
Introduction

Nitrite derived from nitrate in vivo with amines and
amides to form N-nitroso compounds, which may have
carcinogenic properties (VanMaanen et al. 1996). In
Colombia and Italy, high levels of nitrate in well waters
are associated with an increased risk of gastric cancer
(Cuello and Correa 1976; Gilli et al. 1984). In a cross-
sectional study in an area with a high incidence of gastric
cancer in north eastern China, an association between
high levels of nitrate in drinking water supplies and
neoplastic changes in the stomach was observed (Xu
et al. 1992). The association of stomach cancer and high
nitrate levels were also reported by Boeing (1991).

VanMaanen et al. (1996) reported here, basing on their
work in the Netherlands, that urinary excretion of N-
nitrosamines was observed during high nitrate exposure.
They concluded that drinking water contamination by
nitrate implies a genetic risk. WHO (1984) prescribed a
drinking water standard of 45 mg/L (or 10 mg NO3-N/
L) for nitrate. In India, there were no reports correlating
nitrate with reported diseases. However, the author
observed the indirect effects of nitrate like reduction of
efficiency of drug used for treatment of urinary disor-
ders. This work is communicated.

The groundwater pollution due to nitrates is
increasing in India. The water quality assessment studies
carried out in 17 Indian states by NEERI showed that
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Abstract The complex depositional
pattern of clay and sand in most of
the areas controlled the vertical and
lateral movement of nitrate in
groundwater. The variation of ni-
trate concentration at different
groundwater levels and the lateral
distribution of nitrate in the
groundwater at two sites indicated
the filtration of nitrate by clayey
formations. A rural agricultural
district located in the Vamsadhara
river basin, India was selected for
studying the lateral and vertical dis-
tribution of nitrate in the ground-
water and the association of nitrate
with other chemical constituents.
The nitrate concentrations in the
groundwater are observed to vary
between below detectable limit and
450 mg NO3/L. The sources for
nitrate are mainly point sources

(poultry farms, cattleshed and leak-
ages from septic tanks) and non-
point sources (nitrogenous fertilis-
ers). The nitrate concentrations are
increased after fertiliser applications.
However, very high concentrations
of nitrate are derived from animal
wastes. Relatively better correlations
between nitrate and potassium are
observed (R = 0.74 to 0.82). The
better relationship between these
two chemical constituents in the
groundwater may be due to the re-
lease of potassium and nitrate from
both point and non-point sources.
The nitrate and potassium concen-
trations are high in the groundwater
from clayey formations.
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out of 4,696 water samples, 1,290 samples (27%) have
nitrate exceeding the drinking water standard (Bulusu
and Pande 1990). The author (Rao 1998, 2002) has ob-
served nitrate concentrations reaching a maximum of
about 450 mg NO3/L in the lower portions of Vam-
sadhara and Godavari river basins.

The main objective of the present paper is to study
the lateral distribution of nitrate and its fluctuation in
different hydrogeological conditions during different
periods. Some preliminary studies in this area were
conducted by the author (Rao 1998).

Study area

The study area represents the lower portion of Vam-
sadhara river basin occupying the major part of
Srikakulam district, Andhra Pradesh, India (Fig. 1). The
area has a typical rural background and is an econom-
ically backward district in the Andhra Pradesh state.
Agriculture is the major economic activity in the area.
The Vamsadhara river is a moderate and perennial river
flowing through the Eastern Ghat regions of Orissa and
Northern Andhra Pradesh. Originating at Belagad

(600 m above MSL) of Pulbhani district of Orissa the
river joins the sea at Kalingapatnam of Srikakulam
district in Andhra Pradesh. The Vamsadhara river basin
spreads over an area of 10,600 sqkm.

The study area, based on the topographic character-
istics, can be divided into (1) hilly regions and (2) plains.
The hilly regions in the area form a part of the Eastern
Ghat ranges of South India. The hills occurring along
the northern and western boundaries are of higher alti-
tude while those along the eastern margin area of rela-
tively lower latitude. The southern region is devoid of
hills. The highest point reaches a height of 750 m above
MSL in the north western part of the area. Most of the
study area lies below 45 m MSL. The area receives an
average annual rainfall of 1,000 ± 50 mm, both from
southwest and northeast monsoons.

