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Nitrates, agriculture and environment

E. V. S. Prakasa Rao™* and K. Puttanna

Nitrogen is a very important nutrient element in agriculture. In soils it occurs in organic and
inorganic forms. Inorganic N occurs primarily as nitrate in arable soils. Nitrate is subject to vari-
ous processes such as plant uptake, leaching from soils among others. Leaching of nitrates from
soils is a global phenomenon. Although a lot of attention has been paid world over on this
phenomenon, its importance is being felt recently in developing countries like India where the
emphasis has been on the problems related to increased food production from limited cultivable
land. However, maintaining delicate agro-ecosystems in order to achieve sustainable agricultural
productivity while protecting the environment has attracted the attention of scientists and policy
makers. This article discusses the phenomenon of nitrate leaching from soils, its impact on man and
animals and means to minimize the leaching. Nitrate leaching could be a major threat to environ-
ment in different agricultural situations. By proper management of agricultural systems, these

leaching losses could be reduced and pollution problems can be minimized.

Nitrogen conversions in soil-plant systems

Nitrogen occurs in soil in several forms and inter conver-
sion between these forms is the net result of a large num-
ber of dynamic processes (Figure 1). Many of these
processes are mediated by micro-organisms. While incor-
poration of ammonium into organic compounds by micro-
bial assimilation is known as immobilization, the reverse
process where micro-organisms oxidize organic matter to
produce energy and convert organic nitrogen into inorga-
nic nitrogen is known as mineralization and both these
processes occur simultaneously. In most soils, ammonium
is rapidly converted to nitrate via nitrite by a process
called nitrification, where ammonium is oxidized to nitrite
and then to nitrate by the action of the aerobic bacteria
such as Nitrosomonas, Nitrosospira, Nitrosococcus or
Nitrosovibrio and Nitrobacter, Nitrospina or Nitrococcus,
respectively. Ammonium is adsorbed on clay minerals and
therefore is less mobile but nitrate is highly mobile. Plants
take up nitrogen in mineral form (ammonium or nitrate).
Nitrate is very soluble and unless intercepted and taken up
by plant roots, leach down in the soil along with irrigation
or rain water or it is carried away by runoff. Under some
conditions, depending on the availability of organic carbon
and anaerobic conditions nitrate may undergo bacterial
conversion to molecular nitrogen or nitrous oxide, by a
process called ‘denitrification’. Unlike nitrifying bacteria,
denitrifying bacteria include a wide range of bacteria.
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Presence of nitrates, excess water and available carbon
source are important factors that affect the denitrification
process. Denitrification may result in the liberation of
nitrogen (N,), nitrous oxide (N,O) or nitric oxide (NO).
While nitric oxide easily gets converted to nitrate and
is brought down again by precipitation, nitrous oxide
escapes to the stratosphere and destroys ozone. It also
produces a powerful greenhouse effect. Nitrate is also
immobilized by microbes but to a lesser extent than
ammonium.

Role of nitrates

Nitrogen is absorbed by plants in the form of either
ammonium (NH3) or nitrate (NO3), depending on the spe-
cies, cultivar, age and soil conditions, particularly sub-
mergence or otherwise etc. Once nitrate is absorbed by
plants, it has to be reduced by the enzyme, nitrate reduc-
tase to ammonium and assimilated via glutamate.

Nitrate leaching and groundwater pollution

Excess nitrates leach down the soil profile with percola-
ting water. Leaching of nitrates is more likely to occur in
sandy soils, but it takes place in fine textured soils also'.
Nitrate leaching is a global problem. Recently, there
have been many studies made in India which point to the
danger of nitrate leaching and subsequent pollution of
groundwaters. Due to increased agricultural activity
which is necessary for enhanced food production and also
due to industrial activity, there is an increasing evidence
of nitrate pollution of groundwaters. In agriculturally
intensive areas in Punjabz, Delhi3, Maharashtra4, Andhra
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Pradesh’ where fertilizer applications are high, there is
ample evidence of pollution of groundwaters by nitrates.
Even in semi arid regions in Deccan plateau®’ and arid
regions of Rajasthan®, where the intensity of agriculture is
less, nitrate leaching was found prevalent. Another impor-
tant area is industrial and urban centres where nitrate pollu-
tion of groundwater was found rampant”'®. This phenome-
non was attributed mainly to dumping of animal manures,
organic wastes from industries and sewage on to the soil.
In most of the above studies, nitrate concentrations in
groundwater exceeded the permissible limit of 45 mg 17
Three fourth of world population live in developing
countries like India where there is an alarming trend of
groundwater pollution by nitrates”. Treatment of ground-
water for the removal of nitrates or prevention of nitrate
from reaching groundwater is possible. Chemical methods
such as catalytic removal of nitrate from water'"'?, abiotic
degradation of nitrates using zero valent iron and electro-
kinetic processes'”, biotechnological methods such as
use of vegetable oil for denitrification'®'”, reduction of
agricultural nitrate loading through microbial wetland
processes'®, using sulphur and limestone autotropic denit-
rification'” and physical methods such as application of
reverse osmosis and nanofilteration'® have been reported.
These processes are at present considered costly even in
advanced countries'’. A recent study conducted in Bul-
garia®® has shown that when groundwater is being tapped
in pockets, nitrates from surrounding soil profile can
migrate and accumulate in such pockets and this phe-
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nomenon was observed in soils which are otherwise low
in nitrate concentration. Such studies serve as warning to
countries like India of nitrate pollution where ground-
water exploitation is growing at a tremendous rate.

