
RESEARCH PAPER 

IJDDT, Volume 16 Issue 29s, 2026 Page 960 
 

Spatial and Seasonal Variations of Nitrate Pollution Index in 
Groundwater of Aurangabad District: A Comparative Analysis 

 
Nisha Walde1, Kavita S. Raipurkar2, Mahendra G. Thakare3 

1 Research Scholar IHLRSS in Environmental Science, Sardar Patel Mahavidyalaya, Chandrapur. 
Email: waldenisha20@gmail.com 

2 Professor and Head, Department of Environmental Science, Sardar Patel Mahavidyalaya, Chandrapur. 
3 Associate Professor and Head, Department of Environmental Science, Dr. Khatri Mahavidyalaya, Tukum, Chandrapur. 

 
Received: 20th Feb, 2026  |  Revised: 4th Mar, 2026  |  Accepted: 25th Mar, 2026  |  Available Online: 10th Apr, 2026 

 
ABSTRACT 
Groundwater nitrate contamination poses a major global health risk, associated to potentially life-threatening conditions 
such as methemoglobinemia and carcinogenic effects. The well-known use of nitrates in fertilizers and agricultural 
activities can lead to groundwater contamination through discharge, thereby imperiling human health and compromising 
environmental sustainability. This research study assesses the seasonal variation of nitrate levels in groundwater by using 
Nitrate Pollution Index (NPI) as a quantitative tool in Aurangabad district, a region covering both urban and rural areas, by 
comparing dry spell before and after monsoon samples. Total 50 water specimens were collected from the selected areas 
covering both urban and rural regions of Aurangabad district, Maharashtra. The result values of NPI in pre-monsoon 
samples showed 12% clean, 12% light, 28% moderate, 8% significant, and 40% very significant contamination levels, 
whereas post-monsoon samples revealed 10% clean, 22% light, 20% moderate, 8% significant, and 40% very significant 
contamination levels. The outcomes of this work highlighted essentiality for effective management plans to diminish nitrate 
pollution in groundwater, particularly in agricultural regions, and underscore the importance of addressing this issue in both 
urban and rural situations. This work enhances knowledge on seasonal interplay of nitrate contamination and informs 
policy decisions aimed at protecting groundwater resources in diverse environments. 
Keywords: Nitrate contamination, Groundwater, Seasonal variation, Pre-monsoon and post-monsoon, Aurangabad district, 
Urban and rural areas. 
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Introduction 
Groundwater has long served as a key supplier of potable 
water for its natural purity; however, rapid human 
development has raised serious concerns about its safety 
for drinking purposes. Excessive withdrawal has not only 
depleted groundwater resources but also degraded their 
quality through the intrusion of organic and inorganic 
pollutants [12]. Today, groundwater pollution is 
recognized as one of the most pressing global 
environmental challenges. Factors such as intensive 
urbanization, industrial expansion, unregulated utilization 
of agrochemical in crop production, improper drainage 
systems, and mismanagement of human and animal 
waste have 

significantly contributed to impairment of aquifer 
health [8]. Industrial effluents, agricultural runoff, 
urban sewage, mining activities along with municipal 
waste are among the major sources of chemical 
contaminants in groundwater [6]. 
In rural areas, groundwater exploitation is often 
excessive, resulting in scarcity and poor water quality, 
while in urban settings, residents sometimes struggle 
to access safe drinking water due to contamination 
and infrastructure limitations. Despite ongoing efforts 
by governments and NGOs, ensuring access to safe 
groundwater remains a challenge [4]. Given its 
significance for residential, farm and industrial 
processes, assessing the hydrochemistry of 
groundwater has become 
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essential for evaluating its suitability for various uses 
[11]. Groundwater chemistry varies from place to place, 
depending on climatic conditions, precipitation, recharge 
patterns, and the lithological and geochemical nature of 
underlying rocks [10]. Among the different pollutants, 
nitrate has emerged as a parameter of particular concern. 
Inorganic nitrogen occurs in groundwater primarily as 
nitrate, nitrite, and ammonia. Of these, nitrite and 
ammonia are unsteady, present in minute 
concentrations, and simply altered to nitrate, making 
nitrate the most persistent and widespread form [9]. 
Elevated nitrate levels in drinking water are strongly linked 
to adverse health impacts, particularly 
methemoglobinemia and potentially other long- term 
health risks [13]. Nitrate contamination in groundwater 
originates from both direct emission sources, such 
as manufacturing plants discharges and demanding 
livestock farming, and indirect emitters
 including agricultural nourishments, 
fungicides, and atmospheric deposition [5]. In urban and 
peri-urban settings, additional contributors include 
leakage from sewer systems, landfill leachates, 
municipal wastewater discharge, and fertilizer use in green 
belts and urban agriculture [3]. 
Given these widespread and diverse sources of nitrate 
contamination, coupled with its health implications, 
nitrate stands out as a critical parameter for groundwater 
quality assessment. Therefore, this study focuses on 
analyzing groundwater in the selected region with 
special emphasis on 
 
