p-ISSN: 0972-6268
(Print copies up to 2016)

NATURE
ENVIRGNMENT
& POLLUTION
TECHNOLOGY

Nature Environment and Pollution Technology
An International Quarterly Scientific Journal

@)

Vol. 19 | No.3 [pp.1203-1209 | 2020 [s
e-ISSN: 2395-3454 o,

Open Access Journal

Original Research Paper

| d-’ https://doi.org/10.46488/NEPT.2020.v19i03.034 |

Assessment of Groundwater Pollution Due to Textile Industrial Activities in
and Around Tirupur Region, Tamil Nadu, India

K. Arumugam*7, T. Karthika*, K. Elangovan** and A. Rajesh Kumar***

*Department of Civil Engineering, Kongu Engineering College, Perundurai-638 060, Tamil Nadu, India
**Department of Civil Engineering, PSG College of Technology, Coimbatore-641 004, Tamil Nadu, India
*#**GBH International Construction, Pvt. Ltd., Dubai

fTCorresponding author: K. Arumugam; sixface @kongu.ac.in

ABSTRACT

Groundwater is the most important resource for human consumption and the support of habitat and for
maintaining the feature of base flow to river courses, while its quality is necessary to ensure sustainable
safe exploit of the resources for all purposes. The untreated or inappropriate industrial effluents
discharge on the surface causes harsh groundwater pollution in the industrial area of the nation.
Sixty groundwater samples have been collected from boreholes and water samples were analysed to
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Key Words: examine the groundwater quality of Avinashi-Tirupur-Palladam region. The samples were examined for
Water pollution the physico-chemical parameters like pH, electrical conductivity (EC) and total dissolved solids (TDS),
Groundwater maijor cations like calcium (Ca®*), magnesium (Mg?*), sodium (Na*), potassium (K*) and major anions

like bicarbonate (HCOy'), carbonate (0032'), chloride (CI), nitrate (NO3") and sulphate (SO42'), along
with fluoride. The abundance of major cations and anions was investigated. Spatial distribution map
based on total dissolved solids indicates that the Noyyal and Nallar river basins, central regions of
the study area, are more affected. The chemical parameter data of groundwater samples of the study
area are plotted in Gibbs’s diagram. Based on the Piper diagram, different water types were identified.
Hydro-chemically, the quality of the groundwater for human consumption was determined. The ion
concentration distribution indicates that most of the groundwater sample locations in the study area are
not suitable for domestic use.

Gibb’s diagram
Piper diagram
Rock mechanism

INTRODUCTION

aquifer hydro-chemical characteristics of water is critical
for management plan and study skims in the study area and
chemical species of groundwater are regarded as valuable
information on the geological account of the aquifers and the
suitability of various usages (Elangovan & Rani 2017). Eval-
uation and management of groundwater possessions require
an understanding of hydro-chemical and hydro-geological
properties of the aquifer (Umar et al. 2001). Groundwater
quality refers to the physico-chemical and natural character-
istics of water (Santhosh & Revath 2014). Investigation on
the geochemical processes to control groundwater chemical
composition in and around the river path may lead to im-
proved understanding of the hydro-chemical system in such
areas. The studies contribute to effective management and
utilization of the groundwater resources. Textile processing
plants generally employ synthetic and cotton fibres, include

Water is one of the most crucial factors determining the
quality of life of the people. Change of climate and grow-
ing disruptions in the rainfall patterns, industrial activities
and soil moisture directly affect the water availability and
its quality for drinking and agriculture purposes. The latest
patterns of climate changes and groundwater deficit reflected
the depletion of water sources and deterioration of ground-
water quality in many regions of the world (Raju et al. 2014,
Toumi et al. 2015). Recently due to rapid industrialization
severe environmental problems in most of the regions, due
to improper discharge of effluents into river site by industries
such as textile, dyeing, paper processing industries have been
found (Hwang et al. 2017). Groundwater quality is being
modified when it is in the course of movement during the
hydrological cycle and various processes such as transpira-

