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Abstract
Objectives: The current study shows the magnitude of changes in land
use and land cover (LULC) in the Ambattur Zone from 1990 to 2021 and
examines its impact on groundwater quality through the Gibbs diagram, Piper
diagram, multivariate statistical analysis, and water quality index (WQI) for
drinking. Methods: Landsat images were collected to derive the LULC images
through the supervised classification approach. Groundwater samples were
collected from31wells for two seasons and analyzed for the hydrogeochemical
study. Gibbs, Piper, multivariate statistical analysis and WQI were done to
evaluate the groundwater quality for drinking purpose and to study the
hydrogeochemical characteristics. Findings: The results show that barren land
decreased from 7.4 to 4.31 km2, whereas, built-up land expanded from 21.37
to 24 km2. Compared to barren and built-up regions, water and vegetation land
haven’t changed much. LULC change analysis required assessing Ambattur
groundwater quality. Physico-chemical investigations and ionic concentrations
show that Ambattur industrial zone groundwater is contaminated and unsafe
for human consumption. WQI shows that 60% of groundwater is unfit
in both seasons. Evaporation and rock-water interaction alter the area’s
groundwater chemistry. Hydrogeochemical facies diagrams show alternating
alkaline and alkali dominance, as well as strong and weak acids. According
to correlation matrices, all analytical parameters except pH have a positive
correlation. Four basic components and a cluster contribute to understanding
industrial pollution. Novelty: (i) The present study integrates LULC changes
and hydrogeochemistry for the evaluation of groundwater quality. (ii) The
comprehensive approach of analyzing LULC changes in conjunction with
evaluating the groundwater geochemistry gives new insights in groundwater
management for the long-term development of any region.
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1 Introduction
The elixir of all life is water, on which human actions have a significant negative impact.
Since the industrial revolution, natural and contaminated waters have been extensively
investigated throughout the globe. The site-specific development has damaged and
continues to pollute the groundwater system in multiple locations across India (1–4).
Due to a lack of surface water resources, economic development in arid and semi-
arid areas is increasingly dependent on groundwater, which provides high-quality water
for drinking, household, agricultural, and industrial purposes. This puts strain on
groundwater aquifers, which causes them to degrade and become unsaturated, which
is a problematic condition (5,6). Over exploitation of groundwater as a result of rapid
urbanisations and industrial expansion causes groundwater level depletion. Polluting
effluents from urban residents and industries have a negative impact on groundwater
quality. This shows the need for LULC (Land Use and Land Cover) change analysis, a
key tool, can be used to evaluate the effects of human activity on the environment. A
basic inventory of the land’s resources is provided via land cover mapping. A thorough
examination of land use and land cover change can also reveal the rate of deforestation
and the most important routes for changing forested land (7). According to the 2011
census, Chennai, the capital of Tamilnadu, is the fifth most populous metropolitan
area in India (8). Its periphery is home to a number of industrial areas (9). Due to the
influx of residents, Chennai City has seen its level of urbanisation rapidly develop
as well as its population grow in recent years. This has put further strain on the
metropolitan city’s needs for a living. The ecosystem is so overburdened by increased
human demands, further urbanisation, and industrial activities that it is unable to
regenerate. Overall, under various environmental, political, demographic, and social
circumstances, land use practises increase over an extended period of time. With the
aid of GIS technologies and expertise in remote sensing, this has to be monitored and
understood (10).Themapping of the land use and land cover of a region can be donewith
the help of remote sensing and GIS techniques. The integration of remote sensing data
with GIS provides numerous new views and opportunities for the analysis, evaluation,
and interpretation of data in conjunction with supplementary digital information, such
as digitised maps (11). Numerous studies have evaluated the hydrogeochemistry of parts
of the Chennai region, to identify the groundwater suitability for drinking, domestic,
irrigation, and industrial purposes. In those previous studies, the LULC changes
were not considered primarily for the groundwater contamination. A comprehensive
approach integrating the LULC change analysis with hydrogeochemical studies has not
been done so far. Temporal development activities in cities like Chennai play a vital role
in freshwater demand and groundwater abstraction. Encroachments by residential and
industrial expansions over the surface water resources reduce the natural recharge and
increase the need for the freshwater. The industrial activities have released untreated
effluents into the recharging zones, which has led to the contamination of groundwater.
Although regular monitoring of groundwater quality is of utmost importance in such
residential and industrial sectors. It will help in finding out the quality changes that have
been taking place over the years. Land use and land cover information about landscape
patterns, changes, and interactions between human activities and natural occurrences is
essential for effective land management, planning, and decision-making involving the
earth’s surface (12,13). The present study was carried out to show the extent of changes in
land use and land cover of the Ambattur Zone for the period of 40 years (from 1990 to
2021) and to examine its impact on groundwater quality through the Gibbs diagram,
Piper diagram, Multivariate statistical analysis, and Water quality index (WQI) for its
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use as a drinking purpose. The primary aim of this study is to protect the existing water, free from contaminants and minimise
the contaminants by identifying the source and cause of pollutants.

