Health Scope. 2017 August; 6(3):e14164. doi: 10.5812[jhealthscope.14164.

Published online 2017 June 18. Review Article

A Review of Adverse Effects and Benefits of Nitrate and Nitrite in
Drinking Water and Food on Human Health

. o . . . . * .
Mina Parvizishad,! Arash Dalvand,> Amir Hossein Mahvi,"* and Fatemeh Goodarzi'
'Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran
2Environmental Science and Technology Research Center, Department of Environmental Health Engineering, School of Public Health, Shahid Sadoughi University of Medical
Sciences, Yazd, Iran
3Center for Solid Waste Research, Institute for Environmental Research, Tehran University of Medical Sciences, Tehran, Iran

" Corresponding author: Amir Hossein Mahvi, Department of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.
Tel: +98-9123211827, Fax: +98-2166744339, E-mail: ahmahvi@yahoo.com

Received 2016 July 09; Revised 2016 September 27; Accepted 2016 November 20.

Abstract

Introduction: The problem related to water pollution of nitrates and nitrites is both an issue in Iran and also most parts of the
world. Studies to evaluate the acute and chronic effects of nitrate and nitrite have demonstrated that different concentrations of
these compounds in water and food have been causing multiple diseases.

Methods: In this paper, researchers reviewed published articles and research from 1950 to 2016 in English and Farsi, according to
key words “nitrate”, “nitrite”, “water”, “food” and “health effects”, retrieved from databases, such as Medline, Scopus, Pub Med, and
scientific information database (SID).

Results: Consumption of drinking water and food containing high concentrations of nitrate and nitrite could cause diseases, such
as cancer, methemoglobinemia, and enlargement of the thyroid gland and diabetes mellitus. The positive effects of low concentra-
tions of nitrates and nitrites include a protective effect on the cardiovascular system, regulatory role in blood pressure, and home-
ostasis (also static) of the vessels

Conclusions: As different concentrations of nitrates and nitrites have beneficial and undesirable effects on human health and re-
garding the high cost of treating water contaminated with nitrite and nitrate, more investigations should be done in setting the

standards and levels of parameters used in drinking water.
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1. Introduction

The contamination of surface water and groundwater
with nitrate and nitrite has been considered not only in
Iran, but also in most urban and rural areas of the word.
Surface water and groundwater resources in cities, such
as Semnan, Tehran, Mashhad, Rasht, Sari, Hamedan, Arak
and Isfahan, have this problem and nitrate concentrations
in some of these areas are on the rise with further indus-
trialization of the cities (1). Pollution of underground wa-
ter in rural areas in New York (2), India (3, 4), Argentina
(5), and Iowa (America’s) (6), North China (7) shows that
this problem is not unique to Iran and in general, human
activities including agricultural activities (8, 9), purifica-
tion and sanitation (10, 11), diffusion from industrial pro-
cesses and disposal of solid waste (12) are the most com-
mon sources of nitrate and nitrite pollution (13). Differ-
entoptimized methods such as nano-filtration (14) and ion
exchange resins (15) in water and horizontal roughing fil-
ter (16) in wastewater have been studied by researchers to
reduce levels of these contaminants. The maximum al-
lowable concentration of nitrate and nitrite in order to

prevent methaemoglobinaemia has been set by the world
health organization (WHO). Furthermore, this guideline
could be used only for public water systems. However, the
spread of studies on acute and chronic effects of nitrate
and nitrite in various parts of the world have shown that
different concentrations in water and nutrients lead to sev-
eral diseases in different groups of the population.

So far, a comprehensive research about the positive
and negative effects of nitrate and nitrite in food and drink-
ing water has not been accomplished on human health in
Iran. In this paper researchers reviewed studies that have
been conducted on the health effects of nitrate and nitrite
in previous years. Also, the benefits and adverse effects of
different concentrations of nitrate and nitrite on human
health are investigated to compare the maximum concen-
tration of nitrates and nitrites that could cause adverse ef-
fects on human health, with guidelines that have already
been set by the world health organization (WHO).