Most of the area is characterised by wide spread
alluvial cover underlain by granite gneisses. The lower
Vamsadhara basin consists of Eastern Ghat super group
of rocks belonging to Archean age (Devvarma 1986).
These rocks are subjected to granulite facies of meta-
morphism. The rock type of this area belong to
Khondalite suit of rocks, Charnockites, Granites, Mafic
dykes, quartz veins and pegmatite dykes. Most of the
pegmatite bodies are associated with granitic rocks
throughout the area (Devvarma 1986 and N.S. Rao,
personal communication). The mineralogical assem-
blages of the pegmatites are Vermiculite, fluorapatite,
magnetite, allanite, zircon, sphene, barytes and barium
feldspars. Fluorite mineral, in general, is observed to
occur in granitic pegmatites.

Materials and methods

A total of about 350 water samples were collected
during August 1998, February 1999, December 1999
and March 2000. The location of wells where water
samples were collected are shown in Fig. 2. One hun-
dred and twenty villages were selected for the present
study. Throughout the study, the observation wells
were not changed. All the observation well waters were
sampled in two periods only (i.e. August 1998—‘before
fertiliser application’ and February 1999—‘after fertil-
iser application‘). One well was sampled from each
village. However, additional samples were also col-
lected at few villages. In the remaining two periods,
only 40 selected observation well waters were sampled
to study the fluctuation of nitrate in the groundwater.
Waterlevels in the open wells were measured. One
water sample in 500 ml capacity and three more sam-
ples in 125 ml capacity polyethylene bottles were col-
lected from each well. The water sample in 500 ml
capacity bottle was used for the determination of
chloride, sulphate, sodium, potassium, fluoride and
silica determinations only. The other three water sam-Fig. 1 Study area—Lower Vamsadhara river basin
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ples in 125 ml capacity bottles were preserved with
concentrated HCl, HNO3 and HgCl2 for iron, manga-
nese, and phosphate and nitrate determinations,
respectively, in the laboratory. Dissolved oxygen, pH,
calcium, total hardness, bicarbonate and residual
chlorine were determined at the well site immediately
after drawing the water for each test separately. Elec-
trical conductivity (EC) was determined on the same
day at the base station. The APHA (1989) standard
methods were followed for determination of all the
constituents mentioned earlier. The reference number
of the standard method of APHA (1989) was given in
the parenthesis of the method used. The iron was
determined using 1,10-phenanthroline method (method
D of 3500-Fe). The iron reported in this paper was total
iron. Nitrate was determined by cadmium reduction
method using HACH chemicals and visual spectro-
photometer (Systronics make). Manganese was deter-
mined by persulfate method (method D of 3500-Mn).
The calcium and hardness, bicarbonate, chloride were
determined by EDTA (method D of 3500-Ca and 2340
C), standard acid (2320 B), argentometric (method B of
4500-Cl) titration methods, respectively. Magnesium

concentrations were calculated from hardness and cal-
cium concentrations (method E of 3500-Mg). Sodium
and potassium concentrations were determined using
flame photometric methods (methods D of 3500-Na and
3500-K). Sulfate was determined using turbidimetric
method (method E of 4500)SO4). Silica and phosphate
were determined using molybdosilicate method (method
D of 4500-Si) and vanadomolybdophosphoric acid
method (method C of 4500-P), respectively. Fluoride
was determined by both Alizarin Red S (visual method)
and SPADNS (spectrophotometric) methods (method D
of 4500-F). Except in very few samples, the similar
values were obtained from both the methods. SPADNS
solution was imported from HACH (USA). The stan-
dard solutions for fluoride, nitrate, iron and manganese
were obtained from HACH (USA) and SISCO labo-
ratories (India). During December 1999, only pH, EC,
calcium, magnesium, chloride, bicarbonate and silica
were determined besides nitrate, while the samples
collected during May 2000 were analysed only for ni-
trate, calcium, magnesium, bicarbonate and pH since
the main emphasis is given only to study the nitrate
fluctuation.