Sampling and Analysis 
In the existing research work, total 50 aquifer samples 
were systematically compiled from various settlements 
across Aurangabad Taluka to evaluate the region’s water 
quality. To ensure accurateness and preclude 
contamination, each sample was collected in clean, 
sanitized plastic bottles that were carefully cleaned, 
sanitized and dried beforehand. The sampling points 
included bore wells, hand pumps, and other groundwater 
sources. After collection, the bottles were properly sealed 
and labelled with relevant details such as date, time, and 
location before detailed lab assessment. 
A comprehensive analysis of chemical and physical 
attributes of water samples was directed by following the 
standard procedures prescribed by the American Public 
Health Association, 2017 [14] and Bureau of Indian 
Standards, 2012 [15]. The parameters assessed included 
turbidity, pH, electrical conductivity (EC), total dissolved 
solids (TDS), total hardness (TH), calcium (Ca²⁺), 
magnesium (Mg²⁺), sodium (Na⁺), potassium (K⁺), iron 
(Fe²⁺/Fe³⁺), total alkalinity (TA), bicarbonate (HCO₃⁻), 
chloride (Cl⁻), fluoride (F⁻), nitrate (NO₃⁻), and sulphate 
(SO₄²⁻). Triplicate readings were taken for each sample to 

ensure accuracy and reproducibility of results. The analytical 
methods employed are briefly described below in the table 
1:nitrate levels, to better understand its extent, sources, and 
potential risks to human health and water sustainability. 
Materials and 
Methodology Area 
of study 
Aurangabad is a district in western Maharashtra with 
Aurangabad city as its headquarters. It covers 10,100 
km², primarily lying in the Godavari Basin and 
partially in the Tapti Basin [1]. The district forms part 
of the Deccan Plateau and is dominated by Deccan 
Trap basaltic lava flows with thin alluvial deposits 
along rivers [2]. Major rivers include the Godavari, 
Purna, Shivna, and Kham. The region has a tropical 
climate with 734 mm average rainfall, temperatures 
ranging from 14°C to 40°C, and elevations between 
600–670 m [1]. As per the 2011 Census, the 
population is 3.7 million with a density of 365 
persons/km², a growth rate of 27.33%, a female-to-
male ratio of 917:1000, and a literacy rate stands at 
79.02% [7]. 

 
Figure 1: Aurangabad district 

Table 1: Analytical methods employed for water 
testing 
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Sr. No. Parameter Standard value 

1 Turbidity (NTU) 5 

2 pH 6.5 to 8.5 

3 EC (uS/cm) 200 

4 TDS (mg/l) 500 

5 TH (mg/l) 200 

6 Ca (mg/l) 200 

7 Mg (mg/l) 100 

Sr. No. Parameter Standard value 

 

8 Na (mg/l) 200 
9 K (mgl) -- 
10 Fe (mg/l) 0.3 
11 TA (mg/l) 200 
12 HCO3 (mg/l) -- 
13 Cl (mg/l) 250 
14 F (mg/l) 1 to 1.5 
15 No3 (mg/l) 45 
16 So4 (mg/l) 200 

 

Table 2: BIS (10500:2012) standard for drinking parameters 

 
Nitrate Pollution Index (NPI) 
The formula applied to determine the value of 
Nitrate Pollution Index (NPI) was given below. 

