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ABSTRACT 

This paper presents the results of regional ground magnetic surveys carried out over an area of 4200 sq. km in parts of Ajmer and Bhilwara districts, 

Rajasthan, India. The study area falls in the Obvious Geological Potential (OGP) zone associated with economic mineral deposits of India. The survey 

was conducted for delineating the extension of various rock sequences within the Proterozoic Delhi Fold Belt (DFB). The survey brought out a strong 

NE-SW trending magnetic anomaly over the rocks of DFB and a mild anomaly in the northwestern part of the area, which is covered by the thick 

sediments of the Marwar Basin (MB) basin. The NE-SW trending anomaly in the area could be attributed to the exposed/near-surface Archaean basement 

that has come closer to the surface as a result of Delhi Fold Belt (DFB) tectonics. The anomaly trend brought out the clear picture of the magnetic 

basement within the Bhilwara Supergroup and their sub-surface structures and associated mineralization, if any. The qualitative analysis of the magnetic 

data delineated the contact of the significant litho units (Marwar Basin and Delhi Fold Belt). The Euler depth solutions also provided an idea about the 

magnetic source depths and a cluster of shallow depth solutions have been generated over the Delhi Fold Belt, which may be due to the weak 

susceptibility of the weathered layer. The amplitude power spectrum has been attempted for estimating the depth interfaces for each selected profile. 

The average depth to the basement of each profile is estimated as 1.5 km. The contacts between different litho units are also marked. The 2D modeling 

of a few representative profiles across the DFB reveals that the average magnetic basement depth is about 1.5 km. It is concluded that, the contact zone 

between Marwar Basin (MB) and Delhi Fold Belt (DFB) is structurally controlled. The results of this study has brought out significant structural features 

which can form favorable target areas. 

Keywords: Magnetic basement, spectrum, Delhi Fold Belt, Euler solutions, Marwar basin, Aravalli craton  

INTRODUCTION 

The present study area (Figure 1) in South Delhi Fold Belt 

(SDFB) is located in the northwestern part of the Indian 

continent, which partly occupies Ajmer and Bhilwara 

districts of  Rajasthan. This region in Rajasthan state 

comprises litho units ranging from Archaean to Cenozoic 

age, having a history of multiple deformation and 

geotectonics. The objective of the present study is to 

delineate the extensions of the various rock sequences within 

DFB and its basement interface. Further, attempts have been 

made to identify the potential areas favorable for 

mineralization, if any. The survey brought out strong NE-SW 

trending high magnetic zones in the area which trends along 

with the primary regional control of mineralization in the 

Delhi Fold Belt area (Tweto et al., 1968). 

The high-resolution gravity surveys in the study area brought 

significant gravity features, which could be useful in 

identifying the favorable areas for mineralization (Bangaru 

Babu et al., 2015). The high gravity zones have been noticed 

in SW of Agucha Pd-Zn deposit, which delineated the 

framework of mineralization. The anomalous gold values 

were noticed near the Kalab-Kalan area from geochemical 

studies, which is well corroborated with the significant-high 

gravity zone. A massive sulphide zone with a total strike 

length of 910 m was identified at Boyo Ki Nandi block from 

1090 m depth core drilling, discussed in an unpublished 

report of the Geological Survey of India. The current 

geophysical study presents the basement structures below 

Delhi Fold Belt from magnetic data analysis and the same can 

be witnessed by different techniques adopted for calculating 

the average depth of the magnetic interface. The rocks in 

Sandmata Granulite Gneiss (SGG) of Mangalwar Complex 

were materialized as tectonic silvers. In the central parts of 

the Mangalwar Complex, the basement has a number of 

meta-sedimentary basins (Sinha-Roy, 1995, 1998). In the 

present study, we provide average depth to the basement 

interface using magnetic data through different interpretation 

techniques. Further, boundaries/contacts of different litho 

units have been marked. These boundaries are indicative of 

possible faulting, which is favorable for identifying potential 

target areas for mineral exploration. These major faults have 

been marked by the interpretation of ground magnetic data.  
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Figure 1.  Location of the study area showing regional geology 

PREVIOUS  STUDIES 

The regional gravity surveys conducted in the western Indian 

shield covering the states of Rajasthan and Gujarat revealed 

a number of  prominent sub-surface regional features which 

are useful in studying the crustal architecture of the DFB 

(Reddi and Ramakrishna, 1988). A combined interpretation 

of deep reflection seismic and gravity data across the Aravali 

Delhi Fold Belt (ADFB), suggested a thick crust (45-46 km)  

having a high density (3.04 g/cm3) domal-shaped body at the 

lower crustal level (Tiwari et al, 1997, 1998; Mishra et al., 

1995, 2000).  The high Bouguer gravity anomaly (about 80 

mGal) observed between Delhi Fold Belt and Marwar Basin 

was explained as a deep horst-like feature (Qureshi, 1964).  

Similarly, the Aravali uplift was also found and associated 

with the positive isostatic anomalies (Qureshi, 1976). In 

comparison,  the eastern part of DFB is occupied by gravity 

low due to a westerly dipping (45°) low-density body at the 

crustal level (Radhakrishna Murthy, 1998). The spectral 

analysis of ground magnetic data over Delhi Fold Belt (DFB) 

indicated an average basement depth at 1.5 km. Further, the 

deep seismic data across the ADFB found a deep penetrating 

crustal-scale thrust fault with 25 km wide, dipping reflections 

from the upper crust to a crust-mantle interface (Moho) and 

a divergent reflection fabric (Vijaya Rao et al., 2000). 

Magneto-telluric surveys were also conducted across the 

Nagaur-Kunjer, Rajasthan using the frequency range of 0.01-

100 Hz with ~10 km station to station spacing. The geo-

electrical structure of the area showed a 10 km thick 

conductor with an electrical resistivity of 50 ohm-m at a 

depth of 3 km near Jahazpur, extending up to a depth of about 

25 km dipping towards the north-west direction (Gokaran et 

al., 1995). 

GEOLOGY AND TECTONICS  

The detailed geological map of the study area is shown in 

Figure 1. The study area consists of distinct lithological and 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22I.+V.+Radhakrishna+Murthy%22&source=gbs_metadata_r&cad=6
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tectonic units. The 3300-million-year-old Banded Gneissic 

Complex (BGC), consisting of the Sandmata and Maglawar 

Complex and Hindoli is the oldest cratonic nucleus of the 

region. Proterozoic Aravlli and Delhi sediments were 

deposited successively over this Archean basement (Tewari, 

et al, 2018 and Saibi et al., 2006).  

The basement in the study area contains metamorphosed 

volcano-sedimentary sequence of Sandmata Complex (SC), 

Mangalwar Complex (MC) and Hindoli Group (HG) (Gupta, 

et al.,1997). The Sandmata Complex having the tectonic 

contact with the MC,  covers the high-grade granulite facies 

rocks. The Rajasthan state located at the NW part of the 

Indian Craton, comprising different litho units ranging from 

Archaean to Cenozoic age, has a history of multiple 

deformation activities and tectonics. The Delhi Supergroup 

of rocks are situated at the western side of Aravali Delhi Fold 

belt having metasediments and basic volcanic rocks of 

Neoproterozoic (Heron, 1953). The MC has an igneous suite 

of rocks with a granite basement (Sinha-Roy, 1995). The NE-

SW trending Delhi Supergroup of rocks has three phases of 

folding. The first and second phase of folding is present in 

Mesoscopic and macroscopic folds.  The Marwar Supergroup 

(Neoproterozoic) of rocks comprises large sedimentary 

sequences bounded by Malani Volcanics in the western part. 

The intracratonic DFB rift basin contains ophiolite malange 

suite of rocks formed under the Oceanic environment by 

Ductile Shear Zone (Gupta et al, 1997).   

MAGNETIC SURVEY 

The regional ground magnetic survey has been carried out on 

a 1:50,000 scale with Proton Precession Magnetometer 

(PPM) under the project Geophysical Mapping Programme. 

In the present study area, the surveyed area is covered by six 

topo sheets of Survey of India measuring 4200 sq.km2.  A 

total of 1424 magnetic observations were occupied by 

keeping the one observation for every 2.5 sq. km, at roads, 

kilometer stones, and all such identifiable positions on the 

topo sheets. However, the data density was not maintained in 

areas that are not approachable due to very rugged terrain and 

also areas falling under reserve forest and water cover. The 

geographical coordinates of the magnetic stations were 

observed with Global Positioning System (GPS-Garmin, 

accuracy: 3-4 meter).  

A magnetic base station has been established near to the 

camp area, which is free from magnetic disturbances and 

occupied every day at the starting and end of the survey for 

computing the diurnal correction. During the survey, four 

different magnetic bases have been established near the camp 

areas located at Barr and Jawaja in Ajmer district and Bijaya 

Nagar, Bhilwara district, Rajasthan. Proper care has been 

taken during the fieldwork for selecting the magnetic 

observations. At least five magnetic observations were made 

in the vicinity of every station. The average of three 

consistent readings was calculated and noted in the record 

book. Daily changes in the magnetic field due to changes in 

currents of charged particles in the ionosphere were removed 

through Diurnal correction by occupying the magnetic base 

station twice in a day (starting and ending of the survey). The 

normal correction is applied by using the IGRF-2010 module 

of Oasis Montaz-Geosoft software (Version 9.2) and IGRF-

2010 has been subtracted from diurnal corrected filed data for 

computing the magnetic anomalies. The accuracy of the 

magnetometer reading is 0.1 nT. 

QUALITATIVE APPRAISAL OF MAGNETIC DATA   

The magnetic anomaly map has been prepared after 

removing the IGRF 2010 from diurnal corrected data, which 

is shown in Figure 2. The contour values vary from -310 to 

+200 nT. The regional trend of the anomalies is NE-SW 

direction and follows the general strike direction of the 

lithological units of the area. A series band of highs and lows 

of magnetic anomalies identified in the western part of the 

study area,  demarcates the upliftment of basement rocks 

within the Delhi Fold Belt (DFB). The discontinuity of 

magnetic highs and lows are also observed over boundaries 

of older and younger formations within the Delhi Fold Belt. 

Based on the nature and continuity of the anomaly pattern six 

magnetic high anomaly axes are observed viz. (i). Jessikheda-

Bharatiya Khurd (ii). Ratanpura-Gola (iii). Ajitgarh-Bagsuri 

(iv). Shambhugarh-Jharwasa trending NE-SW direction for 

several kilometres. (v). Hanotiya-Bhandanwara trending 

SW-NE and (vi). Shivpura-Gulabpura trending N-W 

direction (Figure 2). The variations in magnetic intensity is 

due to the presence of different litho units having different 

magnetic susceptibility and age of formation. Some bipolar 

magnetic anomalies of long-wavelength are also observed, 

which are indicative of intrusive within the DFB. Most of the 

intrusives follow the general trend of the geological 

formation. The intrusive complexes of the central and 

western parts of the study area are found as isolated bodies 

along NW-SE trending belts. The bi-polar nature of magnetic 

anomalies may be due to the intrusives consisting of 

pyroxene, hornblende, biotite and calcic-silicate in varying 

proportions.  
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Figure 2.  Magnetic contour map (IGRF-2010 corrected) showing high magnetic anomalies trending NE-SW direction and selected 

profiles for inversion ng. Prominent magnetic high axis (White hatched lines) AA´, BB´ CC´ and DD´ selected profiles for 2D 

modelling.  

Elongated lows are found in the western portion of the area 

which may be due to the effect of intrusive in the South Delhi 

Fold Belt (SDFB). Another dominant high gradient feature 

from Kalabkalan- Babra is indicative of the faulted contact of 

the DFB and Marwar Basin (MB). This particular fault is well 

established and also explained by the many geoscientific 

investigations. Beyond that, the contour pattern takes a 

sudden turn along the E-W direction over biotite schist. Such  

magnetic trends in the DFB are interpreted as fault/contact-

like structures. Further, the magnetic basement of the area is 

constituted by granite gneisses. Based on the basement 

configuration of the area, granite gneisses are located at 

shallow depth and exposed at a few locations along the NE-

SW direction. The regional magnetic trends are well 

corroborated with the regional geological trend of the area. 

The tectonics of the DFB can be well explained by the 

basement configuration. 

UPWARD CONTINUATION OF MAGNETIC DATA 

In general, a low-pass filter can be used for enhancing the 

deep-seated sources. In the present study, the same type of 

filter, i.e. the upward continuation technique was applied to 

the magnetic data, the upward continuation can be used to 

enhance the regional magnetic anomalies, which are 

contributing to the sources at deeper depth (Hualin Zeng, 

2007).  

In the present study, the magnetic data was continued at four 

successive heights viz. (a) 500 m (b) 1000 m (c) 1500 m (d) 

2000 m. The 3D view of continued maps has been presented 

in Figure 3. The characteristic signatures identified from the 

upward continuations are described below:  

(i) Two broad high magnetic features are run in  NE-SW 

direction from Ratanpura-Gola and Badnor-Jharwasa in 

all the four heights  of continuation. The NW part of the 

study area shows low magnetic intensity over a thick 

alluvium/clay/sand of Marwar Basin (MB). The 

intrusive within country-rock of Delhi Fold Belt at the 

central part of the area was noticed in the form of 

discontinued weak magnetic anomalies. The weak 

magnetic response has been diminished at 2000 m level 

of upward continuation (Figure 3d) in the  NW part. 

Whereas, the positive anomaly pattern in the DFB is still 

continued and it is inferred that the causative bodies (e.g. 

hornblende schist, granite gneiss, and amphibolites) in 

the DFB may have deeper roots than that of MB. The 

same type of study has been carried out by many 

workers (Thompson, 1982; Jacobsen, 1987; Reid, et al., 

1990; Mushayandebvu et al.,2001; Radhakrishna 

Murthy and Rama Rao, 2001; Fitz Gerald, 2004).  The 

high magnetic intensity has been noticed in  the SE part 

of the study area (North of Agucha) in all four stages of 

continuation.  
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Figure 3. Upward continuation of the magnetic data at (a) 500, (b) 1000, (c) 1500 and (d) 2000 m levels and the same is  superimposed 

on geological map of the study area. The dotted line is the trend of the high magnetic zone at all stages of observations. 
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(ii) It can be interpreted as a distinct high magnetic intensity 

body which is extending  to deeper depths from the sub-

surface level. There is a good correlation of geophysical 

and geochemical data over the Rampura-Agucha zinc-

lead deposit forming a part of the pre-Aravalli Banded 

Gneissic Complex (Bangaru Babu et al., 2014). The high 

magnetic anomalies are due to the intrusives of acidic 

and basic igneous rocks, that predominantly occupy the 

southeastern plain of Ajmer and Bhilwara.  

(iii) A high magnetic zone is recorded from Badnor to 

Bagsuri and Jassikhera to Gola, trending NE-SW 

direction over  DFB gneiss. In addition to these two high 

magnetic zones, a low magnetic response was noticed on 

either side of the high magnetic intensity zone. The 

occurrence of low magnetic features appearing with 

high magnetic anomalies, can be seen in Figure 3a. The 

low magnetic responses disappear at the continuation 

level of 2000 m (Figure 3d).  A number of low magnetic 

anomalies which appear in  Figure 3a disappeared in 

Figure 3d, it indicating that the causative source body is 

of finite depth extent. The NE-SW trending peak 

magnetic anomalies are almost flat at the level of 1500 

m to 2000 m. In this method, deeper features are very 

well separated, demarcating the tectonic contact of 

different litho units. The larger magnitude of the 

magnetic anomalies can be interpreted in terms of the 

magnetic basement extending deeper depth along with 

the source body (Figure 3d).  The NW-SE trending high 

magnetic intensity from Badnor to Bagsuriare takes a 

sudden swing in the E-W direction in  NE part of the 

study area. Hence, it can be  concluded that the magnetic 

basement also changed its direction from NW-SE to E-

W direction. Similar  type of magnetic anomalies occurs 

over the Eastern Ghat Mobile Belt (EGMB) 

(Rahdakrishna Murthy and Rama Rao, 2001).  

DEPTH ESTIMATION FROM THE POWER 

SPECTRUM  

The Radially averaged power spectrum technique has been 

applied to magnetic data to estimate the depth interfaces, 

which reduces the noise from the (Telford et al, 1990 and 

Bhattacharyya and Leu, 1975). This technique can be used to 

determine the basement depth from the potential field data 

(Spector and Grant 1970). Here, we apply this method to the 

aquired magnetic data for estimating the magnetic depth 

interfaces. First, the radially averaged power spectrum was 

calculated using MAGMAP extension in Oasis Montaj 

(Geosoft) and then wave number (k) versus power spectral 

density (logeP) is plotted (Figure 4). The linear fit was 

applied to the different linear segments in the graph (Figure 

4) and calculated the slope of each segment. A mean depth 

(z) of the anomaly source was obtained by utilizing the 

equation z = -(logeP/k)/4π. The depth of the causative 

source body has been calculated by simple formula i.e Slope 

of segment /4π. Three linear segments were observed in the 

radially averaged power spectrum of magnetic data (Figure 

4). The calculated depths to the magnetic interfaces are 3 km 

(deeper layer), 2 km (middle layer), and 1 km (shallow layer) 

respectively. 

 

 

Figure 4. Radially averaged Power spectrum of the magnetic data showing three segments, i.e. (i) deeper sources, (ii) sub-surface and 

(iii) shallow depth which are computed from slope of segments.  
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ANALYTIC SIGNAL 

The basic theories of the analytic signal method in 2D 

magnetic data interpretation is broadly explained by many 

workers (Nabighian, 1972, 1974, 1984; Green and Stanley, 

1975). Similarly, the analytical signal of gravity data has 

been discussed by Klingele et al. (1991) and Gokaran et al. 

(1995). The analytic signal of the vertical magnetic gradient 

produced by a 3D source can be given as: 

22 2

( , )m

m m m
A x y

x y z

      
      
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where | Am(x, y)| is the amplitude of the analytic signal at (x, 

y), m is the magnetic field at (x, y), and ∂m/∂x,  ∂m/∂y and 

∂m/∂z  are the two horizontal and one vertical derivative of 

the magnetic field. The analytic signal method is also known 

as the total gradient method. It is used for defining the 

edges/boundaries of lithological units. The analytic signal 

function is a very useful tool in the interpretation of magnetic 

data and to determine the location and depth of the magnetic 

sources. Analytic signal amplitude reaches its maximum 

value on its body or on the edge depending on the source 

(Shima, et al., 2015). 

 

In this study, the analytic signal of magnetic data has brought 

out the picture of the aerial distribution of the high magnetic 

sources within DFB. The computer-generated analytic signal 

map of the present study area is shown in Figure 5. The high 

magnetic gradients are due to the magnetic sources at a depth. 

An attempt was made to map the intrusives within the DFB. 

The high magnetic gradients responses can be interpreted as 

intrusive within DFB, and they are mainly related to biotite 

schist. The magnetic sources,  identified from the analytic 

signal map, are related to exhumed rocks of the high-grade 

granulites and schist rocks. A close look on the analytic 

signal map (Figure 5) shows a heavy concentration of 

magnetic sources in DFB that are trending NE-SW direction. 

The NE-SW trending belt of the schist rocks associated with 

the intrusives, is also picked up by the analytic signal map. It 

is interesting to note that there are no significant magnetic 

sources in the MB at the NW part of the study area. The same 

techniques have been applied to selected typical magnetic 

profiles for interpretation. The contacts of MB-DFB and 

DFB-BGC can be seen clearly marked in the form of the 

gradient in the analytical signal   

 

 

Figure 5. Analytic Signal (AS) map (magnetic data) of the part of the Delhi Fold Belt area showing high intensity magnetic bodies and 

their orientation.  
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3D-EULER DEPTH SOLUTIONS FROM MAGNETIC 

DATA 

3D Euler deconvolution technique provides estimated 

geometrical parameters of elementary causative sources from 

the potential field data along with their derivatives along X, 

Y and Z directions. Initially, the Euler depth solution method 

assumes that anomaly is a homogeneous function of spatial 

coordinates. The technique (Thompson, 1982; Reid, et al., 

1990) is initially used to detect the depth to the causative 

bodies that are calculated from the derivative analysis and 

analytical signal. it is a powerful technique for locating the 

anomalous source and its depth estimation from gravity and 

magnetic data (Blackely, 1995). The method is based on the 

Euler homogeneity equation and can be expressed for the 

potential field as follows  

)()()()( 000 TBN
z

T
zz

y

T
yy

x

T
xx 







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


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Where ( ),, 000 zyx  are the coordinates of the causative 

body, Total field T  is measured at ),,( zyx and B is the 

background field; N indicates Structural Index  (SI) of the 

source body and relates to the rating of change of potential 

with distance. It plays a crucial role in potential field depth 

estimation (Reid, et al., 2014). For obtaining reliable 

solutions, the  structural index, the window size and depth 

tolerance need to be selected judiciously. Before generating 

the Euler depth solutions, the interpreter should have 

knowledge of geology and tectonics of the area. In general, 

selection of the proper structural index depends on the 

geological environment of the area. The user-defined depth 

tolerance controls the number of acceptable solutions. 

Although, the Euler method suffers from some theoretical 

limitations, but still provides useful results for practical 

purposes (Reid, et al., 2014). In the present study, the 3D 

Euler depth technique has been applied to the magnetic data 

with a structural index of 0.5 for generating the depth 

solutions. The cluster of depth solutions has been posted over 

the geological map of the study area for a better 

understanding of the sources of depth solutions (Figure 6). 

 

 

Figure 6. 3D Euler depth solutions superimposed on geology of the area. Structural Index = 1. shallow depth (500 m) and deeper depth 

(2 km). 
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The cluster of Euler depth solutions provides an idea about 

the depth of magnetic anomaly sources and locations. It is 

noticed that the shallow (500 to 1000 m) depth solutions have 

been generated over Delhi’s sediments. It can be interpreted 

as magnetic anomaly are near to sub-surface level. The 

technique has generated the best solutions (tight clustering) 

along with the inferred contact of MB and DFB, with a depth 

ranging  from 500 to 1500 m in NW part of the area. The 

most of the cluster of depth solutions were generated along 

regional strike of the area.  

As mentioned earlier, in the Euler technique Structural Index 

(SI) and window size parameters play a key role generation 

of depth solutions. Thus, the depth solutions were generated 

with various Structural Indices and window sizes. Finally, the 

best SI (1) and window size (20x20) were selected for the 

generation of the Euler depth solutions. These were 

compared with  the depth interfaces obtained from spectral 

analysis of magnetic data. The cluster of depth solutions was 

generated along the regional geological strike of the area 

(Figure 7). Most of the shallow depth solutions (500-1500 m) 

were generated over the DFB and very few deeper solutions 

(1500-2000 m) were found over the BGC. It means that, the 

magnetic source bodies are largely located near to sub-

surface  below  DFB. 

Similar type of clustering of solutions   s also been reported  

over the Palaghat-Cauvery Shear zone from aeromagnetic 

studies (Anand and Rajaram, 2007). From the Euler depth 

solutions, many cluster depth trends are identified,  indicating 

the locus of magnetic source points along structural 

lineaments. Such type of trends based on regional 

geophysical studies are also earlier reported by Bangaru 

Babu et al. (2015). We find that the magnetic depth sources 

over MB is deeper, compared to the DFB.  

 

 

 

Figure 7. 3D Euler depth solutions in  the present sudy area along with major geological boundaries (Red colour lines). 
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2D MODELLING AND INVERSION  

Four profiles -AA´, BB´, CC´ and DD´ are selected across the 

Delhi Fold Belt (DFB). Initially, the profiles are inverted 

considering different geophysical models (Dyke and Sheet- 

like body) using the FORTRAN - based computer programs 

(Radhakrishna Murthy, 1998) (TDYKEIN and TSHEETIN). 