Fig. 2 Water sampling
locations
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Results

The groundwater over most of the area occurs at
shallow depths. Of about 125 wells sampled, 101 wells
were open wells. The groundwater levels were measured
in all open wells. The groundwater level was observed
to vary between 0.20 and 10.10 m below ground level
(bgl) during August 1998, while it varied between 0.45
and 8.70 m bgl during February 1999. The mean and
median waterlevels during August 1998 were 3.1 and
2.7 m bgl, respectively, while 3.6 m bgl was observed as
mean and median level for February 1999. The
groundwater levels in more number of villages were
within 4.0–5.0 m bgl during February 1999. From
August 1998 to February 1999, rise in waterlevel was
observed in 65% villages and fall in waterlevel was
obseved in 35% villages. The waterlevel fluctuation
between the two periods was less than 2.0 m in about
74 villages. Since rainfall was the only source for
groundwater recharge, the rainfall distribution during
the study period over the area was shown in Fig. 3. The
data were collected from the only IMD (Indian Mete-
orological Department) station which was nearer to the
well No. 106 (Fig. 2). The total number of sampling
days during August 1998 were 12 and they were not
rainy. Only some parts of the area got rainfall during
the sampling period, and the occurrence of rainfall was
not uniform throughout the area.

The statistical summary of groundwater quality was
presented in Table 1 for understanding the general
quality of groundwater in the study area. Nitrate con-
centrations as low as BDL to a maximum of 275 mg
NO3/L were observed in the groundwater during Au-
gust 1998. The minimum concentrations in February
1999 were the same as in August 1998 and the maxi-
mum observed in this period is 450 mg NO3/L. In most
of the villages, the concentrations were less than 50 mg
NO3/L (Fig. 4a). The spatial distribution of nitrate
during August 1998 and February 1999 was shown in

Fig. 5a, b. Increase in nitrate concentrations was ob-
served from August 1998 to February 1999 in most of
the well waters (Fig. 4b). The highest increase of
333 mg NO3/L (i.e. the difference of 450 and 117 mg/L)
was observed from August 1998 to February 1999 at
well No. 25.

Discussion

It is well known that the nitrogenous fertilisers are one
of the important sources for groundwater nitrate for the
past two decades. The approximate nitrogen inputs ap-
plied to the study area are presented in Table 2. The
consumption of huge quantities of nitrogenous fertilisers
per year is supposed to increase the nitrate levels in the
groundwater. Contrary to this expectation, most of the
area records less nitrate (Figs. 4, 5a, b). Seventy two
villages in August 1998 and more or less similar number
of villages during February 1999 registered nitrate con-
centrations less than 25 mg/L. These low nitrate
(< 25 mg/L) concentrations are attributed to be derived
from nitrogenous fertilisers, since many investigators
(Malik and Banerji 1981; Handa 1983; Sankaranarayana
et al. 1989; Sehgal et al. 1989; Bulusu and Pande 1990;
Mehta et al. 1990; Kondratas and Mikalauskas 1973;
Klimas and Paukstys 1993; Hamilton and Shedlock
1992; Kolpin et al. 1994) have reported that the contri-
bution of nitrate from the fertiliser to the groundwater
can vary from as little as 3 mg/L to as much as
1,800 mg/L. Further, nitrogenous materials are rare in
geologic system (Uma 1993).

More or less uniform dosages of nitrogenous fertiliser
consumption and prevalence of low nitrate concentra-
tions in the majority of the area indicates that the
groundwater is being polluted slowly by the fertiliser
application. This indication is supplemented by the fig-
ures (Fig. 4a, b). It is clear in Fig. 4b that there is an
increase in the nitrate after fertiliser application. In-
crease in nitrate, particularly at low levels, in more
number of samples is attributed to the pollution from
fertilisers. However, high concentrations of nitrate
observed at few places are attributed to other sources

Fig. 3 Rainfall distribution from April 1998 to May 2000 at an
IMD station
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rather than fertiliser. A thorough observation at the
wells, where high concentrations of nitrate are observed,
indicated that there is an association between high
nitrate concentrations and animal wastes at cattlesheds
which are located near the well sites. The animal wastes
at cattlesheds acted as point sources. High concentra-
tions of nitrate are also observed in the groundwater
nearer to the markets where animal trading was taking
place once in a week.

When the cattlesheds are situated on the places where
the soil is dominated by clay, the ammonium (released
from animal excrement and urine) is sorbed on clay
during dry periods and this sorbed ammonium creates
and releases nitrate into the groundwater when it comes
into contact with the groundwater (Rao 1998). The slow
denitrification process in clayey soils may also be
responsible for high nitrate concentration in clayey
formations (Klimas and Paukstys 1993). The dominance
of clay in the surface soil is observed in a major part of
the area.