NPI= (𝐶−𝐻𝐴𝑉) 

proportions of major cations (Ca²⁺, Mg²⁺, Na⁺+K⁺) and 
anions (Cl⁻, SO₄²⁻, HCO₃⁻+CO₃²⁻), which are projected 
into a central diamond-shaped arena to represent whole 
hydrochemical facies. This allows the identification of 
water types such as Ca- 

wh
ere
, 

𝐻
𝐴
𝑉 

HCO₃, Na-Cl, or Ca-SO₄ and provides insights into processes 

C= Observed concentration of nitrate species 
(mg/L), HAV= Human Affected Value (20 mg/l) 
[16]. 
This index-based methodology not only measures the 
nitrate load but also simplifies the classification of water 
quality in terms of pollution sternness, which is serious 
concern for groundwater management and public health 
assessment. The groundwater quality was categorized into 
the following classes depends on the NPI values. 
Table 3: Classification of Nitrate Pollution Index (NPI) 

S
r
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N
o
. 

Val
u
e
s 
o
f 
N
P
I 

Type of 
Pollution 

1
. 

<0 Clean 

2
. 

0-
1 

Light 

3
. 

1-
2 

Moderate 

4
. 

2-
3 

Significant 

5
. 

>3 Very 
Significant 

Piper Diagram and Its Application in 
Hydrogeochemical Studies 
The Piper diagram, introduced by Piper in 1944, is a 
graphical tool used in hydrogeology to classify and 
interpret the chemical character of water resources 

(including subsurface and surface). It consists of two 
triangular plots showing the comparative
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like ion exchange, mixing, and geochemical evolution. 
Widely applied in hydrogeological studies, the Piper 
diagram helps differentiate groundwater types, assess 
rock–water interaction, trace anthropogenic impacts, and 
evaluate water quality for various uses. 
 
Gibbs Diagram and Its Application in 
Hydrochemical Studies 
The Gibbs diagram, proposed by Gibbs in 1970, is a 
graphical method used to identify the geochemical 
processes controlling the chemistry of natural 
waters. It uses two plots: one showing the ratio of 
sodium plus potassium to sodium, potassium, and 
calcium, and the other showing the ratio of chloride 

to chloride plus bicarbonate, both plotted against total 
dissolved solids (TDS). The diagram highlights three 
dominant mechanisms— precipitation, rock–water 
interaction, and evaporation– crystallization—
allowing hydrogeologists to interpret whether water 
chemistry is influenced by rainfall, mineral 
weathering, or evaporation. It is especially useful in 
regions like Maharashtra, where climate and geology 
strongly affect groundwater quality. 
Result and Discussion 
Hydrochemistry 
A statistical summary of pre-rainy season aquifer samples 
of selected 50 samples are given in table 4. 

 
 

Table 4: Analytical results of pre and post rainy season subsurface quality parameters 
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The combined pre- and post-rainy season results indicate 
that the groundwater quality showed considerable spatial 
and seasonal variation. Turbidity values (0.1–7 NTU, 
mean ~1.4 NTU) were generally within permissible limits, 
while pH (7.2– 8.9, mean ~7.9) revealed a slightly alkaline 
nature. Electrical Conductivity (447–6425 µS/cm, mean 
~1960 µS/cm) and Total Dissolved Solids (238–4063 
mg/L, mean ~1210 mg/L) reflected moderate to high ionic 
concentrations, with some samples exceeding desirable 
drinking water limits. Total Hardness ranged widely (20–
1556 mg/L, mean ~ 597.3 mg/L), classifying most 
samples as hard to very hard, influenced by elevated 
magnesium ( 7–283 mg/L, mean ~97 mg/L) and calcium 
(9–421 mg/L, mean ~82 mg/L). Sodium (20–438 mg/L, 
mean ~200 mg/L) levels were high in some areas, posing 
potential  irrigation  hazards,  while  potassium  
remained 
Correlation Coefficient 

comparatively low (2–49 mg/L, mean ~9 mg/L). Iron 
(0.07– 8.09 mg/L, mean ~0.6 mg/L) exceeded 
permissible limits in several samples, raising concerns 
of taste and staining issues. Total Alkalinity and 
bicarbonate (128–680 mg/L, mean ~355 mg/L) 
indicated strong buffering capacity, while chloride 
(44– 780 mg/L, mean ~282 mg/L) suggested 
occasional anthropogenic influence. Fluoride (0–2 
mg/L, mean ~1.2 mg/L) was mostly within limits, 
though a few samples approached the threshold. 
Nitrate (4–355 mg/L, mean ~85 mg/L) frequently 
exceeded safe limits, pointing to fertilizer leaching or 
sewage contamination, whereas sulfate (29–442 mg/L, 
mean ~124 mg/L) remained within acceptable levels 
in most cases. Overall, while the water was mostly 
alkaline and clear, localized issues of salinity, 
hardness, nitrate, and iron contamination were 
observed. 

