Castegnaro et al. (1974а) eliminate distillation by pre- 
saturating of the alcoholic beverage with anhydrous magnesium perchlo- 
rate and extracting directly. 

2.4 Clenn-up 

Because of the effect of interfering materials on the efficiency' 
of gas chromatographic systems and the limitations in selectivity of 
most detector systems, some clean-up is always necessary. 

The extraction of distillates with dichloromethane is itself a 
useful clean-up step. 	If distillates are acidified prior to extrac- 
tion (Goodhead & Gough, 1975), many basic materials are held back in 
the aqueous phase without any loss of nitrosamines. 	Washing dichioro- 
methane extracts with acid (Fazlo et al., 1972), hydrochloric acid/ 
glycine buffer and/or alkali (Fazio et al., 1972; Marquardt & Hedler, 
1966; Sen & Dalpe, 1972) have been reported to achieve significant 
clean-up of the organic phase, with no loss of nitrosamines. 
Washing with acetonitrile/heptane (Eisenbrand et al., 1969), and 
permanganate or bromine water (Crosby et al., 1972b) have also been 
reported. 

A number of methods have used a second distillation to clean up 
primary distillates. 	Such a distillation may be a separate step or 
the two distillations may be linked together in a cascade process. 

Thin-layer chromatography has been used by several workers. 
iarquardt and Hedler (1966) applied multiple TLC on silica gel plates 
to isolate nitrosamines from extracts of flo.ur, but lаtег  workers 
(Sen et al., 1969) have found that losses of the more volatile nitros- 
amine are high under these conditions. 	Eisenbrand et al. (l970a) 
later developed a technique which overcame these objections, but 
thin-layer chromatography does not appear to be widely used. 

A wide range of clean-up systems based on column chromatography 
has been reported. 	Column materials have included acid-treated 
Florisil (Wasserman et al., 1972), acid celite (Howard et al., 1970), 
alumina (Sen, 1970; Telling, 1972; Walker et al., 1975) and tellulose 
(Ender et al., 1964). 	The use of charcoal has been proposed by 
several workers, with subsequent recovery from the charcoal by elution 
with methanol (Walters et al., 1970) or by steam distillation (Ender 
& Ceь, 1968), but recoveries were usually low. 	The use of an ion- 
exchange resin has been advocated, either in columnform (Sen et al., 
1969) or by addition to the distillate. 	Criticism of the former 
technique has been made on the grounds that higher molecular weight 
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nitrosamines are not quantitatively eluted (Telling et a1,, 1971). 
If oxidation to nitramines is the basis of the determinative step, 
further clean-up on an alumina column is usually carried out (see 
section 3). 

A clean-up technique based on liquid-liquid partition of 
citrate-phosphate buffer (pi 7.0) eluates obtained from column chroma-
tography has been reported (Iwaoka at al., 1974), but does not appear 
to have been adopted by other workers. 

2.5 Comparison of extraction and clean-up techniques 

A critical evaluation based on a practical study of all the 
above ideas is impossible, but it is interesting to see which of them 
have survived in the form of an acceptable analytical method. As a 
follow-up to the Third IARC Collaborative 5tиdу  (Walker & Castegnaro, 
1976) on the determination of a range of N-nitrosamines added to 
luncheon meat at the 5-li pg/kg level, participants were asked to 
submit details of the methods used. 	The twelve methods submitted 
at this stage are summarised in Table 1, 	These techniques represent 
extremes of separation conditions, 	All the methods gave acceptable 
results. 

The relative merits of steam, compared with vacuum, distillation 
are probably a question of individual preference and experience. 
Acidification of distillates prior to extraction with dichloromethane 
appears to improve clean-up without loss of N-nitrosamines. 	The need 
of further clean-up stages, such as acid-alkali washing or column 
chromatography, appears to depend on the final detection step used. 



3. FINAL CHROMATOGRAPHY AND DETECTION 

3.1 	In almost ail cases, a chromatographic separation is part of 
the final determinative process. 	Chromatography and detection are 
therefore dealt with together in this section. 	A number of methods 
have been described. 

3.2 Pоъaroдxсрhјc detection 

Heath & Jarvis (1955) were the first to use polarography for 
detecting nitrosodimethylamine (NDMA) in animal tissues (limit of 
detection about 500 ig/l) . 	Volatile nitrosamines could be distin- 
guished on the basis of differences in half-wave potentials. 
Although several other workers (Devik, 1967; IdcClashan et al., 
1968; Walters et al., 1970) have used the technique, it is now 
realized that it is not sufficiently specific for the analysis of 
complex mixtures. 	Interfегеnсе  was shown to occur from furfural and 
pyrazines, common constituents of many foodstuffs (Kadar & Devik, 
1970; McGlashan et al., 1970). 	The technique can be used for the 
analysis of nitrosamines iп  less complex systems, such as models for 
experiments on kinetics of formation. 	More recently, the use of 
differential pulse polarography has been investigated (Chang & 
Harrington, 1975). 

3.3 Spectrophofometric detection 

Most nitrosamines display a characteristic UV absorption spectrum, 
with a strong absorption band at or near a wavelength of 230 ron and a 
minor absorption band at а  higher (330-350 пm) wavelength (Druckrey 
et al., 1967; Lijinsky et al., 1970; Moehler & Mayrhofer, 1968). 
Many workers have successfully exploited this characteristic for the 
measurement of nitrosamine concentrations in model systems 
(Eisenbrand et al., 1974; Mirvish et al., 1972) as well as in 
extracts of environmental samples containing fairly high levels of 
nitrosamines (Ender et al., 1967). 	Due to serious interference 
from other components absorbing in the same region of the spectrum, 
the technique is unsuitable for trace analysis of nitrosamines in 
food extracts or other environmental samples. 	For similar reasons, 
or lack of sensitivity, the IR and NMR techniques, although useful 
for characterizing pure nitrosamines (Levin et al., 1970; Rao, 1963), 
have found little use for trace analysis of nitrosamines in complex 
mixtures. 

-21- 
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In some spectrophotometric methods, the nitrosamines are first 
split and the resulting nitrosating agent is then determined colori- 
metrically. 	Splitting can be brought about either by exposure to 
UT light (Daiber & Preussmann, 1964) or by treatment with hydrobromic 
acid in glacial acetic acid (Eisenbrand & Preussmann, 1970). 	Sander 
(1967) observed that if the irradiation is carried out with long 
wavelength (360 nm) UV light at an alkaline pH, the technique is 
more specific for nitrosamines. 	Fan & Tannenbaum (1971) have 
developed an automated technique based on this principle. 	However, 
inorganic and organic nitrite and C-nitro compounds interfere with 
the analysis (Walters et al., 1970). 	The mist extensively studied 
colorime ric method is that of Eisenbrand & Preussmann (1970), in 
which the liberated nitzosating species, formed after treatment with 
hydrobromic acid in glacial acetic acid, is captured by diazotisation 
with suif anilic acid and subsequent coupling with NE-naphthyl(l)]- 
sthylenediamine. 	The technique has been found to be satisfactory for 
the analysis of 17 nitrosamines, with an average recovery of 99.5%. 
As it determines only nitrite, the method is incapable of distinguishing 
between different nitrosamines, dut is suitable for group analysis. 
The same authors have developed an alternative technique for detecting 
and determining individual secondary amines produced by cleavage of 
the nitrosamines, to provide an estimate of the levels of individual 
nitrosamines in the sample (see 3.4, 3.6 and 5.3.2). 	The colorimetric 
method of Eisenbrand & Preussmann has been used for measuring 
nitrosamines in food extracts (Nagata & Mima, 1974; Walters et al., 
1974) . 

Nitrosamines may be reduced to asymmetric hydrazines or secondary 
amines and measured colorimetrically after suitable derivative forma-
tion (Ender & Ceh, 1968; Kadar & Devik, 1972; Neurath et al., 1964Ь; 
Serfontein & Hurter, 1966b). 	5-Nit_o-2-hydroxybenzaldehyde derivatives 
have been used for hydrazines and 4'-nitro-4-azobeпzoic acid chloride 
derivatives for secondary amines. 	These techniques are excellent for 
the analysis of nitrosamines in relatively simple solutions, but it is 
doubtful whether they will be reliable for the analysis of complex 
mixtures, such as food extracts at low pg/kg levels. 	However, with 
extensive clean-up, Kadar & Devik (1972) have used such techniques 
for measuring the levels of nitrosamines in cigarette smoke condensates. 

3.4 Tыn--Zпyer сКromat.ograp7гy (TLC) methods 

TLC has been used by many workers for both qualitative and semi- 
quantitative determination of nitrosamines. 	The main advantages are 
simplicity and relatively low cost. 	The technique is, however, 
semi--quantitative and not sufficiently selective to distinguish 
nitrosamines of closely related structure. 

Preussmann et al. (1964а) first reported a TLC method for detecting 
nitrosamines in pg quantities. 	the method used a diphenylamine spray 
reagent under UV light and formation of a coloured complex with 



CHROMATOGRAPHY AND рEТEСТIОN 	 23 

palladium chloride. 	Preussmann et al. (19б4Ь) have also described 
another technique in which the nitrosamines are detected on TLC 
plates by spraying with Griess reagent followed by exposure to UV 
light. 	A positive response to both reagents is considered to be 
convincing evidence of the presence of a nitrosamine. 	In some 
methods (Kroeller, 1967; Sеn et al., 1969), the secondary amine 
components, produced by splitting the nitrosamines under UV light, 
are detected by the classical ninhydrin reagent. 	The detection 
limit of the TLC methods ranges between 0.2 and 2 ig per compound, 
depending on the nature of the nitrosamines; the ninhydrin reagent 
is more sensitive than the other two reagents. 	Young (1976) has 
recently described a highly sensitive technique whereby nitrosamines 
can be detected on TLC plates as fluorescent spots after exposure to 
UV light followed by spraying with fluorescamine reagent. 	The 
detection limit varies between 10 and 500 ng. 

The most commonly used developing solvent for TLC is n-hexane-
diethyl-ether-dichloromethane (4;3:2), first reported by Preussmann 
et al. (1964а,Ь). 	By varying the composition of the solvent, it 
is possible to separate most of the coimnooiy found nitrosamines, 
but in some cases, e.g. NDMA and nitrosopyrrolidine (NPYR), resolution 
is difficult. 

In some methods, nitrosamines are chromatographed after derivati- 
zation. 	The derivatives include nitramines, obtained by oxidation 
of the nitrosamines (5en & Dаlpё, 1972); fluorescent dansyl deriva-
tiveв  of the secondary amines, obtained by hydrolysis of the nitros-
amines (Eisenbrand, 1972), and fluorescent hydrazones, obtained by 
reduction of the nitrosamines and subsequent derivatization with an 
aldehyde (Yang & Brown, 1972). 	Alternatively, hydrazines, the 
reduction products of nitrosamines, can be treated with 4-пitro-
azobеnzеnе-4 d -carboxylic acid chloride and the resulting hydrazides 
analysed by two-dimensional TLC (Serfontеin & Hurter, 196бЬ). 	The 
areas containing the fluorescent hydrazones can be scraped off the 
TLC plates, extracted and identified by their characteristic UV and 
mass spectra (Yang & Brown, 1972). 	5en et al. (1973) observed that 
the ninhydrin reaction product of nitrosopyrrolidine (NPYR) on 
silica gel plates (Лцd Kieselgehl GHR) is highly fluorescent when 
viewed under UV light inside a dark viewer, giving a detection limit 
оf 10 ng per spot. 	The technique has been successfully used for the 
semi-quantitative estimation of NPYR in a wide variety of foodstuffs 
(Iyengar et al., 1976; Panalaks et al., 1974; Sen et al., 1974e). 
Fishbein (1972) has published a review of various methods for the 
analysis of nitrosamines. 

TLC methods are versatile and some of the techniques which have 
been proposed for the analysis of nitrosamines are very sensitive. 
However, little is known about their reliability when applied to 
environmental samples. 	Comparison of TLC data with that obtained 
by GС-M5 analysis has shown that the TLC-fluorometric method of Sen 
et al. (1973) for NPYR is reliable (Foreman & Goodhead, 1975; Sen et 
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a1., 1976b). 	This technique gave results with reasonable accuracy 
and precision in two IAAC collaborative studies of spiked meat 
samples (Walker & Castegnaro, 1974, 1976). 	The disadvantage of the 
technique is that it is applicable only to the determination of NPYR. 
TLC methods based ondetection by Griess reagent are not sufficiently 
sensitive to permit analysis of foodstuffs below 20 ј g/kg levels. 
Borne of the newer fluorescent techniques (Eisenbrand, 1972; Yang 
& Brown, 1972; Young, 1976) may be more suitable, if found to be 
reliable. 

3.5 High-pressure liquid chromatography (HPLC) methods 

HPLC may offer a rapid screening method for detecting nitrosamines. 
Prior to the development of a suitable interface with the thermal energy 
analyser detection system (see section 6), the main hindrance was 
the lack of sensitive and specific detectors. 	To overcome this, Cox 
(1973) reduced the nitrosamines to secondary amines and converted 
these to 2,4-diпitrophenyl derivatives, which have a strong absorption 
band in the 340-360 nm region. 	The technique was applied to the 
analysis of nitrosamines in pork luncheon meat and fried pig liver. 
Interfering compounds could be distinguished by carrying out a blank 
determination with the sample, omitting the reduction step. 	Further 
work, however, is needed to evaluate the method for application to a 
wide range of samples. 	Twaoka & Tannenbaum (1976) have developed 
a detector based on the principle  of photohydrolysis of N-nitroso 
compounds and colornLmetric detection of the liberated nitrite by 
Griess reagent. 	This detector has been found to wô.rk satisfactorily 
when connected to an приC system. 

3.6 Gas-liquid chromatography (GC) methods 

GC is the technique most widely used for detecting volatile 
nitrosamines in food or other environmental materials. 	Its main 
advantages are high sensitivity, variety of methods of detection, 
accuracy and relatively rapid speed of analysis. 

3.6 .1 Columns 

The most commonly used column for the gas chromatographic 
separation of nitrosamines is Carbowax 20P1, coated on acid-washed 
silanized Ghromosorb W or Celite and packed in a stainless steel or 
glass tubing (i.d. 2 mm or 4 mm) of varying length, usually between 
2 and 3 ш  (Castegnaro et al., 1974а; Crosby et al., 1972; Issenberg 
& Tannenbaum, 1972; Sen et al., 1970; Telling et al., 1971). 
Several other stationary phases, such as Reoplex 400 (Sen et al., 
1969), FFAP (Fiddler et al., 1971; Gough & Webb, 1972), 5E-30 
(Kroeller, 1967), Carbowax 1540 (Howard et al., 1970), 3DB (Sсапlап  & 
Libbey, 1971) and Versamid (Kawabata et al., 1972), have also been 
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used successfully. 	Several investigators (Gough & Sugden, 1975; 
Heyns & Roeper, 1970; Stephanу  et al., 1976а) have found that 
capillary or SСОТ  columns, which give better peak resolution, provide 
additional specificity. 	Sznсе  most of the nitrosamines studied so far 
are thermally stable and chromatograph well in stainless steel columns, 
the use of glass columns does not seem to offer any particular advantage. 
Both temperature and pressure programming and isothermal mode of opera-
tioпs have been used (Foreman & Goodhead, 1975; Gough & Webb, 1973; 
Sеп, 1974; Wasserman, 1974), 

3.6.2 Detectors 

Initially, the conventional flame-ionization detector (FID) 
was used, but it was soon realized that it lacked the necessary select-
ivity (Foreman et al., 1970; Кroeller, 1967; Sen et a1., 1969; 
Serfontein & Hurter, 1966b). 	Nitrogen-specific detectors were then 
shown to beof value iп  overcoming this drawback. 	The alkali flame- 
ionization detector (AFID) and the Coulson electrolytic-conductivity 
detector (CECD) are the two major detectors of this type. 	The AFID, 
highly specific for nitrogen compounds, uses a ring or coil coated with 
Rb50± or KC1 on or around the hydrogen flame (Aue et al., 1967; Howard 
et al.., 1970; Kawabata et al., 1972) 	The sensitivity is greater than 
that of conventional FID, with a limit of detection for NDMA of about 
4 ng. 	The AFID has been successfully used for routine screening of 
foodstuffs for the presence of nitrosamines (Fazio et al., 1971; 
Fiddler et al., 1971; Kawabata et al., 1972; Pensabene et al., 1974). 
The sensitivity of the detector may be affected by organochiorine 
solvents, the potassium chloride AFID being less affected than the 
rubidium sulfate AFID (Eisenbrand, 1974). 	5ensitivity is also affected 
by the condition of the salt tip (Cough & sugden, 1973). 

In the CECD system, the GC column effluent is mixed with a stream 
of hydrogen gas and passed through a hot quartz pyrolysis tube containing 
a nickel wire catalyst, where ail nitrogen-containing organic compounds 
present are reduced to ammonia. 	The ammonia is then detected and quan- 
titatively measured by its effect on the conductivity of water in a 
detector cell (Coulson, 1965). 	There is a modified CICD in which the 
ammonia is measured in a titration cell (Newell & Sisken, 1972). 

Although the above detectors are useful for screening analyses, 
they are not specific for nitrosamines. 	Many other nitrogen, as well 
as phosphorus, compounds give positive response, especially with the 
AFID (Krejci & Dressler, 1970; Palframan et al., 1973). 	Rhoades & 
Johnson (1970) were the first to modify the operation of the CECD to 
increase its selectivity for nitrosamines. 	By pyrolysing nitrosamines, 
ammonia is formed on the hot surface of the quartz furnace tube in the 
absence of hydrogen gas and Ni catalyst. 	Under these pyrolytic 
сaпдztиопн, only nitrosamines and simple amines are detected. 
5iпcе  most of the free amines are removed in the clean-up 
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process, the detector is highly selective for nitrosamines. 
Although CECD in the pyrolytic mode gives excellent results for 
simple dlalkylnitrosamines, alicyclic nitrosamines, such as NPYR, 
do not break down efficiently enough to permit detection at low 
levels (Issenberg & Tannenbaum, 1972), but careful control of the 
pyrolysis temperature can improve this situation. 	In the pyrolytic 
mode of operation, the detector is not as sensitive as in the 
reduction mode (Palframan et al., 1973; 5еп  et al., 1974b). 	Various 
studies (Goodhead & Gough, 1975; Iyengar et al., 1976; Panalaks et 
al., 1973; Sen et al., 1976b) have shown that use of a GC-CECD system, 
either in the pyrolytic or reductive modes, can be very useful for 
preliminary screening of foodstuffs for the presence of nitrosamines. 

Paiframan et al. (1973) compared the performance chаsctегistiсs 
of an AFID with that of a CECD and concluded that the sensitivity 
of the two detectors, for practical purposes, is about the same, but 
the latter is much superior with regard to selectivity for nitrogen 
compounds. 	CECD is also less susceptible to changes in operating 
conditions, such as sample and solvent size and fluctuations in gas 
flow rate, aid is therefore more suitable for routine use. 
Fiddler (1975), on the other hand, prefers AFID to CECD because 
of the difficulties experienced in maintaining quantitative reprodu-
cibility with the latter detector. 

A modified Hall detector (Hall, 1974) has been used successfully 
in the pyrolytic mode for the analysis of nitrosamines in a variety of 
foodstuffs, such as wheat, rice, bread, cured ham and fermented 
sausages (Eisenbrand et al., 1976; Rappardt et al., 1976). 	The 
principle of operation of the Hall detector is the same as that of 
the CECD, but the former is much more sensitive than the latter, 
mainly due to improved geometry of the electrolytic conductivity cell 
and other operating parameters (e.g. higher call voltage). 	About 
50 pg NDMA can easily be detected. 	The detection limits for nitroso- 
piperidine (NPIP) and NPYR were 0.5 and 1 Tlg respectively. 	These 
workers also concluded that the detector is more specific for nitros- 
amines in the pyrolytic than in the reductive mode. 	Issenberg & 
Sornson (1976) used a Hall detector (reductive mode) for monitoring 
the levels of nitrosamines in a laboratory atmosphere. 

3.6.3 Detection of derivatives 

several investigators have attempted to increase thе  
sensitivity and selectivity of the detection techniques by converting 
the nitrosamines to derivatives that are sensitive to electron 
capture (EC) detection (see section 5). 	Sen (1970) oxidized NDMA 
to N9N-dimethy1rütramiпе  by treating with peroxytrifluoroacetic 
acid. 	The EC detector was extremely sensitive to the nitramine 
derivative, about 8 pg being easily detected. 	After clean-up of 
the nitramrne derivative on a basic alumina column, Sen (1970, 1972) 
was able to use the technique for confirming the presence of NDMA in 
a sample of nitrite-treated fish and several samples of cured meat 
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products. 	Althorpe et aL (1970) independently developed a similar 
technique and extended it to the detection of other volatile nitros- 
amines. 	More recently, Telling (1972) applied column chromatography, 
both for an initial сlеап-ир  of food sample distillate on alumina 
(neutral, activity 3) and for the final clean-up after oxidation 
(using mixed alumina/magnesium oxide). 	Recoveries at the 2.5 ug 
level were 77% for NDMA and 92-95% for NDEA, N-nitrosodiisobutylainlne 
(NDi-bA), NDВA and NPYR. 	Final chromatograms were very clean, with 
the exception of spiced meat products. 	Telling et al. (1974), in 
a later investigation, further improved the sensitivity of the 
nitramine technique. A dual chromatographic procedure has also been 
described (Castegnaro St al., 1974а; Walker et al., 1975). 	Speci- 
ficity was improved by GC-analysis of separate column fractions. 
Recoveries from spiked samples were normally greater than 60%. 
The scheme was used in the analysis of samples from a dietary survey. 
Other workers (.Tuszkiewiez & Kowalski, 1974; Kubacki & Вoryв, 1976) 
have also found the nitramine technique useful. 

As described in section 5, nitrosamines can be reduced or cleaved 
to secondary amines, which then can be converted to electron-capturing 
derivatives and detected by CC. 5eсопдarу  amines frequently occur 
in the environment. 	in addition, components or contaminants in 
foods may break down during a reduction step to yield secondary amines. 
These could lead to contamination of the final extract and to false 
positive results (see section 5). 	Eisenbrand et al. (1976) isolated 
the amines generated from nitrosamines on a hydrophilic, 5E-ceцulose, 
ion-exchange column; introduction of this step very effectively 
separated the amines Exam interfering compounds and provided clean 
analytical solutions, 

3.7 CLC-MS and GLC-TEA 

Mass spectrometric and chemxluminescence-based techniques for 
determining nitrosamines are dealt with in sections 4 and 6. 



4. MASS SPECTROHETRIC TECHNIQUES 

T.А. Gough 

4.1 Introduction 

It is generally recognised that the most reliable means of 
confirming the presence of volatile nitrosamines is by combined gas 
chromatography and high-resolution mass spectrometry (CC-MS). 
In addition to confirmation, quantification can also be based on 
high-resolution mass spectral data. 

The mass spectrometry of nitrosamines is well documented and 
several papers describe in detail the fragmentation pathways of a 
number of nitrosamines (Collin, 1954; Saxby, 1972; Schrоll et al., 
1967). 	Low-resolution, electron-impact spectra have also been 
published (Mass Spectrometry Data Centre, 1971; Lijinsky et al., 
1973; Pensabene et al., 1972) and recently Cadbois et al. (1975) 
and Gaffield et al. (1976) presented information on the chemical 
Ionisation of nitrosamines. 

Aven after intensive clean-up, food extracts are still complex 
mixtures containing many potentially interfering substances. 
Analysis therefore entails the use of a CC separation of volatile 
nitrosamines and it is clearly more practical and less time consuming 
to carry out on-line CC-Ms, rather than to trap constituents from 
the GC effluent for subsequentmass spectrometry. 

4.2 Techniques emploуing low-resolution mass spectromet'y 

A CC-Ms procedure for separating and detecting microgram amounts 
of some dialkyl and other volatile nitrosamines in standard mixtures 
was published by Heyns & Roper (1970), using 25 metre capillary 
columns, directly coupled to a mass spectrometer. 	In view of their 
limited sample capacity, capillary columns are less suitable than 
conventional packed columns for the detection of mg/1 levels of 
nitrosamines in food extracts. 	For this reason, most workers use 
packed columns in combination with mass spectrometry. 	However, 
analysis of samples using low-resolution mass spectrometry requires 
a somewhat higher GC column efficiency than analysis using high-
resolution mass spectrometry, as the separation of individual 
components is more important for identification using low resolution. 
Both the clean-up procedure and the CC conditions must therefore be 
selected to suit the mass spectrometry facilities available. 

Using an Atlas СH4 mass spectrometer, a low-resolution mass 
spectral technique for the deterюination of nitrosamines has been 
developed by Fazio et al. (1971). 	A complete spectrum is run at 
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the appropriate retention time for the nitrosamine under study. 
The procedure was described for N-nitrosodimethylamine in fish 
(Fazio et а1., 1971). 	Although the relative intensities of the 
parent ion (m/е  74) and fragment ions varied between standard 
solutions and spiked fish extracts, these variations were small and 
the method was considered to be reliable, as the mass spectrometry 
data was coupled with coincidence of retention times. 	The procedure 
was subsequently expanded to detect several other dialkyl and 
heterocyclic nitrosamines in cured meat products (Fazio et al., 1973). 

Wasserman et al. (1972) have also used low-resolution spectra to 
study the occurrence of nitrosamines in frankfurters. 

Low-resolution mass spectrometry, employing the LKB 9000 combined 
GC-Ms instrument with a double-stage jet separator, was used by 
Williams and co-workers to study alcoholic beverages (Williams et al., 
1971). 	The CC effluent was first monitored for the parent ions of 
N-nitrosodimethylamine and the diethylamine. 	When a positive 
response was obtained, complete spectra were run. 	Low-resolution 
spectra have been used for detecting N-nitrosodimethylamine in fish 
(Fong & Chan, 1973x) by monitoring the parent ion (m/e 74) and the 
N0± fragment (m/e 30), using a Hitachi Ris-4 instrument fitted with 
a glass frit separator. 	The same authors (Fong & Chan, l973b) 
calculated the contents of N-nitrosodimethylamine on the basis of 
the parent ion intensities and GC peak areas. 	Low-resolution multi- 
ion monitoring of fragments m/e 74, 42 and 30 to detect N-nitrosodi- 
methylamine in fish has been used by Gadbois et al. (1975). 	As 
fragments of mass 42 are among those most conunonly encountered in 
mass spectrometry, mass 42 is of little diagnostic value in nitros-
amine analysis. 

N-nitrosodimethylamine determined in fish meal, using an alkali 
flame-ionization detector (AFID) was confirmed qualitatively from 
low-resolution spectra, obtained with the LKB instrument (skaare & 
Dahle, 1975). 	This technique can produce erroneously high values 
if other nitrogen-containing compounds which respond to an AFID 
detector are co-eluted with the пitхоsаmiпе. 

The LKB CC-is system has also been used for the detection of 
N-nitrosopyrrolidine formed from pruine and collagen, using the 
complete spectrum (Gray & Dugan, 1975). 	Model nitrosamine formation 
systems have also been studied, particularly by Sсапlап  апд  co-
workers (Bills et al., 1973; Huхe1 et al., 1974; Warthesen et al., 
1975), using complete spectra. 	These were obtained from Atlas С14 
and Finnigen 1015С  spectrometers, the former with a membrane 
separator and the latter with a jet separator. 	Sen et al. (1972, 
1973, 1974a,b) have employed low-resolution spectra, obtained using 
a Hitachi Ris-4 spectrometer with a glass frit separator, to 
identify N-nitrosodimethylamine and N-nitrosopyrrolidine in bacon and 
other cured meat products. 
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An example of the use of high efficiency CC combined with а  low-
resolution procedure has been reported by Essigman & Isseiiberg (1972), 
who collected nitrosamines after a preliminary separation from 
extraneous material in a post CC column trap. 	The contents of the 
trap were vaporized onto а  second column (usually an open tubular 
column) and passed into a Hitachi 511G-7 spectrometer through a glass 
frit separator. 	A total ion current response was obtained for the 
fraction vaporized from the trap. 	For those compounds with retention 
time equal to that of any of the nitrosamines, low-resolution spectra 
and specific ion monitoring were used. 	For N-nitrosodimethylamiпe, 
masses at mIe 74, 42 and 30 were scanned concurrently. 

4.3 Techniques empfoуing high-resolution mass spectrometrу  

The first reports on the use of high-resolution techniques for 
the detection of nitrosamines in foodstuffs were made at the ‚ARC 
Conference on N-Nitroso Compounds, Analysis and Formation, in 1971. 
One paper (Crosby et al., 1972b) reported the monitoring of CC 
effluent for the parent ion of each nitrosamine at a resolution of 
10,000 and the other (Osborne, 1972) the monitoring of the N0+ ion at 
a resolution of 15,000. 	Detailed descriptions of both procedures 
have subsequently been published and are discussed below. 	The 
procedure developedby Telling et al. (1971) employed a packed, polar, 
CC column connected to an AE1 15902 high-resolution mass spectrometer 
with a glass frit separator. 	The N0+ ion was monitored using the 
peak-matching facility of the spectrometer. 	A resolution of 15,000 
is sufficient to resolve N0+, with satisfactory sensitivity, from 
all other ions of m/e 30, with the exception of С180+. Supporting 
evidence for the presence of nitrosamines from complete low-resolution 
spectra was not always satisfactory. 	As an example, the authors 
refer to hydroxy-acetone, which had a retention time similar to that 
of N-nitrosodimtthylamine, the same molecular weight and a similar 
spectrum containing the ClBO+ ion. 	When such interference was 
suspectdd, f1-nitrosodimethylaniine was confirmed by monitoring the 
parent ion (m/e 74) at high resolution. 	The 10+-monitoring tech- 
nique was used to examine a number of cured meat products, with a 
detection limit of 25 Gg/kg with respect to the original sample. 
In a subsequent paper (Bryce & Telling, 1972), the multiplier 
resistor grid of the mass spectrometer was modified to effect a 
10-fold sensitivity increase. 	The interpretation of low-resolution 
spectra after 10+ monitoring was found to be difficult with some 
food extracts and parent or other abundant ion monitoring at high 
resolution was preferred. 	The detection limit of the method with 
these modifications, using 25 1 injection volumes, fell to 1 Gglkg. 
Total CC-MS analysis time per run for the steam-volatile nitrosamines 
(N-nitrosodimethylamine to N-пitrosodibutylamine, N-nitrosopyrro-
1idlne) was 1 hour, but this could be halved by monitoring only for 
N-nitrosodimethylamine, -diethylamine and -pyrrolidine (Telling et 
al., 1974). 
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In the original method proposed by Gough & Webb (1972), а  similar 
CC system was coupled to the mass spectrometer through a membrane 
separator. 	This has an efficiency greater than that of diffusion 
separators for the transfer of low molecular weight compounds, 
resulting in а  lower limit of detection. 	The mass spectrometer 
employed was also an 15902, with both multiplier resistor and 
amplifier gain modifications. 	The GC-MS measurements were made 
directly on the parent ion of the nitrosamines, using the peak-matching 
facility of the instrument. 	Раxеnt ion monitoring on the steam- 
volatile nitrosamines was more sensitive than N0+ monitoring. 	The 
resolution employed was 7,000,оr 12,000 in doubtful cases (particularly 
for N-nitrosodiniethylainine in complex extracts). 	Using an injected 
volume of 5 pi, this gave detection limits of 1 pg/kg and 5 pg/kg of 
sample, respectively. 	Linearity of response to each parent ion over 
the range of 2-50 mg/1 (injected on the GC) was established and the 
variation of mass spectrometer response for repeated analyses of 
standard solutions was measured. 	Subsequent papers from this group 
have concentrated on methods for minimising the total GC-M5 analysis 
time, whilst maintaining the reliability of the technique. 	By using 
pressure-programmed GC, analysis time was 36 minutes for the steam- 
volatile nitrosamines. 	fressure programming required an equilibration 
period between runs of only 3 minutes, whereas temperature programming 
needed 15 minutes (Gough & Webb, 1973). 	An alternative procedure, in 
which the chromatography was carried out isothermally and isobarically, 
does not require the construction of elaborate CC equipment (Cough 
& sugden, 1975). 	Analysis time was minimised by the use of two 
columns in series, a packed column followed by a support-coated open 
tubular (SCOT) column, 	Short retention time dialkyl nitrosamines were 
passed through both columns. 	Longer retention time heterocyclic 
nitrosamines were passed only through the first column, giving an 
analysis time of 28 minutes. 	For normal GC sample injection volumes 
of 5 p1, a detection limit of 1 pg/kg was obtained, although this can 
be substantially improved iп  both of the above systems by injecting 
larger samples and utilising solvent venting facilities. 

Other developments in mass spectrometric determination of nitros- 
amines include the use of alternative types of CC-MS interface. 	A 
silver frit device, which has better thermal stability than the 
membrane separator, has been used for the less volatile nitrosamines 
(Gough & Webb, 1974). 	A palladium-silver alloy tube, with hydrogen 
used as the carrier gas, has also been evaluated as a GC-Ms interface. 
Quantitative trаnsfеr of diatkyl nitrosamines was achieved but, under 
someconditions, the heterocyclic nitrosamines were found to break 
down in the tube (Cough & Sawyer, 1974). 

The reliability of high-resolution parent ion monitoring has been 
extensively studied (Goodhead & Gough, 1975) and a large number of 
cured meat and other products have been examined by this procedure 
(Crosby et al., 1972а; Gough & Goodhead, 1975; Gough & Walters, 
1976; Cough et al., 1976a, 1977а,с; Mottram et al.;, 1975; Patterson 
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et al., 1976). 	Sеn et al. (1976а,Ь) have used both N0± monitoring 
at a resolution of 5000 and parent ion -monitoring at a resolution 
of 10,000 in recent work with a Varian PIAT 311А  spectrometer. 
Using high-resolution parent ion monitoring with CC temperature 
programming, а  detection limit of 3 ig/kg for N-nitrosopyrrolidine 
and N-nitrosodimethylainine has been achieved by peak matching on a 
Dupont 21-492 instrument (Fiddler et al., 1975; Heisler et al., 1974; 
Kushnir et al., 1975; Pensabene et al., 1974). 	High-resolution 
parent ion monitoring has been employed to determine N-nitrosodimethyl-
amine in gastric juice, using a CEO 21-ц  бC spectrometer with peak 
matching (Lane et al., 1974). 	5tеphаny et al. (1976Ь) used single 
ion monitoring at a resolution of 4000 for meat samples, with two 
different isotheгшаllу -operated capillary columns. 	The detection 
limit for the method was 0.5 g/kg of sample. 	A similar method was 
described by Croenen et al. (1976), using either a membrane or slit 
separator and a Varian 731 spectrometer. 	An alternative high- 
resolution procedure adopted by Crathorne et al. (1975) used a 
compound of the same nominal mass as the nitrosamines for accurate 
mass setting. 	This procedure, hоwеуех, can only be used for the 
detection of one nitrosamine per GC injection. 	The mass spectro- 
meter, a Hitachi RМU-71 fitted with а  glass frit separator, was 
operated with a resolution of 7,500. 	High stability of the mass 
spectrometer is essential. 