The adopted inversion works based on the Werner 

deconvolution technique and estimated the magnetic 

basement and intensity of magnetization. The model of 

juxtaposing prisms conveniently manages inversion 

(TMAG2DIN) of magnetic anomalies of two-dimensional 

basement structures.  The material of the magnetic basement 

above and below are equated to a series of juxtaposed prisms 

one below each anomaly point. The depths to their tops 

(equal to the basement depth) are determined to give the 

continuous basement structure below the profile.  

Profile-AA´ 

 Profile-AA´ from Raipur to Ajitgarhwas cuts across part of 

the Marwar Basin (MB) and Delhi Fold Belt (DFB). The 

magnetic interface of the profile has been computed using the 

TMAG2DIN computer program in FORTRAN language 

based on the inversion method (Radhakrishna Murthy, 1998). 

The results of the inversion is  plotted and displayed in Figure 

8. The magnetic interface is undulating between 1.1 to 2.2 

km. The shallow depth (~1.1 km) has been noticed in the NW 

portion of the profile over MB. The profile-AA´ has also been 

subjected to spectral analysis using 1D-FFT for calculating 

source depth. The mean depth  of 1.3 km was calculated from 

spectral analysis. The sharp fall in magnetic anomaly around 

-200nT near Haripur –Kalab Kalan area has been interpreted 

as a contact of the Marwar Basin (MB) and Delhi Fold Belt 

(DFB) (Figure 7). Such a contact zone has also been picked 

up by Analytic Signal (AS), Reduction To Pole (RTP) and 

Horizontal Derivative (HD) of the profile. The role of the AS 

and HD helps  in mapping the shallow structures (Fairhead, 

et al., 2011 and Marson and Klingele, 1993). The above said 

filter techniques have been applied to selected magnetic 

profiles by using 1D-Fast Fourier Transformations (1D-FFT) 

to study the nature and trend of contacts/lineaments and 

regional magnetic anomalies. These techniques played an 

important role in demarcating the contacts of MB-DFB and 

DFB-BGC (Banded Gneissic Complex) by showing  a  sharp 

fall in the magnitude of the anomalies. A high magnetic 

anomaly of -200nT has been observed near Kalab Kalan area. 

The contact zone of MB-DFB is well reflected  in  regional 

gravity surveys as well (BangaruBabu et al., 2014). The high 

values of Sulphide mineralization and high anomalous gold 

values (20-300 ppb) are studied from geochemical data. The 

above said mineralization is located between the contact of 

MB-DFB. In general, the Analytic Signal (AS) maxima 

occurs directly over the edges of the source bodies (Roest et 

al.,1992; Mac Leod et al., 1993). The Reduction to Pole 

(RTP) technique is also applied to Profile-AA´. In general, 

RTP is a theoretical solution, which normalizes the effect of 

induced magnetization and the strike. The RTP anomaly over 

an intrusive body near Kalab Kalan area has no remanence 

magnetization, Such type of features can be interpreted as 

intrusive/dyke like bodies (Rajagopalan, 2003).  

Earlier, the complex homogeneity of lithological units 

between the MB and DFB has been interpreted in the form of 

the steep gravity gradient zone (Vijaya Rao et al., 2000), 

which suggests it to be a proterozoic collision boundary of 

two different litho units. The collision contacts, as revealed 

from regional geophysical studies, also support the rift 

environment over DFB (Sinha-Roy, 1998).   

Profile BB´  

This profile constructed along the Lambia-Lilamba-Badnor-

Parasoli region is almost parallel to the profile AA´. The 

estimated magnetic interface below the profile vary from 1.0 

to 2.5 km from the inversion method using the computer 

program TMAG2DIN. The mean depth of  2.1 km was 

calculated from 1D-FFT spectral analysis. The profile has 

been selected in such a way to cover the intrusives, which are 

well picked up showing alternating highs and lows in the 

analytic signal as well as in the horizontal derivative of the 

profile. The plot of the profile BB’ is shown in Figure 9. In 

general, AS can be useful for demarcating the lithological 

boundaries/contacts of two different units (Nabighian, 1972, 

1974, 1984; Green and Stanley, 1975, Fairhead, et al., 2004).  

The first-order Horizontal Derivative (HDR) was applied to 

delineate the edges of magnetic bodies. It is commonly 

applied to the potential field data to delineate near-surface 

geological features and to enhance the high wavenumber 

components of the spectrum. The zero values of the 

derivative of the RTP commonly represent to the geological 

boundaries (Evjen, 1936). The zero value of HDR has been 

observed near  Pipraj and Badnor villages along with this 

profile, which can be interpreted as contact between  Delhi 

Fold Belt and Marwar Basin. 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22I.+V.+Radhakrishna+Murthy%22&source=gbs_metadata_r&cad=6
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22I.+V.+Radhakrishna+Murthy%22&source=gbs_metadata_r&cad=6
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Figure 8. Probable 2D magnetic basement model of the profile AA´ 

 

  

Figure 9.  Probable 2D magnetic basement model along  the profile BB´. 
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Profile CC´ 

This is another  profile which runs from Tunkore to Barsoli  

which showthe total depth variation of 1.5 to 2.5 km after 

applying the inversion technique. The variation in amplitude 

of the analytic signal and its derivative is interpreted as an 

intrusive body at a depth of 2.0 km (Figure 10). The mean 

depth (1.82 km) along this profile was calculated from the 

spectrum of the profile. A sudden fall in analytical signal has 

been noticed and is interpreted as contact of MB and DFB, 

and beyond the DFB, the magnitude of anomalies varies from 

+100nT to -400 nT, which can be interpreted as a horst like a 

feature associated with intrusives within DFB. A close look 

at the nature and trend of the profile in the SE part, and also 

the gradient in the magnetic anomaly, can be interpreted as a 

contact between  DFB and BGC.  

 

Profile DD´   

This profile runs from Babara to Bhojras, covering only DFB 

(Figure 11). The best suitable magnetic interface has been 

delineated by adjusting the input parameters in a computer 

program. Subsequently, the AS and HDR filters are also 

applied to magnetic profile data for marking the 

contacts/boundaries of DFB-BGC. A  few intrusives like 

bodies are identified at Masuda and Rajakot. Based on the 

low pass filter of magnetic data, it is concluded that intrusive 

bodies are near to the sub-surface and not extend deep. The 

magnetic interface of the profile varies from 1.0 to 2.0 km. 

The mean depth of about 2.1 km was estimated from spectral 

analysis  of the  profile data. The contact/boundaries  of DFB-

BGC are clearly demarked in the HDR and AS near to 

Rajakot.

 

Figure 10. Probable 2D magnetic basement model along the profile CC´. 
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Figure 11. Probable 2D magnetic basement model along  the profile DD´. 

DISCUSSIONS 

Spectral Analysis of Profile Data  

Depth estimation from spectral analysis of potential field data 

provides a reasonable assumption of the depth to the 

anomalous source. It is a frequency domain approach that is 

capable of separating the information from anomalous 

sources at different depths. In this study, 1D Fast Fourier 

Transform (FFT) technique of Geosoft software has been 

used for generating the spectrums of magnetic profile data. 

The depths can be estimated from the slope of the line 

segment plotted between the log of power (P) and 

wavenumber. The power spectrum of the gridded potential 

data was computed using the method of Spector and Grant 

(Spector and Grant, 1970; Karner and Watts, 1983;  Roest, et 

al., 1992) and a graph of the logarithm of the azimuthally 

averaged power spectrum against wavenumber.  

Four typical magnetic profiles AA´, BB´ CC´ and DD´ have 

been constructed in the study area and subjected to spectral 

analysis using 1D-FFT for calculating the source depth of 

each profile. These profiles were selected in such a way to 

study the magnetic basement structure below DFB. The 

results obtained from the spectral analysis have been justified 

with depth calculated from the other depth estimation 

techniques. The corresponding power spectrum plots 

obtained for the profiles are presented in Figure 12. In 

general, the linear segment from the low-frequency portion 

of the spectrum  represents contributions from the deep-

seated causative bodies. The sedimentary rocks generally 

have very weak magnetic susceptibility compared to 

basement rocks. Therefore, variations within the magnetic 

intensities over sedimentary basins are considered to 

originate from (i) basement structure, (ii) intrusive and 

extrusive volcanic bodies within and beneath the basin, and 

(iii) susceptibility contrast (Behrendt and Klitgord,1980). 

Different methods have been adopted for estimating the 

depth from magnetic data (Peters, 1949; Vacquier et al., 

1951). For this study, initially, the spectral analysis method 

was used because of its ability to filter all the noise from the 

data and no information is lost in the process. The average 

depth to the basement obtained ranges from 1.2 to 2.1 km. 

The average depths determined for each profile from the 

spectral analysis are given in Table 1. 
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Figure 12.  Power spectral plots corresponding to the profiles selected for interpretation and the corresponding adjustment line and 

estimated depth to the top of the basement. 

 

Table 1. Depth obtained from spectral analysis of selected magnetic profiles 

 

 

 

 

 

 

Structural Implications 

The magnetic bipolar anomalies have been noticed and 

considered for the interpretation of four selected profiles. The 

average magnetic depth interface in  the area range  from 1.21 

to 2.1 km. The tectonics of the region controls the different 

structural trends in the study area, and one can demarcate the 

boundaries/ contacts of DFB and MB. The interpretation of 

magnetic data helped to identify the magnetic sources and 

estimate the depth to the top of the magnetic sources. The 

prominent magnetic high anomalies in the study area are due 

to undulations in the magnetic basement. The results of this 

study, therefore suggest that the high magnetic zones 

observed in the area  trend in the NE-SW direction, as most 

of the known structures are located in and around the DFB. 

The calculated magnetic interfaces obtained from the 

inversion is  displayed in Figure 13. The surface contact of 

MB and DFB is not only marked from magnetic anomalies, 

but it also highlighted  the magnetic interface. The calculated 

magnetic depth interface from inversion is well corroborated 

with the cluster of depth solutions generated from the 3D 

Euler depth technique. In the present case, different depth 

estimation techniques have been used for calculating the 

average magnetic basement depth. The average depth 

estimations were presented in Table 2. 

Name of  

the  Profile 

Direction of 

the Profile 

Gradient 

Anomaly 

Depth 

(km) 

Profile AA´ NW-SE 2.25 1.30 

Profile BB´ NW-SE 7.12 2.10 

Profile CC´ NW-SE 4.21 1.82 

Profile DD´ NW-SE 1.21 1.21 
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Figure 13. Magnetic basement along the profiles AA´, BB´, CC´ and DD´ derived from inversion superposed on 3D Euler depth 

solutions. 

Table 2. Average basement estimated from different techniques 

 

S.No 

Name of the 

profile 

Depth (km) 
Average depth 

(km) Spectrum Inversion 3D Euler 

1 Profile AA´ 1.30 1.50 1.25 1.35 

2 Profile BB´ 2.10 2.50 2.00 2.11 

3 Profile CC´ 1.82 2.20 2.00 2.00 

4 Profile DD´ 1.21 1.30 1.25 1.55 

  

CONCLUSIONS 

The magnetic survey brought out a high magnetic trend along 

with the general trend of the geological formations in and 

around the Delhi Fold belt. The varying structural patterns 

within the study area is controlled by the tectonics of the 

region and one can identify three different litho units,i.e. 

Marwar Basin, Delhi Fold Belt and Banded Gneissic 

Complex. The inversion of the selected profiles helped to 

classify the magnetic sources and  their depths to the top. The 

magnetic data brought out the primary contact of the 

significant lithounits, i.e.Marwar Basin (MB) and Delhi Fold 

Belt (DFB). The connection of MB and DFB is discussed  in 

view of the calculated magnetic interfaces. It is concluded 

that, the geologic contact zones are  structurally controlled 

and respective magnetic sources at depths. 
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ABSTRACT 

Multivariate statistical analysis has been applied to assess the chemical characteristics of high arsenic groundwater from central-southern part of 

Bangladesh. A total of 43 shallow groundwater samples were collected and analyzed. The groundwater is almost neutral. The results of cations and 

anions trends are Na>Ca>Mg>K and HCO3>Cl>SO4>NO3, respectively. Alkalinity has significant positive correlation with Mg, Ca and K, which 

suggest silicate weathering as the major processes of controlling groundwater geochemistry. The significant positive correlation between Na and Cl 

indicates the seawater intrusion into groundwater. R-mode cluster allows variables into four groups. Alkalinity, Mg, K in the first, Ca in the second 

and Na and Cl in the third cluster, indicate silicate weathering, carbonate dissolution and seawater intrusion, respectively. R-mode factor analysis 

allows variables into four components having eigen values more than 1 which represent 72.5% of total variances. Component 1 is positively loaded 

with K, Mg, P and Alkalinity suggesting the silicate weathering. Component 2 positively loaded with Na and Cl, suggests seawater influences into 

groundwater. Component 3 positively loaded with Ca, suggest the carbonate dissolution. The Q-mode cluster analysis indicates that the as shows 

highest concentrations with highest Fe concentrations and lowest Mn concentration, suggesting the relatively high anoxic conditions of aquifer.  

Key words: Arsenic, Weathering; Dissolution; Principal component analysis (PCA); Hierarchical cluster analysis (HCA), Bangladesh 

INTRODUCTION 

Bangladesh is rich in surface and groundwater. The 

microbiological contamination of surface water cause 

diarrhea among  infant; people depend on groundwater for 

drinking purposes (Mukherjee and Bhattacharya, 2001). 

Since 1960s, UNICEF installed about 4.5 million shallow 

tube well in Bangladesh to provide pure drinking water 

(Black, 1990). After several decades of abstraction, in 1993s 

the groundwater was chemically tested after observing skin 

liaison, and As was detected (Chowdhury et al., 1999a). 

There are several anthropogenic (i,e, wooden pole treated 

by arsenic, pesticides) and natural sources that are 

responsible for groundwater As contamination, although 

anthropogenic sources are not prominent (Survey and Ltd, 

1999; Welch et al., 2000). The sedimentary succession 

during late quaternary to Holocene having fine silt and clay 

aquifer shows arsenic contaminated groundwater 

(Bhattacharya et al., 1997).  These facies also contain high 

organic matter (Nickson et al., 1998) with arsenic rich 

material (Chowdhury et al., 1999b). 

The geochemical characteristics of As-rich groundwater in 

Bangladesh have been studied by various investigators 

(Nickson et al., 1998; Mukherjee and Bhattacharya, 2001; 

Swartz et al., 2004). The primary focus of those studies was 

to explore the sources and mechanisms of arsenic release 

into groundwater. To reveal the understanding of As release 

mechanisms and sources, the investigators have analyzed 

the geochemical properties of As-rich groundwater using 

dissolution ratios of different elements. These studies 

primarily focused on dissolution properties, ratios of 

different elements and some conventional statistical 

methods. Such methods are widely used to identify the 

geochemical processes in aquifers (Kumar et al., 2006; 

Nasher and Ahmed, 2021). There are several suggestions 

regarding As release mechanisms; Fe-oxyhydroxide 

reduction (McArthur et al., 2001; Ravenscroft et al., 2005); 

pyrite oxidation (Chowdhury et al., 1999b); entry of new 

organic carbon for Fe-oxyhydroxides reduction (Harvey et 

al., 2002) and silicate weathering (Akai et al., 2004; 

Shamsudduha et al., 2008) etc.  

Multivariate statistical analysis is widely used to study the 

geochemical properties of groundwater.   Factor analysis 

(FA) and Hierarchical Cluster Analysis (HCA)  have been 

used by various researchers to know the geochemical 

process in aquifers (Etikala et al., 2019; Igibah and Tanko, 

2019; Paul et al., 2019;  Umarani et al., 2019; Awomeso et 

al., 2020; Chai et al., 2020; Elumalai et al., 2020; Nguyen et 

al., 2020; Panghal and Bhateria, 2020; Ravish et al., 2020; 

Saleh et al., 2020; Xiang et al., 2020; Farzaneh et al., 2021; 

Hui et al., 2021; Kale et al., 2021; Sheikhi et al., 2021; Silva 

et al., 2021; Zahra et al., 2021). These methods have also 

been used for hydrogeochemical investigations in various 

regions of Bangladesh (i.e.Molla et al., 2015;  Bhuiyan et 

al., 2016; Islam et al., 2018a,b; Bodrud-Doza et al., 2019; ). 

The high as groundwater (As concentration more than 10 

ppb) is considered for the present study. The main objective 

of this study is to classify the geochemical processes in high 

as groundwater. Factor Analysis (FA) and Hierarchical 

Cluster Analysis (HCA) have been used in the analysis of 

hydro chemical data studying the hydrogeochemical 
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characteristics of groundwater. Both R-mode and Q-mode 

FA and HCA are applied in this study.   

STUDY AREA 

The study is confined to Munshiganj district, located in the 

central southern part of Bangladesh (Figure 1). Munshiganj 

is situated on the mighty Padma River, 30 km away from 

the capital of Bangladesh, Dhaka. The subsurface geology 

of Munshiganj has been studied by Harvey et al. (2002). 

They found a 100 m of aquifer grey sand (Holocene aquifer) 

below 3 m surficial clay. A 40 m Pleistocene aquiterd is 

located below the Holocene aquifer.  The aquitered is 

characterized by marine clay with deep burnt-orange sandy 

aquifer. This aquifer composed of quartz and feldspar 

(about 85% by weight).    

METHODOLOGY  

Forty-three hand held tube well water have been collected 

randomly from the study area. pH was measured on site 

using portable meter (PH-6011A CUSTOM). The samples 

were filtered by 0.45µm cellulose membrane filter and 

stored in an acid washed 1L polyethylene bottles. The 

samples were stored in ice state to reduce any biological and 

chemical transformation. Alkalinity was measured by 

titration with 0.02N sulfuric acid to 4.8 pH and ionic 

balance. The anions have been measured by HPLC (Hitachi 

LaChrome). The cations (Ca, Mg, Na and K) are measured 

by AAS (Hitach Z-2010) from acidified aliquots. Sr has 

been used as suppressor for cation measurement. Similarly, 

the concentrations of Fe, Mn, Ba, Sr, Si, S and P are 

measured by ICP-OES (SP-100) and arsenic concentrations 

by hydride generator HYD-10 linked with AAS.  

Multivariate statistical approaches are the best technique for 

interpreting hydrochemical properties with multiple 

constituents (Eljamassi and El Amassi, 2016). Multivariate 

statistics techniques have been employed to determine the 

distinct hydrochemical groups. Factor analysis (FA) and 

cluster analysis (CA), both multivariate statistical 

techniques, have been widely used to resolve hydrochemical 

components (Locsey and Cox, 2003) and identifying 

geochemical controls (Alberto et al., 2001). 

 

 

Figure 1. Map of the study area in Munshiganj district of Bangladesh, showing the surficial geology.  



J. Ind. Geophys. Union, 26(3) (2022), 182-194           N. M. Refat Nasher and Sharmin Zaman Emon                                                                                                             

184 

RESULTS AND DISCUSSIONS 

The statistical summary for all the parameters is presented 

in Table 1. This data are similar to those of previous studies      

(Nickson et al., 2000; Anawar et al., 2003; Swartz et al., 

2004 ; Shamsudduha et al., 2008; Terakado et al., 2015; 

Asagoe et al., 2017).  The data that have been used in this 

study are  given  in Nasher and Terakado (2019).  Arsenic 

concentrations above 10 ppb have been used in the present 

study.  The range of pH is very low (6.92 to 7.24). The 

groundwater is near neutral in the study area. Alkalinity is 

relatively high; up to 1195 meq/L. Average sodium (Na) 

concentration is 89.93 ppm.  A few numbers of samples 

contain relatively high Na concentrations which indicate the 

seawater influence to groundwater.  Average potassium (K) 

concentration is 4.65 ppm. Magnesium (Mg) concentrations 

reached up to 49.34 ppm, and the average concentration is 

33.42 ppm. Calcium (Ca) concentrations are relatively high 

in the study area. The highest Ca concentration is 143.38 

ppm, and average concentration is 80.42 ppm.  Average 

manganese (Mn) concentration is 0.78 ppm. Iron (Fe) 

concentrations reached up to 13.39 ppm. Arsenic (As) 

concentrations are relatively very high up to 711 ppb. 

Average As concentration is 192.64 ppb. Chloride (Cl) 

concentrations are relatively high for few samples. These 

samples indicated the seawater influences into groundwater. 

Average Cl concentration is 102 ppm. Nitrate (NO3) 

concentrations are relatively low. Few samples contain 

relatively high sulphate (SO4) concentration, whereas most 

of the samples show bellow detection level. Average 

concentrations of Barium (Ba), Strontium (Sr), Silicon (Si), 

Sulphur (S) and phosphate (p) are 0.16 ppm, 0.45 ppm, 

14.31 ppm, 0.074 ppm and 1.25 ppm, respectively.  

Table 2 represents the correlations matrix among the 

groundwater chemical parameters. pH, NO3 and SO4 have 

not been considered for correlation analysis due to a smaller 

number of observations. K, Mg and Ca show significant 

positive correlation with alkalinity. Na presents significant 

positive correlation with Cl. K shows significant positive 

correlation with Mg whereas significant negative correlation 

with Mn. Ca shows significant positive correlation with Sr. 

Mn denotes significant positive correlation with Cl whereas 

significant negative correlation with Fe. Fe shows 

significant positive correlation with Ba. Arsenic shows no 

significant correlations with other components. Figure 2 

represents the scatter-matrix among the groundwater 

parameters 

 

 

Table 1.  Statistical summary of groundwater chemical parameters (Nasher and Terakado, 2019). 

 

N Minimum Maximum Mean 

Std. 

Deviation Variance Skewness Kurtosis 

pH 6 6.92 7.24 7.0950 0.13050 0.017 -0.290 -2.068 

Alkalinity 27 4.12 11.95 8.1212 1.90766 3.639 0.106 -0.510 

Na 27 13.80 401.14 89.9309 96.33244 9279.939 1.991 3.708 

K 27 0.84 8.84 4.6586 2.01722 4.069 -0.249 -0.474 

Mg 27 19.07 49.34 33.4250 8.08082 65.300 -0.063 -0.799 

Ca 27 44.25 143.38 80.4283 25.90714 671.180 0.807 0.462 

Mn 27 0.08 2.85 0.7782 0.81031 0.657 1.314 0.633 

Fe 27 0.03 13.39 5.9811 3.68064 13.547 0.032 -0.677 

As 27 12.37 711.16 192.6377 169.35299 28680.435 1.520 2.355 

Cl 27 4.96 582.80 102.0098 162.02003 26250.491 2.116 3.447 

NO3 6 0.11 2.70 0.6025 1.02788 1.057 2.436 5.951 

SO4 6 0.17 40.10 8.9894 15.63400 244.422 2.196 4.940 

Ba 27 0.03 0.33 0.1602 0.08084 0.007 0.233 -0.670 

Sr 27 0.242 0.758 0.45136 0.117691 0.014 0.524 0.599 

Si 27 7.14 31.11 14.3142 5.62566 31.648 1.647 2.389 

S 27 0.02 0.76 0.0738 0.14293 0.020 4.685 23.013 

P 27 0.14 4.57 1.2568 1.01022 1.021 1.697 3.746 

.  
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Figure 2. Scatter matrix for groundwater chemical parameters from the studied area in Munshiganj district of Bangladesh.  

