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Assessment of hydrogeochemical characteristics and potable quality of
groundwater around Retteri lake in Thiruvallur district, Tamil Nadu, India

ABSTRACT

Hydrogeochemical characteristics of groundwater are significantly affected by its interaction with
aquifer minerals. This in turn affects the quality of groundwater for its intended usage. The
objective of the present research is to identify the processes controlling the hydrogeochemical
characteristics of groundwater around Retteri lake and to assess its potable quality. Ground water
samples from 26 sites were collected from the study area and physicochemical analysis were
performed to evaluate the water quality parameters such as pH, Electrical Conductivity(EC), Total
Dissolved Solids(TDS), Total Hardness(TH), Total Alkalinity(TA), Ca*, Mg, Na*, K*, CI', SO,%,
CO,*, HCOsand NO;. Correlation analysis for the water quality parameters was performed to
identify the nature and degree of correlation among the various parameters. A strong positive
correlation was observed between pH and HCO;". EC and TDS shows a strong positive correlation
with Ca®*, Mg¥, Na*, CI and SO,*. TH exhibits a strong positive correlation with Ca?*, Mg**, CI
and SO,”. Scatter plots were drawn among major ions to identify the geogenic processes
responsible for the hydrogeochemical evolution of groundwater in the study area. The Gibbs plots
of the study region indicate that water-rock interaction is the major process that influences the
composition of groundwater. The Piper diagram reveals that Na-Cl and mixed Ca-Mg-Cl are the
major hydrochemical facies of the groundwater in the study region. The potable quality of
groundwater was examined through the evaluation of water quality index (WQI) by weighted
arithmetic method. The WQI calculations reveals that 19% samples of groundwater are of
excellent quality, 62% samples are of good quality and 19% samples are of poor to very poor
quality.

Keywords: Scatter plot, water quality index, groundwater, total dissolved solids, total hardness
andtotal alkalinity

1. INTRODUCTION

Groundwater is the primary water resource for
a significant percent of the human population in the
world, especially in arid and semiarid regions [1-3].
It is an important component of the hydrological
cycle and its principal sources are precipitation,
surface runoff, lakes, rivers and reservoirs [4]. A
significant portion of water supply for various
purposes is extracted from groundwater resources.
The quality requirement of such groundwater
largely depends upon its intended usage and
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varies widely for drinking, irrigation and industrial
purposes [5]. Groundwater used for water supply is
mainly obtained through precipitation and the
various factors affecting its composition are
chemical characteristics of rain water, the soll
minerals and rock formations through which the
water has passed, the lithology of the aquifer and
its residence time in the aquifer [4,6]. The impact of
various human activities such as rapid
industrialisation and urbanisation leading to
increased disposal of waste, excessive fertilisation,
pesticide usage, Iirrigation, etc. can have a
detrimental effect on the groundwater quality [3].
The knowledge of the nature of constituents and its
composition in groundwater is thus essential to
identify the various geogenic and anthropogenic
sources responsible for the evolution of
groundwater chemistry [7]. The study area chosen
is a residential area and majority of the local
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residents rely upon the groundwater for their day to
day consumptions. In the present work the
suitability of groundwater for its potability and a
preliminary hydrogeochemical study was
performed to determine the origin of the chemical
characteristics of groundwater and the nature of
water-rock interactions leading to the particular
groundwater quality around Retteri lake, Thiruvallur
district, Tamil Nadu, India.

INDIA

Study Area

The study area is located around Retteri lake in
Thiruvallur district, Tamil Nadu, India (Fig. 1). The
lake spreads over 5.42 million square meters and
fed by two adjacent surface water resources
comprising Redhills reservoir and Korattur lake. 26
spatially distributed locations around the lake area
were identified to carry out the present study.

Figure 1. Map of the study area around Retteri lake

2. MATERIALS AND METHODS

Groundwater samples for the present study
were collected from 26 bore wells located in
spatially distributed sites around Retteri lake in
Thiruvallur district. The samples were collected and
analysed for pH, EC,TDS, Ca®*, Mg*, Na*, K*, CI,
S0,%, COs*, HCOzand NO; by following the
protocols recommended by the Standard Methods
for the Examination of Water and Wastewater,
American Public Health Association (APHA) [8].
The quality of groundwater in the study area was
ascertained by considering the Bureau of Indian
Standards (BIS) [9]. Geographic coordinates of the
sampling locations were recorded using Global
Positioning System (GPS). Piper plot, Gibbs
diagram and scatter plots were drawn to decipher
the hydrogeochemical characteristics of the study
area. Correlation analysis was performed to assess
the strength of correlation among various water
quality parameters using SPSS software (SPSS
2001). Potable quality of groundwater in the study
area was assessed through the evaluation of WQI
by weighted arithmetic method [3, 10-12].
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Correlation Study

