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It has been well established that human foods may contain trace 
amounts of carcinogenic N-nitrosamines. Originally, it was thought 
that the use of nitrite as a curing agent for flesh foods was the 
major source of these trace compounds in the diet. Subsequent re
search has clearly shown that other processing and packaging proce
dures can also introduce trace amounts of these carcinogens into 
foods. These procedures include drying foods in direct flame heated 
air, migration from food contact surfaces and direct addition as 
contaminants. In addition, other reports of N-nitrosamines in foods 
have less well defined routes of contamination. These sources of 
N-nitrosamines in foods will each be briefly reviewed in this paper 
and recent data from our laboratory concerning N-nitrosamines in 
products which directly contact foods presented. We also are report
ing the N-nitrosothiazolidine content of fried-out bacon fat. 

INTRODUCTION 

Compounds which contain the N-nitroso functional group have 
raised concerns for over two decades for two reasons: First, a large 
majority of the over 200 individual N-nitroso compounds tested are 
capable of producing tumors in laboratory animals (Wishnok, 1981); 
and secondly, humans are exposed to small quantities of these com
pounds through the environment, commercial products and foods 
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(Fishbein, 1979). Occupational exposures may result in the highest 
individual exposures (Fine and Rounbeh1er, 1981) but the largest 
numbers of people have been exposed to exogenously formed N-nitroso 
compounds through the diet. 

Several groups have dem£nstrated that a number of foods can con
tain trace quantities of VNA (volatile being those compounds amena
ble to gas chromatography without derivatization). Analytical meth
odology for NVNA has not been adequately developed. Methodology for 
the analysis of VNA and NVNA in foods has been recently reviewed 
(Hotchkiss, 1981). 

To date nearly all types of foods have been analyzed for VNA and, 
hence, some important generalizations can be made. Most importantly 
is that the use of nitrite as a curing agent is not solely responsible 
for the VNA content of foods. Several foods to which nitrite has not 
been intentionally added have now been shown to contain trace levels 
of VNAs. Equally significant is that the N-nitrosamine content of 
foods has decreased as a result of research in this area. In this 
review I will not list the VNA content of specific foods but will 
generalize and classify the routes and mechanisms by which foods 
can become contaminated. The routes of contamination can be divided 
into 5 groups: Additives; drying processes; migration from contact 
surfaces; addition of performed NA; and those for which the route is 
not clearly defined. Recent reviews of other aspects of N-nitroso 
compounds including biological actions (Digenis and Issidorides, 
1979), chemical properties (Fridman et a1., 1971) and food content 
(Gray, 1981) have been published. 

ADDITIVES 

The suspicion that the use of nitrite in foods might result in 
the formation of NA stems from an incident in which animals fed ni
trite preserved fish meal developed liver necrosis. The causal 
agent was determined to be NDMA and it was shown that the compound 
resulted from the nitrosation of the amines in the fish by nitrous 
acid formed from nitrite (Ender et a1., 1964). Nitrite is an 
economically and technically important food additive in the curing 
process in order to fix color, develop flavor and inhibit toxigenesis 
by C1. botulinum. 

1Abbreviations: NA, N-nitrosamines; VNA volatile N-nitrosamines; 
NVNA, nonvolatile N-nitrosamines; NDMA, N-nitrosodimethy1amine; 
NPYR, N-nitrosopyrro1idine; NPRO, N-nitros~pro1ine; NTHZ, N-nitroso
thiazo1idine; NPIP, N-nitrosopiperidine; NDEA, N-nitrosodiethy1-
amine; GC-TEA, gas chromatography - thermal energy analyzer; NMOR, 
N-nitrosomorpho1ine; NDPA, N-nitrosodipropy1amine. 
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Since the late 1960s a substantial research effort has resulted 
in a body of information concerning the occurrence and formation of 
VNA in cured meats. This has resulted in the knowledge that the ad
dition of nitrite to meat is not, in most cases, sufficient to 
routinely cause the formation of VNA. In order for cured meats to 
consistently contain more than 1 ~g/kg VNA6 the product must be 
subjected to temperatures greater than 100 C in a low moisture en
vironment. The only cured product which meets these criteria is 
bacon. Other cured products only sporadically contain VNA in excess 
of 0.1 ~g/kg (Gray and Randall, 1979). In a recent large survey, 
only 6 of 152 cooked sausage products had a VNA content greater than 
5 ~g/kg and only 4 of 91 dry sausages had similar VNA contents. In 
the same study, however, 11 of 12 dry-cured fried bacons contained 
VNA, some as high as 280 ~g/kg. The fact that fried cured bacon 
consistently contains detectable VNA has been observed by numerous 
workers (Scanlan, 1975). 

