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Abstract

Groundwater depletion in the Ponneri and Tiruvotriyur coastal regions is worsening due to
population growth, urbanization, and industrialization, notably by Ennore Port and Thermal
Power Plant. This study is carried out by collecting 37 groundwater samples from open and
bore wells during pre-monsoon and post-monsoon seasons indicating high levels of EC,
pH, TDS, Na+, and ClI-, rendering 51% of wells are unfit for drinking, and has adversely
impacted agricultural production. The multivariate statistical analysis in R has confirmed the
saltwater intrusion. The spatial distribution of major ions of groundwater samples are clearly
shows the flow of ground water from Southeast to West and Northwest.
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Introduction

In India, there has been a significant upsurge in the demand for groundwater,
propelled by rapid population growth, intensified industrialization, and urbanization (Prasad
B., et.al 2021). Groundwater is the primary water source for drinking, agriculture, and
industry, particularly in arid and semi-arid regions. (N Adimalla et al., 2020). Only 0.3% of
the world's freshwater is readily available on the surface, such as in rivers, lakes, and
reservoirs, while groundwater constitutes 30% of the freshwater reserve (Nitasha Khatri et
al.,, 2014). It is crucial to recognize that nearly 44% of the global population resides within
150 kilometers of coastlines (Atlas, 2010), placing significant pressure on coastal aquifer
systems, which are vital resources for human needs (Bachaer Ayed, 2018). Recent
research indicates that approximately 69% of total groundwater withdrawals are linked to
agricultural activities, 22% to industrial usage, 8% to domestic consumption, and 1% to
recreational purposes (Rosegrant et al., 2009). Groundwater contamination primarily stems
from wastewater discharge, notably from industries, as well as effluents from human
settlements, improper hazardous waste disposal, and pollution from agricultural areas and
roads (lvana lli¢, 2021., Chandrasekar V et al., 2017., Shanmugasundharam et al., 2015).
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Groundwater stands as a valuable natural asset, with environmental challenges varying
based on geological, hydrological, climatic conditions, and geochemical factors unique to
each region.

Water quality degradation can be broadly categorized into two types: those
resulting from natural conditions and those stemming from human activities. (Nitasha
Khatri, 2014). The extraction or alteration of recharge patterns can modify groundwater flow
directions or expose aquifer materials to air, potentially leading to the encounter of clean
water with natural contaminants such as radium, salt, arsenic, and fluoride, thereby
affecting water quality and causing associated health concerns. Furthermore, chemical and
biological contaminants originating from industrial and agricultural sources further
deteriorate water quality (Abhay Kumar Soni, 2019).

All groundwater contains minerals dissolved in solution, with the type and
concentration of these minerals depend on various factors, such as surface and subsurface
environment, groundwater flow rates, and the groundwater source (Jasechko, S, 2024).
When precipitation interacts with different soil constituents, it is relatively mineral-free.
However, due to water's solvent properties, minerals dissolve and become part of the
groundwater as it percolates through the aquifer (Venkateswaran, 2015). The
concentrations of cations and anions in groundwater rely on the solubility of minerals in
geological formations, the duration of contact with rocks, and the level of dissolved CO2 in
the water (Ali, M., et.al, 2022). Chemical alterations in groundwater are influenced by
various factors, including interactions with solid phases, groundwater residence time,
mixing with saline water pockets, and anthropogenic influences (Stallard, 1983). The quality
of groundwater quality is also affected by seawater intrusion in coastal areas which is a
natural process. However human exploitation of coastal aquifers exacerbates the issue
(Prusty, P et.al., 2020). Besides natural salinity, anthropogenic activities significantly
contribute to the deterioration of water quality (Egun, 2010). Therefore, the study aims to
assess the quality of coastal groundwater and the spatial distribution of various
hydrogeochemical parameters to determine the suitability of groundwater resources in
Ponneri and Thiruvottriyur taluk in Northern Coast of Tamil Nadu, which is densely
populated and heavily rely on groundwater for domestic and agricultural purposes.

