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ABSTRACT 

An attempt was made to identify the extent of pollution in the aquifer matrix of Tirupur, a highly industrialized 

zone of Tamilnadu state, South India. Electrical imaging techniques were adopted with a Syscal Pro-96 system, 

for measuring apparent resistivity values using different electrodes separation. The first profile conducted at 

Valipalayam recorded a resistivity range of <10 Ù m at a depth of 8 m, which indicates contamination of top soil 

due to discharge of effluents. An increase in resistivity >45.5 Ùmwas observed at a depth of 27 to 47 m indicat­

ing the possibility of contamination. The second profile conducted at Pethichettipuram indicates source of con­

tamination at left end corner with a drop in resistivity <46.5 Ù m at a depth of 7.91 m. A drop in resistivity 

<21.6 Ù m was also observed at a depth of 11.5 m indicating a contaminated zone in deeper regolith. The third 

survey conducted in Palayakadu indicates contamination of regolith at a depth of 0 to 20 m with a resistivity less 

than 40 Ùm. The fourth survey at Chellapuram indicates contamination of overburden with resistivity 

>11.5 Ùm, to a depth of about 10 m. Five imaging surveys conducted across the contaminated sites reveals that 

shallower regoliths are highly contaminated and deeper aquifers are free from contamination except a few loca¬ 

tions. 
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RESUMEN 
Se intentó determinar el alcance de la contaminación en la matriz acuífera de Tirupur, una zona altamente 
industrializada del estado de Tamilnadu, al sur de la India. Se usaron sondeos eléctricos para obtención de 
imágenes con un sistema Syscal Pro-96, para medir los valores de resistividad aparente con diferentes 
separaciones de electrodos. El primer perfil realizado en Valipalayam registró un rango de resistividad <10 Ü 
m, a una profundidad de 8 metros, lo cual indica la contaminación de la parte superior del suelo debido a la 
descarga de efluentes. Un aumento de la resistividad > 45,5 Üm se observó a una profundidad de 27 a 47 m, 
indicando la posibilidad de contaminación. El segundo perfil realizado en Pethichettipuram indica la fuente 
de contaminación en el extremo izquierdo con una caída de la resistividad <46,5 Ü m, a una profundidad de 
7,91 m. Un descenso en la resistividad <21,6 Ü m también se observó a una profundidad de 11,5 m, indicando 
una zona contaminada en lo más profundo. El tercer sondeo realizado en Palayakadu revela una 
contaminación a una profundidad desde 0 a 20 m con una resistividad inferior a 40 Üm. El cuarto perfil en 
Chellapuram indica una contaminación de los terrenos de resistividad >11,5Üm, a una profundidad de unos 
10 m. Cinco estudios de imágenes realizados a través de los sitios contaminados revelan que los acuíferos 
superficiales están altamente contaminados y los acuíferos más profundos están libres de contaminación, a 
excepción de unos pocos lugares. 

Palabras Clave: Zona Industrial, Resistividad, Tomografía, 2D modelo, contaminación. 

Introduction 

The purpose of electrical surveys is to determine 
the subsurface resistivity distribution by making 
measurements on the ground surface as these mea¬ 
surements help to estimate the true resistivity ofthe 
subsurface. The true resistivity is related to various 
geological parameters such as the mineral and fluid 
content, porosity and degree of water saturation in 
the rock. In many engineering and environmental 
studies, the subsurface geology is very complex 
and the resistivity can change rapidly over short 
distances (Keller and Frischknecht 1966; Daniels 
and Alberty 1966). Resistivity values have a much 
larger range compared to other physical quantities 
mapped by other geophysical methods. 2-D and 
3-D electrical surveys are the practically commer¬ 
cial techniques used with the recent development 
of multi-electrode resistivity surveying instru¬ 
ments (Griffiths et al. 1990) with aid of computer 
inversion softwares (Loke, 2004). Igneous and 
metamorphic rocks typically have high resistivity 
values but vary on the degree of fracturing, and the 
percentage of the fractures filled with ground wa¬ 
ter. The resistivity of ground water approximately 

varies from 10 to 100 U m depending on the 
concentration of dissolved salts present. The low 
resistivity (about 0.2 U m) in groundwater is 
mainly due to the presence of industrial contami¬ 
nant metals such as Fe, Cu, Pb and Zn along with 
leaching of cations and anions like potassium, 
chloride, sodium, bicarbonate, silicates etc., from 
rock sources and manmade influences greatly re¬ 
duce the resistivity of ground water to less than 1 U 
m even at fairly low concentrations (Pathak and 
venka- tesshwar, 2001) 