Table 5: Nitrate correlation with other parameters 
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The correlation analysis of nitrate (NO₃⁻) with selected 
physicochemical parameters for dry spell before and 
after monsoon season is presented in Table 5. 

During the pre-monsoon season, nitrate exhibited a 
solid positive correlation with sulfate (r = 0.89), 
suggesting a common source, possibly agricultural 
runoff rich in 
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fertilizers. Moderate positive correlations were 
also observed with EC, TDS, Mg, Na, and Cl (r ≈ 
0.36–0.40), indicating that higher ionic concentration 
in water is often associated with elevated nitrate 
levels. Weak correlations were recorded with turbidity 
and total alkalinity (r ≈ 0.20), while the association 
with Fe was negligible (r = 0.025). A weak negative 
correlation was found with pH (r = –0.31). In the 
post-monsoon season, nitrate continued to show a 
strong association with sulfate (r = 0.88). Similar to 
pre- monsoon, moderate positive correlations were 
recorded with EC, TDS, Mg, Na, and Cl (r ≈ 0.29–
0.40). The correlation 
Piper plot 

with turbidity, alkalinity, and bicarbonate was weak (r 
≈ 0.18–0.20). Unlike pre-monsoon, iron displayed a 
negative correlation (r = –0.12). Again, pH showed a 
weak negative relationship (r = –0.20). 
Overall, the analysis indicates that nitrate 
contamination is closely linked with sulfate and major 
cations/anions in both seasons, highlighting fertilizer 
leaching and agricultural practices as possible 
contributors. The weak negative correlation with pH 
suggests that nitrate enrichment may slightly lower 
alkalinity in some cases. 

  
 
Figure 2: Piper diagram of Pre and post rainy season groundwater samples 
The Piper diagram classification for pre and post-
rainy seasons revealed distinct variations in 
groundwater facies distribution. 
 

• Cation facies: 
o In both seasons, the majority of samples belonged to the 

no dominant type (30 each), indicating a mixed cationic 
character. 

o Sodium–potassium type increased from 12 samples 
(pre-monsoon) to 15 samples (post-monsoon), 
suggesting enhanced influence of alkali metals, possibly 
due to leaching and agricultural return flow during the 
monsoon recharge. 

o Magnesium type declined from 7 samples (pre-
monsoon) to 5 samples (post- monsoon), reflecting 
dilution or reduced dominance of Mg²⁺ in the recharge 
period. 

o In both seasons, no sample was classified as calcium 
type, highlighting the limited role of calcium as a 
dominant cation in the study area. 

• Anion facies: 
o The no dominant type remained the largest group in both 

seasons but slightly increased 

from 21 (pre-monsoon) to 23 (post- monsoon). 
o Bicarbonate type declined marginally from 10 

samples to 9 samples, suggesting dilution of 
carbonate weathering products during monsoon 
recharge. 

o Chloride type reduced slightly from 19 samples 
to 18 samples, indicating partial dilution of 
chloride concentrations post- monsoon. 

o No sample in either season belonged to the 
sulphate type. 

• Diamond field (hydrochemical facies): 
o The Mixed Ca–Cl type dominated in both seasons, 

though it decreased from 29 samples (pre-
monsoon) to 24 samples (post-monsoon). This 
reduction reflects dilution of chloride-rich waters 
after monsoon recharge. 

o Na–Cl type increased from 9 samples (pre- 
monsoon) to 11 samples (post-monsoon), indicating 
greater salinity influence in certain locations. 

o Ca–HCO₃ type rose from 6 to 7 samples, 
suggesting that fresh recharge from rainfall 
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enhanced the bicarbonate signature in some wells. 
o Rare facies such as Mixed Ca–Na–HCO₃ (4 samples) 

and Na–HCO₃ type (1 sample) were consistent across 
both seasons, 

showing localized recharge with 
bicarbonate-rich water. 

o Ca–Cl type increased slightly from 1 (pre- rainy) to 
3 (post-rainy). 

