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1. ADVERSE IMPACTS OF NITRATE CONTAMINATION

Nitrate (NO;) is a compound that contains nitrogen and water. Nitrogen comes from
decomposing organic materials like manure, plants, and human wastes. Often the nitrogen (N)
comes from ammonia (NH3) or ammonium (NH,).

Basically, plants need nitrogen to make amino acids and proteins, which are essential for plant
growth. Plants cannot use organic nitrogen directly. "Microorganisms in the soil convert the
nitrogen locked up in crop residues, human and animal wastes or compost to ammonium (NH,).
A specific group of microorganisms convert ammonium to nitrate (NO3)". Since nitrate is water-
soluble, excess nitrate not used by plants can leach through the soil and into the groundwater.

Nitrate is an inorganic chemical that is highly soluble in water. Major sources of nitrate in
drinking water include fertilizers, sewage and animal manure. Most nitrogen containing
materials in natural waters tend to be converted to nitrate. Nitrates also occur naturally in the
environment, in mineral deposits, soil, seawater, freshwater systems, and the atmosphere.
Nitrate and nitrite are commonly used as a preservative and for color enhancement of
processed meats, although the amounts added to these products have been substantially
reduced from the levels once used.

Food is usually the major source of nitrate exposure. Nitrate intake from a typical US diet
provides an average of 75 to 100 milligrams per day (mg/day) of nitrate. Vegetables, particularly
spinach, celery, beets, lettuce, and root vegetables are responsible for most of the dietary
intake. Ingestion of up to 250 mg/day of nitrate has been reported for people whose diets
consist mainly of food from vegetable sources. The body also makes approximately 62 mg/day
of nitrate in addition to what is ingested. Infection and illness can cause the body to produce
even greater levels of nitrate.

Nitrate is a health hazard because of its conversion to nitrite. Once ingested, conversion of
nitrate to nitrite takes place in the saliva of people of all age groups, and in the gastrointestinal
tract of infants. Infants convert approximately double, or 10 percent of ingested nitrate to nitrite
compared to 5 percent conversion in older children and adults.

1.1 Short-Term (Acute) Effects

Nitrite changes the normal form of hemoglobin, which carries oxygen in the blood to the rest of
the body, into a form called methemoglobin that cannot carry oxygen. High enough
concentrations of nitrate in drinking water can result in a temporary blood disorder in infant
called methemoglobinemia, commonly called "blue baby syndrome." In severe, untreated cases,
brain damage and eventually death can result from suffocation due to lack of oxygen. Early
symptoms of methemoglobinemia can include irritability, lack of energy, headache, dizziness,
vomiting, diarrhea, labored breathing, and a blue-gray or pale purple coloration to areas around
the eyes, mouth, lips, hands and feet.
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Infants up to six months of age are considered to be the most sensitive population. Not only do
they convert a greater percentage of nitrate to nitrite, their hemoglobin is more easily converted
to methemoglobin and they have less of the enzyme that changes methemoglobin back to its
oxygen-carrying form.

No cases of methemoglobinemia have been reported when water contained less than 10 parts
per million (ppm) of nitrate nitrogen. The majority of cases involve exposure to levels in drinking
water exceeding 50 ppm. Healthy adults do not develop methemoglobinemia at nitrate levels in
drinking water that place infants at risk. Pregnant women are more sensitive to the effects of
nitrate due to a natural increase in methemoglobin levels in blood during the later stage of
pregnancy beginning around the 30th week.

1.2 Long-Term (Chronic) Effects

The only non-cancer effect known to be caused by nitrate exposure is methemoglobinemia. No
other non-cancer effects from chronic exposure have been conclusively established.