2 Methodology

2.1 Study Area

As shown in Figure 1, the industrial zone of Ambattur is situated between the latitudes of 13◦3’0” and 13◦9’0”N and longitudes
of 80◦8’0” and 80◦13’0”E. The region’s geology is composed of crystalline rocks from the Archean era, cemented Gondwana,
tertiary sediments, andmodern alluviumdeposits. Grey brown to black sandy clay is the chief geological formation that occupies
most of the eastern regions of the study area. In the western part, laterite and lateritic gravel are being found as the second
dominant rock type. Sandstone formations were found as patches along with the lateritic formation in the western region to
north part of the study area. Several different types of small and large-scale enterprises can be found in this neighbourhood.
Underground water is the only source of water for Ambattur’s industrial zones. The quality of the groundwater in this area
is steadily declining as a result of industrial activities. The annual average temperature is between 24.3◦C and 32.9◦C. The
district has 1285.6 to 1232.7mm of yearly rainfall on average. Ambattur is a neighbourhood in western Chennai that is part of
the Thiruvallur district of Tamil Nadu’s Ambattur Taluk of the Chennai Corporation. The Chennai Corporation classifies the
Ambattur Zone, which has 15 wards, as the VII Zone (ward numbers 79 to 93).

Fig 1. Geology of Ambattur industrial block with sample locations

Geological Survey of India maps scaled at 1:50,000 were used to prepare the base map for the study area (Figure 1). Landsat
cloud free images of 30m resolution from the USGS portal for the years 1990, 2000 and 2021 were downloaded and registered
in the ArcGIS 10.3 software [imagery particulars are given in the Table 1]. Pre-processed satellite images are loaded into the
ERDAS GIS platform (14,15). True colour composite maps were produced using the red, green, and blue bands (RGB) of each
scene in the module “RGB Composite”. Subsequently, false colour maps (FCC) using the bands Green, Red, and Infra-red
(RGIR) were produced in the same module “RGB Composite” for both scenes (16,17). These two composite maps are used later
in assigning the classes for each cluster of classified images. A supervised classification approach was applied to classify the
LULC (18). Since the study area is small, 100 region of interest (ROI) polygons grouped into four classes were generated through
the visual interpretationwith the support of RGB and FCCmaps. Based on theROI, supervised classificationwas performed and
4 classes such as barren, built-up land, vegetations and water bodies were derived (Figure 2). The barren land class represents
all the unused lands, waste lands, uncultivated lands, open scrubs, and sandbars. The built-up land denotes the residential
areas, industrial constructions, and pavements. The class vegetation covers all agriculture fields, forest, bushes, and scrubs. All
the waterlogged areas were grouped into the water body class. Using the geometry calculator tool in the attribute table of the
ArcGIS software, the area of each class was found.
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Fig 2.True colour composite(RGB), False colour composite (GRIR) and Land use/Land cover (LULC)maps forthe years 1990, 2000 and 2021

