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Abstract : Nitrite (NO,) and nitrate (NO,) are as a part of nitrogen natural cycle and essential nutrients for plant protein
synthesis. Plants take nitrogen in ionic form from soil. Nitrate is a naturally occurring form of nitrogen formed from
fertilizers, decaying plants, manure and other organic residues. Due to increased use of synthetic nitrogen fertilizers and
livestock manure in agriculture, vegetables and drinking water may contain higher concentrations of nitrate now than in
past. Nitrate is also used as a food additive, mainly as preservative and antimicrobial agent. Its level commonly present
in food is not toxic to humans but they act as the reservoir for conversion to nitrite by intestinal flora. A high nitrate
accumulation in plants results in nitrite production, which then converted into nitric oxide (NO) which together with O,,
could be rapidly catalyzed by nitrate reductase into peroxynitrite (ONOO-). The presence of nitrite and nitrate in food
chains is associated with numerous health problems including stomach, gullet and gallbladder cancer and
methaemoglobinaemia. This review focuses on the factors for accumulation of nitrate and nitrite in some plants and its

potential risks on human health.
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INTRODUCTION

Nitrates are the metals that are present in soils, waters,
all plant materials and in metals. They are also found in
small concentrations in air as a result of air pollution.!
Nitrate and nitrite are essential nutrients for plant protein
synthesis and play a critical role in nitrogen cycle.?
Excessive use of nitrogen fertilizers has caused an
imbalance of nutrients in the soil which influences the
nitrate content of plants.** Nitrites are formed in nature
by the action of nitrifying bacteria as an intermediate stage
in the formation of nitrates, but concentrations in plant
and water are usually very low.

The nitrate accumulation in plants is a multifactorial
process - nutritional, environmental and physiological being

*Corresponding author :
Phone : 9852020454
E-mail : sanjeevkumarchoudhary1972@gmail.com

the major players. In cereals, light intensity and nitrogen
fertilization are major factors.” Many nutrients, such as
chloride, calcium, potassium, sulphate and phosphorus
are also involved in nitrate accumulation, other factors
different parts of the plant. This review focuses on the
factors affecting accumulation of nitrate, the dietary intake
of nitrate and its implications on human health.

Nitrates and nitrites can be categorized into inorganic
and organic forms based on their chemical structure.
Inorganic nitrate (NO?*") and nitrite (NO*) are water soluble
(as a result of their interaction with the positively charged
portions of polar water molecules and commonly exist as
salts of nitric acid and nitrous acid, respectively). They
are often bound to a metal cation such as Na™ or K and
occur naturally through the fixation of atmospheric
nitrogen and oxygen as a part of the environmental nitrogen
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cycle (the cyclic movement of nitrogen in different
chemical forms from the environment, to organisms, and
then back to the environment. Inorganic nitrites are also
produced endogenously through oxidation of nitrous oxide
(NO) formed from the enzymatic degradation of L-arginine
and through the reduction of nitrate with xanthine
oxidoreductase.®®

Vegetables are the major source of the daily intake of
nitrate by human beings, supplying about 72 to 94% of
the total intake.” Under excessive application of nitrogen
fertilizers, these vegetables can accumulate high levels of
nitrate. Investigations have revealed that high nitrate
accumulation in plants results in nitrite production. Nitrite
is the compound that is of more health concern.!

1. FACTORS RESPONSIBLE FOR NITRATE
ACCUMULATION

1.1 Environmental factors

As we know that to fulfill the requirements of nitrogen
plants adopts various strategies. Therefore nitrates play
an important role in metabolism in higher plants. Itis the
major nutrient form of nitrogen in most soils and is often
the first factor limiting plant growth. In the great majority
of cases it is assimilated so rapidly that it’s concentration
within plant tissues never raises to critical levels.!! There
are several reports where authors have explained the effect
of moisture on nitrate concentration. Tisdale and Nelson
(1975) and Gomm (1979) reported that waterlogged soils
tend to be more anaerobic than moist soils, thus inhibiting
microbial conversion of ammonia to nitrate. On the other
hand, nitrate is released from the more complex organic
forms by microbial activity that requires moisture. The
nitrogen thus released, as well as any nitrogen added as
fertilizer, must then move, through water, to the absorbing
roots.'"""* Thus a certain amount of moisture is needed in
the soil, and either extreme in soil moisture would lead to
abnormal conditions. Uptake of nitrate is regarded as very
sensitive to temperature because it depends not only on
the temperature of the root environment but also upon the
temperature of the shoot environment. Santamaria et al.
(2001) observed an interaction between light intensity,
nitrogen availability and temperature on nitrate
accumulation in rocket. There is an increase intake of
nitrate accumulation at high temperature but low intensity
of light. Under high light intensity, an increase in
temperature increases the nitrate content but mainly when
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nitrogen supply is high. The nitrate content was found to
be less in the year that had a high rainfall."*