1.3 Problem Associated with High Nitrate Levels

Nitrate incorporation in humans takes place via drinking water and food. The water used for
drinking and cooking in the rural areas is high in nitrate content. Although there have been
studies performed attempting to link nitrate consumption to various illnesses, a few are stated
here under:

1.3.1 Methemoglobinemia

Cases of Blue-Baby Syndrome usually occur in rural areas which rely on wells as their primary
source of drinking water. Often these wells become contaminated when they are located close
to cultivated fields, feedlots and septic tanks. Methemoglobinemia is the condition in the blood
which causes Infant Cyanosis or Blue-Baby Syndrome. In the GIT of an infant certain bacteria
converts the nitrate ion to nitrite ion, which then reacts with two molecules of hemoglobin to form
methemoglobin; In acid mediums, such as the stomach. the reaction occurs quite rapidly. This
altered form of blood protein (hemoglobin) prevents the blood cells from transporting oxygen,
which leads to the oxygen deprivation in the infant; due to which infant often take on a blue or
purple tinge in the lips and extremities, hence named as, Blue Baby Syndrome. Other signs of
Methemoglobinemia are gastrointestinal disturbances, vomiting, diarrhea and relative absence
of distress when severely cyanotic but irritable when mildly cyanotic. Methemoglobinemia most
often affects infants of less than six months in age; the primary reason is that infants possess
much less oxidize-able hemoglobin than adults, so a greater percentage of their hemoglobin is
converted to methemoglobin which greatly decreases the blood's ability to carry oxygen.

Page | 5



1.3.2 Stomach and gastrointestinal cancer

Scientists claim that nitrate represents a potential risk because of nitrosation reactions which,
with appropriate substrates present in the body Nitrates form N-nitroso compounds which are
strongly carcinogenic in animals. There is still no concrete evidence to support this theory of
carcinogenicity of nitrates. This inconsistency suggests that nitrate alone cannot be the only
cause of elevated regional gastric cancer mortality rates, but these could result from a number
of other factors, such as high pesticide levels, presence of coli form bacteria and/or other
groundwater contaminants.

1.3.3 Thyroid problems

Histo-morphological changes in thyroid are observed due to 250 and 500 mg/l of Nitrates.
Number of experimental studies or data suggests that Nitrates impairs thyroid function involving
the hypothalamo—hypophysio-thyroid axis.

1.3.4 Reproductive problems

Few studies have been published regarding water nitrate and the outcomes of spontaneous
abortions, stillbirths, premature birth, or intrauterine growth retardation. Results of these studies
have been inconsistent, possibly indicating no true effect of water nitrate on reproductive
outcomes at the levels evaluated in these studies.

Alternatively, the inconsistencies may be due to the differing periods over which exposure was
assessed, differing levels of water nitrate across studies, or differences in exposure to other
cofactors.

1.3.5 Livestock health

Nitrate intake by dairy cattle is related to the levels found in forage and drinking water.
According to research conducted on dairy cattle, nitrate-nitrogen in drinking water at levels
under 10 mg/l is safe for animals. Between 10-20 mg/l nitrate-nitrogen, water is safe for
livestock unless their feed has high nitrate levels. Problems for livestock can occur between 20
— 40 mg/| nitrate-nitrogen if feed contains more than 1,000 ppm. If well water is between 40-100
mg/| nitrate-nitrogen, feed should be low in nitrate, well balanced and fortified with vitamin A. At
levels between 100 - 200 mg/l nitrate-nitrogen in water, studies report decreased appetite.

1.3.6 Aquatic life
Nitrate does not appear to be acutely toxic to adult fish except at extremely high concentrations.
where mortality is due to salinity effects. However, available research indicates that nitrate

concentrations lower than the drinking water standard cause substantial egg and fry mortality in
some salmonid fish species.
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2. STATUS OF NITRATE CONTAMINATION

Table 1: List of districts showing localized occurrence of nitrate ( >45 mg/litre) in ground
water in different states in India

Nitrate > 45mg/litre

Andhra pradesh Adilabaad, Aanatpur, Chitoor, Krishna, Hyderabad, Visakhapatnam, Srikakulam,
Warangal, Nellore, Nizamabad.