Table 1.Thesatellite imagery particulars and the calculated area of LULC Classes
Scene Year 1990 2000 2021
Landsat Scene Identifier LT51420511990074ISP00 L71142051_05120001028 LC81420512021111LGN00
Acquisition Date 15-03-1990 28-03-2000 21-04-2021
WRS Path 142 142 142
WRS Row 51 51 51
Sensor Identifier TM ETM+ OLI_TIRS
Class LULC Class Area in km2 (%)
Water-Body 4.46 (11.62) 1.97 (5.13) 2.45 (6.38)
Barren-Land 4.38 (11.41) 7.4 (19.28) 4.31 (11.23)
Vegetation 8.18 (21.31) 7.01 (18.26) 7.63 (19.87)
Built-Up 21.37 (55.67) 22.01 (57.33) 24 (62.52)
Total 38.39 (100) 38.39 (100) 38.39 (100)
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Groundwater samples were collected from 31 well sites during June 2020 as a premonsoon and during January 2021 as
postmonsoon. As many sites as possible were sampled using a grid pattern sampling technique to provide adequate coverage
of the study area. With the use of a handheld Garmin GPS unit, sample geographic coordinate locations are acquired. The
American Public Health Association’s suggested analysis techniques are used for chemical analysis (19). Using portable EC
and pH metres, in-field measurements of electrical conductivity, total dissolved solids, and pH were made. Na and K were
determined using a flame photometer, while Ca andMg were determined using the EDTA titration method. Acid titration was
used to estimate HCO3, argentometry was used to determine Cl concentration, and a spectrophotometer was used to determine
SO4 and NO3 using the turbidity method. Titrimetric analysis is used to determine the total hardness and total alkalinity of
CaCO3.Thedescriptive statistics of the levels of the physicochemical parameters are given inTable 2.With the use ofAquaChem
5.0 software, the findings were shown as Piper trilinear and Gibbs plots, and SPSS v16 was utilised for multivariate statistical
analysis. The water quality index was derived by giving weight (wi) to the physicochemical parameters based on their relative
importance in the overall quality of drinking water as shown in Table 2. All the parameters, including calcium, magnesium,
sodium, pH, nitrate, etc., were given a weight of 1 to 5 based on their significance in determining water quality (20–22).

Table 2. Results range of chemical parameters and relative their weight

Parameters Pre-Monsoon Post-Monsoon Weight (wi) Relative
Weight (Wi) WHO Standard

Range Mean Range Mean
EC 1067-11450 3158 460-13280 2821.9 - - -
pH 7.0-7.9 7.3 6.9-8.6 7.53 5 0.161 6.5
Ca 58-690 178 38-740 195 4 0.129 100
Mg 20-574 103.9 7-644 89.71 3 0.096 50
Na 47-868 295 16-1481 246.6 3 0.096 200
K 0-68 14.1 1-137 19.29 2 0.064 20
HCO3 203-722 389 92-769 346.3 - - -
SO4 34-493 178 4-768 178.2 2 0.064 200
Cl 179-3038 675.8 27-4254 645.7 3 0.096 250
NO3 1-140 45 1-169 45.61 3 0.096 45
F 0.25-1.26 0.6 0.26-1.88 0.7 1 0.032 1.5
TDS 584-5582 1706 252-7438 1599 5 0.161 500
CaCO3 (TH) 254-4766 1013.5 145-4100 857.25 - - -
CaCO3 (TA) 165-591 324 75-630 292.09 - - -

Σwi=31 ΣWi=1

The relative weight (Wi) is calculated as per the formula

Wi =
wi

∑n
i=1 w i

(1)

Where n is the number of parameters being assessed by WQI. wi is the weightage assigned to each parameter. Each parameter
is assigned a quality rating scale (qi)

qi =
Ci
Si

×100 (2)

Where ‘Ci’ is the obtained value of each parameter and ‘Si’ is the standard values as recommended by WHO (23).