4.4 Techniques employing mass spectrometry of derivatives 

Derivatives (see section 5) screened by electron capture can be 
checked directly by mass spectrometry. 	Using an LKB-9000, and more 
recently an 15902 spectrometer, Eisenbrand (1972) and Lisenbrand et 
al. (1976) monitored the m/e 169 (С3F7+) ion or the parent ion to 
detect the heptafluorobutyramides derived from nitrosamines. 	Such 
a procedure has no particular advantage over direct examination of 
the nitrosamine extract when high-resolution facilities are available. 
The analysis of nitrosamines as nitramines has been studied by mass 
spectrometry. 	This method has two advantages, (a) the main part 
of the nitrosamine molecule is still intact and (b) concentration of 
the solutions is facilitated (Castegnaro, 1976; Castegnaro & Walker, 
1977) . 

4.5 Limitations of mass speetrometric determination of nitrosamines 

Theoretical considerations and practical experience indicate 
that, for food extracts, high-resolution parent ion monitoring 1s, 
in general, to be preferred to low--resolution mass spectrometry. 
However, it was observed both by Gough & Webb (1973) and by Dooley 
et al. (1973) that, even with high resolution, a potentially interfering 
fragment [29Sи1e3] with a retention time close to that of N--nit oso- 
dimethylamine may be encountered. 	Although a resolution of 70,000 
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is required for complete separation, а  mismacch between the two 
compounds can be observed even at a resolution of 7,000, 	This, 
coupled with а  small difference in CC retention time, should be 
sufficient to alert the analyst. 	Other potentially undesirable 
effects have recently been observed by Cough et al. (1977с) and 
arise from the method of displaying the high-resolution signal. 

Co-eluted material of any mass may tend to suppress the mass 
spectrometer response and hence affect quantification (Gough & Webb, 
1972). 	In an extreme case, complete suppression, resulting in a 
false negative for the nitrosamine, could result. 	Bryce and Telling 
(1972), Cough & Webb (1972) and Pensabene et al. (1974) describe the 
use of peak-matching in this connection. 	The mass region iп  the 
vicinity of the reference fragment (usually derived from a fluorinated 
hydrocarbon) and the nitrosamine fragment of the same nominal mass are 
alternatively scanned every few seconds aid displayed on an oscillo- 
scope. 	This enables the analyst to observe the reference peak as 
well as the rise and fall of the nitrosamine peak. 	Any suppression 
is therefore immediately apparent, as the reference peak is also 
suppressed. 	Some workers, although using high-resolution techniques, 
monitor only the precise mass of the parent ion and the peak-matching 
safeguard is thus lost. 	Precise mass spectrometry at high resolution 
demands a very stable instrument, 

It must be acknowledged that the parent ion monitoring procedure, 
when used to detect a series of consecutively eluted nitrosamines, 
requires considerable skill. 	Not all commercially available multi- 
ion monitoring units are suitable for use at high resolution and, in 
any case, they cannot normally accommodate a wide mass range, such as 
is required for a series of nitrosamines (nile 74 to 158), without loss 
of sensitivity at the higher mass. 	A unit for the automatic selection 
of accurate masses, using an 1S9 spectrometer, is being developed by 
Hogg (1975) and may have application to nitrosamine analysis. 

4.6 Conclusions 

The most reliable procedure for quantitatively detecting 
nitrosamines is by mass spectrometry, using parent ion monitoring and 
peak matching at high resolution, after GC separation. 	High-resolu- 
tion monitoring of N0+ for all nitrosamines is less sensitive than 
parent ion monitoring, but has the advantage of ease of operation and, 
in principle, the ability to detect hitherto unrecognized nitrosamines. 
Low-resolution mass spectrometers are less costly and more widely 
available. 	Low-resolution multi-ion monitoring can be used success- 
fully on relatively clean extracts, particularly nitrosamines having 
long CC retention times, 	several different GC-Ws separators may be 
used, each offering various advantages. 	Por repetitive analyses, 
speed is desirable and dual-column isothermal or single-column 
pressure-programmed runs economise time. 



5. DERIVATIVE FORMATION 

G. Eisenbrand 

5.1 Хnttоduсtиon 

When a sufficiently selective detector, such as a mass spectro-
meter or Thermal Energy Analyser, is not available, there are numerous 
ways in which the nitrosamine molecule may be chemically modified to 
give derivatives which can be determined with greater ease, sensitivity 
and specificity than the parent compound. Those reactions which have 
been utilized for analytical purpose are shown in Scheme 1. 
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5.2 the reduction of nitгоиатinвs to hydrazines 

The formation of hydrazines was one of the first chemical trans-
formation techniques to be applied to the trace analysis of nitros- 
amines. 	Various reducing agents have been utilized, together with 
several different methods for making suitable derivatives from the 
generated hydrazine. Reduction of nitrosamines by lithium aluminium 
hydride in ether has been described by Schueler & Hanna (1951) and 
Poirier & Benington (1952). 	Neurath et al. (19б4а,b) reduced 
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nitrosamines by this technique and condensed the resulting unsymmetrical 
hydrazines with 5-nitro-2-hydroxybenzaldеhyde. 	The yellow Schiff 
bases were separated by thin-layer chromatography (TLC), eluted with 
methanol and quantitatively determined by UV-spectrometry. 	The 
sequence of analytical operations was difficult to standardize and 
yields obtained from recovery experiments with different nitrosamines 
added to smoke condensates (1 цg/cigarette) were not more than 20%, 

Serfontеin & Hurter (19ббa,Ъ) also used lithium aluminium hydride 
in ether to reduce nitrosamines aid converted the resulting hydrazines 
with 4-nitroazobenzene-4'-carboxylic acid chloride into intensely 
coloured derivatives, which were then separated by multiple, two- 
dimensional, thin-layer chromatography. 	By this method, the authors 
detected 1V-nitrosopiperidine (NP 'P), N-nitrosodimethylamine (NDMA) and 
N-nitrosodiethylamine (NDEA) in tobacco smoke condensates. 	However, no 
reliable determination of the amount of nitrosamines present could be 
made. 

Ender & Ceh (1971) reduced nitrosamines in an aqueous acidic 
system, using granulated zinc and hydrochloric acid (15-20 hr) at 
room temperature; the resulting hydrazines were then reacted with 
4-dimеthylaminobenzaldehyde and the Schiff bases formed were determined 
colorimetrically at 458 rim. 	The authors claimed a quantitative yield 
for NDMA, NDEA, and N-nitrosoethylmethylamine (HEMA), and yields of 
about 60% for higher alkylnitrosamines; no recovery data were given 
for analyses of nitrosamines iп  foods. 

Yang & Brown (1972) reduced nitrosamines by refluxing with lithium 
aluminium hydride in tetrahydrofuran (THE). 	They reported a 75-85% 
conversion to hydrazines for 18 different dialkyl, heterocyclic and 
aromatic nitrosamines and a nearly quantitative yield for the 
ensuing condensation with 9-аnthraldеhyde to fluorescent hydrazones. 
This procedure, however, has not been applied to trace analysis of 
nitrosamines iп  foods. 

lof fшав  aid co-workers (1974) used diborane in ether as the reducing 
agent and converted the hydrazines formed to 3,5-dипittubеnzaldеhydе  
hydrazones, which they determined by gas chromatography with electron- 
capture detection. 	Positive findings were confirmed by mass spectro- 
retry. 	loeC_NBIA was used as aninternal standard for quantitative 
evaluations. No quantitative data are available which would allow 
direct comparison of the yields of hydrazines obtained by reduction 
with lithium aluminium hydride with those obtained by reduction with 
diborane. 	However, the use of a radioactively labelled internal 
standard makes the quantitative data reported by these authors more 
reliable than results obtained by comparisonwith external standards 
only. 
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5.3 Methods using the cleavage of the N-NO bond 

5.3.1 Determination of nitrite 

The N-NO bond can be cleaved by chemical agents or physical 
processes. 	The cleavage of the nitrosamine group was employed, in 
the first instance, to generate nitrite, which could then be quantita-
tively determined by simple calorimetric methods (Daiber & Preussmann, 
1964; Sander, 1967). 	Eiseпbrand and Preussmann (1970) later 
introduced hydrogen bromide in glacial acetic acid (IBr/lAe) for the 
quantitative removal of the nitroso group from the nitrosamine molecule 
under very mild conditions. 

1n the latter reaction, the nitrosylbromide released can also be 
trapped by diazotization and coupling to an azo dye; this colorimetric 
nitroso group determination was shown to give very consistent results 
and to be more sensitive than the earlier techniques, especially for 
compounds insoluble in water. 	Johnson & Walters (1971) showed that 
the method was specific for the N-nitroso group, giving no response 
for N-nitro, C-nitro and azoxy functions. 

5.3.2 Determination of amines 

The acid-catalyzed denitrosation with HBr/lAc, which was 
shown to be virtually quantitative for a wide range of nitrosamines, 
offers a very convenient way to generate secondary amines from nitros-
amines, from which a number of derivatives may be obtained for analysis. 
Eisenbrand (1970, 1972) examined three different techniques of deriva-
tive formation from the amines: 

1. Reaction with 1-dimethylaminonaphthalene-5-sulfonylchloridе  
(dansylchloride) to form strongly fluorescent dansyl 
derivatives. 

2. Formation of 4'-пïtroazobenzeneearЪoxamides. 

3. Reaction with heptafluorobutyrylchloride (1FB-C1), with 
formation of the HFB-amides. 

This work showed that, although in principle all three methods could 
be used, the HFB derivatives were most suitable. 	Since all HFB 
derivatives generate C3F7+-fragments in the ion-source of a mass 
spectrometer, monitoring at mIe 169 can suffice for their determina- 
tion in the gas chromatographic effluent. 	Chromatograms obtained by 
single-ion detection in a coupled gas chromatography/low-resolution 
mass spectrometry instrument were practically without interfering 
peaks, 	The yields of 1FB derivatives from 0.5 ig each of NDMA, IDEA, 
N-nitrosodipropylamine (NDPA), N-nitrosodibutylamine (IDEA, N-nitroso-
piperidine (NPZP) and N-nitrosopyrrolidine (NPYR) were in the range of 
72-75% (Eisenbrand et al., 1976). 	Detection limits were below 10 
picograms. 	This method was successfully used in collaborative 
studies organized by IARC to determine contents of NDMA, IDEA, 'PiP 
and IPYR, added to luncheon meat at levels of 5 and 20 ig/kg 
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(Walker & Castegnaro, 1976). 	1t also was applied routinely in 
conjunction with other methods in screening samples of food for 
nitrosamines (Eisenbrand et al., 1976). 

A disadvantage of methods which rely on the formation of amines is 
the risk of contamination by amines. 	Amines present lu food must be 
removed by extracting with aqueous acid. 	This, however, provides no 
protection from amines present in the atmosphere of the laboratory, 
for instance, which may contaminate apparatus or samples (Bogovski et 
al., 1972). 	Blank experiments are thus required to correct the 
results. 	Glassware should be cleaned in chromate-sulfuric acid and 
stored in a desiccator. 	Solvents should be carefully purified before 
use to remove amines (Eisenbrand et al., 1976). 

Klimisc.h & Stadler (1974x) reported the fluorimetric determination 
of NBNA and NPIP by acid-catalyzed denitrosation in 1{Br/IAc, followed 
by reaction of the resulting amines with 7-chloro-4-nitro-Ьenzo-2--охa-1, 
3--diazole. 	The derivatives formed were separated by thin-layer 
chromatography and the fluorescence of the spots measured in situ. 
A limit of detection of 10-12 moles of amine was obtained with pure 
compounds; the method was not applied to the analysis of nitгoѕатгiaеs 
in other than standard solutions. 

Cleavage of the N-NO bond by electrolysia.in an alkaline medium 
has been carried out by A1liston et al. (1972), to generate secondary 
amines from nitrosamines. 	The amines were converted to 1FB deriva- 
tives and determined by electron-capture, following gas chromatography. 
Extracts from food samples were divided into two aliquots, one being 
subjected to electrolysis while the other was used as a blank to 
correct for contamination by adventitious amines. 	Yields of AFB 
derivatives prepared from aqueous solutions of NDMA, NDEA, NDPA, NDBA, 
NPIP and NPYA (0.25-10 pg each) varied from 26 to 113%. 	The method 
has been used to determine the nitrosamine contents of cheese, meat 
products and fish. 

PanLler & K1us (1971) analysed tobacco smoke condensates for 
nitrosamines by denitrosation with cuprous chloride iп  hydrochloric 
acid; they determined the resulting amines by GC-EC of the corres- 
ponding trifluoroacetyl derivatives. 	On the basis of retention times, 
they concluded that NDMA, nitrosoethylmethylamine, nitrosomethyl-iso-
butylamine and nitrosoethyl-n-propylamine were present in amounts of 
0.2-0.7 pg/cigarette. 	No recovery data were given and the results 
were not confirmed by high-resolution MS. 

Klus & Kuhn (1975) denitrosated in situ with titanium trichloride. 
The N-nitroso derivatives of the tobacco alkaloids nornicotine, anabasin 
and anatabin were separated by thin-layer chromatography (TLC), Chen 
sprayed with titanium trichloride in hydrochloric acid. 	The denitro- 
sated alkaloids were subsequently separated by TLC in the perpendicular 
direction. 	The limit of detection was 0.5 pg/spot. 	Results were 
given only for pure compounds. 
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5.3.3 Formation of nitrcrmines 

Sen (1970) and Althorpe et al. (1970) independently 
developed methods for the analytical determination of nitrosamines, 
using their oxidation to nitramine (Enimons, 1954). 	5eп  prepared 
dimethylnitramine by oxidation of NDMA with trifluoroacetic acid/50% 
hydrogen peroxide. 	He also isolated NDмА  from a fish sample by 
thin-layer chromatography and converted it to the nitramine; 60% 
of the theoretical conversion yield was obtained. 	Althorpe et al. 
(1970) studied the conversion of a series of nitrosamines to nitramines 
by oxidation with peroxytrifluoroacetic acid. 	All nitrosamines 
gave 72 to 86% conversion to nitramines after 3.5 hr, with the 
exception of NPIP, which gave a yield of only 25%. 	The sensitivity 
of electron-capture detection was 100 to 1000 times greater than that 
of flame-ionisation detection. 

Telling (1972) extended this investigation and found even higher 
yields at the 1 pg level (92-95%) but, again, N-nitrosopiperidine 
could not be detected by this method in amounts below 50 pg. 
According to these results, interference from oxidation products 
should not become significant until levels below 0.25 цg of a given 
nitrosamine are reached, except for N-nitrosodi-isobutylamine. 	NPIP 
was not included in these experiments. 	A comparison of results 
obtained by СС/ъјgh-геsоlatиоn is with those obtained by the nitramine 
technique showed good agreement. 	TLC of nitramines was also used for 
the determination of nitrosamines in alcoholic beverages (limit of 
detection 25 pg/l) (Sen & Dalpe, 1972). 

Walker et al. (1975) found that the use of 50% hydrogen peroxide, 
instead of 85-90%, resulted in much higher yields of N-nitrosopiperidine 
than those obtained by Telling (1972). 	Confirmation of nitramines can 
be obtained by mass spectrometry (Castegnaro & Walker, 1977). 

Castegnro et al. (1974b) investigated an interesting method for 
preventing losses of nitrosamines by evaporation. 	The triethyloxonium 
salts of nitrosamines were formed in diсЫоromethane, the solvent 
removed on a water bath and the adducts oxidized to nitramines. 
1n experiments with pure compounds, 70-90% recoveries were obtained 
from nitrosamines added at the•50 pg/kg level to aqueous-ethanolic 
mixtures. 	The same authors also tried a modified oxidation procedure 
in model experiments, using methylethylketone peroxide as the oxidizing 
agent (Castegnaro et а1., 1972). 

5.3.4 h'epiafZuorюbгctyryl adducts 

Brooks et al. (1972) found that nitrosamines reacted with 
heptafluorobutyryl-anhydride (HFBA) or trifluoroacetic anhydride (TFA) 
in pyridine to form electron-capturing derivatives. 	Cough et al. 
(1975, 1976b) also studied the reaction with НFBА. 	Using GC/high- 
resolution ISS, they were able to provide structural assignments. 	The 
reaction is of doubtful analytical value. 



6. THE цSЕ  0F CHEMILUнINESCENCE-BASED DETECTORS 

D.К. Fine 

6.1 Introduction 

In 1973, Fine & Rufeh (1974) proposed the use of chemiluminescence 
to detect nitrosamines as nitric oxide, after catalytic cleavage of 
the N-NO bond. Detectors for oxides of nitrogen based on chemilami-
nesceпce have become commercially available in recent years (Stevens & 
Hodgeson, 1973) and are both reliable and sensitive. 	The addition of 
a device to generate nitric oxide from a nitrosamine would thus provide, 
in principle, a very selective and sensitive nitrosamine detector. 
Such a system has been developed by Fine et a1. (1975a,b) and is now 
commercially available. 	Gough et al. (19770 have also described a 
simple, laboratory-constructed, detector system based on the same 
principles. 

6.2 Geneoal principles 

Liquid or gas samples are swept through a catalytic pyrolyser by 
a carrier gas, usually argon (nitrogen may be contaminated with nitric 
oxide and is unsuitable). N-nitroso compounds rupture at the N-NO 
bond, releasing N0. 	The yield of NO is stoichiometric. 	Solvent 
vapour, pyrolysis products and NO pass through a cold trap at -150°C 
which, in principle, removes all materials other than the permanent 
gases. 	The NO and the carrier gas then pass into a low-pressure 
reaction chamber , where the NO reacts with ozone. 

The Key reactions are: 

RR'N-NO 	Pyrolysis 	R + R'+ N + NO 

NO + ОЗ 	 NO2* +02 

NO2.e 	 _ 	 NO2 + by 

Excited NO2* decays to its ground state with the emission of light 
in the near infra-red region of the spectrum. 	The intensity of the 
emission is a measure of the amount of N-nitroso compound. 	The 
system is selective because it will respond only if a compound passes 
the following sequential tests: 

1. pyrolyse within a few seconds on a catalytic surface at a 
moderate temperature, giving a product which 

2. survives a cold trap at -150°C, 
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3. reacts with ozone at reduced pressure, giving a product which 

4, emits light in the near infra-red region of the spectrum. 

5. Steps 3 + 4 must be sufficiently rapid for emission to occur 
before the reactants leave the reaction chamber. 

The Thermal Energy Analyser (TEA) (Fine & Ruf eh, 1974) has been 
used as the detector for a gas chromatograph (GC-TEA) (Fine & 
Rounbehler, 1975), and a high-pressure liquid chromatograph (HPLC-TEA) 
(Flue et al., 1976а, 1977Ь). 	So :Ear, the detector system of Gough 
et al. (1977b) has only been described for use with CC. 	N-nitroso 
compounds, organic nitrites and some nitrates, plus a few aliphatic 
C-nitroso compounds (Fine et al., 1975а; stephany & Schuller, in 
press), are the only compounds known so far to give а  response on 
the TEA. Because of this extremely high selectivity, it is possible 
to analyse N-nitroso compounds quantitatively at high sensitivity, 
even in the presence of many co-eluting compounds, which minimises 
clean-up procedures. 	At present, confirmation of positive data by 
high-resolution MS is desirable. 

The detection limit of the TEA is of the order of 0.01-0.5 ng for 
NDMA. 	The detector of Gough et al is less sensitive by about two 
orders of magnitude. 

6.3 Applications 

The Thermal Energy Analyser has been employed for the determi-
nation of volatile nitrosamines in fish, bread, cheese, meat and 
fruit (Fine et al., 1975с, 1976а; Fine & Rounbehler, 1976; Gough 
et al., 1977e), alcohol (Cough, 1977), blood and urine (Fine et al., 
1976Ь, 1977x; Gough et al., 1977e), oil and grease (Fine & Rounbehier, 
1976) and soil (Fan et al.. 1976a). 	The detector system of Cough has 
been evaluated in only one laboratory (Cough et al., 1977b) and used 
for screening foodstuffs and biological materials for the presence 
of volatile nitrosamines. As with the TEA, the quantitative results 
agreed well with those obtained by high-resolution, peak-matching 
mass spectrometry. 



7. A BRIEF REVIEW OF ANALYTICAL MET1ODS 

FOR THE DETERMINATION OF AMTNЕ5 

G.B. Neurath 

7.1 Хntrоdггciion 

Ever since Sander (1971) demonstrated that nitrosamines could be 
formed in the human organism from their amine precursors, it has been 
evident that more information on the occurrence of amines in the 
human environment is essential, 

The term amine covers a wide variety of compounds, which includes 
riot only relatively simple organic bases but also alkaloids, biogenic 
amines, drugs, etc., of differing complexity and chemical and physical 
properties. 	Therefore, although the basic character of amines faci- 
litates the initial steps in their isolation from an environmental 
medium, a wide variety of techniques are required for the end analysis 
of different amines. 

This review is not intended to give a comprehensive survey of 
analytical methods for all types of amines. 	It is intended to 
indicate those that may be used for the relatively simple members of 
the class; in particular, those which may be encountered, often in 
only trace amounts, in the human environment as biogenic products, 
products of decomposition or pollutants of industrial origin.. 
Furthermore, as this manual is devoted to the analysis of nitrosamines, 
attention is particularly directed to the secondary and tertiary 
amines which are precursors of nitrosamines. 	The references are mainly 
restricted to those of fairly recent origin, giving methods which by 
their general acceptance are considered to be reasonably reliable. 

7.2 General aspects 

Only primary and secondary amines form derivatives by substitution 
and this property may be employed to form derivatives suitable for 
detection and measurement. Primary amines generally are susceptible 
опlу  to acylation, but secondary amines undergo, in addition, a number 
of useful condensation reactions, such as the formation of Schiff bases. 
Tertiary and quarternary amines normally do not dorm derivatives, 
except after some drastic changes in the molecule. Analysis of 
environmental amines is further complicated by differences in volatility, 
basicity, amphoteric character, etc., and although the methodology which 
has been developed during the last decade has taken advantage of these 
differences, there is no universal approach in the search for nitrosat'-
able amines. 
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7.3 Preliminгrггg isolation techniques 
As a preliminary step, the sample is blended with water, acidified 

and extracted with a non-polar solvent, such as hexane, pentane or 
ether, to remove non-basic materials. 

Volatile amines may be removed by steam distillation. 	After being 
made alkaline, the distillate is collected in an acid trap (Neurath & 
5chreibеr,1974 ; Neurath et al., 19бба,b; singer & Lijinsky, 1976a,b; 
Stein von Kamienski, 1957; Steiner & Stein von Kamienski, 1953). 
Although little is known concerning the formation of amines during 
alkaline steam distillation, 19 amino acids have been tested as possible 
precursors by Thaler & Sturm (1971). 	Only cystein and cystine were 

found to release ammonia, 

Frequently, solvent extraction from an alkaline solution is used 
to extract both nonvolatile and volatile amines, The amines may then 
be removed from solution employing ion-exchange resins. With this 
procedure, it is sometimes possible to effect the entire clean-up by 
means of an acid ion-exchange column (Pailer et al., 1967, 1969). 
Column chromatography may also be required to isolate ampholytes, 
such as amino acids, which are difficult to extract with solvents. 

7.4. Chгomatogr'aphic techniques 
Chromatographic techniques are normally employed in the determi-

native step, but they also constitute an essential part of the clean-
up process. 

7.4.1 Thin-laуer comatography 

. 	Thin-layer chromatography (TLC) has been applied to the 
analysis of amines (as such) and of a variety of derivatives which 
can be selected to take advantage of particular properties, such as 
colour or fluorescence. 

lydro chlorides of primary, secondary and tertiary amines have been 
separated on buffered silica gel by Teichert et a1. (1960) and could 
be detected in amounts of from.l-10 g. Grasshoff (1965) carried out 
a similar separation on magnesium silicate layers. 	Ninhydrin has 
been used as a general reagent for the detection of primary amines, 
sodium nitraprusside for secondary amines and Dragendorf f reagent for 
tertiary amines. 

Good separation and high sensitivity on silica gel plates were 
achieved by Neurath & Doerk (1964), using the red coloured 4'-nitro-
azo-eеnzyl-(4)-amides, which permitted detection of less than 1 цg of 
amine. 	The same derivatives were also found to be sufficiently 
volatile to permit gas-chromatographic separation and mass-spectrometric 
identification (Neurath & Lüttich, 1968). 	This technique was applied 
to the determination of amines in tobacco and tobacco smoke, in the 
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course of a search for nitrosatable precursors (Neurath et al., 
1966a,Ь). 	The 4-dimethylaminо-аzo-beпzoxamides have been used by 
Churacek et al. (1972) for a similar purpose. 

Colorimetric detection of the acylat®d derivatives of primary and 
secondary amines is generally found to be more reliable than detection 
of the parent amines. 	Seiler & Wiechmann (1965, 1967) were the 
first to take advantage of the fluorescing properties of the 1-dimethyl-
amino-naphthalene -5-sulfonamides (dansyl-derivatives) on silica 
gel. 	Under ultraviolet light (365 rim), as little as ]0-Iо  moles 
are detectable. 

These derivatives have been used by Gruger (1972) to determine 
volatile amines in marine fish and by Lakritz et al. (1975) to study 
the concentrations of spermine, spermidine, putrescine, cadaverine, 
histamine, tyramine, tryptamine and ethanolamine in fresh, cooked, 
smoke-cured and putrefied pork. 

Klimisch & Stadler (1974а) described a microquantitative deter-
mination of aliphatic amines which employed the formation of fluorescent 
derivatives with 7-chloro-4-nitгоъеnzo-2-oxa-1,3--diazole. 	An 
advantage of this method is that the reagent itself does not fluoresce. 
The derivatives were separated by TLC on polyamide-ll-foils. 
A calibration curve was linear for quantities between 15 and 50 ng per 
spot. 	The method was applied to the determination of nitrosamines 
after acid-catalysed denitrosation to the corresponding amines 
(Klimisch & stadler, 1974Ь). 

The amino acid reagent 1-fluoro-2,4-diпitroheпzene was found ta 
be suitable for amine analysis (Richardson, 1963) and the procedure 
was applied to TLC on silica gel in a study of the principal aliphatic 
secondary amines of Burley tobacco (Bash, 1970). 	The spots were 
analysed by extraction with acetone, followed by spectrophotometric 
measurement at 355 nia. 

7.4.2 Gas chromatography 

Direct gas chromatographic (CC) separation and determination 
of amines without formation of derivatives is generally unsatisfactory. 
Interactions between strong bases and active sites on the supports 
frequently cause peak tailing and even "ghost" effects are sometimes 
observed. 	Coating with alkali, which is often recommended, is not 
entirely satisfactory. 	The use of graphitized carbon black, thermally 
treated in a hydrogen stream and coated with basic compounds such as 
tetraethylene pentamine, is claimed to eliminate adsorption effects 
and give symmetrical peaks with amines (Di Corcia et al., 1970; 
Di Corcia & sampan, 1974). 	The latter method was successfully used 
in the determination of aliphatic amines in aqueous solutions. 
Miller et al. (1972) utilized the technique for the determination of 
dimethyl-and trimethylamines in fish, using an alkali flame-ionization 
detector (AFID),which was both sensitive and selective for nitrogen 
compounds. 
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The main progress in analysis of amines by GC has been through 
the development of suitable derivatives. 	Van den Heuvel et aL (1964), 
in a comparative study of the trifluoroacety1, pentafluoropropyony1 

and heptafluorobutyryl derivatives for analysis of amines, showed 
that whilst the sensitivity to electron-capture detection increases 
with the number of fluorine atoms in the derivative, the separation 
factor tends to decrease. 	This result was subsequently confirmed 
by other workers and the trifluoroacetamides have since been chosen for 
many studies where both electron-capture and flame-ionization detection 
(ID) have been employed for the separation and determination 0f amines 
in complex mixtures: for example, the comprehensive investigation of 
the bases in tobacco and tobacco smoke (Irvine & 5ахbу, 1969; Pailer 
& Hübsch, 1966; Pailer et al., 1967, 1969). 

e Using GC and FID, the trlfluoroacetamides have been employed for 
the detection of primary and secondary amines in fresh vegetables, 
preserves, mixed pickles, fish and fish products, bread, cheese, 
stimulants, feedstuffs and surface waters (Neurath & Schreiber, 1974; 
Neurath et al., 1976). 	Analysis of the trifluoroacetamides has also 
been used to identify several primary aines in Emmental cheese 

(Ney & Wirotama, 1972). 

Heptafluarobutyryl derivatives have been used in combination with 
electron-capture detection by Walle & Ehrsson (1970) for picogram 
quantities of amino compounds and for the determination of nitrosamines 
after splitting them to give the secondary amines (A.1liston et al., 
1972; Eisenbrand, 1972). 	Heptafluorobutyryl-imidaznle has been 
reconimended as a reagent for amines by Staab & Walther (1960). 

With the object 0f restricting analysis to the naturally occurring 
nitrosatable amines, Singer & Lijinsky (1976a,b) chose the classical 
Hinsberg method of forming the p-toluene-sulfonyl derivatives for the 
separation of the secondary from the accompanying primary and tertiary 
amines. 	Tertiary amines do not react and the products of primary 
amines are soluble in alkali,so that the secondary amine derivatives 
can easily be isolated. 	The p-toluene sulfonamides are readily 
separated by CC and have characteristic amass-spectrometric fragmenta- 
tion patterns, which facilitate their identification. 	The method was 
applied to several foodstuffs (singer & Lijinsky, 1976а) and to tobacco 
and cigarette smoke condensate (singer & Lijinsky, 1976b). 	Quantita- 
tive determinations were carried out using AFID and qualitative 
determinations using a Coulson detector in the nitrogen-selective 
reduction mode. 

5отe interesting derivatization methods have been proposed 
recently but are not yet widely used. 	For example, Gejvall (1974) 
analysed the urethanes formed by reaction of aines with diethyl 
pyrocarbonate, using GC with AFID. 	The reaction of different iso- 
cyanates with amines from N,N'-di--- and N,N', N'-tri-substituted ureas 
was studied by Nitsche et al. (1974), who found the tert-butyl and 
the 3-tri-fluoromethyl-phmylureas to be useful derivatives for the 
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CC analysis of primary and secondary amines. 	Electron-capture and 
nitrogen detectors, as well as mass spectrometry, have been used 
with these derivatives. 	The procedure was intended for use in 
studying the metabolism of dithiocarbamate fungicides and urea 
herbicides, Long-chain primary amines have been analysed by GC, 
after conversion to the dimethylamine derivatives (Metcalfe & Martin, 
1972). 	According to the authors, еxсellent separation was obtained 
on silicone oil capillary columns. 

7.6 ConcZusion 

A considerable variety 0f methods are available for the analysis 
of many environmental amines. While, in general, the basic nature 
of these compounds is useful in the preliminary isolation, the end 
analysis is most satisfactorily carried out on one or more of the 
numerous derivatives which are readily formed from amines. 



8. A BRIEF REVIEW OF ANALYTICAL METHODS FOR THE DETERMINATION 

OF NITRATE AND NITRITE IN FOODSTUFFS 

G.M. Telling 

8.1 1пtгоdиoиoп  

A knowledge of nitrate and nitrite levels is of great importance 
in studies of 1V-nitrosamines. 	A wide range of methods has appeared 
in the literature and these have been reviewed by Taras (1958), Bolz 
(1973), Schuller & Veen (1967) and Usher & Telling (1975). 

Methods of nitrate and nitrite analysis can be considered in terms 
of extraction, clean-up, determination and interference, as in the 
following sections. 

8.2 Extгaoïaп  
Aqueous extraction of substrates has been widely used. 	Alkaline 

or near-neutral conditions are preferred, as nitrites tend to be des- 
troyed at pH less than 5. 	Both cold and hot water extraction tech- 
niques have been used,with and without the addition of alkaline buffer, 
for periods ranging from 5 min to 2 hr (Table 1). 

Raninell & Joerin (1972) found that extraction with sodium hydro-
xide solutions gave higher recoveries of nitrite from cheese than were 
obtained by simple aqueous extraction. 	Elliot & Porter (1971) 
compared aqueous extractions from meat over a range of pH values and 
found recoveries of 44.2% at p1 3.5 and 979 at pi 5.5-6.5, but a decrease 
to 92% at pH 9.5. 

It is important to recognise which form of nitrite a technique is 
designed to measure. 	When nitrate/nitrite is added to meat, some 

nitrite is eventually to be found in a bound form, e.g., nitrosothiols, 
nitrosylmyoglobin, etc. 	It can probably be assumed that techniques 
based on short extraction periods at neutral pH measure only free 
nitrite. 	Heavy metal ions, such as Hg2+, Са2+ or Ag+, have been 
recognized to cause cleavage of the nitrosyl ion from nitroso compounds, 
especially nitrosothiols (Mima, 1974). 	Hence, in the AOAC method 
(Official Methods of Analysis, 1965), which uses mercuric chloride as 
a clearing agent, some of the bound nitrite will be measured, as well 
as the free. However, Mima & Hofmann (1969) have shown that in 
neutral and alkaline media, degradation of nitrosothiols to NO occurs. 
Aence, such techniques will tend to measure both free and also some 
bound nitrite. 	rima (1974) reports that nitrosylmyoglobin is also 
measured, if 80% aqueous acetone is used for extraction, and that some 
nitrosylmyoglobin breaks down to give free nitrite when cured meats 
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are cooked in slightly alkaline solution. 	Under these circumstances, 
the general method of estimating recovery for an extraction technique 
by the addition of known amounts of nitrite to a substrate is subject 
to error, as no distinction is made between loss due to chemical binding 
and loss due to physical limitations of the technique 

Table.]. Typjcal, extraction systems for nitrate/nitrite in. foods 

Substrate 	 Volume of 	Extraction 	Time 	Additives 

(wt) 	 extractant procedure 	(min) 

Baby food (2g) 
(Kamrn et al., 1965) 

Baby food (10 g) 
(Green, 1970) 

Meat (10-20 g) 
(Adriaanse & 
Robbers, 1969) 

Meat (10 g) 
(Fudge & Truman. 
1973) 

Cheese (10 g) 
(McKay, 1974) 

Meat (10 g) 
(Telling, 
unpublished) 

Meat (5 g) 
(Official Methods 
of Analysis, 
АOАС, 1965) 

Meat (10 g) 
(Elliot & Porter, 
1971) 

Shake 10 pH 9.6 buffer 
100 mechanically 

190 Stand, 	occasio- 60 СдС1 2 + BaC]2 
n01 	shaking pH 	1,0 

90 Shake 30 pH 9.6 buffer 
mechanically 

100 Agitate 15 min 75 5aturаtet 
on 	boiling borax 
water bath 

60 Agitate on 30 Sodium 
water bath hydroxide 
at 50°C 

70 Macerate hot 3-4 - 

300 Stand on 120 НgС1 2 
steam bath 

50 Macerate hot 30 pH 5.6 buffer 

8.3 Clean-up 

Techniques for clean-up (which includes clearing) are based on 
one of two broad approaches: 

(1) deproteinization, using reagents such as Carrez or 
potassium aluminium sulfate, 
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(ii) separation techniques, such as chromatography (e.g., ion 
exchange and gel filtration) or dialysis. 

