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Nitrate/Nitrite

Guideline

The maximum acceptabl e concentration (MAC)
for nitrate in drinking water is 45 mg/L. (In cases
where nitrite is measured separately from nitrate, the
concentration of nitrite should not exceed 3.2 mg/L.)

I dentity, Use and Sourcesin the

Environment

Nitrate (NO5) and nitrite (NO,") are naturally
occurring ions that are ubiquitous in the environment.
Both are products of the oxidation of nitrogen (which
comprises roughly 78% of the atmosphere) by micro-
organisms in plants, soil or water and, to alesser extent,
by electrical discharges such as lightning.! Nitrate isthe
more stable form of oxidized nitrogen but can be
reduced by microbial action to nitrite, which is
moderately reactive chemically.

Nitrates are used widely asinorganic fertilizers;
almost 400 million kilograms are sold annually in
Canada.? Nitrates are al'so used in explosives, as
oxidizing agents in the chemical industry and as
food preservatives. Nitrites are used mainly as food
preservatives, especially in cured meats.

Because of the relative stability of the nitrate ion,
most nitrogenous materialsin environmental media
tend to be converted to nitrates. Therefore, all sources
of nitrogen (including organic nitrogen, ammonia and
fertilizers) should be considered as potential sources
of nitrates. Sources of nitrates in water (particularly
groundwater) include decaying plant or animal material,
agricultural fertilizers, manure, domestic sewage or
geological formations containing soluble nitrogen
compounds.3* Nitrites may be produced from excess
ammoniain drinking water distribution systems that use
chloramines, formed in situ from chlorine and anmonia,
as adisinfectant.

Because nitrate salts are very soluble, nitrateis
highly mobile in soil and migrates readily to the water
table when present in excess of the amount utilized
by plants as an essential nutrient. Under anaerobic

conditions, nitrate may be degraded to nitrite or
denitrified.2 Biological activity in the soil isvery
important in determining the ultimate fate of nitrate.

Exposure

Water

Nitrate levelsin Canadian municipal water supplies
are generally lessthan 5 mg/L.* For example, only six
of 59 (10.2%) municipal water supplies sampled in New
Brunswick in the summer of 1983 had nitrate levels
greater than 4.4 mg/L, and only one of 59 (1.7%) had
anitrate concentration greater than 44 mg/L. In this
survey, nitrite levels in the water supplies of most
municipalities were below 0.03 mg/L, the highest level
reported being 0.3 mg/L.% In 21982 survey of water
suppliesin Nova Scotia, nitrate levelsin 70% of samples
of raw and treated water in municipal supplies at
143 sitesin 69 communities were less than 0.05 mg/L.
The maximum value recorded at one site was 2 mg/L.”

Nitrate levelsin well water are often higher than
those in surface water supplies. In a1984 survey in an
agricultural area of New Brunswick, nitrate concen-
trations in approximately 20% of the 300 wells sampled
exceeded 44 mg/L ; some seasonal variationin levels
was apparent. Nitrite levels exceeded 3.3 mg/L in only
one well a one particular point in time (when the well
was contaminated by manure and surface water runoff
inApril).8 In an Environment Canada survey of ground-
water in the Fraser Valley of British Columbia, 60%
of wells (450 samples in 125 |ocations) were found to
have nitrate levels exceeding 45 mg/L. The maximum
recorded concentration was 182 mg/L. Mean concen-
trations of nitrate in B.C. groundwater appear to have
gradually increased between 1975 and 1990 because of
increased population and intensive agricultural use.®

Concentrations of nitrate and nitrite in water are often expressed
in the literature in units of nitrate-nitrogen and nitrite-nitrogen,
respectively, as follows: 1 mg nitrate-nitrogen/L = 4.43 mg
nitrate/L, and 1 mg nitrite-nitrogen/L = 3.29 mg nitrite/L.
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Nitrate contamination of groundwaters has also been
reported in Ontario (at levels up to 467 mg/L )4 and
Manitoba (at concentrations up to 1063 mg/L).10

Food

V egetables such as beets, celery, |ettuce, radishes
and spinach contribute about 85 to 90% of an adult’s
dietary intake of nitrate, with nitrate levels ranging from
1700 to 2400 mg/kg food.* Small amounts of nitrates
may also be present in fish and dairy products such as
cheese. Baked goods and cereals, beets, corn, spinach
and turnip greens are major sources of nitrite (2.0 to
4.0 mg/kg food). In Canada, the concentration of
nitrates and nitritesin cured meat products has been
decreasing as aresult of the regulation of such food
additives;'? in the United States, the intake of nitrate/
nitrite from cured meats has been estimated to be
approximately 10% of dietary intake.