Efforts have been directed at determining the chemical mechan
ism and precursors to the major VNA, NPYR, found in fried bacon. 
While several potential precursors to NPYR have been identified, 
including collagen, ornithine, hydroxyproline, citrulline, putrasine 
and arginine, it is generally accepted that the major precursor is 
proline (Gray, 1976). While the free-radical mechanism proposed by 
Bharucha et a1. (1979) is often cited as the mechanism which best 
fits observations, the steps of the reaction have not been clearly 
elucidated. At least two possible routes exist; proline could be 
nitro sated to form NPRO Which is subsequently decarboxy1ated during 
frying to NPYR, or proline is first decarboxy1ated to the amine 
pyrro1idine which is then subsequently nitrosated. Both decarboxy
lation and nitrosation, regardless of order, must occur during frying 
because uncooked bacon does not contain NPYR or sufficient preformed 
NPRO (Hansen et aI, 1977). Nakamura et al. (1976) have suggested 
that the mechanism is temperature dependent; at temperatures above 

o 175 C decarboxylation precedes nitrosation and at lower temperatures 
nitrosation precedes decarboxylation. 

In addition to NDMA and NPYR, Kimoto et a1. (1982) and Gray et 
a1. (1982) each have reported that fried bacon also contains NTHZ. 
This VNA was likely missed by many researchers due to its long reten
tion time or its on-column decomposition. We have also confirmed 
this VNA in fried bacon and have further identified the compound in 
the fried-out fat from bacon. NDMA and NPYR are, under most frying 
conditions, found in higher concentration in the fried-out fat than 
in the edible portion. However, in our experiments NTHZ consistently 
occurs in higher concentrations in the edible portion regardless of 
the frying conditions (Table 1). The mutagenicity of NTHZ has been 
demonstrated (Sekizawa and Shib amo to , 1980) but the compound has not 
been tested in whole animals for carcinogenicity. The formation of 
precursors of NTHZ have also not been studied in fried bacon but 
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thiazolidine has been identified as a browning product ina glucose
'Cysteamine model system (Mihara and Shibamoto, 1980). 

TABLE 1 

Volatile N-nitrosamines in Bacon and Bacon Fried-out Fat 

Sample Edible Fried-out Fat 

NDMA NPYR NTHZ NDMA NPYR NTHZ 

A (3)a 1.4b 13 18 2.1 46 6 
B (3) 1.7 39 68 2.9 88 23 
C (4) 2.5 59 51 7.8 114 17 
D (6) 4.3 67 30 2.0 44 8 
E (6) 3.2 75 69 2.6 75' 24 

a minutes frying per side at l700 C 

b J..lg/kg 

Nitrate may be added to certain cheeses to retard the growth of 
microorganisms which might cause defects. Concern has been expressed 
that the nitrate might be reduced to nitrite by reductase containing 
micro flora and that this nitrite could nitrosate amines endogenous 
to the product. The Danish government has published the results of a 
large survey of cheeses in which no correlation between the use of 
nitrate and concentration of VNA in the product could be made (Anon. 
1980). Only very small amounts (less than 0.7 J..lg/kg) were found in 
any cheese. Sen et al. (1978), however, found 21 of 31 cheeses im
ported into Canada contained VNA up to 20 J..lg/kg. These apparent 
discrepancies with regard to the use of nitrate in cheese have not 
been resolved. 

DRYING 

In addition to the use of nitrite and nitrate as additives, a 
second general mechanism by which foods may become contaminated with 
NA is through the drying of foods in air which has been directly 
heated in an open flame. The highest levels of VNA resulting from 
this common method of food processing have been in the kilning of 
malted barley. Concentrations of NDMA -in the dried malt of over 100 
J..lg/kg have been reported (Hotchkiss et al. 1980; Preussmann et al. 
1981). 

A number of workers have shown that the NDMA in the malt sur
vives the brewing process and can be detected in the resulting beer 
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in concentrations expected from the dilution of the malt (Haver.y et 
a1. 1981). This widespread contamination was shown to be the result 
of the formation of oxides of nitrogen in the air as it is heated in 
the flame. Oxides of nitrogen have been demonstrated to be effective 
nitrosating agents over a wide pH range (Challis and Kyrtopou1os, 
1978). 

Scanlan and coworkers have extensively investigated the forma
tion of NDMA in malt. They have demonstrated that the plant alka
loids hordenine and gramine are effective precursors of NDMA in model 
systems and that it is likely that NVNA may also be present in direct 
fired kiln dried malt (Mangino et a1. 1981). 

