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Abstract

In the present study the effluent discharged from tanneries industries along the Palar River was investigated using an integrated electrical
resistivity approach. A of 19 Vertical Electrical Soundings (VES) and 32 Electrical Resistivity Tomography (ERT) were conducted within the
study area to delineate subsurface geology and to map the effluent plume. All vertical electrical sounding (VES) and 6 electrical resistivity
tomography profiles were considered in the study area. The electrical soundings were carried out with total spreading of 100 and 200 meters
whereas 120 to 240 meters was carried for electrical resistivity tomograph. Electrode configuration includes Schlumberger and Wenner array for
Sounding and Tomography. The current scenario of pollution was established using parameters such as Longitudinal Conductance (Si), aquifer
vulnerability index and overburden protective capacity derived from the VES analysis. The four principal geoelectric layers inferred from the
VES data include the topsoil, sand, sandy clay and hard rock. Resistivity values for these layers vary from 4.9 to 310, 4.5 to 659, 4.2 to 1030,
and 91.5 to 9000 Qm with a corresponding thickness of 0.4-8.9, 1.03-24.7, 2.1-33 and 5-24.9 m respectively. The effluent plume occurs to a
maximum depth of approx. 15 meters in the 2-D inverse models. The correlation between longitudinal conductance and overburden protective
capacity show that aquifer in study area have moderate to good protective capacity and moderate to highly vulnerable to contamination. The
pervious topsoil, sand and sandy layers increased the aquifers vulnerable to contamination by failing to act as an efficient barrier against
seepage.

Keywords: Contamination vulnerability, resistivity tomography, vertical electrical soundings, protective capacity, longitudinal conductance,
aquifers

Introduction

The leather industry in India represents the fourth largest
export sector, contributing significantly to economic growth
and employment, particularly within Tamil Nadu. This state
concentrates approximately 60% of the nation’s tanneries [,
with clusters of these facilities located in towns along the
Palar River, a important water body in the region. Notably,
Ambur, Gudiyattam, Vaniyambadi, and Ranipet collectively
host 76 tanneries, highlighting the industry’s regional
importance. Despite its economic benefits, the leather
industry raises considerable environmental sustainability
concerns due to the extensive use of tanning materials such as
chromium and other inorganic chemicals. These substances
exhibit high mobility and have been documented to negatively
impact surrounding ecosystems [?. Research specifies that the
pollution footprint of a single tannery can extend over a radius
of 7 to 8 kilometers, worsening environmental impacts and
posing significant risks to groundwater quality [
Geophysical methods have emerged as valuable tools for
evaluating groundwater quality and contamination risks.
Among these methods, resistivity techniques, particularly
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Vertical Electrical Sounding (VES), have gained prominence
due to their simplicity in instrumentation, ease of field
deployment, and straightforward data interpretation compared
to alternative techniques [ 5. VES techniques have
demonstrated efficacy in evaluating groundwater quality
across diverse lithological settings. Their advantages include
the simplicity of instrumentation, ease of field logistics, and
straightforward data analysis & % 7 31 Additionally, VES
surveys are effective in studying groundwater conditions,
assessing subsurface geoelectrical layers, and determining the
thickness and depth of water-bearing formations [ % 10111,

The resistivity of geological structures varies significantly,
influenced by factors such as porosity, water content, and
groundwater salinity. Water resistivity, for example, can
range from 0.2 to over 100 Q-m depending on ionic
concentration and dissolved solids content ['2, Similarly, the
resistivity of natural water and sediments without clay can
vary from 1 to 120 Q-m [3l. Consequently, geoelectric
resistivity surveys alone may not adequately distinguish
between lithological and groundwater quality effects [ To
enhance the effectiveness of VES surveys, it is essential to
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correlate them with in-situ groundwater chemistry data
obtained through sample collection. This integration enables a
comprehensive understanding of the lateral and vertical extent
of tannery contamination and its implications for groundwater
quality and environmental sustainability. To delineate the
lateral and vertical extent of tannery contamination
comprehensively, geophysical investigations, including 2D
electrical imaging coupled with chemical analysis of
groundwater, are invaluable [*l. These methods provide a
multidimensional view of subsurface conditions, allowing for
precise mapping of contamination plumes and their spatial
distribution. Combining geophysical techniques enhances the
efficacy of contaminant detection and migration tracking.
This integrated approach facilitates the formulation of robust
long-term remediation plans aimed at mitigating the adverse
impacts of tannery contamination on groundwater resources
and environmental sustainability. The objective of this study
is to utilize geophysical methods, specifically Vertical
Electrical Sounding and 2D electrical imaging, for
interpreting effluent seepage without the need for
geochemical analysis sampling.