Average daily intakes from food in Canada have
been estimated to be 44.3 mg for nitrate and 0.50 mg
for nitrite based on a survey of dietary habits.* These
are consistent with, and in the lower end of the range
of, dietary intakes estimated by the World Health
Organization (43 to 131 mg/d)!® and the U.S.
Environmental Protection Agency (40 to 100 mg/d).13

Air

The annual average concentration of nitratesin
ambient air was 0.88 ng/m?3 in 1990 for 34 communities
in 50 sampling locations across Canada.16 Based on
this, the average daily intake of nitrates resulting from
inhal ation can be estimated to be 18 g for an adult
(daily respiratory volume 20 m3) and 1.8 ng for an
infant (daily respiratory volume 2 m3). In the United
States, intake via air was estimated to range from 25
to 70 ng/d for an adult.3

Relative Contributionsto I ntake

Thetotal daily intake of nitrates by adultsis
estimated to be 51 mg (44.3 mg from food* and 6.8 mg
from drinking water containing nitrate at a concentration
of 4.5mg/L), or 0.7 mg/kg bw for a 70-kg adult.
Ambient air provides a negligible contribution to
thistotal daily intake.

For adults, food is generally the main source of
ingested nitrate and nitrite unless drinking water con-
centrations are above average. In the above calculation
of total daily intake using an average concentration in
drinking water, food contributes 87% and drinking
water 13% to total daily intake. Consumption of 1.5 L
of drinking water containing nitrate at concentrations
greater than 30 mg/L would contribute more than 50%
of atotal daily intake of 99 mg (44.3 mg from food and
45 mg from drinking water).

For bottle-fed infants, water used in the preparation
of infant formulais generally the main source of
nitrates. Consumption of 0.6 L of drinking water
containing 4.5 mg/L could contribute 2.7 mg/d or about
0.7 mg/kg bw for a 3- to 5-kg infant. Consumption of
water containing 45 mg/L could contribute 27 mg/d
or about 7 mg/kg bw. Vegetables such as spinach
introduced into the diet at an early age may also
contribute to the nitrate/nitrite intake for this population.

Analytical Methods and Treatment

Technology

Nitrate and nitrite may be determined in water
samples by ion chromatography, in which theions are
separated by ion exchange, converted to their highly
conductive acid forms and measured by conductivity.>17
The detection limit is 0.1 mg/L as nitrogen.1? Reduction
of nitrate to nitrite by cadmium or hydrazine may also
be used for determination of nitrate and nitrite at
concentrations up to 45 mg/L, with detection limits
of 0.04 mg/L for both methods.1” A nitrate-selective
electrode method is also suitable for nitrate and has a
wide range of applicability, from 0.5 to several thousand
milligrams per litre.1” The method of choice would
depend on the concentration range expected and on
possible interferences from other ions present.

Treatment technologies for removing nitrates and
nitrites from drinking water include ion exchange and
reverse osmosis.>1819 |n one full-scale ion exchange
plant, the nitrate concentration was reduced from 16 to
2.6 mg/L.?° Other treatment methods such as biological
denitrification and electrodialysis have also been
suggested. Nitriteis normally rapidly oxidized to nitrate
in the presence of oxygenated water, and the removal of
nitrite may be facilitated by the addition of oxidation
agents, if required.®