 
 
Gibbs plot 

 
Figure 3: Gibbs plot of Pre and Post rainy season aquifer samples 

Both sets of diagrams highlight rock dominance and 
evaporation as the key hydrogeochemical processes 
influencing groundwater composition. In the pre-monsoon 
data, stronger evidence of salinity build-up and 
seawater/saline mixing influence is observed, as points 
extend further toward the Nitrate pollution index 

seawater dominance field, reflecting intense 
evaporation and accumulation of salts. In contrast, the 
post-monsoon data shows samples more tightly 
clustered within the rock–evaporation domain, 
indicating partial dilution due to rainfall recharge and 
reduced direct saline intrusion. 

Table 6: Nitrate concentration of Groundwater sample of Aurangabad area, Maharashtra, India 
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Sample 
no. 

NPI value and pollution type 

Pre Pollution Post Pollution 

1. 9.15 very significant 9.5 very 
significant 

2. 6.8 very significant 6.3 very 
significant 

3. 5.3 very significant 5.7 very 
significant 

4. 0.95 Light 0.7 Light 

5. -0.5 Clean -0.55 clean 

6. 1.4 Moderate 1.2 moderate 

7. -0.3 Clean -0.05 clean 

8. -0.15 Clean 0.1 Light 

9. 1.35 Moderate 1.85 moderate 

10. 14.4 very significant 14 very 
significant 

 

11. 4 very significant 3.55 very 
significant 

12. 8.8 very significant 8.4 very 
significant 

13. 5.25 very significant 4.85 very 
significant 

14. 4.8 very significant 4.5 very 
significant 

15. 5.2 very significant 4.85 very 
significant 

16. 6.2 very significant 6 very 
significant 

17. 16.75 very significant 16.55 very 
significant 

18. 5.6 very significant 5.95 very 
significant 

19. 4.45 very significant 4.9 very 
significant 

20. 3.6 very significant 4.7 very 
significant 

21. 2.4 significant 2.05 significant 

22. 6.15 very significant 6.35 very 
significant 

 

 

 

Table 7: Nitrate Pollution Index (NPI) of Groundwater sample of Aurangabad area, Maharashtra, India 

 

Sample no. Pre –monsoon 
Nitrate mg/L 

Post –monsoon 
Nitrate mg/L 

1. 203 210 

2. 156 146 

3. 126 134 

4. 39 34 

5. 10 9 

6. 48 44 

7. 14 19 

8. 17 22 

9. 47 57 

10. 308 300 

11. 100 91 

12. 196 188 

13. 125 117 

14. 116 110 

15. 124 117 

16. 144 140 

17. 355 351 

18. 132 139 

19. 109 118 

20. 92 114 

21. 68 61 

22. 143 147 

23. 123 129 

24. 99 109 

25. 9 8 

 

26. 10 14 

27. 14 10 

28. 183 180 

29. 69 64 

30. 28 24 

31. 39 35 

32. 41 36 

33. 51 47 

34. 49 42 

35. 28 31 

36. 31 28 

37. 43 40 

38. 67 62 

39. 59 54 

40. 110 101 

41. 60 54 

42. 70 61 

43. 51 47 

44. 42 34 

45. 39 32 
46. 163 154 

47. 44 50 

48. 47 41 

49. 44 38 

50. 47 54 
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Table 8: Classification of Nitrate Pollution Index 
 
 
NPI 
value 

 
 
Pollution 
type 

Pre- Monsoon Post- Monsoon 
No. of 
sampl

es 

Percenta
ge (%) 

No. 
of 

sam
ples 

Perce
ntage 
(%) 