Location and Geology of Study Area
The study area extents approximately 39 km? along the banks
of the Palar River, situated roughly 190 km west of Chennai

https://academicjournal.ijraw.com

city, Tamil Nadu, India. Positioned within latitudes North Lat.
12°45'30"-12°49'20" and East Long. 78°40'50"-78°44'35", it
falls within Survey of India Toposheet 57-L/9 & 13 (Fig 1).
The presence of a cluster of tanneries spanning both sides of
the river, with Ambur emerging as a focal point renowned as
the "Leather City." Ambur's tanneries specialize in the
production of footwear for globally recognized brands, while
also hosting manufacturing units of Indian companies ['¢, 171,
However, the area is polluted due to tannery effluent
discharge, rendering groundwater unsuitable for consumption.
Geologically, the study area exhibits a distinction formation:
Archaean-age crystalline rocks and Quaternary alluvial
deposits. The alluvial deposits are prominent along the course
of the Palar River, characterized by sand, gravel, and sandy
clay, with thicknesses increasing towards the eastern
direction. In contrast, the south-eastern region is dominated
by charnockite formations, while gneiss formations
predominate in the north-western sector. These geological
formations have undergone extensive metamorphic processes,
resulting in the development of gneissic rock formations (Fig
2). Additionally, secondary geological structures such as
joints, fractures, as well as intrusions of dolerite dykes and
quartz veins, further characterize the geological landscape of
the area.
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Methodology

Geophysical investigations, such as vertical electrical
soundings (VES) and multielectrode resistivity imaging
(MERI) surveys, were conducted to decipher sub-surface
geology and delineate structural features and contaminated
zones [1% 1% 201 Combining the sounding and profiling data
provides a detailed picture of the sub-surface through two-

https://academicjournal.ijraw.com

dimensional (2D) cross-sections 1. A total of 19 VESs were
performed in the study area (Fig. 3) using the [
configuration, utilizing the indigenous DDR-2 Resistivity
Meter (NGRI make, Hyderabad) with a maximum current
electrode spacing of 120 m. The field data were interpreted
using a conventional partial curve matching technique 23! with
two-layer master curves and auxiliary diagrams 4,
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Fig 3: VES Location Map

The interpreted layer parameters were then used as initial
estimates for inverse interpretation based on optimization
techniques, employing the RESIST version 1.0 software [,
The sub-surface layered parameters were interpreted as pl,
p2, and p3, which are the true resistivities of the first, second,
and third layers, respectively. Correspondingly, h1, h2, and h3
represent the thicknesses of these layers. The apparent
resistivity values were used to calculate parameters such as
the aquifer vulnerability index (AVI) and overburden
protective capacity [l The protective capacity of
groundwater aquifers is a function of the covering layers,
usually referred to as the protective layers ?71. Surface water
percolates through these protective layers, leading to
groundwater recharge. During this percolation process,
contaminant degradation can occur through mechanical,
physicochemical, and microbiological processes. Effective
groundwater protection is provided by protective layers with
sufficient thickness and low hydraulic conductivity, resulting
in a high residence time of percolating water. The aquifer
vulnerability index (AVI) quantifies aquifer vulnerability by
hydraulic resistance, which is a function of the thickness and
hydraulic conductivity of each protective layer to vertical
water flow. Typical values for hydraulic conductivity were
based on [?% 26 subsequently classified aquifers with high
hydraulic resistance as having low vulnerability to
contamination. Furthermore, the overburden protective
capacity in the area was evaluated using longitudinal unit

conductance (Si) derived from the first-order parameters
obtained from the VES results as in (Table 1) 2301,
Si is a second-order geoelectric parameter calculated using the

Eq. (1)
Si= ¥i=, hi/pi

p i is the layer resistivity, h; is the layer thickness for the it
layer.