Nitrate content in fruits, vegetables and other
food articles

Application of nitrogen fertilizers can cause increase in
concentration of nitrates and nitrites in crops. The maxi-
mum admissible level of nitrite in vegetables is 1 mg kg .
In India, Usha er al’' have studied dietary intake of
nitrates. Nitrate (NO;) contents of cereals ranged from 20
to 76 mg kg™, pulses 39 to 114 mg kg, leafy vegetables
30 to 270 mg kg ', roots and tubers 31 to 2043 mg kg™
and condiments and spices 145 to 4680 mgkg'. The
authors have calculated the percentage contributions of
nitrates from diet in Andhra Pradesh: cereals and tubers
41.2; nuts and oil seeds 3.5 and condiments and spices
3.1. Nitrate contents in tea have been studied”. 50%
of the nitrate in dried tea was found to be released
into infusion. In China, different vegetable samples con-
tained 140.6-2762.5 mg kg ' nitrate and 0.2-2.85 mg kg™
nitrite™. In Brazil, the legally permissible limit of nitrate
(NO;3) in milk is 1000 ug 1™ (ref. 24). However, meas-
urements have shown 50 to 180 ug 1™ nitrite and 20 to
2100 pg I'" nitrate in pasteurized milk®*. Nitrate contents
in some varieties of rice in Pakistan have exceeded the
permissible level set by WHO?. In Danish market, the
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highest content of nitrate was found in lettuce followed by
beetroot, Chinese cabbage, fresh spinach, leek, frozen
spinach, white cabbage and potatoes; the total intake of
nitrate and nitrite was estimated to be 61 and 0.5 mg day’1
respectively%. In Poland, maximum acceptable limit of
nitrates was exceeded in 8.2% of the samples of radish
and 65% of lettuce®’. The nitrate contents in greenhouse
vegetables (lettuce, cucumber, radish) were greater than
in field-grown vegetables. Reduction of nitrate content in
potatozs, spinach29’30, lettucezg, kohlarabi”, carr0t29, white
mustard®’, buckwheat®, oats®, ryegrass32’33, green manure
crops *, cucurbit™, fodder crops® and radish™® by the use
of nitrification inhibitors has been reported.

Nitrates and human health

Nitrates and nitrites in food may cause methemoglobi-
nemia in babies®’, where due to the oxidation of ferrous
iron in haemoglobin to ferric state, the oxygen-carrying
capacity of the red blood corpuscles is lost and the
affected baby dies. In the US, the upper limit for nitrates in
drinking water was set at 45 ppm NO; or 10 ppm NO;—-N
(ref. 38). Other health problems associated with nitrate
toxicity include oral cancer’™, cancer of the colon, rectum
or other gastrointestinal cancers™ *| Alzeimer’s disease™,
vascular dementia of Biswanger type** or multiple small
infarct type*, absorptive and secretive functional dis-
orders of the intestinal mucosa and changes in maturation,
differentiation and apoptosis in intestinal crypts®,
reduced casein digestion®’, multiple sclerosis*’*, neural
tube defects®, cytogenetic effect in children’®, non-
Hodkins’s lymphoma*'”'** and hypertrophy of thyroid™.
Craig ef al.”* have shown that nitrate consumption leads to
a decrease in the ascorbate/nitrite ratio in gastric juice,
which regulates the synthesis of potentially carcinogenic
N-nitroso compounds and decrease in the ratio leads to
increased risk of gastric cancer. Graham er al.” while
reviewing the measurements and association of nitrite and
nitrate ions with various clinical conditions such as hyper-
tension, infection, renal and cardiac disease, inflammatory
diseases, diseases of the central nervous systems exp-
ressed that such associations between disease incidence
and drinking water nitrate content are controversial except
for methemoglobenemia. However, nitrates are useful for
such conditions as cardiovascular diseases, where they
reduce platelet aggregation and prevent anginal attacks of
both symptomatic and silent types™. But continued con-
sumption of nitrates causes tolerance (reduced or no dila-
tion on nitrate administration)’’. WHO has prescribed a
maximum limit of 3.65 mg nitrate kg ' body weight for
total intake in a day’®.