SIi =Wi ×qi (3)

Where SIi is the sub-index of ith parameter

WQI = ∑SIi (4)
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3 Result and Discussion
The results of the groundwater analytical parameters are compared with the drinking water guideline values proposed by the
World Health Organisation. So far, no studies have been conducted exclusively in the Ambattur industrial zone for comparative
analysis. Some studies have been done on regional scales, which are unsuitable to compare with the results of the present study,
since the present study was conducted in smaller area. Moreover, the hydrogeochemistry of any region in the world is unstable
and more dynamic in nature, so periodical monitoring is required to ensure the appropriateness of water quality for various
purposes.

3.1 LULC changes

According to the obtained results, the overall area of classes that existed at the time of the image taken is illustrated in the pie
charts of the LULC maps. In 1990, the built-up land covered 55.67% of the total area, followed by 21.31% vegetation cover,
11.62% water and 11.41% barren land. During 2000, built-up land covered 57.33% of the total area, followed by barren land of
about 19.28%, whereas vegetation covered an area of 18.26% andwater bodies occupied 5.13%. In 2021, the area of built-up land
was increased by 62.52% and vegetation cover increased by 19.87%. The Waterlogged area was raised to 6.38% and the area of
barren land was decreased to 11.23%. Since Chennai is a rapidly developing city, the demand for land to establish constructions
is very high. Hence, the barren lands are mostly converted into built-up land. In 4 decades, about 3.09 km2 of barren land was
changed into built-up, vegetation, and water-logged land. Since 1990, nearly 2.63 km2 of land has been used for new built-ups.
The rate of increase of built-up land is 0.066 km2/year. The temporal change in the total area of vegetation and water bodies
depends upon the availability of freshwater in the surface storage systems andmonsoonal precipitation.The inferences from the
LULC changes show that the expansion of industrial and residential built-ups undoubtedly increases the demand for freshwater
supply and pushes towards overexploitation of groundwater. The untreated effluents from the industrial activities and waste
water sewage from the residential settlements mix with the surface water systems and reach into the groundwater environment
through the recharging process. It adversely affects the groundwater quality and makes it unsuitable for any utilisation. Hence,
monitoring the groundwater quality is essential to ensure the availability of freshwater for basic demands of the study area.

3.2 Groundwater Quality

Premonsoon pH levels range from 7.0 to 7.9, and postmonsoon pH values range from 6.9 to 8.6.The current study demonstrates
that the groundwater in the study area is within the standard limit in both seasons for the pH range that the WHO has set for
drinking water, which is 6.5 to 8.5, except for sample 27 in postmonsoon. Premonsoon electrical conductivity values range
from 1067 to 11450 µS/cm, and postmonsoon values range from 460 to 13280 µS/cm. During premonsoon and postmonsoon,
the total dissolved solids of the groundwater samples ranged from 584 to 5582 mg/L and 252 to 7438 mg/L, respectively. It
has been discovered that 25.8 percent of premonsoon samples and 22.6 percent of postmonsoon samples have TDS levels that
are over the recommended limit of 2000 mg/L and are therefore unsafe for human consumption. According to their mean
value in both seasons, sodium is the predominant cation, followed by calcium, magnesium, and potassium. According to their
mean concentration of anions in both seasons, the order of abundance is chloride, followed by bicarbonate, sulphate, nitrate,
carbonate, and fluoride.