1.2 Nutritional factors
During the nitrogen fertilization accumulation of
nitrate by the plant tissues are very high. Nazaryuk et al.
have studied the role of agricultural chemicals in regulating
the nitrate accumulation in plants. Nitrate get stored in the
vacuole and can be remobilised subsequently when nitrogen
supply is insufficient.!> Accumulation of nitrate in
vegetables often depends on the amount and kind of
nutrients present in the soil and closely related with the
time of application and the amount and composition of
the fertilizers applied.'® Plants accumulate more nitrate as
the nitrogen fertilization increases.!”'® Depending on which
plant part is to be consumed, appropriate fertilizer can be
selected, eg., the order of nitrate accumulation in cole
leaves, upon application of different nitrogen fertilizers is
urea, ammonium carbonate, ammonium nitrate, ammonium
sulphate; for nitrate accumulation in petioles, it is urea
ammonium nitrate, ammonium sulphate, ammonium
carbonate."

Accumulation of nitrate is a function of increase
supply of nitrate by fertilization and mineralization of soil
organic matter. Vegetables supplied with organic fertilizers
have a low nitrate content, compared with mineral fertilized
or conventionally grown vegetables.! Therefore the higher
the nitrogen availability (mineral fertilizer >liquid manure
= slurry > manure > compost) and the lower the
assimilation intensity (e.g. by site conditions and season
effects), the greater would be the nitrate accumulation.

Since phosphorous has multiple functions in plant
metabolism therefore it has indirect effect on plants. A
plant deficient in phosphorus will lack NADPH, on which
the nitrogen reducing enzymes depend and any nitrate taken
up will thus accumulate.?* Ahmed et al. (2000) have
shown a reduction in nitrate content due to increasing
phosphorus fertilization. Inorganic phosphorus within the
plant is necessary for the metabolism and storage of nitrate,
but high concentrations inhibit enzyme reactions, create
abnormal pressure in the cell, and accelerate senescence,
and the advancing plant age is accompanied by a reduced
nitrate uptake and accumulation.?! Potassium in soils is
taken up as an ion by the plant in the K* form, and is thus
important to the uptake of the nitrate ion (NO3) in
maintaining ionic balance. The influence of potassium on
nitrate levels is therefore largely catalytic.?? Potassium is
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however, essential in protein synthesis and photosynthesis
is decreased with insufficient potassium.

Nitrate accumulation has also been studied in relation
to some other chemicals. Foliar application of salicylic
acid?!, molybdenum fertilizers'® and nitrification inhibitors
2316 and calcium?* can materially reduce the nitrate content
of plants. In lettuce leaves sugar levels and free amino
acid concentrations increase under high supply of calcium
and replace nitrate in the vacuole of the lettuce cell.® There
exists a negative correlation between nitrate content and
sulfate content in the lettuce plant and, therefore, sulfur
deficiency might lead to an increase in nitrate content.

In general, higher nitrate levels are found in plants
under any mineral deficiency stress.

1.3 Physiological factors
1.3.1 Genotypic variability

The nitrate content varies markedly with plant
species, cultivars of the same species, and even genotypes
with different ploidy. The causal factors might include
genetic differences among genotypes in enzymes of the
nitrogen metabolic pathway (nitrate reductase/nitrite
reductase),the rate of nitrate uptake, the rate of uptake of
other elements needed for enzyme activity. The differing
capacities of nitrate accumulation can also be correlated
with differing locations of nitrate reductase activity. The
accumulation of nitrate also decreases with increase in
carbohydrate concentration in the vacuoles. The sugar
concentration and dry matter content of plants are
negatively correlated to nitrate accumulation. Thus
genotypes with high dry matter content could have high
carbohydrate content in their vacuoles and thus need little
nitrate to maintain their osmotic value.

1.2.2 Nitrate distribution within the plant

It is well established that nitrate is not uniformly
distributed throughout the plant to all the tissues. In terms
of grass structure stems usually contain more nitrate than
do the roots, roots usually more than the leaves and leaves
usually more than floral parts. The upper regions of the
stems also tend to have lower nitrate content than the
lower regions. The vegetable organs can be listed by
decreasing nitrate content as follows: petiole leaf, stem
root, inflorescence, tuber, bulb, fruit and seed. The
concentration of nitrate in various plant parts could be a
measure to evaluate the balance between adequate and
excessive available nitrogen for optimum growth of plants
during a growth season. Plants that develop fruit or storage

organs, such as potato and tomato, usually have low
nitrate content in petioles as they approach harvest stage.
This decline can be attributed to the translocation of soluble
nitrogen to the developing storage organ. Vegetables that
do not develop storage organs have a different pattern of
nitrate accumulation wherein nitrate often continues to
accumulate with the plant’s age.