Health Effects

M etabolism

Ingested nitrate is readily absorbed in the upper
small intestine and is distributed rapidly throughout the
body. Roughly 25% is recirculated into the saliva, where
approximately 20% is reduced to nitrite by the oral
microflora.l? If the pH of the stomach is elevated
(e.g., in bottle-fed infants, who have low gastric acidity),
the growth of nitrate-reducing bacteriais allowed and
nitrates are converted to nitrites.?! Nitrite production
increases with age?? and is enhanced during bacterial
infections causing diarrhoea.2

Nitrites are rapidly absorbed both in the stomach
and in the small intestine. Nitrites may react in the
stomach with secondary or tertiary amines and amides
present in foods such as cheese or meat to form
N-nitroso compounds.23
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Endogenous synthesis of nitrates, estimated to be
about 62 mg/d, occursin the stomach.® This synthesis
is greatly increased during gastrointestinal infections,
and large amounts of nitrites may also be synthesized
depending upon the type of infection.

The human mammary gland does not appear to
concentrate nitrate.?* Transplacental transport of nitrites
has been demonstrated in ratsin laboratory studies.?®

Under normal conditions, 80 to 100% of nitrate
ingested by infants is excreted in the urine. Urinary
excretion of nitrate by adults ranges from 60 to 65%
of the amount ingested, with the remainder excreted
as ammoniaor urea.’>2 Nitrite is not normally found
in urine.

M ethaemoglobinaemia

The toxicity of nitrate is thought to be due to its
reduction to nitrite. M ethaemogl obinaemia, the most
commonly reported toxic effect of the ingestion of
nitrate-contaminated drinking water, is a condition
resulting from the oxidation (by nitrite) of reduced iron,
Fe?*, in haemoglobin, the oxygen carrier of mammalian
blood, to its oxidized form, Fe3*. The resulting
methae-moglobin (MeHb) is unable to release oxygen to
body tissues because of its high dissociation constant.3

Normal MeHb levelsin human blood range from 1
to 3%. Reduced oxygen transport is noted clinically
when MeHb concentrations reach 10% or more.
Symptoms are cyanosis and, at MeHb concentrations of
80% or more, asphyxia and death. Infants less than three
months of age are more susceptible to methaemoglo-
binaemia than older infants, children or most adults,
with the exception of pregnant women and persons
with genetically controlled deficiencies of the enzymes
glucose-6-phosphate dehydrogenase or methaemoglobin
reductase. Reasons for the greater susceptibility of
young infants include their readily oxidizable foetal
haemoglobin, their depressed methaemoglobin reductase
activity and their incompletely devel oped capacity to
secrete gastric acid and increased susceptibility to
gastroenteritis, both of which permit nitrate-reducing
bacteriain the gastrointestinal tract to convert nitrate to
nitrite.?’

Between 1945 and 1970, some 2000 cases of
methaemogl obinaemia were reported in the world
literature.?® I n three early surveys (the United Statesin
1951, 14 countriesin 1962 and Germany in 1964), cases
usually involved infants under three months of age and
were generally associated with nitrate levelsin drinking
water greater than 100 mg/L.1> Epidemiological
evidence gathered in the 1951 study indicated that
no cases of methaemogl obinaemia had been reported
in the United States when water containing nitrate at
concentrations below 45 mg/L had been consumed.28
Very few cases (3.0% and 4.4%, respectively) of

methaemogl obinaemia were reported at nitrate
concentrations below 50 mg/L in the 1962 and 1964
surveys. However, the nitrate concentrations were
unknown in 32%, 56% and 67% of the casesin the three
surveys, respectively, and bacterial infections, which
greatly increase endogenous nitrate and nitrite synthesis,
were not considered as confounding factors.15

In Hungary in 1975 to 1977, 190 cases of
methaemogl obinaemia were reported, 94% in infants
less than three months of age. The nitrate level in
drinking water was more than 100 mg/L in 92% of cases
and between 40 and 100 mg/L in the remaining 8%.1° In
1982, 96 cases of methaemogl obinaemia were reported.
All cases were associated with privately dug wells, and
92% of the patients were three months of age or
younger. Nitrate levels in drinking water were above
100 mg/L in 93% of cases and between 40 and
100 mg/L in the remaining 7%.1°

