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Preface

The first Handbook of this series dealt with natural and man-made
agents which become a part of our bodies and which may have beneficial
or detrimental effects on our health and lorigevity. This series of two
volumes continues in that vein and takes the reader further into the
realm of substances heretofore considered of little consequence (plant
toxins, nitrates, nitrites) or those which have created such public con-
fusion (nitrosamines, air-borne particulates) that further considerations
of available information are in order.

For example, nitrates and particularly nitrites have been a part
of our effective arsenal of preservatives and disinfectants, useful in
preserving and extending or enhancing meat products for more than a
century. It has been only in recent years that their safety has been
questioned, first as components of nitrosamines and more recently, as
potential carcinogens in their own right. There is no evidence to date,
despite the documented carcinogenic potency of nitrosamines in many
animal species, that these substances have caused cancer in human
populations. Even more remote is the evidence for nitrites as potential
carcinogenic agents in human or animal populations. Nevertheless,
these substances have created a great deal of concern in the minds of
scientists as well as the lay public. The evidence as it exists at the
point of publication of these volumes is presented in clear form for ni-
trates, nitrites, and nitrosamines. These subjects are covered by Paul
M. Newberne and Adrianne E. Rogers, both of whom have conducted
extensive research in the respective areas for more than a decade.

Plant toxins have been a scourge of both man and animals but also
have provided benefits as components of medicinals for the many cen-
turies that mankind has existed. Plant toxins have been used to elimi-
nate enemies, the unneeded and other segments of our human popula-.
_tions. Conversely, plant toxins have also served useful purposes when
used in controlled exposure. The potential for anticarcinogenic effects
of plant toxins has now been recognized and this is a very active area
of intensive research described in considerable detail by A. Robin

iii



iv Preface
Mattocks who has spent much of his productive career examining ques-
tions about the pyrrolizidine alkaloids and mechanisms by which they
produce their effects.

Those who reside on the coast of the United States as well as those
who visit coastline areas where seafood is abundant recognize the real
and potential problems of shellfish poisoning and other aspects of sea-
food toxicity. It is rare indeed to have a clear and lucid résumé of the
subject compiled in a chapter prepared by two of the recognized inter-
national experts in the field, John C. Wekell and John Liston. They
have presented the subject matter in a manner easily understood by
both the scientists and the layman.

These volumes continue along lines found to be useful as they
appeared in the Handbook, Part I. Résumés, details, and literature
references provide scientists and lay public alike with the needed infor-
mation or an entry into a more extensive literature on the specific sub-
ject. These volumes will be of particular interest to those involved in
food science research as well as to researchers in biological sciences in
general, public health officials, physicians, veterinarians, and the lay
public. Since the first volume was published we have learned by trial
and error as a society that decisions about matters which impinge on
the health of broad segments of the populations can no longer be left
in the hands of scientists, politicians, and regulatory agencies; the
public in general wants input into the decision-making process .and a
~ rational approach will depend on up-to-date- accurate information.
These volumes will help in providing such information in a balanced,
interpretative inanner.

Paul M. Newberne
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Department of Nutrition and Food Science
Massachusetts Institute of Technology
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1. INTRODUCTION

This chapter examines nitrate and nitrite in ‘our food supply, air, and
water, and how these chemicals may be produced in biological systems.
'Additional discussions center on the real or potential health problems

1



2 Newberne
which may accompany exposure to nitrate, nitrite, and, briefly, to
nitrosamines. It is both the external sources of nitrate and nitrite and
the internal synthesis and recycling of these chemicals which are impor-
tant to the health and welfare of man and animals. The subject of ni-
trates and nitrites has been one of continuing controversy during the
past decade and shows few signs of abating.

Nitrate and nitrite and the controversy surrounding these chemi-
cals relate to the central issue of a safe food supply which has been of
great concern to the public in recent years. It has become quite popu-
lar to demand a food supply that is absolutely safe, free of harmful
chemicals, and sufficiently nutritious to support optimal health. Mutri-
tious food is essential to life but it is comprised of a mixture of thou-
sands of chemicals, any of which can be harmful and even fatal if con-
sumed in sufficient amounts. Vitamins A and D, the amino acid methio-
nine, and trace elements copper and zinc are good examples of nutrients
that are essential to life but if consumed in excess and for significant
periods of time can be injurious and even fatal. Human beings cannot
live without these and other essential nutrients but in excess they are
toxic.