The aim of this study was to review the adverse ef-
fects and benefits of nitrate and nitrite in drinking water
and food on human health through reviewing prior re-
searches.
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2. Methods

2.1. Searches

The required data for conducting the present research
were gathered by search in databases, such as Medline, Sco-
pus, Pub Med, and Scientific Information Database (SID).
Published articles and research from 1950 to 2016 in En-
glish or Persian (75 articles) were retrieved.

2.2. Study Selection and Eligibility Criteria

Articles were selected according to the key words “ni-
trate”, “nitrite”, “water”, “food” and “health effects”. Among
all articles found according to keywords and time limita-
tion, articles related to identifying and removing nitrites
from drinking water and wastewater were excluded from
this study. Studies that were related to human exposure to
sources of these pollutants, according to the content of the
studies and references, were used. Studies of health effects
of nitrate and nitrite on animal and other creatures were
excluded and the health effects on humans were divided
to 2 categories, desirable and adverse effects.

2.3. Quality Assessment and Data Extraction

Qualitative criteria, such as type of study (case-control
or cohort study), duration of study and population were
considered as other confounding factors. The flowchart of
this study is presented below.

3. Sources of Human Exposure to Nitrates and Nitrites

Humans can be exposed to nitrates and nitrites
through food, drinking water, air, and soil. The main way
of nitrate and nitrite exposure to the general population is
through ingestion of food and drinking water; about 5 to
8% of ingested nitrate is reduced to nitrite by bacteria in
the mouth (17). Nitrate formed by the reduction of nitrate
contains about 80% of the total exposure of nitrite and the
remainder directly enters the body from external sources
(18).

3.1. Drinking Water

Agricultural drainage, leachate from waste pile, and
pollution from human and animal waste, are responsible
for a vast increase of nitrate concentrations in surface wa-
ter and groundwater (19). In general, nitrate concentra-
tions in well water are higher than surface water sources
(19). For example, very high concentrations of nitrates of
more than 467 mgjflit were found in the state of Ontario
in America (20) and high concentration of 1063 mg|lit was
found in Manitoba. In Colombia, more than 45 mg|lit of

nitrate concentrations in excess of 60% of the 450 ground-
water samples was observed. The average concentration of
nitrate in groundwater of Columbia between1975and1990
has gradually increased, along with the increase in popula-
tion and agriculture activities (19).

3.2. Food

Nitrate and nitrite are naturally present in many foods,
and are found in some foods as additives. Vegetables and
processed meats are major sources of these compounds in
the diet. Nitrates and nitrites are added as preservatives to
prevent the growth of bacteria Clostridium botulinum or as
promoters of some food colors. Also, the high nitrate con-
centrations in the rage of 200 to 250 mg per Kg are found
in fruits and vegetables (21). Vegetables are a major source
of nitrate that provide more than 85% of the average ni-
trate in the human diet (22). Lettuce, spinach, red beets,
fennel, cabbage, parsley, carrots, celery, potatoes, cucum-
bers, radishes, and leeks are vegetables that contain high
concentrations of nitrate (23). Nitrite concentrations in
fruits and vegetables is less than nitrate and is about 10
ppm and rarely reaches more than 100 mg per Kg in veg-
etables that have been corrupted or improperly stored or
pickled; nitrate concentrations may reach more than 400
mg per Kg (24). Fresh meat normally contains low concen-
trations of nitrate and nitrite (25). Although meat and pro-
cessed products contain higher concentrations of nitrite
and nitrate, its concentration depends on the concentra-
tion of substances that are added as preservatives to these
products as well as the method of processing (22).

3.3. Air

Atmospheric concentrations of nitrate were measured
for several years in Iceland. Annual average levels of mea-
sured aerosol for all stations varied between 0.11 and 0.36
micrograms per cubic meter (26). In the Netherlands,
monthly average nitrate concentrations were measured in
the atmosphere between summer 1979 and winter 1986,
and the concentrations was reported in the range of 1.5 to
9.1 micrograms per cubic meter (27).

3.4. Soil

No information about public exposure to nitrates and
nitrites in soil has been reported by previous articles. Al-
though nitrate is highly soluble in the soil, it is kept weakly
by the soil and leaks into groundwater and surface water
(24). A study at the national level in some agricultural ar-
eas of Canada was carried out to evaluate the potential risk
of water pollution by high concentrations of nitrogen in
the soil, and findings revealed that the concentration of ni-
trate in drainage water may reach levels higher than 10 mg

Health Scope. 2017; 6(3):e14164.


http://jhealthscope.neoscriber.org

Parvizishad M et al.

per liter of nitrate due to the presence of too much nitro-
gen in the soil (28).