Study Area

Ponneri taluk is situated in the Tiruvallur district of the Indian state of Tamil Nadu,
which covers an area of 674 sq.km (Figure 1a). With an average elevation of 16 meters (52
feet), Ponneri serves as the administrative centre of the taluk. As per the 2011 census,
Ponneri taluk had a population of 3,85,620, comprising 1,93,043 males and 1,92,577
females (Census of India, 2011). Tiruvottiyur is a small coastal taluk esplanade nestled
along the Bay of Bengal coast. Historically, sea encroachment posed significant challenges
for local fishermen until the construction of groynes commenced in 2004. Spanning over 4
kilometres, these groynes vary in length from 165 to 300 meters each and stand at a height
of four meters above mean sea level. Over time, several acres have been reclaimed with
the formation of a beach, aligning with earlier predictions.
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Figure 1. Study area and industries of Ponneri and Tiruvottiyur taluks

Methodology

Groundwater samples were collected from a total of 37 locations, including 23 open
wells and 14 bore wells, across the coastal regions as detailed in Table 1, for both the Pre-
Monsoon (July) and Post-Monsoon (January) periods in 2023. Approximately 43% of the
sample points are located near the shoreline, within a distance of 5 — 7 kilometers. The
sampling process followed a systematic grid pattern with defined intervals, as outlined by,
A. Shanmugasundharam (2015), and Chandrasekar V (2017). To maintain sample integrity,
water samples were collected in plastic bottles that were pre-cleaned with 1 N hydrochloric
acid and rinsed 3—4 times with distilled water. Standard methods recommended by the
American Public Health Association (APHA, 1999) were employed for water analysis,
ensuring consistency and reliability in examining both water and wastewater samples.

The spatial distribution of chemical parameters is depicted in the accompanying
images. The primary data was collected at intervals of every five kilometers. The legend
accompanying the images comprises five classes: Very Low, Low, Medium, High, and Very
High. The Low-level class corresponds to the "Acceptance Limit," while the medium class
corresponds to the "Permissible Limit," as defined by the Bureau of Indian Standards
(2012). The spatial distribution of groundwater quality has been analyzed for selected
parameters such as Ca?*, Na*, Mg?*, Cl, TDS, EC, pH, and K-. and for multivariate analysis
EC (us/cm), pH, TDS, Ca?*, Mg?*, Na*, K*, Cl, SO4%, NO3-, F parameters were used.

Field measurements of EC and pH were recrded using a calibrated thermometer
with a resolution of 0.1 and an Elico portable water quality analyser, respectively. Total
dissolved solids (TDS) were determined by multiplying the electrical conductivity (EC) by a
factor of 0.64. Total hardness (TH) as CaCO3 and calcium (Ca?') were analyzed
titrimetrically using standard Ethylene Diamine Tetraacetic Acid (EDTA) method.
Magnesium (Mg?*) content was calculated by subtracting the calcium (Ca2*) concentration
from the total hardness (TH). Chloride (CI") levels were determined by silver nitrate (AgNO3)
titration.
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Table 1. List of Villages (Sample collection site)

S.No Village S.No | Village
1 | Annaimalaicherry 20 | Kodipalam
2 | Arasur 21 | Kodur
3 | Attipattu Pudu Nagar 22 | Kuruviagaram
4 | Attur 23 | New Manali Town
5 | Chellappa Nagar 24 | Orukaddu
6 | Edapalayam 25 | Pazhaverkadu
7 | Ennore Burma Nagar 26 | Penchetty
8 | Gounderpalayam 27 | Pudupet
9 | lllupakkam 28 | Puduvoyal
10 | Indira Gandhi Colony 29 | Telugu Colony
11 | Jyothi Nagar 30 | Thathaimanji
12 | Kadapakkam 31 | Thirupallivanam
13 | Kalanji 32 | Thiruvellavoyal
14 | Kaniyambakkam 33 | Ooplibedu
15 | Kumanoor 34 | Vanichatram
16 | Karumariamman Nagar 35 | Vepathoor
17 | Kattavur 36 | Vettukuppam
18 | Kesvapuram 37 | Vichoor
19 | Kilmuldalaibedu

The sodium (Na*) and potassium (K*) content in groundwater were estimated using
an EEL flame photometer equipped with a proper Air-LPG flame, with sodium and
potassium sulphate standards of appropriate concentrations being utilized. All parameters
are expressed in milligrams per liter (mg/l), except for pH (no units) and electrical
conductivity (EC) is reported in microsiemens per centimeter (uS/cm) at 25°C.

