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ABSTRACT

The occurrence of high nitrate levels in groundwater has to be recognized as a threat to humans and
animals. Infant methaemoglobinaemia and nitrate poisoning in livestock occur at unexpected times and
places. Nitrate pollution in the groundwater is one of the major pollution problems. In the last few decades
nitrate concentration in groundwater has increased dramatically. Groundwater contamination by nitrate (NO3

-)
is a global problem and is most often associated with leachates derived from fertilizers and animal or human
wastes. The study presented here was carried out in Varanasi district. The nitrate content in water was
investigated during premonsoon (March-April, 2013) and postmonsoon (November-December, 2013) seasons
and compared with the standard values given by WHO. Eighty four, from different cropping systems (i.e.
rice-wheat, rice-vegetable, vegetable-vegetable, pulse-pulse, orchard and sugarcane) groundwater samples
were collected from the bore wells. The analysis of nitrate in these water samples reveals that some villages
have a high concentration of nitrate, exceeding permissible limits of WHO (45 mg/L), which is due to the
more than the required quantity of nitrogen based fertilizers, water, manure and pesticides are used extensively
which all contribute to the non point source contamination of nitrates in groundwater of the study area.
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INTRODUCTION

Nitrate contamination of groundwater is a worldwide prob-
lem (Kyllmar et al. 2004, Liu et al. 2005). Nitrate is soluble
and negatively charged and thus has a high mobility and
potential for loss from the unsaturated zone by leaching
(Chowdary et al. 2005). Many studies showed a high corre-
lation and association between agriculture and nitrate con-
centration in groundwater (Jordan & Smith 2005, Dunn et
al. 2005) that has an impact on the economy, ecosystem
and human health (Addiscott et al. 1991). This problem is
likely to be more acute in areas where intensive cropping is
practiced for a long period of time with liberal use of ni-
trogenous fertilizers (Burkart & Stoner 2007). Non point
pollution caused by fertilizers and manures used in agricul-
ture, often dispersed over large areas, is a great threat to
fresh groundwater system. Intensive use of chemical ferti-
lizers in farms and indiscriminate disposal of human and
animals wastes on land results in leaching of the residual
nitrate, causing high nitrate concentration in groundwater.
Consequently, the groundwater resources, contaminated
with high levels of nitrate (>45 mg/L as NO

3
- _N), are an

environmental hazard. Incidences of nitrate pollution in
groundwater have been reported by several workers
(Hantzsche & Finnemore 1992, Starr & Gillham 1993).

Increasing nitrate concentrations in shallow groundwater
continue to be of international concern with respect to human

health. The rising concentrations of NO
3
-N in shallow

groundwater and surface waters are closely associated with
the intensification of agricultural production with increasing
application of inorganic N fertilizers (Kumazawa, 2002, Ju
et al. 2006). The health effect of nitrate in drinking water is
related to nitrate, which may result from microbially reduced
nitrate and can be the cause of methaemoglobinaemia in
infants, known as “blue baby syndrome” (Walton 1951).
Additionally, cancers and damage to liver and other organs
by nitrate occurs due to the formation of nitrosomines (N-
nitroso compounds), group of carcinogens produced from
reaction of nitrite with amines, amides and other nitrogenous
compounds (Menzer 1991). Therefore, the regulatory health
limit of 45mg/L of NO

3
-
 
is applied as safe drinking water

quality standard in most developed countries (Westerhoff
2003).

BACKGROUND OF THE STUDY AREA

Physiographic location: Geographically, the district
Varanasi is situated at 25°18' of northern latitude, 83°36' of
eastern longitude and at an altitude of 80.71 m above the
mean sea level in the Indo-Gangatic plain of eastern Uttar
Pradesh (Fig. 1). The district Varanasi having alluvial soil
lies in a semi-arid region to sub-humid belt of northern In-
dia. The district is surrounded by district St. Ravidas Nagar
in the east, Chandauli in the west, Jaunpur in north and
Mirzapur district in the south.
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Climatic conditions: The district Varanasi falls in a semi-
arid to sub-humid climate with moisture deficit index of
20-40%. It is often subjected to extreme weather conditions.
The mean annual precipitation is 1100 mm. The area occa-
sionally experiences winter cyclonic rain during December
to February. In terms of percentage of total rainfall, about
84% is received from June to September, 0.7% October to
December, 6% from January to February and 9.3 % from
March to May as pre-monsoon rain. The mean relative hu-
midity of this area is about 68% with a maximum 82% and
minimum 30% during July to September and April to early
June, respectively. The minimum and maximum average tem-
perature in the area, range from 4.4° to 28.2°C, respectively.
The temperature begins to rise from February onward until
the summer often exceeding 45°C in the month of May and
June. During these extremely hot months desiccating winds
blow from west to east and dust storms frequently occur.