 

Table 2. Correlation matrix of Pearson’s correlation of coefficient. 

  pH Alkalinity Na K Mg Ca Mn Fe As Cl NO3 SO4 Ba Sr Si S P 

pH 1                                 

Alkalinity -0.437 1                               

Na -0.61 -0.115 1                             

K 0.213 .528** -

0.156 
1                           

Mg -0.306 .552** 0.027 .768** 1                         

Ca 0.091 .505** -

0.026 

0.167 0.343 1                       

Mn -0.511 -0.28 .499** -

.719** 

-

0.362 
0.067 1                     

Fe 0.521 0.3 -

0.328 
.423* 0.313 0.321 -

.585** 
1                   

As .948** 0.247 -

.404* 
0.223 -

0.065 
.419* -

0.292 
0.317 1                 

Cl -0.45 -0.284 .942** -

0.188 
0.047 0.108 .519** -0.26 -0.35 1               

NO3 .b -0.368 .982** 0.23 0.227 -

0.471 
.965** -

0.522 

-

0.689 
.984** 1             

SO4 .b -0.154 -

0.332 
0.123 0.307 0.238 -

0.288 
0.307 0.512 -

0.227 

-

0.252 
1           

Ba 0.151 0.246 -

0.045 
.429* .398* 0.12 -

0.299 
.571** 0.078 -

0.039 

-

0.671 
0.507 1         

Sr -0.003 .406* 0.289 0.211 0.378 .674** 0.126 0.205 0.09 0.348 0.151 -

0.092 
0.141 1       

Si -.935** -0.183 -

0.202 

-

0.199 

-

0.222 

-

.381* 

-

0.002 

-

0.155 

-

0.123 

-

0.246 

-

0.432 

-

0.172 

-

0.187 

-

0.328 
1     

S 0.095 0 -

0.042 
0.13 0.185 0.017 -

0.177 
0.203 0.036 -0.02 -0.05 .996** 0.365 -

0.149 

-

0.128 
1   

P 0.033 0.212 -0.32 .453* 0.184 -

0.196 

-

.584** 
0.298 -

0.083 

-

.398* 

-

0.525 
0.108 0.307 -

0.274 
0.069 0.081 1 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

b. Cannot be computed because at least one of the variables is constant. 
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Figure 3.  Scree plot showing eigen values. 

 

Figure 4. Component plot in rotate space for groundwater geochemical parameters. 
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Table 3. Factor analysis of groundwater parameters 

Component 

Initial Eigenvalues Extraction sums of squared loadings Rotation sums of squared loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 4.21 30.11 30.11 4.216 30.11 30.11 3.02 21.57 21.57 

2 2.93 20.97 51.08 2.93 20.97 51.08 2.75 19.64 41.21 

3 1.75 12.56 63.65 1.75 12.56 63.65 2.67 19.11 60.33 

4 1.23 8.85 72.50 1.23 8.85 72.50 1.70 12.17 72.50 

5 .77 5.55 78.05       

6 .76 5.47 83.53       

7 .64 4.58 88.11       

8 .48 3.48 91.59       

9 .43 3.09 94.69       

10 .31 2.26 96.95       

11 .26 1.88 98.83       

12 .10 .74 99.58       

13 .05 .41 100.00       

14 3.84E-5 .00 100.00       

Extraction Method: Principal Component Analysis. 

 

Factor Analysis (FA) 

Table 3 represents the results of factor analysis using 

principal components and varimax rotation (Gotelli and 

Ellison, 2004). The Kaiser criterion has been applied for 

principal component analysis (Kaiser, 1960), thus the 

eigenvalues greater than 1 have been included for factor 

analysis. The positive and negative score in PCA indicate 

the significant control of water quality by that parameter 

(Bhuiyan et al., 2010).  The scree plot shows the structures 

of the factors (Figure 3). Four components have been 

accounted from R-mode factor analysis. The component 

plot of rotated space is presented in Figure 4.  These four 

components comprise for 72.5% of the total variance in the 

hydrochemistry in the present study. The loaded elements in 

the first component  generally control the hydrochemistry of 

the groundwater (Yidana et al., 2010). The first component 

accounted for 30.1% of total variance and eigenvalue of 4.2. 

Alkalinity, K, Fe and Mg have positively loaded for 

component 1. Component 2 accounts for 20.9% of total 

variance with eigenvalue of 2.9. Highly positive loading 

elements are Sr, Na, Cl and Ca. There is no highly loading 

element for component 3 which accounts for 12.5% of the 

total variables with 1.76 eigenvalue. Sulfur is highly loaded 

element in component 4. This factor accounts for 8.85% of 

the total variance with 1.24 eigenvalue.     

The four components resulted from the R-mode factor 

analysis presented in Table 4. K, alkalinity, Fe, and Mg are 

positively correlated in component 1. Alkalinity and Fe 

have different sources in Bangladesh groundwater (Nasher 

and Terakado, 2019). The sources of alkalinity are 

carbonate weathering, reverse ion exchange or from 

microbial activities (Bahar and Reza, 2010). The sources of 

Fe in groundwater are reduction of Fe-oxyhydroxides ( 

Nickson et al., 2000; Anawar et al., 2002) .   Component 

one represents the silicate weathering in the aquifers 

(Mackenzie and Garrels, 1965; Stallard and Edmond, 1983; 

Datta and Tyagi, 1996; Nosrati and Van Den Eeckhaut, 

2012; Nasher and Ahmed, 2021) ). The second component 

correlates positively with Sr, Na, Cl and Ca. This is the 

mixed processes, probably represents the seawater 

influences (Cloutier et al., 2006) and/or anthropogenic 

pollution into groundwater (Yidana, 2010). The strong 

positive significant correlation suggests seawater intrusion. 

The excess Na over Cl concentrations probably come from 

silicate weathering (Stallard  and Edmond, 1983; Meybeck, 

1987; Selvam et al., 2016) and the concentrations of Cl over 

Na probably introduce by anthropogenic imputes (Jiang et 

al., 2009; Valdes et al., 2007) or by cation exchanges 

processes (Kumar, 2014; Yidana, 2010). The result of Q-

mode factor analysis presented in Table 5.   
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Table 4. Extracted components from factor analysis. 

 

 

Component 

1 2 3 4 

K .821 .122 .270 -.265 

Mn -.785 .373 -.143 .061 

Fe .733 .027 -.022 .317 

Alkalinity .651 .313 -.191 -.356 

Mg .644 .421 .322 -.286 

Ba .579 .151 .387 .386 

P .520 -.434 .392 -.210 

Sr .212 .802 -.235 -.156 

Cl -.491 .712 .372 .080 

Na -.484 .660 .439 -.045 

Ca .374 .644 -.516 .080 

Si -.213 -.541 -.001 -.282 

As .418 -.043 -.669 .295 

S .253 -.015 .349 .676 

Extraction Method: Principal Component Analysis. 

 

Table 5. Q-mode factor analysis. 

 

Component 

1 2 3 4 

Sample 1 .969 .220 -.087 .028 

Sample 2 .944 .280 -.128 -.113 

Sample 3 .982 -.177 .019 .051 

Sample 4 .463 .575 .567 .363 

Sample 5 .509 .406 .724 .208 

Sample 6 .926 -.371 -.043 .044 

Sample 7 .986 .053 -.128 .084 

Sample 8 .971 .020 -.169 .165 

Sample 9 .924 -.364 -.101 .058 

Sample 10 .281 .896 -.340 -.014 

Sample 11 .934 -.344 .002 .066 

Sample 12 .522 .791 -.174 .264 

Sample 13 .901 -.398 -.161 .050 

Sample 14 .964 -.152 .161 .138 

Sample 15 .360 .855 -.359 .097 

Sample 16 .417 .847 -.325 .048 

Sample 17 .732 .291 .585 -.143 

Sample 18 .961 -.271 .006 -.044 

Sample 19 .836 .184 .387 -.329 

Sample 20 .734 .475 -.018 -.482 

Sample 21 .870 .437 -.203 -.093 

Sample 22 .869 .322 .207 -.274 

Sample 23 .927 -.343 .071 .017 

Sample 24 .925 -.359 .055 .028 

Sample 25 .867 -.459 -.194 .023 

Sample 26 .910 -.392 -.131 .026 

Sample 27 .885 -.431 -.177 .001 

Extraction Method: Principal Component Analysis. 
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Hierarchical Cluster Analysis (HCA) 

The Hierarchical Cluster Analysis (HCA) is widely 

employed  in earth science for clustering cases or variables 

(Davis and Sampson, 1986), specifically hydrogeochemical 

data clustering (Güler et al., 2002). Ward’s cluster methods 

have been used for HCA in this study. Ward’s method 

resulted the best combination for clustering in HCA for 

hydro-chemical data (Cloutier et al., 2008). The Q-mode 

HCA is used to classify the samples into different groups. 

The resulted dendrogram visually represents six classes 

from 27 samples (Figure 5). The basic statistical summary 

presents in Table 6. Cluster 1 and 2 include the samples 23, 

24, 14, 11, 18, 7, 8, 3, 6 and samples 5, 17, 4, 1, 2, 19, 22, 

20, respectively. The mean for most of the parameters of 

these two clusters are almost similar. Therefore, the 

geochemical properties of these two clusters are also 

similar. The chemical properties suggest a combination of 

various geochemical processes instead of single processes 

controlling the geochemistry of groundwater. Cluster 3 

(sample 12 and 21) has moderate Na, Cl and Ca 

concentrations. Such moderate cation concentrations 

suggest the silicate weathering. Cluster 4 (sample 25, 26, 9, 

27) has the highest As and Fe concentrations with lowest 

Mn concentration. Fe and Mn have insignificant correlation 

with As. Such conditions probably suggest the relatively 

high reducing conditions in the aquifer, where the Fe-

oxyhydroxides have been started to dissolute and release Fe 

and As into groundwater (Nickson et al., 2000). Cluster 5 

has only one sample (sample 13). This sample contains 

highest As concentrations which is probably an outlier. 

Cluster 6 (sample 15, 16, 10) has the highest mean for Na 

and Cl concentration. This cluster of samples is influenced 

by seawater intrusion.    
 

 

Figure 5. Q-mode Hierarchical cluster analysis showing four separate clusters of geochemical parameters. 
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Table 6. Q-mode cluster analysis of geochemical parameters. 

  

Minimum Maximum Mean Std. Deviation 

clust

er1 

clus

ter 2 

clust

er 3 

clust

er 4 

clust

er 6 

clust

er 1 

clust

er 2 

clust

er 3 

clust

er 4 

clust

er 6 

clust

er1 

clus

ter 2 

clust

er 3 

clust

er 4 

clust

er 6 

clus

ter 1 

clus

ter 2 

clust

er 3 

clus

ter 4 

clus

ter 6 

pH 6.98 6.92 
  

7.18 
  

7.05 6.92 
  

7.24 
  

7.02 6.92 
  

7.21 
  

0.05 . 
  

0.03 
  

Alkali

nity 

5.85 6.09 8.67 5.75 4.12 10.7

6 

11.9

5 

10.5

4 

10.0

7 

7.28 8.00 8.42 9.60 7.85 6.10 1.34 2.11 1.32 2.27 1.73 

Na 20.5

8 

24.8

8 

151.

60 

13.8

0 

281.

17 

76.9

0 

147.

69 

170.

50 

42.9

3 

401.

14 

40.9

9 

76.2

1 

161.

05 

28.5

5 

324.

11 

21.2

0 

42.9

5 

13.3

6 

12.6

6 

66.8

6 

K 1.89 1.16 4.68 3.16 0.84 6.92 8.84 6.27 6.52 7.14 5.17 4.21 5.47 4.83 3.11 1.70 2.29 1.13 1.38 3.49 

Mg 19.0

7 

22.8

3 

35.8

2 

20.2

5 

24.0

2 

41.6

9 

49.3

4 

46.6

0 

38.9

7 

42.5

2 

35.9

2 

30.8

6 

41.2

1 

30.8

7 

31.1

1 

6.78 9.32 7.62 8.01 9.98 

Ca 52.3

7 

44.2

5 

86.6

3 

47.3

7 

57.3

1 

106.

21 

103.

04 

140.

12 

108.

40 

86.9

8 

78.9

5 

67.7

7 

113.

37 

81.1

8 

74.6

7 

18.5

1 

19.7

0 

37.8

3 

29.1

4 

15.4

6 

 

 

0.08 0.11 0.65 0.21 0.72 1.63 2.34 1.56 0.65 2.85 0.47 0.81 1.11 0.37 1.96 0.53 0.92 0.65 0.20 1.11 

Fe 0.75 0.03 3.30 3.69 0.77 13.3

9 

12.6

4 

7.78 9.91 8.56 6.62 4.97 5.54 7.91 3.75 3.57 4.37 3.16 2.86 4.21 

As 140.

83 

12.3

7 

82.9

0 

336.

34 

13.0

8 

268.

39 

125.

47 

187.

21 

507.

25 

76.6

9 

198.

28 

69.8

4 

135.

06 

431.

53 

50.1

9 

46.3

4 

45.3

2 

73.7

6 

83.5

1 

33.1

0 

Cl 4.96 9.01 162.

05 

5.22 432.

19 

114.

79 

74.4

9 

318.

40 

27.4

4 

582.

80 

35.7

4 

40.3

1 

240.

22 

15.6

2 

509.

45 

41.5

0 

26.1

0 

110.

55 

10.3

0 

75.3

8 

NO3 0.15 0.11 
    

2.70 0.24 0.19 
    

2.70 0.21 0.15 
    

2.70 0.05 0.05 
    

. 

SO4 0.23 0.17 

    

4.12 40.1

0 

9.05 

    

4.12 20.1

7 

3.16 

    

4.12 28.1

9 

5.10 

    

. 

Ba 0.03 0.03 0.06 0.06 0.12 0.33 0.29 0.12 0.19 0.24 0.18 0.16 0.09 0.15 0.17 0.09 0.10 0.04 0.06 0.06 

Sr 0.31 0.24 0.66 0.28 0.44 0.57 0.56 0.76 0.51 0.55 0.44 0.40 0.71 0.40 0.49 0.09 0.10 0.07 0.10 0.06 

Si 8.38 11.3

0 

10.9

5 

10.3

5 

10.6

6 

25.8

7 

31.1

1 

10.9

8 

19.0

3 

13.0

6 

14.6

6 

16.0

3 

10.9

6 

15.4

9 

11.7

5 

6.37 6.82 0.02 3.91 1.21 

S 0.03 0.02 0.04 0.02 0.03 0.76 0.18 0.06 0.05 0.16 0.12 0.05 0.05 0.04 0.08 0.24 0.05 0.01 0.01 0.07 

P 0.27 0.20 0.14 0.84 0.17 2.36 4.57 1.22 1.72 0.75 1.24 1.81 0.68 1.27 0.43 0.66 1.52 0.76 0.43 0.30 

 

 

Figure 6. R-mode cluster analysis separating the total 27 samples into six different groups. 
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The R-mode cluster analysis is used to classify variables 

into possible similar groups. There are four groups that are 

identified by R-mode HCA (Figure 6). The first cluster is 

highly correlated with Ba, S, Sr, Mn, P, K, Fe, Alkalinity, Si 

and Mg. This group is probably corresponding to the 

component 1, although Mn shows highly negative loading 

in factor 1 and Sr shows high positive loading in component 

2. This cluster is probably associated with silicate 

weathering (Mackenzie and Garrels, 1965). The second 

cluster have only one element; Ca. The primary source of 

Ca in groundwater is carbonate weathering (Nasher and 

Ahmed, 2021). Cluster 3 comprises with Na and Cl. 

Combination of different geochemical processes with 

anthropogenic imputes. 

CONCLUSIONS 

The chemical properties of arsenic-rich groundwater are 

controlled by various geochemical processes. Silicate 

weathering, carbonate dissolution, seawater intrusion, ion 

exchange are the prominent geochemical processes in high-

As groundwater. Arsenic does not load significantly from 

any of four components from factor analysis. Although, 

arsenic is loaded with K, Fe alkalinity and Mg. The R-mode 

cluster analysis represents six clusters where arsenic showed 

highest concentration with Fe concentration. Arsenic is 

linked with high alkalinity and Fe concentrations. The Fe-

oxyhydroxides reduction control Fe and As concentrations 

in the study area. The nitrate and sulfates are also important 

in As-rich groundwater study; however, these two are 

excluded in FA and HCA. Q-mode cluster analysis showed 

four major groups of geochemical processes. The first two 

groups indicated combination of various geochemical 

processes. The third group specified the silicate weathering 

of the groundwater aquifers. The forth group showed higher 

concentration of As and Fe. Such relatively high 

concentrations of As and Fe suggest reducing condition of 

the aquifers which controlled the dissolved arsenic in the 

study area.          
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ABSTRACT 

Active Microwave Remote Sensing (MWRS) is used to monitor the ecological imbalances in the lake. The MWRS uses the C- band Synthetic 

Aperture Radar (SAR) sensor to transmit a vertically polarized signal and either receive it in vertically or horizontally polarized (VV or VH) form. 

The SAR sensor records the interaction of its transmitted signal with surface water in the form of the backscattering coefficient (σ0), which is the 

monitoring parameter. In the present work, 14 distinct surface water of lakes are monitored with the SAR data from Sentinel –1. All downloaded 

Sentinel–1 SAR datasets are for the post-monsoon month i.e., October 2021.  Pre-processing and image processing of the Sentinel–1 SAR dataset 

were performed for the retrieval of the maximum, minimum, and mean σ0 values in VV and VH polarization for the distinct lakes. The comparative 

study of maximum and minimum σ0 for the VV and VH polarization shows that the VV polarization mode is more sensitive to surface water changes. 

The maximum and minimum mean σ0 values in the VV polarization mode among the distinct lakes are found to be -17.08 dB and -24.18 dB, 

respectively. The present work analyzes the σ0 values for these lakes and provides a new light on the causes in their fluctuations.  

Keywords: Microwave Remote Sensing (MWRS), Backscattering coefficient, C–band, Lakes, SAR imagery, Sentinel–1. 

INTRODUCTION 

The existence of human civilization has always been greatly 

dependent on the surface water bodies that surround it. The 

lake, forming water bodies influence the climate in its area 

and plays an important role in maintaining and balancing its 

ecosystem. Measures to protect the lakes and our natural 

resources are of prime concern. To keep our lakes healthy 

and unpolluted by natural and human activities, it is 

important to monitor them (Balasubramanian, 2013).  

 Active microwave remote sensing (MWRS) is widely used 

to monitor the earth’s surface as it provides data day and 

night and in all weather conditions. The Synthetic Aperture 

Radar (SAR) mounted on spacecraft or aircraft is a 

significant tool in active microwave remote sensing. The 

SAR sensor transmits a vertically polarized signal and either 

receives it in vertically or horizontally (VV or VH) 

polarized form. The SAR sensor records the interaction of 

its transmitted signal with earth terrain in terms of the 

backscattering coefficient. The parameter to be ‘monitor’ is 

the backscattering coefficient, also known as sigma0 (σ0).  

The backscattering coefficient (σ0) is a dimensionless 

quantity representing the radar cross-section (m2) of a given 

pixel on the ground per unit physical area of that pixel (m2) 

and expressed in decibels dB (Ulaby et al., 1986). The 

backscattering coefficient σ0 depends upon the sensor 

property that is the frequency, the polarization state, the 

angles of incidence of the transmitted signal, and the surface 

properties, that is the complex dielectric constant of the 

target (water in the present case) and the surface roughness.  

The detection and seasonal monitoring of the backscattering 

coefficient of various terrain entities such as soil, urban and 

rural area vegetation, lakes and wetlands, etc., for C-band 

microwave frequency has been carried out by various 

researchers (Guccione et. al., 2016; Huang et al., 2018; 

Carreño Conde and De Mata Muñoz, 2019; Chen et al., 

2020; Desai et. al., 2020; Barasa and Wanyama, 2020; 

Abazaj  and Hasko, 2020; Kumar, 2021). Instead of 

monitoring a lake over a seasonal period, a novel attempt is 

made in the present study to monitor the backscattering 

coefficient of the 14 distinct lakes for a specific period i.e., 

in the post-monsoon month of October 2021 using the C-

band Sentinel-1 data.  

      From the classification methods of lakes, lakes are 

classified as freshwater, brackish, or saline lakes based on 

their water chemistry (salinity). The exchange between 

geological forces and climate leads to natural lakes. Most of 

the natural lakes are in the mountains of northern-eastern 

India. The glacial precipitation provides an adequate supply 

of water to overcome evaporative and seepage losses and 

keep the water in the lake year-round. Natural and 

freshwater lakes are with a low concentration of dissolved 

salt and other minerals. The concentration of dissolved salts 

and minerals is significantly high in the saline/Salt Lake. 

The concentration of dissolved salt in brackish lakes is in 

between freshwater and saline lakes. Artificial lakes are 

man-made lakes primarily built for industrial use and 

hydroelectric power generation (Bhateria and Jain, 2016). 
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The lakes in the present study are categorized as saline/brine 

lakes, brackish lakes, natural and fresh water lakes, and 

artificial lakes (Reddy and Char, 2004; Bhateria and Jain, 

2016). The present study aims to  (i) process Sentinel – 1 

SAR dataset for retrieval of the backscattering coefficient 

sigma0 in VV and VH polarization for the distinct lakes 

during the post-monsoon month i.e., October 2021, (ii)  

make comparative study of the backscattering coefficient σ0 

in VV and VH polarization mode, (iii) interpret the 

backscattering coefficient σ0 in VV polarization mode for 

distinct lake types, and (iv) analyse the possible causes of 

the fluctuation of the backscattering coefficient σ0 in the 

VV polarization mode.  

METHODOLOGY 

The Study Area 

The 14 lakes selected for this study are Chilika Lake, 

Pangong Tso Lake, Pulicat lake, Sambhar Salt Lake, 

Nainital Lake, Loktak lake, Govind Ballabh Pant Sagar 

Lake, Bhopal Upper Lake, Wular Lake, Pichola Lake, Tso 

Moriri Lake, Lonar Lake, Manasarovar Lake, and Stanely 

Reservoir. The Chilika lake, stretches to three districts of 

Odisha, India i.e., Puri on the East, Khurda on the North, 

and Ganjam on the South. One-third of the Pangong Lake 

lies in Leh district of Lakadh and rest two-thirds, in China. 

At the border of the states of Andhra Pradesh and Tamil 

Nadu, lies Pulicat lake. The Sambhar Salt Lake and Pichola 

Lake are respectively situated in Jaipur district and Udaipur 

district of Rajasthan. Lake Nainital (also called Lake Naini) 

is located in the Nainital district of the Uttarakhand state. 

Loktak lake is located in Moirang Manipur.  Govind 

Ballabh Pant Sagar is located in the Sonbhadra district of 

Uttar Pradesh, while Bhojtal, also known as Bhopal Upper 

Lake, is located in the capital city Bhopal in Madhya 

Pradesh. Wular lake is located in the Bandipora district of 

Jammu and Kashmir and lake Tso Moriri is located in the 

Changthang region of Ladakh. Lonar Lake is located in the 

Buldhana district of Maharashtra. Manasarovar Lake (also 

known as mTsho Mapham) is located near Mount Kailash in 

Burang country, Ngari Prefecture, Tibetan Autonomous 

Region. Similary, the Stanley  reservoir is located in the 

Salem district of the state of Tamil Nadu. The type of lake, 

coordinates, lake surface area and surface elevation of these 

lakes are given in Table 1, the pictorial representation of 

these lakes is shown in Figure 1 (Google map).

 

 

Figure 1. Pictorial representation of various studied lakes (Source: Google Map) 

https://en.wikipedia.org/wiki/Moirang
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Data Acquisition  

The European Commission’s Earth observation programme, 

Copernicus, provides comprehensive information of the 

Earth’s environment and security; using the Copernicus 

satellites and that from the ground, air, and sea-based 

measuring systems. Sentinel -1 is the first of the seven 

Copernicus satellite missions that the European Space 

Agency (ESA) is developing. 