Electrical imaging techniques 

New developments in recent years is the use of elec¬ 
trical imaging surveys, where the resistivity changes 
in vertical direction, as well as in horizontal direction 
along the survey line, to map areas with complex ge¬ 
ology (Griffiths and Barker, 1993). These surveys 
are usually carried out using 25 or more electrodes 
connected to a multi-core cable which is attached to 
an electronic switching unit, connected to a lap top 
computer with an electronic switching unit to auto¬ 
matically select the relevant four electrodes along a 
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straight line. Electrical Imaging will provide infor¬ 
mation about distinct subsurface boundaries and con¬ 
ditions, which can indicate soil or bedrock lithology 
variations (Edwards, 1977). From the measured field 
data, simulated depth sections are constructed 
(Apparao and Sarma, 1981 1983) with over lapping 
data levels. To plot the data from a 2-D imaging sur¬ 
vey, the simulated section contouring method is nor¬ 
mally used due to its ease in pictorial representation 
with different arrays for mapping the same region, 
which gives rise to very different contour shapes in 
the simulated section plot. 

The Syscal Pro-96 system is capable of measuring 
apparent resistivity values with different electrode 
configurations for Wenner electrode arrangement. Re¬ 
sistivity simulated sections was prepared using the 
Apparent Resistivity values and Interpretation were 
carried out using RES2DINV software (Loke, 1997). 
The output is presented in the form of subsurface im¬ 
ages which is a useful system for Electrical Resistivity 
Tomography (ERT). 

Concept 

The concept consists of using multi core cables, 
which contain arrangement of cables and electrodes 
one takeout every 5m with 64 electrodes. The mea¬ 
suring unit includes relays, which automatically car¬ 
ries out the sequence of readings introduced in its 
internal memory. The system takes readings for 
many combinations of transmission and reception 
pairs so as to achieve a mixed profiling and sounding 
pairs (ABEM, 2004). The total length of the cable is 
equal to the spacing of electrodes which determines 
the depth of investigations (Ron Barker et.al, 2001). 
The final depth of the investigations of a Lund 
imagine survey depends on, Geometry of cables 
(type of array, number of electrodes, spacing be¬ 
tween electrodes and number of segments) and the 
measurement of signal by the equipment, namely 
the amplitudes of the signal, existing noise, power 
specifications of the equipment and its ability of fil¬ 
tering the noise through the stacking process (Loke, 

2001). 

Methodology 

A known amount of current (I) is pumped to energize 
the subsurface using current electrodes and the re¬ 
sponse is measured on the ground surface in the form 
of voltage (V) through potential electrodes. Resis¬ 
tance (V/I) is calculated and further, the apparent re­
sistivity is computed by the formula p a = Kx (V/I), 
where K is the geometrical factor which depends 
upon the type of configuration that is used. In the 
case of profiling, the apparent resistivity is obtained 
along a line using an appropriate electrode arrange¬ 
ment. From the resistivity plot the anomalous zones 
are identified without any depth estimation. In the 
case of sounding, apparent resistivity is obtained at a 
particular place (identified through profiling) by in¬ 
creasing electrode separations and the data is inter¬ 
preted in terms of layer parameters quantitatively. 
The present proposed technique is the Wenner array 
which has the strongest signal strength for a compre¬ 
hensive subsurface picture. 

Forward modeling program 

The free program, RES2DMOD.EXE, is a 2-D forward 
modeling program which calculates the apparent re¬ 
sistivity pseudo section for a user defined 2-D 
subsurface model. The program helps to choose the 
finite-difference (Dey and Morrison, 1979a) or Fi¬ 
nite-element (Silvester and Ferrari, 1990) method to 
calculate the apparent resistivity values. The 
RES2DMOD.EXE program indicates the contours in 
the simulated section produced by the different ar¬ 
rays over the same structure. 