During the premonsoon, the values for total hardness and total alkalinity range from 254 to 4766 mg/L and from
165 to 591 mg/L, respectively. The same ranges between 145 mg/L and 4100 mg/L and 75 mg/L to 630 mg/L in the
postmonsoon. Comparing the ionic concentrations of groundwater to the recommended drinking water levels reveals that,
during premonsoon, 12.5% of samples exceeds the limit of 200 for Ca, 25.8% of samples exceeds the limit of 100 for Mg,
19.4% of samples exceeds the limit of 1000 for Cl, 6.5% of samples exceeds the limit of 400 for SO4, 48.4% samples exceed the
limit of 45 for NO3 and the 48.4% of samples exceeds the limit of 600 for TH. A comparative investigation reveals that during
postmonsoon, 25.8%, 16.1%, 19.4%, 12.9%, 45.2%, 6.5%, and 35.5% of the groundwater samples were, respectively, unfit for
consumption due to Ca, Mg, Cl, SO4, NO3, F, and TH limits. In the study location, various chemicals indicate varying levels of
groundwater suitable for drinking.

Since the quantity of potable water varies according to the concentration limits of various chemicals found in groundwater,
WQI was computed to find the overall quantity of potable groundwater in the study area. TheWQI findings are categorised as
follows: excellent as <50, good as 50 to 100, poor as 100 to 200, very poor as 200 to 300, and unsuitable as >300 for drinking.
In the premonsoon season, 54.83% of the groundwater is poor for human consumption, followed by 19.35% of good, 16.12%
of very poor, and 9.67% of unsuitable groundwater for drinking (Table 3).. The postmonsoon WQI indicates that 38.7% of
groundwater quality poor for drinking, 32.25% is good, 12.9% is unsuitable, 9.6% is very poor, and only 6.45% of groundwater
is excellent for drinking.The untreated industrial waste water mixed with surface water and made its way into the groundwater
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system of the study area. This made the groundwater less clean.

Table 3.Water Quality Index (WQI) for groundwater samples

Range Category Pre-Monsoon Post-Monsoon
No. of samples Values in % No. of samples Values in %

<50 Excellent 0 0 2 6.45
50-100 Good 6 19.35 10 32.25
100-200 Poor 17 54.83 12 38.7
200-300 Very Poor 5 16.12 3 9.6
>300 Unsuitable 3 9.67 4 12.9

3.3 Hydrogeochemical Processes

Gibbs postulated that precipitation, rock-water contact, and evaporation are the three fundamental factors governing the
chemistry of groundwater (24). In the present study, the analytical values are plotted on Gibbs’ diagram, and it is determined that
evaporation and rock-water interaction are the most important determinants of groundwater chemistry in this location. About
58.1% of the cation compounds and 54.8% of the anion compounds in the groundwater were controlled by an evaporation
mechanism during the premonsoon season. With regard to cation and anion compounds, rock-water interaction controls
64.5% and the evaporation process controls 51.6% of the groundwater chemistry during the post-monsoon season (Figure 3).
Evaporation causes a rise in the ionic content of groundwater in the research area.

Fig 3. Gibb’s plot for pre-monsoonand post-monsoon results

The Piper trilinear diagram illustrates various hydrogeochemical faces based on the relative abundance and chemical
equilibrium of the ions found in groundwater (25).The premonsoon groundwater samples of about 58.1% and the postmonsoon

https://www.indjst.org/ 2521

https://www.indjst.org/


Singh et al. / Indian Journal of Science and Technology 2022;15(46):2515–2526

groundwater samples of about 74.2% in the present investigation had Ca+Mg (alkaline earth) exceeding the Na+K (alkali
earth) and 96.8% of the samples in both seasons fell into the SO4+Cl (strong acids) exceeding the CO3+HCO3 (weak acids)
class. During premonsoon, the subcategories of the diamond-shaped plot reveal that the Na-Cl type is predominant at 41.9%,
followed by the Ca-Mg-Cl type at 32.3%, the Ca-Mg-SO4 type at 22.6%, and the Na-HCO3-Cl type with 3.2%. It shows that
industrial waste and the dissolving of formation salts have a crucial influence on the hydrogeochemistry of the groundwater
in the research region. In the postmonsoon season, the predominant type of groundwater is Ca-Mg-Cl (48.4%), followed by
Ca-Mg-SO4 (25.8%), Na-Cl (22.6%), and Na-HCO3-Cl (3.2%) (Figure 4). The play of precipitating freshwater mixing with
groundwater in the study area was shown by the increase in the number of Ca-Mg ionic faces.