The Sentinel -1 is composed of a set of two identical C-band 

synthetic-aperture radar imagery satellites sharing the same 

orbital plane with 180˚ orbital phasing difference, providing 

Earth’s surface images in all-weather conditions, day and 

night. Each Sentinel – 1 satellite is in a near-polar (98.18˚) 

Sun – Synchronous orbit at 693 km (431 mi) altitude with a 

12- day repeat cycle and 175 orbits per cycle. The Sentinel 

– 1 operates in four exclusive acquisition modes, namely 

Stripmap (SM), Interferometric Wide Swath (IW), Extra-

Wide Swath (EW), and Wave (WV).  

In the present study, the acquisition of data product is done 

in Interferometric Wide Swath (IW) mode, as IW aims to 

study and monitor land cover. Interferometric Wide (IW) 

Swath maps global land cover once every 12 days and 

provides a swath of coverage of 250 km, with a spatial 

resolution of 5 x 5 meters. 

The data product is available with single or double 

polarization i.e. (HH or VV) or (HH + HV or VV + VH). A 

total of 14 data products are downloaded from the 

Copernicus Open Access Hub [scihub.copernicus.eu]. The 

data product downloaded is the Interferometric Wide Swath 

(IW) mode Level – 1 Ground Range Detected (GRD) mode 

for October 2021, which is the post-monsoon period in 

India. Ground Range Detection (GRD) Level – 1 data with a 

multi-looked intensity only (systematically distributed) are 

given in Table 2. 

Pre-processing 

The Sentinel Application Platform (SNAP), is a common 

architecture for all Sentinel toolboxes. The architecture 

developed by Brockmann Consult, Skywatch, Sensar, and 

C-S is ideal for processing and analyzing earth observations. 

The Copernicus programme provides free and open access 

to data acquired by Sentinel satellites. Sentinel–1 GRD 

Synthetic Aperture Radar (SAR) datasets we use in the 

present study require a few correction steps. The pre-

processing i.e., application of standard correction steps to 

Sentinel – 1 GRD data set to extract information from the 

processed data is created within the Sentinel Application 

Platform (SNAP). The processed sentine –1 GRD level–1 

SAR data (image) corresponds to backscatter coefficient σ0, 

the information in which we are interested.  The steps (i) – 

(vi) for pre-processing the data set and image processing 

(Veci, 2016;  Filipponi, 2019; Kumar, 2021) to extract the 

backscatter coefficient σ0 using the Sentinel Application 

Platform (SNAP) is presented in Figure 2 and discussed 

below: 

 
 

Figure 2. Sentinel- Ground Range Detected (GRD) pre-processing and image–processing steps 
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Table 1. Type of lakes, coordinates, lake surface area, and surface elevation of 14 lakes considered in present study 

Lake Type of lake Latitude 

(˚N) 

Longitude 

(˚E) 

Area 

covered 

(km2) 

Elevation 

(m) 

Tso Moriri Brackish 32.9112 78.3159 120 4,522 

Chilika Brackish to Saline 19.8450 85.4788 1100 0 – 2 

Lonar Salt/Saline Lake 19.9758 76.5069 1.13 480 

Pulicate Saline 13.4177 80.3185 759 100 – 1200 

Sambhar Salt Salt to brine 26.9261 75.0962 190 – 230 360 

Pangong Tso Saline  33.7595 78.6674 604 4,225 

Nainital Natural freshwater 29.3869 79.4598 0.5 1,938 

Loktak Natural freshwater 24.5593 93.8147 287 – 500 768.5 

Manasarovar Natural freshwater 30.6615 81.4718 410 4,590 

Wular Freshwater  34.3696 74.5580 30 – 189 1,580 

Pichola lake Freshwater 24.5720 73.6790 6.96 590 

Govind Ballabh Pant Sagar Artificial 24.1426 82.8425 130 265 

Bhojtal Artificial 23.2532 77.3382 31 500 

Stanley reservoir Artificial  11.9034 77.8310 42.5 238 

 

 (i) Apply orbit file 

The first step is to update and restore the orbit file. The orbit 

state vector information in the metadata information of SAR 

products is inaccurate. The precise orbit step provides 

accurate satellite position information and velocity 

information. SNAP is programmed to automatically 

download and update the orbit state vectors for each SAR 

section in its product metadata. The precise orbits state 

vectors are available for each satellite for the SNAP, from a 

few days to months after the product generation.  

(ii) Thermal noise removal 

The disturbance in the intensity of the Sentinel–1 image is 

caused by thermal noise in the cross-polarization channel. 

These thermal noise effects in the image must be removed 

from the inter-sub-swath texture. Performing this step with 

the SNAP toolbox reduces thermal noise effects in the 

Sentinel–1 image and, in particular, normalizes the 

backscatter signal throughout the Sentinel-1 scene. Thus, 

this operational step discards the additional noise from sub-

swaths in multi-swath acquisition modes. 

(iii) Calibration 

In this procedural step, digital SAR data pixel values are 

transformed into equivalent radiometrically calibrated SAR 

backscatter intensity images. The calibration vector 

information within the Sentinel – 1 GRD products uses the 

calibration equation and converts the image intensity values 

to backscatter intensity i.e., σ0. To generate a 

radiometrically calibrated SAR backscatter to the nominally 

horizontal plane. The σ0 specifies the strength related to the 

geometric cross-section of a distributed target. The σ0 

depends on the angle of incidence, wavelength, and 

polarization, including the scattered surface's surface 

properties.  

(iv) Speckle filtering 

Interference caused by waves scattered from the surface 

creates granular noise in the SAR images known as 

speckles. The speckle or spatial filtering step reduces the 

speckles in the image and thereby improves the quality of 

the image.   

(v) Range Doppler terrain correction 

SAR images are distorted due to side-looking geometry and 

shadows caused by the Earth’s surface, and this step 

perform a correction for each SAR pixel. The stage 

overcomes the distortions caused by the earth’s surface. 

SNAP software downloads SRTM 1 sec HGT DEM files to 

convert the data from ground range geometry to σ0. The 

processed image is the best possible real image.  

(vi) Conversion to dB 

The final step converts the unitless backscattering 

coefficient from linear to dB (decibel) using logarithmic 

transformation. The image processing step requires drawing 

the polygon(s) on the lake surface, the statistical 

information is then extracted.  
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Table 2. Data acquisition from Sentinel–1: filename and date 

Sentinel – 1 image ID (S1A_IW_GRDH_1SDV_ pre-fixed) Observation Date 

(DD-MM-YYYY) 

20211001T001344_20211001T001409_039918_04B945_53CE 01-10-2021 

20211021T004257_20211021T004326_040210_04C35B_2DBA 21-10-2021 

       20211023T003148_20211023T003213_040239_04C461_42A6 23-10-2021 

      20211023T130307_20211023T130332_040247_04C4AB_956B 23-10-2021 

20211025T124732_20211025T124757_040276_04C5B5_54FC 25-10-2021 

20211016T233933_20211016T233958_040151_04C153_C8C7 16-10-2021 

20211006T002046_20211006T002111_039991_04BBCD_9E3D 06-10-2021 

20211009T004531_20211009T004556_040035_04BD42_BD24 09-10-2021 

20211018T125657_20211018T125722_040174_04C225_E0BB 18-10-2021 

20211019T010144_20211019T010209_040181_04C262_2C1C 19-10-2021 

20211025T124822_20211025T124847_040276_04C5B5_BA9E 25-10-2021 

20211009T004646_20211009T004711_040035_04BD42_FE0B 09-10-2021 

20211028T003519_20211028T003544_040312_04C6EF_F889 28-10-2021 

       20211028T004044_20211028T004109_040312_04C6EF_AADD 28-10-2021 

 

RESULTS AND DISCUSSION 

Using pre-processing steps (i) to (vi) in the 14 datasets from 

14 lakes and image processing to extract the backscattering 

coefficient σ0 with the Sentinel Application Platform 

(SNAP), discussed under Methodology, the detailed results 

obtained for the Lonar Lake is shown in Figure 3.  The dB 

image in VH and VV polarization mode and the image 

processing of the other 13 lakes are shown in Figure  4 to 

16.  

In the image processing steps, the statistical information is 

extracted from the polygons drawn on the lake surface. The 

pixel value results in the backscattering coefficient σ0. The 

maximum pixel value, the minimum pixel value, and the 

arithmetic mean of all pixel values of the backscatter 

coefficient σ0 were determined from the total number of 

pixels in selected polygons. 

The lake σ0 values were extracted from the created polygon, 

which is arranged to cover the lakebed and not the adjacent 

land and lake. This not only minimizes the speckle effect 

required for the statistical calculation but also reduces the 

uncertainties when covering flat surfaces (Liu, 2016). 

Compared to the maximum and the minimum VH polarized 

σ0 values (Table 3 Column 4 VH and Column 5 VH) to the 

maximum and the minimum VV polarized σ0 values (Table 

3 Column 4 VV and Column 5 VV), VV polarized σ0 has 

low values and widespread variations, which is due to the 

surface scattering effects giving a higher signal on the VV 

channel. This is also shown in Figure 17. Therefore, in the 

present study, VV polarized σ0 values were chosen to 

understand their possible variations.  

      The fluctuations in the backscattering coefficient depend 

on the polarization, angles of incidence, surface roughness, 

and dielectric property of the surface (water). The dielectric 

property, in turn, is a function of salinity. The data for all 

the lakes are recorded for the C-band frequency and at an 

incidence angle of 38.5˚ (Laur et. al., 2020). The surface of 

lakes is considered to be a smooth surface. Since the 

polarization VV, angle of incidence, and frequency 

parameters are well defined, the variation in the σ0 in the 

distinct lakes will be mainly due to changes in the salinity of 

the water.  

Table 3 shows σ0 for the lake type brackish to brine i.e., 

Tso Moriri, Chilika, Lonar, Pulicate, and Sambhar Lakes 

and Pangong Lake. No significant variations are observed in 

the maximum and minimum σ0 values for VV polarization 

in the Lonar and Sambhar lakes. The maximum and 

minimum values for VV polarization of these lakes are -

19.50 dB to -23.41 dB and -21.08 dB to -26.78 dB 

respectively.  However, the maximum and minimum σ0 for 

VV polarization for the Tso Moriri lake, -10.52 dB to -24.83 

dB, Chilika lake, -3.07 to -25.91 dB, Pulicate lake -8.11 dB 

to -25.82 dB and Pangong lake, -12.74 dB to -27.74 dB 

significant variations are observed.  The effective range of 

backscattering coefficient for maximum and minimum 
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values for the VV polarization change for a brackish to 

saline type lake can also be seen in column 6 of Table 3. 

The effective range difference of Lonar and Sambhar Lake 

is low, 3.91 and 5.7 as compared with Tso Moriri, Chilika 

lake, Pulicate lake, and Pangong lake i.e., 14.31, 22.84, 

17.71, and 15, respectively.  The probable reason for 

variations in the maximum and minimum σ0 values for the 

Chilika Lake and Pulicate Lake is an increase in salts and 

minerals in these lakes due to the flooding during the rainy 

season from the Daya and Bhargavi rivers. These lakes are 

located in the eastern part of India near the Bay of Bengal 

Sea, there may be an influx of seawater i.e. saline water into 

these lakes.  The Tso Moriri and Pangong lakes are situated 

in the Himalayan region where salts and minerals from the 

mountains are dissolved with the lake water  (Barik, 2017; 

Barik et al., 2020). The maximum and minimum σ0 values 

for VV polarization for freshwater lake Wular Lake,  -15.28 

dB to -23.52 dB, and  Pichola Lake, -15.51 to -22.61 dB. 

The effective range difference for freshwater lakes, Wular, 

and Pichola lakes is almost similar. For the natural 

freshwater lakes, Loktak and Manasarovar, the maximum 

and minimum σ0 values for VV polarization are -8.99 dB to 

-23.09 dB and -8.45 dB to -27.67 dB respectively. The 

effective range difference is 14.1 and 19.22 respectively.  

For the artificial water lakes, Govind Ballabh Pant Sagar, 

Bhojtal Lake, and Stanley Reservoir, maximum and 

minimum σ0 values for VV polarization are -13.06 dB to -

27.88 dB, -12.10 dB to -24.36 dB, and   -16.83 to -24.60 

respectively. The effective range difference is 14.82, 12.26, 

and 7.77 respectively.  

 

Figure 3. Pre-processing and image processing of Lonar Lake, image after application of the orbit file in (a) VH polarization mode, 

(b) VV polarization mode; speckled filtered and calibrated image, (c) VH polarization mode, (d) VV polarization mode; Terrian 

corrected image, (e) VH polarization mode, (f) VV polarization mode; Conversion of linear to dB, (g) VH polarization mode, (h) VV 

polarization mode; Selection of the region to determine the required statistics, (i) VH polarization mode, (j) VV polarization mode, 

(k) RGB image, and (l) KMZ Google Earth image. 
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Table 3. The mean, maximum, and minimum backscattering coefficient values of lakes 

 

 

 
Figure 4. Chilika Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 5. Pangong Tso Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 

selecting the area to determine the required statistics, and (d) RGB image 

                              Lake type 

(2) 

Mean σ0 

(3) 

Maximum σ0 

(4) 

Minimum σ0 

(5) 

Difference -  

effective range 

(6) 

 VH VV VH VV VH VV VH VV 

Tso Moriri Brackish -25.55 -19.42 -20.21 -10.52 -28.81 -24.83 8.6 14.31 

Chilika Brackish to  

Saline 

-24.18 -20.18 -8.53 -3.07 -27.81 -25.91 19.28 22.84 

Lonar Saline Lake -23.82 -21.44 -22.00 -19.50 -25.96 -23.41 3.96 3.91 

Pulicate Saline -24.08 -21.46 -17.54 -8.11 -27.25 -25.82 9.71 17.71 

Sambhar Salt to brine -24.98 -24.18 -19.18 -21.08 -27.20 -26.78 8.02 5.7 

Pangong Tso Saline lake -25.65 -21.52 -18.64 -12.74 -28.92 -27.74 10.28 15 

Nainital  Natural 

freshwater 

-23.15 -19.72 -21.78 -16.77 -24.33 -21.49 2.55 4.72 

Loktak Natural 

freshwater 

-23.27 -19.40 -15.47 -8.99 -26.97 -23.09 11.5 14.1 

Manasarovar Natural 

freshwater 

-23.03 -17.08 -15.42 -8.45 -28.42 -27.67 3.8 19.22 

Wular Freshwater  -22.66 -21.29 -20.4 -15.28 -24.56 -23.52 4.16 8.24 

Pichola lake Freshwater -24.08 -19.18 -22.05 -15.51 -26.12 -22.61 4.07 7.1 

Govind 

Ballabh Pant 
Sagar 

Artificial -27.12 -23.14 -19.46 -13.06 -30.79 -27.88 11.33 14.82 

Bhojtal Lake Artificial -24.67 -21.53 -18.57 -12.10 -27.11 -24.36 8.54 12.26 

Stanley 

reservoir 

Artificial  -23.34 -21.71 -20.64 -16.83 -26.19 -24.60 5.55 7.77 
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Figure 6. Pulicate Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics and (d) RGB image 

 

 

Figure 7. Sambhar Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 8. Nainital Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 

selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 9. Loktak Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) selecting 
the area to determine the required statistics, and (d) RGB image 
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Figure 10. Govind Ballabh Pant Sagar – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization 
mode, (c) selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 11. Bhojtal Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 12. Wular Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 13. Pichola Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 

selecting the area to determine the required statistics, and (d) RGB image 
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Figure 14. Tso Moriri Lake – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 
Figure 15. Manasarovar Lake– The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 
Figure 16. Stanley reservoir – The conversion of a linear to a dB image, (a) VH polarization mode, (b) VV polarization mode, (c) 
selecting the area to determine the required statistics, and (d) RGB image 

 

 

Figure 17. Graphical representation of σ0 for VH and VV polarization; Gray – VH, and Black – VV 
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The VH polarized and VV polarized mean backscattering 

coefficients σ0 of distinct lakes are plotted in Figure 17 and 

shown in column 3 VV in Table 3. It is observed that VV 

polarized mean σ0 values decrease markedly for natural and 

freshwater lakes to saline/brine water lakes. The freshwater 

lake Manasarovar Lake σ0 is -17.08 dB and Lake Sambhar 

with the most saline water has a σ0 value of   -24.18 dB. 

With a comparison of σ0 among the natural freshwater and 

freshwater lakes, the backscattering coefficient of Wular 

Lake is low. Though Wular Lake is a freshwater lake, its 

backscattering coefficient is low, this might be due to the 

surface aquatic plants in selected polygons (Keller et al., 

2018). The backscattering coefficient is influenced by  

surface aquatic plants. The artificial lakes have values 

similar to a saline lake, the artificial lake originally created 

by man for agricultural, industrial, and hydroelectric 

projects, collects rainwater and water from nearby streams. 

Due to industrial discharges, household discharges, and 

human pollution, dissolved salts are found to be more in 

artificial lakes and reservoirs. The increase in salinity of 

Lake Govind Ballabh Pant Sagar lake has been noted due to 

the discharge of coal mine water and due to the mixing of 

flying ash from the nearby coal mining (Khan, 2020; Rani 

et. al., 2014). 

CONCLUSIONS 

In this paper, the C–Band SAR Sentinel–1 dataset were pre-

processed and image processed to extract the VV and VH 

polarization mode σ0 values from 14 distinct lakes. The 

retrieved results show that the VV polarization mode has a 

wider effective range  difference compared to the VH 

polarization and is sensitive to the change in lake type. The 

maximum and minimum mean σ0 values among the distinct 

lakes are -17.08 dB and -24.18 dB. The study interprets and    

analyze the possible causes for the variations of the 

maximum, minimum, and mean σ0 values for the same and 

different lake type i.e., saline lakes, natural and freshwater 

lakes, and artificial reservoirs. The mean σ0 value decreases 

with increasing salt content in water. Monitoring of saline 

lakes, natural and freshwater lakes, and artificial reservoirs 

is significant as these lakes play crucial roles in the 

existence of the ecology community and climate change. 

The survival of fish and aquatic plants is reduced in saline 

lakes. A decrease of the mean value σ0 in the freshwater 

lake signifies that the lake is turning into a saline type. In 

addition, the mean σ0 would be monitored for the artificial 

lakes and reservoirs, so that pollution from industries, 

households, and humans could be minimized. We will 

extend the present study by pre-and image-processing and 

extracting the σ0 for different lake types during the pre-

monsoon, monsoon, and post-monsoon periods. The 

resulting database will be a comprehensive study of the σ0 

in the distinct lake types and for the distinct period. 
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ABSTRACT  

We got unique opportunity to carry out the globally improved air pollution-based atmospheric electricity experiments from 2020 to 2021. This period 

composes of lockdown phases of the Covid-19 pandemic. Tirunelveli (8.70N,77.80E) in Tamil Nadu, is one of the southern Indian peninsular stations 

for the observations of atmospheric electric parameters (AEP). A comparative study of AEP has been made during the pre-pandemic period and the 

lockdown period imposed to control the spread of Novel Corona virus infection with the help of ground-based indigenously developed atmospheric 

electric instruments. The analysis of both 2020 and 2021 data showed a marked difference in electric field and air-Earth (AE) current density. The 

difference in the AEP pattern is attributed to some extent to the decrease in aerosol loading caused by minimum human activities, drastically reduced 

emissions from industry, building construction, quarrying and mining, cement plants, vehicular emission, and stoppage of particulate matters, etc, 

which seem to have reduced the resistivity load in a global electric circuit (GEC). 
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INTRODUCTION   

Particulate matters are a complex mixture of organic and 

inorganic substances that are found in the ambient air and 

play a vital role in the radiation budget of the atmosphere 

via the scattering and absorption processes (Qu et al., 2017). 

Other main sources are vehicular emissions, industry, 

building construction, quarrying and mining, cement plants, 

and the burning of fossil fuels from power plants. All these 

constituents are the cause of air pollution and a major 

environmental concern, which affects the atmospheric 

electric measurements. During the period 2020-2021, the 

Government of India and the State Government of Tamil 

Nadu, imposed a lockdown from April 2020 to June 2020 

and again during the second wave from April 2021 to May 

2021 to stop the spreading of the Novel Coronavirus 

(Covid-19) infection. During the lockdown period, these 

emissions were cut-off due to severely restricted human, 

industrial, and transportation activity. As such, a change in 

air pollution levels was expected.  Numerous studies were 

performed globally to evaluate air pollution during Covid 

lockdown phases (Resmi et al., 2020; Gautam, 2020; 

Sharma et al., 2020; Kannaiah et al., 2020; Bao and Zhang, 

2020; Shi and Brasser, 2020; Kinoshita et al., 2020; Tobias 

et al., 2020; Nakada and Urban, 2020; Asir, 2021). Few 

studied the role of atmospheric variation in surface NO, 

NO2, CO, SO2, NH3, volatile organic compounds (VOCs), 

and particulate matter (PM) variations (Qu et al., 2017). 

Globally too, several investigations have been made on the 

pollution rate/air quality index during lockdown phases 

(Bao and Zhang, 2020; Shi and Brasser, 2020; Kanniah et 

al., 2020; Tobioas et al., 2020; Nakada and Urban, 2020). 

Bao and Zhang (2020) reported a significant decrease in 

SO2, NO2, CO, and particulate matter (PM2.5 and PM10) in 

China. Kannaiah et al. (2020) revealed that the restricted 

industrial activity imposed during the lockdown period 

resulted in a reduced concentration of aerosol optical depth 

and tropospheric NO2 over the East Asian region. Shi and 

Brasser (2020), Tobias et al., (2020) and Nakada and Urban 

(2020) studied such changes in air quality in China, 

Barcelona (Spain), and São Paulo in Brazil, respectively. A 

similar type of observation in air quality index and pollution 

levels has been reported in India (Resmi et al., 2020, 

Gautam, 2020, Sharma et al., 2020).  Resmi et al. (2020) 

and Asir (2021) carried out similar investigations at the 

regional level in India. During the pre-lockdown period and 

different stages of lockdown, Resmi et al. (2020) reported 

the diurnal variability of pollutants in Kerala; while, Asir 

(2021) studied the pollution levels during the lockdown 

period in the southern region of Tamil Nadu. Both these 

studies indicate that the concentration of pollutants declined 

by 50% or above from pre-lockdown days to lockdown 

days. Regional air-quality reports from Tirunelveli Pollution 

Control Board also suggested that during lockdown days, 

vehicular emissions, NO2, CO, etc. are considerably reduced 

by more than 55% per day. Overall, these studies indicate 

that the air pollution levels decreased by about 40-55 % or 

even more during the lockdown period.  

These lockdown days provided an excellent opportunity for 

atmospheric scientists to study the changes in atmospheric 

electric parameters and happenings in the tropospheric 

boundary layer when the air pollution was considerably 

reduced. As such, this dramatic decline in air pollution 

during the lockdown period is expected to have significant 
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consequences on the columnar resistance in the global 

electric circuit (GEC). Such improvement in the columnar 

resistance during the lockdown in turn is expected to 

enhance conductivity in different parts of the globe. We 

carried out dedicated investigations on atmospheric electric 

parameters on regular basis at Tirunelveli (8.70 N, 77.80 E) 

in India from, January 2020 to June 2020 and January 2021 

to June 2021. Contemporary automatic weather station 

(AWS) data analyses were carried out in EGRL on fair-

weather days and reported here. We noted a marked 

difference in amplitude and phase of the aforesaid 

parameters during the lockdown phases brought about by 

the decrease in the quantity of overall atmospheric pollution 

level other than world lightning activity. We also found that 

the direct separation of hourly data concerning one-to-one 

UT time in these two intervals quantitatively described 

AEP, which implicitly shows its dependency on change in 

load resistance which is connected with air pollution of the 

global atmosphere. 