tion, evaporation, exchanges of cation/anion, dissociation
of different minerals, mixing of local waters (Selvarani
& Elangovan 2009). The disparity on the concentration
of different hydro-geochemical constituents dissolved in
groundwater resolves its usefulness for household, industrial
and agricultural uses (Samson & Elangovan 2011). Study of

an integrated operation system of printing and dyeing, ap-
plying a broad variety of organic dyes and full assortment
stages of fabric processes such as starching, singeing and fire
retarding (Achwal 1997). Each stage requires water which is
finally eliminated as wastewater carrying chemicals used in
each state with it (Villegas-Navarro et al. 2001). New tech-
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nologies such as remote sensing and GIS have proved to be
valuable for understanding the geological environment and
geomorphologic conditions accompanied by conventional
survey systems (Solomon & Quiel 2006). It is familiar that
a contaminated environment has a detrimental effect on the
health of people, life of animal and vegetation. During the
last few years, there has been information about undesirable
changes in the quality of groundwater by the people inhab-
iting the study area (Sujatha & Reddy 2003).

MATERIALS AND METHODS

The study area lies between latitudes 1100°10°” N-1130°12°”
N and longitudes 7700 10°” E-773028°” E (Fig. 1) with a
geographical area of 450 kmz_ The study area accounts for
90% of India’s cotton knitwear export value estimated as
3,500 crores. Tirupur is the prime garment exporter in India
and it is referred to as the textile valley of India. The study
area covers Tirupur taluk, parts of Avinashi and Palladam
taluks which are characterized by undulating terrain with the
height ranging between 290 and 320 meters above the mean
sea level and slanting gradually from west to east direction.
The Noyyal river runs all across the study area, almost di-
viding it into two halves. The various types of soils of the

study area are red calcareous, brown soil and non-calcareous
soil. Geologically, the area is underlain by a broad range
of high-grade metamorphic gneissic complex (Arumugam
et al. 2015). The drainage pattern is the dendritic form (Fig.
2) and they have been found to continue from the Western
Ghats. NE-SE trending lineaments are less in number and
observed at wide intervals. The geomorphic units exposed
from the study area are pediments, shallow pediments,
duricrust and shallow buried pediments. The common rock
type of the area is hornblende-biotite-gneisses (unclassified
gneiss) pink granite, charnockite and complex gneiss along
with alluvial rocks and limestones (Fig. 3).

For assessing the groundwater pollution, 62 groundwater
samples from the boreholes have been collected and analysed
for physico-chemical parameters such as pH, electrical
conductivity (EC) and total dissolved solids (TDS), major
cations viz., calcium (Ca®*), magnesium (Mg?>"), sodium
(Na"), potassium (K*) and major anions viz. bicarbonate
(HCOy), carbonate (CO32'), chloride (CT'), nitrate (NO5") and
sulphate (SO42'), in the laboratory by the standard methods
given by the American Public Health Association (APHA
1995). The groundwater sample locations were selected for
covering the entire study area and attention was given to the
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Fig. 1: Sample locations of the study area.
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areas where toxic waste is expected. About one-third of the
sampling stations are within the Tirupur city area and the re-
maining sampling stations are parts of Palladam and Avinasi
taluks. Sampling was conceded using pre-cleaned polyeth-
ylene containers. The groundwater samples were evaluated
following the drinking water quality standards given by the
World Health Organization (WHO 1993) and Bureau of
Indian Standards (ISI 2012). The solution of groundwater
should be electrically neutral. However, they are rarely equal
in practice. The variation increases as the ion concentration
value increases (Raju 2006). The exactness of the chemical
analysis was verified by calculating ion-balance errors where
the errors are generally about 10% (Subramani et al. 2005).