In considering the food supply and food additives such as nitrate
and nitrite, it is essential to distinguish between toxicity and actual
hazard. "A food chemical may or may not be hazardous depending upon
the amount that is ingested and on other factors. The great concern
of the public in demanding absolute safety in foods is mistaken because
the generally accepted concept that foods can be free of chemicals is
false. All foods consist exclusively of chemicals and all substances are
toxic in some degree and therefore are potentially harmful. The concern
evidenced by the public in recent years is misdirected because the more
important dangers associated with food consumption are of a different
nature in our society. It is clear now that in the United States and in
many Western countries the chief hazards from foods result from exces-
sive consumption, particularly of those foods rich in fats and in highly
refined carbohydrates. These types of foods are associated with obe-
sity, hypertension, cardiovascular disease, dental caries, and directly
or indirectly with some forms of cancer.

Even if an individual escapes the hazards of overindulgence of
ordinary foods, moderate amounts of some foods may still be hazardous
because of some of the chemical substances they contain. These may be
added deliberately or they may find their way into the food chain as
unintentional additives. The latter is usually a consequence of human
activities or they may derive from instrinsic factors which are a part of
the plant or animal material as it was synthesized in nature. On the
other hand, the human population needs to understand that there is
little reason to fear a particular food chemical simply because an over-
whelming excess may be harmful. Mankind has throughout history, and
for the forseeable future will continue to ingest chemicals that would be
toxic if consumed in excessive amounts. This is a normal situation and
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it is impossible for living organisms to avoid taking texic substances
into their body since all substances as noted above are toxic if taken
in sufficiently excessive amounts. Relevant considerations center on
(1) how much of the substance is consumed, (2) the effect of this
amount in a dose-response relationship, and (3) the benefit derived
from the material eaten in relation to the potential risk involved.
Further to these considerations, public health authorities should
be informed about the possible dangers related to widespread, long-
standing practices previously regarded as safe. We are constantly
learning that some of the natural compounds considered safe for decades
or even centuries are indeed sources of potential or real hazard because
of their chronic toxicity or cancer-producing qualities. Nitrate and
nitrite fall into this category and continued surveillance and regulatory
action based on the best knowledge available is essential to the insur-
ance of public health., Nitrate and nitrite as chemicals are discussed
in thig chapter; the additional concern of the combination of nitrite with
amines to produce nitrosamines are considered in detail in Chap. 2.

1I. SOURCES OF NITRATE AND NITRITE

Nitrate salts are widely distributed in water, soil, and plants; in addi-
tion, nitrogen that occurs in other forms along with nitrates, when
acted upon by living systems, form nitrites. Nitrites continuously form
and break down in nature, the process by which nitrogen in the atmos-
phere is converted to a useful form and ultimately returned to the
atmosphere again in what is referred to as the nitrogen cycle. The in-
creasing concentration of nitrates in water results primarily from pallu-
tion by organic wastes and from fertilization of crops by chemical fer-
tilizers which. have a high nitrogen content. For example, more than 11
million tons of nitrogen fertilizers are added to the soil in the United
States each year [1]. In areas where nitrogen-containing fertilizers
are used extensively, both the soil and the water may contain large
amounts of nitrates and nitrites, It appears, however, that the amount
of nitrate and nitrite added to the environment by human action is con-
siderably less than the amount that is present naturally. -

Vegetables commonly consumed by human populations contain
significant quantities of nitrates as shown in Table 1. From these data
it is clear that many of the commonly consumed staple vegetables contain
considerable amounts of nitrate which, when taken into the body, is
converted to nitrite. Celery, radishes, beets, and leafy vegetables in-
cluding lettuce, cabbage, spinach, and broccoli are especially rich
sources. The average levels of nitrate range from 13 ppm in some sam-
ples of dry beans to as much as 3000 ppm or more in beets [2]. More-
over, 15,000 ppm of nitrate has been found in radishes [3]. Nitrites as
such do not usually occur in large amounts in food or water. However,
when foods are rich in nitrate and are acted upon by bacteria there is
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TABLE 1. Estimated Average Daily Per Capita Ingestion of Nitrate
and Nitrite by U.S. Residents

Nitrate-nitrogen Nitrite-nitrogen
Source mg % of total mg % of total
Vegetables 19.4 86.0 0.06 1.8
Fruits, juices 0.3 1.3 0.00 0.0
Milk and products “0.05 0.2 0.00 0.0
Bread 0.5 2.2 0.01 0.3
Water 0.2 0.9 0.00 0.0
Cured meats 2.1 9.3 0.72 21.1
Saliva 6.8 --- 2.62 76.8
Total 22.55 99.9 3.41 ©100.0

Source: Adapted with permission from W. J. White, Jr., Journal of

Agricultural Food Chemistry, 24:202, 1976. Copyright 1976 by the
American Chemical Society.

continual increase in the amount of nitrite present. Thus any food con-
taining natural or added nitrate will eventually contain nitrite.