Aurangabad, Banka, Bhagalpur, Bhojpur, Kaimur, Patna, Rohtas, Saran, Siwan

Bastar, Bilaspur, Dantewada, Dhamtari, Jashpur, Kanker, Kawardha, Korba, Raipur,
Rajnandgacn
Central Delhi, New Delhi, North Delhi, North West Delhi, South Delhi, South West

oo [CeneloshiRe
“ Ahmadabad, Amreli, Anand, Banaskantha, Bharuch, Bhavnagar, Dohad, Jamnagar,

Rajkot

Yamunagar, Ambala, Faridabad, Mahendragarh, Karnal, Kurukshetra, Panchkula,

m Panipat, Rohtak,Rewari, Sirsa, Kaithal, Jind,Sonepat
nm\
Jammu & Kashmir Jammu, Kathua

w Chatra, Godda, Garhwa, Gumia, Pakaur,Palamu, Paschimi, Singhbhum Purbi,

Ranchi, Sahibgani

Karnataka Bagalkot, Bangalore, Belgaum, Bidar, Hassan, Udupi,Davangere, Gadag, Kolar,
Koppal, Haveri
Alappuzha, Idukki, Kollam, Kottayam, Kozhihode, Malappuram, Palakkad.
Wayanad, Thrissur

Maharashtra Ahmednagar, Akola, Amravati, Beed, Bhandara, Buldana, Chandrapur,Latur, Dhule,
Hingoli, Jalna, Nashik, oune, Satara, Solapur, Wardha, Yavatma

Anuppur, Ashok Nagar, Balaghat, Barwani, Betul, Bhind, Dhar, Dewas, Damoh,
Gwaloir, Harda, Indore, Jhabua, Katni, Mandla, Ujjain, Rajgarh, Rewa, Sidhi,
Shahdol, Umaria, Vidisha, Sagar
Angul, Balasore, Bhadrak, Baudh, Cuttack, Deogarh, Ganjam, Jajpur, Puri, Koraput

Madhya Pradesh

Punjab Amritsar, Bhathinada, Faridkot, Fatehgrah Sahib, Patiala, Rupnagar,Sangrur,
Kapurthala, Ludhiana, Jalamdhar, Hoshiarpur, Nawan Shahr, Moga

Ajmer, Alwar, Baran, Bundi, Ganganagar,Kota, Nagaur, Pali

[TamilNadu | Chennai, Theni, Thriuvannamalai Maduraj

Uttar Pradesh Agra, Aligarh, Allahabad, Ghaziabad. bareilly, Basti, Bijnor, Hardoi, Meerut, Rampur,

Kanpur, Muzaffarnagar, Sultanpur, Unnao, Sitapur, GB Nagar, Firoazabad,
Fatehpur, Lakhimpur, Moradabad, Etah, Jaunpur, Jhansi
Dehradun, Hardwar, Udhamsinghnagar
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3. SOURCES OF NITRATE CONTAMINATION

In recent years it has been recognized that the quality of groundwater is of nearly equal
importance to the quantity. The present realization is clear about the limited resources and
competing demands. This indeed has placed urgency on the observation and the protection of
quality of groundwater. Nitrate (NO3-) is one of the integral part in the growth of life. It is
essential for the growth of many plants species, including most of those which are edible, but it
becomes a problem if it gets into water in which it is not required. This leads to major
environmental problem and also as a health hazard. Groundwater contamination by nitrate is a
global problem and Nitrate is a wide-spread contaminant of ground and surface water
worldwide. Numerous sources in the environment contribute to the total nitrate content of
natural waters mainly by, agriculture, human and animal wastes etc.