Fig 4. Piper plot for pre-monsoonand post-monsoon results

3.4 Multivariate Analysis
The statistical correlations between 14 hydrogeochemical parameters are studied. The correlation matrix for the analytical
results of the groundwater samples collected during both the pre and post-monsoon seasons is shown inTable 4. In premonsoon,
strong positive associations (>0.75) were observed between the parameters such as ECwith TDS, Ca, Mg, Na, Cl, and SO4; TDS
with Ca, Mg, Na, Cl, and SO4; Ca with Mg and Cl; Mg with Cl, and TA with HCO3. Whereas, a moderate correlation (0.5 –
0.75) was discovered between parameters such as EC and TH; TDS and TH; TH with Ca, Mg, and Cl; Ca with Na, SO4, and F;
Mg with Na, SO4 and F; Na with SO4, Cl and F; SO4 with Cl and Cl with F. Weak correlations (0.3-0.5) were obtained between
the parameters such as TH with F; TA with Na; Na with HCO3 and SO4 with F. All of the major anions and cations have
a positive correlation, indicating that the research region was primarily affected by silicate weathering and had a significant
impact from anthropogenic effluents. In the correlation of post-monsoon results, the EC and TDS demonstrate a substantially
positive association with TH, Ca, Mg, Na, Cl, and SO4. The moderate correlation of K with NO3 distinctly explains the mixed
irrigation return flow that carries the dissolved K-fertilisers. A strong positive correlation between SO4 and Cl with Ca, Mg,
and Na shows the weathering and dissolution of anhydrite and halite.
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Table 4. Pearson’s correlation matrix for the analytical values
Parameters EC TDS Ph TH TA Ca Mg Na K HCO3 SO4 Cl NO3 F