Studies were collected from
databases Pub MED,
Medline, Scopus, and SID

considering the keywords,

!
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Figure 1. The Flowchart of This Study

4. The endogenous Formation of N-Nitroso Com-
pounds

Nitrates have been known as a precursor for the for-
mation of N-nitroso compounds. Placed on genotoxic sub-
stances, most of these compounds are carcinogenic to ani-
mals. Nitrate is stable in the human body and is an inert
compound that can be metabolized by human enzymes.
However, the activities of nitrate reduction by bacteria may
convert nitrate into nitrite and other nitrogen compounds
that can effect the physiological status and human health.
After ingestion, nitrate is easily absorbed by the upper gas-
trointestinal tract. Over 25% of nitrate is actively excreted
in saliva, and 20% of is converted to nitrite by bacteria in
the moth (29). Under acidic conditions of the stomach,
nitrite as the core of nitrous acid (HNO,) spontaneously
coverts to Nitrogen Trioxide (N,O3), nitric oxide (NO), and
nitrogen dioxide (NO,). Nitric oxide is a biologically ac-
tive compound that plays a role in the expansion and de-
fense against pathogenic bacteria around the teeth (30).
Nitrogen trioxide or in other words, a powerful factor of ni-
trous, is able to add NO+ to secondary and tertiary amines
for the potential formation of carcinogenic nitrosamine
compounds. Alternatively, HNO, could be the H,NO, core
that reacts with the amine to form nitrosamine. At neu-
tral pH, nitrite can be reduced by bacteria to form NO that
canreact with oxygen molecules to form nitrosamine N,0;
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compounds and N,0O,. In addition to the formation of
acid-catalyzed and catalyzed-bacteria of nitrous suppliers,
NO syntheses of inflammatory cells can produce NO (31).
These three nitrous androgenic mechanisms are consid-
ered to provide 40% to 75% of human exposure to nitric
oxide (NOC). Other sources of human exposure are NOC in
processed meat and fish, occupational exposures and to-
bacco products (32).