RESULT AND DISCUSSION

To evaluate the quality of subsurface water to find its suit-
ability for domestic purposes, groundwater samples were
collected from the study area. The major issue which decides
the quality of its groundwater in the study area is textile
industrial units and their processes. The water quality may
give information about the environment through which the
water has disseminated. The results of the analytical data
of the chemical parameters and the statistical parameters
such as minimum, maximum, mean and median are given
in Table 1. For understanding the distribution pattern of the
different ion concentration of the parameters, contour maps
were generated. Electrical conductivity (EC) values ranged
from 847 pS/cm to 9,940 uS/cm with mean and median
values of 2,738 uS/cm and 2,235 uS/cm respectively. The

DRAINAGE NETWORK

>

Fig. 2: Drainage network of the study area.
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large disparity in EC is mostly attributed to anthropogenic
activities and the geochemical course prevailing the region.
The values of pH ranged from 6.62 to 8.26 with an average
value of 7.71. The values show that the samples of the
groundwater of the study area are mostly alkaline. However,
in all the sample locations, the pH of the groundwater is
within the permissible limits.

To determine the appropriateness of groundwater for any
purpose, it is essential to categorize the groundwater based
on its hydro-chemical properties like TDS values (Davis &
Dewiest 1996, Freeze & Cherry 1979). The total dissolved
solids of the groundwater samples have ranged from 550 to
5,998 mg/L with the average and median values of 1,771 mg/L
and 1,552 mg/L. This overall evaluation of mean and median
values indicates that the water in the study area is unfit for
drinking purpose. The spatial distribution map for the TDS
prepared using GIS software is illustrated in Fig. 4. The study
indicates that all the groundwater samples exceed the desirable
limit of 500 mg/L. Moreover, Noyyal and Nallar river basins
are highly affected by different anthropogenic activities.

The concentration of cations Ca>*, Mg>*, Na* and K™ ions
ranged from 2 t0 915, 0to 485,25 to 1,123 and 7 to 271 mg/L
with a mean of 168, 94, 226 and 69 mg/L respectively. The
order of abundance of the cations is Ca >* > Mg** > Na* >
K. The anion concentrations, HCOy, SO42', CI', NO5 and
CO;™ range from 140 to 789, 0 to 1215, 36 to 3195, 0 to 572
and 0 to 282 mg/L with a mean of 413, 162, 548, 78 and
54 mg/L respectively. The order of dominance of anions is
CI' > HCO5 > SO42' > NO; > CO;. Hydro-geochemical
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Fig. 3: Geology of the study area.
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Table 1: Drinking water specifications given by ISI (2012) and WHO (1993), and summary statistics of groundwater parameters.

IS1(2012) WHO (1993)
Water quality parameters Maximum Maximum Minimum . Maximum. Mean Median
permissible permissible concentration concentration
EC (uS/cm) - - 847 9,940 2,738 2,235
pH 6.5-9.2 6.5-9.5 6.62 8.26 7.71 7.55
TDS (mg/L) 1,500 1,500 550 5,998 1,771 1,552
TH as CaCO; (mg/L) 600 500 214 3,610 788 627
Ca”" (mg/L) 200 200 29 915 168 128
Mg** (mg/L) 100 150 0 485 94 75
Na* (mg/L) - 200 25 1,123 226 159
K* (mg/L) - 12 7 271 69 52
HCO; (mg/L) 300 - 140 789 413 398
CO,> (mg/L) - - 0 282 54 28
CI' (mg/L) 1,000 600 36 3,195 548 396
NO;™ (mg/L) - 45 0 572 78 61
T. Alk (mg/L) 600 - 211 734 435 429
5042' (mg/L) 400 400 0 1,215 162 99
F (mg/L) 1.2 1.5 0 2.11 0.71 0.61

processes such as ion exchange processes, precipitation,
and the residence instance along the flow path control the
chemical composition of the region (Nwankwoala & Udom
2011). Process of evaporation increases salinity by increasing
sodium and chloride with the increase of TDS. Lack of good
drainage setting, semi-arid climate conditions, gentle slope,
and residence time of the groundwater also contribute to the
quality of groundwater (Subba Rao 2006). According to
Gibb’s diagram the ratio of Na* : (Na* + Ca®*) and CI": (CI' +

T
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HCOy" ) is afunction of TDS. It is extensively used to review
the functional sources of dissolved chemical parameters such
as evaporation-dominance, precipitation-dominance and
rock-dominance (Gibbs 1970). The data of the groundwater
samples of the study area are plotted in Gibbs’s diagram. The
distribution of the groundwater sample locations suggests
that the chemical weathering of rock-forming minerals and
evaporation control the quality of groundwater in the study
region (Fig. 5).