8.3.1 Dвproteiпгaatиоn 

The following are common deproteiiiizing/clearing agents: 
zinc sulfate + borax (Grau & Mima, 1957); potassium aluminium 
sulfate (Follett & Ratoliff, 1963); zinc sulfate + alkali (Manning et 
ai., 1968); mercuric chloride (Official Methods of Analysis, AOAC, 
1965); zinc acetate + potassium ferrocyanide + sodium hydroxide 
(Becker, 1965); dialysed iron + alumina cream (BFMIIRA, 1972); 
alumina cream (Kamm et al., 1965). 	All of these, however, have been 
criticised. 	The method of Grau & Mima (1957) which employs zinc 
hydroxide (formed from zinc sulfate and borax) to precipitate protein 
from meat extracts at a pH of between 6.0 and 6.5. was criticised by 
Follett & Ratcliff (1963), on the grounds that insufficient pH control 
results in precipitation of zinc during or after passage down the 
cadmium column. 	Follett & Ratoliff (1963) overcame this problem 
by using potassium aluminium sulfate as a precipitant. 	In their 
method, the heated extract is buffered and saturated potassium aluminium 
sulfate is added. 	The pH Is controlled within the correct limits if 
5.5-6.5 by titrating the extract with potassium aluminium sulfate, using 
Bromocresol Purple as indicator. This precipitates aluminium hydroxide, 
bringing the pi of the solution close to the isoeleetric point of the 
soluble protein, which is also precipitated. 

Manning et a1. (1968) found this method unsatisfactory when used 
for milk and milk products and investigated three classical clarifying 
agents, copper hydroxide, cadmium hydroxide and zinc hydroxide. 	They 
found zinc hydroxide, generated by mixing zinc sulfate and alkali, most 
satisfactory. 	McKay (1974) also used this system for cheese extracts, 
but Rarmrie1 & Joerin (1972) preferred Carrez reagents (zinc acetate and 
potassium ferrocyanide) to clarify this type of extract. 

Carrez reagents have been the most popular clarifying agents for 
aqueous extracts of meat samples. 	Adriannse & Robbers (1969) found 
them satisfactory for meat and vegetable extracts, with the proviso that 
the zinc acetate reagent was added before the potassium ferrocyanide, to 
prevent reaction between the latter reagent and nitrite. 	Fudge & Truman 
(1973) also used Carrez reagents for meat products and suggested 
altering the amounts and mode of addition of the reagents, if samples 
produced cloudy filtrates, e.g., meat products containing cereals. 
However, altering the amounts or ratio of Carrez reagents may рrодuсe 
a precipitate during the reduction, presumably zinc hydroxide, which 
was found by Follet & Ratcliff (1963) to interfere at this stage. 
BFMIRА  (1972) recommends two deproteinizing agents for meat extracts, 
saturated potassium aluminium sulfate or dialysed iron and alumina 
cream. 	The latter are more suitable for emulsions and products 
with high fat content, as fat is coprecipitated with protein and this 
facilitates subsequent filtration. 	With such products, however, the 
filtrate may remain cloudy and require a further treatment with 
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dialysed iron and alumina. 	Good recoveries (greater than 95%) were 
obtained for nitrate and nitrite added to meat over the range 50-500 
mg/kg, using both these precipitation procedures. 

Usher & Telling (1975) compared the efficiencies of five treat-
rents, using measurements of nitrite recovery, total nitrogen, soluble 
protein nitrogen and non-ptotein nitrogen contents before and after 
treatment of the extracts. 	They reported that all reagents removed 
soluble protein to varying extents, but none significantly affected 
levels of non-protein nitrogen. 	In their view, the best method for 
deproteinization was to use Carrez reagents plus titration with 
sodium hÿdroxid'é until the solutiоп  became alkaline to phenolphthalein. 

8.3.2 Separation techniques 

Chromatographic techniques have been used in a few 
instances. 	Johnson (1969) reported that gel filtration on Seрhadеx 
G25 cleaned up a range of substrates sufficiently well to allow nitrite 
determination, although such extracts still contained materials which 
interfered in the reduction of nitrate to nitrite. 	Conversely, ion 
exchange on Aznьеr1inе  CC 400 gave solutions suitable for the detennina- 
till of nitrate, but not nitrite. 	Thin layer chromatography has been 
used by Hatcher & 5cha11 (1965) to clean up animal feeds. 

8.3.3 Diсйуу  is 

Dialysis has been used to clean up blood (Litchfield, 1967), 
tobacco leaf extracts (Lowe & Hamilton, 1967), water and soil 
(Henriksen & Selmer-O1sеn, 1970) andspinach extractsL in automated 
systems. 

8.4 Determination 

(a) Nitrate 

A wide range of techniques has been reported, based upon one 
or another ofthe following reactions: 

(i) nitration of chromatropic acid, 4-methyl umbelliferone, 
salicylic acid, phenol disu1phomc acid or various xylenol isomers, 

(ii) oxidation of brucine, diphenylamine, strychnine or 
s trychnidine, 

(iii) reduction of nitrate to nitrite. 

1 Wiersum, М.L., private communication. 
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Hatcher &. schah (1965) reported that, in the analyses of 
samples which contain water-soluble organic matter and low levels 
of nitrate, all the techniques based on reactions (i) and (ii) 
give erratic values, due to reduction of nitrate by organic natter 
in the presence of strong acids, and considerable charring, which 
may contribute colour or interfering organic anions. 	In methods 
based on oxidation, the colour developed did not always obey Beer's 
law and constant calibration of the standard curve was required. 
Other workers had also reported interference from nitrite, chloride 
and carbohydrate. 

Reduction of nitrate to nitrite is the most commonly-used metho'L 
Reduction may be achieved with copper, zinc, hydrazine sulfate, 
cadmium powder or spongy cadmium. All these reagents have been 
successfully applied in automated systems, but spongy cadmium is 
generally considered to give the most consistent results. 

With the publication of a satisfactory technique for the reduction 
of nitrate to nitrite by Grau & Mima (1957), later modified by Follett 
& Ratcliff (1963), it became possible to determine simultaneously 
nitrate and nitrite in the same extract. 	In the Follett & Ratcliff 
(1963) method, the reduction is achieved by spongy cadmium in a 
specialized glass column with capillary inlet and outlet tubes. 	This 
column can be replaced by a 25 ml burette without any loss in reduction 
efficiency, although the life of the packing may be expected to be 
rather less than with the original apparatus. 	The optimum pi is 
9.5-9.7 and the reduced nitrate is eluted from the column with 100 ml 
of distilled water at a flow rate of approximately 5 ml/min. 	The 
column has to be regenerated with 0.1 N hydrochloric acid after each 
reduction and must be pre-washed with 0.1 N hydrochloric acid before 
use, as the activity of the spongy cadmium deteriorates with time, even 
when stored under water. Various workers have reported that reduction 
by this technique is practically 100% complete. 

Elliott & Porter (1971) proposed a rapid reduction technique 
whereby nitrate is reduced by shaking a meat extract with 1 g of spongy 
cadmium for 5 min at pi 9.6. 	Fudge & Truman (1973) found that 
recoveries of nitrate with this technique were low, indicating 
inefficient reduction. 	Increasing the amount of spongy cadmium used 
failed to improve recoveries. 	Usher & Telling (1975) have found that 
the main cause of reduced efficiency of reduction in meat was the 
presence of polyphosphate. 	In such cases, the polyphosphate inter- 
fered with the buffering effect, shifting the pH outside the 9.5- 
9.7 range. 	This problem could be overcome by using a buffer of twice 
the strength proposed by Follett & Ratcliff (193). 	With the stronger 
buffer, however, the Orange I method could no longer be used and 
N-1-naphthylеthуlеnethашine reagent was employed instead. 	When a 
large number of samples are to be analysed on a routine b.asis, 
the column technique is less time consuming, but otherwise the shaking 
method is found to have definite advantages. 
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(iv) Nitrate ion selective electrodes 

The introduction of nitrate selective electrodes has 
made possible the direct determination of nitrate activities in water 
and in plant suspensions (Paul & Carlson, 1968; Mifham et al., 1970). 
This method has been used with baby food (Westcott, 1971) and spinach 
extracts (Voogt, 1969). 	The nitrate electrode is non-specific and 
various other anions interfere. 	The influence of these anions must be 
eliminated. 	This is usually done with a suitable buffer solution, 
e.g., one containing silver to precipitate halides, aluminium to 
complex anions of organic acids and sutphamic acid to destroy nitrite. 
The precision 0f the method can be improved by carefully controlling 
the temperature and standardizing the rate of stirring (Milham et al., 
1970). 	The procedure can be automated with a flow-thzough electrode. 

(b) Nitrite 

Methods generally used for the determination of nitrite in 
aqueous solution are based on diazotization of a primary amine, using 
nitrite as the source of nitrous acid, plus coupling with an aromatic 
compound bearing influential amino or hydroxyl substituents to form 
an azo colour, which can be measured spectrophotometrically. 	Although 
a wide range of amines are both potential reactants with nitrite and 
potential coupling agents, the commonly-used methods involve diazotiza-
tion of sulfanilic acid (Adriaanse & Robbers, 1969; Bratton & Marshall, 
1939; Follett & Ratcliff, 1963; Griess, 1879; Ilosvay, 1889), 
sulphanilamide (Shinn, 1941) and coupling of thé diazo compound with 
1-naphthylamire (Griess, 1879; Ilosvay, 1889; Kamm et al., 1965), 
1-naphthol-7-sulfoniс  acid (Adriaanse & Robbers, 1969), 1-naphthol 
(Follett & Ratcliff, 1963) or N-1-naphthylethylerediamine (Bratton 
& Marshall, 1939; 5hinп, 1941). 	The methods which involve the use 
of 1-naphthol or carcinogenic 1-naphthylamine are no longer generally 
acceptable. 

Nitrite may also be determined indirectly by oxidation to nitrate 
with potassium permanganate and measurement of nitrate by one of the 
procedures described above. 

8.5 Interference 

Although the technique of nitrate reduction with spongy cadmium 
and nitrite determination by formation of a diazonium salt is now 
widely used, there are a number of associated problems which become 
important in the determination of low levels of nitrate and nitrite 
(10-20 mg/kg). 
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8.5.1 Dilution effect 

When the methods are used to determine low levels of 
nitrite, there is а  great temptation to achieve a greater final 
intensity of colour by using a larger volume of the extract. 
Nicholas & Fox (1973) studied the effect of dilution in the AOAC 
method (Official Methods of Analysis, AOAC, 1965). 	Using commercial 
frankfurters, they varied sample dilution from 1:2 to 1:1000 and 
found that the nitrite response decreased with increasing concentra- 
tion of soluble solids. 	Their explanation was that an increasing 
ratio of water to meat results in an increasing ratio of total 
dissolved oxygen in the water to endogenous reductants in the meat; 
this resusts in more extensive oxidation of compounds which could 
later interfere in the colour reaction. 	Kanon et al. (1965) reported 
a similar pattern when analysing a range of baby foods. 

8.5.2 Interference from ascorbate 

A wide range of oxidising and reducing substances, of 
which ascorbate is the most important, will interfere in the determi- 
nation of nitrate and nitrite, 	With deproteinizing systems which 
operate at acid pH values, ascorbate can completely remove nitrite 
from the test solution. 

Fudge & Truman (1973) removed ascorbate interference with an 
activated charcoal (Darco 60), while BFMIRA (1972) prefer to remove 
ascorbate by titration with 0.1 N iodine. 

Usher & Telling (1975) oxidize ascorbate with permanganate under 
alkaline conditions, removing excess permanganate with 0,1 N arsenic 
trioxide. 

Nicholas & Fox (1973) claim that the 2 hour extraction used in 
the AOAC method (Official Methods of Analysis, AOAC, 1965) obviates 
the need to eliminate ascorbate. 

8.5.3 Interference from sulfur dioxide 

The presence of sulfur dioxide can also interfere in the 
determination of nitrite, but Usher & Telling (1975) suggest that, 
since its use in meat products is very restricted, this effect is 
unlikely to be important. 

8.5.4 The meat blank 

When determining nitrate and nitrite in meat, there are 
typical blank values associated with the reagents and the reduction 
column (e.g., 5 mg/kg). 	These blanks are constant and present no 
particular problem. 

Of much greater importance is the so-called meat blank. When an 
extract of uncured meat is reduced with spongy cadmium and subjected 
to a diazo coupling method, an apparent nitrate value is obtained. 
This was first reported by Grau & Mima (1957), who quoted 10 mg/kg of 
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potassium nitrate as a meat blank. 	This finding was confirmed by 
Follett & Ratcliff (1963) and by Mohler (1964), who found meat blanks 
of 13-30 mg/kg, expressed as potassium nitrate. 	More recently, 
BFMIRA has reported meat blanks of up to 80 mg/kg. 

The blank correction of Follett & Ratcliff (1963) requires that 
part of the deproteinised extract be passed through a column of an 
anion-exchange resin (Deacidite FF) to remove nitrate and nitrite. 
The column is then eluted and the eluaLe is reduced and coloured to 
give an accurate value for the meat blank. 	This value must be sub- 
tracted from the total apparent nitrate. 	The significance of such a 
neat blank obviously becomes greater as the level of nitrate decreases. 
Follett & Ratcliff suggested that this meat blank was probably asso-
ciated with amino acids, but other work (Usher & Telling, 1975) 
appears to contradict this proposal. 

The various problems of dilution effect, interference from reducing 
agents and the meat blank indicate that, although reduction of nitrate 
to nitrite with spongy cadmium and subsequent determination of nitrite 
by formation of a diazo compound is the method generally favoured, the 
technique is not ideal and is suspect for the determination of low 
(10 mg/kg) levels of nitrate and nitrite in food samples. 

8.6 ConcZuaions 

The accurate determination of nitrate and nitrite in foodstuffs 
still poses analytical problems. 	The severity of the extraction 
procedure will determine whether free or free plus bound nitrate/nitrite 
is extracted. 	Once in solution, free nitrite is readily determined by 
diazotization and coupling reactions. 	the determination of nitrate is 
more difficult. 	The reduction of nitrate to nitrite is not easy to 
control; standard methods using spongy cadmium give rise to variable 
sample blanks and are affected by co-extracted materials, even in 
clear solutions. 	Classical methods for the determination of nitrate 
are generally unreliable aid subject to interference. 
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METH®DS ®F ANALYSIS 



It is clear from the preceding sections that there are numerous 
approaches to the analysis of volatile nitrosamines. 	Even within 
such a limited area as sample extraction, different techniques have 
been employed, each of which could affect the choice of method for 
clean-up and even for final detection. 	As attention to detail is 
essential if results are to be reproducible, the selected methods 
which follow have been presented precisely as they were applied. 
No attempt has been made to combine similar methods, since the 
combination would have to be checked experimentally. 	Even apparently 
minor modifications of analytical procedures may lead to unexpected 
difficulties. 

The methods were selected as generally representative of those 
shown to be reliable in the ‚ARC collaborative studies. 	They are 
also illustrative of techniques in use in a number of countries and 
reflect instrumentation and materials available. 	The present 
selection, however, does not imply that these are the only useful 
methods. 	Collaborative studies will continue and may lead to the 
adoption of standardized methods. 	In any case, the manual will be 
brought up to date when necessary, 

-81- 



METHOD 1 - АNАLYSIS OF VOLATILE N-NITRОSAMINЕ, 
IN FOOD USINГ  FLAME TIERMIONIC DETECTION AND 

MАSS SPECTROMETRY CONFIRMATION 

T. FAZIO, J.W. н0WPР'D & D. HAVЕRY 

1. 5CОPЕ  AND FIELD OF APPLICATION 

This method specifies a procedure for the determination of the 
contents of volatile N-nitrosamines in cold cuts, sausages, infant 
foods, canned meats, bacon, hams and other pork products, miscel-
laneous beef products, fish, chicken, spices, dried blood, vegetable 
oils and cheeses. 

The method has a limit of detection of 10 micrograms per kilo- 
gram (fig/kg) in a 25 g sample. 	The confirmation by mass spectrometry 
(Ms) requires 0.1 pg N-nitrosamine 

2. REFERENCES 

Fazio, T., Howard, J.W. & White, R. (1972) 	.ARC Sciепtific 
Publications No. 3, 16-24 

Howard, J.W., Fazio, T. & Watts, J.O. (1970) 	J. Accoc. Off. 
Anal. Cher., 53, 269-274 

3. DEFINITION 

Volatile N-nitrosamine contents of meat, cheese aid other products: 
the N-nitrosamine contents determined according to the procedure 
described iп  this method and expressed as pg/kg (parts per billion). 

4. PRINCIPLE 

The analytical scheme includes an initial digestion of the food in 
methanolic potassium hydroxide; liquid-liquid extraction of the N-
nitrosainines in ditMoromethane; transfer of the N-nitrosamines to 
an alkaline solution by distillation of the dhсhlёrоmethanе, followed 
by distillation of the N-nitrosamines from the aqueous solution; 
acidification of the distillate; extraction of the N-nitrosamines 
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from the acid solution with dichloromethane; acid and alkaline 
washing of the extract; concentration of the washed extract; column 
chromatography on silica gel, concentration of the eluate containing 
N-nitrosamines; gas-chromatography (GC) with a modified thermionic 
detector. 	Confirmation requires further clean-up by column chromato- 
graphy on an acid Celite column and CC with the modified thermionic 
detector, followed by verification of the identity of the suspected 
N-nitrosamine by mass spectrometry (MS). 

5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines 1 and stringent requirements2 for handling chemical 
carcinogens are available. 

5. REAGENT53 

Methanol 	 Analytical grade 

Dichloromethane 	 Burdick & Jackson "Distilled in Glass" 

n-Pentane 	 Burdick & Jackson "Distilled in Glass" 

Diethyl ether 	 E-138, Fisher 5cientific Co. or 
equivalent 

Perfluorokerosene (PFK) 	As supplied for mass spectrometry 

Perfluorotributylamine 	As supplied for mass spectrometry 

1 Steere, N.V. (1974) 	Safety in the Chemical Laboratory СКV1 - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Chem. Educ., 52 (6), А322-А325 

2 National' Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. 	Department of Health, Education and Welfare 
Publication (NIH), 75-900 (1975) 

Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommen-
dation of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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Potassium hydroxide Analytical grade 

Silicon carbide grains Fisher "Boilеezers" B-365 

Calcium sulfate anhydrous Hammond Drierite Co. (10-20 mesh) 

Barium hydroxide Analytical grade 

Sodium sulfate Analytical grade - anhydrous granular 

silica gel 0.05-0.2 rois for chromatography, 
70-325 mesh (E 7734, Merck or 
equivalent) 

Celite 545 NAW, Fisher Scientific or equivalent 
(heat in muffle furnace overnight at 
7б0°C) 

Nitrogen Lltra high purity 

Helium Ultra high purity 

Sodium hydroxide 5N 

Hydrochloric acid 6N 

N-nitrosamine standard 	For each N-nitrosamine a standard 
solutions 	 solution (A) 2 g/1 is prepared in 

dichloromethane and diluted to 
100 mg/I (B). 	Solution (C) is then 
prepared in dichloromethane to contain 
all the IV-nitrosamines of interest, each 
at 0.5 mg/1. 	All standard solutions 
are stored in a refrigerator at 11°C 
and renewed periodically depending on 
their response to GG analysis 
(approximately at 2 year intervals). 

NOTE: To ensure the absence of traces of N-nitrosamines or inter-
fering material,a test must be performed using the procedure 
described in section 9, but omitting the sample. 

7. APPARATUS1 

Usual laboratory equipment and the following items: 

Liquid-liquid extractor 	kontes (K-бб1596-175, or equivalent 

1 Reference to a company and/or product is for the purpose of information 
and identification only and does not imply approval or recommendation of 
the company and/or product by the International Agency for Research on 
Cancer to the exclusion of others which may also be suitable. 
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Evaporative concentrator 	kuderna-Danish, 250 and 500 ml 
(K-D) capacity with 24/40 column connection 

and 19/22 lower joint (к-57оорΡ1). 
Concentrator tube - size 425, 19/22 
joint, 4 ml capacity with 0.1 m1 sub- 
divisions from 0 to 2 (K-570050) and 
19/22 pennyhead stopper (K-850500) 
calibrated before use. 
Distillation coluiirn - Sпyder, 	24/40 
joints, 3 sections (6630-02, Ace Glass, 
Iпс., Vineland, N.J,, or equivalent) 

Funnel--Buchner 60 ml capacity with coarse porosity 
disk (К-420280) 

Chromatographic column Chromaflex, 	size 222, 	14.5 inn i.d. 
x 250 mm (К-420280) 

(Glassware catalogue numbers refers to kontes Glass Co., Vineland, 
N5 08360, USA, unless otherwise stated) 

Gas chromatograph Barber-Coleman model 5000, br equi- 
valent, fitted with a modified KCI 
thermioiiic detector (see Fig. 1). 

Mass spectrometer A Varian MAT СH-4B 	interfaced to а  
Varian 1740 CC using a double stage 
Llewellyn separator, with automatic 
electronic gating for removal of the 
solvent, and a splitter allowing 1 part 
to be detected with the flame- 
ionization detector and 10 parts to 

. 	 go through the gating valve into the " 
. mass spectrometer. 

Data system A Varian data machines V-76 with 65k 
words of semiconductor meтпory, a 4.51 
word disc, two 800 вР' 9 track tape 
drives, an A5R-33, a`Statos 21 and а  
Tektronix 4010 display terminal. 

Mass spectrometer B Finnigan 3300 F electron-impact 
quadrupole mass spectrometer, inter- 
faced to a Finnigan 9500 GC through a 
Gohlke all-glass jet separator. 

Data system B Finnigan model 6100. 

8. SAMPLING 

Proceed from a representative sample and store in such a way that 
deterioration and changes in composition are prevented (see Chapter 1, 
Sampling and Samples). 
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FIG, I. MODIFIED IKERMIDN.îC DETECTOR 
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9. PROCEDURE 

NOTE:N-nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Digestion 

9.1.1 Weigh 100 g of representative sample and place in 100o ml 
round-bottomed flask. 

9.1.2 Add 200 ml methanol, 15 g potassium hydroxide and silicon 
carbide grains. Shake to mix. 

9.1.3 Place in heating mantle, insert condenser, reflux at a 
slow rate initially and gradually increase to a rapid rate 
for 2 hours. 

9.1.4 Cool to room temperature and filter through a fluted 
filter paper or wad of glass wool into a 500 m1 glass 
stoppered flask. 

9.1.5 Take two separate aliquots of filtered digest (9.1.4), each 
equivalent to 25 g of sample. 	For determination of 
recovery,add 0.5 ml of standard N-nitrosamines solution C 
to one of the aliquots. 	Treat each aliquot separately 
according to instructions 9.2.1 to 9.6.9. 

9.2 Liquid-liquid extraction of digest 
9.2.1 Place wad of glass wool in bottom of liquid-liquid extractor, 

over aperture to siphon arm. 	Add 25 g anhydrous calcium 
sulfate and 100 ml purified dichloromethane. 

9.2.2 Attach 250 ml boiling flask, containing 50 ml purified 
dichloromethane and silicon carbide grains, to siphon arm 
of extractor. 

9,2.3 Add 75 ml of distilled water to extractor, followed by one 
aliquot of sample fIltrate (9.1.5), and finally rinse 
aliquot container with 50 ml water and add to 
extractor. 

9.2.4 Fit dispersion tube, cooled coiled water condenser and 
heating mantle. 

9.2.5 Extract for 3 hours. 

9.3 Distillation of liquid-liquid extract 
9.3.1 Remove 250 ml boiling flask containing dichloromethane 

extract 9.2.5. 
Add 75 ml 5 N sodium hydroxide and 4 g barium hydroxide. 

9.3.2 Connect distillation head, condenser and adapter. 
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9.3.3 Carefully distil off thdrlommethane and discard. 

9.3.4 Increase variable heat control and collect 70 ml of aqueous 
distillate in 250 ml separation funnel, fitted with a 30 mm 
diameter glass funnel containing a small pad of glass wool. 

9.4 Solvent extraction cf distilfate 

9.4.1 To the distillate (9.3.4) add 10 ml of 6 N hydrochloric acid, 
70 ml of purified dichloromethane and shake for 3 min. 
Separate organic and aqueous phases. 

9.4.2 Repeat dichloromethane extraction twice. 

9,4.3 Combine dichloromethane extracts in 500 ml separation 
funnel. 

9.4.4 Add 50 ml 6 N hydrochloric acid and shake for 1 min. 

9.4.5 Draw off lower layer into 500 ml separation funnel 
containing 50 ml 5 N sodium hydroxide. 

9.4.6 Wash aqueous hydrochloric acid layer twice with 25 ml 
dichloromethane by shaking 2 min. 

9.4.7 Add each wash to dichioromethane extract (9.4.5). 

9.4.8 shake funnel containing sodium hydroxide-dichloromethane. 

9.4.9 Allow layers to separate. 

9.4.10 Draw off lower layer and pass through 35 g anhydrous 
sodium sulfate (held in 60 ml coarse sintered-glass f uтвеl 
and pre-washed with 25 ml dichloromethane) into 500 т1 
К-D evaporator. 	Wash anhydrous sodium sulfate with 25 ml 
dichloromethane and add to K-D. 

9.4.11 Wash alkaline layer from 9.4.9 with 25 ml dichloromethane 
by shaking 30 sec and pass the dichloromethane through 
sodium sulfate. 	Add to K-D. 

9.5 Concentration of extract 

9.5.1 Add silicon carbide grains, attach 3-section Snyder column 
and carefully concentrate to approximately 4 ml on a steam 
bath. 

9.5.2 Remove apparatus from bath, cool and drain any remaining 
solvent in distilling column and concentrator into concentrator 
tube. 

9.5.3 Carefully concentrate solution in concentrator tube to 1 ml 
under gentle stream of nitrogen. 
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9.6 Column chromatographic clean-up of concentrate 

9.6.1 Add 5 g of silica gel to chromatographic column containing 
a glass wool plug and pack with gentle tapping. 

9.6.2 Place a small piece of glass wool on top. 

9.6.3 Wash column with 50 ml of n-pentane. 

9.6.4 Stop flow when liquid is approximately 1 mm above the 
adsorbent. 

9.6.5 Quantitatively transfer the 1 ml dichloromethane extract 
from 9.5.3, using approximately 20 ml n-pentane in small 
portions (4 x 5 ml). 

9.6.6 Allow extract and each rinse to flow into column, stopping 
when the level of liquid is 1 mm above adsorbent. 

9.6.7 Wash cоlитп  with 200 ml 25% diehloromethane in n-pentane 
(flow rate approximately 60 drops/min) and discard. 

9.6.8 Elute with 125 ml 30% anhydrous diethyl ether in dichloro-
methane at the above flow rate. 

9.6.9 Collect eluate in 250 ml K-D and concentrate to 0.50 ml as 
described above (9.5). 	Stopper; retain for GC analysis. 

9.7 GC analysis 

9.7.1 CC conditions: 

Column: Class packed with 10% Carbowax 1540 + 5% potassium 
hydroxide on 100/120 mesh Chromosorb W/HP 
Length: 3 m 	1.D.: 4 nun 

Carrier gas: Argon, 70 m1/min 

Column temperature: programmed 80-180°C at 5°C/min 

Injection port temperature: 200°C 

Detector temperature: 205°C 

Hydrogen: 40 mi/mm 

Air: 400 ml/min 

Electrometer setting: 100 (4x) equivalent to 4 x l0 9 A 
full scale deF7eetion. 

9.7.2 GC procedure: 

9.7.2.1 Inject 8 ;il N-nitrosamine standard solution C 
into GC and carry Out chromatographic 
analysis. 

9.7.2.2 Using the same conditions, inject 8 u1 concentra-
ted sample sоlu uоn(9,б.9) and carry out сhrотаЁо-
graphic analysis. 
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9.7.2.3 When a sample shows peak(s) for N-nitrosaniine(s), 
check identity by MS. 

9.8 GC-MS confirmation 

9.8.1 Column chromatographic clean-up of concentrate 9.6.9 on 
acid Celite: 

9.8.1.1 Add 10 ml б  N hydrochloric acid in approximately 
3 ml portions to б  g Celite with vigorous stirring. 

9.8.1.2 Pack mixture into 22 x 300 mm chromatographic 
column on top of glass wool plug and compress to 
approximately 5 cm. 

9.8.1.3 Place small glass wool plug Of top of adsorbent. 

9.8.1.4 Quantitatively transfer remaining sample concen-
trate (9.6.9) to acid Celite column, using 20 ml 
of n-pentane in 5 ml portions and collecting n-
pentane wash in 500 ml K-D. 

9.8.1.5 After column has drained, add 180 ml n-pentane, 
again draining column completely into the K-D. 

9.8.1.6 Add 50 ml dichloromethane and collect eluate in a 
separate 250 ml K-D. 

9.8.1.7 Concentrate each eluate (n-pentane and dichloro-
methane) to 0.50 ml as previously described (9.5). 

9,8.2 Obtain GC data as described above (9.7.1-9.7.2). 

9.8.3 Further concentrate the above eluates (from 9.8.1.7) to 
approximately 0.1 m1 under a gentle stream of nitrogen. 
Stopper and retain for CC/Is confirmation. 

9.8.4 CC-MS (method A) 

9.8.4.1 Mass spectrometer A operating conditions: 

Resolution: 600 	 . 
Electron energy: 70еV 
Emission: 100 pА  
Accelerating voltage: 3 kv 
Source and interface connecting tube temperatures: 
180°C 

GC/Ms interface temperature: 80°C. 

9.8.4.2 CC conditions: 

Column: 10% Carbowax 20 M + 5% potassium hydroxide 
on 100/120 mesh Chromosorb W/iP 
Length: 1.9 т 	I.D.: 4 mm 

Carrier gas: Helium, 20 m1/min 
Column temperature: isothermal 190°С  
Injection port temperature: 200°C. 
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9.8.4.3 CC-Ms procedure 

9.8.4.3.1 The MS and data system are inter- 	 . 

connected with the sequential switching 
unit аnd with both systems operating 
under normal conditions, PFK is introduced 
into the MS to calibrate the mass scale of 
the data system. 

9.8.4.3.2 One of two possible CC operating condi-
tions are chosen: 
(a) if the sample contains ND?IА  and/or 

N°-пtmsоеthylшethylaшiпе  (NЕМА) , 
together with any other N-nitrosamines, 
a programmed CC run is used for the 
standard sample; 80-200°C at б°C/min. 

(b) if the sample does not contain NDIA 
and/or NENA, then the CC is run 
isothermally at 190°C. 

9.8.4.3.3 5 ц1 of the appropriate standard solu-
tion(s) в  of the A7-nitrosamine(s) to be 
analysed is injected into the CC (500 ng of 
each component on column) and, after the 
solvent has been vented, the еlectroпic-
aцу  controlled gating valve is opened. 

9.8.4.3.4 The М5 is put into cyclic scan and all 
data is collected by the data system. 

9.8.4.3.5 Reconstructed mass spectrum-chromatogram 
for characteristic fragments is plotted 
and background-substrxcted spectra made 
where the ion current tracing for these 
fragments was at maximum. 

9.8.43.6 The sample of interest is then run on the 
CC/IS/data system under conditions 
identical to those used for the standard. 
The injection volume is usually between 
20 and 30 ј1 for the sample. 	The 
response observed for the sample must be 
consistent in all respects with that of 
the standard run, to be sure of the 
identity of the N-nitrosamine. 

9.8.5 GС-MS (method B) 
9.8.5.1 lass spectrometer B operating conditions: 

Resolution: 1000 
Electron Energy: 70 eV 
Emission: 500 }aА  
Separator and transfer lime temperature: 200°С  
Manifold temperature: 60°C. 
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9.8.5.2 CC conditions: 
Column: 10% carbowax 20 M + 5% potassium hydroxide 

on 100/120 mesh Chromosorb W/HP 
Length: 1.9 m 	I.➢.: 4 mm 

Carrier gas: Helium, 25 m1/min 
Column temperature: isothermal 190°С  or temperature 

programmed as in 9.8.5.3.2 
Injection port temperature: 200°C. 

9.8.5.3 CC-Ms procedure: 

9.8.5.3.1 The 15/дatа  system is calibrated by 
introducing perfluorotributylamine into 
MS under normal operating conditions. 

9.8.5.3.2 One of two possible CC operating condi-
tions are chosen: 
(a) if the sample contains NDMA and/or 

TEMA, together with any other N-
nitrosamines, a programmed CC run is 
used for the standard sample; 
8о-2оo°С  at 6°C/ппјn. 

(b) if the sample does not contain NDMA 
and/or NЕI1А, the CC is run iso-
thermally at 190°C. 

9.8.5.3.3 1 al of the appropriate standard solution 
B of the N-nitrosamine(s) to be analysed 
is injected into the CC (100 ng of each 
component on column) and, after the 
solvent has been vented, the column 
effluent is allowed to enter the Ms. 

9.8.5.3.4 The 11S is repeatedly scanned under 
computer control and all data is stored 
by the data system. 

9.8.5.3.5 Approximately one minute after the last 
N-nitrosamine has been eluted, data 
acquisition is terminated and the CC 
effluent is again diverted away from 
the t45. 