GIS Modelling

GIS has emerged as a potent tool for generating spatial distribution maps, offering
insights into the variation in concentrations of various chemical parameters. These maps
were prepared using the inverse distance weighted (IDW) raster interpolation technique
within the spatial analyst module of ArcGIS (Shanmugasundharam, 2015; Chandrasekar V,
2017). The accuracy of results obtained through IDW interpolation is contingent upon the
density and distribution of the sampling points relative to the local variations being
modelled. Sparse or uneven sampling may compromise the fidelity of the results, failing to
adequately capture the desired surface characteristics.

In the inverse distance weighted (IDW) interpolation method, the predicted value Zp
at location S0 is calculated using the formula

n Zi n 1
Zp: zi=1 a)/ Zi:l a)

Where, n represents the number of measured sample points surrounding the
prediction location that is used in the prediction, zi denotes the observed value at location
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, and dip signifies the distance between the prediction location SO and the measured
sample location Si. The weights assigned to each measured point are inversely proportional
to the distance, meaning closer points have more influence on the predicted value. Among
several interpolation techniques compared in this study, IDW with a squared distance term
yielded more consistent results. Consequently, spatial distribution maps were generated for
selected water quality parameters, including pH, TDS, TH, total alkalinity, chloride, nitrates,
fluoride, Ca?*, Mg?* and Water Quality Index (WQl) (D. Janardhana Rao, 2016).

Multivariate Statistical Analysis and Graphical Representation

Various statistical methods and graphs were employed to substantiate the
deterioration of groundwater quality. Piper trilinear plots was utilized for hydro-chemical
classification. Hierarchical Cluster Analysis (HCA) assessed water chemical profiles,
ensuring data accuracy and identifying correlations. A correlation matrix computed R-
values, indicating the degree of linear association between parameters. R ranges from -1 to
+1, with +1 or close indicating a strong positive correlation, and -1 or close revealing a
strong negative correlation, highlighting interrelated parameters influencing water quality in
the area. The Gibb’s ratio methodology is a hydrogeochemical technique used to assess
water composition and understand the processes impacting aquifer systems. It involves
calculating ratios of major ions like Na*/K*, Na*/Cl, and Ca?*. These ratios help identify
dominant processes such as evaporation, rock-water interaction, or precipitation affecting
water chemistry. By comparing these ratios with theoretical values associated with specific
hydro geochemical processes.

Result and Discussion

The physicochemical parameters of groundwater samples were analyzed, and the
descriptive statistics of the analyzed parameters are presented in Table 2. These results
are compared with the standard values set by the World Health Organization and the
Bureau of Indian Standards (BIS).

Table 2. Comparison of analytical results with international and national standards

Parameters Post-Maonsoon Pre-Monsoon Mean WHO BIS

Max Min Max Min Post-Monsoon | Pre-Monsoon | Guidelines | Guidelines
(2004) (2012)

EC (psfcm) 8370 400 7790 490 258432 2546.41 1500 -

pH 73 58 78 58 6.81 6.97 65-85 65-85

TDS 4191 212 4340 250 1417.54 1440.88 1500 500 — 2000

Ca 384 34 460 32 129.02 128.14 200 75 - 200

Mg 316 19 233 10 63.27 68 46 150 -

MNa 1051 12 807 12 314.45 296.93 200 200 — 400

K 227 0 T4 0 20.05 2087 12 -

Cl 2233 46 2233 67 509.86 539.31 600 250

S0, 668 14 1094 T 153.73 163.97 250 200 - 400

MNO5 256 0 549 0 4351 57.69 - 45

F 1.7 0 1.1 0.01 0.36 0.4 1.5 1.0-15
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pH