5. Adverse Effects of Nitrates and Nitrites on Human
Health

5.1. Chronic Effects
5.1.1. Carcinogenic Effect of Nitrates and Nitrites

The general concern about long-term exposure to ni-
trite and nitrate is due to the formation of nitrosamine
compounds as a large number of these compounds are
carcinogenic. Epidemiological studies in connection with
the use of nitrate and nitrite and cancer appearance have
been conducted on humans. A study conducted in Taiwan
showed that there was no significant correlation between
the concentration of nitrate in drinking water and risk of
dying from colon cancer. In the control group, the num-
ber of deaths that occurred was due to reasons other than
colon cancer and in the case group the reason of death was
colon cancer. Statistics gathered on deaths from 1999 to
2003 and for each of the witnesses, who were randomly se-
lected, cases were entered that their sex, year of birth and
year of death were equal with them. The odds ratio for
the implementation of deaths from colon cancer for those,
who were exposed to high concentrations of nitrate with a
confidence interval 98% was from 0.84 to 1.14 (33). In the
Netherland, Van Loon et al. found no association between
nitrate levels in the body and stomach cancer and the gas-
trointestinal tract among males and females after 6.3 years
of follow up cohort study, and further analysis of effective
factor i.e. vitamin C use indicated that there was no posi-
tive correlation between use of vitamin C and cancer non
appearance (34). In the case of nitrite, Knekt et al. reported
in 1999 that no positive correlation was found between ni-
trite consumption and the incidence of tumors of the large
intestine and the stomach. The search was conducted for
24 yearsina cohortstudy(35). Therefore, in the mentioned
study, antioxidant levels used should also be considered as
a factor affecting the incidence of cancer. In another case-
control study that was performed in Italy during year 2001,
the result showed that there was a high risk of gastric can-
cer among people, who had a higher consumption of ni-
trites and small amounts of antioxidants. Also, a positive
correlation was found between gastric cancer and high lev-
els of nitrate intake in the diet, while an interaction of vita-
min C in both case-control studies was observed (36). The
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speed of the spread of various cancers was examined from
1972 t0 1943, in the city of Alborg in Denmark, with an aver-
age nitrate concentration in water of about 30 mg per liter
while the adjacent cities were examined by Jenson et al.
They found that the incidence of gastric cancer in the city
of Alborg was slightly more abundant compared to neigh-
boring towns. The results of this study stressed on the
probable weak role of nitrate in the etiology of gastric can-
cer (37). Analysis of the relationship between different con-
centrations of nitrate in drinking water and cancer of the
stomach, bladder, prostate, and colon among 258 citizens
of the province of Valencia in Spain showed that mortal-
ity from gastric cancer has increased with increasing expo-
sure to nitrate in males and females. Deaths from prostate
cancer in males have also increased and relative risk for the
age group of 55 to 75 years was 1.86 and for older than 75
years this was 1.8. In populations that had been exposed to
high concentrations of nitrates of 50 mg per liter, the rela-
tive risk for gastric cancer in the age group of 55 to 75 years
for males and females was 1.91 and 1.81, respectively (38). In
a study conducted in Slovakia, Hodgkin’s Lymphoma and
colorectal cancer incidence was observed among males
and females who were exposed to water containing high
concentrations of nitrate (4.5 to 11.3 mg of nitrate nitro-
gen per liter) (39). In a similar study, no association was
found between high concentrations of nitrate and bladder
or kidney cancer incidence. In contrast, negative results as-
sociated with the incidence of Hodgkin’s Lymphoma were
found in America (40). While in Sardinia (Italy), there was
limited evidence for prevalence of Hodgkin’s Lymphoma
among males and no certificate in females (41). Weyer et
al. analyzed the incidence of Hodgkin’s Lymphoma in 2001
in a cohort study among females in America and observed
a weak inverse relationship between the concentration of
more than 2.46 mg per liter of nitrate-nitrogen in drinking
water and risk of Hodgkin’s Lymphoma, and after taking
into account the interferences the connection was more
powerful (42). Different results were obtained from case-
control studies on both males and females by Ward et al. in
America. The average concentration of nitrate in drinking
water was greater than 4 mg of nitrate per liter as nitrogen.
There was a dose-response relationship and twice increase
of the risk of Hodgkin’s Lymphoma associated with expo-
sure to the highest nitrate concentrations in drinking wa-
ter and the connection remains with the consideration of
confounding factors, such as vitamin C and carotene. The
researchers concluded that long-term exposure to high
concentrations of nitrates in drinking water could lead to
an increased risk of Hodgkin’s Lymphoma. As part of the
same study, the concentration of nitrates in private wells
with Hodgkin’s Lymphoma risk, have been considered ir-
relevant when taking into account the intervening pesti-

cides(43). In general, most studies have shown that nitrate
concentrations in drinking water have no association with
Hodgkin’s Lymphoma, or have reduced it. In general, it
can be said that taking interferences such as vitamin C and
carotene has weakened the relationship between nitrate in
the diet and the incidence of Hodgkin’s Lymphoma (43).
A positive association was found between bladder cancer
and nitrate in drinking water in a case-control study; con-
centrations less than or equal to 2.86 mg per liter of ni-
trate as nitrogen (44). Also, Weyer et al. conducted a co-
hort study and their findings indicated that when the ni-
trate concentration was more than 2.46 mg per liter of ni-
trate as nitrogen, this positive association was observed
(42). However, no association was observed between blad-
der cancer and nitrate in drinking water in a case-control
study by Weyer in 2003 (45) or a cohort study by Zeeger
et al. (46). Nitrate levels in this study were more com-
pared with the studies mentioned at the beginning and
have shown a positive association. Vitamin C intake had
no significant impact on the results of 2 previous studies.
Vitamin E and smoking have not been effective on the re-
sults of Zeeger’s study. Volkmeet et al. evaluated the effect
of nitrate concentrations in drinking water on the preva-
lence of urinary tract cancer in Germany in 2 groups that
were exposed to different concentrations of nitrate rang-
ing from 10 to 60 mg per liter, in 2005. In the groups that
had greater exposure, a positive correlation was found be-
tween urinary tract in both genders, and a negative cor-
relation was found with testicular tumor and no associa-
tion with kidney. Penile and prostate cancer were observed
(47). In a case-control study conducted by Werd in 2003
no association was found between tumor of urinary tract
in both male and female groups consuming plant and ani-
mal sources containing nitrites. Among males, the highest
quartile of nitrite from plant sources was associated with
average risk of infection (OR =1.3; 95% CI=1.0 - 1.6) yet no
process changed the risk of infection at the same time as
the increase in concentration (45).