It was observed from the geoelectrical soundings and
litholog information over the area that the groundwater
in most of the study area fluctuates in any one or two of
the identified subsurface formations viz. clayey forma-
tion, sandy formation and weathered rock formation
during different periods of the year. If the groundwater is
present in the sandy and weathered rock formations, the
TDS (total dissolved salts) of water is low as compared to
the same in clayey formations. The water from the clayey
formations is rich in salts. For example, an electrical
conductivity of 9,350 lS/cm is observed in the water
from a clayey formation at Kunajammannapeta village
(No. 16, Fig. 1). The people of this village get drinking
water from the neighbouring villages. The groundwater
in the surrounding five villages (well Nos. 12, 13, 16A, 17
and 22; Fig. 1) have an electrical conductivity ranging
from 1,411 to 2,382 lS/cm at 25�C (Table 3).

The vertical and lateral spread of nitrate from point
source is controlled by hydrogeological setting of the
area.

Table 1 Statistical summary of groundwater quality

S. no. Parameter Period Mean ± SE Median Min Max SD

1. Calcium August 102.7 ± 8.56 76.0 16 762 90.2
February 101.1 ± 5.94 86.0 20 376 65.3

2. Magnesium August 48.1 ± 4.28 36.0 BDL 331 45.3
February 80.2 ± 6.88 64.5 34 777 75.4

3. Sodium August 171.8 ± 16.61 114.0 14 1,124 179.7
February 167.3 ± 27.86 92.0 10 3,150 305.2

4. Potassium August 32.7 ± 7.41 4.0 BDL 575 80.1
February 39.1 ± 6.74 13.0 BDL 488 73.8

5. Sulphate August 51.9 ± 4.90 32.0 4 274 53.0
February 39.8 ± 5.35 22.50 BDL 521 58.6

6. Chloride August 299.2 ± 34.37 190.00 15 2,574 371.8
February 284.8 ± 46.17 147.00 15 4,959 505.8

7. Bicarbonate August 400.4 ± 15.49 378.00 110 878 158.7
February 415.7 ± 15.37 396.50 120 1,013 168.4

8. Fluoride August 0.86 ± 0.05 0.71 BDL 3.30 0.5
February 0.46 ± 0.04 0.38 BDL 2.64 0.4

9. Nitrate (NO3) August 22.8 ± 3.26 10.0 BDL 275 34.5
February 35.4 ± 6.12 15.0 BDL 450 66.2

10. Total iron August 0.37 ± 0.07 0.16 BDL 6.10 0.7
February 0.37 ± 0.08 0.09 BDL 8.06 0.9

11. Phosphate (PO4) August 0.69 ± 0.10 0.45 BDL 8.92 1.1
12. Silica (SiO2) August 58.8 ± 2.39 53 17 124 25.8
13. Electrical conductivity August 2,044 ± 152.1 1,600 290 9,350 1,644

February 1,899 ± 176.9 1,350 285 18,200 1,938
14. Dissolved oxygen August 3.62 ± 0.13 3.50 1.10 10.80 1.3

February 3.82 ± 0.12 3.80 1.30 8.50 1.1
15. pH August 7.00 ± 0.03 7.00 6.08 8.18 0.4

February 7.08 ± 0.03 7.10 6.02 8.47 0.4
16. Temperature August 29.9 ± 0.05 30.0 28.5 31.5 0.6

February 27.8 ± 0.13 27.5 25.0 31.0 1.5
17. Waterlevel (m) (bgl) August 3.1 ± 0.20 2.7 0.20 10.1 2.1

February 3.6 ± 0.14 3.6 0.45 8.7 1.5
18. Waterlevel (m) (below MSL) August 19.1 ± 1.21 18.7 0.59 43.0 11.9

February 18.4 ± 1.21 17.6 0.44 43.3 11.6

Manganese concentrations were less than below detection limit. All concentrations are in mg/l. Electrical conductivity in lmhos/cm
Min Minimum, Max Maximum, SD Standard deviation, SE Standard error, bgl Below ground level, MSL Mean sea level, BDL Below
detection limit
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A field example for lateral spread is shown in Fig. 6a.
Close to well No. 52 (‘D’ in Fig. 6a), a cluster of cattle
sheds are observed in the thick clayey formation. Two
more wells away from the well No. 52 are also sampled
to study the lateral spread of nitrate from point sources.
The data for well ‘B’ in Fig. 6a are collected from the
earlier work (March 1991) of the author (Rao 1996). The
groundwater of wells A and C (Fig. 5a) which are lo-
cated in a sandy formation has low salt content as
compared to the same of clayey formations. The nitrate
is not reached from the surroundings of well No. 52 to
the groundwater of wells A and C. Hence they have very
less nitrate in their groundwater.