Post-
Monsoon

EC 1 1 -
0.04

0.9 0.13 0.83 0.88 0.81 0.05 0.15 0.86 0.99 -0.3 0.17

TDS 0.99 1 -
0.03

0.89 0.15 0.82 0.87 0.82 0.07 0.17 0.86 0.99 -
0.28

0.15

Ph -
0.17

-
0.16

1 -
0.15

-
0.13

-
0.27

-
0.04

0.13 -
0.07

-0.2 -
0.07

-
0.01

-
0.05

-0.12

TH 0.66 0.66 -
0.11

1 -
0.11

0.94 0.97 0.48 0.02 -0.09 0.84 0.91 -
0.33

0.18

TA 0.01 0 0.06 -
0.18

1 0.02 -0.2 0.4 0.21 0.98 0.14 -
0.01

0.31 0.21

Ca 0.89 0.91 -
0.35

0.71 -
0.18

1 0.82 0.4 0.17 0.04 0.81 0.81 -
0.24

0.19

Mg 0.95 0.94 -
0.24

0.7 -0.2 0.92 1 0.49 -0.1 -0.18 0.79 0.91 -
0.36

0.17

Na 0.83 0.81 0.03 0.4 0.36 0.54 0.66 1 0.04 0.42 0.63 0.77 -
0.19

0.07

K 0.15 0.14 0 0.02 0.28 0.1 -
0.01

0.19 1 0.23 -0.2 0.06 0.58 -0.05

HCO3 0.02 0.01 0 -
0.16

0.98 -
0.18

-0.2 0.39 0.28 1 0.12 0.02 0.27 0.24

SO4 0.77 0.78 0.15 0.41 0.06 0.6 0.67 0.73 -
0.02

0.06 1 0.81 -
0.45

0.27

Cl 0.98 0.99 -
0.18

0.68 -
0.12

0.92 0.97 0.75 0.13 -0.1 0.73 1 -
0.32

0.11

NO3 -
0.36

-
0.34

-
0.06

-0.3 -
0.17

-
0.26

-
0.39

-
0.31

0.11 -0.19 -
0.35

-
0.33

1 -0.35

F 0.6 0.57 -
0.21

0.43 0.26 0.53 0.61 0.51 -
0.12

0.24 0.31 0.54 -
0.54

1

Pre-
Monsoon

Factor analyses (PCA)were performed on the hydrogeochemical data set for the pre and post-monsoon periods.Thefindings
of factor analysis are presented in Table 5, which displays the variable loadings, Eigenvalues, and variance accounted for by each
factor. In the research region during premonsoon, Factor 1 is characterised by high loadings for EC, TDS, TH, Ca, Na, Mg, Cl,
and SO4, moderate loadings for F, and low loadings for K with a total variance of 48.8%. Factor 2 explains 17.9% of the overall
variance; with TA and HCO3 being heavily and moderately loaded by Na and K. Positive loading of HCO3 is indicative of the
carbonate weathering process. K and NO3 have significantly loaded in Factor-3, which contributes to roughly 10.2% of the total
variation and denotes the use of fertilisers in the agricultural land. Strong loading of pH and moderate loading of SO4 were
observed in the 4th factor. In the case of the post-monsoon season, Factor-1 is significantly represented by EC, TDS, TH, Ca,
Mg, SO4, Cl, and moderately represented by Na, with a total variance of 48.6% indicating the industrial activities. Factor-2
explains 17.4% of the overall variance, with TA, and HCO3 substantially loaded, Na moderately loaded, and F poorly loaded,
indicating the dissolution process of silicates. Factor-3 accounts for 13% of the overall variance and is highly loaded by K and
NO3, which clearly shows biological activity in the soil.

After normalising the data set to Z-scale, the hydrogeochemical parameters of groundwater samples were utilised in the
hierarchical cluster analysis (HCA) via Ward’s linkage approach. The dendrogram consists of multiple groups, each of which
is composed of multiple subgroups and singletons (Figure 5). The groundwater stations are grouped into three major groups
during the premonsoon. Cluster 1 of the premonsoon results was comprised of samples 1-3, 6-7, 10, 12-13, 15, 18-20, 22-24,
26-28, and 30-31 with TDS varying between 584 mg/l and 1662 mg/l showing low pollution levels. Cluster 2 with samples 9, 11,
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Table 5. Factor analysis (PCA) for the analytical values

Parameters Pre-Monsoon Post-Monsoon
F-1 F-2 F-3 F-4 F-1 F-2 F-3 F-4

EC 0.99 0.09 -0.06 -0.04 0.98 0.16 -0.05 -0.05
TDS 0.99 0.07 -0.05 -0.03 0.98 0.17 -0.03 -0.07
Ph -0.12 0.01 -0.03 0.93 -0.05 -0.08 -0.1 -0.85
TH 0.71 -0.16 -0.15 -0.13 0.96 -0.14 -0.05 0.19
TA -0.07 0.98 -0.01 0.03 0 0.97 0.13 0.06
Ca 0.91 -0.14 -0.04 -0.29 0.89 -0.04 0.06 0.34
Mg 0.95 -0.13 -0.19 -0.15 0.93 -0.21 -0.13 0.06
Na 0.79 0.45 -0.02 0.18 0.7 0.5 -0.06 -0.38
K 0.18 0.37 0.73 -0.04 0.08 0.15 0.82 0.15
HCO3 -0.06 0.98 -0.01 -0.01 0.02 0.97 0.13 0.11
SO4 0.79 0.09 -0.11 0.4 0.86 0.15 -0.31 0.07
Cl 0.99 -0.04 -0.03 -0.07 0.98 0.02 -0.03 -0.08
NO3 -0.32 -0.25 0.7 -0.09 -0.29 0.19 0.84 0
F 0.53 0.33 -0.57 -0.3 0.11 0.33 -0.5 0.46
Total 6.83 2.51 1.43 1.27 6.8 2.4 1.8 1.3
% of Variance 48.8 17.9 10.2 9.1 48.6 17.4 13 9.2
Cumulative % 48.8 66.7 76.9 86 48.6 66 79 88.2