If we are to understand the factors that influence the nitrate-
nitrite content of foods, consideration must be given to the sources and
movement of nitrogen and its compounds in the environment. It is
generally assumed that the origin of nitrogen used in bijological reac-
tions is primarily atmospheric Ng. It is very likely, however, that a
major portion of the earth's nitrogen is contained in its fundamental
rocks [4]. While much of the nitrogen contained in rocks may be avail-
able, this source, because of the total content, may provide a larger
proportion of the nitrate in waters than is believed to be the case [5].

Exactly how nitrate-nitrite compounds are formed in the atmosphere
is not clearly understood but it is generally believed that nitrous oxide
(N90) and nitric oxide (NO) are biological in origin [6]. The most
sbundant oxide of nitrogen in the atmosphere is N3O, where the con-
centrations range from 500 to 1200 mg/m2 [7]. Fossil fuels which are
on the increase in use around the world generates principally NO, and
this is subsequently oxidized to NOy. The photolytic cycle of the nitro-
gen oxides has been recently described [8].

It has been pointed out that a significant quantity of the nitrogen
compounds found in natural water comes from precipitation {8}. The
amount of ammonia delivered to earth in rain or snow is twice that of
nitrate. However, a 17-year study in Canada indicated that nitrate ’
plus nitrite accounted for about 35% of the total nitrogen in rain and
snow, with a total nitrogen amount reaching the land each year of
about 2 tons/mile2 of nitrate equivalent or about 7 b/ acre. This is
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in agreement with levels reported in European observations. The
amount of nitrite in rain and snow is very likely small but the few
studies that have been made do not permit accurate assessment. It
appears, however, that only about 1 t6 5% of the amount of nitrate
occurs as nitrite.

There are a number of complex and close interrelationships
affecting the content of nitrate-nitrite in soil and water. In addition
to the nitrogen compounds delivered by precipitation, as mentioned
earlier, there is also the direct addition of fertilizer which contains
ammonia, urea, and nitrates; the fixation of nitrogen from the atmos-
phere by microorganisms and legumes; the microbial decomposition of
nitrogenous compounds in plants and man's sewerage and wastes; and
the geochemical leaching of nitrate into groundwater [10-12].

It would appear that the amount of nitrogen biologically converted
to ammonia and ultimately into nitrates is quite large compared to that
derived from direct precipitation (200 1b of nitrogen per acre per year,
compared to 7 1b per acre per year). Nitrogen fixation is achieved by
an enzyme system, nitrogenase. This is distributed among a number
of apparently unrelated organisms or plant microorganisms (symbiont).
It has been described by Hardy and Burns [13] as a multiprotein com-
plex containing nonheme iron, labile sulfide and molybdenum, a complex
that catalyzes the reduction of Ny and a number of nitriles and alkynes,
the generation of hydrogen, and the concommitant hydrolysis of
Adenosine 5'-triphosphate (ATP). —_—

There is some degree of specificity of microbial oxidation of soil
ammonia derived from decayed processes or from added ammonia. Nitro-
somonas and related genera convert ammonia to nitrite, while Nitro-
bacter and related genera oxidize nitrite to nitrate, a two-stage process
accomplished by the soil microorganisms [14,15]. It is now known that
a number of plants readily absorb leachable nitrate jon and then reduce
it to nitrite by nitrate reductase enzymes {16]. These enzymes are
molybdo-iron-flavoproteins and organisms such as Pseudomonas, Pro-
teus, Escherichia coli, among others, carry out such reactions. Some
plants do not use absorbed nitrate, and in such cases nitrate is con-
verted to ammonia in ‘the roots.