Similar phenomena is observed in the areas where
surface clayey formation was followed by a sandy
formation (Fig. 6b). When the waterlevel drops down
from top clayey formation to the sandy formation, the
nitrate levels are reduced. Generally, the waterlevels
during monsoon period are raised and the groundwater
concentrations are decreased due to the dilution by

rainwater. The groundwater during pre-monsoon peri-
od may have more nitrate since it receives continuous
supply of nitrate from point source without any dilu-
tion as the groundwater exist at shallow depths at
majority of the places. In case of Fig. 6b, the top clayey
formation may be acted as a filter for nitrate. When a
three phase system of two solutions of electrolyte is
separated by a clay membrane, the effect can be de-
scribed by the equation of a perfect electrode (Degens
and Chillingar 1967). A typical situation for the role of

Fig. 4 a Nitrate concentrations before and after fertilizer applica-
tion. bNitrate fluctuation in the groundwater between August 1998
and February 1999

Fig. 5 a Nitrate distribution in the groundwater during August
1998. b Nitrate distribution in the groundwater during February
1999

636



clay on vertical and lateral spread of nitrate is shown in
Fig. 7.

In addition to the above example (Fig. 6b), the ver-
tical distribution of nitrate in some wells observed dur-
ing the four periods is shown in Fig. 8a–l and the data
for some more wells are presented in Table 4 to under-
stand the nitrate fluctuation. The chloride, EC are also
presented along with nitrate as these are indicators of
dilution and TDS. The scale for water levels and nitrate
is same for all cross-sections presented in Fig. 8. How-
ever, the scale for EC and chloride is changed for the
sake of clarity. Increase in nitrate concentrations with
depth is observed at wells 2, 101, 81 (Fig. 8a, e, h), while
decrease in nitrate was observed at well No. 110 with
depth (Fig. 8i). In the remaining crosssections of Fig. 8,
mixed relations of nitrate with depth are observed.
During December, the groundwater occurs in most of
the wells at shallow depths due to the groundwater re-
charge by rainwater. These shallow waterlevels exist for
some time and hence the waterlevels during February in
most of the wells are nearer to the levels of December.
However, much difference in nitrate concentrations can
be observed between these two periods (Fig. 8). During
December, the NO3 concentrations at majority of the
places are diluted, while the continuous supply of nitrate
from point sources reached the shallow depths during
February increased the nitrate concentration. If the ni-
trate source is solely derived from fertiliser which is
applied seasonally, the concentrations may be decreased
with depth due to possible denitrification. However, the

perennial supply of nitrate from point sources reached
the groundwater at a depth of about 10 m (Fig. 8d, k, l).

The adsorption/rentention properties of clay and the
complex depositional pattern of sand and clay control
the lateral and vertical distribution of nitrate in the
groundwater. The three open wells (Fig. 8d, k, l) are
located near the hillocks and are relatively at a higher
elevation. The diameter of these circular wells is about
3 m. The top sediment is porous and followed by
weathered rock formations. At well Nos. 26 and 94
(Fig. 8d, l), septic tank leakages from the surrounding
residential area are also suspected. It is also suspected at
these wells that the nitrate was reaching slowly and di-
rectly from the top layers, along the well walls, to the
water column which was at about 10 m depth.