14, 16, 17, 21, and 29 could be classified as contaminated due to their elevated TDS range of 1880 mg/l to 2672 mg/l. Cluster 3
consists of sample 8 with a high TH (4766mg/l) value, indicating the carbonated nature of the groundwater. Cluster 4 of samples
4, 5, and 25 with higher EC values significantly represents the pollution due to the untreated industrial effluent mixing with the
groundwater of the study area. The stations are grouped into four clusters during the post-monsoon. Cluster 1 of samples 1 to
31 (except 5, 11, 14, 19, 21, 25, and 29) is a region with low pollution levels with respect to the lower TDS levels (252 to 1645
mg/l). Cluster 2 consisting of samples 11, 14, and 19, with a mean TDS value of 2352 mg/l, could be classified as moderately
polluted. Cluster 3 of samples 5, 21, and 29 with very high EC values of 8450 µS/cm the collection of highly polluted stations.
Cluster 4 of sample 25 with an EC value 13280 µS/cm is found to be saline, heavily contaminated and unsuitable for utilisation.

4 Conclusion
Effective use of GIS tools in remote sensing data has been used in this study to explain land use and land cover changes from
1990 to 2021.The interpretation of the results reveals that barren land has changed rapidly during the selected period, decreasing
from 7.4 to 4.31 km2, while built-up land increased dramatically from 21.37 to 24 km2. Wetland and vegetation land haven’t
changed much compared to barren and built-up lands. The findings of the LULC change analysis are required to assess the
groundwater quality of the Ambattur. Physico-chemical measurements and ionic concentrations indicate that groundwater
in numerous areas inside the Ambattur industrial zone is significantly contaminated and unfit for human consumption. The
WQI method demonstrates that nearly sixty percent of groundwater is poor to unsuitable during both seasons. Evaporation
and rock-water interaction are the primary factors affecting the groundwater chemistry in the studied area. Hydrogeochemical
facies diagrams revealed the alternating dominance of alkaline and alkali elements, as well as strong acids and weak acids, as a
result of the governing mechanisms. Interpretations of correlation matrices reveal a substantial positive association between all
analytical parameters except pH. Analysis of variables and clusters reveals that four key components and a cluster contribute to
the interpretation of pollution caused by industrial activity. It is proven with LULC analysis that a constant increase in the built-
up land increases the fresh water demand and the existing fresh water is not coping with the population increase. Continuing
industrialization and urbanisation will threaten this region’s ecosystem. This research can be used to manage urban expansion
and plan site-specific industrialization. This study shows that remote sensing and GIS can easily analyse land use and land
cover alteration possibilities. It is proposed that adequate artificial recharge structures be constructed at suitable locations to
boost the fresh rainwater recharge in order to improve the groundwater quality of the region. Before discharging industrial
effluents into open spaces and water storage structures, they should be pre-treated. The local government must implement
legislative steps to educate inhabitants of the study area about groundwater contamination in order to protect it for future
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Fig 5. Cluster dendrogram for pre-monsoon and post-monsoon results

development.The comprehensive approach of analysing the LULC changes and the groundwater quality is an added advantage
to conclude that anthropogenic activities are deteriorating elements. Since the proposedmethod in this study requires temporal
satellite imagery, the availability of which is questionable. Periodical monitoring of groundwater quality with the LULC change
analysis helps to improve the understanding of groundwater systems in such industrial zones. If the same conditions and data
are available, this method of analysis can be used in any part of the world. However, periodical collection of both LULC data and
hydrogeochemical datawill support to build a computationalmodel that can be used predict the future trend of the groundwater
quality, especially for the fast-developing metro cities like Chennai. As a result, developing new instrumentation that integrates
both the available data for forecasting the changes is the future scope of this present study.
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