Toxicity of nitrate to animals

Nitrites and nitrates act as exogenous sources of nitric
oxide which is an extreme physiologically active agent in
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animals and man™. This process manifests itself in the
formation of nitrosyl hemoglobin and dinitrosyl iron
complexes (DNIC) with thiol groups of proteins. The lat-
ter compounds are stable enough to function as a depot of
nitric oxide. DNIC degradation is assumed to be associ-
ated with the formation of S-nitrothiols, another depot of
nitric oxide in the organism. The S-nitrosothiols as well as
DNIC can affect various metabolic processes through
the release of nitric oxide as well as nitrosonium ion, a
powerful nitrosylating agent. Nitrate toxicity varies
according to species and, in general, ruminant animals
develop methemoglobinemia while monogastric animals
exhibit severe gastritis®’. Unlike nitrate, nitrite is capable
of inducing methemoglobinemia in a wide range of spe-
cies, viz. cattle, sheep, swine, dogs, guinea pigs, rats,
chickens and turkeys. The various effects of nitrate on
different animals such as intestinal disorders in pigsél,
pregnancy-related disorders in rats®’, depression, muscle
tremors and incoordination in goats®, loss of body weight
and reduced water consumption in broiler chicken®,
sexual disorders in sheep®, hyperthyroid in foals®, etc.
have been reported.

N recoveries

Nitrogen deficiency in agricultural systems is a world
wide problem and this is true of India too®”. The popula-
tion in India is expected to reach 1.3 billion by 2025 AD
and to increase the crop productivity so as to meet the
minimum needs of such a large population, large quanti-
ties of fertilizers are to be used. In 1998—1999, the esti-
mated NPK fertilizer consumption was 16.8 mt, of which
more than 70% was nitrogenous fertilizers'®. Fertilizer
nitrogen recovery in a crop is calculated as follows:

N uptake in fertilized plots

. — N uptake in control
%N recovery in crop = x100.

Quantity of N applied

Two crops, viz. wheat and rice consume 70% of the fertil-
izers but their N recoveries are about 50 and 25-30 per
cent, respectively®’. Such recovery values are commonly
found globally (Table 1). Global consumption of N ferti-
lizer was 72.7mtyr' in 1994 and is estimated to
increase to 122.5 mt yr ' by the end of the 21st century®®.
Poor nitrogen recovery is of great concern for a number
of reasons: (i) nitrogen fertilizers are costly as their manu-
facture involves consumption of large quantities of non-
renewable sources of energy, namely, naphtha, natural gas,
etc.; (ii) it leads to environmental problems like nitrate
pollution of groundwater, eutrophication of surface wa-
ters, emission of nitrous oxide leading to ozone layer
depletion and global warming, emission of ammonia,
formation of fog and acid rain.
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Nitrate can be washed off from soils by rain or irriga-
tion water. Nitrate in run off water causes eutrophication
of surface waters®.

Measurement of nitrate leaching

In order to take rational decisions to control nitrate pollu-
tion, data are required regarding the concentration of
nitrate leached below 1-2 m depth and the quantity of
water flowing down below that depth’””. The following
methods are available for this purpose.

Extracting the soil solution into a porous ceramic cup’".
Collecting water leached in a lysimeter’.

Collecting water from field drainage systems’".
Computer modelling™.

Collecting nitrate in an ion exchange resin’’.

Using bromide as a tracer for nitrate®.

Using N enriched (or depleted) fertilizer’”.

A

In India, there are very few references on the movement
of nitrate in soil profile. The porous cup method”, the
bromide tracer method® and computer modelling70 may be
more suitable for such studies in India. Data from such
studies should help in understanding the process of leach-
ing and in minimizing pollution.