For discussing both vertical and lateral distribution
of nitrate from a point source (poultry farms), another
field example is presented in Fig. 9. The waste from the
poultry farms was leached into the groundwater at well
No. 75. During rainy season, the rainwater may dilute
the nitrate concentration. Interestingly, the pollution
had not reached to well No. 75A which is about 80 m
away from well No. 75. It is suspected that the wells may
be separated vertically by atleast one clay layer which
might have filtered the nitrate and hence high nitrate
concentrations are not reached to well No. 75A. How-
ever, 30 mg NO3/L at 1.0 m depth in well 75A and
45 mg NO3/L at a depth of 1.8 m in well 75 indicates
that a small layer comprised of porous formation
may join both the wells. The area is not feasible for

Table 2 Nitrogen input from
fertilisers to the study area

aTotal land under cultiva-
tion = 65,000 ha

Nitrogenous
fertilisers used

Quantity
applied
(kg/ha)

Total
consumption/year
for 65,000 ha (kg)a

Nitrogen input (kg)

Urea (46%N) 250 16,250,000 16,250,000 · 0.46 = 7,475,000
NPK (15:15:15) 250 16,250,000 16,250,000 · 0.15 = 2,437,500

Table 3 The quality of
groundwater in and around well
No. 16

All concentrations are given in
mg/l

Parameter Open wells

No. 16 No. 12 No. 13 No. 16A No. 17 No. 22

Ca 273 88 118 44 44 120
Mg 240 55 BDL 67 82 37
Na 1,083 116 178 425 197 102
K BDL 6 96 5 BDL BDL
SO4 209 28 66 35 11 50
Cl 2,574 175 275 450 165 305
HCO3 634 – 464 634 805 241
F 0.86 0.91 0.48 0.96 1.18 0.35
NO3 20 10 17 5 – 30
Fe BDL 0.29 BDL 0.26 BDL 0.31
PO4 – 0.45 0.05 – 0.23 0.14
SiO2 38 57 55 – 124 64
EC at 25�C 9,350 1,411 1,739 2,382 1,940 1,466
D.O. 3.0 3.7 3.7 – 1.8 3.4
pH 6.89 7.45 6.80 7.18 7.15 6.08
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geoelectrical soundings to trace the exact subsurface
configuration and the author was not permitted for
conducting any subsurface investigations at this place.
Tacon (1987) reported that the nitrogen, phosphorus
and potassium in poultry manure are 3.77, 1.89 and
1.76, respectively. The values are expressed as percent by
weight (percentage free moisture-free basis). The cattle
manure has less phosphorous as compared to poultry
manure (N, P and K in cattle manure: 1.91, 0.56 and
1.40). Further, the cattle/buffalo urine had almost nil
phosphorous levels (Tacon 1987). The poultry waste was
dumped near the well (No. 75). There is no additional
source besides poultry waste for nitrate, except a small
quantity of nitrogenous fertiliser applied to the sur-
rounding small bit of agricultural field. The phosphate

concentrations observed at wells 75 and 75A are
2.30 mg/L and BDL, respectively (Table 5) during Au-
gust 1998. The median phosphate concentration for the
entire study area is about 0.45 mg/L (Table 1). Hence,
the occurrence of relatively high concentrations of PO4

at well 75 is an indication of contamination from
chicken faeces.

An attempt has been made to establish relationships
between nitrate and other constituents in the ground-
water. The details are presented in Table 6. The x–y
plots between nitrate and 12 other constituents for
August 1998 are presented in Fig. 10. Since relatively
better correlations are observed within the nitrate range
of 25–150 mg/L, only those samples fall within this ni-
trate range are plotted in Fig. 10. At low nitrate range,

Fig. 7 Clay acts as a semi-per-
meable membrane

Fig. 6 Lateral and vertical
variations of nitrate at well nos.
52 and 13
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Fig. 8 Nitrate fluctuation at
some locations at different
water level conditions

639



no better correlations are observed (Table 6). It is ob-
served from Table 6 that relatively better correlations
are observed between nitrate (NO3) and potassium (K)
for both periods in the entire nitrate range. More or less
similar R-value is observed for K and NO3 for both
periods (Table 6). However, the R-value is further in-
creased to 0.82 during August 1998 if the samples having

more than 25 mg NO3/L are only considered. The rel-
atively better correlation betwen K and NO3 may be
explained by the fact that both point sources (i.e. wastes
at poultry farms and cattle sheds) and non-point fertil-
iser sources (Table 7) release nitrate and potassium into
the groundwater of the study area. Further, the K con-
centrations at majority of the places are increased after

Table 4 Nitrate concentrations
along with EC and chloride at
different waterlevel
conditions

Sl. no. Well no. Period Water level
(bgl)

Nitrate
(mg/l)