Fig. 4: Spatial variation of total dissolved solids.
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Fig. 5: Mechanism controlling of groundwater.
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The concentration of major ions of the groundwater sam-
ples has been used to categorize groundwater into different
types based on main cations and anions. The majority of the
graphical methods have been intended to simultaneously
represent the TDS concentrations and the relative extent of
certain major ions. Piper diagram is generally used graphi-
cally to understand the problem concerning the geochemical
assessment of groundwater. The diagram (Fig. 6) shows

K. Arumugam et al.

the different water types such as calcium-sodium-bicarbo-
nate-chloride (Ca-Na-HCOj;-Cl), sodium-bicarbonate-chlo-
ride (Na-HCO;-Cl), calcium-sodium-chloride (Ca-Na-Cl),
calcium-bicarbonate-chloride (Ca-HCO;-Cl), calcium-bi-
carbonate (Ca-HCOj), calcium-sodium-bicarbonate (Ca-Na-
HCO;) and calcium-chloride (Ca-Cl). The abundance of the
cations and anions based on dominance is given in Table 2.
Substratum containing fluoride minerals is usually respon-

Table 2: Relative abundance of major cations and anions for groundwater samples.

Sl . No. Cations % of samples Anions % of samples
1. Na>Ca>K>Mg 30.68 HCO; >Cl >S0,>NO; 24.17

2. Na>Ca>Mg K 24.19 HCO; > C1>NO;> S0, 20.97

3. Ca>Na>Mg>K 11.29 Cl >HCO; > SO, > NO; 25.81

4. Na>K > Ca>Mg 09.68 Cl>HCO;>NO;> SO, 11.29

5. Ca>Na>K>Mg 01.62 NO;>HCO;>Cl > S0, -

6. Ca>Mg>Na>K 12.90 HCO;>NO;>Cl > S0, 01.62

7. Mg>Ca>Na>K 03.22 HCO;> SO, > Cl > NO; 06.45

8. Na>Mg>Ca>K 04.80 Cl>S0O,4>HCO;>NO; 08.07

9 Mg>Na>K>Ca 01.62 SO,>Cl >NO;>HCO; 01.62

Fig. 6: Piper diagram depicting hydrochemical facies of groundwater.
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sible for a high concentration of the ion in groundwater and
industrial contaminations of the atmosphere and vegetation
by fluoride have been a severe problem. Small doses (0.5 to
1.00 mg/L) have a significant influence on the dental system,
while in higher doses (> 1.5 mg/L), causes issues of dental
fluorosis and gastrointestinal fluorosis (Sahu & Vaishnav
2006). The fluoride concentration of the groundwater samples
ranges from 0to 2.11 mg/L with the mean value of 0.71 mg/L.

CONCLUSION

The hydro-chemical parameter analysis of the investigation
reveals that the study region is alkaline. Noyyal and Nallar
river basins are more affected by anthropogenic activities.
The order of abundance of the cations is Ca** > Mg** > Na*
> K" and anions is CI'> HCO; > SO42' >NO; > CO;. Based
on the Piper diagram, the alkalies (Na* and K¥) significantly
exceed the alkaline earths (Ca®* and Mg*"), and strong acids
(CI" and SO,*) exceed the weak acids (HCO; and CO;)
The distribution of the groundwater sample locations proves
that the chemical weathering of the rock-forming minerals
and evaporation process control the quality of groundwater
in the study region. The investigation proves that most of
the groundwater samples of the study area are not suitable
for domestic use.
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