The prevalence of subclinical methaemoglo-
binaemia (<10% MeHb) in infants as related to
ingestion of nitrate in drinking water has also been
examined. In astudy of 256 Californian infants less than
six months of age, there was no association between the
frequency of elevated MeHDb levels and nitrate intake,
calculated from the history of ingestion and measured
levelsin well water (which occasionally exceeded
44 mg/L) and formula.2® The highest MeHb levels
(>6% MeHb) were found in babies with respiratory
illness or diarrhoea. In Israel, there were no differences
between the mean MeHb levelsin 1702 infants from
communities with well water containing 50 to 90 mg
nitrate/L and in 758 infants from control areas (5 mg/L
in the water supply).2> However, only 6% of the infants
studied received formula made up with tap water; the
remainder were breast-fed and/or received cows’ milk.
In contrast, in a study of 486 Southwest African/
Namibian infants, there was a strong association
between nitrate concentrations in drinking water and
MeHb levels. In the “high exposure” region (>20 mg
nitrate/L ), 33% of infants had more than 3% MeHb; in
the “low exposure” region (<20 mg nitrate/L), MeHb
levelsin only 13% of the infants exceeded this value.®°

Older children appear to be less susceptible than
young infants to methaemoglobinaemia. For example, in
arecent U.S. study of 102 children one to eight years of
age, there was no association between MeHb levels and
ingestion of water with nitrate concentrations ranging
from 44 to 500 mg/L.%” In contrast, an average MeHb
level of 5.3% was reported for 11 Russian school-
children aged 12 to 14 ingesting drinking water
containing a mean nitrate level of 105 mg/L. Thiswas
astatistically significant increase (p <0.001) over the
mean level (0.75% MeHDb) in 10 children drinking water
with lower concentrations (mean 8 mg/L). The authors
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also reported slowing of conditioned motor reflexes
in response to visual and auditory stimuli in the high
exposure group.3!

Itisdifficult to interpret quantitative data on the
association between nitrate/nitrite intake and infantile
methaemoglobinaemia, for several reasons. Reported
data on nitrate levels in drinking water associated with
methaemogl obinaemia are often inaccurate, particularly
when samples for analysis are obtained weeks or
months after the acute illness, during which time the
nitrate concentration may have changed considerably. In
addition, the sources of the drinking water consumed by
the affected infants in most studies were shallow wells
that were almost certainly contaminated with bacteria;
this confounding factor complicates interpretation of
the data, because infections may increase endogenous
nitrate and nitrite synthesis. Aswell, most studies did
not take into account any additional intakes of nitrate or
nitrite from other sources. Finally, the nitrate level in
water is only one factor in the etiology of methaemoglo-
binaemia (e.g., intake of vitamin C may be important?®),
and there are also large variations in individual
susceptibility.

Carcinogenicity

In the human stomach, nitrites can react with
nitrosatable compounds, such as amides and amines, to
form N-nitroso compounds. Some N-nitroso compounds
are potent carcinogens in animal species?32 and are
therefore probably carcinogenic in humans.33

Epidemiologica evidence linking intake of nitrite
and nitrate with gastric cancer in humans has been
equivocal, with some studies indicating a positive
correlation*35 and others showing no such
association.36:37

Some evidence for an association between the
ingestion of nitrate and the incidence of stomach cancer
has been obtained in descriptive epidemiological studies
conducted in Chile (133 to 499 ppm in vegetabl es); 3638
Colombia (<40 mg/L in well water);3° England
(90 mg/L %0 25 mg/L“! and 50 mg/L“2 in drinking
water); Italy (<20 mg/L in drinking water);* Denmark
(<30 mg/L in drinking water);* Hungary (<100 mg/L in
drinking water);*® and Singapore (215 mg/d in food).3°
In contrast, no evidence of an association between
ingestion of nitrate and stomach cancer was obtained in
descriptive epidemiological studies conducted in France
(93% under 43 mg/L in drinking water)*6 and the United
Kingdom (<50 mg/L in drinking water;*” and total
nitrate intake 69.4 to 124.9 mg/d, total nitrite intake
4.67 to 7.06 mg/d®).