EC (lS/cm) Chloride
(mg/l)

1. 3 December 1999 3.35 32 1,080 130
August 1998 3.45 3 780 50
February 1999 4.35 40 895 74
May 2000 5.10 32 – –

2. 18 August 1998 2.30 BDL 1,850 210
May 2000 2.80 10 – –
December 1999 2.90 31 1,340 135
February 1999 3.20 5 1,615 137

3. 22 December 1999 3.15 80 1,880 390
August 1998 3.25 30 1,750 305
February 1999 3.55 85 2,100 381

4. 34 December 1999 2.90 31 2,100 345
February 1999 4.55 10 2,000 265
August 1998 4.85 5 2,000 285
May 2000 7.50 18 – –

5. 39 December 1999 3.25 62 3,500 808
August 1998 3.40 45 3,600 72
February 1999 4.30 95 3,150 516
May 2000 7.10 117 – –

6. 70 December 1999 3.00 40 1,120 125
February 1999 4.30 42 1,280 113
August 1998 5.80 10 1,275 125
May 2000 6.40 60 – –

7. 71 December 1999 2.70 20 1,640 235
August 1998 3.25 33 1,780 235
February 1999 6.80 20 1,130 98
May 2000 9.75 37 – –

8. 78 December 1999 2.90 34 1,550 250
August 1998 3.05 55 1,180 115
February 1999 3.95 12 1,330 162
May 2000 – 12 – –

9. 79 December 1999 4.10 32 2,700 535
February 1999 8.70 20 3,200 579
August 1998 9.25 4 3,600 790
May 2000 10.00 10 – –

10. 84 December 1999 3.05 33 1,520 300
August 1998 4.30 30 1,600 185
February 1999 4.40 32 1,720 194
May 2000 6.95 17 – –

11. 93 August 1998 2.15 2 1,900 240
December 1999 2.50 32 1,300 125
February 1999 2.65 4 1,280 93
May 2000 6.80 5 – –

12. 111 December 1999 1.60 62 4,400 900
August 1998 2.40 90 5,400 935
May 2000 3.25 90 – –

13. 116 December 1999 1.35 29 1,240 140
August 1998 2.00 2 1,560 160
February 1999 2.55 5 1,430 118
May 2000 5.45 BDL – –

14. 119 December 1999 3.80 78 3,000 600
February 1999 5.50 37 2,118 295
August 1998 7.90 37 1,900 275
May 2000 7.90 35 – –
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fertiliser application (Table 8). For example, the
groundwater at some wells (Nos. 2, 7, 9 and 25) existing
in the clayey formations where the point sources are
dominant have more nitrate and potassium (NO3 range:
60 to 450 mg/L and K range: 150 to 575 mg/L) than the
similar well water present in the same formation without
any point source (well No. 16, Table 3). This observa-
tion also hints that high concentrations of K in the water
of clayey formations may also be derived from animal
wastes in the study area. Increase of chloride concen-
trations with the increase of nitrate due to contamina-
tion by septic tank systems was reported from 18 data
points by McQuillan (2004). The author (Rao 1998) also
observed a better relation between Cl and NO3 in the

waters (N = 12) which was polluted by point sources
during November 1992. However, during the present
study, weak postive correlations are obtained for nitrate
and chloride (Table 6). For example, at well No. 25, the
variation in chloride concentrations with respect to
depth (i.e. at different water levels) is narrow (i.e. 590 to
633 mg/L), while the nitrate varies from 87 to 450 mg/L
(Fig. 8b).

Conclusion

The sources for nitrate in the groundwater of Srikaku-
lam district are mainly point sources (wastes at cattle-

Fig. 9 Variation in nitrate con-
centrations of adjacent wells
at Narasannapeta village

Table 5 The groundwater quality of adjacent wells before and after fertiliser application

Well Ca Mg Na K SO4 Cl HCO3 F NO3 Fe PO4 SiO2 EC DO pH WL (bgl)

August 1998 (before fertiliser application)
75 64 25 152 15 39 237 305 1.31 25 2.34 2.30 45 1,424 5.1 7.25 0.85
75A 140 22 393 5 110 690 317 1.02 1 BDL BDL 17 3,113 4.0 7.31 0.50