2. DIETARY INTAKE OF NITRATE

Vegetables constitute nearly 72-94 % of the average
human dietary intake and are the major source of nitrate.
The following plant families are reckoned to belong to the
nitrate accumulating group: Amaranthaceae (amaranthus),
Chenopodiaceae (beetroot, swiss chard and spinach),
Compositeae, Convulvulaceae, Polygonaceae, Solanaceae,
Gramineae and Cruciferae.

Human intake of nitrite and nitrate is primarily by
dietary ingestion of food crops, vegetables, meat and
water. The average adult intake from food has been
estimated to be 40-100mg/g for nitrates and 0.03-6 mg/g
for nitrites as per WHQO’s Acceptable Daily Intake (ADI)s.
Ysart et al. (1999) estimated for the adult human
population a total nitrate intake of 93mg /day , normally
through potatoes (33%). Green vegetables (21%) , other
vegetables (15%), beverages (8.5%), meat products
(4.2%) , fresh fruit (3.5%), dairy (3.1%), milk (2.9%),
miscellaneous cereals (2.1%), bread (1.6%) and
others(5.1%)

3.IMPLICATIONS ON HUMAN HEALTH

3.1 Adverse effects

Naturally nitrate is not toxic for human; however,
the conversion of nitrate to nitrite in human body and its
accumulation in high concentrations is very dangerous
for the body. In digestive tract these substances react with
natural amines and produce carcinogens compounds like
N-nitrosamine. The N-nitrosamines that are formed in
human stomach are known as a risk factor for stomach,
gullet and gallbladder cancer.

One of the adverse effects of nitrate is related to
combining these compounds with haemoglobin that is
present in blood and leads to reducing nitrates to nitrites,
which causes a reduction in potential oxygen transport
from lungs to body tissues. The principal mechanism
involves oxidation of the ferrous iron (Fe 2*) in haemoglobin
to the ferric state (Fe’'). As a consequence
methaemoglobin forms and reduces the oxygen delivery
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to tissues. Methaemoglobimea (Blue baby syndromes) may
occur in older infants and children due to consuming
vegetables. For example in Spain, several infants aged 7-
13 months experienced methaemoglobinaemia on
consumption of vegetables. Methaemoglobinaemia has
been reported to occur in people of different ages with
high nitrate ingestion, the infants and above 45 age groups
being most susceptible to nitrate toxicity. In pregnant
women, the level of methaemoglobin increases from the
normal (0.5 to 2.5% of total haemoglobin) to a maximum
of 10.5% at the 30th week of gestation and subsequently
declines to normal after delivery. Thus, pregnant women
might be more sensitive to the induction of clinical
methaemoglobinemia by nitrites or nitrates in or around
the 30th week of gestation.

Other health problems associated with nitrate toxicity
include oral cancer, cancer of colon, rectum or other
gastrointestinal regions, Alzheimer’s disease, multiple
sclerosis, spontaneous abortion or congenital defects.

CONCLUSION

Plants are the major source for nitrogen that
it from the soil even under normal
circumstances. The accumulation of nitrate means that
the rate of assimilation of nitrate to protein has not kept
pace with the rate of nitrate uptake from the soil. The use
of fertilizers should be however lowered so that nitrate
accumulation of the nitrate could be reduced as well as
loss of nitrogen to the environment could be minimized.
Since vegetables are considered as the main dietary
source of nitrate intake in humans. Therefore breeding of
new cultivars that do not accumulate nitrate even under
heavy fertilization could be the best way to get rid of.
There are number of evidence regarding the harmful
effect of nitrates to human beings. Therefore it is necessary
to take preventive measures to reduce the nitrate intake.

consumes

REFERENCES

1. Abdulrazak S, Otie S, Oniwapele YA, 2014.
Concentration of nitrate and nitrite in some selected
cereals sourced within Kaduna state, Nigeria.Online
Journal of Animal and Feed Research 4:37-41

2. Parkash, S., Tuli, G.D. and Basu, S.K. 1963.
Advanced Inorganic Chemistry. Part II, 10th Ed. Pp
460-464.

T RL
94)7

A
(e 4

3.

10.

11.

12.

13.

{of Lito Soionces

Dapoigny L., Tourdonnet S.D., Roger-Estrade J.,
Jeuffroy M.-H., Fluery A. 2000. Effect of nitrogen
nutrition on growth and nitrate accumulation in
lettuce (Lactuca sativa L.) under various conditions

of radiation and temperature. Agronomie 20:843-855.

Vieira L.S., Vasconselos E.P., Monteiro A.A. 1998.
Nitrate accumulation,yield and leaf quality of turnip
greens in response to nitrogenfertilisation, Nutr.
Cycl. Agroecosys. 51: 249-258

Cantliffe, D.J. 1973. Nitrate accumulation in table
beets and spinach as affected by nitrogen,
phosphorous, and potassium nutrition and light
intensity. Agronomy Journal. 65:563-565

Omar SA, Artime E, Webb AJ, 2012. A comparison
of organic and inorganic nitrates/nitrites. Nitric Oxide
26(4):229-240.