The first reports of NDMA in beer indicated average concentra
tions in the range of 2 to 6 ~g/kg (Spiege1ha1der et a1. 1981). 
While these levels seem, at first, low it is possible to consume 1 
to 2 kg of beer at a single serving. This represents more NDMA 
exposure than from any other food source. Spiege1ha1der et a1. 
(1980) have estimated that 64% of a West German's dietary NDMA came 
from beer. There is recent evidence, however, that the VNA content 
of beer has decreased sharply (Mangino et a1. 1981). This decrease 
is due to the widespread use of sulfur dioxide or indirect heating 
of the drying gases in the malting industry. The application of 
sulfur dioxide during the early part of the kilning process may be 
either by direct injection of gaseous sulfur dioxide or by burning 
elemental sulfur in the drying air. The inhibition by sulfur dioxide 
is most likely due to the formation of bisulfite which may react with 
the nitro sating agent in a redox reaction. 

Other foods which are dried in direct flame heated air have also 
been shown to contain trace amounts of VNA, albeit at lower levels 
than malt. Most notable is the finding that nonfat dried milk may 
contain traces of NDMA. Several reports have shown NDMA levels of 
0.1 to approximately 5 ~g/kg (Libbey et al. 1980; Lakritz and 
Pensabene, 1981). In a recent nationwide survey of 57 nonfat dried 
milks conducted by the US Food and Drug Administration, an average 
NDMA level of 0.6 ~g/kg was found with 48 samples being positive 
(Havery et al. 1981). Apparent NPYR and NPIP were also detected in 
sub ~g/kg concentrations. Because nonfat dry milk is diluted lOx 
before consumption some have considered it not to be a significant 
problem while others have been concerned because of the widespread 
use of this product by the young. 

Other dried foods have been shown to sporadically contain detec
table VNA. Sen and Seaman (1981) analyzed nonfat dry milk, dried 
soups, and instant coffee and found VNA in all dried milks, 3 of 20 
dried soups and 5 of 10 instant coffees, most at levels of less than 
1 ~g/kg. Perhaps more importantly, 3 of 8 dried infant formulas 
contained detectable VNA. Fazio and Havery (1981) have observed VNA 
in soy isolates and concentrates and dried cheeses. 
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MIGRATION 

In addition to formation from direct additives or from the 
direct flame drying process, recent evidence indicates VNA may enter 
foods through migration from food contact surfaces. In 1981 
Spiegelhalder and Preussmann (1981) reported that a number of rubber 
products including nursing nipples contained substantial levels of 
VNA and that these compounds could migrate to water and milk. Later 
Havery and Fazio (1982) investigated one brand of nipple available 
in the US. They confirmed the presence of VNA in this product and 
demonstrated that when inverted nipples were sterilized in milk or 
formul~migration occurred. 

We have investigated the VNA content of 8 types of rubber 
nipples available in the US from several domestic and foreign manu
facturers (Babish et al. 1982). One or more VNA were detected in all 
nipples tested and when each nipple was boiled for 3 minutes in 150 
ml water or incubated 3 hours at 37oC, 6 to 44% migration occurred. 
Total VNA contents ranged from 42 to 617 ~g/nipple (nipple weight is 
approximately 5 gm) and most nipples contained more than one VNA 
(Table 2). 

TABLE 2 
Volatile N-nitrosamines in Nursing Nipples 

Nipple Weight~ 

A 4.9 
B 8.2 
C 5.5 
D 4.6 
E 5.0 
F 5.2 
G 5.2 
H 4.9 

a 
gm 

b ng per nipple 

c not detected 

b N-nitrosamine 

NDMA 

79 
127 

c 

120 

NDEA 

61 

56 
46 
42 
79 
75 
74 

NPIP 

380 
299 

401 
541 

Direct food contact paper and paperboard packaging may also be 
a source of VNA and nitrosatable amines in foods. Analyses of 34 
food packages by GC-TEA revealed 9 to be contaminated with NMOR 
(Table 3). Perhaps more importantly, all packaging materials 
examined had levels of the parent amine morpho line ranging from 
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98 to 842 ~g/kg (Hotchkiss and Vecchio, 1982). Morpho1ine is easily 
nitrosated and there is evidence that it may be nitrosated in the 
stomach to produce the carcinogenic N-nitroso derivative (Mirvish, 
1975). Two experiments indicated that both the NMOR and morpholine 
may migrate to dry foods. First, when a food package was found to 
contain NMOR and morpholine, the food closest in the package often 
also contained NMOR and morpho line (Hoffmann et ale 1982). Secondly, 
when paperboards which contained NMOR and morpho line were incubated 
at elevated temperatures in closed vessels with dry foods migration 
could be demonstrated. Further research is needed to determine the 
extent of the contamination and degree of migration under normal 
conditions. 