Study area 

Tirupur is located 50 Km east in Coimbatore district 
of Tamilnadu state in South India at latitudes and 
Longitudes 11.18° N 77.25° E with a total extent of 
27 sq.km (Figure 1). Tirupur an important trade cen¬ 
ter of India gained recognition as the leading source 
of Knitted Garments, Casual Wear and Sportswear. 
Geology of the study area is entirely composed of 
Precambrian shield area called as the Indian Peninsu-
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Figure 1. Study area with imaging locations. 

lar complex with wide range of igneous and meta-
morphic rocks. The most common rock type in the 
study area is gneiss. Gneiss is a generic term for a 
large variety of metamorphic rocks, and can have 
both sedimentary and igneous origin. The gneiss 
found in the Tirupur region is of high metamorphic 
grade and is mainly of the biotite type, but 

quartzo-feldspatic gneiss is also found. These rocks 
are thought to have been formed during the Archaean 
time period, approximately 3.8 to 2.5 billion years 
ago, which means that they are among the world's 
oldest rocks (Gustavsson et al., 1970), (Sankararaaj 
et al., 2002). Thestudy area is an undulating plain 
with gentle slopes. The elevation ranges between 225 
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and about 300 m (Kristina furn, 1998). The climatic 
conditions in the study area are "semiarid" with a 
mean annual temperature of 29.4°C. (SSLUO, 1998). 
The annual average rainfall in the study area is 527.2 
mm. 

Hydrogeology of the study area 

Groundwater occurs in two different aquifers, one 
shallow aquifer formed by the weathered zone and 
the other deeper aquifers connected to the fracture 
system in the rock with vertical and horizontal frac¬ 
tures. These fractured zones extend down as 200 m or 
more. The Transmissivity of the shallow aquifers 
varies from 11.4 to 51.0 m 2/day, with an average of 
about 30.7 m 2/day. The hydraulic conductivities vary 
from 2.9 to 20.0 m/d with an average of 9.2 m/d. The 
average thickness of the shallow aquiferis 3.7 m. The 
average specific yield is 4 .0x10 - 2 (CGWB, 1993). 
The vertical fracture zones constitute an unconfined 
aquifer, demarcated as the most potential aquifer in 
the area, in which groundwater development is fo¬ 
cused. Transmissivity in the vertically fractured aqui­
fer vary from 52.1 to 497.0 m 2/day. The hydraulic 
conductivity is 1.8 m/day with a range of 0.9 to 3.4 
m/day. The aquifer ranges from approximately 45.0 
to 142.3 mbelow ground level with an average thick­
ness of 97.3 m (Table 1). In horizontal fracture aqui­
fer the transmissivity is 52.8 m 2/day with a hydraulic 
conductivity of 0.5 m/day. The horizontally fractured 
layer depth ranges from 28.8 to 129.5 m below 
ground level (CGWB, 1993). 

The groundwater table more or less follows the 
topography, but with a smaller slope than the surface. 
The hydraulic gradient is approximately 2.8 m/km 

with a steeper slope of about 6.5 m/km towards the 
River Noyil indicating the groundwater flow along 
east west direction. Groundwater is the main source 
of water supply in the study area although presence 
of river Noyyal which dries during summer season. 
The study area has been demarcated for heavy ex¬ 
ploitation of groundwater used mainly for industrial 
purposes (Senthilnathan and Azeez, 1999). 

At present 9000 knitting, processing and manu¬ 
facturing units consume nearly 86 mld (million liter 
per day) of water, but 90 mld of water used are dis¬ 
charged as effluents containing a variety of dyes and 
chemicals like acids, salts, wetting agents, soaps and 
oil, leading to contamination of the ground and sur¬ 
face water and soil in and around the study area 
(Rajaguru and Subbram, 2000). The pollution load 
calculated from Pollution Control Board, 2008 was 
as follows: Total Dissolved Solids 23.54 lakh tonnes, 
Chloride 13.11 lakh tonnes, Sulphate 1.25 lakh 
tonnes, Total Suspended Solids (TSS) 0.97 lakh 
tones, Chemical Oxygen Demand 0.90 lakh tonnes, 
Biological Oxygen Demand 0.29 lakh tonnes and Oil 
& Grease 0.01 lakh tones (Jacob Thomson, 1998). 
Hence an attempt was made to get further informa¬ 
tion on the extent of groundwater contamination by 
using ERT studies. 