OROGRAPHY AND EXPERIMENTS 

The present measurement site in Krishnapuram village is 36 

m above mean sea level (AMSL). This remote village has 

less human habitat, emissions from industry are very less, 

very few building constructions, no quarrying, no mining, 

no cement factory, and vehicular emission is comparatively 

less. These factors of less local aerosol loading provided a 

clear window for carrying out the atmospheric 

measurements since 1997. The terrain is mostly rocky, less 

sandy and rainfall is scanty as it falls in the rain shadow 

area of the Western Ghats. Corona current due to the 

pointed objects is totally avoided by removing the wild 

grass. The Gulf of Mannar is at a distance of 35 km. The 

nearest twin cities Tirunelveli and Palayamkottai are 14 km 

and 12 km away, respectively, from the experimental site so 

there is little anthropogenic pollution from the urban area. 

Earlier studies proved that this experimental site is suitable 

for atmospheric electric studies (Panneerselvam et al., 2003, 

2007; Anil Kumar et al., 2009, 2013, 2020). Generally, the 

experiments are conducted from December to June at this 

station. During the rest of the year, bad weather prevails 

since this station comes under the monsoon tropics of the 

southern peninsular part of India. We present in this study 

high time resolution (1-second sample) data of electric field 

and near air-earth current density. 

We describe the measurements of the AE current, electric 

field, small ion conductivity (not included in this study due 

to technical reasons), and meteorological parameters. The 

total air-Earth components include the conduction current, 

displacement current, and convection current. The 

conduction current, which is mainly a direct current, 

constitutes the current due to the actual transport of electric 

charge under the influence of an electric potential. The 

displacement current is the fluctuating part of the current 

and it contains spectra of frequencies. It does not involve 

any charge transport in the medium but exists because of the 

time variation of the electric field within it. When the 

charge carriers are driven by air motion, the current is called 

the convection current. It can occur in different directions 

and intensities depending on the space charge density, air 

movement, stability of the atmosphere, and gravity acting 

on a suspended charged particle. The AE current has been 

successfully measured with a horizontal long wire antenna. 

Despite the fact that airborne measurements provide 

conditions that minimize the effect of local disturbances, 

ground-based measurements are widely used because of 

their cost-effectiveness and capability for continuous long-

term recordings. One of the most important ground-based 

sensors is the horizontal long-wire antenna (Kasemir, 1951; 

Kasemir and Ruhnke, 1959). We use a long wire antenna of 

144 m in length and 3 mm in diameter. The sensor is 

supported 1 m above the ground by means of masts that are 

electrically separated by Teflon rods as shown in Figure 1. 

All the sensors and insulation are cleaned properly with 

isopropyl alcohol, periodically. The engineering details of 

the horizontal long wire antenna are provided in Anil 

Kumar et al. (2020). 

 Measurement of atmospheric electrical parameters in fair-

weather is essential to understanding the fundamental 

processes that govern the electrical state of the atmosphere. 

Fair-weather conditions are the least electrically active, 

where no charge separation is expected to occur, with low 

wind speeds and less than three octas of cloud cover. The 

electric field is one of the important atmospheric electrical 

parameters and has been measured using a passive 

technique. In recent years, compact electric field mills 

(EFM) have been widely used for high-resolution 

measurements. This is an important instrument as it 

evaluates the height-integrated electric field over a 25 km 

wide area in the region under consideration. 

Electric fields develop whenever there is a difference in 

electric potential. EFM is a specialized electro-mechanical 

instrument used for measuring the strength of the electric 

field in the atmosphere. An upward-facing EFM made up of 

non-magnetic stainless steel was deployed to measure the 

vertical electric fields over Tirunelveli and is shown in 

Figure 2. EFM device is based on the principle of 

electrostatic induction and primarily consists of two 
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electrodes. One of them is exposed to the atmospheric 

electric field and has rotating vanes due to which the 

shielding and unshielding of the field take place. When the 

sensor is alternately exposed and shielded from the electric 

lines of force, the surface charge induced on the sensor is a 

time-varying function of the electric field.  Thus, the 

induced electric current that flows to secondary sensor 

electrodes is proportional to the strength of the electric field. 

A higher electric field develops whenever there is a major 

difference in overhead electric potential.  

Next, a charge amplifier measures the charge collected in 

the second electrode and the output is transferred to the 

measuring device through a multiplexer. Further details of 

EFM can be found at http://www.boltek.com.   

Here the signal is not a function of the rotor frequency. 

Using the relation E = V/d, the electric field mill is 

calibrated with the known potential (V) of the horizontal 

plate at height (d) viz. 1 meter herein. Proper earthing, 

military quality components, and proper connectivity 

ensured that there is no error.  

The globally decreased air pollution during Covid-19 

lockdown times provided a unique opportunity for 

atmospheric physicists to understand the role of aerosol in 

defining the columnar resistances in GEC. The incoming 

solar radiation causes various chemical and physical 

mechanisms to control the weather phenomenon in the 

troposphere (Arnold et al., 1984; Castleman, et al., 1971; 

Eisele, 1988; Hoppel et al., 1986; Jonassen and Wilkening, 

1965; Junge, 1963; Mani and Huddar, 1972; Alderman and 

William, 1996). It is very important to analyze the AWS 

data during AEP measurements. The AWS provides 

temperature, humidity, pressure, wind direction, and wind 

speed data. Fair- weather conditions viz. the cloud coverage, 

rain, and visibility have been monitored manually for this 

study. Observed meteorological parameters conformed to 

the fair-weather characteristics and are summarized in Table 

1.  

 

Figure 1. Picture of Long-wire antenna located in Equatorial Geophysical Research Laboratory (Tirunelveli). 

 

Figure 2.   Photograph of Electric Field Mill located in Equatorial Geophysical Research Laboratory (Tirunelveli). 

http://www.boltek.com/
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Table 1. Number of fair-weather days considered for the study during the years 2020 and 2021 

Date 
Avg 

temp. 
Mean wind speed 

Wind 

direction 

Mean 

humidity 

Cloud 

coverage 

Max. 

visibility 

   Pre–           

lockdown 

   09/1/2020 

   15/1/2020 

   19/1/2020 

   11/2/2020 

   17/2/2020 

   18/2/2020 

   19/2/2020 

   15/3/2020 

 

 

24 

26 

25 

24 

25 

26 

28 

30 

 

 

3m/s 

5m/s 

2m/s 

3m/s 

4m/s 

2m/s 

4m/s 

4m/s 

 

 

Easterly 

Easterly 

Easterly 

Westerly 

Easterly 

Easterly 

S-W 

S-W 

 

 

74% 

74% 

74% 

71% 

71% 

71% 

71% 

67% 

 

 

3octas 

2octas 

2octas 

3octas 

3octas 

3octas 

2octas 

3octas 

 

 

10km 

12km 

12km 

14km 

12km 

12km 

13km 

14km 

   Lockdown              

16/04/2020 

25/04/2020 

04/05/2020 

 

34 

34 

36 

 

3m/s 

3m/s 

4m/s 

 

16/04/2020 

25/04/2020 

04/05/2020 

 

65% 

62% 

59% 

 

2octas 

2ctas 

2octas 

 

14km 

14km 

14km 

(Pre –

lockdown) 

18/01/2021 

19/01/2021 

24/01/2021 

25/01/2021 

27/01/2021 

28/01/2021 

07/02/2021 

08/02/2021 

09/02/2021 

10/02/2021 

11/02/2021 

12/02/2021 

16/02/2021 

17/02/2021 

18/02/2021 

19/02/2021 

26/02/2021 

28/02/2021 

02/03/2021 

03/03/2021 

04/03/2021 

05/03/2021 

07/03/2021 

15/03/2021 

16/03/2021 

21/03/2021 

 

Lockdown 

17/04/2021 

19/04/2021 

23/04/2021 

24/04/2021 

25/04/2021 

02/05/2021 

 

 

26 

25 

25 

26 

25 

22 

24 

24 

26 

25 

26 

25 

27 

27 

24 

26 

26 

27 

26 

23 

24 

24 

26 

27 

29 

31 

 

 

33 

34 

35 

37 

35 

38 

 

 

2m/s 

3m/s 

3m/s 

2m/s 

4m/s 

2m/s 

3m/s 

3m/s 

4m/s 

2m/s 

2m/s 

3m/s 

3m/s 

2m/s 

4m/s 

4m/s 

3m/s 

3m/s 

4m/s 

2m/s 

2m/s 

3m/s 

3m/s 

5m/s 

5m/s 

4m/s 

 

 

4m/s 

5m/s 

5m/s 

5m/s 

5m/s 

4m/s 

 

 

N-W 

Easterly 

Easterly 

N-W 

N-W 

Easterly 

Easterly 

Easterly 

Easterly 

Easterly 

Easterly 

Easterly 

N-W 

N-W 

N-W 

Westerly 

Westerly 

N-W 

Easterly 

Westerly 

S-W 

S-W 

S-W 

S-W 

S-W 

Variable 

 

 

S-W 

Variable 

Variable 

S-W 

S-W 

N-W 

 

 

72.3% 

72.5% 

72.8% 

73.7% 

66.7% 

67% 

69% 

70.2% 

73.9% 

69.3% 

70.8% 

68.2% 

69.1% 

73.2% 

71.9% 

68.2% 

70.3% 

70% 

59.9% 

66.3% 

64% 

60% 

70.1% 

71.2% 

69.6% 

72.9% 

 

 

60.6% 

63.2% 

61.9% 

60.8% 

70.1% 

66.5% 

 

 

3octas 

3octas 

3octas 

3octas 

3octas 

2octas 

3octas 

3octas 

3octas 

3octas 

2octas 

3octas 

3octas 

2octas 

3octas 

3octas 

2octas 

2octas 

2octas 

2octas 

2octas 

3octas 

3octas 

2octas 

1octas 

1octas 

 

 

2octas 

2octas 

2octas 

2octas 

2octas 

2octas 

 

 

12km 

10km 

11km 

10km 

12km 

12km 

11km 

12km 

13km 

12km 

14km 

13km 

12km 

13km 

10km 

14km 

12km 

13km 

12km 

12km 

11km 

12km 

13km 

12km 

14km 

13km 

 

 

14km 

14km 

15km 

14km 

15km 

15km 

Partial 

lockdown 

10/06/2021 

19/06/2021 

21/06/2021 

30/06/2021 

 

36 

36 

38 

38 

 

5m/s 

5m/s 

4m/s 

5m/s 

 

S-W 

S-W 

S-W 

Variable  

 

60.7% 

68.1% 

67% 

68.8% 

 

3octas 

3octas 

3octas 

3octas 

 

13km 

13km 

14km 

13km 
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DATA AND METHODOLOGY  

The electrodynamical state of the low-latitude ionosphere is 

well-known to be highly stable during fair-weather days; 

thereby, providing the sequential opportunities to measure 

the global impact of pollution on the AEP. The initial data 

selection process involved the assessment of a weather sheet 

that contains manual sky observations and AWS data to 

filter out any other disturbances owing to the weather. We 

have excluded the periods of high clouds of more than 3 

octas, wind speed of more than 5 m/s, and days with 

precipitation. We also rejected the intervals of saturated and 

excessively turbulent data due to unknown reasons. Based 

on these, each resultant fair-weather day data comprising 

86400 data points were selected for further analysis. Next, 

we carried out a 1-minute averaging of data. Such a strict 

data selection procedure resulted in 11 and 36 days of fair-

weather data in 2020 and 2021, respectively, and is 

tabulated in Table 1. Next, we grouped observations into 

three categories namely, pre-lockdown, lockdown, and 

partial lockdown phases for further study. We have 

considered measurements during normal days and the 

complete lockdown phase in this study to understand the 

behavior of AEP. 

RESULTS AND DISCUSSION  

From Table 1, it is obvious that December to February is the 

coldest months in this region with an average temperature of 

260C. During these months, the wind is mostly northeasterly 

with a typical speed of ~2-4 m/s so the electrodynamical 

state of the atmosphere is highly stable thereby, providing 

the sequential opportunities to measure the global impact of 

pollution on the AEP. It is noted that the relative humidity 

lies in the 52-76% range during this period. We also noticed 

fog coverage in the early morning hours during this period. 

During the mid-March-June period, we found (i) the 

humidity to decrease, (ii) an increase in temperature up to 

36-420C, and (iii) rapid variation in the wind direction with 

its speed reaching up to 8 m/s or even more. Because of 

increased short-wave heating during these months, the 

surface temperature starts to increase up to 60 C from its 

base value, and the humidity drops. Since the surface 

temperature is the most important indicator of 

thermodynamical processes, this increased temperature 

during April-June causes a variation in advective and 

convective ways that result in a slight variation in electric 

field and current in mid-noon over this station.   

Figure 3 shows the diurnal variation of averaged AE current 

density and averaged electric field observed at this station 

on 8 fair-weather days of the pre-lockdown period from 

January to March 2020. Plot (a) and (b) illustrate the 

variation of AE current density and ambient electric field, 

respectively. Diurnal variation clearly shows a positive 

trend of electric field/electric potential. Further, the electric 

field showed a phase variation with AE current which could 

be attributed to the variability of local conditions, columnar 

resistivity, temporal and spatial variability in the load 

resistance with respect to the sensor.   

 

 

Figure 3. Diurnal variation of (a) averaged AE current density and (b) ambient electric field before lockdown (normal days) 2020 

over Tirunelveli. 
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Figure 4. Average values of diurnal variation of (a) AE current density and (b) ambient electric field during lockdown 2020 over 

Tirunelveli.  

Various combinations of the oceanic and continental 

thunderstorms source regions govern the global AEP 

pattern. When orography is suitable and aerosol 

concentration is less, the local factors produce small 

changes in AEP (Tinsley and Zhou, 2006). Another 

important factor is local weather. Meteorological parameters 

tabulated in Table 1 indicate that the wind speed had no 

significant influence during the period. In such fair-weather 

conditions, the principal component analysis suggested that 

the first Eigenvalue gives information about the 

thunderstorm’s contribution to the global electric circuit 

(Panneerselvam et al., 2007). The study further indicated 

that the second and third components give information 

about the E-region ionosphere dynamo and the solar wind-

magnetosphere dynamo, respectively. The currents and 

electric fields produced by the ionospheric wind dynamo are 

relatively weak. We present, in Figure 4, diurnal variation 

of electric field and AE current during lockdown-2020. We 

have taken the averaged variation of three fair-weather days 

and shown a half-hourly running mean. 

In Figure 3, the electric field variations showed the lowest 

values at ~0500 UT; however, during the lockdown period, 

it occurred at ~0300 UT on most of the days and is widely 

accepted (Retails, 1991; Isrealsson and Tammet, 2001). We 

noted the prominent 1200 UT peak in the electric field (with 

values ~185 V/m) in Figure 3, which is linked with the 

South African thunderstorm chimney. However, its 

amplitude was comparatively smaller during lockdown days 

as seen in Figure 4.  We found a few shallow peaks (with 

electric field ~100 V/m and AE current density ~1.35 

pA/m2) during 1600-1800 UT, which are connected with 

thunderstorm activity in the Mediterranean locations, 

Ukraine, and some Scandinavian countries. We also noted 

the usual 1900 UT prime peak in Figures 3 and 4, which are 

associated with the world thunderstorm activation. Its 

amplitude is dependent on the lightning activity in South 

America, Uruguay, Peru, and Ecuador. We found its’ 

magnitude was ~300V/m  (Figure 3); while, it was ~138 

V/m during lockdown  (Figure 4). On certain days, dual 

peaks were also noted between 1800 UT and 2200 UT, and 

the amplitude was shifted to a second higher peak in such 

cases which can be due to the change in global 

thunderstorm pattern due to climate variability.  

We found the average AE current density of ~1.4 pA/m2 and 

the electric field of ~140 V/m during the lockdown phase. It 

follows from the fact that the world anthropogenic pollution 

considerably reduced due to less human activity during the 

lockdown days, which affected the resistivity load in the 

GEC.  A resistive load is defined as the resistance of the 

atmosphere from the Earth’s terrain to the ionosphere and 

determines the AE current flow and electric field. It is the 

height integral of the reciprocal of the electric conductivity 

distributions. The major part of this resistance resides in the 

troposphere and strongly depends on the electrical 

conductivity variation due to the presence of aerosol, and 

pollution. From the variation depicted in the measured 

atmospheric electrical field and current in UT on two-

dimensional diagrams (Figures 4 and 5), we calculated the 

amplitude ratio factor (Reddell et al., 2004) in the electric 

field to scale the signal strength of the fair-weather field. 

During the lockdown period, this amplitude ratio factor is in 

agreement with the Carnegie pattern.  
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Studies for each quartile indicate that the third quartiles had 

higher values. It implies that most of the thunderstorms are 

taking place during afternoon hours to pre-night hours. We 

found that the co-efficient of thunderstorm count range was 

(i) the highest during January to March 2020 in the pre-

lockdown period, and (ii) was lesser during the lockdown 

phase. Using the following equation (1), Karl Pearson 

correlation coefficient (r) between the electric field and 

thunderstorm activity was computed and is provided in 

Table 2. 

   (1) 

where X is the value of the electric field and Y is the 

number of thunderstorms detected, N number of 

observations, x=X/10, and y=Y/100. 

From Table 2, the quartiles define the three thunderstorm 

chimneys of the world. We found that the range co-efficient 

is in agreement with 1921 Carnegie cruises values (Fleming, 

1949) during the lockdowns. 

We found that these values signify maximum correlation in 

lockdown-2021; while, it was lowest during 2020, which 

may be due to lack of observation and the limited number of 

fair-weather days during the observational window. 

We utilized 5° x 5° grid data of the World-Wide Lightning 

Location Network (WWLLN http://wwlln.net/) to identify 

the global hourly lightning count. Being limited by 

detectors, an absolute thunderstorm detection calculation 

may be difficult. It is noted that the lightning distribution 

peaks globally for the usual three lightning “chimneys”- 

America, Africa, and the Maritime continents. We 

compared the lightning events from January to March 2020 

with that of April to June 2020 months. We found that the 

lightning events were higher (12%) from January to March. 

The pre-lockdown statistical weight of the signal ratio is not 

proportional to the world thunderstorm activity, which 

indicates the role of global load resistance. We repeated the 

observations during the second phase of this pandemic in 

2021 since the thunderstorm strength is almost similar to 

that in 2020. 

The results for the second phase of the pandemic in 2021 

are depicted in Figures 5 and 6. It clearly indicates that 

resistivity varied during lockdown. Again, we carried out a 

comparative study with WWLLN lightning data from 

January to March and April 2021. Using the following 

equation (2), we determined the range co-efficient of the 

average diurnal curve since this ratio gives more reliability 

to the electric field/PG measurements, which are global.  

Co-efficient of Range = (max.–min.)/(max.+min.)   (2) 

Overall estimated range co-efficient varied from 45 to 50 %, 

during the lockdown phase. When compared with the 

observations in 2020, the number of observations and 

positioning of the thunderstorm source regions were vivid 

during 2021. The plot in Figure 5 is based on 26 fair-

weather days of pre-lockdown and Figure 6 is based on 10 

fair-weather days in the lockdown period. As we know that 

the thunderstorm develops from cumulonimbus clouds, the 

condition for an overturning process is essential for the 

thunderstorm development. The characterization of this data 

set in Figure 5 shows that Malawi-Zimbabave-Zambia in 

the African continent had the peak thunderstorm activity 

between 1200 to 1400 UT, while in Figure 6 this time had 

been extended to Australia, where the thunderstorm regions 

include Daravia, New-south Wales, and Tasmania.  

Table 2. Quartiles and Karl Pearson’s Coefficient of correlation with Probable error. 

State of the fair-

weather day 

Quartiles Range Co-

efficient of 

range 

Mean 

average 

Karl Pearson’s 

coefficient of 

correlation 

Probable error 

Before lockdown  

2020 

Q1 = 40.75 

Q2 =136 

Q3 = 352.5 

370 0.9 147.5 .71 % .07 

During lockdown  

2020 

Q1 = 52.75 

Q2 =55.5 

Q3 = 83.5 

80 0.5 64.7 0.57 .074 

Before lockdown  

2021 

Q1 = 43 

Q2 =56 

Q3 = 182.5 

80.79 0.68 80.79 0.84 .068 

During lockdown  

2021 

Q1 = 138 

Q2 =129 

Q3 = 380 

150 0.45 140 .88 .04 

http://wwlln.net/
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Figure 5. Average values of diurnal variation of AE current density and ambient electric field before lockdown 2021 over 

Tirunelveli, (a) AE current density, and (b) ambient electric field. 

 

Figure 6. Average values of diurnal variation of (a) AE current density and (b) ambient electric field during lockdown during 2021  

Figure 6 clearly shows the highest amplitude (2.6 pA) 

pattern in AE currents between 1900 and 2000 UT which 

indicates world lightning activity. The AE current and 

electric field were enhanced and followed phase coherence 

on most of the days during the 2021 lockdown. It is a good 

indicator of the stability of the columnar resistance. Since 

the vertical electric field is the most representative electrical 

parameter of local conductivity (Adlerman and Williams, 

1996; Reddell et al., 2004). If the local conductivity remains 

constant with respect to the ground then the electric 

field/PG and current density must follow parallel to each 

other. Present observation is consistent with this aforesaid 

inference as well as the presence of a global continental 

signature in atmospheric electrical parameters measured 

over this station (Reddell et al., 2004). 

As per the Karl Pearson’s correlation coefficient, the 

relation between electric field and the number of 

thunderstorms in those fair-weather conditions is in good 

agreement with the principal component analysis carried out 

by Panneerselvam et al. (2007).  

Again, we first scaled the measured half-hourly AE current 

values of the control day pre-lockdown say J (days, h) using 

the following equation (3). Next, the half-hourly average of 

AE currents values during lockdown selected day JL (day) 

equaled the half-hourly average of variation in the control 

fair-weather day minus the daily half-hourly average of the 

scaled values.  

 ▽J(day, h) = J (pre-lockdown; h) – JL(lockdown day; h)  (3) 
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Figure 7. The plot shows enhancement in AE current density as per Eq.3. 

 

A similar analysis of the atmospheric electric field and the 

AE current has been carried out earlier to measure ΔJ 

precisely (Frank-Kamenetsky et al., 2001; Burns et al., 

2005). Figure 7 represents the results of this analysis. The 

resultant current variation has been attributed to the load 

resistance.  In this case, the morning hours atmospheric 

electrical field ∆Ez corresponding was less and afternoon it 

was identified higher than 100V/m (Figure not included). 

A variation of 125 to 200 V/m is observed from 1300 UT 

to 1500 UT and further, from 1800 UT to 2100 UT, the ∆Ez 

almost remained the same. One-to-one correlation between 

vertical electric field and ∆Jz is not always expected since 

both the variations are dependent on multiple factors in 

temporal and spatial scales; hence, an individual day is 

considered.  

∆Jz varied from 0.4 pA/m2 to 0.6 pA/m2. From the above 

analysis, it is seen that the conductivity enhancement 

happened during the lockdown period. The decreased 

pollution rate is realized with the enhancement in AE 

current.  On the other hand, the variability of load resistance 

responded with the variations of the large drops in the 

vertical electric resistance due to the dramatic decline in air 

pollution during the lockdowns. 