A population-based case-control study in kidney cell
cancer incidence was conducted in the state of lowa dur-
ing the years 1989 to 1986, indicating that the number of
sources of drinking water was increasing. The average ni-
trate level and years of use from a public source of drinking
water with nitrate concentrations above 5 mg per liter and
less than 10 mg per liter were calculated, respectively. No
relationship was observed between renal cell carcinoma
and nitrate concentration. Although exposure to high con-
centrations of nitrate led to a risk of infection in those
who consumed abundant amounts of red meat and less
amounts of vitamin Cin their diets, this study showed that
more studies should be carried out taking into considera-
tion the influence of dietary, nitrite and nitrate concentra-
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tions in drinking water (48).

It is hypothesized that exposure to nitrosamines in-
creases the risk of glioma (brain stem tumor). The rela-
tionship between meat consumption, nitrates and nitrites
input and two nitrosamines (nitrous dimethyl amine and
Nitrosopyrrolidine) and glioma risk was investigated in a
prospective cohort study. Finally, the results showed that
the risk of glioma increased in people, who had consumed
huge amounts of processed meats (49). The relationship
between nitrite and nitrate intake and pancreatic cancer
hasbeen studied, the results showed that there was no rela-
tionship between the use of nitrate and nitrite and pancre-
atic cancer in males and females and there was relatively
little evidence about the relationship between pancreatic
cancer and processed meat consumption (50).

5.2. Acute Toxicity
5.2.1. Methemoglobinemia

A wide range of lethal concentrations of nitrite and ni-
trate to humans (probably because of the varying sensi-
tivity) have been reported. For nitrate, the lethal dose is
4 to 50 grams (51) and from 67 to 833 mg per kg of body
weight (52) and for nitrite the lethal dose has been set as
1.6 to 9.5 grams (53) and from 33 to 250 mg per kg of body
weight. Lower concentrations in children and the elderly
and those with reduced in reeducates met hemoglobin,
cytrochrome b5 nicotinamide adenine dinucleotide has
led to adverse effects (52). Methemoglobinemia has the
most negative effect associated with human exposure to
nitrates or nitrites. The groups that were involved with
met hemoglobin formation in the blood include fetuses,
infants less than 6 months old, and those, who have ge-
netic birth defects in reeducates NADH cytochrome b5 met
hemoglobin.

Studies in the United States of America from 1941 to
1995 have shown that the reason of methemoglobinemia
is water containing nitrate concentrations above 10 mg
per liter in nitrate by nitrogen. Despite the limitations
in clinical diagnosis, studies have shown that nitrate con-
centrations over 45 milligrams per liter have played an
important role in methemoglobinemia in infants. Cases
of methemoglobinemia had been observed, especially in
children younger than 6 months old, who had been fed
with dried milk and drinking water with high nitrate con-
centrations. From 214 clinical cases with methemoglobine-
mia with available, none of them were done at concentra-
tions of less than 45 mg per liter of nitrates, and only 2% of
cases occurred at concentrations of 49 to 88 mg per liter. In
fact, 80% of the infants, who were exposed to nitrate, were
infected at concentrations greater than 220 mg per liter
(54, 55). Although infants, who were fed through breast-
feeding may be exposed to concentrations of nitrite and ni-
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trate, methemoglobinemia usually occurs when the baby
food or dried milk is prepared with drinking water con-
taminated with nitrate. Younger children are less sensi-
tive than babies. Methemoglobinemia prevalence has not
increased in America in 64 children of 1 to 8 years of age
that used well water contaminated with nitrate at concen-
trations of 97 to 491 mg per liter. In contrast, in 38 in-
fants, who used well water containing concentrations of
44.3 mg per liter, methemoglobinemia prevalence had in-
creased (56). On the other hand, in the study conducted
by WHO, no exact correlation was found between the im-
pact of certain concentrations of nitrates in drinking wa-
ter and the incidence of methemoglobinemia (57). In addi-
tion, methemoglobinemia could be the result of exposure
to other chemicals such as sulfate, chlorite, chloramines,
chlorate and drugs, such as lidocaine, benzocaine, sulfon-
amides and also nitroglycerin (58, 59).