Nitrogen (N) is an essential input for the sustainability of agriculture. However, nitrate
contamination of groundwater is a worldwide problem. Nitrate is soluble and negatively charged
and thus has a high mobility and potential for loss from the unsaturated zone by leaching.
Elevated nitrate concentrations in drinking water can cause methemoglobinemia in infants and
stomach cancer in adults. As such, the US Environmental Protection Agency (US EPA) has
established a maximum contaminant level (MCL) of 10 mg/l NO3-N (50 mg/l NO3).
Groundwater pollution due to point and nonpoint sources is caused mainly by agricultural
practices (noticeable is the use of inorganic fertilizers, pesticides, and herbicides), localized
industrial activities (organic pollutants and heavy metals), and inadequate or improper disposal
of wastewater and solid waste (including hazardous materials). Nitrate is the most common
pollutant found in shallow aquifers due to both point and nonpoint sources. With nonpoint
sources, groundwater quality may be depleted over time due to the cumulative effects of several
years of practice. Nonpoint sources of nitrogen from agricultural activities include fertilizers,
manure application, and leguminous crops. The extensive use of fertilizers is considered a main
nonpoint source of the nitrate that leaches to groundwater. In addition to agricultural practices,
nonpoint sources of nitrogen involve precipitation, irrigation with groundwater containing
nitrogen, and dry deposition. Point sources of nitrogen are shown to contribute to nitrate
pollution of groundwater. The major point sources include septic tanks and dairy lagoons. Many
studies have shown high concentrations of nitrate in areas with septic tanks. The sources of
nitrate contamination may be summarized in the following points:

().  There are numerous sources in environment that contribute to the total nitrate content of
natural waters, e.g. atmosphere, geological features, anthropogenic sources, atmospheric
nitrogen fixation and soil nitrogen. It has been observed that in sandy soil with low water
holding capacity and high permeability, movement of pollutants like chloride and nitrate is
much quicker than in clayey soil. This is probably the main cause for high nitrate in areas
with sandy soil. Nitrate is highly soluble and readily moves with water through the soil
profile. In areas of excess rainfall or over-irrigation, nitrate will be leached below the plant’s
root zone and may eventually reach the groundwater.

(i). Wastewater in the upper soil layer either from the cesspools or the disposal ponds could
infiltrate to the groundwater aquifer. The absence of a sewage system encourages such
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types of contamination by nitrate. Thus, the level of nitrate in groundwater will continue to
increase as the sources of contamination. These sources are more dangerous than the
leaching ones, because of the daily use of water, which then recharges the aquifer.

(iii). Nitrate in ground water can be derived from natural sources or from point sources, such as
sewage disposal systems and livestock facilities causes pollution of surface water, ground
water and wells through percolation. Waste materials are one of the anthropogenic
sources of nitrate contamination of groundwater. Surface water runoff from fertilized
farmland and animal feedlots is a major potential source of nitrate contamination. Septic
tanks are another example of anthropogenic source nitrogen contamination of the
groundwater. Many areas of the United States and other countries have reported
significant contamination of groundwater from septic tanks. Ground water contamination is
usually related to the density of septic systems.

(iv). The use of nitrogen (N)-fertilizer in agriculture has significantly increased over the past 30
years to meet the food and living requirements of the speedily growing population.
Therefore, the use of nitrate in fertilizers causes a foremost predicament in groundwater
contamination. Some of the fertilizers infiltrate with the irrigation and/or rainwater to
recharge the aquifer. The increased uses of nitrate fertilizers in the villages enhance the
contamination of groundwater. The local farmers of the study area admitted the use of
excessive nitrate fertilizers and believe that it is necessary to have better agricultural
productivity.

(V). The interaction of nitrogen compounds with the surrounding media leads to oxidation of
nitrogen compounds, which finally contaminate the aquifer. Generally, organic matter -
nitrate bearing - is distributed on the surface or near surface of the ground (sewage water,
cesspools and drainage) produces nitrate.