9.8.5.3.6 Ion profiles are extracted from the data 
to determine the elution times of N- 
nitrosamines in the sample. 	For example, 
in the case of N-nitrosopyrrolidine, the 
intensities of m/e 30, 41, 43, 69 and 
100 are plotted as fonction of spectrum 
number. A maximum in all these ion pro-
files at the same spectrum number may 
indicate the presence of N-nitroso-
pyrrolidine. 
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A background-subtracted plot of this 
spectrum is then compared to the spectrum 
of N--nitrosopyrrolidine under the same 
analytical conditions. 

10. NETHOD 0F CALCULATION 

Thus, 

V = Total sample volume - 0.50 ml 
X = Peak height of standard (9.7.2.1) 
Y = Peak height of sample (9.7.2.2) 
C = Concentration of standard 	0.5 ng/pl 
W = Peak height of spiked sample (9.9.4) 
Z - N-nitrosamine Content of sample 

_ YVC 	250Y 	 10Y 
Z  = W-Y = 	_Y ng/25  g = W-Y ug/kg or ppb 

and 	 I  
recovery = 100(w  X  Y  

As this value does not vary widely, recovery tests are made every 
10-15 samples. 

NOTE: If analysis of spiked sample is not carried out, ail 
approximate result (loner limit) may be obtained from 

Z = 	
- = lay 

 hg/kg or ppb. 

11. REPEATABILITY AND REPRODUCIBILITY 

11.1 Repeatability 

At the 10 јg/kg level, the repeatability of this method is i 6%. 

11.2 Reproduçibilily 

No data available. 
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12. SСНEMАTIС  REPRESENTATION OF PROCEDURE 

Sample 

Digestion in methanol-KOH 

Filtration 

Liquid-liquid extraction of filtrate with СH2С12 
Адdÿ75 ml 5 N NaОН, Ва(ОН)p solution 
Distil_ 

СН2С1z 1а"yer Collect 70 mi aqueous distillate 
discarded 

Аdд  10 m1 6 Z1 ICi 

Exraсt 3 times by CН2С12 (3 x 70 ml) 
Wash combined СН2С12 by б  N id 
Wash combined СН2С12 by 5 N NaIH 

Retextract NaOl layer by СН2С12; 	combine 

С
Н2С12 extracts 

Dry over Na250± 

Со  сеntrate in K-D with Enyder column to 4 m1 

Concentrate to 1 ml under nitrogen stream 

Churn chromatography clean-up on silica gel (5 g) 
Wash column with 200 m1 СHZСL2-n-pentane (25-75) 
Elute with 125 m1 diethyl ether-CН2Сl2 (30-70) 
Re over diethyl ®they-СН2C12 in K-D 

Сo сeпtrate to 0.50 ml 

GC screening using thermionic detector 

Positive results are checked as follows: 

Column chromatography on acid Celite 
Elution by n-pentane (200 ml) 

then by СН2С12 (50 ml) 
i 

Recover separately n-pentane and CН2С12 if K-D 

Сoгiсentrate each eluate to 0.5 ml —~ CC screening 

Further concentrate each eluate to 0.1 ml 
(N2 stream) 

СС11S confirmation. 
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13. ORIGIN OF THE METHOD 

Department of Heаlth, Education and Welfare 
Public Health Bervice 
Food and Drug Administration 
Washington DC 20204 
ц5А  

Contact point: Dr D.С. Havery. 



METHOD 2 - ANALYSIS OF VOLATILE N-NITROSAMINЕS 
IN FOOD USING FLAME TFIERMIONIC DETECTION ANIS 

1ASS SРЕCТRОМЕTRY CONFIRMATION 

T. KAWABATA, M. ЛиКАMORA, N. MАTSUI & Т. 1SWВРB1I 

1. SСОРЕ  AND FIELD 0F APPLICATION 

This method specifies a procedure for the determination of the 
contents of volatile N-nitrosamines in food. 	The method is parti- 
cularly suitable for the determination of N-nitrosodimethylamine (NDMA) 
content of various fish products and has a limit of detection of 
1 microgram/kilogram (fig/kg) in a 100 g sample (0.1 ng of NDMA). 	The 
confirmation by mass spectrometry (Ns) requires 4 to 10 ng of JV-nitros-
amine. 

2. REFERENCES 

Kawabata, T., Matsui, M., Ishibashi, T. & Nakamura, М. (1972) 
Jpn. Analyst, 21, 1326-1332 

Kawabata, T., Nakamura, M., Matsui, н. & Ishibashi, T. (1974) 
ВuZI. Jpп. Soc. Sci. dish., 40, 79-85 

Kawabata, T., Nakamura, M., Matsui, M. & Ishibashi, T. (1974) 
Bull. Jpn. Bic. Sci. Fish., 40, 87--96 

Kawabata, T. (1974) 	'ARC Scientific PuЫications No. 9, 154-158 

3. DEFINITION 

Volatile N-nitrosamine contents of foods: the N-nitrosamine 
contents determined according to the procedure described in this 
method and expressed as ig/kg (parts per billion). 

4. PRINCIPLE 

N-Nitrosamines are extracted from an alkaline slurry of the sample 
with dichloromethane in a blender. They are then transfered to a 
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barium hydroxide-sodium chloride solution and steam distilled. 	The 
distillate is purified using one of the two following methods: 
(а) ion-exchange chromatography on Amberlite CG 120 and extraction of 
N-nitrosamines from the eluate into dichloromethane; (b) extraction 
of N-nitrosamines from the distillate into dichloromethane and column 
chromatography on acid-treated Celite 545. 	The purified extract is 
concentrated and analysed by gas-chromatography (CC), using flame 
thermionic detection. 	The presence of N-nitrosamines is confirmed 
by Ms. 

5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines and stringent requirements2 for handling 
chemical carcinogens are available. 

6. REAGENTs3 

Dichloromethane 	 Wako Pure Chemicals, certified for 
pesticide residue analysis 

a-Pentane 	 Wako Pure Chemicals, analytical grade 

Potassium carbonate 	 Wako Pure Chemicals, analytical grade 

1 Stееre, N.V. (1974) 	safety in the Chemical Laboratory CXVI - 
Occupational safety and health standards adopted for fourteen 
carcinogens. 	J. Chem. Ednn., 52 (6), А322-А325 

2 National Cancer Хnstitute Nafety Standards for Research Involving 
Chemical Carcinogens. 	Department of Health, Education and Welfare 
Publication (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommanda--
tim of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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Sodium chloride Wako Pure Chemicals, analytical grade 

Barium hydroxide Wako Pure Chemicals, analytical grade 

sodium sulfate, anhydrous Wako Pure Chemicals, analytical grade 

Potassium di-hydrogen- Wako Pure Chemicals, analytical grade 
phosphate 

Di--sodium hydrogen- Wake Pure Chemicals, analytical grade 
phosphate 

Ion-exchange resin Amberlite CG-120, type 1 (100-200 mesh). 
The resin is immersed in water, treated 
twice with 2 N hydrochloric acid, washed 
till neutral, then buffered twice with 
20-25 ml of phosphate buffer (pH 6.5). 

Celite 545 Johns Маnцillе, heated at 700°С  for 
24 hours, and stored in a desiccator 
before use. 	Acid-treated Celite is 
obtained by adding 4 ml 6 N hydrochloric 
acid to 6 g Celite just before use. 

Hydrochloric acid (6N & 2N) 

Phosphate-buffer solution 
(pН  6.5) 
N-Nitrosamine standard 	Standard solution A: A stock standard 
solutions 	 solution in dichloromethane is prepared 

containing 1 g/1 of each of the A-
nitrosamines of interest and diluted as 
appropriate (9.3.2.1). 
Standard solution B: A stock internal 
standard solution of NDi-BA in dichloro-
methane (B) is prepared containing 1 g/1 
and diluted as approuriate. (9.2.1.8, 
9.3.2.2). 	5taпдаrд  solutions are stored 
in а  refrigerator at 4°C in Ьrown bottles 
with Cеffloп-4iпеd сaрs. 	They are 
renewed every two mouths. 

NOIE: To ensure the absence of traces of N-nitrosamines or inter-
fering material a test mist be performed using the procedure 
described in section 9, but omitting the sample. 
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7. AРРARAТUS1 

Usual laboratory equipmeтit and the following items: 

Blender Nippon Seiki & Co., 500 ml stainless 
steel cup (maximum speed 20,000 rpm) 

Buchner-Funnel 60 ml capacity with course porosity 
disc. 

Evaporative concentrator Kuderna-Ianish flask - 500 ml, with 
(К-D) 4 m1 graduated concentrator tube. 

Snyder, 3 sections, distillation 
column 

Rotary evaporator Nakajima Seisakusho fitted with 500 m1 
flask with 4 ml graduated tube attached 
and connected to an aspirator. 

Clean-up column Fritted glass funnel 2.5 x 2.4 cm 
T.D. 	(for ion exchange) 
25 mm I.D. x 20 cm glass chromato- 
graphic column with fritted glass disc 
(for celite). 

Gas chromatograph Shimadzu GC-5 APF equipped with an 
alkali flame-ionization detector 
(KBr mono-•crystal on detector tip) 

Gas chromatograph Shimadzu LКВ-9000 GC-MS 
-mass spectrometer GC detector: 	total ion monitor. 

8. SAMPLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented (see Chapter 1, 
Sampling and Samples). 

9. PROCEDURE 

NOTE: 1V-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Extraction and stecin disti2Zation 

9.1.1 Weigh 100 g of representative sample into a 500 ml stainles--
steel blender cup. 

1 Reference to a company and/or product is for the purpose of informa-
till and identification only and does not imply approval or recommenda-
tion if the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be suitable. 
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9.1.2 Add 200 ml dichloromethane and 5 g, potassium carbonate. 

Bland for 4 min at high speed. 

9.1.3 Filter the dichloroinethane extract through the Buchner 
funnel or, alternatively, separate the extract by centri-
fugation (1500 g). 

9.1.4 Repeat extraction twice with 200 ml dichioromethane. 

9.1.5 Evaporate the combined dichloroniethane extracts to about 
20-30 ml using an aspirated rotary evaporator (see Note on 
Procedure, section 13.1) or K-D. 

9.1.6 Transfer the concentrated extract into a 500 m1 boiling 
flask. 

9.1.7 Add 20 g barium hydroxide, 20 g sodium chloride and 100 ml 
distilled water. 

9.1.8 Connect distillation head, condenser and receiver. 

9.1.9 Steаm distill and collect about 150 ml of aqueous distillate 
for all N-nitrosamines except N-пi uosopynolidипe (NPYR) 
or 300 m1 (for NPYR). 

9.2 Coъumn chromatographic clean-up 

The aqueous distillate is cleaned up in one of the following two 
ways, depending on the nature of the sample (see Note on Procedure, 
section 13.2). 

9.2.1 Using ion exchange column: 

9.2.1.1 Remove dfch1oromethan from distillate (9.1.9) 
by placing the flask on a water bath at 40-50°C 
and blowing nitrogen through capillary tube until 
only aqueous distillate remains. 

9.2.1.2 Adjust pi of the aqueous distillate to 6.5 using 
phosphate buffer solution. 

9.2.1.3 Pass the distillate through an ion-exchange resin 
buffered at pI 6.5 and held in a fritted glass 
funnel. 

9.2.1.4 Collect effluent in a 500 ml separation funnel. 

9.2.1.5 Add 150 ml dichloromethane and shake for 2 mii. 

9.2.1.6 Separate lower layer and repeat dichloromethame 
extraction. 

9.2.1.7 Pass combined dichioroinethane extracts through 35 g 
anhydrous sodium sulfate (pre-wet with dichloro-
methane) held iп  a fritted glass funnel, and collect 
in 500 ml K-D. 

9.2.1.8 Add 1 ml NDi-BA internal staпd,ard (1 mg/1 in dichloro 
dichtoromethane. 
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9.2,1.9 Concentrate to 1 ml. 	stopper, retain for GC 
analysis. 

9.2.2 Using Celite column: 

9.2.2.1 Extract the aqueous distillate (9.1.9) with 2 
portions 150 ml dichloromethane. 

9.2.2.2 Pass combined dichlarоmetьаnе  extracts through 
35 g anhydrous sodium sulfate (pre-wet with dichloro- 
methапe), held in a fritted glass funnel, into a 
500 ml K-D or aspirated rotary evaporator with a 
4 ml concentrator tube attached. 

9.2.2.3 Evaporate to about 1 ml with either K-D or 
rotary evaporator 

9.2.2.4 Add 6 g of acid treated Celite to the chromato-
graphic column and pack with gentle tapping to 
give a column height of about 50 mm. 

9.2.2.5 Transfer the concentrated extract to the chromato-
graphic column. 

9.2.2.6- Wash the column with 200 ml n-pentane and discard 
eluate. 

9.2.2.7 Elute the N-nitrosamines from the column with 50 ml 
dichloromethane. 

9.2.2.8 Add 1 ml of NDi--BA standard solution ( 1 mg/1) to 
the eluate. 

9.2.2.9 Concentrate to about 1 ml in K-D or rotary 
evaporator. 

9.3 GC analysis 

9.3.1 GC conditions: 

Either of the following two columns may be employed. 

Column: (a) glass packed with 25% PEG 6000 on 
chromoaorb W (60-80 mesh). 
Length: 2.5 m 	I.D.: 3 mm 

(b) glass packed with 20% Versamid 900 on 
Chromosorb W (60-80 mesh) 
Length: 2.5 m 	I.D.: 3 mm 

Carrier gas: nitrogen, 40 ml/mtn for the DЕC column 
and 60 m1/min for the Versamid column. 

Column temperature: isothermal 140°C 

Injection port temperature: 180°C 

Detector temperature: 180°C 
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Hydrogen: 30 m1/min 

Air: 800 m1/min 

9.3.2 Preparation of calibration curves: 

9.3.2.1 13sing standard solution A, prepare a series of 
diluted standards containing each N-nitrosamine 
at 1, 2, 3 and 4 mg/1 respectively. 

9.3.2.2 Using standard solution B, prepare a dilute 
internal standard containing 2 mg/l NDi-BA. 

9.3.2.3 Tо  1 ml of each dilute standard from 9.3.2.1, 
add 1 ml of dilute internal standard from 9.3.2.2. 

9.3.2.4 Carry of GC analysis of each dilluted standard 
from 9.3.2.3, using з  5 ц1 injection. 

9.3.2.5 Repeat CC analysis 5 times in all for each member 
of the dilution series. 

9.3.2.6 Measure peak areas for each N-nitrosamine on the 
gas chromatogram and calculate the ratio of the 
peak area of each N-nitrosamine to that of the 
internal standard. 	For each N-nitrosamine, plot 
calibration curves of peak area ratio (N-nitros-
amine/internal standard) versu.s weight ratio 
(N-nitrosamine/internal standard) using average 
values from the five analyses. 

9.3.3 GC procedure: 

Inject 5 ul of the concentrated distillate (9.2.1.9 
or 9.2.2.9) into CC. 	When a sample shows 1V-nitrosamine 
peak, check its identity by MS. 

9.4 GC-MS confirmatиon 

9.4,1 CC conditions: 

Either of the following two columns may be employed: 

Column: (a) glass packed with 25% PEG 6000 on 
Chromosorb W (60-80 mesh) 
Length: 3 m 	I.D.: 3 mm 

(b) glass packed with 20% Versamid 900 on 
Chromosorb W (60-80 mesh) 
Length: 3 ni 	I.D.: 3 mm 

Carrier gas: Helium, 30 mI/mis 

Column temperature: Isothermal l30°C or programmed 
60-160°C at 4~C/min 

Injection port temperature: 200°C 

Separator temperature: 250°C 
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9.4.2 Ms conditions: 

Electron energy: 70 eV 

Accelerating voltage: 8 Kv 

Resolution: 1200 

A nitrosamine is confirmed when the molecular ion (1+) 
given below is detected. 

N-Nitrosamine 	Molecular ion peak (1+) 
т/e 

NDMA 	 74 

NDEA 	 102 

NDPA 	 130 

NDBA 	 158 

NPYR 	 100 

NPIP 	 114 

10. METHOD 0F CALCULATION 

For the quantification of N-nitrosamines in an unknown sample, 
the method of calculation is as follows: 

(a) measure area of N-nitrosamine peak and of the internal standard 
peak; 

(b) calculate ratio of areas of N-nitrosamine peak to internal 
standard peak; 

(c) obtain, from the calibration curve, the weight ratio (A) 
corresponding to the peak area ratio of the N-nitrosamine in 
the unknown sample. 

Z = A x W 

where Z = concentration 
A = weight ratio of the N-nitrosamine to the internal 

standard 
W'= weight of internal standard added to the unknown 

sample (1 pg) 
W = weight of sample (100 g) 

therefore: 

Z = (A/i00) pg/10 g 
(A/10) pg/kg 

NOTE: The value for Z may be corrected using an average value for 
recovery for a given type of sample (see 12.1). 
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11, REPEATABILITY AND REPRODUCIBILITY 

11.1 Кepeatabiliiгу  

For NDMA, the coefficient of variation at the 1 pig/kg level is 8%. 

11.2 Reproducibi lity 

No data available. 

12. RECOVERIES 

12.1 Recovery test of NDMA added to fish-hem samples 

Amount of NDMA added 	Recovery of NDMA (%) 	Average 

0 ppb (control) 	n.d. 
10 pрb 	 61.3 	64.1 	61.3 	62.2 
25 pрb 	 61.6 	56.0 	63.8 	60.5 
50 ррb 	 58.3 	56.3 	58.0 	57.5 

n.d.: not detected (less than 1 ррb). Size of sample 
analysed: 100 g. 

13. NOTE ON PROCEDURE 

13.1 	To obtain reduced pressure in the rotary evaporator an 
aspirator is employed. 	The temperature of the bath is 25-3000. 

13.2 	Clean-up method 9.2.1 is preferably applied for nitrite-treated 
and salted fish raw products and fish eggs, while clean-up method . 
9.2.2 is mainly applied to fish ham, fish sausage and cured meat 
products, such as ham, sausage and bacon. 
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14. sСНЕгАТIС  RЕРЕЕSЕNтАтlОN OF lIE PROCEDURE 

Sample (100 g) 
v 

Add К2С03 (5 g) C12С12 (200 ml) 

Extract in а  blender 

Repeat extraction twice 

Sulk CH2С12 extracts 

Evaporate under reduced pressure at 
25-30°с  Co 	20-30 ml 

Add 10 g (Bа(01)2, 10 g NaC1 and 100 
ml 120 

Steam distill 

Collect distillate СН2С12 + 150 
(or 300) ml 120 

Clean-up on ion-exchange соlw rг 	Clean-up on Celite cofwnn 

Remove СH2C12 	 Extract with С12С12 (2 x 150 ml) 
ј  

Adjust pH to 6.5 	 Dry СН2С12 extract on 35 g 
anhydrous Nа2, 01 

Chromatograph (ion-exchange, 
Amberlite CC-120, buffered at 	 Evaporate in vacuum to 1 ml 
pH 6.5) 

Chromatograph on Celite 545 
Extract eluate with СH2С12 	 column (add 4 m1 6 N ICi to 6 g 
(2 x 150 ml) 	 Celite 545, and pack in a glass 

j 	 column with fritted plug.) 
Combine СН2С12 extracts 	 { 
} 	 Wash with 200 ml n-pentane 

Dry on 35 g anhydrous Na2S0y 
Elute with 40 ml СН2C12 

Add internal standard 
(1 цg NDi-BA) 

Evâporate under reduced 
pressure at 25-30°C or 
K-D, to 1 ml 

GCS analysis using an AFID 
(KBr mono--crystal) detector 

Examine positives by CC-Ms 
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National Institute of Health 
Department of Biomedical Research on Food 
2-10-35 Kamiosaki 
shinagawa-ku 
Tokyo 
141 Japan 

Contact point: Dr T. Kawabata 
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METHOD 3 - ANALYSIS OF VOLAТILE N-NITROSAMINES 
IN FOOD USINГ  FLAME ТHERMIОNIC DEТECТION AND 

MASS SFЕСТRОMЕТRY CONFIRMATION 

W. FIEDIER, J.W. PENSРВЕНE, J.С. 1XDLEY & А.E. j^TASSЕRPгАN 

L SCOPE AND FIELD 0F APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-nitrosamines in meat and cheese products. 

The method has a limit of detection of 0.5 microgram per kilogram 
(g/kg) in a 25 g sample. 	The confirmation by mass spectrometry (Ms) 
requires 3 цg N-nitrosamine. 

2. REFERENCES 

Fazio, T., Howard, J.W. & White, R. (1972) 	'ARC scientific 
Publications No. 3, 16-24 

Fiddler, W., Pensabene, J.W., Fagan, J.C., Thorne, E.,7., Piotrowski, 
E.G. & Wasserman, А.E. (1974) 	J. Rood Roi., 39, 1070-1071 

Э. DEFINITION 

Volatile N-nitrosamine Contents of meat and cheese products: the 
N-nitrosamine contents determined according to the procedure described 
in this method and expressed as ig/kg (parts per billion). 

4. PRINCIPLE 

N-Nitrosamines are extracted with dichloromethane from з  niethanolic-
alkaline digest of the foodstuff to be analysed, the extract is 
distilled and the distillate washed with hydrochloric acid and sodium 
hydroxide. 	The dichloroniethane solution is concentrated to 1 m1 and 
contaminating material removed by passage through a column containing 
acid-treated Florisi1 and silica gel. The concentrated sample is 
analysed quantitatively by gas-chromatography (GC), with flame themmo2ic 
detection. 	The presence of Л]-nitrosamines is confirmed by MS. 

-109- 
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5. HAZARDS 

N-Nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of ]V-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines1 and stringent requirements2 for handling chemical 
carcinogens are available. 

б. REAGENTS3 

Methanol 
	

Baker, redistilled from Zinc dust 

Di chioroine thaпe 	 Burdick & Jackson "diѕtiцед  in glass" 

n-Pentane 

Diethyl ether 

Perfluorokerosene (PFK) 

Xyl ene 

Potassium hydroxide 

silicon carbide grains 

Fisher "certified for pesticide 
residue analysis" 

Burdick & Jackson "distilled in glass" 

As supplied for mass spectrormetry 

Analytical grade 

Analytical grade 

Fisher "Beileezers" B-365 

Calcium sulfate 	 Harmon Drierite Co. (8 mesh) 

Barium hydroxide 	 Analytical grade 

Sодiиm sulfate 	 Наrmоn Drierite Co. (8 mesh) 

Silica gel 	 Merck E 7734 (# 68 01--41) 

Florisil 	 60-100 mesh (F-100) washed with 
methanol then dichloromethane and 
dried in vacuum oven 

1 Steere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Char. Educ., f1 (6), АЗ22-А325 

2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. Department of HeaZth, Education and Welfare 
PuЫ2cation (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommendation 
of the company and/or product by the International Agency for Research on 
Cancer to the exclusion of others which may also be suitable. 
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Nitrogen 

Helium 

5odium hydroxide 5N 

Hydrochloric acid 6N 

N-nitrosamine standard 
solutions 

Ultra high purity 

Ultra high purity 

For each N-nitrosamine a standard 
solution (A) 100 mg/1 is prepared in 
dichloromethane and diluted to 5 mg/l` 
(B). 	Solutioп  C is then prepared to 
contain all the N- nitrosamines of 
interest, each at 0.5 mg/1. 	Ail 
standard solutions are kept in a 
refrigerator at 40C in brown bottles 
with teflon-lined caps and renewed 
every two months. 

NOTE: To ensure the absence of traces of N-nitrosamines or inter-
fering material a test must be performed using the procedure 
described in section 9, but omitting the sample. 

7. APPARATUS 

Usual laboratory equipment and the following items: 

Liquid-liquid extractor 	Kontes (К001596-175) or equivalent 

Evaporative concentrator 	kuderna Danish, 250 and 500 ml 
(К-D) 	 capacity 

Concentrator tube - 4 iii capacity 
graduated Kontes (К-570050) or 
equivalent 
Snyder (3 sections) and Micro--Snydеr 
distillation columns 

Clean-up column 	 Chromatographic column (14.5 х  250 mm), 
with teflon stopcock (water cooled) 

Gas chromatograph 	 Varian-Aerogrаph Model 1740-1, 
KC1-coated coil, alkali f laine-
ionization detector 

Gas chronvatograph/ 	 Varian Model 1720, flame-ionization 
Mass spectrometer 	 detector, effluent splitter: 1:1 

coupled to DuPont Model 21-492 mass 
spectrometer, using a GC/Ms interface: 
5S J. & T.-type. 

1 Reference to a company and/or product is for the purpose of information 
and identification only and does not imply approval or recommendation of 
the company and/or product by the International Agency for Research on 
Cancer to the exclusion of others which may also be suitable. 
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8. SAMPLING 

Proceed from a representative sample and store iп  such a way that 
deterioration and change in composition are prevented (see Chapter 1, 
sampling and samples). 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Digestion 

9.1.1 Weigh 100 g of representative sample into a 1000 ml round -
bottomed flask. 

9.1.2 Add 200 ml methanol, 30 g potassium hydroxide and silicon 
carbide grains. 	5hаkе  to mix. 

9.1.3 Insert condenser, place on heating mantle and reflux for 
3-5 hours to digest. 

9.1.4 After cooling to room temperature take two separate 
aliquots of digest, each equivalent to 25 g of sample. 
For determination of recovery, add 1.0 ml of N-nitrosamine 
standard solution C to one of the aliquots. 	Treat each 
aliquot separately according to the following instructions 
(9.2.1 to 9.6.9): 

9.2 Liquid-ligwid extraction of digest 

9.2.1 Place wad of glass wool over aperture in bottom of liquid- 
liquid extractor. 	Add 30 ml water, 25 g calcium sulfate 
and 100 nil dichloromethane, then add one of the aliquots 
from 9.1.4. 

9.2.2 Attach to siphon arm, 250 ml boiling flask containing 50 ml 
dichioromethane and silicon carbide grains. 

9.2.3 Add sufficient water to begin to displace dichioromethane 
into boiling flask. 

9.2.4 Fit dispersion tube, coiled water condenser and heating 
mantl e. 

9.2.5 Extract for 5 hours. 

9.3 Distillation of liquid-liquid extract 	 4 
9.3.1 Add 75 ml 5 N sodium hydroxide and 8 g barium hydroxide to 

250 ml boiling flask containing dxchloromethane extract 9.2.5 

9.3.2 Connect distillation head, foam trap condenser and receiver. 
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9.3.3 Distil off dichloromethane and discard. 

9.3 .4 Collect 60-65 ml aqueous distillate In 250 ml separation 
funnel, 

9.4 Solveпt extraction of distillate 

9.4.1 Add 5 ml б  N hydrochloric acid, 70 ml dnLehloroinethane to 
distillate from 9.3.4 and shake for 3 min. 	Separate organic 
and aqueous phases. 

9.4.2 Repeat twice the dichioroniethane extraction of the aqueous 
phase from 9.4.1 

9.4.3 Combine the three dichloromethane extracts in a 500 ml 
separation funnel. 

9.4.4 Add 50 ml б  N hydrochloric acid and shake for 1 min. 

94.5 Separate lower layer (dichloromethane) into 500 m1 
separation funnel containing 50 ml 5 N sodium hydroxide. 

9.4.6 Wash aqueous hydrochloric acid layer twice with 25 ml 
dichloromethane by shaking for 1 min and separating 
(washings). 

9.4.7 Add dichloromethane washings to dichloromethane extracts 
and sodium hydroxide solution (9.4.5) and shake for 1 min. 

9.4.8 Draw off dichloromethane layer. 	Pass through 35 g 
anhydrous sodium sulfate (pre-wet with dichloromethane), 
held in a fritted glass funnel, into a 506 ml 
KD evaporator with concentrator tube attached. 

9.4.9 Wash alkaline layer from 9.4.7 with 25 ml dichlorвmethane 
by shaking for 30 seconds. 	Separate and transfer dichloro'- 
methane fraction to the K-D 

9.5 Concentration of extract 

9.5.1 Add silicon carbide grains to the K-D, attach 3-section 
Snyder column and concentrate to approximately 4 ml in a 
steam bath. 

9.5.2 Continue concentration (removal of dichloromethane) to 1 m1 
with a Micro-5пyder column in a water bath at 70°C. 

9.6 Соlх  n-chromatographic clean--up of concentrate 

9.6.1 Add 1 g acidified Florisil (10 g + 8 ml б  N hydrochloric 
acid) to chromatographic column containing a glass wool 
plug. 

9.6.2 Add 4 g silica gel to column and pack with gentle tapping. 

9.6.3 Place a small piece of glass wool on top. 
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9.6.4 Wash column with 50 ml n-pentane. 

9.6.5 Stop flow when liquid is approximately 1 mm above the 
adsorbent. 

9.6.6 After diluting the 1 ml dichloromethane extract concentrate 
(9.5.2) in 20 ml n-pentane, transfer quantitatively in small 
portions to the column. 	Stop flow as in 9.6.5. 

.9.6.7 Wash the column with 200 ml dichloromethaпe:n-pentane (1:1) 
(flow rate approximately 20 drops/min) and discard eluate. 

9.6.8 Elute with 125 ml diethyl ether:diehloromethane (1:5) at 
the same flow rate. 

9.6.9 Collect eluate in 250 ml K-D and concentrate to 1.0 ml 
(total sample volume) as described in 9.5.1 and 9.5.2. 
Stopper; retain for CC analysis. 

9.7 GC anaZysis 

9.7.1 GC conditions: 

Column: stainless steel packed with 13% Carbowax 20 M-TPA 
on 60/80 mesh Cas Chrom. P. 
Length: 3.5 m 	o.cl.: 3.2 mm 

Carrier gas: Helium, 50 m1/min 

Column temperature: Programmed 105-200°С  at 4°C/min 

Injection port temperature: 185°C 

Detector temperature: 220°C 

Hydrogen: 58 mI/mm 

Air: 200 т1/min 

9.7.2 GC-procedure: 

9.7.2.1 Inject 8 ц1 of N-nitrosamine standard solution C 
into CC and carry out chromatographic analysis 

9.7.2.2 Using the same conditions, inject 8 ц1 of concen-
trated sample solution (9.6.9) and carry out 
chromatographic analysis. 

9.7.2.3 When a sample shows N-nitrosamine peak, check its 
identity by Ms, after concentration to 0.l-0.2 ml 
under gentle stream of nitrogen. 

9.8 MC confirmation 

9.8.1 CC conditions: 

Column: 3% SE 30 on 100/120 mesh Varaport 30 
Length; 1.8 m 	i.d.: 3 mm 

Carrier gas: Helium, 30 m1/min 
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Column temperature: Programmed 100-200°C at 6°C/min 

Injection port temperature: 200°C 

Detector temperature: 200°C 

CC-Ms interface temperature: 200°C 

9.8.2 MS conditions: 

The MS is adjusted for resolution of 12,000, based on 
appropriate reference peak. 	Reference peaks include: 

I15 

Compound 
	

Exact mass 	Reference 	 ❑M 
M 

N-niitrosodiimethylamine (NDMA) 	74.04800 
N-nitrosodiethy]amine (NDFA) 102.07931 
N-nitrosopyrro]idine (NPYR) 100.06366 
N-m uosomorphоlm e 	(NIOR) 	116.05857 
N-nitrosopiperidioe 	(INPIP) 	114.07931 
N-nitrosodibuty]amine (NDBA) 158.14190 
N-n~trosodiprоpylamine (NDPR) 	]301 1060 
*N-mtrosopro]me methyl 
ester 	 (NPROMe) 158.06914 

*с  н  ОгN+ ion from NPROMe 	128.07115 

69.99857(PF() .057850 
99.99361(PFK) .020858 
99.99361 (PFK) .000700 
106.O7825(xylene) .094084 
106.07825(xyhne) .075426 
154.99201(PFK) .020323 
118.99201(PFK) .093440 

154.99201(PFK) .019853 
1 Э 8.99201(PFK) .076300 

* Both ions used to determine presence of this compound. 

Electron energy: 70 eV 

Accelerating voltage: 1800 V 

Filament current: 200 јА  
Ms is operated in peak matching mode with the reference 
peak set on switch position "A" and the sample peak on 
switch position "B". 

Sensitivity of the CC-MS combination is determined by 
running a standard solution of the N-nitrosamine to be 
confirmed and is checked daily at the start of operation 
and whenever two consecutive samples are found to contain 
no N-nitrosamine. 

sensitivity 	
peak height (mv) 

zig of N-nitrosamine injected 

The CC-Ms interface includes a 1:1 splitter, which allows 
half of the injected N-nitrosamine to enter the Ms. 
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9.8.3 CC-Ms procedure: 

9.8.3.1 With instruments properly adjusted, inject 1 il of 
N-nitrosamine standard solution A into the CC and 
look for signal on M5 to ascertain that the 
instruments are responding. 

9.8.3.2 Inject 2 ul N-nitrosamine standard solution B into 
the CC. 	The effluent from the column is directed 
to the flame-ionisation detector. 	Exactly one 
minute before desired N-nitrosamine peak elutes from 
the CC, open the CC-Ms interface valve. 	Determine 
sensitivity as described above (9.8.2). 

9.8.3.3 Close interface valve. 

9.8.3.4 iTeat column at elevated temperature (nit exceeding 
that used for "conditioning" the column) for 5-15 
min. 

9.8.3.5 Cool column oven to 100°C. 

9.8.3.6 Inject into CC a volume of test solution (9.7.2.3) 
equivalent to approximately 10 ng N-nitrosamine. 
One minute before N-nitrosamine peak elutes from 
GC, open interface valve. 
For confirmation, peak in test solution must be 
superimposed over the reference peak on the oscillo-
scope and the GC retention times must coincide. 

9.8.3.7 For semi-quantitative analysis, measure the peak 
height from the test solution in millivolts and 
compare with the height of the known standard 
(9.8.3.2). 

10. METHOD OF CALCULATION 

V = Total sample volume=l.O ml 
X = Pгаk height of standard (9.7.2.1) 
Y = Neаk height of sample (9.7.2.2) 
C = Concentration of standard = 0.50 цg /nгl 
W = Реаk height of spiked sample (9.7.2.2) 
Z = Аmount of IV-nitrosamines iп  1 kg, therefore 

_ lOOOXVt = 20 Y Z 	( ) ( ) pg/kg or ppb. 
25. W-X 	W-Y 

reсвvery = (W )100 { 

NOTE: If spiked aliquot (9.1.4) has not been analysed, a lower limit 
for Z may be obtained from 

1000(УXС 20 Y Z = 	} = ( - ) ig/kg 
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11. REPEATABILITY AND REPRODUCIBILITY 

1L1 RepeatabiL2ty 

At the 10 pg/kg level, Z is repeatable to within about ± 2 pg/kg. 