In India, though there are no extensive data, the avail-
able information suggests that nitrate contamination of
groundwater could be a matter of concern in several areas.
It has been claimed that since most of the soils in India
are poor in nitrogen and since the quantities of nitrogen
fertilizer used are small, nitrate pollution of drinking
water is unlikely to be a major problem. However,
recently, several reports of highly contaminated drinking
water have shown that nitrate pollution can be a problem
in certain areas. The number of reports showing nitrate
contamination in drinking water in India is small probably
because chemical analysis of drinking water is not per-
formed extensively. Quite often the quality of drinking

water is taken for granted if the water is clear and the
taste is good. There is an urgent need for performing
chemical analysis of drinking water extensively in India.
Spatial analysis of such data should help in identifying
pockets of contamination. Possible causes of nitrate con-
tamination of drinking water include:

1. Cultivation of crops for which high doses of nitrogen
fertilizers are applied: e.g. tobacco, vegetables, flowers,
etc. It must be emphasized that organic farming does not
ensure freedom from nitrate problems.

2. Surface disposal of sewage without treatment to
remove nitrogen.

3. Use of sewage water for irrigation of crops is com-
monly practiced in India and this may lead to nitrate con-
tamination of groundwater.

4. Disposal of industrial effluents containing nitrogen.

5. Landfilling: Quarry pits are often filled with municipal
wastes which contain large quantities of nitrogen.

6. Deforestation: If the foliage is allowed to mineralize
in situ, nitrate contamination is possible.

7. Dairy industry: If large amounts of animal excreta are
disposed off on land both ammonia volatilization and
nitrification will be rapid. Ammonia may contaminate
surface waters and it may get converted to nitrate by the
process of nitrification. Nitrate in soil may contaminate
surface waters through run off or it may percolate to the
groundwater with rain or irrigation water.

8. Since the recoveries of nitrogen fertilizers are, in gen-
eral, below 50%, nitrate contamination of groundwater
can take place if water percolating from a large area con-
verges to a point beneath the soil due to hydrological or
other reasons.

Analysis of raw and prepared food items also need to
be carried out extensively by collecting samples from the
market. Food items which are likely to be high in nitrate
need to be identified. Vigilance is all the more important
in view of the fact that nitrogen fertilizer consumption is
expected to increase steeply in the coming years.

Table 1. N-use efficiencies in different crops and locations
Place N-use
Crop {country) efficiency Ref. and remarks
Comn Iowa (USA) 29-45% 80, Anhydrous NHj
(Zea mays)
Com USA 39.6% 81, (NH4)»S04, Pot expt.
(Zea mays)
Wheat India 50-55% 82
(Triticum aestium L.) Pakistan 37-53% 83, (NH4)»S04, KNOs3, Pot expt.
Cotton Australia 33% 84, Irrigated crop
Spring wheat Spain ~ 40% 85
Barley Finland 60-70% 86, Pot expt.
Rice India 28-34% 87
Pakistan 49% 88, Pot expt.
Oat Spain 37.9% 89
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Minimizing nitrate leaching

Although technologies are available for decontaminating
nitrate-containing drinking water, these are very costly.
Therefore, it is necessary to minimize nitrate leaching
from agricultural as well as nonagricultural activities. In
developed countries the approach to reducing nitrate pol-
lution is largely based on changing the land use pattern.
Any change which may involve conversion from agricul-
ture to nonagricultural use’, conversion to grasslands74,
change in cropping system75 or reduction in fertilizer
dose’® involving a reduction in food production, would
not be appropriate in India and other developing countries
where the challenge is to maximize food production with
no increase in cultivable land. In developing countries the
stress will be on maximizing the fertilizer use efficiency.
By adopting the following improved methods of nitrogen
fertilizer use, nitrate leaching can be minimized.

e Substituting part of the inorganic fertilizers with orga-
nic fertilizers, i.e. adopting integrated nutrient manage-
ment systems.

¢ Matching the plant needs and fertilizer applications by
using appropriate split applications.

¢ By using improved crop management practices.

e Use of slow-release fertilizers (urea-aldehyde poly-
meric compounds, coated fertilizers)’”"®.

e Use of nitrification inhibitors’’ and urease inhibitors.
Chemicals known to be safe should be used.

Choosing the right cropping systems’”.

Intercepting nitrate by means of trees or other deep
rooted, nitrate mining crops (e.g. alfalfa) or by digging
ditches.

¢ Establishment of information systems and monitoring
networks.

¢ Education of the population in general and farmers in
particular.

Nitrate originating from agriculture could be a major
threat to environment in many situations. It is important
that proper assessment of nitrate pollution should be made
by extensive analysis of soil and groundwater samples. It
is possible to minimize this threat by proper management
of agricultural systems and by adopting appropriate policy
measures.
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