Methemoglobinemia in human infants is one of the most striking
toxic effects of consuming excess nitrate which is converted to nitrite
and combines with hemoglobin to form methemoglobin. In the case of
infants this usually results from consuming bottle formulae made with
water from wells containing high concentrations of nitrate. This was
recognized and described by Comly in 1945. Following the first report
in the medical literature, more than 2000 cases of methemoglobinemia
have been recorded as a result of consuming water containing nitrates
(17,18]. A more recent report in 1964 by Holscher and Natzschka [19]
of cyanosis in infants from spinach resulted in the renewed interest in
the nitrate-nitrite content of plants in soils and of the various factors
which influence concentrations of these compounds. This subject
will be dealt with more in detail later in this chapter.
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Factors which are known to affect the nitrate content of plants
include the species, variety, stage of maturity, and the part of the
plant. Environmental factors which result in an increase in nitrate
include high temperature, drought, cloudiness or shading, deficiencies
in certain nutrients such as calcium and phosphorus, excessive nitro-
gen from legume residues and fertilizer. In addition, insect damage
and herbicides contribute to the nitrate content of plants.

Nitrate-nitrite poisoning in livestock has been recorded in the
veterinary literature for many decades [20]. One of the more recent
serious episodes in the United States occurred during the summers of
1953 and 1954 in the Midwest; Missouri was particularly affected [21].
This occurred as the result of a complex of environmental factors:
severe drought, extreme heat, heavy fertilization of crops, particularly
corn, and the use of weed-killing chemicals. In attempts to salvage
the corn that had been stunted as a result of drought, farmers allowed
cattle to graze the fields, or they harvested the cornstalks to store in
the silo as silage. As a result of the high nitrate content of the corn-
stalks, large numbers of cattle were lost from methemoglobinemia. In
addition, a number of human lives were also lost when the silos were:
being filled with the high nitrate-containing corn; farmers descended
into the silos to aid in distributing the ensilage and were overcome by
the oxides of nitrogen from the ensilage; some of them succumbed as
a result.

Comparing the levels of nitrates in vegetables in 1964 with an
earlier study made in 1907 indicated that there was a similar pattern of
nitrates in vegetables in spite of the shift from organic fertilizer such
as manure in the 1907 case to more extensive use of chemical fertilizers
in recent years {22]. As pointed out earlier, certain vegetables such
as spinach, beets, radishes, and lettuce tend to have a higher concen-
tratien of nitrate, but a wide variability is common between and within
species of vegetables. There is substantiating evidence that the use
of chemical fertilizers and increasing nitrogen content over the past
several decades has had an influence. on the concentration of nitrates
in the soil and water. It is interesting, however, that the magnitude
of the increase is not necessarily related to the level of fertilization, as
shown by Brown and Smith [23]. These investigators concluded that
the effects were more noticeable in the early maturing species of vege-
tables, but it also seems clear that fertilization rates greater than 50
1b of nitrogen per acre are necessary to produce a significant effect
on nitrate-nitrogen in plants.

A number of other factors are of consequence to the content of
nitrate-nitrite in substances. For example, fresh spinach normally
contains little if any nitrite; however, within the first few days of
storage at room temperature there is a loss of nitrate and an increase
in nitrite [24]. For the next few days both nitrate and nitrite de-
crease. Refrigeration delays but does not prevent the production of
nitrite. When the spinach was frozen, however, nitrite-nitrogen
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concentration only reached the level of-about 1 ppm up.to 5 months
under freezing conditions. These observations clearly indicate the
effects of storage on the levels of mitrate and nitrite in spinach. It is
also established that no nitrite production appears to take place during
commercial-canning. processes. It thus appears that the conversion of
nitrate to nitrite or ingestion is a principal potential hazard, but con-
version in the gastrointestinal tract in humans has not been fully docu-
mented. There are some data available from .recent studies- relative to
endogenous synthesis of nitrate/nitrite which will. be alluded to later -
on in this chapter. ; .

Two other groups of investigators have studied the accumulation
of nitrate in vegetables with particular attention to spinach and beets
[25,26]. The rate of application of nitrogen to the soil under the con-
ditions of these studies ranged from 0 to 400 lb of nitrogen per acre.
More than one type of nitrogen carrier was used as well as three types
of spinach and one type of beets. Nitrate concentration in the vege-
tables did not appear to be linearly related to the amount of nitrogen
applied to the soil; interestingly, the response was proportionately
greater at-the lower levels. .