CONCLUSIONS 

We present here AEP measurements from Tirunelveli 

during 2020-2021.  This epoch witnessed the pre-lockdown 

and lockdown periods of the first and second phases of the 

Covid-19 pandemic. The electric field and AE current 

variation during the lockdown period show an almost 

typical fair-weather pattern with a minimum around ~ 0300 

UT and a peak around ~1900 UT. It is noted that the 

quartiles define the three thunderstorm chimneys of the 

world. Global distribution peaks usually at three lightning 

“chimneys”- Asia (Maritime Continents)-Australia, Africa-

Europe, and South America.  The range coefficient agrees 

with the Carnegie curve ratio of the observations of electric 

field and AE current during the lockdown periods. Karl 

Pearson’s coefficient of correlation analysis connecting 

electric field/electric potential and the number of 

thunderstorms in fair-weather conditions is in good 

agreement with the principal component analysis. The study 

strongly supports that the pollution-less atmospheric 

processes contribute to an increase in fair-weather current 

density. In this comparative study, the enhancement in AE 

current indicates that the world anthropogenic pollution was 

considerably reduced due to less human activity during the 

lockdown times, which dramatically reduced the effective 

load resistance in GEC.   
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ABSTRACT 

This study aims to determine the nitrate (NO3 
− ) concentrations in groundwater and their harmful effects on human health when consumed by drinking 

in the Coimbatore district, South India. For this purpose, 55 groundwater samples were collected through borewells during November and December 

2020 from various parts of the study area. The results of the study revealed that 36.36% of the samples had NO3 
–  concentration greater than the World 

Health Organization (WHO) recommended limit (50 mg/L) for drinking purposes. The relationship between the hydrochemical parameters and 

possible sources were studied using the principal component analysis (PCA) method. The results indicate that anthropogenic activities like excessive 

use of fertilizers, animal waste, septic tanks, municipal sewage, and wastewater may be responsible for the high nitrate (NO3 
−) content. The non-

carcinogenic health hazards caused by high nitrate content in groundwater were calculated using the hazard quotient (HQ) model for adults, children 

and infants. The results suggest that 38.18% of samples for adults, 72.73% of samples for children, and 78.18% of samples for infants have an HQ 

value > 1 (safe value = less than or equal to 1). Therefore, the health risk assessment (HRA) indicates that infants and children in the study area are 

more susceptible to non-carcinogenic risks than adults. This finding could serve as a valuable guide for policy makers, which could help them better 

understand the groundwater quality and the non-carcinogenic risks caused by elevated nitrate in the region's groundwater. 

Keywords: Nitrate contamination, Groundwater, Health risk assessment, Coimbatore, South India 

INTRODUCTION 

Groundwater is one of the most valuable natural resources 

in economic and social value. Globally, groundwater 

resources are continually depleted to meet the rising 

demand for freshwater. Since groundwater is generally 

considered safe for drinking than surface water as it is a 

concealed natural resource. Private and public wells become 

the primary drinking water sources for most rural residents 

in India. Unfortunately, the quality of groundwater 

resources has been seriously threatened by human activity 

and the industrial revolution over the last few decades 

(Chen et al., 2016). There are also many threats to 

groundwater resources worldwide, including climate 

change, land use, and population growth. Remediation 

becomes complex if the groundwater has been 

contaminated.  

Nitrate is a significant pollutant released into groundwater 

naturally and also through human activity. A natural process 

may release nitrates into the groundwater from the 

weathering of nitratine, tobelite, and other nitrite-bearing 

rocks via rock-water interaction (Patel et al., 2020). 

However, numerous studies have reported that nitrate 

fertilizer used in agriculture is the primary cause of elevated 

nitrate in groundwater (Jayarajan and Kuriachan, 2021; 

Torres-Martínez et al., 2021). Fertilizers are used 

extensively in agricultural land areas because plants obtain 

nitrogen from nitrate, a readily available oxidized form of 

dissolved nitrogen. As a result of over-farming, soil loses its 

ability to retain water. Nitrogen fertilizers are often used to 

replace depleted soil nutrients. However, when these 

nitrates enter the food chain through groundwater and 

surface water, they threaten human health (Xiao et al., 

2022). Several researchers have asserted that septic tanks, 

atmospheric inputs, livestock, and natural organic nitrogen 

all contribute to the contamination of groundwater with 

excessive nitrate levels, despite the widely held belief that 

commercial fertilizers are the primary source (Reddy and 

Sunitha, 2020; Kadam et al., 2020; Sunitha et al., 2012). 

The constant nitrogen flow from numerous pollution 

sources endangers groundwater and has become a global 

issue (Rao et al., 2018; Sreedevi et al., 2017; Wagh et al., 

2020). 

Groundwater with high nitrate concentrations can pose 

public health and environmental hazards, already a problem 

in many countries. A maximum nitrate concentration of 50 

mg/L for drinking water has been recommended by the 

WHO (2011). In adults, thyroid dysfunction and 

hypertension are linked with more significant nitrate in 

drinking water (Adimalla and Li, 2019). Low oxygen levels 

in the blood caused by nitrate consumption in neonates can 

result in methemoglobinemia, also known as "blue baby" 

sickness (Spalding and Exner, 1993; Wang and Li, 2022). In 

addition, several forms of cancers, including gastric, 

colorectal, bladder, urothelial, and brain tumours, may be 

aggravated or worsened by long-term exposure to high 

levels of nitrates in water (Subba Rao, 2021). In India, many 

researchers have reported the high nitrate levels in 

groundwater in different states such as Tamil Nadu 

(Ramalingam et al., 2022), Punjab (Ahada and Suthar, 

2018),  Andhra Pradesh (Sunitha et al., 2021), Telangana 

(Duvva et al., 2022), Maharastra (Wagh et al., 2017) and 

Uttar Pradesh (Ahamad et al., 2018). More than 10.82 

million people in India consume water containing high 
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nitrate levels exceeding the permissible limit 

(Panneerselvam et al., 2021).  

Coimbatore, known as the "Textile City of South India," is 

home to a thriving textile sector. Groundwater 

contamination in urban areas is a major concern, especially 

near industrial areas. An increasing population has impacted 

the groundwater quality in the urban region, and industrial 

activities like leather tanning, textiles, and foundries have 

affected the groundwater quality (Selvakumar et al., 2017). 

In rural areas, agricultural activities have adversely affected 

the groundwater quality. According to CGWB (2008), about 

23% of the total geographical location of the region is under 

agricultural land. In addition, groundwater quality in the 

research area has deteriorated dramatically due to overuse 

and over-extraction (Kom et al., 2021). A few studies on 

nitrate contamination have been conducted in the 

Coimbatore district. Nitrate contamination of groundwater 

in the eastern Coimbatore city has been reported by 

(Karunanidhi et al., 2020a). Jayarajan and Kuriachan (2021) 

studied the NO3 
−  content in groundwater and its health 

hazards in Coimbatore and Tirupur districts, Tamil Nadu. 

They concluded that children are more susceptible to non-

carcinogenic threats than adults in their study. Excessive use 

of nitrogen fertilizers in agricultural land to yield more 

crops to meet the growing population needs in the country is 

to be blamed for the elevated nitrate level in groundwater 

(Bijay-Singh and Craswell, 2021). The main objective of 

this study is to focus on groundwater nitrate contamination 

and the health risks it poses to different age groups in the 

Coimbatore district, Tamil Nadu. 

STUDY AREA 

Coimbatore is one of the important districts of Tamil Nadu, 

which share a border with the state of Kerala, It lies 

between 10°13'18.38"N to 11°24'9.21"N and 76°59'4.72"E 

to 77° 6'33.36"E (Figure 1). Aliyar, Kousika, Noyyal and 

Bhavani are the main rivers that pass through the district. 

Dendritic drainage is the most common type in the study 

area (Figure 1). Parts of the Western Ghats are located in 

the southwest and north, which provide a pleasant climate 

year-round. Dissected hills and valleys, pediment-pediplain 

complex and bajada are among the geomorphic features 

found in the study area. The district has hard rock terrain 

belonging to the Archean age of rocks.

 

 

Figure 1. Location map of the study area in the Coimbatore district of Tamil Nadu, showing sampling points and drainage patterns.  
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The dominant rock type found in the study area is 

hornblende–biotite gneiss. Sedimentary deposits like 

kankar, alluviums, and colluviums have existed near the 

river banks (Kom et al., 2022). The aquifers in the study 

area range from Archaean to Recent alluvium (CGWB, 

2008), and the thickness is highly variable, ranging from 10 

to 40 metres below ground level (MoEF&CC, 2019). This 

region relies on borewells and open wells for domestic and 

agricultural use. The climate in this region is tropical, with 

temperatures ranging between 14° and 40° C (Kumar, 

2021). Groundwater recharge is primarily provided by the 

NE monsoon, as the SW rains are insignificant. The study 

area receives an average annual rainfall of between 550 and 

900 mm. (Jebastina and Arulraj, 2016). The soil types found 

in the study area are alluvial, colluvial black soil, brown 

soil, red soil and forest soil (Karunanidhi et al., 2020b). 

METHODOLOGY 

Fifty-five groundwater samples were collected during 

November and December 2020 to determine the 

groundwater chemistry; significantly, the NO3 
–  level and its 

related health concerns in the Coimbatore district. The 

groundwater sampling and analysis procedures were carried 

out following the American Public Health Association 

(APHA, 2005) guidelines. All samples were collected from 

borewells and stored in pre-cleaned 1-litre polyethene 

bottles. During sampling, portable kits, such as Total 

dissolved solids (TDS), electrical conductivity (EC) and pH 

metres, were used to determine the TDS, EC and pH values. 

A UV-visible spectrophotometer was utilized to determine 

the nitrate and sulphate (SO4
2−). Chloride (Cl−), magnesium 

(Mg2+), calcium (Ca2+), total hardness (TH) and 

bicarbonate (HCO3
−) were estimated at the laboratory by the 

titration method. Potassium (K+) and sodium (Na+) 

concentrations were determined using a flame photometer. 

The concentration of fluoride (F−) was estimated using an 

ion-selective electrode method. The correlation matrix and 

Principal Component Analysis (PCA) were carried out 

through SPSS 16 software. The base map and spatial 

variation maps were prepared in ArcGIS 10.5, and 

Microsoft Excel was used to analyze the chemical data. 

Health risk assessment (HRA) 

The most widely used mathematical method for determining 

the possibility of health risks is human health risk 

assessment (HRA). This method effectively evaluates water 

quality, even when the pollutant levels are within the 

acceptable range (Shukla and Saxena, 2020). The US 

Environmental Protection Agency (USEPA, 1989) 

developed this approach to evaluate water quality and 

protect public health from various aspects of toxic 

substances (Adimalla et al., 2020). Nitrate has been 

categorized as a non-carcinogenic contaminant for human 

health by the USEPA. This study evaluated the human 

health hazards of nitrate via oral ingestion for infants, 

children and adults using equation 1. 

CDI =  C ×  IR ×  F ×  ED / BW ×  AT ….. (1)          

Table 1 summarises the parameter values used to estimate 

the chronic daily intake. 

The hazard quotient (HQ) of nitrate due to oral intake was 

calculated using equation 2. 

HQ =  CDI/ RfD  ….. (2) 

Where, RfD specifies the reference dose; NO3 
−= 1.6 in 

mg/Kg × day (USEPA, 1989). 

HQ ≤ 1 indicates no health risk to humans, while HQ > 1 

signifies a higher level of hazard  (Vaiphei and Kurakalva, 

2021)

 

Table 1. Parameters and input assumptions for evaluating non-carcinogenic health risk through an oral pathway. 

 

Parameters Unit Male Female Children Reference 

Chronic daily intake (CDI) mg/kg×day - - - (Yousefi et al., 2019) 

Concentration of nitrate in groundwater (C) mg/L - - - (Karunanidhi et al., 

2020a) 

Ingestion rate of water (IR) L/day 1.5 1.5 0.9 (Mondal et al., 2012) 

Exposure frequency (EF) days/ years 365 365 365 (Chavoshi et al., 

2011) 

Exposure duration (ED) year 30 30 12 (Haji et al., 2021) 

Average body weight (BW) Kg 70 55 15 (Adimalla et al., 

2020)  

Averaging time (AT) day 10950 10950 4380 (Haji et al., 2021) 
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RESULTS AND DISCUSSION  

Table 2 summarises the groundwater sample's statistical 

hydrochemical analysis results obtained in the Coimbatore 

district. The pH values of the samples varied from 7.7-8.8 

(average 8.27), indicating alkaline groundwater. About 

21.82% of the samples have a pH value above the WHO 

(2011)-permissible limit. The EC concentration in 

groundwater samples varied from 77-5705 μS/cm (mean = 

1721.56 μS/cm), and the WHO permissible limit of 1500 

mg/L was exceeded by 45.45% of the samples. The 

concentration of TDS was found between 57 and 3407 mg/L 

(average = 982.13 mg/L). The analysis revealed that 18.18% 

of samples exceeded the WHO recommended value of 1500 

mg/L for drinking water. The range of TH concentrations is 

from 25-1511 mg/L, with an average concentration of 

187.78 mg/L. The allowable limit of TH concentrations is 

500 mg/L, exceeding 9.09% of the samples. Among the 

cations, the concentration of Na+ was most prevalent, 

followed by Mg2+ > Ca2+ >  K+. The order of anions 

identified based on the abundance in the groundwater 

samples were HCO3
− > Cl− >  SO4

2− > NO3 
− >  F−.  

Nitrate and their spatial distributions 

The nitrate concentration in the current investigated region 

varied from 2-135 mg/L (average 58.20 mg/L), as indicated 

in Table 2. A maximum nitrate level of 50 mg/L has been 

recommended by the WHO (2011). However, the study 

found that 36.36% of the collected water samples exceeded 

the allowable limit for drinking purposes. Excessive nitrate 

intake, especially for newborns, might be harmful. The 

spatial map of nitrate was created using the interpolation 

model in the GIS environment (Figure 2). The figure depicts 

that the nitrate concentration greater than 50 mg/L is located 

in the eastern and northeastern study areas. These regions 

are predominantly cultivated areas and settlement sites. This 

scenario for the study area indicates that agricultural inputs 

or sewage could have been a source of groundwater nitrate 

(Panda et al., 2022). On the other hand, nitrate level <50 

mg/L is found in the southern, western and northern parts 

covering a vast study area. 

 

Table 2. The descriptive statistical analysis of groundwater quality compared to WHO (2011) standard for drinking water. 

Parameters Units Minim

um 

Maxim

um 

Mean Standard 

deviation 

WHO (2011) 

            Highest 

desirabl

e limit 

Maximum 

permissibl

e limit 

No. of 

samples 

above the 

permissibl

e limit 

% of 

samples 

above the 

permissibl

e limit 

pH - 7.7 8.8 8.27 0.29 6.5 8.5 12.0 21.82 

EC μS/cm 77 5705 1721.56 1297.24 750 1500 25 45.45 

TDS mg/l 57 3407 982.13 780.86 500 1500 10 18.18 

TH mg/l 25 1511 187.78 246.24 100 500 5 9.09 

Ca mg/l 10 211 60.02 47.75 75 200 2 3.64 

Mg mg/l 3 264 65.02 59.70 50 150 6 10.91 

Na mg/l 4 634 164.73 150.30  200 17 30.91 

K mg/l 2 205 43.84 49.42  12 37 67.27 

HCO3 mg/l 9 657 332.84 154.37     

Cl mg/l 9 1843 279.35 327.97 200 600 8 14.55 

SO4 mg/l 5 395 96.98 100.10 200 400 NIL NIL 

NO3 mg/l 2 135 58.20 43.76 50    

F mg/l 0.05 1.92 0.87 0.51 0.5 1.5 6.00 10.91 

* No. of samples above the WHO desirable limit for NO3=20 

*% of samples above the WHO desirable limit for NO3=36.36% 
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Figure 2. Spatial variation map of nitrate in groundwater of the study area. 

 

Correlation Analysis 

The correlation coefficient (r) is a mathematical expression 

that expresses the degree of relationship between two 

variables; an r value larger than or equal to 0.7 signifies a 

strong (high) correlation, between 0.3 and 0.7 as moderate 

and less or equal to 0.3 denotes a weak correlation (Zhang 

et al., 2020). A strong correlation between the 

hydrochemical parameters suggests that the geochemical 

behaviour and the source are similar (Ram et al., 2021). A 

correlation analysis between NO3 
–  and other water quality 

parameters suggest a moderate positive correlation with EC, 

TDS,  SO4
2−, HCO3

−,  Cl−, Na+, Ca2+ and Mg2+  while a 

weak positive correlation with TH, K+ and F− (Table 3). A 

moderate correlation between NO3 
–  and  Cl− indicates that 

human and animal wastes could be the source of elevated 

NO3 
–  in groundwater (Rahman et al., 2021). On the other 

hand, a positive correlation with K+ suggest that the high 

nitrate could result from sewage and excessive use of 

fertilizers (Zhang et al., 2020). The weak correlation with 

F− indicate that nitrate content in groundwater is mainly an 

anthropogenic source, as fluoride contamination in 

groundwater is a geogenic  (Subba Rao et al., 2020). 
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Table 3. Correlation matrix between various physical-chemical parameters. 

  pH EC TDS TH Ca Mg Na K HCO3 Cl SO4 NO3 F 

pH 1             

EC -0.002 1            

TDS -0.010 0.857 1           

TH -0.183 0.625 0.705 1          

Ca -0.225 0.621 0.735 0.851 1         

Mg -0.046 0.585 0.689 0.254 0.492 1        

Na 0.068 0.639 0.800 0.354 0.369 0.363 1       

K 0.374 0.273 0.338 0.235 0.320 0.350 0.036 1      

HCO3 0.221 0.492 0.469 -0.002 0.148 0.402 0.590 0.349 1     

Cl -0.117 0.818 0.936 0.784 0.700 0.588 0.710 0.258 0.262 1    

SO4 -0.072 0.714 0.819 0.731 0.720 0.551 0.574 0.166 0.289 0.734 1   

NO3 -0.073 0.461 0.559 0.194 0.370 0.606 0.446 0.218 0.501 0.400 0.378 1  

F 0.344 0.225 0.011 -0.041 -0.030 0.033 0.017 0.210 0.317 -0.029 0.010 0.061 1 

 Principal component analysis (PCA) 

The relationship between chemical parameters and possible 

sources can be depicted using the PCA technique (Rahman 

et al., 2021). In this analysis, the varimax rotation procedure 

was used to identify the relationship among factors. It was 

performed on 55 groundwater samples of the study area 

using 13 water quality parameters. Scree plots (Figure 3) 

and principal component loadings (Table 4) were used to 

analyze the hydrochemical features of groundwater samples. 

A total of three significant principal components (PC1, PC2 

and PC3) were derived from the PCA, depending on their 

Eigenvalue greater than one (Table 4). The PC1, PC2 and 

PC3 have eigenvalues of 6.280, 1.999 and 1.246, 

respectively, and their total variance at 34.49%, 25.10%, 

and 13.68%, with a cumulative variance of 73.27%. 

Absolute loadings less than or equal to 0.50 were regarded 

weak; those between 0.75 and 0.50 were deemed moderate, 

and greater than or equal to 0.75 were considered strong or 

high (Kaur et al., 2020). 

The PC1 show high positive loading of TH (0.959), 

Ca2+(0.889),  Cl− (0.823) and  SO4
2− (0.781), suggesting that 

the source of high NO3 
−  concentration may be derived from 

human activities like animal waste, municipality sewage 

and septic tanks (Zhang et al., 2020). The PC2 demonstrates 

high positive loading with NO3 
−  (0.768), indicating that the 

source could be excessive fertilizer application in the 

agricultural areas. The PC3 has positive potassium loadings 

(0.706), indicating that sewage and manure are potential 

sources of high nitrate content in groundwater. 

Evaluation of non-carcinogenic health risk  

Nitrate has been categorized as a non-carcinogenic 

contaminant for human health by the USEPA and the 

International Agency for Research on Cancer (Rishi et al., 

2020). As a result, the current study assessed the non-

carcinogenic risk to human health from drinking nitrate-

contaminated water using a risk assessment model 

developed by the USEPA (1989). Direct ingestion through 

drinking water and direct skin contact are the two main 

ways nitrate enters the human body. However, many studies 

have demonstrated that the risk of skin contact is minor 

compared to the risk of drinking water consumption 

(Moeini and Azhdarpoor, 2021). Hence, only nitrate 

exposure via the oral route is considered in this risk 

evaluation. 

Hazard quotient (HQ) values for each of the groundwater 

samples examined in this investigation can be seen in Table 

5. The HQ values found for adults, children and infants 

varies from 0.04-2.61 (average 1.12), 0.07-4.89 (average 

2.11) and 0.12-7.90 (average 3.41), respectively. The 

recommended safe limit for HQ is ≤ 1.0, and higher than 

this specified limit (HQ>1.0) is considered to pose a non-

carcinogenic risk to humans (USEPA 1989). The obtained 

result shows that 21 (38.18%) samples for adults, 40 

(72.73%) samples for children and 43 (78.18%) samples for 

infants, respectively, have HQ values greater than 1 (Figure 

4).  The findings show that non-carcinogenic nitrate risks 

are more susceptible to infants and children than adults. 

This could be due to their lower body being more sensitive 

to nitrate contaminated water than adults. 
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Figure 3. Scree plot of the eigenvalues. 

 

Table 4. Varimax principal component loadings of groundwater samples. 

  Principal component 

Parameters PC1 PC2 PC3 

pH -0.164 0.011 0.787 

EC 0.672 0.559 0.167 

TDS 0.760 0.621 0.062 

TH 0.959 -0.016 -0.037 

Ca 0.889 0.161 -0.023 

Mg 0.404 0.629 0.073 

Na 0.356 0.748 -0.030 

K 0.328 0.073 0.706 

HCO3 -0.028 0.798 0.382 

Cl 0.823 0.439 -0.035 

SO4 0.781 0.385 -0.020 

NO3 0.170 0.768 -0.013 

F -0.059 0.100 0.687 

Eigenvalue 6.28 1.999 1.246 

% of Variance 34.492 25.099 13.675 

Cumulative % 34.492 59.591 73.266 
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Table 5. Results of non-carcinogenic risk assessment for infants, children and adults based on hazard quotients. 

Age groups Hazard Quotient (HQ) ranged in 

the samples 

Health risk 

No. of samples % of samples 
Minimum Maximum Mean   

Infants 0.12 7.90 3.41 

HQ<1 (No risk) 43 78.18 

HQ>1 (High risk) 12 21.82 

Children 0.07 4.89 2.11 

HQ<1 (No risk) 40 72.73 

HQ>1 (High risk) 15 27.27 

Adults 0.04 2.61 1.12 

HQ<1 (No risk) 21 38.18 

HQ>1 (High risk) 34 61.82 

 

Figure 4. Statistical graph of nitrate causing non-carcinogenic hazards found in groundwater samples for adults, children and infants. 

Methemoglobinemia (blue baby) in infants can be caused by 

excessive nitrate concentrations in groundwater (Sun et al., 

2021). Hence, the groundwater must be treated before it is 

used for drinking to minimize nitrate causing non-

carcinogenic hazards. The present study recommends 

improving drinking water quality and minimizing potential 

health hazards caused by high nitrate content, such as 

minimizing the usage of pesticides and fertilizers, the 

appropriate building of landfills and septic systems, and 

constructing artificial recharge systems in the Coimbatore 

district. 