<0 Clean 6 12 5 10 

23. 5.15 very significant 5.45 very 
significant 

24. 3.95 very significant 4.45 very 
significant 

25. -0.55 Clean -0.6 clean 

26. -0.5 Clean -0.3 clean 

27. -0.3 Clean -0.5 clean 

28. 8.15 very significant 8 very 
significant 

29. 2.45 significant 2.2 significant 

30. 0.4 Light 0.2 Light 

31. 0.95 Light 0.75 Light 

32. 1.05 Moderate 0.8 Light 

33. 1.55 Moderate 1.35 moderate 

34. 1.45 Moderate 1.1 moderate 

35. 0.4 Light 0.55 Light 

36. 0.55 Light 0.4 Light 

 
37. 1.15 Moderate 1 Light 

38. 2.35 significant 2.1 significant 

39. 1.95 Moderate 1.7 moderate 

40. 4.5 very significant 4.05 very 
significant 

41. 2 Moderate 1.7 moderate 

42. 2.5 significant 2.05 significant 

43. 1.55 Moderate 1.35 moderate 

44. 1.1 Moderate 0.7 Light 

45. 0.95 Light 0.6 Light 

46. 7.15 very significant 6.7 very 
significant 

47.  Moderate 1.5 moderate 

48. 1.35 Moderate 1.05 moderate 

49. 1.2 Moderate 0.9 Light 

50. 1.35 Moderate 1.7 moderate 
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0 to 1 Light 6 12 11 22 
1 to 2 Moderate 14 28 10 20 

2 to 3 Significant 4 8 4 8 
>3 Very 

Significant 
20 40 20 40 

 
In the pre-monsoon season, groundwater quality 
assessment showed that 6 samples (12%) were clean and 
another 6 samples (12%) indicated light pollution, while 
14 samples (28%) fell under moderate pollution, 4 
samples (8%) under significant pollution, and the largest 
share, 20 samples (40%), under very significant pollution, 
reflecting severe contamination largely due to 
evaporation, reduced dilution, and concentration of salts 
and pollutants, with nearly half (48%) of the samples 
falling into substantial to very noteworthy pollution levels. 
In contrast, post-monsoon results showed slight 
improvement as 5 samples (10%) were clean and the 
number of lightly polluted samples nearly doubled to 11 
(22%), while moderate pollution decreased to 10 samples 
(20%); however, significant pollution remained 
unchanged at 4 samples (8%), and very significant 
pollution persisted at 20 samples (40%), highlighting that 
although rainfall recharge caused dilution and improved 
water 

quality in some areas, chronic contamination hotspots 
remained unaffected across seasons. 
Comparative Insights 
• Improvement: Slight increase in "light 
pollution" cases post- monsoon suggests dilution and 
recharge reduced pollution levels at some sites. 
• Stable zones: “Significant” (8%) and “very 
significant” (40%) categories remained unchanged, 
pointing to chronic/persistent pollution sources 
(industrial, agricultural, or geogenic). 
• Overall: Despite seasonal dilution, a large 
proportion (68% pre-monsoon, 68% post-monsoon) of 
samples still fall into moderate to very significant 
pollution levels, highlighting serious water quality 
concerns. 
Conclusion 
The study revealed that the chemical and physical properties 
of groundwater, including pH, EC, TDS, TH, major cations 
(Ca, 
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Mg, Na, K) and anions (Cl⁻, HCO₃⁻, SO₄²⁻, F⁻, NO₃⁻), 
showed wide variation due to both natural geochemical 
routes and anthropogenic inputs, with mean TDS and EC 
values indicating water quality ranging from fresh to 
brackish. Piper diagram interpretation suggested that most 
samples belong to mixed Ca- Cl and Na-Cl types, 
reflecting chloride-rich facies, while very few samples fell 
in the Ca-HCO₃ type, usually linked to fresh recharge, 
thus highlighting ion exchange, salinization, and 
anthropogenic influence. Gibbs diagram analysis 
confirmed that water chemistry is chiefly influenced by 
rock weathering, though some pre-monsoon samples 
shifted towards the evaporation–crystallization field, 
indicating salinity build-up from evaporation and reduced 
recharge. Nitrate Pollution Index (NPI) evaluation showed 
that during pre-monsoon, 48% of samples indicated 
significant to very significant pollution due to evaporation 
and reduced dilution, while post-monsoon, although 22% 
samples shifted to lightly polluted, 40% still remained 
under very significant pollution, pointing to persistent 
contamination from agriculture, sewage, industrial 
effluents, and geogenic sources like fluoride and nitrate. 
Overall, nearly two-thirds of groundwater samples in both 
seasons fell into moderate to very significant pollution 
categories, with pre- monsoon showing higher 
mineralization and pollutant concentration, and post-
monsoon reflecting some dilution effect but unchanged 
chronic pollution hotspots. 
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