It has been pointed out by Lee [27] that although the general
trend toward higher levels in certain vegetables is clear, the actual
variations are so large that the effect of various agricultural fertiliza-
tion practices could only be evaluated by specially designed experi-
mentation. The opinion has been expressed by many that attempts to
control nitrate by monitoring food plant levels would present insur- .
mountable problems. Furthermore, -although there is little in the litera-
ture on the potential for breeding low nitrate strains of vegetables, it
is evident [28,29] that varieties do vary greatly in their nitrogen-
containing properties. The reader is referred to many literature ref-
erences [30]35] regarding nitrate levels in plants and the complex in-
terrelationships which influence them, including soil chemistry, micro-
biology, and geochemical factors. ' :

In regard to vegetable and plant sources of nitrate, it is of in-
terest to note that although dairy cattle may consume forage contain-
ing considerable quantities of nitrate, little of the nitrate appears in
the milk. Cured meats supply a relatively small amount of nitrate, a
part of which is added in the curing process and a part-of which de-
velops from the oxidation of some of the nitrite used in curing. As
referred to later, a significant amount of nitrate nitrogen is secreted
in saliva and swallowed in that form, thus constituting a considerable
source of nitrate/nitrite.

) Regardless of how nitrates enter the body, once inside, some-
proportion of those consumed are converted to nitrites. Bacteria in
the mouth are responsible for the conversion of part of ‘the nitrate in
human saliva to nitrite, perhaps .on the order of 10 mg/day. Bacteria
in other parts of the digestive system are also thought to produce
nitrites from nitrates [38]. Actually very little is known about the
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metabolism of nitrate and/or the proportion of the nitrate thdt enters
the body that is converted to nitrite. Studies with human subjects

- have shown wide variation among individuals and although the percen-
tage of ingested nitrate converted to nitrite is not known, it is likely
to be significant. For example, Tannenbaum and collaborators have
shown that bacterial reduction of nitrate in saliva may be the major
mode of nitrite formation [37]. Other studies have shown that vege-
tables and vegetable juices rich in nitrate could result in levels of
salivary nitrite reaching hundreds of milligrams per liter by ‘way of a
process of recirculation of unmetabolized nitrate though the blood by
way of the salivary glands.

In further studies designed to assess the extent of nitrate in-
take in the population through measurements of saliwvary and urinary
nitrate and nitrite, balance studies were conducted in human subjects
[36]. Six Caucasian males ranging in age from 68 to 72 years and
weighing from 57 to 105 kg participated in the nitrate balance studies.
All were judged to be healthy according to physical examination and
clinical and laboratory tests. The subjects were studied as inpatients
at the Clinical Research Center at the Massachusetts Institute of Tech-
nology in Cambridge, Massachusetts. After having been fed a diet of
their own choosing for at least a week, the subjects were then given a
protein-free diet which contained 6 mg of nitrogen per kilogram of body
weight per day for 10 days. Following this they were given a diet con-
taining 0.8 g of egg protein per kilogram of body weight per day. The
latter diet was supplied in a liquid formula for 10 days, and urine and
dietary components analyzed for nitrate and nitrite concentrations.

Nitrate is absorbed from the proximal small intestine and cleared
from the plasma by the kidney [38,39]. It was thus expected that the
subject would reach equilibrium rapidly and that the urinary excretion
would reach a steady state, the concentration of which would represent
some fraction of the nitrate that was consumed. Instead of reaching a
steady state it was found that there were significant fluctuations in
urinary nitrate on a day-to-day basis on both the 0.8 g and on the
protein-free diets. Table 2 shows a comparison of total nitrate intake
and average output for both dietary regimens.. The differences for
each individual on both of the diets were so great that the only explana-
tion was some significant source of nitrate other than the diet. Urinary
nitrate is apparently unrelated to the level of protein in the diet and
for this reason it is unlikely that muscle catabolism was involved in
these studies. This then leaves the intestine as the most likely site of
endogenous nitrate/nitrite synthesis. It has been considered by many
that intestinal microflora play an important role in the synthesis, degra-
datjon, and flux of nitrate-nitrite in the biological systems, but this is
yet to be established.