CONCLUSION 

This study evaluated the concentrations of physicochemical 

parameters and the non-carcinogenic health risk caused by 

nitrate for different age groups (infants, children and adults) 

in the groundwater of Coimbatore district, Tamil Nadu. For 

this purpose, fifty-five groundwater samples through 

borewells were collected from different parts of the study 

area. The hydrochemical analysis revealed that all of the 

groundwater samples were alkaline. The study also found 

that sodium and bicarbonate were the most prevalent cation 

and anion in the groundwater samples. The nitrate content 

in the samples ranged between 2 and 135 mg/L (average 

58.20 mg/L). About 36.36% of the samples surpassed the 

WHO desirable limit (50mg/L) for drinking water. The 

nitrate distribution map shows that the eastern and 

northeastern parts of the study area have the highest 

concentrations of nitrate, where agricultural land and build-

up lands are predominant, indicating an anthropogenic 

source. The PCA results show that the high nitrate levels in 

groundwater are influenced by human activities such as the 

overuse of fertilizers, manure, septic tanks, and municipal 

sewage and wastewater. The USEPA method was used in 

this study to assess non-carcinogenic health risks posed by 

nitrate in different age groups. The HQ values found for 

adults, children and infants varies from 0.04-2.61 (average 

1.12), 0.07-4.89 (average 2.11) and 0.12-7.90 (average 

3.41), indicating 38.18%, 72.73% and 78.18% surpassed the 

threshold limit (HQ=1), respectively. The finding of this 

study indicates that infants and children are more vulnerable 

to non-carcinogenic hazards caused by nitrate than adults in 

the study area. 
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ABSTRACT 

This study intends to  evaluate hydrogeochemical properties of groundwater for drinking and irrigation purpose in and around Badvel area of Y.S.R Kadapa 

district (Andhra Pradesh). To accomplish this objective, twenty five groundwater samples were collected and analyzed for quality parameters viz pH, EC, TDS, 

TH, Ca2+, Na+, K+, CO3
2-, HCO3

-, SO4
2-, Cl-, NO3

- and  F-. Most of the groundwater samples are above the safe limits of W.H.O standards. Total dissolved solids 

(TDS), total hardness (TH), electrical conductivity (EC), chloride, sulphates, fluoride, nitrate levels in groundwater are beyond acceptable limits. The Gibbs plot 

indicates that groundwater samples fall within the field of rock dominance which is the  predominant hydrogeochemical factor controlling the water chemistry. 

Piper's diagram reveals that water is of Na+-K+-Cl--SO4
2- type. Agricultural water quality indices like percent sodium, sodium adsorption ratio, kellys ratio, 

magnesium hazard, permeability index, potential salinity, soltan classification were also determined. Percent sodium (% Na) of 80% of water is under doubtful 

class. 36% of groundwater samples are unsuitable for irrigation with respect to magnesium hazard. 100% of groundwater belongs to undoudtful category in 

terms of Permeability Index (PI),  Potential Salinity (PS) and Kelly’s Ratio (KR). Based on our study, majority of groundwater samples fall under the unsuitable 

category for drinking and irrigation purposes and requires proper groundwater management techniques. 

 Keywords: Hydrogeochemistry, Groundwater quality, Percent Sodium, Sodium Adsorption Ratio, Badvel, Y.S.R Kadapa District. 

INTRODUCTION 

For the  long-term growth, there must be reliable and easy 

access to safe drinking water. The chemical and physical 

quality of water determines its suitability for various 

purposes. Groundwater chemistry is primarily influenced by 

natural and manmade factors. Groundwater's hydrochemical 

properties are influenced by the lithological and 

geochemical composition through subsurface movement 

(Elango et al., 2003). Its percolation through pore spaces 

and weathered formations can cause changes in various 

hydrochemical properties (Rajmohan and Elango 2004; 

Brindha and Elango, 2012). Groundwater chemistry can be 

also be influenced by a variety of anthropogenic factors, 

including point sources such as waste disposal and sanitary 

conditions (Amoako et al., 2011; Brindha and Elango, 

2015). The efficient assessment of physico-chemical 

parameters, their origin, and the regulation of 

hydrogeochemical operations are critical for the ecosystem's 

long-term viability. Many workers have studied 

physicochemical and hydrochemical factors to assess the 

features of groundwater (Sanchez Martos et al., 1999; 

Subbarao et al., 2002; Bharadwaj and Singh 2011; Sredevi 

et al., 2018). Due to the lack of a suitable water source, 

groundwater is considered of fundamental importance. As a 

result, groundwater quality has become one of the most 

pressing environmental concerns (Ravichandra and 

Chandana 2006). In India, groundwater is the primary 

source of drinking water for both urban and rural 

populations. In rural places, groundwater accounts for more 

than 88 percent of clean drinking water (Jain et al., 2010).  

Groundwater is used for agriculture and industrial purposes 

in addition to drinking. In today's world, advanced pumping 

techniques have created a demand for groundwater. As 

surface water pollution worsens, groundwater extraction 

rises dramatically, resulting in increased groundwater 

pollution and abuse. Because people rely on groundwater 

for a variety of uses, the quality of drinking water has a 

direct impact on public health. It is critical to keep track of 

it in a methodical manner. Increased irrigation methods 

could also pollute groundwater (Pawar and Shaikh, 1995). 

Groundwater irrigates 39 million hectares in India, it 

accounts for approximately 80% of residential use and more 

than 45 percent in agriculture (Kumar et al., 2005). 

Groundwater is considered the only substantial and viable 

source of water for irrigation activities in India (Kinzelbach 

et al., 2003).  

As per the available information groundwater pollution is 

caused by a variety of factors including geogenic and 

anthropogenic pollution, nitrogen pollution, agricultural 

practices, and the dissolution of rocks and soil (Guo et al., 

2007; Elango et al., 2012; Sunitha et al., 2016, 2018, 2022; 

Sunitha and Reddy, 2022; Adimilla and Venkatayogi 2017; 

Sreedevi et al., 2019). Several researchers have carried out 

groundwater quality investigations, viz,  (Arumugam and 

Elangovan, 2009; Sreedevi et al., 2017, 2018; Sunitha and 

Reddy, 2019; Sudharshan Reddy et al., 2018, 2020). 

Understanding the geochemical evolution of groundwater is 

critical for the long-term development of semi-arid water 

resources region like  Badvel in the Y.S.R Kadapa District 

(Figure 1), where groundwater is the primary source of 

mailto:vangalasunitha@gmail.com


B. Muralidhara Reddy et al.,  J.. Ind. Geophys. Union, 26(3) (2022), 228-238 
 

229 

water for drinking and agriculture. The  main objective of 

this paper is to assess the suitability of groundwater for 

drinking and irrigation purposes using integrated 

approaches 

.STUDY AREA 

Schists, amphibolites, granites, and doleritic rock 

formations make up the research area. Granites have 

encroached on schists and amphibolites on a huge scale. 

Basic igneous rocks intruded in the granites and earlier 

mentioned rocks as dykes. Dolerites are commonly used to 

symbolise these dykes. Ferruginous loam is the soil type. 

This soil is usually of poor quality and barely reaches a few 

inches below ground level. Weathered shales, fractured 

shales, and phyllites follow the top soil, which has a 

thickness of 1-2 m. The primary rivers running through 

Badvel are the Sagileru and the Penna, both of which are 

not ephemeral. In the Badvel town area, the average rainfall 

is around 700 mm. Here, the temperature ranges from 20 to 

450C.  

METHODOLOGY 

Twenty five groundwater samples were collected from 

borewells in and around Badvel Mandal of Y.S.R Kadapa 

District, A.P during March 2020. In order to evaluate the 

suitability of water for drinking and irrigation water quality 

parameters like pH, electrical conductivity, TDS, total 

hardness, Ca2+, Mg2+, Na+, K+, CO3
2-, HCO3

-, Cl-, SO4
2-, 

NO3
-, 

-F  and various irrigational quality indices like  

percent sodium (%Na), sodium adsorption ratio (SAR), 

residual sodium carbonate (RSC), permeability index(PI), 

magnesium ratio(MR), Kelly’s ratio (KR) were used. The 

techniques and methods adopted for collection and 

parameter analytical are based on Hem (1985), Raghunath 

(1987), Karanth (1989), and APHA (2012). The data is 

depicted in Table 1. 

 

 

Figure 1. Location map of the study area 
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RESULTS AND DISCUSSION 

The results of chemical analysis were shown in Table 1. pH 

is important in classifying many types of geochemical 

equilibrium (Hem 1985). The pH of groundwater varies 

from 7 and 9.3, indicating that it is alkaline. All of the 

samples' pH levels are within acceptable ranges (WHO 

2011). Water with a pH of more than 8.5 or less than 6.5 

can cause aesthetic impacts including staining and etching, 

as well as equipment scaling. At 25°C, the electrical 

conductivity of groundwater ranges from 560 to 3200 

µS/cm, indicating that there are more salts in the water. 

Higher electrical conductivity could be caused by high 

mineral content and higher salinity at the study site, as well 

as temperature, ion types and the concentration of electrical  

conductivity increases as TDS concentration increases 

(Hem 1985). EC is classified as type I if the salt enrichment 

is modest (EC:1500 µS/cm), type II if the salt enrichment is 

medium (EC:1500-3000 µS/cm), and type III if the salt 

enrichment is large (EC> 3000 µS/cm). 

According the classification of electrical conductivity, 64% 

of samples fall into type I (low salt enrichment), 24% of 

samples fall into type II (medium salt enrichment) and the 

remaining 12% of samples fall into type III (high salt 

enrichment) category. Higher electrical conductivity 

variations could possibly be caused by geochemical 

processes and anthropogenic activities in this area (Subba 

Rao, 2017; Narasimha and Sudarshan, 2013). 

 

Table1. Analytical data of the groundwater samples of the Badvel region 

S.No pH EC TDS TH Na+ K+ Ca2+ Mg2+ CO3
2- HCO3

- Cl- SO4
2- NO3

- F- 

1 8.4 3200 2100 70 130 100 70 40 40 160 230 230 60 1.8 

2 7.9 2300 1320 82 180 140 76 45 28 158 240 240 68 2.2 

3 7.8 1250 810 64 140 80 80 50 38 162 180 190 70 1.9 

4 8 1750 1100 23 280 170 84 36 18 170 190 220 72 1.6 

5 8.2 2100 1200 43 230 200 75 58 18 220 320 450 135 4.2 

6 8.4 1320 800 42 260 190 78 60 20 210 380 140 58 3.6 

7 8.5 1850 900 46 190 170 64 56 22 230 430 210 54 3.8 

8 8.3 1200 850 38 200 190 68 70 24 190 420 230 60 2.9 

9 8.4 1120 760 28 210 180 70 45 26 160 500 190 48 1.9 

10 8.2 980 870 28 320 210 90 38 14 170 180 170 45 2.4 

11 8.3 1200 670 34 300 230 220 40 18 80 150 310 60 2.2 

12 7.8 3100 530 86 520 340 120 46 20 120 160 340 80 2.8 

13 8.4 2800 530 34 420 290 130 50 22 110 230 320 86 2.6 

14 8.2 3100 540 76 500 400 140 55 14 60 220 170 90 2.4 

15 7 1300 340 46 380 210 110 38 16 80 280 160 110 1.8 

16 8.3 1200 320 110 330 240 90 40 18 70 400 150 80 1.7 

17 9.3 1530 380 45 430 300 80 45 25 180 160 140 85 1.8 

18 8.2 1200 320 60 420 320 70 46 22 190 170 380 87 2.4 

19 8.4 1260 430 63 310 290 75 50 20 200 90 340 84 2.3 

20 7.8 1300 560 43 300 190 68 30 18 130 180 380 78 3 

21 7.6 1400 820 60 210 110 72 45 24 180 130 400 80 2.8 

22 7.8 1200 540 45 240 180 90 36 30 230 150 310 130 2.3 

23 8 1200 580 60 410 200 95 38 28 220 130 240 130 1.2 

24 8.4 1320 670 58 180 160 120 40 26 200 280 190 110 1.3 

25 8.6 560 340 54 230 200 110 48 28 180 230 180 100 1.2 

    (*All parameters are expressed in mg/L ; EC in µS/cm and pH as no units) 



B. Muralidhara Reddy et al.,  J.. Ind. Geophys. Union, 26(3) (2022), 228-238 
 

231 

Similarly, total dissolved solids range from 320 mg/L to 

2100 mg/L (Table 2), with 1% of samples surpassing the 

allowed limit and rendering them unfit for human 

consumption. All inorganic salts, such as carbonates, 

bicarbonates, chlorides, fluoride, sulphates, nitrates, 

calcium, magnesium, sodium and potassium are included in 

total dissolved solids in water (Sawyer, 1994). According to 

the United States Geological Survey (USGS), 84% of 

groundwater samples are classified as freshwater, while 

16% are classified as mildly saline (Table 3). TDS levels are 

high due to salt leaching from the soil as well as sewage 

percolation into the groundwater. According to WHO 

(2011), drinking water with a palatability of less than 600 

mg/L is beneficial for human health, while water with a 

palatability of more than 1000 mg/L is unappealing and 

majority of the samples fall into this category. Total 

hardness ranges from 23 to 110 mg/L. Sawyer et al. (2003) 

classified groundwater with TH <75, 75-150, 150-300, > 

300 mg/L as soft, moderately hard, hard and very hard, 

respectively (Table 3). Based on this, 84% of the samples 

are classified as safe, while 16% are classified as 

moderately hard or hard. Groundwater hardness is caused 

by calcium and magnesium. Carbonate (CO3
2−), bicarbonate 

(HCO3
−) in groundwater varies from 14 - 40 mg/L and 60-

230 mg/L with a median value of 23 and 162 mg/L, 

respectively. The majority of the groundwater samples are 

below the 300 mg/L standard (WHO, 1990; Table 2). The 

concentration of chlorides in groundwater ranges from 90 to 

500 mg/L, with a median of 241 mg/L. Higher chlorides are 

commonly used as a pollution indicator and as a tracer for 

groundwater contamination (Loizidou and Kapetanios 

1993). Shand (1952) indicated that residual water contained  

in pores of granites or within the crystals of rocks may 

contain chloride. Higher chloride concentrations are also 

caused by leaching of upper soil layers by home, municipal, 

and industrial pollutants, as well as dry climate (Subba Rao, 

2017). Sulfates in the studied region range from 140 to 450 

mg/L, with an average of 251 mg/L, showing that the 

majority of the groundwater is below the 200 mg/L limit. 

Sodium concentrations in groundwater range from 130 to 

520 mg/L. 76% of groundwater exceeds the WHO's 

recommended level of 200 mg/L. The increase in Na+ is 

related to the leaching of the deposit and the breakdown of 

certain minerals. When water comes into contact with 

igneous rocks, sodium gets dissolved from its natural 

source. Industrial and municipal waste releases, as well as 

run-off from diffuse sources, can all contribute to sodium 

entering natural rivers. Because of the high salt 

concentration, soil structure and permeability may be 

harmed, resulting in alkaline soils. Excess sodium in 

drinking water reduces its potability, yet water with up to 

1000 mg/L may be medically tolerated (Ramesh and Anbu, 

1996). Increased salt levels in drinking water, on the other 

hand, cause hypertension, arteriosclerosis, oedema, 

hyperosmolarity, renal, and neurological system diseases in 

humans.  

High sodium levels are not recommended for agricultural 

poerations since they degrade the soil (Sarath Prashanth et 

al., 2012). Groundwater potassium concentrations range 

from 80 to 400 mg/L, with a median of 211 mg/L. 

According to WHO (1990), the allowed maximum of K+ in 

drinking water is 12 mg/L and all of the samples are above 

this limit. The concentration of calcium in groundwater 

ranges from 64 to 220 mg/L, with a median of 93 mg/L 

(Table 2). Calcium levels in drinking water are limited to 75 

mg/L (WHO, 1990). The calcium limit in groundwater is 

exceeded in 64% of the time. Magnesium concentrations 

ranged from 30 to 70 mg/L (Table 2). Magnesium levels in 

groundwater must not exceed 30 mg/L for drinking 

purposes (WHO, 1990). The majority of the samples exceed 

the magnesium regulatory limit. Nitrate levels in 

groundwater range from 45 to 135 mg/L. According to 

WHO guidelines, 4% of groundwater samples have nitrate 

concentrations over the allowed level (45 mg/L). 

Agricultural activity, septic tank leakage and home sewage 

all contribute towards higher nitrate concentrations (Datta 

and Tyagi, 1996; Muralidhara Reddy et al., 2019, 

Muralidhara Reddy and Sunitha, 2020). Nitrate poisoning 

causes not only methaemoglobinamia in babies, but also 

cancer, birth defects, stomach cancer, goitre, and 

hypertension (Dissanayake et al., 1987; Bao et al., 2017; 

Fan 2011). Fluoride in the range of 0.8-1.0 mg/L is 

beneficial to human health in terms of avoiding dental 

cavities and aiding enamel formation in children under the 

age of eight. If the groundwater contains more than 1.5 

mg/L of fluoride, it produces dental fluorosis and skeletal 

fluorosis if the water is consumed continuously for 8-10 

years. Fluoride in the range of 0.8-1.0 mg/L is beneficial to 

human health in terms of avoiding dental cavities and aiding 

enamel formation in children under the age of eight. Dental 

fluorosis manifests itself most prominently in youngsters 

under the age of 12. Dental fluorosis has been reported in 

Vemula, Y.S.R Kadapa District, Kadapa (Sunitha and 

Srinivasulu, 2015); Kadapa, Anantapur District (Sunitha et 

al., 2013); Badvel, Y.S.R Kadapa District (Sunitha et al., 

2014); and in and around abandoned mines in Vemula, 

Y.S.R Kadapa District (Sunitha et al., 2018). The maximum 

fluoride content of 4.2 mg/L was found in Veerapalli, while 

the lowest fluoride concentration of 1.2 mg/L was found at 

Ramakrishnapuram and Badvel town North. 
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Gibbs diagram 

The mechanism influencing groundwater chemistry in the 

Badvel region is assessed using Gibb's diagram. 

Precipitation dominance (PD), rock dominance (RD) and 

evaporate dominance (ED) are depicted as a function of 

TDS for Na++K+/Na++K++Ca2+ and Cl-/Cl-+HCO3
- (ED) 

(Gibb's, 1970). Figures 2a,b show the plots of all 

groundwater samples. The figures show that all of the 

groundwater samples were in the rock dominance (RD) 

zone, indicating that rock weathering and dissolution of 

fluoride-bearing minerals from the source rock are the 

primary causes of fluoride release into groundwater 

(Sunitha et al., 2012; Faten et al., 2016; Thomas et al., 

2016). 

 

Table 2. Comparison of the quality parameters of groundwater samples of the study area with WHO standards 

 

 

Figure 2. Mechanism controlling groundwater chemistry for study area (a) TDS vs. (Cl-)/(Cl- + HCO3
-).  (b) TDS vs. 

(Na++K+)/(Na++K++Ca2+) 

Parameter Units  Minimum Maximum 

W.H.O (2011) 
Sample numbers  exceeding the 

permissible limit 

No.of 

samples 
Desirable 

Limit 

Permissible 

Limit 

pH 
 

7 9.3 6.5-8.5 9.2 Nil Nil 

EC µS/cm 560 3200 750 1500 1,2,4,5,7,12,13,14,17 9 

TDS mg/L 320 2100 500 1500 1 1 

TH mg/L 23 110 100 500 Nil Nil 

Na+ mg/L 130 520 50 200 
4,5,6,9,10,11,12,13,14,15,16, 

17,18,19, 20,21,22,23,25 
19 

K+ mg/L 80 400 - 200 10,11,12,13,14,15,16,17,18,19 10 

Ca2+ mg/L 64 220 75 200 11 1 

Mg2+ mg/L 30 70 30 150 Nil Nil 

CO3
2- mg/L 14 40 - - Nil Nil 

HCO3
- mg/L 60 230 500 500  

 
 

Cl- mg/L 90 500 250 600 Nil Nil 

SO4
2- mg/L 140        450 2.5 375 5,18,20.21 4 

NO3
- mg/L        45 135 - 45 

1,2,3,4,5,6,7,8,9,11,12,13,14,15, 

16,17,18,19,20,21,22,23,24,25. 
24 

F- mg/L 1.2        4.2 0.5 1.5 
1,2,3,4,5,6,7,8,9,10,11,12,13, 

14,15,16, 17,18,19,20,21,22. 
22 
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Hydro-geochemical facies 

Piper (1953) trilinear graphic shows the hydro geochemistry 

regime of groundwater by showing main cations and anions. 

Geochemical evolution can be studied from the Piper's plot 

which is further categorized in to four groups namely Ca2+-

Mg2+-SO4
2-, Na+-K+-Cl--SO4

2-, Na+-K+-Cl- -HCO3 and Ca2+-

Mg2+-HCO3
-. Majority of the samples in the study area 

belongs to Na+-K+-Cl--SO4
2- type (Figure 3). 

Classification of groundwater for irrigation purposes 

The sodium percentage (%Na; Wilcox 1955), Sodium 

adsorption ratio (SAR; Richards, 1954); Residual sodium 

carbonate (RSC; Eaton, 1950; Raghunath, 1987), 

Magnesium hazard Ratio (MHR; Raghunath, 1987), Kelly 

ratio (KR; Kelly, 1940) and permeability Index (PI) 

(Doneen, 1964) are some of the methods used to determine 

the suitability of groundwater for agricultural/ irrigation 

practices. 

Percent Sodium (%Na) 

The sodium in irrigation waters is usually denoted as 

Percent sodium and can be determined by the following 

formula (Wilcox, 1955). 

100x
KNaMgCa

KNa
sodiumPercent

22 






  

Na, Ca, Mg and K are taken in meq/L. It is observed that 

based on percent sodium, 80% of water is under doubtful 

class,  20% belongs to permissible class (Eaton, 1950). %Na 

ranges between 54 mg/L to 78 mg/L with the median value 

of 66 mg/L.            

Sodium Adsorption Ratio (SAR)  

Sodium concentration assessment is crucial for the 

assessment of irrigation. Increased sodium in soils 

substitutes calcium and magnesium from them by making 

hard and compact causing to reduced infiltration and poor 

internal drainage (Karanth, 1987; Todd, 1980). The SAR 

(Sodium adsorption ratio) is determined by the equation: 

 

 
2

MgCa

Na
SAR

22 




  

where the concentrations are expressed in meq/L. The 

greater the value of SAR, the grater is the hazard to the 

crops due to excess sodium. SAR values ranges from 

3.025212 to 10.23332. 96% in groundwater and thus belong 

to excellent category while 4% of the groundwater belongs 

to good category (Richards, 1954). 

 

Figure 3. Piper trilinear diagram for the chemical composition of groundwater samples in the study area 
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Table 3. Groundwater classification based on irrigational water quality parameters 

Parameter Classification Range 
No.of 

Samples 
% of Samples  Reference 

TDS 

Fresh water <1000 21 84 

US Geological Survey 

(2000) 

Slightly saline 1000 - 3000 4 16 

Moderatly saline 3000 - 10000 Nil Nil 

High Saline 10000-35000 Nil Nil 

TH 

Safe <75 21 84 

Sawyer et al.(2003) 
Moderate Hard 75-150 4 16 

Hard 150-300 Nil Nil 

Very hard >300 Nil Nil 

%Na 

Excellent <20 Nil Nil 

Eaton (1950) 

Good 20-40 Nil Nil 

Permissible 40-60 5 20 

Doubtful 60-80 20 80 

Unsuitable >80 Nil Nil 

KI/KR 
Suitable <1 5 20 

Kelley (1940) 
Unsuitable >1 20 80 

PI 

Suitable >75% Nil Nil 

Doneen (1964) Good 25-75% Nil Nil 

Unsuitable <25% 25 100 

MH 
Suitable <50 16 64 Szabolcs and Darab 

(1964) Unsuitable >50 9 36 

PS 
Suitable <3 Nil Nil 

Doneen (1962) 
Unsuitable >3 25 100 

SAR 

Excellent <10 24 96 

Richards (1954) 
Good 10-18 1 4 

Doubtful 18-26 Nil Nil 

Unsuitable >26 Nil Nil 

RSC/RA 

     

Good <1.25 25 100 

Eaton (1950) Doubtful 1.25-2.5 Nil Nil 

Unsuitable >2.5 Nil Nil 

 

Residual sodium carbonate (RSC) 

Residual sodium carbonate can be determined by 

subtracting the alkaline earth (Ca2+ + Mg2+) from the 

carbonate (CO3
2- + HCO3

-). Water containing high 

concentrations of carbonate and bicarbonate ions tends to 

precipitate calcium and magnesium as their carbonates. 