3.1 The Nitrogen Cycle

Nitrogen (N) exists in many forms in the environment and has a very dynamic cycle. For
example, the atmosphere is 78% nitrogen gas and it also contains trace amounts of other
nitrogen gases produced naturally and from pollution such as from burning fossil fuel. The soil
environment contains many forms of N, including organic (carbon-based) forms produced from
decaying plant and animal residues. During the decay process inorganic forms of N are also
produced, including ammonia gas, which reacts with water to form ammonium, and nitrate.
Nitrate is very mobile in soil and groundwater because, unlike ammonium, nitrate does not
adsorb onto soil or aquifer geologic materials, and only precipitates as a mineral under dry
conditions. However, in the soil environment nitrate can be taken up by plants and
microorganisms and recycled back into plant and animal tissue or transformed into nitrous oxide
or transformed back into harmless nitrogen gas, as shown in Fig. 1. Nitrous oxide, produced in
water-logged soils and by animals, is a ‘green-house’ gas, partly responsible for global warming.
Nitrate (NO3-) is one of the chemical forms of nitrogen. It coexists with other forms of nitrogen in
a complex cycle. Nitrogen in soil and water originates from atmospheric deposition, application
of fertilizer, manure, waste material and dead plant and animal tissue. Under aerobic (occeurring
in the presence of oxygen) conditions, nitrate is a fairly stable form of nitrogen. Ammonium
(NH4+) and organic nitrogen are other nitrogen forms that frequently convert quickly to nitrate.
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Most of the nitrogen on earth is in the atmosphere, which consists of 78% N2 gas. Other forms
of nitrogen, originating mainly from power plant emissions, internal combustion engines,
fertilizer and manure, also occur in the atmosphere. These include nitrogen oxides (NOx and
N20), nitric acid (HNO3) and ammonia (NH3). Atmospheric nitrogen interacts with the earth's
surface when N2 is "fixed" (changed chemically) by legumes or lightning, or when pollutants are
dispersed in precipitation.

Fig. 1: Nitrogen cycle

3.2 Mechanisms of Nitrate Pollution in the Groundwater

Occurrence of nitrate in groundwater is normally of anthropogenic nature due to the contact of
soil cover with contaminants like nitrate fertilizers. Factors which contribute to the aquifer
contamination comprise the secondary porosity of aquifer and the porous and permeable soil
cover. Aquifer could contaminate by leaching source, Point source and Biochemical source.
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3.2.1 Leaching mechanism

The use of nitrogen (N)-fertilizer in agriculture has significantly increased over the past 30 years
to meet the food and living requirements of the speedily growing population. Therefore, the use
of nitrate in fertilizers causes a foremost predicament in groundwater contamination. Some of
the fertilizers infiltrate with the irrigation and/or rainwater to recharge the aquifer. The increased
uses of nitrate fertilizers in the villages enhance the contamination of groundwater. The local
farmers of the study area admitted the use of excessive nitrate fertilizers and believe that it is
necessary to have better agricultural productivity.

3.2.2 Point source mechanism

Wastewater in the upper soil layer either from the cesspools or the disposal ponds could
infiltrate to the groundwater aquifer. The absence of a sewage system encourages such types
of contamination by nitrate. Thus, the level of nitrate in groundwater will continue to increase as
the sources of contamination. These sources are more dangerous than the leaching ones,
because of the daily use of water, which then recharges the aquifer.

3.2.3 Biochemical mechanism

The interaction of nitrogen compounds with the surrounding media leads to oxidation of nitrogen
compounds, which finally contaminate the aquifer. Generally, organic matter -nitrate bearing- is
distributed on the surface or near surface of the ground (sewage water, cesspools and
drainage) produces nitrate. Oxidation of ammonia (from waste water, e.g. cesspools, sewage
water and disposal ponds) into nitrite by bacteria (Nitrosomonas) follows the reaction below:

2NH4 +402 = 2NO2 + 4H20
Nitrite is then oxidized to nitrate by another type of bacteria (Nitrobacteria)
2NO2 + O2 = 2NO3

This conversion of ammonia in to nitrates is called nitrification. The nitrification rate increases in
the presence of oxidation conditions and in the case of a high population of nitrifying bacteria.