The data presented in Table No. 2 illustrates that the pH of groundwater ranged
from 5.8 to 7.3 during the post-monsoon period, with an average value of 6.81, indicating
nearly neutral conditions. In the pre-monsoon period, pH values ranged from 5.8 to 7.8, with
a mean value of 6.97, also indicating neutral conditions in the coastal regions. The lowest
post-monsoon pH values were recorded in Vanichatram and Attur villages with 5.8 and 6.2,
respectively, indicating acidity. Vepathoor recorded the highest post-monsoon, pH level at
7.3. Approximately, 94.5% of water samples fall within the permissible pH range for
drinking, according to BIS 2012, which is 6.5-8.5 (I1S: 10500-1991). Most of the samples fall
within this range. Similarly, during the pre-monsoon period, Vanichatram village recorded
the lowest pH level at 5.8, while Pazhaverkadu recorded the highest pH level at 7.8. Only
one sample (Pazhaverkadu) in the northern part exhibited moderately alkaline water, while
three samples with an acidic nature were found in the southwestern part of the study area
(Figure 2a).

Electrical Conductivity

In the post-monsoon period, the electrical conductivity ranged from 400 to 8370
puS/cm, with an average value of 2584.32 uS/cm (Table 2). The lowest recorded value was
observed in Attur village, situated in the western part of the study area. It's worth noting that
this village is located above the Cholavaram Tanks. Due to this, water contamination is very
low and the aquifer is quickly recharged. In the study area, during the post-monsoon period,
the highest electrical conductivity (EC) levels were observed in the eastern and
southeastern parts. Karumariamman Nagar recorded the highest EC level at 8370 uS/cm,
situated adjacent to the industrial area. This region experiences significant water extraction
activities, especially due to the presence of Ennore port and North Chennai Thermal Power
station, impacting both the region and the livelihoods of many farmers and anglers (Figure
2b). Approximately, 30% of the water samples exceeded the permissible limit (above 3000
pS/cm) and are deemed unfit for drinking. Only 16% of the study area exhibited EC levels
below the acceptance limit, including Puduvoyal, Vanichatram, and Kilmuldalaibedu. These
villages are situated away from coastal and industrial regions and are surrounded by
numerous tanks. In the pre-monsoon period, Attur village recorded a low EC level of 490
puS/cm, while Karumariamman Nagar recorded 7790 pS/cm. Around 30% of the samples
exhibited high EC levels near Ennore Port and Thermal Station, affecting the southern and
eastern parts of the study area. Groundwater near these regions is highly contaminated,
resembling saltwater, with many wells showing yellowish water. Agricultural production has
been significantly impacted due to water contamination. The spatial distribution of EC
values depicted in Figure 3 indicates an increase from east to west, implying the direction of
flow. The significant variations in EC are primarily attributed to anthropogenic activities and
prevailing geochemical processes in the region. EC typically increases along groundwater
flow paths due to the combined effects of evaporation, ion exchange, and topographic
conditions
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Total Dissolved Solids

In the post-monsoon period, the TDS levels ranged from 212 to 4191 mg/l (Table
2). The lowest recorded value was observed in Attur Village, situated in the western part of
the study area. This village is positioned above the Cholavaram Tanks, resulting in
significant water contamination but rapid aquifer recharge. The highest TDS levels were
recorded in the eastern and southeastern parts of the study area, with Karumariamman
Nagar registering the highest TDS level at 4191 mg/l (Figure 2c¢),and this village is located
adjacent to the industrial area (Figure.1b). In the pre-monsoon period, data collected in July
indicated higher water contamination levels compared to the post-monsoon period. The
TDS levels during pre-monsoon ranged from 250 to 4340 mg/l. Attur village exhibited the
lowest TDS levels at 250 mg/l, while Karumariamman Nagar recorded the highest TDS
level at 4340 mg/l. Approximately, 21.6% of the samples exhibited high TDS levels near
Ennore Port and Thermal Station, highlight the significant impact of industrial activities and
geomorphological settings on groundwater quality

Calcium

In the post-monsoon season, calcium concentration levels ranged between 34 and
384 mg/l. The lowest calcium concentration was recorded in Puduvoyal and Attur villages,
located in the western part of the study area (Figure 2d). Cholavaram tanks situated below
Attur village contribute to the natural recharge of aquifers, thereby reducing contamination
levels. The highest Ca2* level was observed in the central and eastern parts of the study
area. During the pre-monsoon season, calcium levels ranged from 32 to 460 mgll.
Puduvoyal village exhibited the lowest Ca?* level at 32 mg/l, while Karumariamman Nagar
recorded the highest Ca2* level at 460 mg/l. Approximately, 16% of the samples collected
near Ennore Port and Thermal Station showed high Ca2* levels, indicating saline
groundwater. The significant calcium levels near Ennore Port and Thermal Station indicate
localized saline groundwater contamination, emphasizing the need for targeted monitoring
and remediation efforts.