MATERIALS AND METHODS

For assessment of nitrate content in groundwater, 84 sam-
ples were collected from the areas of different cropping sys-
tems viz., rice-wheat, rice-vegetable, vegetable-vegetable,

pulse-pulse, orchards and sugarcane in Varanasi district
(Fig. 2) during pre-monsoon (March-April, 2013) and post-
monsoon (November- December, 2013) season following
standard protocols (Kundu et al. 2009). The samples were
collected from bore wells. The water samples (1000 mL)
were collected in polythene bottles and preserved by tolu-
ene in the laboratory. Nitrate content in water was deter-
mined colorimetrically (Nelson et al. 1954).

RESULTS AND DISCUSSION

Agricultural practices in the study area of Varanasi district
are given in Tale 1. The compiled data of 84 groundwater
samples of different cropping systems are presented in Ta-
ble 2. The mean nitrate content in groundwater of different
cropping systems of Varanasi district varied significantly
among the different cropping systems. On average being
the highest (39.27 mg/L in premonsoon and 23.94 mg/L in
postmonsoon) in rice-vegetable cropping system (Table 2).
The range of nitrate in groundwater was observed as 1.25-
95.00 mg/L in the cultivated areas of different cropping
systems of Varanasi. Hundred percent groundwater sam-
ples were contaminated with nitrate, but 26.9%, 33.3%,

Fig. 1: Location map of the study area.
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5.5%, 10.0% and 18.2% pre-monsoon samples and
11.54%,16.6%,5.5% 10% and 18.1%  postmonsoon sam-
ples in the cultivated areas of rice-wheat, rice-vegetable,
vegetable-vegetable, orchard and sugarcane cropping sys-
tem respectively, in Varanasi district have crossed the per-
missible limit of WHO for drinking water purpose. Higher
concentration of nitrate in groundwater of rice-vegetable
and rice-wheat cropping systems is an anthropogenic pol-
lutant contributed by use of nitrogenous fertilizers, human
and animal waste. Nitrate has been linked to agricultural
activities due to excessive use of nitrate fertilizers, which is
reflected in the present study. The groundwater samples in
both pre-monsoon and post-monsoon period of the pulse-
pulse cultivated areas of Varanasi have not crossed the limit
of WHO. Thus, doses and methods of application of nitro-
gen fertilizer could be the major cause of nitrate contami-
nation and toxic range for human consumption.

The concentration of nitrate in groundwater of different
cropping systems was higher in pre-monsoon than post-
monsoon (Fig. 3). Evapotranspiration leading to accumula-

tion of salts in groundwater and the non-availability of re-
charge water are some of the reasons for higher nitrate con-
tent in groundwater during pre-monsoon. The nitrate con-
centration in groundwater has decreased in post-monsoon
when compared with pre-monsoon season, due to the change
in the volume of drainage reaching the water table and not
by the change in concentration (Beck et al. 1985).

CONCLUSION

Nitrate content in the groundwater of different cropping
systems of Varanasi district, Uttar Pradesh, India  indicate
that, considering all the cultivated areas of Varanasi dis-
trict in an average, only 12.75% groundwater samples have
crossed the limit of WHO. Thus, at present the overall situ-
ation of nitrate contamination of drinking water of Varanasi
district is not alarming. But, this situation should not be ig-
nored in near future. The sources of nitrate pollution in the
study area are agricultural activities and human and animal
wastes. Fertilizer was found as the main source of nitrate
pollution in the study area. The appropriate remedial meas-
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Fig. 2: Groundwater sampling locations of Varanasi district.

Fig. 3: Seasonal variation in nitrate content in groundwater of different cropping systems of Varanasi district.
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ures should be implemented in order to improve the human
health as well as animal health of the polluted area.
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