In this investigation, SYSCAL Junior Switch (IRIS make,
France) resistivity equipment was used, with a maximum of
24 and 48 electrodes at a 5 m unit electrode spacing. The
collected data were interpreted using a finite difference code
developed by B! and modified by [%, available as the
software package RES2DMOD. This package was used to
decipher aquifer geometry and the vertical and horizontal
variation of electrical conductivity within the study area (Fig.
4). Thus, these geophysical investigations, specifically VES
and MERI surveys, were meticulously conducted to
comprehensively understand sub-surface geology and
delineate structural features and contaminated zones within
the study area. The integration of VES and MERI data
facilitated the generation of detailed 2D cross-sections,
providing an intricate depiction of the sub-surface structure
and contaminant distribution 2!,
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Table 1: Longitudinal unit conductance (S;)

Long Lat Soundings Si
78.71875 12.80967 VESI1 3.26664
78.7412 12.79922 VES2 1.928795
78.73795 12.78612 VES3 3.134375
78.69768 12.7954 VES4 1.681826
78.72315 12.80922 VESS5 2.383902
78.6937 12.80107 VES6 1.080082
78.70614 12.81498 VES7 0.343399
78.74263 12.81553 VES8 5.819762
78.73392 12.82133 VES9 2.873485
78.7211 12.82748 VES10 1.028846
78.68873 12.78896 VESI11 0.41685
78.72335 12.76854 VESI12 0.275835
78.71668 12.77218 VES13 0.255548
78.70323 12.77667 VES14 3.766553
78.69613 12.78415 VESI15 1.616667
78.68753 12.78107 VES16 0.913491
78.69358 12.75943 VES17 0.404907
78.72339 12.82347 VES20 1.183732
78.69109 12.7695 VES21 0.433773
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Results and Discussion estimated around the river course when compared to the rest
The results from VES sounding shows that the topsoil is of the area.
characterized at shallow depth by zone of High resistivity
values suggestive of the presence of a Dry Sandy type Soil. TOP SOILTHICKNESS
Hence, we interpret the low resistivity anomaly as areas of Vet lctcn Soundings (469
contamination. Due to the presence of the ion concentration i mom 3 s o2 52 2 2 23 S92 3 3oz N8 d
the effluent normally has low resistivity values °L In the O e n o m e a T 0 i .

present study, the contamination has resistivity of 2-5 Q m
while for electrical sounding, the resistivity of the
contamination is 4.5 Q m (Fig.5). The resistivity of the
contamination in this work is in accordance with the result 15
obtained by previous workers such as ¥ 1-10 Q m and 1< 6
Q m. Consequently, the low resistivity values could have
been attributed to even Sandy-clay in the topsoil. However, = 10
the top soil in the study area is generally of coarse sand. An
important observation is that the lowest resistivity values were

Depth (m)
"
5

Fig 5: Soil Thickness Profile
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The results from the 2D resistivity imaging, a total of 6 2D
imaging was taking into consideration all along the palar river
it states that the subsurface is having a very low resistivity
values from a depth of 3-16 meters as in the (Fig. 6a, 6b &
6¢). The imaging states that the contamination is migrating

https://academicjournal.ijraw.com

sides of the river. Due to the sandy tops soil, there is scope to
infiltrate into soli at the faster rate and there after it tends to
move as per the subsurface which has been observed in this
2D imaging. The categorizes of this contamination is done by
the 361 in (Table 2 & 3).

from the stream towards the east and west direction i.e. both

Upstream of Palar River in Study Area
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Fig 6a: Upstream of Palar River in Study area

Central part of Palar River in Study Area
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Table 2: Electrical Resistivity of Earth Materials *
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polluted by the Effluent. We imagine that with time the
contamination may contribute to pollution of the ground water