Magnesium

In the post-monsoon season, Mg?* levels ranged from 19 to 316 mg/l. The lowest
magnesium level was recorded in Attur village, situated in the southwestern part of the
study area. The highest Mg?* level was observed in the eastern part of the study area,
specifically in Karumariamman Nagar at 316 mg/l, attributed to high water extraction
activities (Figure 3a). Only 3 samples exceeded the permissible limit, rendering them unfit
for drinking. During the pre-monsoon season, magnesium levels ranged from 10 to 233
mg/l. Attur village displayed the lowest Mg?* level at 10 mg/l, while the highest magnesium
level was found in New Manali Town at 233 mg/l. indicate the impact of high-water
extraction activities and industrial influences on groundwater quality. The presence of
elevated magnesium levels in specific areas underscores the need for targeted water
management and monitoring strategies to ensure safe drinking water.
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Figure 2. Spatial Distribution of Water Quality Parameters (pH, EC, TDS, Ca2+)
Sodium

In the post-monsoon season Figure 3b, the Na+ levels ranged from 12 to 1051 mg/l
(Table 2). The lowest recorded Na+ value was observed in Attur Village, situated above the
Cholavaram Tanks in the southwestern part of the study area. Conversely, the highest Na+
level was observed across various parts of the study area, with Karumariamman Nagar
recording the highest Na+ level at 1051 mg/l. This village is adjacent to the industrial area,
rendering it susceptible to high contamination levels. Approximately, 70% of water samples
exceeded permissible limits, rendering them unfit for drinking according to World Health
Organization standards (WHO, 2004). During the pre-monsoon season, data collected in
July revealed sodium (Na+) levels ranging from 32 to 807 mg/l. Attur village exhibited the
lowest sodium level at 32 mg/l, while Karumariamman Nagar recorded the highest level at
807 mg/l. Approximately, 46% of the samples exhibited high Na+ levels, primarily
concentrated near the Ennore Port and Thermal Station.

Potassium

In the post-monsoon season, the K+ levels ranged from 0 to 227 mg/l (Table 2).
The lowest values were recorded in 21 villages, primarily located in the southern part of the
study area. The villages with low potassium levels are situated in the western region,
characterized by lesser water contamination and abundant lakes and tanks, leading to rapid
aquifer recharge. The highest K+ levels were observed in the eastern part of the study area
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(Figure 3c). Pudupet recorded the highest potassium level at 227 mg/l, while Vichoor
recorded 203 mg/l. These villages are located adjacent to industrial areas, where water
extraction rates are notably high. Approximately 32% of water samples exceeded
permissible limits, rendering them unsuitable for drinking. Comparatively, water
contamination levels were higher during the pre-monsoon period. During the pre-monsoon
season, potassium levels ranged from 0 to 74 mg/l. Seven villages and Kadapakkam
exhibited low potassium levels, with Kadapakkam recording 74 mg/l. The presence of high
potassium levels exceeding permissible limits in 32% of samples indicates an urgent need
for enhanced groundwater management and pollution control measures to protect water
resources.

A Spatial Distribution of Magnesium B Spatial Distribution of Sodium

Figure 3. Spatial Distribution of Water Quality Parameters (Mg2+, Na+, K*, Cl-)

Chloride

In the post monsoon season, the concentration of chloride ranged from 46 to 2233
mg/l. The lowest values of CI- concentration were recorded in Attur and Puduvoyal Villages,
with 46 and 60 mg/l, respectively. Conversely, the highest ClI- level was observed in the
eastern part of the study area (Figure 3d), with Karumariamman Nagar recording the
highest CI- level at 2233 mg/l. Data collected during the pre-monsoon period in July, when
water contamination levels are comparatively high, revealed CI- concentration levels
ranging from 67 to 2233 mg/l. Attur village exhibited the lowest CI- levels at 67 mg/l, while
Karumariamman Nagar recorded the highest CI- level at 2233 mg/l. The consistently high
chloride levels in Karumariamman Nagar emphasize the critical impact of industrial
activities and the necessity for rigorous groundwater monitoring and effective pollution
mitigation strategies.
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Piper Diagram:

The graphical representation of Piper's diagram (Figure 4) illustrates that the
majority of water samples cluster within the Na-Cl field, resembling seawater
characteristics, indicating a prevalence of sodium and chloride ions. However, there are a
few stations that fall into the mixed Ca-Mg field. This distribution on the Piper diagram
underscores those alkalis (Na* and K*) exceed alkaline earth elements (Ca%* and Mg?*),
and chloride predominates over other anions in the water samples. This analysis provides
valuable insights into the chemical composition and characteristics of the groundwater
samples, emphasizing the dominance of specific ions and the prevailing chemical patterns.
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Figure 4. Piper diagram displaying the hydrological facies of the samples
Multivariate Statistical Analysis for the Groundwater

Post-Monsoon Correlation

During the post-monsoon period (Figure 5), a strong positive correlation is
observed between EC and TDS, indicating that as EC increases, and TDS levels also tend
to rise. This correlation extends to sodium (Na*), magnesium (Mg?*), and calcium carbonate
(CaCO03), suggesting a common origin or shared influence among these elements.
Furthermore, strong correlations are noted between Mg-Na, Na-Cl, and Mg-Cl, implying a
common source or similar geochemical processes affecting these elements. Moderate
correlations are also observed among calcium (Ca?*), bicarbonate (HCO3-), sulphate
(S0O42*), chloride (CI), and total alkalinity, indicating potential associations or shared origins
among these parameters. Conversely, weaker correlations are found with fluoride (F-),
nitrate (NO3-), and potassium (K*), suggesting less pronounced relationships or diverse
sources for these elements. In terms of interdependencies, moderate correlations are
observed between Ca-Na, Ca-SO4, Mg-Cl, CIl-Ca, and CI-Mg, indicating potential
interactions or influences among these pairs of elements. However, weaker correlations are
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noted between EC-K, EC-F, EC-NO3, Ca-Mg, Ca-K, Ca-NO3, Mg-K, Mg-NO3, Mg-F, Na-K,
and K-SO4, suggesting less significant relationships or varying sources for these particular
combinations of elements. These weaker correlations may reflect the influence of diverse
sources or geochemical processes on these elements during the post-monsoon period.

Pre- Monsoon Correlation

During the pre-monsoon (Figure 5) period, strong positive correlations are
observed between EC and TDS with calcium (Ca?*), magnesium (Mg?*), sodium (Na*),
chloride (CI), and calcium carbonate (CaCO3), indicating that these ions significantly
contribute to TDS levels and play crucial roles in water quality. The strong correlations
between TDS and major ions such as Na*, Mg?*, Ca?*, Cl, and SO42 further suggest their
predominant contribution to increased TDS levels. The robust correlations between major
ions and both EC and TDS underscore that these ions are primary factors influencing water
electrical conductivity and total dissolved solids. Factors contributing to these correlations
may include evaporation, rock-water interactions, and silicate weathering processes.
Moderate correlations are identified among various ion pairs, including Ca-K, Mg-SO4, Na-
K, Na-SO4, K-Na, K-CI, NO3, and CI-K. Additionally, moderate correlations are observed
between Ca-HCO3, Ca-S04, Ca-NO3, Mg-K, Mg-HCO3, Mg-NO3, CI-HCO3, CI-SO4, CI-
NO3, Na-HCO3, Na-NO3, K-Ca, K-Mg, and K-SO4. Weak correlations are noted between
fluoride and various ions, with some values indicating negative correlations, suggesting
potential complex interactions. The prevalence of low correlations with NO3- implies diverse
influences on this ion, while fluoride exhibits numerous negative correlations with other
ions. Overall, the observed correlations highlight the complex interplay among various ions
and factors influencing groundwater chemistry during the pre-monsoon period.
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Figure 5. Post and Pre- Monsoon Correlation Matrix
Gibbs Ratio