5.2.2. Effect on the Thyroid Gland

A study was performed to determine the effect of ni-
trate on the size and function of the thyroid gland, in 1994.
Two groups exposed to contaminated water with moder-
ate and high nitrate levels were evaluated. In populations
with exposure to high concentrations of nitrate, a moder-
ate increase was observed in thyroid gland volume. This
could be caused by the interaction of competition between
iodine and nitrate. In this population, high levels of ni-
trate had caused uptake of iodine and hypertrophy (en-
largement of the thyroid gland). Among those with ex-
posure to medium and low concentrations of nitrate, no
difference was observed in thyroid volume. The results
showed that nitrate could effect the thyroid gland when
nitrate concentration was above 50 mg per liter (60). In
addition to methemoglobinemia disease and the carcino-
genic danger of nitrate, it seems the third danger that ni-
trate could cause is the effect on the thyroid gland and its
enlargement. Other studies in Bulgaria were conducted to
assess the impact of nitrate on the status of iodine ions in
two population groups of pregnant females and children
between 3 to 6 years of age from 2 villages in Bulgaria with
high and low concentrations of nitrate in drinking water.
Statistically significant differences were seen between the
rate of incidence of goiter among pregnant females, who
were exposed to nitrate and females, who had no exposure.
In contrast, the prevalence of goiter in children, who were
exposed was not statistically significant. The results of this
study, determined the role of high concentrations of ni-
trate in drinking water as a risk factor for thyroid dysfunc-
tion in susceptible individuals (61).
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5.2.3. Mellitus Diabetes

Ecological studies in Colorado (in America) showed
that there was a significant relationship between the
prevalence of diabetes mellitus type 1 insulin-dependent
and concentration of nitrate in drinking water in children
under 1 year to 18 years old (62). Also, a positive correla-
tion was found between nitrites, nitrates and nitrosamines
in food and the outbreak of this disease was reported in a
case-control study in 1990 and this association was seen in
agroup of people, who had a diet with high concentrations
of nitrate in Sweden (63). The same correlation was also re-
ported in Finland. However, in this study, the exposure to
nitrate was reported as weak (64). In contrast, a significant
risk has not been observed for diabetic children, who were
exposed to nitrate in 594 drinking water supplies in Scot-
land and parts of central England. This study included 886
and 1376 English and the Scottish children less than 15 years
old that had been identified as people infected with this
disease between 1986 and 1990. Monthly average concen-
trations of nitrate have been reported in drinking water
as 22.94 and 2.07 mg per liter in Scotland and England, re-
spectively, during the same period (65). Similar studies in
the Netherlands (66) and Italy (67) also showed that there
is no relationship between different concentrations of ni-
trate and nitrite in drinking water and insulin-dependent
type 1diabetes mellitus. The results of the aforementioned
studies showed that the data are limited and there are con-
tradictionsin this area, so in order to achieve a comprehen-
sive and definitive diagnosis of the relationship between
nitrate, nitrite and nitrosamine in the body and diabetes
mellitus, a proper estimation should be done of the intake
of these parameters through various foods and beverages.

6. Benefits of Nitrate

Despite the harms found in drinking water and foods
containing nitrites and nitrates, studies conducted in the
recent years have indicated the benefits of nitrite and ni-
trate. Lundbergetal. hypothesized in their 2006 study that
the inorganic nitrate and nitrite, which enters the body
through the consumption of vegetables leads to positive
effects on health through biological conversion to nitrite
and nitric oxide and secondary reaction products, such as
nitrous/nitrile. In fact, by various bacteria in the oral cavity,
nitrate in food is converted to nitrite and nitrite oxide and
these compounds have protective effects on the cardiovas-
cular system (68). Nitrogen oxide (No) is the most impor-
tant molecule that plays a role in the regulation of blood
pressure and maintains homeostasis of vessels (69). Ben-
jamin et al. showed that the antibacterial effect of stom-
ach acid has significantly increased in the presence of ni-
trite in the saliva (70). Nitrate naturally exists in breast