TABLE 3 

Morpholine,and N-nitrosomorpholine in Paper and Paperboard Packaging 

Container 

Pasta Box 
Cake Box 
Flour Bag 
Flour Bag 
Packaged Dinner 
Pasta Box 
Milk Carton 
Rice Box 
Cornstarch Box 
Packaged Dinner 
Frozen Vegetable 
Flour Sack 

a ~g/kg 

b not analyzed 

c not detected 

DIRECT ADDITION 

Box 

NMORa Morpholine a 

15 430 
3.6 560 
13 8l2b 
3.3 
6.1 
8.9 347 
NDc 98 
ND 132 
ND 329 
ND 445 
ND 113 
ND 842 

When agricultural chemicals or food additives contain preformed 
VNA, it is conceivable that a portion of the VNA contaminate could be 
added to food. For example, meat curing premixes which contained 
salt, sugar, spices and nitrite and were designed to facilitate the 
mixing of curing brines were shown to contain relatively high levels 
of VNA including NPIP (Sen et ale 1974). This VNA resulted from the 
nitrosation of piperidine ring containing compounds in the spices. 
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The NPIP was then added along with the cure solution to the meat 
and could be detected in the product. 

Certain agricultural chemicals were shown at one time, to con
tain mg/kg quantities of VNA (Ross et al. 1977). Although current 
levels have been greatly reduced (Oliver, 1981) it has been demon
strated under laboratory conditions that when these mixtures are 
applied to food crops, absorption of the VNA either directly through 
the plant or indirectly through the soil is possible (Khan, 1981). 
For example, Dean-Raymond and Alexander (1976) have shown that 
radio labeled NDMA incorporated into soil could be taken up by edible 
plants. A recent survey of dried waste sludge also indicates most 
sludges contain small amounts of VNA (Mumma et al. 1982). If sludge 
is incorporated into soil uptake may be possible. It should be noted 
that no confirmed report of VNA in foods as a result of the use of 
pesticides or sludge in actual field use has appeared. On the con
trary, Ross et al. (1978) analyzed soil, run off water and edible 
plant tissue after the application of a commercial herbicide con
taining NDPA and failed to detect the VNA in any sample. As pointed 
out by Oliver, (1981) it is difficult to draw conclusions about the 
VNA contamination of foods based on laboratory experiments. 

Another potential source of direct addition of NA to food maybe 
through the use of processing water which has been deionized by 
anion exchangers. Kimoto et al. (1980) have shown that NDMA and 
NDEA at levels of less tharr: 1 ].Jg/kg can be detected in water which 
has been passed through an anion exchange column. This is a common 
treatment process in food plants, 

MISCELLANEOUS 

In addition to the above four mechanisms by which food may 
become contaminated with small amounts of VNA, other less well de
fined or uncorroborated contamination processes have been reported. 
For example, one group of Japanese workers have reported that broil
ing fish under a gas flame may result in substantial increases in 
the VNA content of the food (Matsui et al. 1980). The average NDMA 
content of 20 fish and seafood products increased 3 fold after 
broiling under a gas flame and one dried squid sample increased in 
NDMA from 84 to 313 ].Jg/kg. When broiled under an electric element 
or covered with aluminum foil smaller increases in NDMA content were 
seen. Presumably, VNA are being formed by a mechanism similar to 
that occurring in dried foods such as malt and nonfat dried milk. 
rurther work is needed to evaluate this source of dietary NA. 
Smoking fish has also been reported to result in the nitrosation of 
the amines associated with fish (Kann et aL 1980). 
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CONCLUSIONS 

Nearly all categories of foods have been analyzed for VNA. As 
I've attempted to point out, this research has reached a point where 
generalizations can be drawn and the routes of contamination defined. 

There is little doubt that this research has led to a reduction 
in human exposure to carcinogenic VNA. This is especially true for 
fried bacon (Havery et al. 1978), beer (Havery et al. 1981) and 
rubber products. What is needed is similar information concerning 
NVNA in foods. Inadequate analytical methodology has precluded this 
information. 

The important question is, of course, what implications toward 
human health can be drawn from the occurrence of trace amounts of 
carcinogenic NA in foods. Unfortunately, a definitive answer to that 
question is not available but we must not dismiss that some finite 
risk may exist just because the concentrations of VNA in foods 
appears small when compared to our everyday experiences. It is still 
prqdent to investigate the occurrence of these undesirable compounds 
and to reduce exposures When feasible. 
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