Individual exposure to nitrate has not been
estimated in any of the descriptive epidemiological
studies conducted to date, nor have confounding factors
such asintake of vitamin C (awell-known inhibitor of

the nitrosation reaction?l), gastric acidity, concurrent
bacterial infection and the decline in mortality rates due
to gastric cancer in recent decades??4” been adequately
taken into account. Closer examination of some of the
above descriptive studies reveal s inconsi stencies that
reduce the significance of the positive associations;

for example, biological monitoring in severa studies
revealed high nitrate levels in people from both low-risk
and high-risk groups.15:36:39:44

Few case—control (analytical) studies on cancer and
nitrates or nitrites have been carried out. In a Canadian
case-control study on diet and stomach cancer,3*

246 cases from Manitoba, Newfoundland and
Metropolitan Toronto were matched to 246 randomly
selected controls from the same areas. Daily
consumption of nitrates, nitrites, vitamins, fresh
vegetables, preserved meat, etc. was estimated from a
detailed diet history questionnaire. Nitrates from food
were associated with a decreased risk of gastric cancer
(oddsratio [OR] = 0.66, p = 0.00002), whereas nitrites
from food were associated with an increased risk (OR =
1.7, p = 0.0006). Other factors that reduced risk
included vitamin C and citrus fruit; this could possibly
explain the reduction in risk from nitrates, most of
which came from green leafy vegetables high in vitamin
C. Nitrate intake from drinking water was not examined,
other than the observation of aslight decrease in risk for
those on public water supplies compared with those on
private wells (OR = 0.86, p = 0.03).

In a case—control study of gastric cancer precursor
lesions conducted in a high-risk black population in
southern Louisiana, higher gastric juice nitrate concen-
trations were associated with more severe lesionsin one
population, whereas the reverse trend was observed in a
second population.*® The authors suggested that this
phenomenon was attributable to the different sources of
nitrates in the two populations: in the first population,
nitrate came mostly from drinking water, whereasin the
second population, nitrate came mostly from fresh fruits
and fresh green, leafy vegetables, which apparently
exerted a protective effect.

There has been no evidence from chronic animal
studies conducted to date that nitrate is carcinogenic.124°
The results from animal studies on the carcinogenicity
of nitrites have been contradictory. In areview of a
number of animal carcinogenicity studiesto 1980 (most
of which were judged inadequate), the U.S. National
Academy of Sciences judged that there was insufficient
evidence to conclude that either nitrate or nitrite was
carcinogenic.1?

Several studiesin rats fed sodium nitrite in the diet
or viadrinking water have found an increased incidence
of tumours,3%:51 whereas others have failed to show
apositive link between nitrite intake and tumour
incidence.*%52 For example, asmall but statistically
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significant increase in squamous papillomas of the
forestomach was observed in eight of 45 (18%) MRC
Wistar rats receiving 3000 mg sodium nitrite/L in
drinking water for at least one year and maintained

for life; only two of 91 (2%) controls devel oped these
tumours.5° Benign liver tumours were also induced in
male Wistar rats receiving 800 and 1600 mg sodium
nitrite/lkg food (approximately 40 and 80 mg/kg bw) for
92 weeks; at the end of the dosing period, the incidence
of tumoursin the high-dose group (5/19) was
statistically significantly elevated (p <0.05) over that
(0/19) in the contrals. It should be noted that only a few
animals of one sex were tested in this study.5?

In contrast, in two studiesin which sodium nitrite
was administered to F344 rats in drinking water for two
years at levels of 1250 or 2500 mg/L and sodium nitrate
was givenin thediet at levels of 2.5 or 5%, a significant
protective effect was observed; there was a significant
decrease in tumour incidence in the high-dose females
given nitrite compared with controls, and areduction in
the incidence of mononuclear cell leukaemiasin the
experimental groups was observed in both studies.
Although a variety of tumours occurred in all groups,
including controls, they were not considered to be
dose-related.*? In a study in which sodium nitrite was
fed to male F344 ratsin the diet at dose levels of 0.2 or
0.5% for up to 115 weeks, the incidence and time of
onset of tumours (lymphomas, leukaemias and testicular
interstitial cell tumours) were reduced in adose-related
manner, which correlated with a similar trend in body
weights.5?