milk, it has been shown that low concentrations of nitrate
is not only a pollutant but also plays a role as an impor-
tant nutritious elementin the protection of children. It has
been suggested that breast milk for infants is the only nu-
trient for 6 months and after this period milk along with
food supplements exists in the diet of children up to the
age of 2 (71). Nutritional and immunological benefits of
breast milk have been demonstrated for infants (72). Sev-
eral studies have shown that high concentrations of ni-
trite and nitrate exist in breast milk. Ohta et al. showed
that high concentrations of nitrates and nitrites (10 to 70
mg per lit) are present in Japanese mother‘s milk during
1to 8 days (73). The sources of nitrate and nitrite are un-
known in breast milk. However, the presence of nitrite and
nitrate in breast milk is an evidence of physiological ben-
efits in protection of baby’s digestive system and also is
an evidence of adaption of the human body consumption
of nitrite and nitrate through the diet from birth. There-
fore, a significant risk is not possible for humans due to
the nitrate and nitrite that naturally exist in foods (74). Ni-
trate and nitrite, as preservatives, are used to stabilize the
color, create fragrant, control food spoilage by oxidation
of lipids, and as anti-bacteria in food. Nitrate is consid-
ered as the processor element when first reduced to nitrite
(75). Studies on the role of nitrate, as a factor that inhabits
the growth of other microorganisms, are growing. Models
used to predict bacteria growth of pathogens, such as Lis-
teria monocytogenes, have shown that the effectiveness of
antibiotics, such as sodium lactate and sodium di acetate,
increase in the presence of nitrite. Moreover, the speed
of growth of pathogens, Listeria monocytogenes, Escherichia
coli and Bacillus cereus, has decreased in the presence of ni-
trate that is used in processing of meat products.

The adverse effects and benefits of nitrate and nitrite in
drinking water and food on human health is mentioned in
Table 1.

7. Conclusion

The issue of groundwater contamination to nitrate
and nitrite are raised all over the world, but the risk is
not clear. Studies have shown that many adverse health
effects, caused by chronic exposure to low concentrations
of nitrate in drinking water and since WHO guidelines
suggested the prevention of methemoglobinemia disease
that’s why we can say that the maximum allowable concen-
tration set for this contaminants are still being debated.
The results of the present study showed that the consump-
tion of drinking water and food containing high concen-
trations of nitrates and nitrites can cause diseases, such
as cancer, methemoglobinemia, enlargement of the thy-
roid gland, and diabetes mellitus. The positive effects of
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Table 1. Adverse Effects and Benefits of Nitrate and Nitrite in Drinking Water and Food on Human Health

Effect Lists

Adverse Effect

Gastrointestinal tract tumours

Non-Hodgkin’s lymphoma (NHL)

Chronic effect (Carcinogenic

effect of nitrates and nitrites) Urinary tract tumours

Brain tumours

Pancreas tumours

Methaemoglobinaemia

Acute toxicity Mellitus diabetes

Effect on the thyroid gland

Protective effects on the cardiovascular system

Regulation of blood pressure and maintain Homeostasis of vessel

Benefits Effect

Plays a role as an important nutritious element in the protection of children

Nitrate and nitrite as preservatives are used to stabilize the color, create fragrant, control food spoilage

Nitrate as a factor that inhabits the growth of other micro organisms

low concentrations of nitrate and nitrite could have a pro-
tective effect on the cardiovascular system, blood pressure
regulation and maintaining homeostasis (the stability) of
vessels. Finally, it can be concluded that due to different
opinions on the concentration of nitrates and nitrites that
have beneficial and adverse effects on human health and
due to the high cost of treating water contaminated with
nitrite and nitrate, more research should be conducted in
this area to make proper judgments about setting the stan-
dards and the concentration of nitrite and nitrate in drink-
ing water.

Study limitations, flaws in existing data and multiple
adverse side effects with the benefits of nitrate and nitrite
in drinking water and food, suggests that comprehensive
studies on this issue should be conducted.
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