3.2.4 Impact of agriculture on groundwater

There are number of sources of nitrate contamination of groundwater such as, human and
animal waste, industrial wastes from food processing, fertilizer processing industries and septic
tanks; the major source of nitrate pollution in the densely populated areas is the septic systems
of that area. Another major reason for the nitrate pollution may be taken as the disturbances in
the natural systems due to the changes made by the mankind for its facilities: one example of
this is the effect of forested areas on the leaching of nitrate to the groundwater. Natural, dense
forests conserve nitrogen but cutting of such forests by the human causes lesser conservation
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of nitrogen, which in turn leads to nitrate pollution of the groundwater. Another major source of
nitrogen pollution of groundwater is the application of nitrogen-rich fertilizers to the agricultural
land areas. The nitrogen provided to such areas in the form of fertilizers can be consumed in
number of ways such as; it may be: taken up by plants; stored in soil: lost to atmosphere and it
may be lost to groundwater.

There are number of reasons or factors that could lead to more of the nitrogen leaching to the
groundwater. Some of them are summarized here under:

(). Nitrogen content

(if). Nitrogen source

(iii). Irrigation practices

(iv). Soil texture

4. METHODS OF IDENTIFICATION OF NITRATE IN WATER

Nitrite is a versatile chemical agent which has found numerous applications ranging from dye
manufacture to food preservation. It produces carcinogenic nitrosamines in the human body
through its reaction with amines or amides. Nitrite is one of the pollutants found in the
atmosphere and natural water and is an important intermediate in biological nitrogen cycle.
Traces of nitrite and nitrate in drinking water may lead to mathemeglobmenia in infants and with
long term exposure is a possible cancer risk. Various instrumental methods such as
polarography, voltammetry, fluorimetry, biamperometry and flow injection spectrophotometry
have been used for nitrite determination. Nitrite is determined spectrophotometrically based on
diazo coupling reaction extraction of the azo dye into suitable organic solvent provides a much
lower detection limit and improved sensitivity.

Nitrate is a well-known contaminant of ground and stream water. It is an important
environmental and human health analyte, and thus its detection and quantification are
considered to be essential. An excellent review on the detection and determination has been
reported by Moorcroft. Most of the recent work concerning nitrate determination has embraced
the classical reagents. Several reported spectrophotometric methods involve the use of
common reactions, such as a reduction reaction followed by diazotization, nitration reactions, or
others. Other methods involve the use of ion chromatography and specific ion electrodes. The
well-known spectrophotometric methods for the determination of nitrate are based on the
nitration of phenolic compounds, chromophoric acids, 2,4-xylenol, 2,6- xylenol, 3,4-xylenol,
phenoldisulfonic  acid, brucine and phenol 4-aminoazobenzene. Some sensitive
spectrophotometric methods for determine nitrate utilize extractable ion associates of the nitrate
ion with basic dyes, like crystal violet and nile blue.
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5. ENVIRONMENTAL STANDARDS FOR NITRATE FOR DRINGKING WATER

Characteristic

Requirement

Permissible

Method of Test,

Remarks

(Acceptable | Limit in the | Ref to
Limit) Absence of
Alternate
Source
Nitrate (as NO3), |45 No IS 3025 (Part 34) —_
mg/l, Max relaxation

Source: IS 10500 : 2012
6. REMEDIAL MEASURES

Nitrate is a stable and highly soluble ion with low potential for co precipitation or adsorption.
Thus conventional treatment technologies cannot be used.

6.1 Reverse Osmosis for Denitrification

Nitrates could be removed by reverse osmosis cells under pressures ranging from 300 to 1,500
psi to reverse the normal osmotic flow of water. Membranes used were made of cellulose
acetate, polyamides and composite materials. Problems associated with reverse osmosis
membranes included fouling, compaction and deterioration with time. These problems resulted
from deposition of soluble materials, organic matter, suspended and colloidal particles, and
other contaminants, pH variations and chlorine exposure; thus the reverse osmosis process
required pretreatment. A 15-gpm spiral wound cellulose acetate reverse osmosis system was
tested for 1,000 h and up to 65% nitrate separation was observed for influent NO3
concentrations ranging from 18 to 25 mg/L15.