- Tannenbaum et al. further found in healthy Caucasian males from
25 to 40 years of age, wide variations in the concentrations of nitrite
and nitrate in fecal samples. Table 3 illustrates these findings in



TABLE 2. Total Daily Dietary Nitrate Intake Compared with Average

Daily Urinary Nitrate Excretion

Excretion

Intaked
Subject Diet (umol NaNOg) (umol)

1 Protein-free 72 884
0.8 g/kg 140 551

2 Protein-free 54 1660
0.8g/kg 86 1300

3 Protein-free 72 1800
0.8 g/kg 155 1830

4 Protein-free 61 1360
. 0.8 ¢gl/kg 117 1350

5 Protein-free 85 655
0.8 g/kg 140 1230

6 Protein-free 60 1230
0.8 g/kg 117 " 814

" apaily intake was constant over the experimental period.

Source: Ref. 36. S. R. Tannenbaum, D. Feh, V. R. Young, P. D.
Land, and W. R. Bruce. Science 200:1487, 30 June 1978. Copyright
1978 by the American Association for the Advancement of Science.

TABLE 3. Nitrate and Nitrite Levels in Human Feces and Intestinal

Contents.

‘ NO NO

Subject Sample (umol3/kg) (umol2/kg)
A Fecal 174 7
B Fecsl 124 112
C Fecal N.D.2 407
D Fecal 71 106
E Fecal N.D. 186
F Fecal 34 48
G Fecal 487 339
H Fecal N.D. 425
1 Ileostomy N.D. 1510
J Ileostomy N.D. 1540
K Ileostomy N.D. 350
L Ileostomy N.D. 880
M Ileostomy N.D. 530
N Ileostomy N.D. 760

aN.D., not detectable (<2 pmol/kg).

Source: Ref. 36.
Land, and W. R. Bruce.

S. R. Tannenbaum, D. Fett, V. R. Young, P. D.
Science 200: 1487, 30 June 1978,

Copyright

1978 by the American Association for the Advancement of Science.

L
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addition to the findings of nitrate-nitrite content in the effluent from
ileostomies from six Caucasian males 25 to 30 years of age. These sam-
ple analyses revealed similar fluctuations in nitrite but, interestingly,
no detectable nitrate. The absence of nitrate in the ileostomy samples
along with such high nitrite concentrations suggest that nitrite is
synthesized from a more reduced nitrogen compound.

It would seem that a logical explanation for these results would
be that heterotrophic nitrification of ammonia or organic nitrogen com-
pounds takes place in the upper portion of the intestine where the en-
vironment is aerobic. As material passes through the intestine the
environment becomes more anaerobic which may lead to the accumula-
tion of nitrate as well as nitrite. Some of these compounds are un-
doubtedly utilized by other fecal micronrganisms while some may be ab-
sorbed through the intestinal wall as either nitrate or nitrite. These
data imply that human exposure to nitrite is probably greater than pre-
viously recognized.

The nitrite that is absorbed is rapidly destroyed in the blood but
the nitrate is recycled into saliva by way of the salivary glands and in -
the stomach by way of the parietal glands [49]. It seems feasible that
in this manner intestinal nitrification may contribute to the etiology of
cancer in humans, but this is only speculative. In fact, it is only
speculative as well that microflora contribute significantly to the re-
eycling of nitrate and nitrite in humans and other animals, but it
appears to be a logical explanation. Furthermore, the evidence is accu-
mulating to suggest that nitrites other than those ingested from the air,
water, and food make considerable contributions to the total body ex-
posure to nitrite. These additional sources of nitrite located within the
normal healthy body is therefore less amenable to control than are those
exogenous sources that occur primarily in the food and water supplies.
Nevertheless, it is essential to look at the dietary and environmental
sources of nitrate and nitrite in conjunction with the healthy body's .
natural production and endogenous synthesis of these compounds in
order to develop a complete assessment of exposure. '

Total exposure to nitrate and nitrite, while not easily or accu-
rately measured, is of sufficient interest to justify extensive weil-
designed experimental studies. It would seem that one must deal sepa-
rately with nitrite which is introduced into or formed in the mouth and
then enters the stomach, and with nitrite which is formed in the intes-
tine, converted to nitrate in the blood, and which ultimately contributes
to the amount of nitrite that is formed in saliva. The preformed nitrite
entering the mouth must be balanced against the nitrite which is formed
in saliva as the result of the reduction of nitrate. Certain aspects of
the nitrite that is formed in the saliva in the gastric compartment and
in the intestine will be considered according to some of the proposals
put forth by Tannenbaum [45].

Salivary nitrite has been known for more than 100 years. The
nitrite in saliva arises from nitrate by bacterial reduction; saliva