11.2 ReproducibiZ2tгу  
In the same range, the method is reproducible to within approxima-

tely 2-3 pg/kg 

12. SCHEMATIC REPRESENTATION OF THE PROCEDURE 

3aтрlе  

D gestiоn in methanolic Kil 

Lquid-liquid extraction by Сн2С12 

Distillation from alkali 
75 ml 5N-Nаон, 4 g ва(он)2 

Сн2С12discarded C?llect 60-65 ml aqueous distillate 

Acidify with 5 ml 6h HCl 

Extract three times by 70 ml Сн2С12 

Wash with 50 ml 6N HC1 

Wâsh with 50 ml 5N Nail 

Etract acid washing with Сн2С17 
Bulk with Сн2C12extraсts 

Dry with anhydrous Na2S0,± 

Сônceпtrate with Snyder column to 4 ml 

Сôпcentrate with micro Snyder column to 
t1 ml 

Column chromatography clean-up on 
lacidilied Florisil- Silica gel 

Elute with СН2С12:n-pentаае  1:1 
dјеСhуl-еthег:Сl2Сl2 	1:5 

Recover diethyl-ether: С12С12 

Сônсeпtxаte with K-D 

G~С  analysis 

MS confirmation of positives 
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13. ORIGIN 0F THE uETH0D 

United States Department of Agriculture 
600 E Mermaid Lane 
Philadelphia PA 19118 
USA 

Contact point: Dr W. Fiddler 



METHOD 4 — АNАLYSIS OF VOLATILE N-NITRОSАМINES USING 
GАЅ  CHROMATOGRAPHY WITH COULSОN DETECTOR: 

Е5ТIМАТIОN 0F N-NITROSOPYRROLIDINE BY THIN-LAYER 
CHROMATOGRAPHY WITH FLUORIMETRIC DETECTION 

N.Р. 5ЕN 

1. SCOPE AND FIELD OF APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-nitrosamines in meat products, including 
cooked bacon and cooked bacon fat. 	The method can be applied to other 
types of foods, such as cheese, fish, fish meal, vegetables, alcoholic 
beverages, soya bean oil, wheat flour, spices and spice nitrite curing 
mixture 

The gas chromatography (CC) method, with the Coulson electrolytic-
conductivity detector, has a Limit of detection of 1 ng for 1-nitroso- 
dimethylamine (NDMA) and N-nitrosodiethylamine (NDEA). 	For high 
molecular weight N-nitrosamines and cyclic N-nitrosamines such as N-
nitrosopiperidine (NPIP), the limit is 5 ng. 

The thin-layer chromatography (TLC) method for NPYR, with fluоri-
metric estimation, has a limit of detection of 10 ng. 

2. REFERENCES 

Fine, D.Н., Rounbehler, D.P. & Sen, N.P. (1976) 	J. Agric. Food 
C12ет., 24, 980-984 (Tables I & II) 

'ARC collaborative study data: 

TARC Scientific РиЫtcаnoпs No. 9, p. 61, Table 3, 
Laboratory No. 18 

'ARC Scientific Р  Ыиcoü-опs No. 14, p. 79, Table 2, 
Laboratory No. 18, Coulson and TLC 

Iyengar, J.R., Panalaks, T., Miles, W.F. & 5en, N.P. (1976) 
J. Foi. Food Agric., 27, 527--530 (Table I) 

Panalaks, T., lyengar, J.R. & Sen, N.P. (1973) 	J. Assoc. Off. 
Ana Z. Char., 56, 621-625 

-119- 
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5еп, N.Р., Donaldson, B., seaman, S., Iуeпgar, J.R. & Miles, W.F. 
(1976) 	J. Аgric Fооd Chem., 24, 397-401 (Table III) 

3. DEFINITION 

Volatile Л1-nitrosamine contents of meat products: the N-nitrosamine 
contents determined according to the procedure described in this method 
and expressed as micrograms per kilogram (ig/kg) (parts per billion). 

4. PRINCIPLE 

An alkaline slurry of the sample is extracted with dichloromethane 
aпд  an aliquot of the extract is used for N-nitrosamine analysis. 
The N-nitrosamines are separated from interfering compounds by distilla-
tion from an alkaline solution, followed by an acid wash (to remove 
amine components) and chromatography on a basic alumina column. 	The 
levels of all the N-nitrosamines, except NPYR, are estimated by CC, using 
a Coulson electrolytic-conductivity detector (pyrolytic mode) • and that 
of NPYR by thin layer chromatography using fluorimetric detection. 

5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of IV-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines 

General outlines1 and stringent requirements2 for handling chemical 
carcinogens are available. 

1 Steere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Char. Educ., 51 (6), АЗ22-А325 

2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. Departтеnt of Health, Education and Welfare 
Publication (NIH), 75-900 (1975) 
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6 RBAGENTs1 

Dichioromethane All solvents are of analytical grade 
n-Heptane and distilled from an all-glass 
n-Pentane apparatus. 
n-Hexane Anhydrous solvents are dried over 
Diethyl-ether anhydrous sodium sulfate. 

Sodium sulfate Analytical grade (powdered and 
(anhydrous) granular) 

Silicon carbide grains Fisher's "Boileezers" B-365 

Potassium carbonate Analytical grade 

Basic alumina Aluminium oxide (without binder), 
Woelm basic, activity grade 1, for 
chromatography (Alupharm Chemicals). 
Heat alumina at 500°C for S hours, 
cool in a desiccator, add 3% water, 
mix well in a stoppered flask and 
store the stoppered flask inside a 
desiccator over silica gel. 

Antifoam "А" Dow Corning Silicones Inter-America 
Ltd. 

Silica gel plates MN-Silica gel C-HR for TLC 
(Macherey, Nagel & Ci, Germany). 
Note: 	other brands may not be 
suitable. 	Prepare plates 0.5 mm 
thickness, dry at 90°С  for 45 min aid 
store in a dry box. 

Potassium hydroxyde З  N 

Potassium carbonate 20% in distilled water 
solution 

Glycine-hydrochloric 	Dissolve 22 g glycine in 200 ml 1 N 
acid buffer 	 hydrochloric acid, dilute to 1000 ml 

with water aid adjust pH to 2.1 t 0.1 
with 1 N hydrochloric acid or 1 N 
sodium hydroxide. 

Ninhydrin solution 	 0.3% in 95% ethanol, store at 4°C. 

1 Reference to a company and/or product is for the purpose of infor-
mation and identification only and does not imply approval or recommen-
dation of the company and/or product by the International Agency for 
Research on Cancer to the exclusion 0f others which may also be 
suitable. 
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N--Nitrosamine standard 	Solution A: contains 10 mg/1 of each 
solutions 	 of the N-nitrosamines of interest in 

dichloromethane . 
Solution B: contains 1 mg/i of each 
of the N-nitrosamines of interest in 
dichloromethane. 
All standard solutions are stored at 
-20°C. 	The stoppered containers 
should be placed inside a second vessel 
containing some dichloromethane (as 
the atmosphere in the latter is 
saturated with respect to dichloro--
methane,evaporation is prevented. 
Concentrated ( 1060 mg/i) stock 
solutions are renewed once a year, 
diluted standards (= 1-10 mg/1) once 
a month. 

NOTE: To ensure the absence of traces of N nitrosamines or other 
interfering material, a blank test must be performed using 
the procedure described in section 9, but omitting the 
sample. 

7. APPARATUS1 

Usual laboratory equipment and the following items: 

Blender Stainless-steel blender with 
variable speed 

Distillation apparatus All-glass flash evaporator with 
provision for circulating ice-cold 
water through the condenser 

Evaporative concentrator Kuderna-Danish Flask 
(К-D) (a) 35 m1 micro concentration flask, 

graduated to 1.0 m1 (Fig. 1) 
(b) 1000 m1 flask graduated to 20.0 m] 

(Fig. 	2) 
Snyder columns (a) large, with 3 
sections and 24/40 joints; 	(b) micro, 
with 3 sections and 14/20 joints 
(Kontes Glass Co.). 

1 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recominenda-
tim of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which piay also be suitable. 



METHOD 4 	 123 

Chromatography column Glass, with teflon stopcock. 
Length: 	24-25 cii; 	o.d.: 	1-1.2 cm. 

Gas cteromatograph Varian Aerograph model 2700, connected 
to а  Coulson detector (Tracor Inc.) 
operating in the pqro1ytic mode 
(i.e without catalyst or hydrogen 
gas) . 

W viewing chamber Chroinato-Vue (Ultraviolet Products 
Inc., San Gabriel, California). 
Use the top short-wave lamp as well 
as the bottom transil1umintor for 
viewing purposes. 

UV irradiation lamp General Electric G15T8 germicidal 
lamp used without filter and enclosed 
in a wooden box. 

5eрaratоry funnels 1000 ml or 500 ml, with teflon 
stoppers and stopcocks (do not use 
grease) 

FTG. 1 

VOLUME 20-25 пil. 
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FIG. 2 

8. SАНРLTNG 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented (see Chapter 1, 
Sampling and samples). 

9. PROCEDIIRE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 
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9,1 Extraction 

9.1.1 Depending on the kind of sample, weigh 25-100 g (see Note 
on Procedure, 12) and transfer quantitatively to the blender. 
Rinse sample container with 40-60 ml dichioromethane and add 
rinsings to the sample. 

9.1.2 Add 50-60 ml 3 N potassium hydroxide to the sample, mix well 
with a spatula. 	Add 600 ml dichloromethаne and blend for 
5 min at low speed. 

9.1.3 Add 100-150 g anhydrous sodium sulfate (granular) and blend 
for 5 min at low speed. 

9.1.4 Carefully decant and filter extract through glass wool, using 
enough to ensure retention of all solid particles, and collect 
filtrate in a 2000 ml volumetric flask. 

9.1.5 Repeat extraction of the sample residue in the blender with 
600 ml dichloromethane for $-1i min. 	If emulsion forms, it 
may be broken by sprinkling about 20 g anhydrous sodium 
sulfate on the surface. 	Filter as above (9.1.4). 

9.1.6 Repeat 9.1.5 twice, but using less dichloromethan 
(e.g., 400 ml), if necessary so that the final volume of 
filtrate does not exceed 2000 ml. 

9.1.7 Make up volume to 2000 m1 with dichloromethane and mix well. 

9.2 DisblZaDan aad extraction 

9.2.1 Place a 600 ml aliquot of the extract from 9.1.7 in a 2000 ml 
distilling flask. 	Add 200 ml 3 N potassium hydroxide, a few 
silicon carbide boiling chips and about 1 g actif oar "A". 

9.2.2 Distil under vacuum until all dichloromethane is distilled 
off. 	Discard dichloromethane distillate. 

9.2.3 Continue vacuum distillation, using a water bath at about 
45°C, and collect about 170 ml aqueous distillate (during 
distillation, ice-cold water must be passed through the 
condenser and the collection flask must be immersed in ice). 

9.2.4 Rinse condenser with 200 nil dichloromethane and use the 
rinsing for the first extraction in step 9.2.5. 

9.2.5 Add 34 g potassium carbonate to distillate and mix. Extract 
the solution with two 170 ml portions of dichloromethane. 
Discard the aqueous phase. 

9.2.6 Combine the two dieh1oromethane extracts in a separation 
funnel and wash by shaking with 50 m1 of glycine buffer, then 
with 50 m1 20% potassium carbonate solution. Discard the 
aqueous phase in each case. 

9.2.7 Dry the organic layer over powdered anhydrous sodium sulfate 
in a glass-stoppered Erlenmeyer flask dor 30 min. 	shake 
occasionally. 



126 	 SEN 

9,2.8 Filter through Whatman No. 1 filter paper and collect 
filtrate in a 1000 ml concentration flask (к-D) (Fig. 2). 

9.3 Concentration and сlеап-up on alumina column 

9.3.1 Add 1 or 2 "Boileezers° to the flask (9.2.8), fit Snyder 
column and concentrate dichioromethane extract to 15 ml by 
heating the flask in a water bath (50°C). 

9.3.2 Add 20.0 m1 anhydrous n-heptane through the top of the 
5пудеr column, continue heating until volume is reduced to 
20-21 ml (during the last stage, raise water bath temper-
ature to 80-90°C). 
Overheating or prolonged heating at 90°C will result in 
excessive losses of N-nitrosamines. 

9.3.3 Remove flask from water bath and rinse Snyder column with 
1 ml aпhуΡdrous n--heptane. 	Add rinsing to concentratea 
solution from 9,3.2. 

9.3.4 Prepare an alumina column by filling three-quarters of the 
chromatography column with anhydrous n-pentane, then adding 
sufficient alumina to obtain a column 3.5 to 4 cm high. 

9,3.5 Pass n-heptane solution of sample extract through column 
at a flow rate of about i inl/min; discard effluent. 

9.3.6 Wash column with 50 ml auhydrous n-pentane (2 ml/min); 
discard washing. 

9.3.7 Elute соluтп  with 50 ml anhydrous dichloromethane (2 ml/min). 
Collect eluate in а  125 ml Erlenmeyer flask (24/40 joint). 

9.3.8 Add one or two "Boileezers" and concentrate eluate to about 
10 ml by heating in a water bath at 60°C (use a Snyder 
column). 

9.3.9 Quantitatively transfer concentrate to a micro concentration 
flask, fit micro snyder column and concentrate to 0.8 ml. 
(Final volume of concentrates should not be less than 0.8 ml 
at any stage. 	Do поt use any silicon carbide grains in the 
micro flask). 

9.3,10 Make up volume to 1.0 ml with dichloromethane and use 
aliquots for GC or TLC analysis. 

9.4 GC analysis 

9.4.1 CC conditions: 

Column: stainless steel packed with 10% Carbowax 20 M 
on 60-80 mesh Chromosorb W, н1ЮS-treated. 
Length: 2m; 	O.D.: 3.2 mm. 

Carrier gas: Helium, 30 nil/mmn 
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Column temperature: isothermal 90°C 

Injector temperature: 190°C 

Transfer line temperature: 200°C 

The effluent from the column must be vented to atmosphere 
for the first З  min after each injection. 

9.4.2 Procedure: 

9.4.2.1 Inject 5 p1 of P-nitrosamine standard solution A 
(10 mg/1) and check the detector sensitivity. 
Change Coulson furnace temperature (by 50°C at a 
time) and determine the optimum furnace temperature. 

9.4.2.2 Inject 5-10 u1 of N-тiјtгоѕашјпе  standard solution 
B (1 mg/i). 	(5 cg of each N-nitrosamine should 
give easily distinguishable peaks. 	If not, adjust 
water flow rate through the Coulson cell to obtain 
the required sensitivity), 

9.4.2.3 Inject 4-5 p1 of the concentrated meat extract 
(9.3.10). 	(For good quantitative comparisons, 
the peaks obtained with the meat extract should be 
approximately the same size (t 20%) as those 
obtained with the standards. 	If not, inject 
varying amounts of I-пitrosamiпe standard solution 
B until the respective peak areas are similar in 
size). 

9.5 TLC analysis for N-nit osopyrrolidins 

9.5.1 Spot aliquots of 10 u1 and 100 pi of the concentrated 
extract (9.3.10) and 10, 20 and 40 u1 of N-nitrosamine 
standard solution B on the TLC plate. 	(Do not blow air) 

9.5.2 Develop plate in n-hexane:diethyl-ether:dichloromethane 
(4:3:2) until the solvent front advances about 15 cm. 
(The tank must be lined with filter paper and well 
saturated with the solvent system) 

9.5.3 Take out plate and spray with 30% acetic acid until 
thoroughly wet (use a fine spray bottle). 

9.5.4 Irradiate plate under Oh-germicidal lamp for 10 min. 

9.5.5 Let plate dry at room temperature for 1 hour. 

9.5.6 Sрrау  plate with ninhydrin solution until plate is 
thoroughly wet. 

9.5.7 Place plate flat on its back inside an oven (90-100°C) and 
heat for 15-30 min. 
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9.5.8 Take out plate, cool for 2-3 min and place inside viewing 
chamber. NPYR should appear as orange fluorescent spots 
(other N-nitrosamines do not fluoresce). 

9.6 Analysis of sp2ked wmple 

Using the same procedure (9.1.1 to 9.5.8), repeat analysis with 
the same sample spiked at the 10 or 25 ug/kg level with all the N-
nitrosamines of interest. 

10. METHOD 0F CALCULATION 

10.1 GC method 

The amount of N-nitrosamine present in the extract is calculated 
by comparison ofthe peak areas obtained with the standard solution 
and the sample extract. 

10.1.1 The content of N-nitrosarnine,x, (not corrected for 
recovery) is given by: 

1000 VvsCs 	Аe 

Zx = Wv 	pg/kg 
e 	 5 

where 

V 	= Volume of concentrated extract (9.3.10) 	(ml) 

v 	= Volume of standard solution в  injected (u1) 
s 

v 	= Volume of concentrated extract injected (pi) 
e 
C 	= Concentration of standard solution B (pg/m1) 
s 
W 	= Weight of sample 	(9.1.1) 	(g) 

A 	= Peak area of N-nitrosamine, x, from concentrated 
e 

extract (9.3.10) 

A= 
s 

Peak area of 1V-nitrosamine, x, from standard solution 
в  

10.1.2 The content of N-nitrosamine, x, in the spiked sample is 
given by: 

1000 Vv C /A 
s s se 

2 	
_

sx 	 Wv 	A 	
pg/kg 

e 	s 

where 

A 	= Реаk аrеа  of N-nitrosamine, x, from concentrated Se  
extract of spiked sample 

The other symbols are defined in 10.1.1. 
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10.1.3 The recovery of N-nitrosamine, х, is given by: 
R = W l Zsx - Zх~ % 
х 
	10 VC 

where 

V = Volume of spike added (m1) 
C = Concentration of standard spike solution (ig/ml) 
W = Weight of spiked sample (g) 

10.1.4 The content of N-nitrosamine, x, corrected for recovery, 
is given by: 

100 Z 
_ 	X 

R 	1 g/kg 
X 

10.2 TLC method 

The NPYR content is estimated by comparing the size and intensity 
of the spots obtained with the sample extract with those obtained with 
the standard solution. 	Failure to detect 10-20 ng of IйРУR in a 
standard spot will suggest that the procedure is not working and 
should be repeated. 

11. REPEATABILITY AND REPRODUCIBILITY 

11.1 Repeatability 

No data are available for the whole method. 

GC-Coulson: ± 5% for repeated injection of the same solution or 
extract. 

TLC-1luorimetric: ± 20% for repeated spotting of the same solution 
or extract arid comparison with a standard spotted beside it. 

11.2 reproducibility 

No data available. 

12. NOTE ON PROCEDURE 

The following rough guide may be used to choose the weight of 
sample to be employed in 9.1.1: 

- 25 g for samples which give high background interference 
(e.g., fish meal, mixture of spices and nitrite) 

- 50 g for samples which give moderate background interference 
(e.g., fried bacon, cooked bacon fat) 

- 100 g for samples which give low background interference 
(e.g., meat, fish, cheese, vegetables, etc.) 

- 25-50 g for samples rich in N-nztrasammes: 
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If enough sample is not ацаil.аЫ  e, weigh 25-100 g sample, extract 
as described in 9.1 using proportionately smaller amounts of reagents 
arid solvents. 	Then, in step 9.2.1, use the total extract obtained 

in 9,17, 

13. SCHENATIC REPRESENTATION OF PROCEDURE 

5sп{iу  е  (25 to 100 g) 
Ад} 3 N КОН  solution and 052012 
Extract in blender 

Add Nаp50ц  
{ 

Dry} in blender 

Fiilter through glass wool 

Filtrate 	 ~ prv{ residue 

Ад  СH2Сl2 extract in blender 

Filtrate 

- 	 Filtrates_ Ore 7[esidue 

\ 	 'Ад  СН2С12, extract in blender 
\\Ъ 	Filtrate 

J Filtrate 	 Dry residue ---f Discard 

Make up to 2660 xl 

Take 600 ml 
Add 200 m1 3N--К0Н  solution 

Di 4ti1 nuder vacuum and discard 
methylene chloride distillate 
} 

Dia Cil aqueous residues under vaçuum 
an collect 170 m1 aqueous distillate 

Ad К2С03 
{ 

Extract with СH2С1p 
Wa}h with glycine buffer and КуСОз  202 
{ 

Dry 012012 on Na2SOц  
Ссiсепгraгe with snyder coluno 
Тг  .аsгer to n-heptane 

Clean-up by adsorption chromatography 
oa alumina 

{ 
Concentrate eluate with micro Snyder column 

GO analysis 	 TLC aпalpsls on 	Spray with 101 
Coulson 	 silica gel platеи 	} 

DV
{
irradiation 

Spray with ninhydrin 
4 

Hast the plates 

F$timate NPYR by W 
fluorimetry 
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14. ORIGIN OF TIF METHOD 

Health and Welfare Canada 
Health Protection Branch 
Food Research Division 
Tuпnеy's Pasture 
Ottawa, Ontario K1A 0L2 
Canada 

Contact point: Dr N.P. Sen 
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METHOD 5 - DETERMINATION OF VOLATILE N-NITROSAMINES 
IN FOOD BY CHEMILUMINESCENCE UJ ING THE THERMAL 

ENERGY АNALYSER 

D.H. FINE 

1. SCOPE AND FIELD OF APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-nitrosamines in a wide range of food-
stuffs, drinks, biological materials, pesticides, cutting fluids and 
cosmetics. 

The method as described has a limit of detection of 5 micrograms 
per kilogram (ug/kg) in a 20 g sample, but this can be loweted to 
0.05 pg/kg in a 20 g sample by further concentration of the extract. 

2. REFERENCES 

Fine, D.H., Rufeh, F. & Lieb, D. (1974) 	Nаtu е, 247, 309-310 

Fine, D.H. & Rounbehler, D.P. (1975) 	ј. Ohrotuatogr., 109, 271-279 

Fine, D.H., Rufeh, F., Lieb, D. & Rounbeh1er, D.P. (1975) 	Ana Z. 
Chет., 47, 1188-1191 

3. DEFINITION 

Volatile N-nitrosamine contents: the N--nitrosamine contents 
determined according to the procedure described in this method and 
expressed as g/kg (parts per billion). 

4. PRINCIPLE 

The procedure includes vacuum distillation of the N-nitrosamines 
from sodium hydroxide and mineral oil, acidification of the distillate, 
extraction of the N--пitrosamines into dichloromethane and gas-liquid 
chromatography (CC), using a thermal energy analysis detector (TEA). 

-133- 
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5. HAZARDS 

N--nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosзmines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently eтрlоуеd, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution 
of material containing N-nitrosamiпes. 

General outlines1 and stringent requirements2 for handling chemical 
carcinogens are available. 

6. нЕАGENТS3 

Mineral oil Commercial grade 

➢Xhlоtumethаaе  Burkick & Jackson Laboratories Inc. 

Sodium hydroxide 0.1N 

Hydrochloric acid 0.lN 

N-Nitrosamine standard (a) External standard, lmg/l of 
solutions any N-nitrosamine in dichloro- 

methane. 
(b) Internal standard; a mixed solution 

in water containing 1 mg/l of each 
of the N-nitrosamines of interest. 

More concentrated stock solutions may 
be prepared and diluted as required. 
Both stock and diluted standard 
solutions should be renewed every two 
months. 

NOTE: 	To ensure the absence of traces of N-nitrosamines or inter- 
fering material,a test must be performed using the procedure 
described in section 9, but omitting the sample. 

1 Steere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
geпs. 	J. Cher. Edис., 57 (6), А322-А325 

2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. Department of нейth, Education and Welfare 
Puъ1iсation (NIH , 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be suitable. 
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7. APРARAТU51 

Usual laboratory equipment ana the following items: 

Distillation apparatus (Fig. 1), 

Any single--column, temperature-programmable gas chromatogтaph, 

Thermal Energy Analyser (TEA) (Fig. 2), Thermo Electron Corporation. 

FIG. 1. DISTILLАTIОN APPARATUS 

THERMOMETER WEl 

N 

11d1'~ 

FIG. 2. THERMAL ENERGY ANALYSER 

OZONE 	REACTION 
Y 	CHAMBER 

ТÉA 
GC 	 CATALYTIC 

PYROLYZER 

CARRIER 	 --  
GAS  

RE57R1GTЮN 
HEATED 

STAINLESS 

INJECTION 	 STEEL VACUUM 

PORT 	 TUBE PUMP 
250°C 

RED FILTER 

PM ТUBЕ  

1 Reference to a company and/or product is for the purpose of informa-
till and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion ofothers which may also be suitable. 
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8. SLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented; see Chapter 1, 
sampling and Samples. 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Distiliaiion from minerai oii 

9.1.1 Weigh 25 g of food sample. 

9.1.2 Cut into slices or mince in a food grinder. 

9.1.3 Place in a 500 m1 round-bottomed flask (see Note on Procedure 
section 13). 

9.1.4 Add 20 ml crude mineral oil and 4 ml O.1N sodium hydroxyde. 

9.1.5 Connect greased adapters and thermometer to the flask 
(Pig. 1), connect adapter to traps and connect traps to 
vacuum pump manifold. 

9.1.6 Immerse traps in liquid nitrogen in а  Dewar flask. 
9.1.7 Open system to vacuum pump and adjust pressure to 2 torr. 

9.1.8 Heat round-bottomed flask slowly. 

9.1.9 stop the distillation when the thermometer in the vapour 
phase indicates 110°C (about 40 min). 

9.1.10 Release vacuum, remove Dewar and allow traps to reach room 
temperature. 

9.2 Boivent extraction and concentration 

9.2.1 Transfer the melted distillate to a 125 ml separation 
funnel. 

9.2.2 Rinse tube A (Fig. 1) and the trap with water and add 
rinsing to the distillate. 

9.2.3 Add 4 ml 0.1 N hydrochloric acid and 10 ml dichioromethane; 
shake for З  min. 

9.2.4 Repeat dichloromethane extraction twice. 

9.2.5 Combine dickiloromethane extracts and dry over = 10 g sodium 
sulfate. 	Rinse sodium sulfate with 10 ml dichloromethane 
and add rinsing to the extracts. 
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9.2.6 Add 150 ц1 isooctane. 
9.2,7 Concentrate to 500 p1 in a concentrator tube fitted with 

а  Snyder column in a water bath at 58°C. 

9.3 Х-TEA anaъгуsis 

9.3.1 CC conditions: 

Column: stainless steel tube, packed with 10% Carbowax 
20 M on Chtumosorb W, 80/100 mesh 
Length: 3.5 m 	i.d.: З  mт  

Carrier gas: Argon, 10 m1/min at 100 psi (7 atmos.) 

Column temperature: programmed 140 to 210°C at 5°C/min 

9.3.2 TEA conditions: 

Pressure: 0.4 torr. 

Oxygen flow rate: 5-10 m1/min. 

9.3.3 Inject 5 p1 of standard solution (a) and meаsпre the peak 
area for the N-nitrosamine. 

9.3.4 Inject 5 p1 of concentrated extract (9.2.7) and measure 
the peak area for all compounds corresponding to the 
retention time of a N-nitrosamine. 	Calculate N-nitros- 
amine contents according to 10.1. 

9.3.5 When recovery correction is desired (see 13), inject 5 p1 
of concentrated spiked sample extract and measure the peak 
area for all compounds corresponding to the retention time 
of a N-nitrosamine. 	Calculate N-nitrosamine content 
according to 10.2. 

10. METHOD OF CALCULATION 

The N-nitrosamine contents are calculated by comparing each peak 
area obtained with the concentrated sample (or spiked sample) extract 
with that obtained with the standard solution (a) 

10.1 The apparentL content, ZX, of IV-nitrosamine,x,in the sample is 

Z - yc xMxç â e 	pg/kg 
x 	V AIW 

e s s 

Not corrected for recovery. 
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10.2 	The apparent1 content, ZXS, of N-пјtrosamiпe,x,iп  the spiked 
sample is: 

V A T C V z 	= s xs x a es 
кс 	ц  A н W 

es s s 
üg/kg 

10.3 The recovery, Rx, of N-nitrosamine,x,during analysis is: 

100W 

	

RX = 
V

C 	\ xs yZх) 
s b 

10.4 The corrected content, Z , of N-nitrosamine x in sample is: 
xc 

100 Z 
Z = ХС 	R 

X 

where 

v 	= Volume of standard N-nitrosamine solution (a) 
s injected (}i1) 

Са  b 	= Concentration of standard N-nitrosamine solution (a), 
(b), 	(mg/1) 

M 	w Molecular weight of N-nitrosamine x 
x 
; 	= Molecular weight of N-nitrosamine in standard solution 

(a) 

W 	= Weight of sample (g) 

A 	= beak area of N-nitrosamine, х, from extract (mm2)2 
x 

A 	= Peak area from standard N-nitrosamine solution (a) 
s 

(mп2)2 

Ais 	= beak area of N-nitrosaminе,x,from spiked sample 
extract (2)2 

ye 	= Volume of extract 	(9.2.7) 	injected 	(i1) 

Ve 	- Volume of concentrated. extract (9.2.7) 	(ul) 

L) 	= es 
Volume of spiked sample extract (9.2.7) injected (l) 

1 Not corrected for recovery. 

2 The area of each recorded peak must be multiplied by the appropriate 
attenuation factor. 
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Ves = Volume of spiked sample extract (9.2.7) (il) 

VS 	= Volume of spike [standard solution (b)1 added at step 
9.1.3 ( 1) 

11. RECбVERIES 

5отe experimental recoveries 
at the sub 5 цg/kg concentration 

of N-nitrosaniines 
level 

from foodstuffs 

NANA NDEA 	NDPA N➢BA NPYR 

Canned tuna fish 71% 90% 98% 100% 

Canned corned beef 75% 90% 95% 100% 

Fried bacon 100% 

Soya bean oil 100% 

12, REPEATABILITY AND REPRODUCIBILITY 

12.1 Repeatability 

At the 5 цg/kg level, the coefficient of variation of the 
results is < 10% for NDMA and < 5% for NDEA, NDBA, NPIP and NPYR. 

At the 2.5 ug/kg level, the coefficient of variation of the 
results for NDMA is < 10%. 

12.2 Reproduеibиlitу  

No data available. 

13. NOTE ON PROCEDURE 

When corrections for incomplete recovery of N-nitrosamines in the 
concentrated extract (9.2.7) are required, the Internal Standard 
Method may be used. 	In this case the sample is spiked with the mixed 
standard N-nitrosamine solution at step 9.1.3 and procedures 9.1 and 
9.2 are then carried out as described. 	An unspiked extract is also 
prepared as described in 9.1 and 9.2. Both spiked and unspiked 
samples must be analysed. 
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14. SCHEMATIC REPRESENTATION 0F PROCEDURE 

Mincing 

Addition of Nail solution (4 ml 0.1 N Nail) and mineral 
oi1 (20 ml) 

Vзcиит  distillation 

Acidification of distillate (4 ml 0.1 N HС1) 

Extraction with СН2С12 (3 x 16 nil) 

Concentration 

GC-TEA analysis 

l5 ORIGIN 0F TIE METHOD 

Thernio Electron Research Center 
85 First Avenue 
Waltham MA 02154 
цSA 

Contact point: Dr D. Fine 



METHOD 6 - MASS SPECTR®МEТRIC DETERMINATION OF 
VOLATILE N-NITROSАMINES AFTER SCRЕЕNINО  BY THE 

CULS®N ELECTROLYTIC DETECTOR 

Т. COUGH & к. тгЕвв  

I. SСOРЕ  AND FIELD 0F APPLICATION 

This method specifies а  procedure for the determination of the 
contents of various volatile N-nitrosamines in meat products, fish and 
related products, cheese, milk and related dairy products, eggs, vege-
tables, fresh and canned fruits, soups, bread and pastry-based foods, 
rice, nuts, frying oils, beverages, salad constituents and cooked 
complete meals, such as mixed grills, stews and casseroles. 

The method has a limit of detection of 0.1 to 5 micrograms per 
kilogram (}ag/kg) in 250 g, depending ou mass spectrometry (IS) conditions 
and the particular IV-nitrosamine. 

2. RЕFЕRЕNСЕS 

Gough, V.A. & Webb, K.S. (1973) 
	

J. Ch'omatogn , 79, 57-63 

Cough, T.A. & Sugden, K. (1975) 
	

Ј. ChTomatogr., 109, 265-269 

Gough, T.A. & Webb, К.S. (1972) 
	

J. Chгromatogr., 64, 201-210 

3. DEFZNITION 

Volatile N-пitrosaтпine contents of foods: the N--nitrosamine 
contents determined according to the procedure described in this method 
and expressed as ag/kg (parts per billion). 

4. PRINCIPLE 

N-nitrosamines are steam distilled from an aqueous slurry of the 
sample and extracted from the distillate with dichloromethane. 	The 
dichloroinethane extract is concentrated to a small volume. 	The 
concentrated extract is screened by gas-liquid chromatography (GC), using 
a Coulson electrolytic-conductivity detector operating in the reductive 
mode. 	Any apparent positive results for N-nitrosamines are then 



142 	 COUGH & WEBB 

confirmed by combined GC and MS. 	Two CC systems are described, one 
using pressure programming and the other column switching. 

5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken ta avoid human exposure. All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated furie hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should 
be removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines1 and stringent requbementsl for handling 
chemical carcinogens are available. 

6. REAGENT53 

Dichloromethaпe 

n-hexane 

Fer fluo го  - tri -n-butylamine 

Sodium chloride 

Antifoam tablets 

Sodium sulfate 

Sulfuric acid, li N 

Sodium hydroxide, 1.5 N 

Analytical grade, fractionally 
redistilled, a middle cut being 
taken. 

Spес  uoso1 grade or equivalent 

Analytical grade 

Antifoanm 'S' (Thompson & Capper Ltd, 
Liverpool) 

Anhydrous, granular, analytical grade 

1 5teere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Cher. Edna., 51 (6), А322-А325 

2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens.. Department of Health, Education and Welfare 
Publication (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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1V-Nitrosamine standard 	Solution (a); 10 mg/1 of each of 
solutions 	 the N-nitrosamines of interest, in 

hexane, 
Sоlиtiоп  (b); 10 mg/1 of NDPA in 
water. 
The standard solutions are stored in 
a dark room at 10°C and renewed 
approximately every 6 months. 	New 
standards are checked against old 
standards. 

NOTE: To ensure the absence of traces of N-nitrosamines or inter-
fering material,a test must be performed using the procedure 
described in section 9, but omitting the sample. 