Hence the relative proportion of sodium in water is 

increased in the form of sodium carbonate and this is 

indicated by RSC, which can be calculated as follows 

(Eaton, 1950; Raghunath, 1987). 

RSC = (CO3
2-  + HCO3

- ) - (Ca2+ + Mg2+) 

According to the above classification, water >2.5 meq/L of 

RSC is not suitable for irrigation. Based on RSC 

classification (Eaton 1950) 100% of samples fall in the good 

category.  

Magnesium hazard (MH) 

Calcium and magnesium maintain a state of equilibrium in 

most waters, A high level of Mg2+ is generally due to the 

presence of exchangeable Na+ in irrigated soils. The excess 

Mg2+ alters the quality of soil making it alkaline ensuing 

decreased crop yield and poor agricultural returns. Mg 

hazard is determined by the equation: 

Magnesium Hazard (MH) = Mg2+ × 100/ (Ca2+ + Mg2+) 

MR value <50 is suggested for irrigation while MR value 

>50 is not suggested for irrigation thereby decreasing the 
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crop yield (Szabolcs and Darab, 1964). The Mg hazard in 

this region ranges between 23.06 to  62.92   (Table 3). 64% 

of groundwater samples are within Mg hazard while 36% of 

groundwater samples are unsuitable for irrigation. 

Permeability index (PI) 

Permeability index is an important parameter for classifying 

irrigation water permeability of the soils and is inclined by 

prolonged application of irrigation water (higher salts) as it 

is influenced by Na+, Ca2+, Mg2+, and HCO3
- ions in soils. 

Doneen (1964) developed permeability index PI which is 

determined by the equation:  

PI = (Na+ + √HCO-
3 × 100) / (Ca2+ + Mg2+ + Na+) 

 (where all the ions are expressed in meq/l). PI values of this 

region range from 3.63– 13.47.  PI is divisible into three 

classes. Class I (75 Suitable), Class II (25-75% good) and 

Class III (25% and less, unsuitable). 100% of groundwater 

belongs to Class III. 

Potential salinity (PS)  

Potential salinity is applied for categorization of water for 

agricultural purpose. PS <3 meq/l is good for agricultural 

applications (Doneen, 1962).100% of the samples belong to 

the unsuitable class. PS can be calculated by the following 

equation. 

PS = Cl- + 0.5× SO4
2-     

Soltan classification 

Soltan (1999) classified groundwater into base-exchange 

indices (r1) and meteoric genesis indices (r2) as given 

below:  

r1 = (Na+ - Cl-)/ SO4
2- 

r2 = [(K++Na+)-Cl-]/SO4
2- 

where Na+, K+, Cl-, SO4
2- concentrations are expressed in 

meq/L. If r1<1 and r2<1, groundwater is of Na+ - SO4
2- and 

deep meteoric type, respectively whereas r1>1 and r2>1 

shows the source are of Na+-HCO3
- and shallow meteoric 

type respectively (Table 3 ). As per Soltan classification, 

100% groundwater belongs to Na+- CO3
2-, deep meteoric 

type.  

Kelly’s ratio (KR) 

Kelly’s ratio signifies higher content of sodium in water 

(Kelly 1940). It is also one of the vital parameters in 

classifying irrigation water. KR index is alkali hazard 

indicator. In case of high KR values gypsum is advised to 

decrease the effects of Na+ ion. 

KR is determined by formula  

KR = Na+/ (Ca2+ +Mg2+) 

KR values of the groundwater sample range from 0.66 to 

3.68 with the average value of  1.88. Water within KR < 1 is 

suitable for irrigation while water within KR >1 is 

unsuitable. As per table 3, 20% of the values fall in a 

suitable class and 80% fall in unsuitable class for irrigation. 

It is clear that most of the water samples are not suitable for 

irrigation. 

CONCLUSION 

In the study area, groundwater is the primary source of 

drinking water. The current study examined the 

groundwater quality for drinking and irrigation in the  

Badvel region of Y.S.R Kadapa District (A.P. South India). 

The groundwater is naturally alkaline. TDS, TH, EC, 

chloride, sulphates, fluoride, nitrate levels in groundwater 

are beyond acceptable limits. High chloride concentrations 

could be caused by leaching of top soil layers by domestic, 

municipal, and industrial wastes, as well as residual water in 

pores of granite. Fluoride distribution in groundwater (0.25-

2.93 mg/L) has been associated to high levels of fluorosis. 

Fluoride ions are released or exchanged by hydroxyl ions 

when sodium, bicarbonate and an alkaline pH are increased 

(OH-). The main contributors to fluoride release in 

groundwater are rock weathering and dissolution of 

fluoride-bearing minerals from the source rock. Agricultural 

operations, septic tank leakage and sewage from this area all 

contribute to the high concentration of nitrates. Based on 

TDS classification according to US Geological Survey most 

of groundwater samples are slightly saline. Gibbs diagram 

reveal that all of the groundwater samples were in the rock 

dominance (RD) zone, indicating that rock weathering and 

dissolution of fluoride-bearing minerals from the source 

rock are the primary causes of fluoride release into 

groundwater. Agricultural yields are low in lands irrigated 

with water belonging to doubtful and unsuitable category. 

MH reveals that 66.66% of groundwater samples are 

harmful and unsuitable for irrigation. KR values reveal that 

86.6 % fall in unsuitable category for irrigation. PS 

indicates that 25% of groundwater samples fall in unsuitable 

class. Hence based on above irrigational quality parameters, 

it can be concluded that groundwater fall under unsuitable 

class for irrigation and application of this untreated water 

may be harmful for the crops and decreases the crop yield. 

However more saline tolerant crops could be suggested to 
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combat soil salinization and application of lime or gypsum 

may be suggested to bout the soil permeability.  This will 

play a significant role for effective management of the 

available water resources, and hence sustainable socio-

economic development of the region. 
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ABSTRACT 

This paper deals with the micropalaeontological (pollen and diatom) records available from Assam wetlands located in the northeastern part of India. 

Pollen studies reveal the changing climatic conditions (from wet to dry and vice versa) within Holocene on the basis of changing vegetational patterns 

of the region. On the other hand, the studies on diatom are mostly the reporting of the different recent diatom species from wetlands. Very few 

multiproxy researches have been done on both pollen and diatom to decipher the palaeoclimatic changes, except two studies from separate regions. 

Furthermore, this paper also deals with the preliminary systematic research of the surface samples collected from three different environmental set-

ups of forest to establish the correlation between these environmental set-ups and its biological components. The non-arboreal pollen taxa are 

predominating in forest area, which is almost devoid of diatom; while open land area is characterized by arboreal pollen taxa as well as high 

abundance of diatom, mainly oligotrophic and pollution indicator diatom species. This study is hence used to reconstruct the shifts of environmental 

set-ups (due to palaeoclimatic changes) in the past after analysing the core samples collected from the same regions. This review will be a pathfinder 

for future researchers to study both the proxies for vegetational and climatic variations during Holocene in and around Assam wetlands. 

Keywords:Pollen and diatom, Palynology, Palaeoenvironment and palaeoclimate, Assam wetlands 

 

INTRODUCTION 

The Assam wetlands located in northeast India is part of the 

Indo-Burma biodiversity hotspot, expanding over a vast 

area of southern China, Andaman and Nicobar Islands, 

Myanmar, Thailand till Malaysian peninsula (Myers et al., 

2000; Mittermeier et al., 2004). This Eastern Himalaya 

hotspot is the second largest one with a total area of 

23,08,815 km2 (Myers, 1988), which include 50% of 

floristic population of India among which 8000 species of 

flowering flora along with some primitive angiosperms are 

recorded (Takhtajan, 1969). This hotspot sustains vast 

population of natural habitats due to its highly diversified 

geomorphology and climatic variations. This enriched 

biodiversity was developed as a result of its geological and 

evolutionary history. Due to sea-level fluctuation and 

alternating connection and separation of biotic assemblage 

from its ecosystems, the diversified speciation has occurred 

through a long geological time (van Dijk et al., 2004).  

Wetlands constituting a fundamental part of both the 

terrestrial and aquatic system, are one of the most important 

ecosystems on the Earth surface covering almost 6% of the 

Earth’s surface area. In India, wetlands occupy an average 

of 1-5% of the total area of the country (Space Applications 

Centre, 2011). Assam experiencing the intense drainage 

networks of the Brahmaputra and Barak rivers and 

adjoining riverine land, is the favourable place to develop 

wetlands. In Assam, as many as 3513 wetlands are reported 

with a total area of 1012 km2, constituting 1.29% of total 

area of the state (Chatterjee et al., 2006). Beels, swamps and 

marshes were formed due to overflow of flood water in 

lowlands, as well as due to the presence of meandering 

streams with several migrating channels. 

Wetlands have a vital ecological role to maintain the 

balance between different components of nature, to control 

the flood and hence the soil erosion, to sustain surface water 

and ground water conditions, to regulate hydrological cycle 

and to maintain the biological balance between flora and 

fauna (Kundu, 1997). Certain species of algae present in 

wetlands reduce the water pollution and hence improve the 

water quality. Due to multidimensional significance, 

wetlands draw attention for studying their ecological and 

environmental changes. 

So far many significant palaeoenvironmental and 

palaeoclimatic researches have been carried out from  the 

endangered wetlands of Assam mainly based on palynology 

(Dixit and Bera, 2011; Bera et al., 2011a,b; Basumatary et 

al., 2015; Basumatary et al., 2018 and few others), but very 

little work has been carried out based on both diatom and  

palynological studies inferring the palaeoclimatic 

reconstruction as well as assessing the degradation of the 

wetlands except Bera et al. (2008) and Tripathi et al. (2021). 

The objectives of the paper are to review the existing 

micropaleontological works and to indicate the scope of 

future research.  

PREVIOUS STUDIES 

Studies on pollen 

Assam wetlands attracted researchers for an enriched 

storehouse of spore and pollen. But no coordinated research 
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has been done to study the evolution of the palaeovagetation 

and palaeoclimate of these wetlands, except a few 

palaeoclimatic studies based on palynology from different 

wetlands (Figure 1; Table 1).  

 

Table 1. Research work carried out in the study area in wetlands of Assam. Number on the map as given in this table, refer to 

Figure 1. 

Author Year Area No. on Map 

Bera et al. 2008 Chatla Lake of Barak valley 6 

Dixit and Bera 2011 Deosila swamp, Rangjuli reserve Forest 2 

Bera and Dixit 2011 Merbeel Swamp, Dibrugarh 16 

Bera et al. 2011a DhirBeel, Dhubri District 1 

Bera et al. 2011b Mothabeel and Dangrithan reserve forest  15 

Dixit and Bera 2012 Dabaka Swamp, Nagaon District 11 

Phukan and Bora 2012 Different ponds, lakes, rivers of Sivasagar district 14 

Dixit and Bera 2013a Chayagaon swamp, Kamrup District 5 

Dixit and Bera 2013b Bhogdoi swamp, Kamrup District 4 

Gurung et al. 2013 DeeporBeel, Kamrup District 7 

Borgohain and Tanti 2014 Four places in Nagaon district 10 

Basumatary et al. 2015 Subankhata swamp 3 

Nahar and Tanti 2017 DeeporBeel, Kamrup District 8 

Basumatary et al. 2018 Majuli River Island 13 

Deb et al. 2019 DeeporBeel, Kamrup District 9 

Tripathi et al. 2021 Chatla Lake, Barak valley 12 

 

 

Figure 1. Locations of study areas as mentioned in Table 1 
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The palynology of 2.5 m long sedimentary profile collected 

from Deosila swamp of Rangjuli reserve forest deciphers 

the palaeovegetation and hence palaeoclimatic variation for 

last 6.3 kyr (Dixit and Bera, 2011). This study reveals that 

tropical trees savannah vegetation from 6.3 to 2.9 kyr BP 

exhibits relative less cool and dry climatic condition; while 

from 2.9 to 1.5 kyr BP, the presence of tropical mixed 

deciduous forest infers the warm and humid climate. After 

this period till 0.5 kyr BP, influence of active SW monsoon 

with the increased warm and humid climatic condition 

prevailed as the presence of tropical deciduous forest 

increased, and lastly, the climatic condition changed into 

warm and relatively dry with weak monsoon as forest 

flouristics reduced substantially.  

In another study, a 1.2 m long sediment core collected from 

Merbeel Swamp, Dibrugarh reveals the vegetational 

transition from tropical mixed deciduous to semi evergreen 

forest under the influence of three climatic phases, namely 

relatively cool and dry, advent of warm and finally 

enhancement of warm and humid climatic condition during 

last 3 kyr (Bera and Dixit, 2011). Palynology in and around 

Dhir Beel, Dhubri District was studied to understand the 

relation between pollen and vegetation, and hence to infer 

the effect of biological degradation (including the human 

impact) in wetland (Bera et al., 2011a). Based on the 

presence of pollen from the Mothabeel and Dangrithan 

reserve forest, a detailed palaeovegetational succession has 

been prepared for last 1.76 kyr (Bera et al., 2011b), which 

revealed that the semi-arid and warm humid climate 

predominated in the region, followed by episodes of 

occasional flood.  

Another 3.2 m long sedimentary profile from Dabaka 

Swamp, Nagaon District from the Lower Brahmaputra flood 

plain was studied for its palynological assemblages during 

last 14.1 kyr BP (Dixit and Bera, 2012). From 14.1 to 12.7 

kyr BP, a persistent fluvial activity was recorded, while it 

got changed into tropical tree savannah vegetation with 

cooler and drier climate till 11.6 kyr BP, which corresponds 

to Younger Dryas; from 11.6 to 8.3 kyr BP, the presence of 

tropical mixed deciduous taxa reveals the relatively less 

cool and dry climatic condition. After this phase again, 

fluvial episodes regained till 7.1 kyr BP and later between 

7.1 and 1.5 kyr BP, the climatic condition became warm and 

humid with tropical mixed deciduous vegetation which 

corresponds to Holocene climate optimum. In comparison, 

during 1.5 to 0.7 kyr BP, the enhancement of warm and 

humid climatic condition with tropical mixed deciduous 

vegetation is seen which eventually deteriorated due to 

human encroachment under warm and relatively dry climate 

from 0.7 kyr BP onwards.  

Similarly, a 3.4 m long sedimentary core from Chayagaon 

swamp, Kamrup District has been studied to decipher the 

climatic and vegetational history during Late Quaternary 

(Dixit and Bera, 2013a). This study reveals persistent fluvial 

activity from 14.8 to 12.4 kyr BP which was succeeded by 

cool and dry climatic condition with lesser precipitation, 

corresponding to the Younger Dryas, which might cause the 

development of tropical savannah vegetation; thereafter 

climate changed into less cool and dry condition with the 

presence of tropical mixed deciduous vegetation till 7.6 kyr 

BP. Between 7.6 and 6.7 kyr BP, the fluvial activity 

increased, which was succeeded by warm and moderately 

humid climatic condition with enhancement of precipitation 

along with the tropical mixed deciduous vegetation till 1.9 

kyr BP, which is well matched with Holocene climate 

optimum. Between 1.9 and 0.9 kyr BP, due to increase in 

warm and humid climate the tropical mixed deciduous 

vegetation proliferated, which corresponds to Medieval 

Warm Period; afterwards the tropical mixed deciduous 

vegetation got deteriorated under warm and dry climate as 

well as an extensive encroachment of human settlement. 

Another study of 1.8 m long sedimentary core from 

Bhogdoi swamp, Kamrup District revealed the 

palaeovegetational and palaeoclimatic changes during last 

3.8 kyr (Dixit and Bera, 2013b). In this study, the presence 

of mixed deciduous forest indicates the warm and humid 

climate during first phase of climatic condition (from 3.8 to 

2.5 kyr BP); in second climatic phase (from 2.5 to 0.6 kyr 

BP), the proliferation of mixed deciduous vegetation 

deciphers the increase of the warm and humid climatic 

condition with increased precipitation. In the last phase 

(from 0.6 kyr BP to Recent), the gradual deterioration of 

mixed deciduous vegetation indicates the warm and 

relatively drier climatic condition. An extensive study of 

palynoassemblage has been done from the trench sediment 

samples collected from Subankhata swamp of Assam to 

reconstruct palaeovegetational, palaeoclimatological and 

palaeomonsoonal variations during last 27.2 kyr 

(Basumatary et al., 2015). In this study, entire core was 

divided into five palynozones. Oldest zone, corresponding 

27.2 kyr BP age, represents the open-land savannah forest 

vegetation due to cool and dry climatic condition with less 

rainfall. Next zone, corresponding to Last Glacial 

maximum, exhibits a transitional climatic condition with 

increased rainfall which produced moist forest vegetation. 

Succeeding zone signifies the establishment of deciduous 

and evergreen forest in presence of warm and humid climate 

with stronger monsoon, high wind activity and strong water 
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transport. Next zone is also characterized by same type of 

climatic condition with strengthening of monsoon, which 

shows regional forest with the initiation of human activities. 

Topmost zone, corresponding to Holocene climate 

maximum, represents comparatively warm and less humid 

climate with the deterioration of climate and primary mixed 

deciduous forest vegetation along with increased human 

activities. Unique attempt was made to apply palynological 

data to decipher palaeo-flood of two wetlands from the 

Majuli River Island, which provides the baseline data for 

reconstructing palaeovegetational and palaeoclimatic 

variations (Basumatary et al., 2018).  

Studies on diatom 

Compared to pollen study from Assam wetlands, diatoms 

have not been studied extensively, particularly in the 

application of palaeoclimatic study. Few studies have been 

done based on surface samples to report the diatom species 

present in respective wetlands. Sixteen new reported species 

of diatom belonging to nine genus was recorded from 

different ponds, lakes, rivers of Sivasagar District (Phukan 

and Bora, 2012). In another study, 65 species (53 pinnate 

and 12 centric) diatom belonging to 26 genera was reported 

from water and soil samples from six different sites in 

Deepor Beel, Kamrup District (Gurung et al., 2013). In 

another study, the silica rich soils from aquatic to semi-

aquatic habitats from four places in Nagaon District, Assam 

has been analysed and 103 species of 20 genera of 

freshwater diatoms were found, which are exclusively 

solitary pinnate forms (Borgohain and Tanti, 2014). 

Photoluminescence study of four freshwater diatoms has 

been carried out on the water and soil samples collected 

from Deepor Beel to reveal the non-uniform pore size of 

nanostructures in the diatom frustules (Nahar and Tanti, 

2017). While investigating the algal composition, diversity 

and distribution in the water of Deepor Beel wetland, 27 

algal species (among which 14 species are of diatom) are 

reported to assess the effect of pollution over the physico-

chemical as well as biological properties (Deb et al., 2019).  

Studies on both pollen and diatom 

Though there are very few works done on multiproxy 

aspects (both pollen and diatom), some very unique works 

have been done on their palaeoclimatic implications. A 

preliminary attempt has been made based on multiproxy 

study (pollen-spores and diatom) to indicate the biological 

degradation in Deepor Beel, using degraded palynomorphs 

and fungal remains (Bera et al., 2008). A multiproxy (pollen 

and diatom) approach has been made from a 0.8 m long 

sedimentary core from Chatla Lake of Barak valley to 

decipher palaeovegetational and palaeoclimatic variations 

between 1.3 and 0.7 kyr BP (Tripathi et al., 2021). Pre-

Medieval Warm Period (MWP) exhibits warm and less 

humid climate due to weak monsoon and during the 

beginning of MWP, the climatic conditions changed to 

warm and humid. At the peak of MWP, warm and humid 

climate increased and lastly, during post-MWP, less warm a 

humid climate continued along with some anthropogenic 

activities (Tripathi et al., 2021). 

PRESENT INVESTIGATION 

To understand the relation between the palaeoenvironmental 

/palaeoclimatic changes and their response on biotic 

components, the surface and thereafter subsurface samples 

from Assam wetlands have been studied methodically. The 

data were generated from two study locations, namely 

Nalapur and Sukurbaria, in Rani-Garbhanga reserve forest, 

Assam (Figure 2). A total of 12 modern surface sediment 

samples (6 from each location) were collected. In each 

location, three different environmental set-ups were 

identified, namely forest area, marginal area and open land. 

Around 300 diatom valves and pollen grains were 

separately counted from each sample. It has been observed 

that the number of diatom is less in forest area, while it 

increases highly in open land area. The open land area 

shows high abundance of oligotrophic diatom species, such 

as Frustulia indica, Pinnularia amabilis, P. divergence and 

P. virdis as well as the pollution indicator Nitzschia 

umbonata. On the other hand, non-arboreal (Poaceae and 

Asteroideae) taxa are predominant in forest area and it has 

been decreasing towards open area; in open area, arboreal 

taxa (Largerstroemia and Terminalia) is present in high 

abundance. The data obtained from pollen and diatom are 

used to establish the pattern of vegetation and nature of 

depositional environment of different environmental set-

ups. Applying this dataset, the core samples collected from 

nearby regions were analysed to demarcate the shift of 

vegetational patterns and environmental changes (from 

hot/humid to cold/dry and vice versa) during Holocene. 

These data will be very helpful to reconstruct the 

palaeoclimatic scenario in and around this area during 

Holocene. 
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Figure 2. Location of present study area 

DISCUSSION AND CONCLUSIONS 

The studies of endangered wetlands, based on pollen and 

diatom indicate that some important palaeovegetational 

(hence palaeoclimatic) works has been done based on 

palynology from different parts of Assam to give an 

overview of the palaeoclimatic changes over the Holocene 

based on detailed study on pollen. On the other hand, 

ecological study of diatoms has not been extensively used to 

study the palaeoclimate. But there were merely two research 

works carried out on the basis of the scientific coordination 

between the study of pollen and diatom from the same 

region. Hence, serious attempts should be made to correlate 

the data obtained from pollen with accordance to the data of 

diatom to portray the evolutionary changes of the Assam 

wetlands with special reference to palaeovegetation and 

palaeoclimate. In view of this prospect, few surface 

sediment samples collected from three different 

environmental set-ups (forest area, marginal area and open 

land area) from two physically separated locations, namely 

Nalapur and Sukurbaria, from Rani-Garbhanga reserve 

forest, have been studied. The study of diatom and pollen 

from these samples reveals that the sediment collected from 

forest area contains more non-arboreal pollen taxa, while 

open land area contains more arboreal pollen taxa. On the 

other hand, open land area shows the proliferation in diatom 

number with the oligotrophic and pollution indicator 

species. This investigation is a unique approach to establish 

the basic dataset for the study to understand the 

palaeoenvironmental and palaeoclimatic changes (from wet 

to dry and vice versa) during Holocene while analysing the 

core samples from same regions. Therefore, this kind of 

multiproxy research based on both pollen and diatom needs 

to address the climatic data gaps from the endangered 

wetlands of Assam. 
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