Results and Discussion 

The present study was made to delineate the pollutant 
zone through ERT method. In Tirupur surveys, the 
imaging system was used with single cable with 25 
takeouts at 5 m interval by Syscol Pro 96 instrument 
by adopting Wenner array. Electrodes were 0.5 m 
long and made of stainless steel; they were planted to 

Table 1. Aquifer parameters of the study area 

Physical parameter 
(unit) 

Hydraulic 
conductivity Thickness 

(m) 
Storativity Porosity 

(%) 

Shallow 9.2 3.7 4.0* 1 0 - 2 4.5 

Vertical 1.8 97.3 5.2* 10 - 3 8.0 
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a depth of 0.4 m. Each electrode was watered to en¬ 
sure good contact with the ground. A total of four im¬ 
age lines were measured with the images varying in 
length from 0 to 50 m parallel to the river Noyyal. 
This effectively gave a maximum depth of imaging 
of 20 m. 

The first survey was conducted at Valipalayam 
1Km from river Noyyal (Figure 2). The profile shows 
a low resistivity zone ranging from 10 to 100 U m, in¬ 
dicating presence of highly weathered rock materi¬ 
als. The basic concept of electrical resistivity method 
is to demarcate higher resistivity zones within the 
low electrical resistivity rocks at the sub surface. This 
is because; the very low resistivity is an indicator of 
highly weathered rock material. The regolith with a 
resistivity range of <10 U m is found at a depth of 8 m 
indicating the contamination of top soil due to the 
discharge of effluents. The weathered and fractured 
zones were identified at a depth of 27 to 47 m with in­
crease in resistivity from 46 to 95.5 m indicating that 
the deeper layers are exposed to groundwater con¬ 
tamination in the absence of clay materials (Ron 
barker and others, 2001). 

The second survey was conducted near 
Pethichettipuram just 1Km away from the Noyyal 
river. The survey indicates source of contamination 
at left end corner with a drop in resistivity by <46.5 U 
mat a depth of 7.91 m(Figure 3). The same trend was 
also noted at a depth of 11.5 m with a drop in resistiv­
ity by <21.6 U m indicating the contaminated zone at 
deeper regoliths. This is supported by a groundwater 
sample collected in a dug well to a depth of 15m 
showing higher TDS value >3,500 ppm. The frac¬ 
tured and massive rocks revealed higher resistivity 
varying from 46.7 to 2200 U m indicating the non 
polluted nature of deeper formations. A thin 
subsurface layer with low resistivity extends to 
deeper area in the middle of the profile, followed by a 
thick layer with high resistivity (resistivity greater 
than 1000 U m) acting as a basin at deeper depth 
(Apparao and Sarma, 1993). This basin is more dom¬ 
inant at the last quarter of the traverse where it is 
closer to the surface. This high resistivity layer could 
represent the bedrock, which is competent without 

any structures. From the survey result a geological 
division is observed between the lower and high re¬ 
sistivity materials. In the central part of the profile a 
very low resistivity zone exist, indicating existence 
of an aquifer within the profile, based on its lower re¬ 
sistivity in relation to the background resistivity. 

The third survey was conducted in Palayakadu 
(Figure 4), indicating extensive contamination of 
regolith from ground surface to 20 m as the resistivity 
of the regolith drops less than 40 Um. Bed rock resis¬ 
tivity was higher >1058 U m indicating their mas-
siveness at shallow depth. The profile produced three 
different resistivity of layered rock which is clearly 
defined by their different resistivity layers at various 
depths as follows; A thin subsurface layer with com¬ 
paratively low resistivity values ranging from 10 to 
46.7 Um at an depth of about 15 m. This layer of low 
resistivity is typical of weathered rock materials of 
the underlying rocks in the area. An intermediate re¬ 
sistivity layer ranging from 101 to 218 U m at the in¬ 
termediate depth zone, which could be represented as 
weathered to moderately weathered rock material. 
This depth layer between the depth ranges (15-40 m) 
has a comparatively moderate resistivity from 150 to 
1018 U m. A thick layer with a comparatively high 
resistivity (>218 Um) is also observed below the lay¬ 
ers of low to intermediate resistivity rocks. This rela¬ 
tively high resistivity rock layer represents the 
presence of fresh rock material with no structural pat¬ 
terns like fractures and joints, as good indications for 
aquifers (Kelley, 1976) due to their sheared nature 
represented by the wavy pattern. The shallow depth 
layers could also be interpreted to be layers of differ­
ent rock materials. The resistivity layers of the differ­
ent rock materials in the range (180 to 1080 U m) and 
its contact with the fresh rock observed at a depth 
range of about 55 m was also accounted. 