Sampled Material Resistivity (Qm) and this is of great threat to farming and future exploitation of
Leachate only 2.994 underground water resources in the area. This work shows
Sand saturated with leachate 4.97-5.04 that contamination is not limited to in and around palar river.
Fresh waste (plant materials, rubber strands, To avoid further pollution of the soil and groundwater
sand) saturated with leachate 6.03-7.16 aquifers in the study area, we recommend to stop
Soil saturated with leachate 3.15-4.00 indiscriminate Effluent Discharge practices.
Rain water only 7388 Table 4: Standard values for longitudinal conductance/protective
Sand saturated with rain water 14.36-1750 capacity rating and classification of Aquifer Vulnerability on the
Fresh waste (plant materials. rubber strands, basis of hydraulic resistance
sand) saturated with rain water 19.71-22.50 - -
Soil saturated with rainwater 9.30-10.57 Si c aliui(;:)erclt(l;’teing L(;ge(sﬁz’;issgllc Vulne{;’:}lbility
Clay saturated with brackish water 0.12-0.20 (mho) 1301 in Years
Clean sand saturated with sea water 1.5-3.5 ~10 Excellent ~4 Extremely.L.ow
Fresh sandstone 600 Vulnerability
Phyllite 300 5-10 Very Good 3-4 Low Vulnerability
Hard rock >600 0.7-4.9 Good 23 Moderate
* After (Shaharin, 1998), Vulnerability
0.2- Moderate 1-2 High Vulnerability
Table 3: Inferred degree of contamination for MERI profile 0.69
<0.1- Extremely High
Profiles | Depth | Resistivity (Qm)| Rate of Contamination 0.19 Poor-week <1 Vulnerability
0-1.25 <3.68 Highly Contaminated
1.25-15.9 3.68-6.44 Moderately Contaminated Conclusion
MERI 1 : . . . .
15.9-24 6.44-34.4 Less Contaminated The study area is characterized dominantly by Topsoil, sandy,
~24 34 4-above 183 Not Contaminated clayey sand and then followed by hard strata. The low
. resistivity is observed close to the river course. The results
0-125 =5.02 Moderately Contaminated from ele}c]trical sounding show the HA type curves which is
MERI2 | 1.25-12.4 5.02-9.11 Less Contaminated correlated positively with those of 2D images as zones of
>12.4 | 9.11-above 325 Not Contaminated contamination are characterized by very low resistivity values
0-1.25 <9.56 Moderately Contaminated relative to the background resistivity of rocks. The Effluent is
MERI 1311.25-9.26 956-193 Less Contaminated interpreted as a flow anomaly on the 2D image profiles with
926 | 193-above 112 Not Confaminated the maximum depth of 1nﬁltrat10n at about 15 m. The
correlation between longitudinal conductance and overburden
0-12.4 <2.85 Extremely Contaminated protective capacity show that aquifer in the study area have
MERI 15|12.4-15.9 2.85-18.4 Moderately Contaminated moderate to good protective capacity and moderate to highly
>15.9 | 18.4-above 220 Not Contaminated vulnerable to contamination. Clayey geoelectric layers in the
0-3.75 94.5-165 Not Contaminated study area are located farther from the aquifer zone.
MERI 26|3.75-12.4 3.29-5.75 Extremely Contz.immated Acknowledgement
>12.4 5.75-165 Less Contaminated This study is the research topic of the author carried out
0-1.25 4.63-8.67 Less Contaminated during perusing his Ph.D. in Osmania University, Hyderabad,
3.75-12.4 2.48-3.39 Extremely Contaminated India. The authors express their gratitude to the respective
MERI 23 12.4-15.9 339-6.34 Highly Contaminated farmers and well owners for providing valuable information
2198 | 634-above 222 Not Contaminated during well inventory and field investigations.

Aquifer vulnerability index in the study area shows that the
degree of contamination decreases with depth along the three
profiles and that soil and aquifers of the study area are
vulnerable to contamination at shallow levels. Since we
interpreted the topsoil as being Sandy soils with less clayey
content, effluent infiltration in the study area is enhanced by
the lack of protective layers as shown by the correlation
between longitudinal conductance and over burden protective
capacity. Based on the VES interpretation the longitudinal
conductance was evaluated and it was observed that
maximum area falls in the good protective Capacity and
Moderate Vulnerability and few are falling in Moderate
protective Capacity and High Vulnerability (Table 4). The
topsoil in the entire study area is porous and permeable and is
therefore conducts for effluent discharged. Hence, the soils
and groundwater resources around the river course might be
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