7. AРРARATцS1 

Usual laboratory equipment and the fo цowiпg items: 

Distillation apparatus 	Distillation flask 1000 ml, 
receiver 500 ml 

Evaporative concentrator 	Kuderna-Danisl-i Flask 500 ml, 
(K-D) 	 Concentrator tube 10 ml 

Gas chromatography 	 1. For use with Cousin detector: 
Vаxiап  1200, fitted with a Coulson 
electrolytic-conductivity detector 
operating in the reductive mode. 

2. For use with the mass spectrometer: 
System A: Philips Research Model, 
fitted with a pressure-programming 
facility which is laboratory built 
(Gough & Webb, 1973). 	Omission 
of this facility will result in 
substantially longer analysis 
times. 
System В: Pye Model 104, fitted 
with a column-switching facility 
(Gough & sugden, 1975). 

1 Reference to a company and/or product is for the purpose of 
information and identification only and does not imply approval or 
recommendation of the company and/or product by the International 
Agency for Research on Cancer to the exclusion of others which may 
also be suitable. 
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GC-MS interface 	 Silicone membrane separator, 
constructed in the laboratory (Gough 
& Webb, 1972), operated at 145°C with 
the transfer line to the MS held at 
160°C. 

Mass spectrometer 	 AEI MS902, fitted with peak-matching 
facilities and operated at a resolution 
of 7000 or 12000, at 10% valley. 

8. SAMPLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented (See Chapter 1, 
Sampling and Samples). 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
such extracts or standard solutions to sources such as 
sunlight should be avoided. 

9.1 Distиllаtиоп  extractиon and concentration 

9.1.1 Comminute 250 g of food and slurry in a total of about 250 m1 
of water, including estimated moisture originally present 
in the sample. 	Place in a 1000 ml round-bottomed concen- 
tration flask. 

9.1.2 Add 100 g of sodium chloride and 2 antifoam tablets, if 
necessary. 

9.1.3 Add 250 p1 of the internal standard solutiorL (b). 

9.1.4 Steam distil the mixture and collect the first 400 m1 of 
distillate. 	Transfer distillate to a 500 nй  separation 
funnel. 

9.1.5 Add 80 g of sodium chloride and 4 ml of 10 N sulfuric acid. 

9.1.6 Extrасt acidified distillate with 4 x 40 m1 of dichloro- 
methane. 	Combine dichloromethane extracts. 

9.1.7 Wash combined extracts with 70 ml 1.5 N sodium hydroxide 
solution. 

9.1.8 Dry organic layer over 40 g anhydrous sodium sulfate. 

9.1.9 Place dried extract in K-D and reduce volume to 2.5 mî 
by evaporation in a water bath at 46°C. 

9.1.10 Add 800 ц1 of n-hexane and continue evaporation to about 
250 ц1. 
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9L11 Measure volume with a 500 p1-capacity syringe. 

9.1.12 Transfer extract to a glass vial fitted with a septum cap 
and store at 10°C. 

9.2 Ргвiimiпсу  screening of extracts by GC witk Coulson detection 

9,2.1 CC conditions: 

Column: stainless steel packed with 15% FFAУ  on 
Diatomite CLQ, 80,-100 BS mesh. 
Length: 6.3 m 	i.d.: 1.8 mm 

Carrier gas: Неliитп, 25 m1/min 

Column temperature: isothermal 140°C 

Injection port temperature: 140°C 

Transfer line temperature: 180°C 

9.2.2 Coulson detector conditions: 

Hydrogen flow rate: 60 ml/min 

Venting block temperature: 180°C 

Furnace temperature: 700°С  
9.2.3 Procedure: 

Inject. a 5 pI aliquot of the extract (9.1.12) on the gas 
chromatograph and compare the retention times of the 
peaks obtained with those of the standard N-nitrosaniines 
(see Notes on Procedure, 13.1). 

9.3 GC-MS confirmation and quantificatиon (2уу  tвm A) 

9.3.1 GC conditions: 

Column: 2 columns in series, 
a) stainless steel, packed with 15% Carbowax 

20M on 80/100 3S mesh Chromosorb W/AW, 
DMCS-treated. 	Length: 2.4 m 	î.d.:1.8 mm 

b) stainless steel, packed with 5% Carbowax 20 M 
on 80/100 35 mesh Chreraosorb W/AW, DMCS- 
treated. 	Length: 5.4 m 	i.d.: 1.8 mm 

Carrier gis: Helium 

Column temperature: isothermal 145°C 

Injection port temperature: 160°C 

9.3.2 MS conditions: 

Accelerating voltage: 8 KV 

Trap current: 100 pA 
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Electron beam energy: approximately 70 eV 

Multiplier voltage: -2Rц  

9.3.3 Procedure: 

9.3.3.1 Introduce perfluoro-tri-n-butylamine, as a 
reference compound, into the M5 via the cold 
inlet system. 

9.3.3.2 Set the MS to monitor the NDMA parent ion, using the 
reference ion at mIe 74 and the mass ratio, as 
shown in Notes on Procedure, 13.2. 

9.3.3.3 Displзy on oscilloscope in peak-matching mode. 

9.3.3.4 Adjust the carrier gas flow-rate to б  m1/min. 

9.3.3.5 Inject a 5 p1 aliquot of the mixed standard N-
nitrosamine solution (a); vent solvent for 5 min. 

9.3.3.6 When NDMA elutes from the GC, record the maximum 
peak height of the parent ion observed on the MS 
oscilloscope. 

9.3.3.7 Reset the 15 magnet current to monitor the parent 
ion of IDEA, using the data in Notes on Procedure, 
13.2, and record the height of this peak. 

9.3.3.8 One minute after the elution time of NDEA, increase 
the CC gas flow-rate to 25 cit/nm, using the 
programming unit. 

9.3.3.9 Reset the MS to monitor the parent ions of NDPA, 
NDBA, NPIP and NPYR, recording the peak heights, 
as before. 

9.3.3.10 Repeat procedure 9.3.3 with 5 pi of the food 
extract (9.1.12) in step 9.3.3.5. 

9.3.3.11 Repeat procedure 9.3.3 with standard N-nitrosamine 
solution (a) to determine whether any change in 
sensitivity has occurred during the injection of 
the sample. 

9.4 CC-MB confirmation and quantification (System B) 

9.4.1 GC conditions: 

Column: a) stainless steel, packed with 15% Carbowax 
20М  on 80/100 35 mesh Chromosorb W/AW, DMCS- 
treated. Length: 1.6 m 	i.d.: 1.8 mm 

b) SCОТ, containing Carbowax 201 
Length: 30 m 	i. d.: 0.5 mm 
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Columns а) and b) are connected in series, through two 
Carle microvalves, tyme 2011 P. 

Carrier gas: Helium, 4 mi/mm 

Column temperature: isothermal 140°C 

9.4,2 MS conditions: 

.Accelerating voltage: 8 KV 

Trap current: 100 pA 

Electron beam energy: 70 eV 

Multiplier voltage: -2 KV 

9.4.3 Procedure: 

9.4.3.1 Introduce perfluoro-tri-n-bцtylamine, as a 
reference compound, into the M5 via the cold 
inlet system. 

9.4.3.2 Set the Ms to monitor the parent ion of NDMA, using 
the reference ion at m/e 74 and the mass ratio as 
shown in Notes on Procedure, 13.2. 

9.4.3.3 Display on oscilloscope in peak-matching mode. 

9.4.3.4 Adjust carrier has flow-rate to 4 mI/mm. 

9.4.3.5 Inject a 5 p1 aliquot of the standard Л-nitrosamiпe 
solution (a) оп  the CC and vent solvent for 2 min. 

9.4.3.6 When the NDMA elutes from the GC, record the 
maximum peak height of the parent ion observed on 
the Ms oscilloscope. 

9.4.3.7 Reset the Is magnet current to monitor the parent 
ions of NDEA and NDFA, using the data of Notes on 
Procedure, 13.2. 	Record the heights of these 
peaks. 

9.4.3.8 Three minutes after the elution of NDРА, switch 
the microvalves to bypass the SCOT column. 

9.4.3.9. Reset the M5 magnet current to monitor the parent 
ions of NPTP and NPYR. 

9.4.3.10 Repeat procedure 9.4.3 with 5 ј.1 of the good 
extract (9.1.12) in step 9.4.3.5. 

9.4.3.11 Repeat procedure 9.4.3, with the standard N-
nitrosamine solution (a). 
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10. METHOD OF CALCULATION 

10.1 	The content, Z, of IV-nitrosamine, x, in the test sample is 
X 

105VC 
cgi/kû 

MRx 

wher е  
CX - Concentration if N-nitrosamine, х, in concentrated 

extraсt(9.1.12) (measured by Ms calibrated with 
standard solution) (ag/m1) 

V - Volume of the concentrated extract (9.1.11) (ml) 

M _ Mass of sample (g) 

Rx - Recovery of N-nitrosamine x (%) 

10.2 Correction factor for recovery R~ 

(Actual recovery of Меаn recovery of 
internal standard (NOPA) ~1f-nitrosamine x } 

R= 

NOTE: This correction factors implies that the deviation (%) 
of the actual recovery from the mean recovery is the same 
in sign and magnitude for all the 1V-nitrosamines in a 
particular type of sample. It is also assumed that endogenou 
endogenous NDPA may be neglected. 

11. RECOVERY 

The actual recovery is the recovery of the 2.5 цg NDPA spike 
(9.1.3) from the sample of food and is given by RNDРА  - (100CNDPA V/2.5)%. 
The mean recovery of standard is the mean obtained from at least 
ten samples of the same type. 	The mean recovery of the N-nitrosamine 
(x) being measured is obtained from at least ten samples of the same 
type, spiked with the given IV-nitrosamine. 	In our laboratory (section 
15), some values for cured meats are: 

N-nitrosamine 	Mean recovery 

NDMA 68 
NDEA 80 
NDPA 80 
NDBA 75 
NP'? 82 
NPYR 60 

Mean recovery of 
internal standard (NDPA)} 
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12, REPEATABILITY AND REPRODUCIBILITY 

12.1 Rвpeatabиlity 

Repeatability of МS measurements: f 10% 

Repeatability of recovery mneasuremnents: 1 10% 

With daily calibration checks, the quantitative results for 
N-nitrosamines in the food sample are repeatable to within ± 20%. 

12.2 ReproduciЫuity 

No data available. 

13. NOTES ON PROCEDURE 

13,1 17etentioп  dafa 

N-Nitrosamine preliminary screening 	GC-MS confirmation 
retention time 

Retention Kovats 
time index 	System A System B 

NDIA 10 min 1312 	11 min 7 min 

NDFA 13 min 1390 	15 min 9 min 

NDPA 21 min 1523 	20 min 15 mis 

NDBA 43 min 1687 	30 min 

NPI? 51 min 1715 	32 min 21 min 

NPYR 58 min 1738 	36 min 26.5 min 

13.2 Mass spectral datcz 

2V-nitrosamine Molecular Base Relative Reference Ratio 

weight peak intensity mass 
(m/e) of parent iona 

NDMA 74.0480 74 106.00 73.9968 1.000692 

NDEA 102.0793 102 100.00 100.9984 1.010702 

NDPA 130.1106 70 24.73 130.9920 0.993272 

NDBA 158.1419 84 14.74 156.9969 1.007293 

NFI? 114.0793 42 91.26 113.9967 1.060725 

NPYR 100.6637 41 92.86 99.9936 1.000701 

a Intensity of base peak - 100 
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14. SCHEMATIC KEPREsENTATION OF PROCEDURE 

Mince sample 

Add 250 m1 Н20, 100 g NaC1, 2 tablets antifoara and 250 ц1 
inteznal standard solution 

5t аш  distill (400 ml) 

Add 80 g MaCi and 4 ml 10 N - H2S0i to distillate 

Ex ract with 4 x 40 ml СH2С12 

Combine extracts 

Wash combined extract with 70 ml 1.5 N - NaIl solution 

Dry organic layer on Na2 Ѕ0 

Concentrate to 	250 ul 

Analyse by GC (Coulson detector) 

Confirm and quantify by CC-15 

15. ORIGIN 0F TIE METHOD 

Laboratory of the Government Chemist 
Cornwall House 
Stamford Street 	 . 
London, sE1 9NQ 
UK 

Contact point: Dr Т.A. Gough 



METHOD 7 - MEAT AND MEAT PR®DUСТT - 
MАSS SРЕCТRОМЕТRIC 

DETERMINATI®N OF VOLATILE N-NIТRОSАМINЕS 

RI. sTRPIANY, J. FRF]DE0f1?L & Р.L. QCHULLER 

1. sCOPE AND FIELD 0F APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-»nitrosamines in meat and meat products. 

The method has a limit of detection of 0,1-0.2 micrograms per kilo-
gram (hg/kg), depending on mass spectrometer (MS) conditions. 

2. REFERENCES 

Сох, С.В. (1973) 	J. Chromatoggr., 83, 471-481 

5tephany, R.W., Freudenthal, J., Egmond, E., Granberg, L.G. & 
Schuller, P.L. (1976) 	J. Agric. Food Chem., 24, 536-539 

stephany, R.W. (1977) Proc. of the 2nd International Syoгposium 
on Nitrite in Meat Products, Zeist, The Netherlands, 7-10 
September 1976, PUDOC, Wageningen, pp. 239-248 

3. DEFINITION 

Volatile N-nitrosamine contents of meat and meat products: the 
N-nitrosamine contents determined according to the procedure described 
in this method and expressed as ig/kg (parts per billion). 

4. PRINCIPLE 

N-nitrosamines are steam distilled from a test portion of the 
sample and extracted from the acidified distillate with dichloromethane. 
The extract is washed with alkali and concentrated. n-Hexane is added 
to the extract during evaporation of the dichloromethane. 

The concentrated extract is examined by gas chromatography/mass 
spectrometry (GC-M5). 

-151 
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5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. 	All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines1 and stringent requirements2 for handling chemical 
carcinogens are available, 

б. REAGENTS3 

All reagents must be of апаlуtiсаl purity. 

Water 	 Distilled or equivalent purity 

Dith1oromethane 	 Distilled shortly before use 

n-Hexane 

N-Nitrosamines 	 Obtained commercially and used without 
further purification 

Sodium chloride 

Antifoani "5" tablets 	 Thompson & Capper Ltd, Liverpool) UK 

Sodium sulfate 	 Anhydrous 

Boiling chips 	 Pumice 

Sulfuric acid 5.0 M 

Sodium hydroxide 1.5 M 

1 Stеere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Chern. Educ.., 51 (6) , А322-А325 

Z National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. Department of HeaZth, flducation and Welfare 
Publication (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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Hlelium 

Glass wool 

17-nitrosaшiпes standard 	Solution A, 100 mg/I of each of the 
solutions 	 N--nitrosamines of interest in ёichloro- 

теthаnе. 	Solution B, 10 mg/i of each 
of the N-nitrosamines of interest in 
dichloromethane. 	All the standard 
solutions are stored at 4°C in the 
dark. Under these conditions, it is 
recommended to renew the standard 
solutions twice a month. 
For the preparation of N-nitrosamines` 
standard solution A it is recommended 
to use a mini weighing bottle (Fig. I) 
according to the prescription in Notes 
on Procedure 12.1. 

FIG. 1. WEIGHING BOTTLE, MINIATURE ТУРЕ  
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NOTE: To ensure the absence of traces of N-nitrosamines or 
interfering material, a test must be performed using 
the procedure described in section 9, but omitting the 
sample 

7. APPÀRATUS1 

Usual laboratory equipment and the following items: 

Mechanical meat mincer Laboratory size, fitted with a 
perforated plate with holes not 
exceeding 4 mm in diameter. 

Meat chopper Braun Minipimer 

Distillation equipment SVL-steam, 2000 ml vessel (Sovirеl, 
cat. No. 4.296-65), with lid 
(No. 	4.926-01) 
Heating device e.g., type Isomantle 
MB5 2L, Isopad Ltd. 

Evaporative concentrator Kuderna-Danish evaporator K 570000, 
(K-D) 250 ml 

Cопcепtrаtоx tube: 	10 ml calibrated 
(Koutes Glass Company). 

Reacti-vials 1 ml equipped with mininert valves 
(Pierce Chemical Company) 

Gas chrouratograph Varian 1740 

Mass spectrometer Varian Mat CI 5 single-focussing 
or Varian Mat 731 double-focussing 

8. SAMPLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented; (see Chapter 1: 
Sampling and samples). 

1 Rеfеrепсе  to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommm--
дatiоп  of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 



METHOD 7 
	

155 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure 
of extracts or standard solutions to sources such as 
sunlight should be avoided. 

9.1 Test portion 

9.1.1 Weigh to the nearest 0.1 g, about 250 g (= т1) of a 
twice-minced representative sample and transfer it 
quantitatively to the steam distillation vessel. 

9.1.2 Add 100 g of sodium chloride to the test portion and 
sufficient water to bring the total amount of water 
(including the moisture in the test portion) to about 
250 g. 

9.1.3 Add two antifoam "S" tablets and homogenize thoroughly 
with the meat chopper. 	Rinse the meat chopper with 	a 
few ml of water and add rinsings to the distillation 
vessel. 

9.2 Stвaт  distillation 

5team distil until 400 ml of distillate are collected in a 
receptacle immersed in an ice-water mixture, adjusting the rate of 
distillation to maintain a constant volume in the distillation vessel. 

9.3 Solvent extraction of distillate 

9.3.1 Add $0 g of sodium chloride and 4 nil of 5 M sulfuric 
acid to the distillate. 	Shake to dissolve. 

9.3.2 Transfer quantitatively into a 500 ml separation 
funnel fitted with a teflon stopcock. 	Extract with 
40 ml of dichloromethane. 

9.3.3 Repeat the extraction 3 times and combine the 
4 extracts in a 500 ml separation funnel. 

9.3.4 Wash the combined dichloromethane extracts with 70 ml of 
1.5 M sodium hydroxide. 

9.3.5 Collect the organic layer and dry it by adding 
approximately 10 g of anhydrous sodium sulfate and 
leaving to stand for at least 60 min. or overnight. 

9.3.6 Filter the dry extract through glass wool in a K-D 
evaporator. 	Rinse the sodium sulfate with 10-20 ml 
dichloromethane and collect rinsings in the same 
K-D. 
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9.4 Concentration of extract 

9.4.1 Immerse K-D evaporator in а  50°C water bath and concentrate 
filtrate to approximately 2 ml. 

9.4.2 Cool the graduated tube of the K--D evaporator in a mixture 
of water and ice. 	Disconnect the concentrator and quickly 
add 0.8 ml of n-hexane to the cold extract. 

9.4.3 Connect the concentrator again and continue the evaporation 
until 0.25 ml of extract remains. 	Cool to room 
temperature. 

9.4.4 Measure the volume (V1) of the extract with a graduated 
syringe (Hamilton or equivalent). 

9.4.5 Transfer a measured volume (approximately half) of the 
extract into a reacti-vial (see Notes iii Procedure, 72.2). 
If only non corrected N-nitrosamine contents are required, 
transfer all the extract in a reacti-vial 

9.5 Epiking of concentrated extract 

(Required only for the explicit determination оf N-nitrosamine 
recoveries) 

9.5.1 Transfer quantitatively the remaining part of the extract 
from 9.4.3 to a second reacti-vial. 

9.5.2 Add 10.0 p1 (V5) of N-nitrosamine standard solution A. 

9.5.3 Homogenize by smooth swirling. 	Final volume = Vз  
(see Notes on Procedure, 12.2). 

9.6 Extraction of a spiked test portion 	 . 

9.6.1 Weigh to the nearest 0.1 g about 250 g (m2) of the test 
sample and transfer quantitatively to the steam distilla-
tion vessel. 

9.6.2 Carry out the procedure described in 9.1.2 and 9.1.3. 

9.6.3 Using a graduated syringe (Uamiltori or equivalent), add 
250 il (V4) of 1V-nitrosamine standard solution B to the 
homogenized contents of the steam distillation vessel. 

9.6.4 Homogenize again with the neat chopper. 	Rinse chopper 
into distillation vessel with a few ml of water. 

9.6.5 Carry out the procedure as described in 9.2 to 9.4.3, 
inclusive. 

9.6.6 Measure the volume (V2) of the extract with a graduated 
syringe and transfer it into a third reacti-vial (see 
Notes on Procedure, 12.2). 
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9.7 Gas chromatagraphгg - mass spectrometry gгnпtгfication 
9.7.1 CC conditions: 

Column: (a) All glass capillary coated with 0V 101 

	

Length: 34 m 	i.d.: 	0.45 mm 

(b) All glass capillary coated with 
UCON 50 HB-5100 

	

Length: 30 a 	i.d.. 	0.45 mm 

Carrier gas: Hе1iиm, 4 m1/min 

Injector temperature: 250°C 

Column temperature: As appropriate to lk/-nitrosamines 
analysed and column used. 	(See 
Pilotes on Procedure, 12.3 for 
typical values). 

Injected volume: 0.2-1.0 il 

9.7.2 Ms conditions: 

Resolution: 4000 at 10% valley (Ref. 3) 

Electron energy: 70 eV 

Electron сurгeпt: 200 цА  

Pumping speed at the ion source is 400 1/sec with а  
turbo-molecular pump. 	The GC is directly coupled to the 
Ms and the ion current signal is recorded on а  10 mV full- 
scale deflection recorder, 	The mass spectrometry is 
performed with single ion detection. 

N-nitrosodimethylamine (m/e) = 74.048 
N-nitrosodiethylamine (m/e) = 102.079 
N-nitrosodlbutylamine (m/e) = 84.081 
N-nitrosopyrrolidine (m/е) = 100.064 
N-nitrosopiperidine 	(m/e) = 114.079 

9.8 GC-19 procвdцre 

9.8.1 Determine accurately the GC retention time for a N-nitres-
amine peaks with a stopwatch. 

9.8.2 Measure the heights (x) of the M5 peaks from the extract of 
the test portion (9.4.4) and from the spiked test portion 
(9.6.6) 

9.8.3 Measure also the height of the Is peak from the spiked 
extract of test portion (9.5.3) if. the recovery is required. 

9.8.4 When а  positive response (> 1 rig/kg) is found using OC 
column (a), confirm using GC column (b). 
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10. 14ET10I 0F CALCULATION 

10.1 N-N2troscunine сопtеnt 

Calculate each N-nitrosamine content, T, to the nearest 0.1 ug/kg 
according to the equation 

I 	x1V1 	1 
Т  -I 	

J 
Т1Vp pg/kg 

1x2Т2mï - x1V1m2 

where 

T _ N-Nitrosamine content in pg N-nitrosamine per kg test 
sample 

х1 _ MS peak height per pi of extract of test portion (9.4.4) 

x2 = MS peak height per pi of extract of spiked test portion 
(9.6.6) using the same column as for х1 

Vј  = Volume of extract of test portion (9.4.4) in ml 

V2 - Volume of extract of spiked test portion (9.6.6) in m1 

V4 = Volume of N-nitrosamine standard solution B (9.6.3) in ml 

~1 - Mass of test portion in kg (9.1.1) 

r2 - Mass of spiked test portion in kg (9.6.1) 

T1 - Concentration of N-пitrosaгхiпe standard solution B (mg/1) 

10.2 Recoveries 

Calculate for each N-nitrosamine the percentage recovery (R) to 
the nearest percent according to the equation. 

x2V2V1 Т2V5 

R= l00 
XвVЗV1(Т1V4 + Тт2) - x2V2(V3 - V5)Тm1 

where 

Т2 = Concentration it standard solution A in mg/1 

хg - MS peak height per p1 spiked extract of test portion 9.5.3 

V3 - Volume of spiked extract of test portion (9.5.3) in ml 

V5 _ Volume of N-nitrosamine standard solution A in ml 

The other symbols are defined in 10.1. 



Retention time 

N-nitrosodimethylamine 2 min 47 sec 
N-nitrosodaethylamine 4 min 48 sec 
N-nitrosodibutylaniine б  min 20 sec 
N-nitrosopyarolidine 5 min 04 sec 
N-nitrosopiperidine 4 min 40 sec 

T, 	°C Retention time T, 	°C 

70 1 min 42 sec 100 
70 2 min 20 sec 100 
110 5 min 49 sec 125 
70 2 min 40 sec 125 
110 2 min 26 sec 140 
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11. REPEATABILITY AND REPRODUCIBILITY 

11 e1 Repeatability 

The difference between the results of two complete determinations, 
carried out in rapid succession by the same analyst, should not be 
greater than 20% of the N-nitrosamine contents. 

11.2 Reproducibihiip 

No data available. 

12. NOТЕS ON PROCEDURE 

12.1 Frеpегadoп  of N-nitrоsaminеs'staпqrd solution A 

Weigh the empty stoppered mini weighing bottle to the nearest 
0.1 mg. 	Pipette 10 p1 0f N-nitrosamine in this bottle using a 
disposable niicropipette, stopper immediately and reweigh to the 
nearest 0.1 mg. 	Unstopper bottle in the neck of a one mark wide neck 
volumetric flask already filled up with dichloromethane and drop 
bottle and stopper into the solvent. 	Shake to homogenize. 

12.2 If immediate GC/Ms analysis of the extracts is not possible, the 
reacti-vials containing the extracts should be stored at -70°C. 

12.3 

Compound 
	

Ucon 50 HB-5100 column (Ъ) 0V-101 column (a 

bor each N-nitrosamine to be determined a separate set of CC-Ms 
runs (9.8.2 and eventually 9.8.3) is required (see Reference 2 and 3). 
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13. sCHEMATIC REPRESENTATION OF PROCEDURE 

SCNEMRTIC REPRESENTATION 0F PROCEDURE 

Sample (0.5 kg) 

I Add RаС1 (100 g) + 120 k апtifоат  tablets 	Add laС](100 g~ ntifoam tablets 

Add standard solution B (250 Wi) 

Steani distill until = 400 m1 distillate 

T 	 P 
Add 

k

NaCi (80 g) + 5 IIizso4 (4 m1) 

Extract with СК2С1Z (д1~х  40 ail) 

Wash combined extracts I with 1.5 M Nail (76 ml) 

k 	 r 
Dry extract on Na2SO4 (1G g) 

Evaporate to 2 m7 in K-D 

k 	 k 
Cool K-D and add hexane (0.8 ml) 

ј 	 Y 
Evaporate again in K-D to = 250 ц1 

Divide concentrated extract into two portions 

Add standard solution A (10 cl) 

Extract cf test portion 	Spiked extract of test portion 	Extract of spiked test portion 

0С -M5~ analysis 



METHOD 7 

14. ORIGIN 0F THE METHOD 

Rijks Instituut voir de Volksgezondheid 
Antonie van Leeuwenhoeklaan 9 
Postbus 1 
Bilthoven 
The Netherlands 

Contact point. Dr R.W. stephany or Dr P.L. Schuller 

т:~ 



METHOD 8 - NIASB SPECTROMETRIC DETERMINATION ®F 
VOLATILE N-NITRОSАМINES IN FOOD 

G.M. TELLING, D. R, HOAR & T.A. BRYCE 

1. SCOPE AND FIELD OF APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-nitrosamines in meat products, raw and 
cooked bacon, fats and oils, raw meаtв, a wide range of raw vegetables 
and various dishes consisting of vegetables cooked with cheese, eggs, 
etc. 	It has also been applied successfully to fish prodцсts, with 
some alteration of the method. 

This method has a limit of detection of 1-10 micrograms per kilo-
gram (ig/kg) in a 250 g sample, depending on mass spectrometer (М5) 
conditions. 

2. REFERENCES 

Bryce, T.А. & Telling, G.M. (1972) 	J. Mgr2c. Food Chem., 20, 
910-911 

Telling, G.М., Bryce, Т.А. & Althorpe, J. (1971) 	J. Agric. Food 
Cher., 19, 937-940 

Telling, G.M., Bryce, T.А., Hoar, D., Osborne, D. & Weti, D. (1974) 
'ARC Fc2enb fic .Publications No. 9, 12-17 

3 DEFINITION 

Volatile N-nitrosamine contents of meat and other products 
(see Section 1): the N-nitrosamine contents determined according to 
the procedure described in this method and expressed as pg/kg (parts 
per billion). 

-163- 
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4. PRINCIPLE 

N-Nitrosamines are distilled from an alkaline suspension of the 
sample to which a suitable internal standard has been added. 	The 
distillation is performed at 60°C under reduced pressure for 1Z hours 
and at 75°C for a further 2 hour. 	The distillate is extracted with 
dichloromethane and the extract is concentrated to 1 ml. 	After 
transfer into 0.25 ml n-hexane, the sample is examined by gas-liquid 
chromatography (GC)/high..resolution mass spectrometry (Ms). 

TJse of a steam distillation technique under normal pressure is 
preferable for analysis of fish products (see Special Case, section 
14) . 

5. IAZAF'DS 

N-Nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. 	All operations involving handling 
of N-пitrosзmiпеs or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which 
are frequently employed, do not give complete protection. 	They should 
be removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution 
of material containing N-nitrosamines. 

General оиtlјnев1 and stringent requirements2 for handling 
chemical carcinogens are available. 

6. REAGENTs3 

Dichloromethane 	 Analytical grade., redistilled by 
taking 2 1 of solvent in a suitable 
flask, discarding the first 50 ml 
distillate, collecting the next 
2100 mi and discarding the last 
fraction. 

Steere, N.V. (1974) 	safety in the Chemical Laboratory CXVI '- 
Occupational safety and health standards adopted for fourteen cаrcino- 
gens. 	J. Chern. Еdиc., 51 (6), А022-А325 
2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. 	Department of Health, Education and Welfare 
Publication (NTH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recoimnenda--
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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n-hexane 	 Spectro sol grade or equivalent 

Perfluorotributlamine 	As supplied for mass spectrometry 

Sodium chloride 	 Analytical grade 

Potassium carbonate 	 Analytical grade 

N-nitrosamine standard 	Solution A, 10 mg/1 of each of the N-  
solutions: 	 nitrosamines of interest (including 

the internal standard) in diobloro-
methane. 
Solution B, 1 mg/1 of a N-nitrosamine 
suitable for use as an internal 
standard1 (NDEA or NDBA have been 
found to be suitable for a wide range 
of samples) in distilled water. 

NOTE: To ensure the absence of traces of N-nitrosamines or inter-
fering material, a test must be performed using the procedure 
described in section 9, but omitting the sample. 

7. APРАRAТU52 

Usual laboratory equipment and the following items: 

Distillation apparatus 	As shown in Figure 1 using joints 
fitted with FIVAC teflon sleeves 

Separation funnels 	 500 m1 with teflon stoppers and taps 

Evaporator (K-D) 	 Kuderna-Danish 500 ml capacity 
Concentrator tube calibrated Co 250 il 

Gas chromatograph/lass 	Eye 104 (or equivalent) coupled by a 
spectrometer 	 Watson-Biemann fritted-glass separator 

to a mass spectrometer (e.g., A.E.I. 
NS 902) capable of peak switching at 
a resolution of 1I-12000 and using 
an oscilloscope fitted with a grati-
cule. 

1 A suitable N-nitrosamine for this purpose is one that is present in 
negligible amounts in the sample to be analysed. 

2 Rеfеrепсe to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be 
suitable. 
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8. SAMPZING 

Proceed trou a representative sample and store in such a way 
that deterioration and change in composition are prevented (see Chapter 
1, sampling and Samples). 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided, 

FIG. 1. MODIFIED APPARATUS FOR DISTILLATION OF NITRО5АМINES 

FLOW FROM PUMP 

GRANT HEATER / DIRECTED OVER FLASK 

2 LITRE 	
_ VACUUМ  РUМЁ  

FLASK 
	 АTМOSPHERE 

WATER BATH 

500 ml FLАЅК  

LABORATORY JACK 	 RY ICE-ACETONE (maximun 
~' 

 
temperature shauk not Cxcead .40°C) 
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9.1 Distillation of alkaline suspension 

9.1.1 Weigh 250 g of а  representative sample into a 2000 ml round-
bottomed flask. 

9.1.2 Add 250 ml water, 50 g sodium chloride and 1i g potassium 
carbonate. 	Mix well. 

9.1.3 Add 2.5 m1 of a 1 mg/1 solution of internal standard 
(N-nitrosamдnе  standard solution B, normally NDEA or NDBA). 

9.1.4 Connect the flask to the distillation bridge. Place in 
water bath held below 10°C. 

9.1.5 Apply vacuum until sample froths gently. 

9.1,6 Heat water bath to 60°C. 

9.1.7 Apply vacuum periodically to maintain boiling. 

9.1.8 When side-arm is dry ( 1 hours), raise temperature of 
water bath to 75°C. 

9.1.9 Continue distillation for a further 36 mii. 

9.1.10 Release vacuum and measure the volume of distillate 
(see notes on procedure, 13.1). 

9.1.11 Wash condenser, adding washings to distillate. 

9.2 doivent extraction of distillate 

9.2.1 Transfer distillate + washings to a 500 m1 separation funnel. 

9.2.2 Add 256 ml dichioromethane and shake well. 

9.2.3 Transfer dichloromethane layer to a 560 m1 K-D evaporator. 

• 9.2.4 Add 250 ml dichlor0methan to aqueous layer remaining in 
separation funnel, 	Shakе  well. 

9.2.5 Transfer dichloromethane layer ta the same K-D. 

9.3 Concentration of extract 

9.3.1 Add 1 anti-bumping granule and fit a cone to the K-D. 

9.3.2 Evaporate solvent in 66°C water bath, ensuring that the level 
of solvent in the evaporator is always above the level of 
water in the bath. 

9.3.3 When volume of solvent is less than 20 ml, remove cone and 
continue evaporation. 

9.3.4 When volume of solvent is less than 5 ml, remove evaporator 
bulb aid replace with Quickfit cone. 

9.3.5 Continue evaporation until solvent volume is 1 m1. 

9.3.6 Remove tube from water bath and add 0.5 ml n-hexane. 
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9.3.7 Continue evaporation until volume is 0.25 ml. 

9.3.8 5tоpрeг  tube and retain for GC-MS analysis. 

9.4 GС-мЅ  analytic 

9.4.1 CC conditions: 

Column: 10% Carbowax 20 M on 100/120 mesh Celite 
Length: 5.5 m 	I.D:: 4 mm 

Carrier gas: Helium at 2.2 bars (32 psi) inlet pressure 

Column temperature: 120-200°C at programmed rate of 
2°С/min. 

Under these conditions the relative retention times are 
as follows: 

NDMA: 1.00; NDEA: 1.35; NDPA: 2.00; NDi--BA: 2.15; 
NDBA: 2.90; NPIP: 3.05; NPYR: 3.15. 

9.4.2 M5 conditions and procedure: 

Follow the appropriate instructions laid down in the 
users' manual of the instrument. 