6.2 lon Exchange Process

The ion exchange process involved passage of nitrate water through a resin bed containing
strong base anion (SBA) exchange resins on which nitrate ions were exchanged for chloride or
bicarbonate ions until the resin exhausted. The exhausted resin was regenerated using a
concentrated solution of sodium chloride or sodium bicarbonate.

A pilot-scale study was conducted to evaluate nitrate removal from drinking water by ion
exchange, reverse osmosis (RO) and electrodialysis (ED).The raw water contained 18-25 mgl/L,
43 mg/L sulfate and 530 mg/L total dissolved solids (TDS). All processes were able to reduce
nitrate concentration below 10 mg/L.

6.3 Denitrification using a Membrane Bioreactor
Immersed heterotrophic membrane bioreactor (MBR) produced high quality product water when
NO3 contaminated water was made to flow through the lumen of tubular microporous

membranes. NO3diffused through the membrane pores. Denitrification took place on the shell
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side of the membranes. The MBR achieved over 99% NO3 removal at an influent concentration
of 200 mg NO3/L.

6.4 Biological Denitrification

Many bacteria belonging to different genera can grow anaerobically by reducing ionic
nitrogenous oxides to gaseous products. Nitrates or nitrites served as the terminal electron
acceptors instead of oxygen and resulted in generation of ATP. Such denitrification was
dissimilatory nitrate reduction. When electrons are transferred from the donor to the acceptor,
the organism gains energy which was applied for the synthesis of a new cell mass and the
maintenance of the existing cellmass. The enzymes associated with denitrification are
synthesized under anaerobic or partially aerobic conditions.

6.5. Mitigation Measures

The deleterious health and socio- economic effects of nitrate in drinking water sources are
generating a serious concern in urban and rural communities. It is therefore imperative to
develop groundwater nitrate management strategy, particularly for understanding the pollution
processes and the role of the unsaturated zone in groundwater protection. A groundwater
protection strategy should comprise a two-fold approach: legislation and enforcement for
pollution control and for minimizing nitrogenous inputs to the environment which can be
complimented by public mobilization and enlightenment programme. Groundwater has often
been slighted in water supply planning and management. For a long time, it was believed that
ground water could not be as easily evaluated as surface water, in terms of its availability,
development, chemical quality and the economics of recovery. On the contrary, new
hydrogeologic information and understanding, along with substantial progress in analytical
capability, have improved the ability to plan, develop and manage ground water. Scientific
analysis of ground water systems has opened the door to more effective use and protection of
ground water. Inadequate communication between the ground water expert and the planning
expert is partly responsible for the lack of integration of ground water into water resources
planning. Closer affiliation of these experts is fostering increased mutual understanding of
ground water and its important role in the nation's water supply. Ground water is now
recognized to be a fundamental component in the comprehensive joint management of land,
water and waste throughout the nation.

6.6. Public awareness

A public awareness and education programme forms an essential part of the groundwater
protection strategy. This is a key component that will ensure the success of the legislative and
pollution control approach for reducing nitrogenous inputs to the environment. The fact is that
not all polluting activities in remote areas can be controlled by the authorities. For this reason,
the public, including the farming community and other rural communities have to be convinced
to own groundwater resources.
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7. CONCLUSION

The occurrence of nitrate in groundwater is a serious problem. Nitrate in groundwater can be
derived from various sources which can be grouped into two main categories: anthropogenic
nitrogenous pollution and natural nitrate accumulation, primarily present in arid and semiarid
regions. Pollution point sources are generally associated with specific activities, e.g.
sewage sludge drying beds, land application of sludge, and irrigation of (partly) treated
wastewater. At the large cities, high levels of sewage sludge application to land have
caused serious groundwater pollution. The above confirms that the main source of nitrate in
groundwater is anthropogenic pollution but such nitrate inputs are manageable. In the rural
setting voluntary action regarding nitrate management is essential, but overall legislation and
control are also needed. The three treatment processes that have been applied full-scale for
nitrate removal include ion exchange, biological de-nitrification and reverse osmosis.
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