The fourth survey conducted at Chellapuram is 
shown in (Figure 5). The profile indicates that the area 
is underlined by varying high resistivity rock materials 
by sharp changes in their electrical resistivity values. 
The high resistivities observed are typical of fresh 
granite rocks. The general structural trend observed is 
as follows; an overburden with low resistivity to a 

35 



SRINIVASAMOORTHY K, SARMA VS, VASANTAVIGAR M, VIJAYARAGHAVAN K, 

CHIDAMBARAM S AND RAJIVGANTHI R 

Ps.2 

2.60 
8.53 
14.3 
20.1 
25.8 
31.6 
37.0 
42.5 
47.9 

Ps.2 

2.60 
8.53 
14.3 
20.1 
25.8 
31.6 
37.0 
42.5 
47.9 

2D 
0.0 80.0 

Valipalayam .bin 
160.0 240.0 

0.0 

Calculated apparent resistivity pseudosection 

160.0 
• 1 • • 

Depth Iteration 3 RHS error - 3.7% 
0.0 80.0 

1.25 
6.38 
12.4 

19.8 

28.7 
33.8 
39.4 
45.6 

Inverse model resistivity section 
• • • • L i • • • • • • • • • • 

0.197 0.325 0.536 0.884 1.46 2.41 3.97 6.55 
Resistivity in ohn.n 

240.0 

Unit electrode spacing 5.00 n. 

n. 

n. 

Figure 2. Resistivity imaging at Valipalayam. 
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Figure 5. Resistivity imaging at Chellapuram. 
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depth of about 29.3m with a resistivity range of (11to 

45 U m). This layer is due to the presence of weathered 

materials with greater risk of contamination (Urish, 

1983). An intermediate zone with resistivity range 

from 663 to 3328 U m a t a depth of 21.1 to 38.7 m is 

noted. A very high resistivity zone (125418 U m) is 

observed at a depth of 55 m indicates fresh rock mate­

rial without any structural pattern like folds and faults. 

Resistivity distributions observed at greater depth are 

high when compared with low resistivity values ob¬ 

served at the surface. The profile therefore could be in¬ 

terpreted as the different layering of weathering with 

low resistivity values on the surface and higher resis¬ 

tivity values are confined to the fresh electrical resis¬ 

tant rock materials. 

Conclusion 

An attempt was made in Tirupur a highly industrial¬ 

ized zone to determine the extent of pollution in aqui­

fers by using ERT techniques. A total of 4 profiles 

were conducted more or less 1 KM and parallel to 

river Noyyal. The profile at Valipalayam indicates 

contamination of top soil by a drop in resistivity by 

< 10 U m at a depth of 8 m. The weathered and frac¬ 

tured zones identified at depth of 27 to 47 m with 

greater resistivity range indicate deeper layers with¬ 

out any groundwater contamination. The second pro-

file conducted near Pethichettipuram indicates 

sources of contamination at a depth of 7.91 m with a 

drop in resistivity <46.5 Ù m. Another drop in resis­

tivity at a depth of 11.5 m indicates the contaminated 

nature of the deeper regolith. The fractured and mas­

sive rocks follow the same trend like that of the first 

location with greater resistivity. The third survey 

conducted in Palayakadu indicates greater contami¬ 

nation of regolith at a depth of 0 to 20 m with a resis­

tivity less than 40 Ùm. Bed rock resistivity was 

higher >1058 Ù m indicating their massiveness pres¬ 

ent at shallow depth. The fourth survey conducted at 

Chellapuram indicates high resistivity rock materials 

which are layered and boundaries of the different re­

sistivity materials are clearly defined by the sharp 

change in electrical resistivity. The high resistivity 

observed is typical of fresh granite rocks. From a to­

tal of four profiles the first, third and fourth showed 

top 10 to 25 m of regolith has resistivity of less than 

10 Ù m, with top 5 m having a resistivity of less than 

10 Ùm indicating soil with greater contamination. 

The second profile has shown low resistivity at pock¬ 

ets at shallower depth and resistivity of above 100 

Ùm is not contaminated. None of the five images 

measured across the contaminated sites show any 

strong lateral change in resistivity and it must be ad¬ 

mitted that similar information could be obtained 

with resistivity sounding. A few soundings over the 
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area can indicate likely sites for low resistivity 
regolith and heavy contamination. 
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