M utagenicity

Nitrate is not mutagenic in bacteria and mammalian
cellsin vitro.26 Nitrate contamination of drinking water
was found not to be associated with peripheral
lymphocyte sister chromatid exchange frequenciesin
humans.5® Chromosomal aberrations were observed in
the bone marrow of rats after oral nitrate uptake, but this
could have been due to exogenous N-nitroso compound
formation.?

There is some evidence that nitrites or nitrosation
reaction products are mutagenic. Sodium nitrite induced
cytogenetic damagein vivo in rats, mice and rabbits and
invitroin BSC-1 and Hel a cells.>* Addition of nitrite to
normal human fasting gastric juice at levels close to
30 times those obtained after a nitrite-rich meal caused
mutation in Salmonella typhimurium strain TA1537.55
Thereis also evidence from experiments with
embryonic cells of Syrian golden hamsters that nitrites
are transplacental mutagens.56

Reproductive Effectsand Teratogenicity

The results of arecent Australian study of
218 case—control pairs suggested that there may be an
association between the estimated nitrate concentration
of water consumed during pregnancy and congenital
malformations. A nearly threefold increasein risk of
bearing a malformed child was reported for women who
drank water containing 5 to 15 mg nitrate/L ; the increase
was fourfold for levels greater than 15 mg/L.%" The
accuracy of the estimated nitrate levelsin this study has,
however, been questioned.8 In addition, the elevation
inrisk for all malformations observed in this study
seemingly weakens the hypothesis that nitrates are
causally associated with these anomalies. Moreover, the
findings have not been confirmed by the preliminary
results of an ecological epidemiological study in eastern
England® and a case-control study in New
Brunswick.®0 In the latter, nitrate concentrationsin the
water supply were not statistically associated with
central nervous system birth defects. Although the
direction of the causal association (risk odds ratio =
1.04, 1.22 and 2.30 for exposure to levels of 1.25, 6.25
and 26 mg/L, respectively) was the same as that reported
in the Australian study, the strength of the association
was not as great.

Nitrite has not been found to be teratogenic in rats
administered 80 mg/kg bw on day 15 of pregnancy®?
or in mice administered 80 or 110 mg/kg bw during
pregnancy.2 However, overall progeny yield was
significantly reduced, and there were small decremental
effects on litter size, perinatal survival and weanling
weight following administration of 1 g sodium nitrite/L
in drinking water to mice before and during pregnancy.53
Transient increases in MeHb level and impaired motor
function have also been observed in weanling mice of
mothers exposed to 110 mg sodium nitrite/lkg bw during

pregnancy.52

Other Effects

The results of preliminary studiesindicate that there
may be some behavioural effects associated with the
ingestion of nitrate in drinking water; this aspect
warrants further study. The results of alimited study
of asmall number of subjectsin the former Soviet
Union indicated that the conditioned motor reflexes
of 39 children ingesting drinking water containing
approximately 105 mg nitrate/L were significantly
dlower than those of 20 children drinking water with
lower concentrations (approximately 8 mg nitrate/L).3!
Small changesin perceptual vigilance have also been
observed in 20 female adult subjects administered a high
sublingual dose of sodium nitrate (0.1 mL containing
22 500 ppm).54
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A significant reduction of overall motor activity in
mice exposed to 1500 or 2000 mg sodium nitrite/L in
drinking water has been reported, and irreversible brain
electrical changes have been noted in rats following
chronic exposure to 100 mg sodium nitrate/L.25

Classification and Assessment

Although an association between the ingestion of
nitrate/nitrite in drinking water and gastric cancer has
been observed in some of the descriptive and analytical
epidemiological studies conducted to date, no firm
conclusions concerning causality can be drawn because
of the limitations of the available data. Thereis,
however, some concern about an increased risk of
cancer in humans because of the fact that nitrites derived
from nitrates may react with certain foods in vivo to
form carcinogenic N-nitroso compounds. Nitrate has not
been found to be carcinogenic in chronic animal studies;
the results of similar investigations with nitrite have
been equivocal. Nitrate/nitrite have, therefore, been
included in Group I11A (possibly carcinogenic to
humans), although the weight of evidence is weak.