Jansson EA, Huang L, Malkey R, Govoni M, Nihlen
C, Olsson A,. 2008. A mammalian functional nitrate
reductase that regulates nitrite and nitric oxide
homeostasis. Nat Chem Biol 4:411-417.

Rhodes P, Leone AM, Francis PL, Struthers AD,
Moncada S, Rhodes PM. 1995. The L-arginine: nitric
oxide pathway is the major source of plasma nitrite
in fasted humans. Biochem Biophys Res Commun
209:590-596.

Dich J., Jivinen R., Knekt P., Pentill P.L. 1996.
Dietary intakes of nitrate,nitrite and NDMA in the
Finish Mobile Clinic Health Examination Survey,
Food Addit. Contam. 13:541-552.

Cassens, R.G and Goutefongea R. 1996. Fate of
Nitrite in Food Proceedings 2nd International
Symposium of Nitrite in Food Products, Washington.
The Netherlands, 95-100.

Wright M J & Davison D L 1964. Nitrate
accumulation in crops and nitrate poisoning in cattle.
Adv. Agron. 16: 197 - 247.

Gomm B. 1979. Herbage yield and nitrate
concentration in meadow plants as affected by
environmental variables. J. Range Mgt. 32: 359 - 364.

Olsen & Kurtz 1982. Crop nitrogen requirements,
utilisation and fertilisation in: Nitrogen in Agricultural
soils. Stevenson F J (ed). Agronomy No. 22: 567
Madison. Wisconsin, USA.




Choudhary- Impact of accumulation of inorganic nitrogen oxides (NO, & NO,) in plants and its implication on human

14.

15.

16.

17.

18.

19.

health

Grzebelus D., Baranski R. 2001. Identification of
accessions showing low nitrate accumulation in a

germplasm collection of garden beet. Acta Hortic.
563: 253-255.

Van der Leij M., Smith S.J., Miller A.J. 1998.
Remobilization of vacuolar stored nitrate in barley
root cells. Planta. 205: 64-72.

Zhou Z.-Y., Wang M.-J., Wang J.-S. 2000. Nitrate
and nitrite contamination in vegetables in China,
Food Rev. Int. 16:61-76.

Chen B.-M., Wang Z.-H., Li S.-X., Wang G.-X., Song
H.-X., Wang X.-N. 2004. Effects of nitrate supply on
plant growth, nitrate accumulation, metabolic nitrate
concentration and nitrate reductase activity in three
leafy vegetables. Plant Sci. 167:635-643

Nazaryuk V.M., Klenova M.I., Kalimullina F.R. 2002.
Ecoagrochemical approaches to the problem of
nitrate pollution in agroecosystems. Russ. J. Ecol.
33:392-397.

Raupp J. 1996. Fertilization effects on product quality
and examination of parameters and methods for
quality assessment, in: Raupp J.(Ed.), Quality of
plant products grown with manure fertilization,
Darmstadt, pp. 44—48

kksk

20.

21.

22.

23.

24.

25.

Lehninger A L. 1979. Biochemistry; The Molecular
basis of cell Structure and Function. 2™ Ed, Worth

Publishers Inc.

Ahmed A.H.H., Khalil M.K., Farrag. A.M. 2000.
Nitrate accumulation, growth, yield and chemical
composition of Rocket (Eruca vesicaria subsp.
sativa) plant as affected by NPK fertilization, kinetin
and salicylicacid, in: Proceedings of ICEHM 2000,
Cairo University, Egypt, pp. 495-50

Tisdale S L & Nelson W L 1975. Elements required
in plant nutrition. in: Soil Fertility and Fertilisers.
MacMillon Publishing Co. Inc. New York.

Xu C., Wu L.H., Ju X.T., Zhang F.S. 2005. Role of
nitrification inhibitor DMPP (3,4-dimethylpyrazole
phosphate) in nitrate accumulation in greengrocery
(Brassica campestris L. ssp. chinensis) and
vegetable soil. J. Environ. Sci. (China). 17: 81-83.
Tzung W.-J., Po W.-Y., Wu J.T., Wang Y.-P. 1995.
Effects of some environmental factors on nitrate
content of Chinese cabbage (Brasica chinensis L.),
J. Chin. Agr. Chem. Soc. 33: 125-133.

Ahmed A.H.H. 1996. Physiological studies on tipburn

and nitrate accumulation in lettuce plants. J. Agr.
Sci. 21: 3971-3994.




Biospectra : Vol. 15(1), March, 2020
A Ot lionad D /@7/ J(y¢ /0/23% Sovonces