Filament current 0.9А  (А.Е.I. Ms 902) 

Electron energy 70 eV 

9.4.2.1 Inject the reference compound (perfluorotributyl-
amine) into the gallium inlet. 

9.4.2.2 Using the nominal m/e 69 peak of the reference 
compound, set the resolution to 11-12000: 

9.4.2.3 Find the reference peak at nominal m/e 70 for the 
determination of N-riitrosodiemthylamine (NDMA). 

9.4.2.4 Display the peak on the lower mass trace on the 
oscilloscope screen. 

9.4.2.5 Put the Mass Ratio controls to the correct ratio for 
monitoring NDMA on the second (higher mass) trace on 
the oscilloscope screen. 	The relevant data for the 
various N-nitroso compounds are: 

Compound Molecular or Reference Mass ratio 
fragment ion ion (m/e) 

N-Nitrosodimethylamine (NDMA) 74.048010 69.99857 1.057850 
N-Nitrosodiethylamine (NDEA) 102.079308 99.99361 1.020858 
N-Nitrosodiprоpylamiпe (NDPA) 130.110607 118.99201 1.093440 
N-IIitrosodi-iso-butylamine ('Di-BA) 84.081320 80.99521 1.038102 
N-Nitrosodibutylamine (NDBА) 84.081320 80.99521 1.038102 
N-Nitrosopiperidine (NPI?) 114.079308 113.99668 1.000725 
N-Nitrosopyrrolidine (NPYR) 100.063659 99.99361 1.000701 

See Notes on Procedure, 13.2 
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9,4.3 GC-MS procedure: 

9.4.3.1 Set the column temperature to 120°C. 	Ensure that 
the valve between interface and spectrometer is 
closed. 	Turn the source high tension and electron 
beam supplies off. 	Turn the accelerating voltage 
down to 2 KV. 

9.4.3.2 Inject 20 p1 of N-nitrosamine standard solution A 
into CC. 

9.4.3.3 Start the CC temperature programme at 2°C/min up to 
200°C. 

9.4.3.4 When the solvent peak has been eluted, open the 
valve between the interface and the MS (split ratio 
5:1 in favour of MS). 

9.4.3.5 Turn iii the source high tension and electron beam 
supplies and turn the accelerating voltage to 8 KV. 
Check the appearance of the reference peak at noimLnal 
т/е  70 iii the oscilloscope trace. 

9.4.3.6 Watch for the appearance of NDMA on the higher mass 
trace and take a reading "x" of the peak height with 
reference to the graticule. 

9.4.3.7 Find reference peak m/e 100 and adjust mass ratio 
for NDEA. 

9.4.3.8 Read height of NDEA peak on oscilloscope screen. 

9.4.3.9 Repeat 9.4.3.7 and 9.4.3.8 for each of the 
remaining N-nitrosamines in turc. 

9.4.3.10 Reset the spectrometer for NDMA, turn down 
accelerating voltage to 2 KV and turn off source 
high tension and electron beam supplies. 

9.4.3.11 Turn off valve between interface and spectrometer. 

9.4.3.12 Cool the CC column to 100°C. 

9.4.3.13 When the chromatograph is stable, inject 25 p1 of 
test solution (9.3.8) and repeat stages 9.4.3.3 
to 9.4.3.12 (see Notes on Procedure, 13.3). 

10. METHOD OF CALCULATION 

10.1 Calculation of N-nitrosamine ('VA) content (assurпing 100% recovеnу) 
X = Peak height of NA in standard solution A (9.4.3.2) 
Y = Peak height of NA in concentrated test solution (9.3.8) 
V1 = Volume of standard solution A injected = 20 p1 (9.4.3.2) 
C = Concentration of standard solution A = 0.01 pg/pl 
V2 = Volume of concentrated test solution iтrijected = 25 pi 

(9.4.3.13) 
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C2 = Concentration of test solution injected 
VЭ  = Total volume of concentrated test solution = 250 iii 

(9.3.7) 

Thus, amount of NA in 250 g sample = C2Vg, and 

Z = NA content in 1 kg of sample = 4 С2V3 

4~
УС1V1\ jV 

1 3 
XV2 

For the values of C and V given above, 

Z _ 8X цg/kg 
X 

10.2 Correction factor for iпcоmр Zеtе  recovery 

When a suitable internal standard has been added (see 9.1.3), 
the corrected NA content, T, may be calculated as follows: 

for a given N-nitrosamine, NAS, 

T. = Z.t. 
11 

where the correction factor is, 

(mean % recovery of internal standard 100 

~i 	% recovery of internal standard 	' mean 	Z recovery of NA.~ 
1 

The % recovery of internal standard, Rs, is given by: 

ГYс1v1vз  
R = 10о\хv2с  vs 

s 

where X and X are the peak heights of the internal standard in 9.4.3.2 
and 9.3.8, respectively, and C and V are the concentration and volume 
of the internal standard addedsiп  9.l3. 	The other symbols are defined 
in 10.1. 
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11. RECOVERIES 

Percentage recoveries at step 9.3.8 for a range of N-nitroso 
compounds added to meat at step 9.1.3 (10 цg/kg level) are as follows: 

Maximum Mean Minimum 

N-nitrosodimеthylamine 100 88 66 

N-nitrosodiethylamine 106 90 76 

N-nitrosodibutylamine 62 55 48 

IV-nitrosodi-isobutylamine 72 68 65 

N-nitrosopyrrolidine 84 60 42 

12. REPEATABILITY AND REPRODUCIBILITY 

12,1 Repeatabilitгy 

For a series of luncheon meat samples spiked at the 10 ig/kg level 
with 5 N-nitrosamines, the coefficients of variation are as follows 
(т) 

NDMA NDEA NDi-BA NDBA NPYR 

Series 1 	14.5 12.5 3 14.6 24.6 

Series 2 	7.1 11.8 4.7 11.9 14.2 

Series 3 	6.3 4.4 3.3 14.2 17.1 

12.2 Repradисiы7'Üу  
No data available. 

13. NOTES ON PROCEDURE 

13.1 	The recovery of NPYR depends on the volume of distillate 
collected. 

For a non-aqueous sample, such as bacon fat, a minimum of 
95% of the water added at step 9.1.2 should be recovered in the 
distillate. 

For food samples which normally have a moisture content, all 
the water added at step 9.1.2 plus = 30% of the nominal moisture 
content of the sample should be recovered in the distillate. 
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132 	The MS902 instrument is only capable of single-ion monitoring 
so that manual resetting of the reference ion and mass ratio are 
necessary to monitor different N-nitrosamines as they elute. 	This 
resetting procedure takes a finite time and, when N-.nitrosamines elute 
from the CC column with similar retention times, e.g., NDPA and NDi-BA, 
resetting of the instrument to a different reference ion is not 
possible. 	For extracts containing complex mixtures of N-nitrosamines, 
it is therefore necessary to perform repeat GC injections in order to 
analyse for all components using the fragment and reference ions given 
above. 

Alternatively, by suitable choice of ions, it is possible to analyse 
for mixtures of N-nitrosamines iп  a single CC run. 	This is achieved for 
the above N-nitroso compounds by using the alternative fragment and 
reference ions listed below. 	Use of the less intense fragment ions at 
nominal m/e 115 in the spectra of NDi-BA and NDBA results in a 5х  loss 
of sensitivity for these N-nitrosamines. 

Compound Molecular or fragment Reference ion Mass ratio 
ion (m/e) (mie) 

NDMA 74.048010 69.99857 1.057850 
NDEA 102.079308 99.99361 1.020858 
NDFA 130.110607 113.99668 1.141354 
NDi-3A 115.087133 113.99668 1.009566 

NDBA 115.087133 99.99361 1.150945 
NFIP 114.079308 99.99361 1.140866 
NPYR 100.063659 99.99361 1.000701 

13.3 	The GC conditions can be modified for different groups of 
N-nitroso compounds. 	For a mixture of NDMA, NDEA and NPYR, the CC is 
run isothermally at 130CC until after the elution of NDMA, when the 
column temperature is turned directly up to 205°C. 	The standard 
solution used in this case contains only 5 mg/1 of each N-nitroso 
compound, as the sensitivity of the method is considerably increased. 

14. SPECIAL CASE 

For fish products, replace 9.1.1 to 9.1. 11 by the following: 

1. Weigh 250 g macerated or minced fish in а  2000 ml, 2-necked, 
round-bottomed flask. 

2. Add 50 g sodium chloride, 10 g potassium carbonate aid 50 ml 
de-ionized water. 

3. Add 2.5 ml of a 1 pg/т1 solution of a suitable internal 
standard (see section 6). 	 _ 
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4. Connect the flask to the distillation apparatus. 

5. Pass ice water through the condenser and cool the 500 ml 
receiver in an ice bath. 

6. Start distillation, collect more than 200 mi. 

7. 5top distillation. 

8. Wash condenser, adding washing to the distillate. 

15. SCHEMATIC REPRESENTATION OF PROCEDURE 

5аIјТр1е  

Add 120, NaC1, К2СОз  and internal standard 
Vauum distill 

Extтact distillate twice with 250 ml СН2С12 
Coi centrate iii K-D to 1 ml 

Add 0.5 ml n-hexane 

Concentrate to 0,25 m1 

GС%High-resolution Ms analysis 

16. ORIGIN OF THE METHOD 

Unilever Research 
Colworth Laboratory 
5hаrnЬraok, Beds 1D44 1LQ 
UK 

Contact point: Dr G.M. Telling 

X73 



METHOD 9 - АNALYЅIS OF VOLATILE N-NITRОSАМINЕS IN 
FOOD BY ELECTRON CAPTURE AND COULSОN DETECTION OF 

THEIR N-NITRAMINЕ  DERIVATIVES 

F.A. WAIdЕR, и, CАS Х1ы  t0 & В. PIGNATELLI 

l. SCОРЕ  AND FIELD OF APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile N-nitrosamines in meat, meat products, 
cooked dishes, food ingredients, bread and cereals, vegetables and 
animal foods. 	It has also been applied with some modifications to 
a large variety of alcoholic drinks with low or high alcohol content. 

The method has a limit of detection of 1 microgram per kilogram 
(ug/kg) in a 50 g sample. 

2. REFERENCES 

Emmons, N.D. (1954) 	J. Am. Chem. Sос., 76, 3468-3470 
Castegnaro, M. & Walker, E.A. (1976) 	Рrос. 2nd Symp. Nitrite 

in Meat Products, Zeist, Nbc Netherlands, 7-10 5eptember 
1976, PUDOC, Wageningen, pp. 187--190 

Walker, E.А. & Castegnaro, M. (1976) 	Natl Pur. Stand. 
(U.S.) Spec. Subi., 422, Accuracy in trace analysis: 
sampling, sample handling and analysis. 	Proc. 7th 
1745 Symp., 7-11 October 1974, Gaithersburg, Md., 
pp. 727-736 

Walker, E.A., Castegnaro, M. & Pignatelli, B. (1975) 	Analyst, 100, 
817-821 

Telling, G.M. (1972) 	J. Chromatogr., 93, 79-87 

3. DEFINITION 

Volatile N-nitrosamine contents in food: the N-nitrosamine 
contents determined according to the procedure described in this 
method and expressed as tg/kg (parts per billion). 
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4. PRINCIPLE 

А  minced sample is suspended in water saturated with sodium 
chloride. 	А  cascade-type distillation in two stages (steam distill- 
ation from neutral solution and distillation from acid solution) is 
performed. 	The distillate is made alkaline and N-nitrosamines are 
extracted with dichloronvethane. 	The extract is concentrated and the 
N-nitrosamines are transferred to 5 ml n-hexane. N-Nitrosamine 
purification and separation is then carried out by adsorption chromato- 
graphy. 	N-Nitrosamines in the eluate (divided into a first and a second 
fraction) are oxidized to N-nitramines, which are extracted into 
dichloromethane. 	The two extracts are separately concentrated and 
the N-nitr mines, in n-hexane, are separated by adsorption chroiiiato- 
graphy. 	Successive fractions are collected and analysed by gas 
chromasography,using electron-capture detection. 	Fractions giving 
peaks for N-nitraetines are combined aid N-nitramines are confirmed by 
gas chromatography with Coulson electrolytic-conductivity detection. 

5. HAZARDS 

N-nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use arid not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines1 and stringent requirements2 for handling chemical 
carcinogens are available. 

1 Steere, N.V. (1974) 	Safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen 
carcinogens. 	J. Chem. Eдис., 51 (E), АЗ22-А325 

2 National Cancer Institute Safety Standards for Research Involving 
Chemical Carcinogens. Department of Heaгih, Education and We7faгe 
Publication (NIH), 75-900 (1975) 
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6e REАGENТS1 

All chemicals should be of analytical grade. 

Dkhloiomethane Distilled from potassium carbonate 
in glass 

n-hexane 

п-рeпtаnе  Distilled in glass 

Diethyl ether Dried with sodium 

Trifluoroacetic acid Distilled in glass 

Hydrogen peroxide 50% Koch Light or 85% Air Liquide 

Аnti-bumping granules Silicon carbide 

Sodium chloride 

Potassium hydroxide 

5оdiиn sulfate 

Tartaric acid 

Aluminium oxide 60 Active, Basic (type E), Merck 
ref. 1067 or Prolabo equivalent 

Aluminium oxide 90 Active, Neutral Merck ref. 1077 

Potassium carbonate = 20% solution in distilled water 

N-Nitrosamine standard Solution (a); 	contains 50 mg/l of 
solutions each of the 1V-nitrosamines of 

interest in dichloromethane. 
Solution (b); 	50 mg/l of NDPA 
(internal standard) in dichioromethane. 

more concentrated stock solution 
containing 500 mg/l of each N-nitros- 
amine may be employed and diluted 
1 ---l0  as required. 	Stock solution 
is generally renewed twice a month. 

NOTE: 	To ensure the absence of traces of N-nitrosamines or inter- 
fering material a test must be performed using the procedure 
described in section 9, but omitting the sample. 

1 Reference to a company and/or product is for the purpose of 
information and identification only and does not imply approval or 
recommendation of the company and/or product by the International 
Agency for Research on Cancer to the exclusion of others which may also 
be suitable. 
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7. APPARATUS1 

Usual laboratory equipment апd the following items: 

Distillation 	 Standard Sоvirel equipment, parts 
Ko. 4296-54 and 4296-01 mодifiед  
with an 5VL 22 with corresponding 
joints (See Fig. 1, part B) 

Evaporative concentrator 	kuderna Danish flask (250 т1), 
(К--D) 	 graduated concentrator tube (2.5 ml), 

Snyder column (3 sections). 

Gas chromatographs 	 Pye 104, fitted with electron-capture 
detector (Ni63, 10 mCi) 
Tracor, fitted with Coulson electro--
lytic-conductivity detector 
(reductive mode). 

FIG. 1 

STIRER 
т1 	 т, 	 T THERMOMETER 

СОNDENSER 

EASURING 
CYLINDER 

HEATING HEATING ' 
[ыtAPdтLÉ 	 MANTLE 

А 	 В 	 C 

1 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or ргодиct by the International Agency for 
Research on Cancer to the exclusion of others which may also be suitable. 
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8 . 5AМPLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented (see Chapter 1, 
Sampling and Samples). 

9. PROCEDURE 

NOTE: N-Nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Distillation, extraction and concentration 

9.1.1 Weigh 50 g of a representative sample and add to 200 m1 
water and 84 g sodium chloride in flask B (Fig. 1)a 
Add 10 t1 internal standard solution (b). 

9.1.2 To flask C (Fig. 1), add 200 ml water, 3 g tartaric acid 
and 84 g sodium chloride. 

9.1.3 Open Ft (Fig. 1) and regulate heat to flask A (containing 
200 ml of water) for continuous steady boiling. 	At the 
same time start to heat flasks B and C. 

9.1.4 Close Т1, open T2 (Fig. 1) and adjust rate of boiling in B 
and C to maintain the liquid level constant in each flask. 

9.1.5 Collect 250 ml of distillate in a 250 m1 cylinder (D, Fig. 1). 

9.1.6 To the distillate, add 14 g potassium hydroxide, shake and 
leave ta stand for half an hour. 

9.1.7 Transfer the solution to a 500 ml separation funnel, add 
100 m1 redistilled dichloromethane, shake for 3 min and allow 
to separate. 

9.1.8 Collect dichloromethane layer in a 500 ml separation funnel. 

9.1.9 Extract alkaline distillate with 2 further 100 ml portions 
of dichioromethane. 

9.1.10 Combine the didiloromethane extracts in the 500 ml 
separation funnel (9.1.8), add 15-20 g anhydrous sodium 
sulfate and shake for 1 min. 

9.1.11 Collect dried dichioromethane extract in a 500 ml round- 
bottomed flask. 	Wash the sodium sulfate with 20 ml dichloro- 
methane and combine with the extract. 

9.1.12 Concentrate the combined extracts to arproximately 10 ml 
in a K-I) on a water bath at 50°C. 	Add б  ml n-hexane and 
further concentrah to approximately 4 ml. 

9.1.13 Adjust to 5 ml with n-hexane. 
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9.2 Adsorption ehtumatograрhу  of N-nitroscaп2nes 

9.2.1 Prepare an adsorption chromatography column in accordance 
with the instructions given in Notes on Procedure (13.1). 

9.2.2 Add the n-hexane solution (9.1.13) to the top of the 
column and run off the liquid from the bottom until the 
upper liquid level coincides with the upper surface of 
the column (5 ml 0f liquid are collected) 

9.2.3 Elute the column successively with 25 m1 of a 25% solution 
of diethyl ether in n-pentane, 15 m1 of a 50% solution of 
diethyl ether iп  n-pentane, 15 m1 of a 75% solution of 
diethyl ether in n-pentane and finally with 15 ml 100% 
diethyl ether. 

9.2.4 Collect separately the first 25 ml (fraction A) and the 
succeeding 55 ml (fraction B). 

9.3 Oxidation of N-nitrosamines to N-nitramines 

9,3.1 To each fraction A and B, add a mixture containing 9 ml 
trifluoracetic acid and 7 m1 hydrogen peroxide (85% or 
50~)( see Notes on Procedure, 13.2). 

9.3.2 Agitate 32 hours in a shaker. 

9.3.3 Cool the solution in an ice bath and by dropwise addition 
of = 150 m1 of a 20% solution of potassium carbonate, 
adjust the PI to between 10 and 11. 

9.3.4 Transfer to a 250 ml separation funnel and extract with 
50 ml dichloromethane. 

9.3.5 Repeat the extraction with a further volume of 50 m1 dichloro-
methane and combine the extracts. 

9.3.6 Transfer the combined extracts to и  250 ml separation 
funnel and add approximately 15 g anhydrous sodium sulfate. 

9.3.7 Shake vigorously for 1 min and run the dichloromethane 
layer into a 250 m1 beaker, wash the sodium sulfate with 
20 ml dichloroinethane and combine the washing with the 
previous extracts. 

9.3.8 Reduce the volume of the combined solution to about 7 m1 
on a water bath at 50°C. 

9.3.9 Add 2 m1 n-hexane and further reduce the volume to about 
1 ml, taking care not to reduce the volume below 0.5 ml. 

9.3.10 Adjust the volume to 5 ml with n-pentane. 

9.4 Adsorption chromatographу  of N-nitramine extract 
9.4.1 Prepare an adsorption chromatography column as indicated in 

Notes on Procedure, 13.1. 
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9.4.2 Add the n-pentane solution (9.3.10) to the column and run 
off solvent until the upper level coincides with the upper 
surface of the column. 

9.4.3 Elute the column successively with 25 ml 5% diethyl ether 
in n-pentane, 30 ml 25% diethyl ether in n-pentane, 10 iii 
80% diethyl ether in n-pentane and 10 ml 100% diethyl ether. 
Discard the first 20 ml then collect in 5 m1 fractions. 
Retain for CC analysis. 

9.5 Preparation of standard N-nitrcanines solution 

9.5.1 With 10 i1 of N-nitrosamine standard solution (a), 
carry out procedures 9.2.1 to 9.4.3. 	Retain the separate 
5 ml fractions for CC analysis. 

9.5.2 After CC analysis of individual fractions, (9.6.1-9.6.2.1) 
combine all 5 ml fractions showing a positive peak for 
N дitramines and concentrate (water Ьath, 50°C) to 5 ml. 

9.6 Gas chromatographic quantification of N-nitramines 

9.6.1 Gas chromatographic conditions: 

Column: glass packed with 10% Carbowax 20 M on 
Chromosorb W, 80/100 mesh. 
Length: 3 m 	i.d.: 4 mm 

Carrier gas: Nitrogen (high purity) 50 inl/min 

5cavепge flow on detectorï Nitrogen (high purity) 
10 ml/min 

Injection port and column temperature: isothermal 140°C 

Detector temperature: 210°C 

9.6.2 Procedure: 

9.6.2.1 Carry out CC analysis with 5 u1 aliquots of each 
of the fractions l-6 from fraction A and with 
each of the fractions 3-10 from fraction B 
(see section 15) (These fractions and the distri-
bution of the N-nitramines may not correspond 
exactly. 	The distribution of N-nitrodipropylanrLne 
gives a useful indication). 

9.6.2.2 Combine all 5 ml fractions showing a positive peak 
for N-nitramanes. 	Concentrate (water bath, 50°C) 
to 5 ml. 

9.6.2.3 Inject 5 1 of concentrate from 9.6.2.2 on GC. 
Measure peak height, h, for each N-nitramine, x. 

X 
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9.6.2.4 Inject Spi of concentrate standard solution from 
9.5.2. Measure peak height, h , for each N- 

. п tгашјnе, х. 	 ox 

9.7 GC-Coulaon detector confirmation of N-пurnminев  

9,7.1 Gas chromatographic conditions: 

Column: glass packed with 15% PPAP on Chromo sorb W 
80/100 mesh, AMCS-treated. 
Length: 2 m 	i.d.: 4 mm 

Carrier gas: Argon (high purity) 50 m1/min 

Injection port temperature: 160°C 

Column temperature: isothermal 140°C 

Transfer line temperature: 200°C 

9.7.2 Coulson detector operating conditions: 

Gas reactant: hydrogen (high purity) 80 nil/mm 

scavenge flow: 50 mi/mix 

Block temperature: 200°C 

Pyrolyser temperature: 620°C 

Pyrolysis tube: quartz (i.d,: 1 rim; o,d.: 6.2 ml) 
connected to the cell with Teflon 
tubing (i.d.: 0.5 mm) 

9.7.3 Procedure: 

9.7.3.1 Concentrate sample from 9.6.2.2 to 5001. 
Inject 10-20 p1. 

9.7.3.2 Vent out solvent peak (= 4 mm). 

9.7.3.3 Record chromatogram. 

9.7.3.4 Concentrate standard solution from 9.5.2 to 500 pi. 
Iпject 10 ц1. Vent out solvent peak and record 
chromatogram. 

9.7.3.5 Confirm identity of peaks obtained with unknown 
(9.6.2.2) by comparing retention times with those 
obtained with standard (9.5.2). 
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10. METHOD OF CALCULATION 

10.1 Content of N-nit2osаmine 

Calculate the content of N-nitrosaminе,x,in pg per kg of test 
sample as follows: 

z 	5CV = 	̀ hX X 
х 	5Х  

where 

C 	= Concentration of N-пitrosзmine in standard solution (а) 
(p g /mi) 

V 	Volume of standard solution (a) (9.5.1) (ml) 

h 	Peak height 0f N-nitramine,x, from 5 pi of sample 9.6.2.2 
X 	(Пцц) 

h 	Peak height of N-mtsmine, x, from 5 pi of standard 9.5.2 
sx 	(using same attenuation as for hX) (mm) 

R 	Recovery of N-nitrosamine (nitramine) x (Z) 

M 	Mass of sample (9.1.1) (g) 

10.2 Actual recovery of internal standard (NDPA) 

Siпсе  the amount of the NDPA spike (0.5 цg) in 9.1.1 is the same 
as the amount of NDPA in the standard (9.5.1), and the final volumes 
of concentrate (5 ml) and the injected volumes (5 p1) are the same in 
both cases, the actual recovery of NDPA at step 9.1.13 is given simply 
by 

h 1 
DPA- 1001 X J Z, where x = NOPA 

sx 
(It is assumed that the endogenous NDFA content of the sample is 
negligible.) 

10.3 Rесоvеrу, Rte, to he applied in 10.1 

_ NDpA Rх  R 	 > % 
x 	R 

n NDPA> 

where 

n R > 	= Mean recovery of 0-nitrosamine, к, for the givеп  
X 	 type of sample 

n RNDpA> 	= Mean recovery of NDPA for the same type of sample. 
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NOTE: The foregoing calculation assumes that the recovery after 
adsorption chromatography (9.2), the oxidation yield (9.3) 
and the recovery after chromatography (9.4) are identical for 
a given N-nitrosamine (nitramine) iп  the sample and in the 
standard solution (a). 	It is assumed, in addition, that, 
for any particular analysis, 

R 	NDPA x 

ЛIDPA> 

These assumptions have proved to be sufficiently valid for 
the sample types covered by 5соре  and Field of Application 
(1) . 

11. REPEATABILITY AND REPRODUCIBILITY 

11.1 Rspaatabil'ity 

Standзrd deviation at 10 ig/kg level should not exceed 1 јg/kg. 

11.2 Reproducibility 

No data available for reproducibility 

12. RECOVERY 

For the sample types covered by scope and field of application 
(1), the recoveries are 85 ± 15% for CDMA, NDEA, NDPA, NDBA, NMAA and 
NPI?, and 55 -1 15% for NPYR. 

13. NOТЕS ON PROCEDURE 

13.1 Adsorption chromatography of N-nitrosamines and N-nitramines 

Preparation of the column: Wash 100 g of basic and neutral 
alumina with a 500 ml portion of diethyl-ether in n-pentane and two 
500 ml portions of diethyl ether, then activate for 3 houes at 240°C. 
Prepare basic alumina by addition of 1.9 g distilled water per 100 g 
dried alumina and leaving to equilibrate overnight under gentle shaking. 
similarly, prepare neutral alumina by addition of б  g distilled water per 
100 g alumina. Just cover three grams of the basic alumina with n-
pentane and wash by gentle agitation for half an hour. Add the 
washed alumina to the glass column and run off solvent (n--pentane) from 
the bottom of the column until the top of the solvent layer is level 
with the upper surface of the alumina. 	Repeat the above procedure 
with З  g neutral alumina. 	Finally, add 1 g of anhydrous sodium sulfate 
to the top of the column, 	The column is then ready for use. 	Use 
freshly prepared columns foreach separation. 



METHOD 9 
	

185 

13 2 A comparison of conversion yields of N-nitrosamines to 
N-nitramines using 85% and 50% hydrogen peroxide (prосвdurе  
9.3.1 and 9.3.2, using 0.5 pg of each N-nitrosamine in 100 тZ, 
50 ml or 20 ml of dichloromethane)a 

Conversion (%)a 

85% hydrogen peroxide 50% hydrogen peroxide 

Solvent volume (mis) Solvent volume (mis) 

lb 100 	50 20 100 50 20 

NDIА  82 81 	79 83,5 58 62 58 

NDEA 84 86 	84 85,5 107 75 74 

NDPA 87 106 	90 88,5 87 84,5 74 

ЫDEA 86 81 	81 83 81 81 70 

Л7PNA 91 93 	91 89 81 80 72 

NPI? 52 57 	53 47 83 74 68 

NPYR 88 83 	88 88 98 93 93 

a Similаr results have been obtained using varying amounts of diethyl 
ether in pentane. 

b Using the method of C.M. Telling (1972). 

14. SPECIAL CASE 

For analysis of volatile N-nitrosamines in alcoholic beverages, 
step 9.2 is omitted and step 9.1 is replaced by extraction of the 
spirit (saturated with magnesium perchlorate) with 3 x 50 ml dichloro- 
methane. 	The oxidation is performed on the extract, concentrated 
to approximately 100 m1. 
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15. SСHEMATTС  REPRESENTATION OF PROCEDURE 

sample — Steam —- Extract in - 	 Concentrate into 
distillation 	СН2С12 	 5 ml hexane 

Adsorption -------------Elute 2i-nitrosamines 
chromatography 	with EtpO/pentane 
of rI-nitrosamines 	

25 m1 	25% 
iii mixed alumina 	

15 ml 	50% 
column 	

15 m1 	75% 

1st fraction (A) 	 2nd fraction (B) 
(20 m1) 	 (55 iii.) 

Oxida ion and 	 Oxidation and re-extraction 
re-extraction 

Adsorption chromatography______-_- Elute N-uitramines-__-_-___ Adsorption chromatography 
of N-nitramines on mixed 	 with EtiC/pentane 	 of N-uitraminea on mixed 
alumina column 	 25x1 	5% 	

alumina column 

30 m1 	25% 
10 ml 	80% 
10 m1 	100% 

litative GC analysis 
each 5 m1 fraction 

2 3 4 5 6 

NDBA 

NDPA 

Qualitative GC analysis of 
each 5 ml fraction 

3 4 5 6 7 8 9 16 

NDPA 	 NPYR 

NDEA 

NРIР 	ODRA 

л̀ 	 ✓ 

Combine all fractions showing N-nitramine peaks 

Reduce volume to 5 m1 

quantitative analysis 
(CC/electron capture) 

t 
Reduce volume of 0.5 ml 

GC/Coulson coпfirmation 
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16. ORIGIN OF THE МЕTН0➢ 

Unit of Eпцirопmепtаl Carcinogens 
International Agency for Research on Cancer 
150 cours Albert-Thomas 
69372 Lyon 
France 

Contact point: Mr E.A. Walker 
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METHOD ii — АNАLYSIS OF VОLATILE N-NIТRОSАМINES IN 
MEAT РRОDUСТЅ  UNNГ  OXIDATION OF N-NITROSAMINES TO 

N-NIТMАМINЕS AND ELECTRON-CAPTURE DETECTION 
OF N-NITRAMINEs 

8.3.  KUBEICK1 & A. BORYS 

1. SCOPE AND FIELD OF APPLICATION 

This method specifies а  рrоcedиrе  for the determination of the 
contents of various volatile N-пitrosaminеs iп  meat and meat products. 

The method has a limit of detection of 1 microgram per kilogram 
(fig/kg) in a 250 g sample. 

2. REFERENCES 

llthorpe, J., Goddard, D.А., 5issons, D.J. & Telling, G,NL (1970) 
Ј. Chromatogr., 53, 371-373 

Kubacki, s.J. & Borys, A. (1976) 	L RC Scientific Febliccztiona 
Лlо. 14, 109-116 

Kubacki, S.J. & Dariielewska, B. (1975) 	Pr. Snot. Lab. Badaw. 
Рrzeт. Sрoayгv., 23, 409 

Sen, N.P. (1970) 	J. Ctiromatogr., 51, 301-303 

Telling, G.M. (1972) 	J. Chromatogr., 73, 79-87 

3. DEFINITION 

Volatile N-nitrosamine contents of meat and meat products: 	the 
N-nitrosamine contents determined according to the procedure 
described in this method and expressed as ig/kg (parts per billion). 

4. PRINCIPLE 

The method is based on steam distillation of N-nitrosamines from a 
neutral medium, their ехtzасtioп  from the distillate in dichloromethane, 
clean-up of the extract on an alumina column, oxidation of N-nitrosamines 
to N-nitramines with peroxytrifluoroacetic acid, additional clean-up оп  
a magnesium oxide/alumina column, qualitative and quantitative estimation 

-189- 
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of the N-nitramines by gas chromatography (GC), using an electron-
capture detector. 

5. HАZАRDS 

N-Nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosamines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should be 
removed and disposed of immediately after use and not worn for long 
periods. 	thought should be given to safe disposal of any solution of 
material containing N-nitrosainines. 

General outlined and stringent requirements2 for handling chemical 
carcinogens are available. 

б. RНAGDNтs3 

Dichloromethane 

n-pentane 

Diethyl ether 

Hydrogen peroxide 

Trifluoroacetic anhydride 

5одiuт  chloride 

Anhydrous sodium sulfate 

85-90%, Laport Industries Ltd. 

Koch -- Light 

Analytical grade 

Analytical grade 

Alumina 	 Neutral, De Hams AG. Activate for 
3 hours at 300°C (see 12.1) and 
deactivate by addition of б  ml of 
water to 94 g alumina in a suitable 
Erlenmeyer flask. 	Stopper the flask 
tightly and shake 2 hr to equilibrate. 

1 5teere, N.V. (1974) 	safety in the chemical laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Cheт. Eduс., 51 (6), А322-А325 

2 I3ational Cancer Institute safety Stапdards for Research Involving 
Chemical Carcinogens. Department of Heаlth, Education and WeZfare 
Publication (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of information 
and identification only and does not imply approval or recommendation of 
the company and/or product by the International Agency for Research on 
Cancer to the exclusion of others which may also be suitable. 
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Magnesium oxide 

Calcium carbonate 

Sulfuric acid 3 м  
Potassium hydroxide solution 
5% (w/v) 

BOl Chemicals Ltd. Activated for 2 hr 
at 150°C (see section 12.1). 

Powdered, analytical grade 

N-nitrosamine standard 	Prepare in dichloromethana a mixed 
solution 	 solution of the following N-nitras- 

amines: 

N-nitrosodimethylaniine 	(NDMA) 	100 mg/1 
N-nitrosodiethylainine 	(NDEA) 	200 mg/1 
N-nitrosodipropylamine 	(NDPA) 	400 mg/1 
N-nitrasodibutylamine 	(ЮнА) 	800 mg/l 
N-nitrosopyrrolidine 	(NPYR) 	1200 mg/I 
N-nitrosodiamylamrnE 	(NDAA) 	1600 mg/1 

Oxidizing mixture 	 Carefully add 0.4 ml hydrogen peroxide 
to 4-5 ml dichloromethane in a li ml 
volumetric flask. 	Slowly add 2.5 ml 
trifluoroacetic anhydride, swirl 
gently and allow to cool in an ice bath 
for 5 min. 	Allow the contents of the 
flask to attain room temperature, then 
dilute to li m1 with dichioronmethane. 
Prepare this solution daily 

NOTE: To ensure the absence of traces of N-nitrosamines or inter-
fering material a test must be performed using the procedure 
described in section 9, but omitting the sample. 	Background 
at retention times of N-nitramines should not exceed 1% full 
scale deflection. 