The Gibbs diagram is commonly employed to validate the connection between
water composition and aquifer lithological traits, delineating three distinct fields: evaporation
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dominance, rock-water interaction dominance, and precipitation dominance. In post-
monsoon (2017), the predominant samples fall in the evaporation dominance and rock
water Interaction field of the Gibbs diagram (Figure 6a). The area under rock—water
interaction dominance field indicates the interaction between rock chemistry and the
chemistry of the percolated waters under the subsurface. In pre-monsoon (2017), figure 6b,
the predominant samples fall in the evaporation dominance and Rock water Interaction field
of the Gibbs diagram. This plot explains the relationship between water chemistry and
aquifer lithology. Such a relationship helps to identify the factors controlling the groundwater
chemistry

Gibbs Ratio (I) (For Cations): (Na*+K*)/(Na*+K*+Ca?*) Eq-1
Gibbs Ratio (I1) (For Anions): CI-/(Cl-+HCO3-) Eq-2
a Gibbs Digram - Post Monsoon b Gibbs Diagram - Pre Monsoon
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Figure 6. Gibbs Ratio and Cluster Dendrogram of Water Quality
Hierarchical cluster analysis (HCA)

In the current study, cluster analysis has been instrumental in revealing groups of
sampled stations sharing similarities, generating a dendrogram using the ward method for
both post-monsoon and pre-monsoon periods. In the post-monsoon analysis (Fig. No. 6c),
the dendrogram effectively delineates five statistically significant clusters from the 37
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sampling stations. The initial cluster encompasses three locations (19, 15, 28), the second
cluster comprises samples from 10 locations (13, 25, 36, 9, 32, 23, 37, 2, and 12), the third
cluster includes six samples (8, 11, 24, 5, 3, and 17), and the fourth cluster includes five
samples (27, 18, 29, 4, and 34), while the remaining samples collectively form the fifth and
final cluster with 13 samples. This hierarchical clustering approach enables meaningful
categorization of water samples based on their hydrogeochemical characteristics, with
differences reflecting variations in morphology and anthropogenic pollution. Notably,
sampling sites under clusters 4 and 5, located in commercial and coastal areas, exhibit
extensive human activity and water source pollution.

Similarly, in the pre-monsoon analysis (Fig. No. 6d), the hierarchical clustering
approach categorizes water samples into distinct groups. The initial cluster encompasses
eight locations (34, 4, 29, 18, 16, 21, 2, and 30), the second cluster comprises samples
from 17 locations (1, 32, 7, 35, 17, 27, 11, 9, 6, 24, 10, 26, 20, 22, 31, 14, 33), the third
cluster includes six samples (25, 36, 13, 8, 19, 37), the fourth cluster includes four samples
(5, 12, 3, 28), while the remaining samples collectively form the fifth and final cluster with
two samples. Again, sampling sites under clusters 4 and 5, situated in commercial and
coastal areas, exhibit significant human activity and water source pollution.

Conclusion

The study highlights significant physicochemical variations in groundwater quality in
Ponneri and Tiruvottriyur taluks of Tiruvallur district. Anthropogenic activities, particularly
industrialization and urbanization, contribute to elevated pH, electrical conductivity, and
total dissolved solids, impacting water suitability. The spatial distribution reveals localized
contamination near industrial zones, affecting aquifers and livelihoods. Sodium and
potassium levels exceed permissible limits in certain areas, nearly 51% locations are
unsuitable for drinking.

The hydrogeochemical analysis of groundwater samples, illustrated through Piper-
trilinear plots, multivariate statistical analysis, and hierarchical cluster analysis, provides a
comprehensive understanding of the complex interactions and variations in water quality.
The Piper diagram emphasizes the prevalence of Na-Cl characteristics in most samples.
The multivariate analysis reveals strong correlations among various ions, indicating shared
origins or geochemical processes. The area under rock—water interaction dominance field
indicates the interaction between rock chemistry and the chemistry of the percolated waters
under the subsurface. Hierarchical cluster analysis effectively categorizes sampling stations
based on hydrogeochemical characteristics, emphasizing the impact of anthropogenic
activities and environmental factors on groundwater quality during both post-monsoon and
pre-monsoon periods.
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