February 1999 (after fertiliser application)
75 118 88 300 10 59 378 427 0.47 112 0.77 2,500 3.6 7.36 1.95
75A 112 55 310 25 57 570 354 0.45 2 0.07 2,700 7.57 0.45

All concentrations are given in mg/l

Table 6 Correlation coefficients
for nitrate versus other
chemical constituents

Variable August 1998 February 1999 August 1998

NO3 range

< 25 mg/l 25–60 mg/l 25–150 mg/l 25–300 mg/l
N = 114 N = 118 N = 74 N = 32 N = 39 N = 40

CA 0.26 0.54 0.28 0.68 0.47 0.30
MG 0.43 0.11 0.21 0.43 0.60 0.40
NA 0.28 0.14 0.18 0.39 0.32 0.24
K 0.74 0.75 0.17 0.73 0.62 0.82
SO4 0.47 0.34 0.30 0.39 0.49 0.45
CL 0.25 0.24 0.25 0.54 0.45 0.19
HCO3 0.36 0.16 0.01 0.33 0.39 0.39
F )0.11 )0.20 )0.11 )0.12 )0.16 )0.20
FE )0.16 )0.08 )0.16 )0.29 )0.23 )0.20
PO4 0.04 – )0.01 )0.25 0.26 0.25
SIO2 0.06 – 0.00 )0.06 0.30 0.15
EC 0.49 0.35 0.26 0.63 0.61 0.52
DO )0.03 0.02 0.07 )0.22 )0.23 )0.13
pH 0.13 0.03 )0.12 0.06 0.09 0.20
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Fig. 10 Graphs showing the relations between nitrate and other
chemical constituents in the groundwater
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Fig. 10 (Contd.)
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sheds and poultry farms, leakages from septic tanks) and
non-point sources (urea and NPK fertilisers). The
groundwater is being slowly polluted by nitrogenous
fertilisers. The very high concentrations of nitrate
reaching 450 mg NO3/L are received from point sources.
The complex depositional pattern of sand and clay
controlled the lateral and vertical movement of nitrate in
the groundwater. The adsorption/retention properties of
clay render high salinity to groundwater in the clayey
formations. When the cattlesheds are situated on the
places where the soil is dominated by clay, the ammo-
nium (released from animal exrrement and urine) is
sorbed on clay during dry periods and this sorbed
ammonium creates and releases nitrate into the

groundwater when it comes into contact with ground-
water. The slow denitrification process in clayey soils
may also be responsible for high nitrate concentration in
clayey formations. The clay acted as a filter for nitrate
when the water moves from clayey formation to another
relatively porous formation. Presently, the nitrate con-
tamination from fertiliser source is relatively less and
this source is a seasonal one. Hence, the nitrate con-
centrations are decreased with depth may be due to the
possible denitrification, if the fertiliser is the sole source
of nitrate. In case of point source, the supply is contin-
uous and hence high nitrate concentrations are also
observed at relatively deeper level. Relatively better
correlation (R = 0.74 to 0.82) between nitrate and
potassium is observed. The release of both potassium
and nitrate into the groundwater from both point and
non-point sources may be the main reason for relatively
better relationship between them. After fertiliser appli-
cation, the concentrations of nitrate (NO3) and potas-
sium (K) are increased in most of the samples. Further,
the NO3 and K are high in the groundwater from clayey
formations.
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Table 7 Water soluble constituents from 1 kg of fertiliser

Fertiliser Ca Mg Na K Cl SO4 PO4

Urea BDL BDL BDL 4.200 0.290 0.038 0.066
Superphosphate BDL BDL 44.000 3.200 2.850 31.900 19.973
NPK (15:15:15) BDL 1.263 9.450 230.000 95.000 47.670 17.684
Potash 1.089 0.250 22.000 703.000 474.000 2.289 0.053

All concentrations are given in grams (after Rao 1996). Maximum dosage of Potash per hectare per year is about 15 kg. It is not uniform
throughout the area

Table 8 The K and NO3 levels before and after fertiliser applica-
tion

Difference in
concentration
(mg/l)

Parameter No. of samples in which

Increase observed
(from August
to February)

Decrease observed
(from August
to February)

0 to 25 NO3 54 26
K 82 15

25 to 50 NO3 13 4
K 5 2

50 to 75 NO3 3 1
K 1 0

75 to 100 NO3 2 0
K 4 0
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