7. APPARATUS1 

Usual laboratory equipment and the following items: 

Steam distillation 
apparatus (Fig. 1) 

Reference to a company and/or product is for the purpose of information 
and identification only and does not imply approval or recommendation of 
the company and/or product by the Internatioпal Agency for Research on 
Cancer to the exclusion of others which may also be suitable. 
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Evaporator (K-D) 
	

Kudemg-Dar..ish 250 ml and 500 m1, with 
concentrator tube (approximately 5 m1) 

Liquid chromatography 
col tiпiв  

Gas chroinatograph 

Glass column 300 x 1C mon S.D. 
Qinckfit cаt. Nо . CR 12/30 

Pye»-Unicam Ltd. , series 104 with 
electron-capture detector (Ni-63, 
1 ОшС) 

FIG. 1. DI5TILLАTIОN APPRRATUB 
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8. sАMЕ'LINС  

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented; see Chapter 1: 
sampling and Samples. 

9. PROCEDURE 

NOTE: N-nitrosamines are degraded by U-V light and exposure of 
extracts or standard solutions to sources such as sunlight 
should be avoided. 

9.1 Steam disHZlаtzоn 

9.1.1 Weigh approximately 300 g of meat or meat product. 
Соттiпutе  and mince by passing twice through a meat mincer. 

9.1.2 Weigh 250 g of the minced meat in a 2000 ml round-bottomed 
flask and add 100 g sodium chloride. 

9.1.3 Assemble the steam distillation apparatus as shown in Fig. 1. 
Place a 250 ml graduated cylinder at the outlet of the 
condenser. Steam distil for two hours to obtain 250 ml dis-
tillate. In order to avoid overheating the sample, do not 
start heating distillation flask before the steam has reached 
the sample and some water condensed. 	During the distillation, 
the level of water in the distillation vessel (Fig. 1) should 
be as close as possible to the surface of the sample. 

9.1.4 Add 25 g anhydrous sodium sulfate and 3 ml of 3 M sulfuric 
acid to the distillate and transfer completely to 500 ml 
separation funnel. 

9.2 Solveпt extraction of distillate 

9.2.1 Extract distillate 4 times with separate 50 ml portions of 
dich1oromethane, using the first portion, divided into 3 
parts, to rinse the cylinder. 

9.2.2 Transfer each dlchloromethane extract to a 500 ml separation 
funnel containing 50 ml 5% potassium hydroxyde solution. 

9.2.3 Wash each extract separately with the same 50 m1 portion of 
5% potassium hydroxide solution. 

9.2.4 Dry each extract by passing through 15 g anhydrous sodium 
sulfate in a sintered-glass funnel. 

9.3 Concentration of extract 

9.3.1 Collect dried dichloromethane extracts in a 500 ml K-D 
evaporator. 

9.3.2 Rinse the sintered-glass funnel and sodium sulfate with 
dschloromethane and add rinsings to the K-D. 
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9.3.3 Place K-D in a water bath at 50°C and concentrate 
to 4-5 ml. 

9.3.4 Disconnect the Snyder column and continue concentration to 
approximately 1 ml in a water bath at 4000. 

9.3.5 Add 4 ml п-pentane to the concentrate. 

9.4 Adsorption chromatographie clean--up 

9.4.1 Prepare alumina соlитп  (See Notes on Procedure, 12.2). 

9.4.2 Transfer n-pentane:dichloromethane concentrate to the 
column, then run off solvent from bottom of column until 
the liquid level is approximately 1 mm above the sodium 
sulfate layer. 

9.4.3 Rinse concentrator tube with n-peпtзпe and proceed as in 
9.4.2. 

9.4.4 Rinse the walls of the column and run off solvent until 
liquid layer is about 1 mm above sodium sulfate layer. 

9.4.5 Wash the column with 50 ml dichlогоmеthапе:п-pentane (1:99) 
(flow rate approximately 60 drops/min) and discard eluate 

9.4.6 Elute the N-nitrosamines with 50 ml dichloromethane:n-pentane 
(1:1) (flow rate approximately 60 drops/min) into a K-D. 

9.4.7 Concentrate the eluate as in 9.3.3 and 9.3.4. 

9.5 Oxidation of N-пitrosarп2nes to N-nitrcusines 

9.5.1 Add 0.2 ml oxidizing solution to the concentrate. 

9.5.2 Allow to stand 3z hours in the dark. 

9.5.3 Add 4 drops distilled water, 0.25 g calcium carbonate and 
shake for 1 min (use of an ultrasonic mixer is preferable). 

9.5.4 Add 0.25 g anhydrous sodium sulfate and shake until water 
is completely absorbed. 

9.5.5 Add 4 ml n-pentane and keep for adsorption chromatography. 

9.6 Adsorption chromatographic clean-up of extract containing 
N-пitrarnines 

9.6.1 Prepare alumina-magnesium oxide column (see Notes on 
Procedure, 12.3). 

9.6.2 Proceed as in 9.4.2, 9.4.3 and 9.4.4. 

9.6.3 Wash the column with diethyl ether:n-pentane (1:99) (flow 
rate approximately 60 drops/min) and discard eluate. 

9.6.4 Elute N-nitramines with 50 ml diethyl ether:n-pentane (1:3) 
Collect abate in a K-D. 
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9.6.5 Concentrate the eluate to about 1 nil as in 9.3.3 and 9,3.4, 
and note final volume to within 0.01 m1. 

9.7 CC analysis 

9.7.1 CC conditions: 

Colrnnn: glass packed with 10% PFG 20М  iii Diatomite C AW, 
DМСS-treated 100-120 mesh, 
Length: 2.7 m 	I.D. 	4 mm 

Carrier gas: Argon, 40 m1/min. 

Column temperature: isothermal 175°C. 

Detector temperature: 225°C 

Pulse: 500 ps 

9.7,2 inject 5 pi of sample and carry out chromatographic 
analysis (measure retention times and peak areas). 

9.7.3 Inject 5 pi of the appropriate N-nitraniine solution and 
carry out chromatographic analysis. 

10. METHOD 0F CALCULATION 

	

10.1 	Calculate the concentration, Z, of the N-nitrosamine,x,from 
the following formula: 

400 A CV 
Z X = 
	RA 	Leg/kg 

X S 

where 

A = Peak area of the N-nitramine,x,from 5 pi of concentrated 
x 

sample; 
As = Peak area of the same N-nitramine from 5 p1 of standard 

solution; 
C = Concentration of the N-nitramine in the standard solution 

ii pg/nil; 
V 	= Total volume of concentrated aluate (9.6.5) in nil; 
RX = Mean recovery of fT-nitramine x (%). 

10.2 

	

10.2 	The mean recovery of the П7-nhraminе  derived from a given 
N-nitrosamine, х, is obtained by analysis of a minimum of ten spiked and 
unspiked samples of the same type, by the procedure described in 9.1.1 
to 9.7.3. The spike should be added at step 9.1.2. 
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11. REPEATABILITY AND REPRODUCIBILITY 

11.1 Repeafabilitp 

The coefficient of variation using this method is about 10%. 

11.2 Aeproducibility 

No data available. 

12. NбТЕб  ON PROCEDURE 

12.1 	Magnesium oxide and alumina should be washed with n-pentane 
and diethyl ether or dichloromethane before activation. 	5одiит  sulfate 
and sodium carbonate should also be washed in the same way. 

12.2 	Add about 15 ml n-pentane to the column, then slowly add 4 g 
activated alumina. 	Remove solvent from the bottom of the column, 
using slight vacuum, until the liquid level is approximately 5 mm above 
the adsorbent layer. 	Rinse the walls of the column, using 5 ml n- 
pentane, and remove solvent as before. 	Add 2 g anhydrous sodium 
sulfate to the column, followed once more by a rinse with 5 m1 
n-pentane. 	The liquid level should finally be 1 mm above the sodium 
sulfate layer. 

12.3 	Add about 15 ml n-pentane to the column, then slowly add 
4 g activated alumina, 	Remove solvent from the bottom of the column, 
using slight vacuum, until the liquid level is approximately 5 mm 
above the adsorbent layer. 	Rinse the walls of the column, using 
5 ml n-pentane, and remove solvent as before. 	Add 2 g activated 
magnesium oxide, followed by another rinse with 5 m1 n-pentane. 
Remove the latter as before, then add 2 g anhydrous sodium sulfate to 
the column. 	Rinse the walls of the column again with 5 m1 n-pentane. 
The liquid level should finally be 1 mm above the sodium sulfate 
layer. 
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12, sCHEW'TIC REPRESENTATION OF PROCEDURE 

sample 

Mince 

Steam distillation 

Extraction with СН2С12 (4 x 50 ml) 

Drying of extracts on Na2S0~ 

Concentration to 4-5 ml with K-D 

Further concentration to 1 ml 

Adsorption chromatography of N--nitrosamines on alumina 

(a) п-pentаnе:CH2C12 (99:1) 	 discarded 

(b) n-pепtаae:С12С1г  (1:1) 

Concentration of the eluate (b) to 1 mi 

Oxidation of N-nitrosamines to N-nitrainines 

Neu trail z a ti on 

Adsorption chromatography of N--nitraraines on alumina:magnesium oxide 

(a) diethyl ether-n-pentane (99:1;-- discarded 

(b) diethyl ether:n-pentane (1:3) 

Concentration of the eluate (b) 

CC with electron-capture detection 

13, ORIGIN 0F THE METHOD 

Department of Instrumental Analysis 
Institute of the Fermentation Industry 
Warsaw 12 
Rakowiecka 36 
Poland 

Contact point: Dr S.J. Kubacki 



METHOD 11 - ANALYSIS OF VOLATILE N-NITROSAMINES 
IN FOOD USING NITROGEN-SPECIFIC DETECTION 

AND ION-SPECIFIC DETERMINATION OF 
HEPTAFLUOROBUTYRAMIDES BY GA5 CHROMATOGRAPHY / 

LOW-RESOLUTION MASS SРЕCТRОМЕТRY 

G. EISЕNBRAND & Н. PREUSSNАNМ  

1. SCOPE AND FIELD 0F APPLICATION 

This method specifies a procedure for the determination of the 
contents of various volatile 5-nitrosamines in meat and meat products, 
cooked dishes, food ingredients, cereals, vegetables, cheese and 
animal foods. 	Using а  100 g sample, the method has a limit of detection 
of 1 microgram/kg (ug/kg) with both detection systems. 

2. REFERENCES 

Eisenbrand, G. (1970) 	Ph D. Thesis, University of Freiburg, 
Germany (1) 

Eisenbrand, G. (1972) LARС  Scientific PиЫ2catiоn No. 3, 
pp. 64-70 (2) 

Eisenbrand, G., Rappard, E. v., Zappe, R. & Preussmann, R. (1976) 
L4RС  Scientific РиЫиеatiоn No. 14, pp. 65-75 (3) 

Hall, R.C. (1974) 	J. С7гrоmatоgr. Бci., 12, 152-160 (4) 

Rappard, E. v., Eisenbrand, G. & Preussmann, R. (1976) 
J. Ghrоmatоgт''., 124, 247-255 	(5) 

Rhoades, J. & Johnson, D. (1970) 	J. Cbrоmatоgr. Sci., 8, 616-617 (6) 

Telling, G.M. (1972) 	J. Сhromatоgr., 73, 79-87 (7) 

3. DEFINITION 

Volatile N-nitrosamine contents of foods: the ]V-nitrosamine 
contents determined according to the procedure described in this 
method and expressed as Ltg/kg (ppb). 
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4. PRINCIPLE 

N-Nitrosamines are distilled under reduced pressure from а  
moderately alkaline suspension of food, 	The distillate is acidified 
to pH 1 arid the N-nitrosamines are extracted in dichloromethane. 
After addition of n-hexane, the organic phase is concentrated tO 1 ml 
and the concentrate analysed by two different methods. One method 
consists of direct gas chromatography using an electrolytic-conductivity 
detector in the pyrolytic mode (ref. 6.3); the other method consists 
of acid-catalyzed deiiitrosation of nitrosamines, formation of their 
corresponding heptafluorobutyramides and detection of these derivatives 
using their Cзу7~ and molecular ion Ьу  gas chromatography/mass spectro-
metry (GC-Ms) (ref. 7,3,5). 

5. HAZARDS 

N-Nitrosamines are carcinogens and every possible precaution must 
be taken to avoid human exposure. All operations involving handling 
of N-nitrosarnines or their solutions should take place in an adequately 
ventilated fume hood or glove box. 	Rubber surgical gloves, which are 
frequently employed, do not give complete protection. 	They should 
be removed and disposed of immediately after use and not worn for long 
periods. 	Thought should be given to safe disposal of any solution of 
material containing N-nitrosamines. 

General outlines1 and stringent requirements2 for handling 
chemical carcinogens are available. 

6. REАGЕNT53 

➢ichloromethane 	 Analytical grade, passed through a 
column of granular calcium oxide and 
then distilled. 

Methanol 	 Analytical grade, passed through an 
Amberlyst I5/silica-gel 60 column and 
then distilled. 

1 Steere, N.V. (1974) 	Safety in the Chemical Laboratory CXVI - 
Occupational safety and health standards adopted for fourteen carcino- 
gens. 	J. Chem. Rico., 51 (6), А322-А325 

2 National Cancer Institute Safety Rtandards for Research Involving 
Chег2ссй  Carcinogens. 	Department of Health, Education and Welfare 
Publication (NIH), 75-900 (1975) 

3 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the Internatoпal Agency for 
Research on Cancer to the exclusion of others which may also be suitable. 
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n-Pentane 

n-Hexane 

Analytical grade Passed through a 

Analytical grade 	
silica gel 60 column 
and distilled. 

Perfluorokerosene (РЕК) As supplied for mass spectrometry 

Potassium carbonate Analytical grade 

Sodium chloride Analytical grade 

Sodium sulfate, anhydrous Analytical grade 

Sadium carbonate Analytical grade 

Sulfuric acid (5N) 

Hydrochloric acid (4N) In 50% aqueous methanol 

Sodium bicarbonate (1 M) 

Hydrogen bromide in 
dichloromethane (5%) Bubble hydrogen bromide gas from a 

cylinder into ice-cooled dichloromethane 
until correct weight obtained. 

Hep taflпогоъutyryl 
chloride (1FB-C1) reagent 	0.5% freshly distilled 1FB-C1 Merck 

Darmstadt in n-pentane (Stoxe in a 
dessicator over Р205) 

Standard N-nitrosamine 	A. mixed solution containing 1 mg/l 
solutions: 	 of each of the N-nitrosamines of 

interest in dichloromethane. 
B. 1 mg/1 of IV-nitrosofipropylamine 
(NPYR) in dichlordmethane 

Stзпдахд  HFB-derivative 	G. Mixed solution containing 0.5 mg/l 
solutions: 	 of each of the HFB-derivatives of 
(see 13 - Note on 	 interest in pentane. 
Procedure) 	 D. 0.5 mg/1 of DP-HFB in pentane. 

NOTE: To ensure the absence of traces of nitrosamines or inter-
fering material a test must be performed using the procedure 
described in section 9, but omitting the sample. 
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7. APPARATUs1 

NOТE Glassware used for the IFS-derivative method should be 
cleaned in potassium dichromate-sulfuric аciд, rinsed with 
distilled water and stored in a dessiсator over Р205 

Usual laboratory equipment and the following items: 

Distillation apparatus 	Joints of polished glass (see Fig. 1) 

Evaporative concentrator 	Kuderna-Danish flask 100 m1, 
(K-D) 	 Concentrator tube calibrated to 1 ml 

5пуdеr distillation column 
Clean-up column 	 200 x 5 mm i.d. glass chromatography 

column 

FIG. I. DISTILLATION APPARATUS 

VACUUM 
PUMP 

~1 

DRY ICE 
IN ACETONE 

1 Reference to a company and/or product is for the purpose of informa-
tion and identification only and does not imply approval or recommenda-
tion of the company and/or product by the International Agency for 
Research on Cancer to the exclusion of others which may also be suitable. 
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Gas chromatograph 	 Hewlett Packard 7620, connected via 
heated outlet (200°C) to a modified 
nitrogen-specific detector. 

Detector 	 (see Fig. 2) low-dead-volume 
electrolytic-conductivity cell from a 
Hall detector (Tracor Instruments), 
connected to a modified pyrolysis 
furnace from a Coulson detector (Tracor 
Instruments). 	The effluent from the 
gas chromatograph (1) enters the quartz 
tube in the pyrolysis furnace (3) via 
a four port valve (2). 	Pyrolysis 
products are swept by the carrier gas 
into the gas-liquid contactor (4), 
where they are dissolved in deionized 
water which is continually recycled 
through an ion-exchange column (5). 
The signal from the conductivity cell 
(6) is amplified and recorded (7). 

FIG. 2. BLOCK DIAGRAM OF THE MODIFIED 
MICROELECTROLYTIC-CONDUCTIVITY DETECTOR 

t 
Ii 	OAS 	I 5 	ON 	1 C 
CHROMATOGRAPH ј  EXCN&NCE BED 

VENT 
2 	 QUАЯТZ TUBE 4 	OAT - LЮUl 6 CONDUCTIVITY 

550°C CONTACTOR CELL 

1 
SWEEP GAS 

RECORDER 

GC/Ms combination 	 LKB 9000 with Multiple-ion-detection 
unit (MID), set for ion-specific 
detection at m/e 169 and m/e of the 
parent ions of the various HFB-amides. 
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8. SAMPLING 

Proceed from a representative sample and store in such a way that 
deterioration and change in composition are prevented (see Chapter 1, 
sampling and 5атplеs). 

9. PROCEDURE 

9.1 Vacuum distиlZation 

9.1.1 Weigh 100 g of a representative sample. 

9.1.2 Add 12 g potassium carbonate, 60 g sodium chloride and 
100 ml water and homogenize in a blender (3 min). 

9.1.3 Transfer homogenate into 1000 m1 round-bottomed flask with 
polished glass joint. 	Rinse blender with 100 ml water, 
add the washings to the homogenate. 

9.1.4 Add 1 ml NDPA standard solution S. 	Connect flask to 
distillation bridge of distillation apparatus with polished 
glass joints (Fig. 1). 	seal joints by wrapping with PIFH 
tape. 

9.1.5 Immerse flask up to polished joint in a water bath at 3-5°C. 

9.1.6 Apply vacuum until sample froths gently. 

9.1.7 Heat water bath to 60°C within 1 hr. 

9.1.8 Distil in a closed system, applying vacuum only for short 
periods to maintain boiling at 60°C. 

9.1.9 Distil until no more distillate is produced and distillation 
bridge is dry (2f-3 hr). 

9.1.10 Release vacuum 

9.1.11 Wash condenser with a minimum of water, adding the washings 
to the distillate. 

9.2 Liquid-liquid extraction 

9.2.1 Acidify distillate to pH 1 with 5 N sulfuric acid. 

9.2.2 Extract for two hours with about 60 ml dichloromethane in 
a continuous liquid-liquid extractor. 

9.2.3 shake the extract with 1/10 of its volume of water. 

9.2.4 Discard water and dry the dichioroinethane phase by shaking 
it with sodium sulfate (2-3 g) in the separation funnel. 

9.2.5 Drain into K-D evaporator. 
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9.3 Concentration of extract 

9.3.1 Concentrate in K-D to about 8 ml (water bath at 50°С). 
9.3.2 Rinse the tube with 2 ml n-hexane and concentrate to 3 ml 

9.3.3 Further concentrate to 1 ml by a gentle stream of nitrogen. 
Take 0.40 ml aliquot for denitrosation and heptafluorbutyr-
amide (1FB) formation. 
Keep the remainder for analysis by GC, with nitrogen-specific 
conductivity detector. 

9.4 GC analysis using modified nitrogen-specific conductivity detector 

9.4.1 CC-conditions 

Column: stainless steel packed with 3% Carbowax 20 
terephthalate on 100/120 mesh Gaschrom Q. 
Length: 	m; O.D.. 3.2 mm 

Carrier gas: Helium, 36 m1/min. 

Column temperature: isothermal for 4 min at 130°C, then 
programmed at 8°C/min up to 200°C. 

Injection port temperature: 200°C. 

Transfer line to detector: glass-lined steel capillary 
(Scientific Glass Engineering 
Co. (S.GE) , I.D., 0.7 гпm; 
Length. 30 cm. 

9.4.2 Conductivity detector conditions: 

Temperature of transfer line: 200°C 

Temperature of vent block: 	270°C 

Pyrolyzer temperature: 	550°C 

Pyrolysis tube : Quartz; I.D., 1.0 mm; O.D., 6 mm; 
Length, 30 cm. 	The end of the Cube 
contains a plug of 100 mg potassium 
carbonate between 5 min plugs of 
silanized glass wool. 

Connection to conductivity cell: Teflon tubing, O.D., 
1.0 mm; т.D.: 0.6 mm; 
Length, 1 cm. 

Conductivity cell water flow: 0.85 in1/min. 

Background conductivity: about 1 umihо. 

Sweep gas: Helium, 36 m1/min. 

Attenuation: between 1 and 4. 
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9.4.3 Procedure: 

9.4.3.1 Inject 2-5 il of concentrated sample extract 
(9.3.3), thé column being connected to the vent 
via the four-way venting valve. 

9.4.3.2 After elution of solvent реаk, connect the column 
to the detector and record chromatogram. 

9.4.3.3 Repeat 9.4.3.1 and 9.4.3.2 with 5 il of N-nitros-
amine standard solution A. 

9.4.3.4 Repeat 9.4.31 and 9.4.3.2 with 51 NDPA standard 
solution B. 

9.5 Derivative formation 

9.5.1 Mix 0.40 ml aliquot of concentrate (9.3 3) with 0.4 mi of 5% 
hydrogen bromide in dichioromethane 

9.5.2 Allow to stand for 15 min. 

9.5.3 Evaporate to dryness in vacuo at 30°C and remove residual 
traces of hydrogen bromide by stream of nitrogen. 

9.5.4 Take up the residue in 0.5 ml methanol. 

9.5.5 Prepare column (5 mm I.D.) of 200 mg SE-cellulose (Servo, 
Heidelberg); activate with 1 ml of 4 N hydrochloric acid 
in 50% aqueous methanol and wash with 2 ml portions of 50% 
aqueous methanol until washings are neutral (normally 4 
washings are sufficient). 

9.5.6 Transfer methanol solution (9.5.4) to column and wash with 
1.5 ml methanol. 	 .. 

9.5.7 Elute the amines from the column with 2 ml 4 N hydrochloric 
acid in 50% aqueous methanol. 

9.5.8 Evaporate to dryness in vacuo at 60cC. 

9.5.9 Add 0.5 m1 dichloromethane and 1 ml n-pentane and shake. 

9.5.10 Add 1.5 ml water and shake. 

9.5.11 Remove the organic layer by means of a pasteur pipette. 

9.5.12 Re-extract aqueous phase with 1 ml n-pentane aid discard 
n-pentane; if necessary, repeat n-pentane extraction until 
n-pentane remains colourless. 

9.5.13 Add 0.5 m1 n-pentane, 1 ml 0.5% solution of ‚P3-chlorIde 
in n-pentane and 0.5 ml 1 M sodium bicarbonate solution. 
Stir magnetically for 15 min. 

9.5.14 Add 0.5 ml 5 N sodium hydroxide and stir for another 5 min. 

9.5.15 Discard the aqueous layer. 

9.5.16 Add anhydrous sodium carbonate (100 mg) and stir. 
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9.5.17 Transfer n-pentane solution to 2 m1 volumetric flask, 
wash the residual sodium carbonate with n-pentane and 
use the washings to make up to volume. 

9.5.18 Retain for gas chromatography/mass spectrometry. 

9.6 Blank correction for derivative 

Obtain a blank correction for the derivative solution (9.5.17) 
by substituting an equal volume of n-hexane for the sample concentrate 
in the sequence of operations 9.5.1 to 9.5.17. 	5ubstrаct peak-heights 
of 1FB derivatives obtained with the blank from those obtained with 
the sample (see 9.7). 

9.7 Gas chromatography/Л1ass spectrometry of 1GB derivatives 

9.7.1 GC conditions: 

Use alternatively column (a) or (b) 

(a) Column: glass, packed with 3% 0V 1 on Gaschrom Q 
100/120 mesh. Length: 3 m; 	I.D., 2 mm. 

Carrier gas: Helium, 20 mi/mm. 

Column temperature: isothermal 1 min at 110°C, then 
programmed at 15°C/min up to 
160°C. 
Isothermal at 130°C for separa-
tion of Di-n-propyl 1FB (1W-1FB) 
and Pyrrolidyl-HFB (PYR-IFE) 

(b) Column: glass, packed with 3% QF 1 on Gaschrom Q 
100/120 mesh. Length: 3 r; I.D., 2 mm. 

Carrier gas: Helium, 20 mi/min 

Соlumп  temperature: isothermal st 130°C. 

9.7.2 Mass spectrometry conditions: 

Accelerating voltage: 3.5 KV 

Filament current: 60 pA 

Electron-beam energy: 70 eV 

Separator temperature: 220°C 

Ion source temperature: 250°С  
9.7.3 Procedure: 

9.7.3.1 Adjust the MS to monitor the GC effluent at m/e 
169 (с3F7+), using PFK as calibration standard. 
Adjust the slits to obtain a resolution of about 500. 

9.7.3.2 Inject 2 p1 sample (9.5.18) 
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9.7.3.3 Vent out the solvent peak. 

9.7.3.4 Record chromatogram of gas chromatograph effluent 
on U-V oscillographic recorder. 

9.7.3.5 If the chromatogram shows indications of the 
presence of HFB-derivatives, readjust the 
instrument to monitor the corresponding molecular 
ions. 	Several ш/e values can be monitored simulta 
neously by sequential variation of the accelerating 
voltage, using the multiple-ion-detection unit. 

9,7,3.6 Inject 2 ц1 HFB-derivative standard solution C. 

9.7.3.7 Repeat 9.7.3.3 to 9.7.3.5 

9.7.3.8 Inject 2 p1 DP-HFB standard solution D. 

9.7.3.9 Repeat 97,3.3 to 9.7.3.5. 

10, METHOD OF CALCULATION 

Results of both analytical methods are calculated by comparing a 
given peak height from sample with that of the corresponding peak from 
the standard solution. 

10.1 GC with nitrogen-speсifïс  detection 

Z = 1000X
СSE~]PEW°SE 	и~lkg 

X 	 H
SECDPE DPIMnDPE 

where 

ZX = Concentration of N-nitrosamine, X, in sample (pg/kg) 

НX = CC peak height of Л1-nitrosamипe, X, in the sample (9.4.3.2) 
(mm) 

СSE = Concentration of, X, in external standard, A (mg/1) 

HSE = CC peak height of, X, in external standard (9.4.3.3) (mm) 

CDpE = Concentration of NDPA external standard, B (mg/1) 

I DРЕ  = CC peak height of NDPA external standard (9.4.3.4) (mm) 
W 	= Amount of NIWA added as an internal standard (9.1.4) (Ug) 

H.DPI = CC peak height of NDPA internal standard (9.4.3.2) (mm) 

M 	= Mass of sample analysed (9.1.1) (g) 

vsE = Volume of external standard injected (9.4.3.3) (p1) 

LA
DpE = Volume of NDPA external standard injected (9.4.3.4) (u1) 
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10.2 1FF-Method (OC-11) 

1060 H
XCsEID?EFDPW vs1 ZX =  

нSЕСDPEНDPIFХ  M °DPE 

where 

Zx 	= Concentration of 17-nitrosamine, X, in sample (rig/kg) 

НX 	= Ms peak height of X-HFB in external standard, C (mg/i) 

v5E 	= Volume external standard injected (9.7.3.6) (l) 

VDPE - Volume DP-HFB external standard injected (9,7.3.8) (il) 

QSE 	- Ms peak height of К-AFB in external standard (9.7.3.6) (mm) 

СDРЕ  = Concentration of DP-IFB external standard, D (mg/1) 

НDРЕ  = Ms peak height of DP-IFB external standard (9.7.3.8) (11m) 

FDP = Molar correction factor = NDPA/DP-1FB 

W 	= Amount of NDPA added as an internal standard (9.1.4) (ig) 

HDРГ  = Ms peak height of DP-IFB from NDPA internal standard 
(9.7.3.2) (mm) 

FX 	= Molar correction factor = nitrosamine XIX-1FB 

M 	= Mass of sample analysed (9.1.1) (g) 

NaТЕ: In 10.1 and 16.2, the equations for Z are corrected 
for Incomplete recovery of endogenous N-nitrosamines 
in the concentrated extract (9.3.3) by assuming that 
the recovery of all of the endogenous N-nitrosamines 
is the same as that of the internal standard, NDPA, 
added at step 9.1.4. 	Iп  addition, it is assumed 
that the amount of endogenous NDPA in the sample 
(9.1.1) is insignificant compared to the amount 
added at step 9.1.4. 
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11a REPEATABILITY AND REPRODUCIBILITY 

11.1 Repeatability 

11.1.1 CC with nitrogen-specific detection (9.4) 

Chromatographic results for N-nitrosamines: 

Х1 = mean retention time (sec); 
Х2 = mean peak. area (ua2) 
SI and 52 - standard deviations; 
V1 and V2 = coefficients of variation 
P = 100 (peak area of given compound)/(peak area of NDMA); 
M - 100 (mol. wt. of NDMA)/(mol, wt, of given compound). 

N-nitrosamines X1 S1 V1 X2 S2a V2 P M 

NDMA 113 0.44 0.39 120 7.3 6.1 100 100 
NDEA 145 0.44 0.30 106 6.7 6.3 87 73 
NDPA 230 0.5 0.22 100 4.9 4.9 82 57 
NDBA 451 0.5 0.11 64 2.0 3.1 53 47 
NPTP 506 0.33 0.07 32 1.0 3.2 26 65 
NPYR 561 0.53 0.09 17 1.3 7.7 14 74 

a Standard deviation with a flaine-ionisation detector was 1 for NDMA. 

The coefficient of variation for recovery of NDPA (added 
as internal standard) for the whole analytical procedure, 
including clean--up and nitrogen-specific detection, was 18.5% 
in 11 consecutive determinations analysing different food 
types (grain, bread, anchovis paste, ham, salami-sausage). 

11.1.2 HFB-Method 

Overall yields (% of theoretical) of 1FB-amides from 0.5 pg 
of a given nitrosamine 

Compound Mean yield No. 	of 
determinations 

Standard deviation 

NDMA 72.3 19 6.4 
NDEA 77.6 19 6.3 
NDPA 77.1 10 6.4 
NDBA 75.8 10 6.8 
NPIP 77.3 18 5.5 
NPYR 75.1 11 8.2 

The coefficient of variation for recovery of NDPA (added as 
an internal standard) for the whole analytical procedure, 
including clean-up and AFS-derivative formation, was 16.9% 
in 11 consecutive determinations, analysing different food 
types (grain, bread, androvis paste, ham, salami sausage). 
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11.2 Rерrоdисibilitу  

No data available 

12. RECOVERY 

At the 10 ppb level, mean recoveries for the internal standard 
NDPA were found to be 70% by nitrogen-specific detection and 68% by 
the 'PB-method, in the range of samples mentioned in I (scope and 
Field of Application). 

13. NOTE ON PROCEDURE 

Synthesis of HFB-amides: Add a solution of the respective free 
amine in diethylether dropwise to a stirred, ice-cooled solution of 
'FB-chloride (34 mmole) in diethylether (20 ml) until the solution 
remains alkaline. 	Let stand at room temperature for 12 hr. 
Alternatively dissolve an amine hydrochloride (insole) in pyridine 
(20 ml) and add the solution to an ice-cooled solution of RFB-chloride 
in pyridine (20 ml); reflux for 1 hr; add 50 ml of dichloromethane 
after the reaction mixture has cooled down. 

Wash the solutions with 2 N ICI, saturated aqueous NаиCO3 then 
with water until neutrality. 	Remove water by filtration over Na2S014 
and distill the organic solvent off. 	Purify the crude HFB-amides by 
fractional distillation under reduced pressure through a short Vlgreux 
column. 	Confirm identity and purity by gaschroniatography, mass 
spectrometry and elemental analysis. 

Properties of HF8-amzdes 

НF6-аmiде  of 0181 	formula Е1 е~п,пtаl 	analysis boiling pof nt Torr 
7181. 	weight C H N (unto rr,) 

2i metrtylaпfпe 4797н0F7 са1 с. 	29,62 2.51 5.91 57.0' 13 
(241.116) found 30.04 2.57 5.63 

Diethyiaбi пc c'н,1NOF7 8018. 	35.69 3.75 5,21 66.5° 24 
269.17 found 30.42 3.77 5.52 

6i-п-propylamine C1 ~H;~N9F~ cгlc. 	10.41 4.75 4.71 22.6° 11 
202.210 found 42.31 4.70 5,42 

LIS -s ьutylamine G „Нi 'NOF са1 с. 	44.31 5.59 4.31 104.5° 11 
325.266 Pound 44.03 5.61 4.40 

Pyrrolidiпe С914710F7 cal г. 	35.06 3.02 5.24 67.0° 12 
267.152 found 35.44 3,05 5.03 

Piperidi пe С4н1 ~N0 Е7 sslo. 	32.44 3.59 4.96 97.6° 13 
281.172 Pound 36.32 3.28 5.23 

M~t11yl-ethylami пe C-,Н'NOF7 sols, 	32,95 3.16 5.49 99.5° 13 
255.132 foosd 32.92 3.26 5,00 

2500531 	-рsoру1oб  пe 5L Н.lцОЕ7 sols. 	35,29 3.75 5.21 73,6° 10 
269.17 found 35.41 3,80 5,04 

Methyl-n-peпtylanьi nе  Ci ,H,~.30г' саi с 	40.61 4.75 4.71 92,0° 11 
287,260 f000d 40,72 4.69 4.62 

D1-s-;°Ooiylooioo Ci„H20607» solo. 	47.53 5,28 3.96 76.0° 0.25 
353.327 found 37.75 8,20 4,12 

Оi-4-pentylamino Ci„H28f10F7 сдl с. 	47.59 6,25 7.04 92.0° 3 
353.327 bond 47.91 6,55 4.01 



212 	 ETSENBRAND & PREU5S~IANN 

14. SCНEMAТIС  REPRESENTATION OF PROCEDURE 

Sample (100 g) 

Vacuum distillation 

Continuous extraction of distillate (pH 1) with СH2C12 

Drying (Nа250) and concentration of organic phase to 
1 m1 in KD, after addition of n--hехаne (2 ml) 

Direct GC analysis with 
nitrogen-specific detection 

Denitrosation by HBr and isolation 
of amines by ion-exchange procedure 

ь  
Formation of HFB-derivatives 

~ 
GC-Ms 

15. ORIGIN OF METHOD 

Deutsches Кгebsforsçьungszenuuх  
Institut fur Toxikologie und Chemotherapie 
Im Neuenheimer Feld 280 
6900 Heidelberg 
FRG 

Contact point: Dr G. Eisenbrand 
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