For compounds classified in Group I11A, the
acceptable daily intake (ADI) is normally derived on the
basis of division of ano-observed-adverse-effect level
(NOAEL) or alowest-observed-adverse-effect level
(LOAEL) by appropriate uncertainty factors.

The critical effect associated with the ingestion
of nitrate/nitrite in drinking water is methaemoglo-
binaemia, the development of which requiresthe
presence of nitrite. The most sensitive subpopulation
isinfants less than three months of age.

Itisdifficult to establish a LOAEL or NOAEL for
infantile methaemogl obinaemia because of difficulties
in interpretation of data, as discussed earlier. Although
reported data on nitrate levelsin drinking water
associated with methaemogl obinaemia are often
inaccurate, it can be concluded that most cases of
clinical infantile methaemogl obinaemia associated with
the ingestion of nitrate in drinking water have occurred
at levels exceeding 100 mg nitrate/L; thislevel is
therefore considered to be the LOAEL. Although levels
aslow as 40 mg/L were found to be associated with
elevated MeHb levelsin two Hungarian studies,'® most,
if not all, cases were associated with privately dug wells
and quite likely involved bacterial contamination, which

would greatly increase the conversion of nitrate to nitrite.

Increases in subclinical MeHb levels (<10%) have
been reported in infants ingesting drinking water
containing nitrate at concentrations as low as 20 mg/L ;30
however, this study was carried out in a developing
country, where bacterial contamination of the drinking
water is likely and other dietary conditions are different
from those in Canada. Aswell, such an association has
not been observed in other studies of infants consuming

drinking water with higher nitrate levels (e.g., 50 to
90 mg/L).% The significance, if any, of these subclinical
MeHb levelsin infancy and childhood remains unclear.1®
An early U.S. study found that no cases of
methaemogl obinaemia had been reported following
consumption of water containing less than 45 mg
nitrate/L .28 Thisis therefore considered asthe NOAEL
and is consistent with other studies in which the
NOAELs arein the range 40 to 50 mg/L.1°

Rationale

On the basis of the available data, a maximum
acceptable concentration (MAC) for nitrate in drinking
water of 45 mg/L, expressed as nitrate, is reaffirmed/
recommended. (Thisis equal to 10 mg/L as nitrate-
nitrogen.) This value has been derived based on the
NOAEL for infantile methaemoglobinaemia of 45 mg/L
observed in a North American population.

The application of an uncertainty factor to this
NOAEL is not deemed necessary, for a number of
reasons: the NOAEL applies to the most susceptible and
sensitive subgroup of the population (bottle-fed infants
less than three months of age) and therefore will be
protective of the general population; most infants exhibit
no signs of toxicity until the LOAEL (approximately
twice the NOAEL ) is reached; there is evidence that
numerous other environmental factors (e.g., vitamin C
intake) play an important role in the etiology of nitrate-
and nitrite-related diseases; and most studies failed to
account for such confounding factors as bacterial
contamination of the drinking water, which could
have been responsible for much of the observed
methaemoglobinaemia at higher levels. These same
dietary and environmental factors are important in
the conversion of nitrate to nitrite and the possible
production of carcinogenic N-nitroso compounds
from nitrite.

Although the guidelineis based principally on
effects in the most sensitive subgroup (i.e., infants), itis
considered prudent to minimize exposure of the entire
population to nitrate owing to suggestive evidence of
an association in several populations between gastric
cancer and moderate levels of nitrate in drinking water.
The guideline is therefore intended to apply to both
children and adults.

Nitrite is directly toxic and is converted
endogenously from nitrate at an average rate of 5to
10%. A relative potency for nitrite and nitrate of 10to 1
(on amolar basis) with respect to methaemoglobinaemia
formation has been suggested,® and an uncertainty
factor of 10 should be applied to the NOAEL for nitrate
to derive aguideline for nitrite. A maximum of 3.2 mg
nitrite/L istherefore recommended in cases where nitrite
and nitrate are determined separately.
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