Correlation is the mutual relationship between
two variables [13, 14]. The two variables are said to
possess a direct correlation, when an increase or
decrease in the value of one variable is associated
with a corresponding increase or decrease in the
value of the other. The variables are said to be
positive correlated, when increase in one
parameter causes the increase in other parameter
and it is negatively correlated when increase in one
parameter causes decrease in the other parameter.
The nature and degree of correlation between two
variables ‘X’ and ‘yis expressed by a quantity
called correlation coefficient (r) and whose value
lies between -1 and +1. The correlation coefficient
in the range of +0.8 to 1.0 signifies a strong
correlation, in the range of £0.5 to +0.8 indicates a
moderate correlation and weak when in the range
of 0.0 to £0.5 . The correlation coefficient (r) is
given by the expression:

D i )y — 1)
fzf—l Z (u;

N

517



R. K. Rathinam et al.

Assessment of hydrogeochemical characteristics and potable quality ...

Where x and y are two water quality
variables,x and y are the mean values of x; and y;
respectively.

Correlation analysis was performed to assess
the nature and strength of correlation among
various water quality parameters using SPSS
software (SPSS 2001).

WQI Calculation

The suitability of a particular water sample for
its potability can be assessed by assigning a
numerical value called Water Quality Index [10]. It
reflects the combined influence of various water
quality parameters on the overall quality of water.
Weighted arithmetic index method was used to
arrive at the WQI, using a set of nine water quality
parameters such as pH, TDS, TH, TA, Ca®*, Mg,
CI, SO,%, and NO; [3,11,12]. The quality rating
scale (Q;) and relative weight (W) for all
parameters were calculated by the following
method to arrive at WQI.

Qi = [(Vactual - Videal)/(Vstandard - Videal)] x 100 (2)

Where, Q; is the quality rating of ‘i'th parameter

Vacwal IS the experimental value of the water
quality parameter

VigeaiS the ideal value of the water quality
parameter

Viqea for all water quality parameters except pH
is assigned zero and for pH itis 7

Vstandard 1S the standard value of a particular
water quality parameter as recommended by BIS

W, = I/S; (3

Where,S; is the standard permissible value for
the ‘n’thwater quality parameter and | is a constant
given by the equation:

1=1/3(1/S) (4)

Finally the WQI of the water sample is
calculated using the equation:

WQl = YQW/S W, (5)

3. RESULTS AND DISCUSSIONS

The statistical data of physicochemical
parameters and major ion concentrations were
tabulated in Table 1. The pH of groundwater
samples from the study area varies from 6.6 to 7.6
with an average of 7.2 indicating essentially the
neutral characteristic of groundwater. The EC
varies from 920 pScm™ to 5320 pScm™ with an
average of 2040 pScm™. The TDS shows a
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variation from 478 mgL™ to 2509 mgL™ with an
average of 1009 mgL™.The TH exhibits a variation
from 180 mgL™ to 1781 mgL™ with an average of
571 mgL™.In most of the samples the order of
abundance of cations and anions are Na* >Ca*">
Mg®*>K" and HCO;5 > CI> SO,*> NOsrespectively.

Table 1. Statistical data of water quality parameters
of the study area

arameter’ | Min- | Max. | Avg. | GEERES
pH 66 | 76 | 7.2 6.5-8.5
DS 478 | 2509 | 1009 500mg/L
TH 180 | 1781 | 571 200mg/L
TA 150 | 485 | 303 200mg/L
ca® 32 | 311 | 120 75mg/L
Mg** 15 | 244 | 66 30mg/L
cr 103 | 1294 | 352 250mg/L
S0~ 32 | 543 | 161 200mg/L
NO3 0 45 | 12 45mg/L

Evolution of Hydrochemical Facies

The analytical results of major-ion chemistry
can be used to identify the composition of water
and subsequently can be assigned to an
identifiable group called hydrochemical facies.
Hydrochemical facies are identifiable distinct zones
with a definite composition type, which can be
assigned to the natural water of the particular
region based on its major-ion composition [15].
Piper trilinear diagram is an effective graphical tool
widely used to decipher the hydrochemical facies
of natural water [16, 17].As shown in Fig.2, most of
the groundwater samples of the study area appear
in zones 7 and 9 in the diamond field of the Piper
diagram, indicating that Na-Cl and mixed Ca-Mg-ClI
are the major hydrochemical facies types of
groundwater in the study area.

Processes affecting groundwater chemistry

The groundwater quality and its composition is
significantly affected by its interaction with aquifer
minerals [18]. Gibbs has developed a graphical
method to decipher the natural processes affecting
the composition of natural water [19-21]. Gibbs
diagram consists of three regions corresponding to
three major processes affecting the composition of
water, namely, evaporation, precipitation and
water-rock interaction. The Gibbs diagram drawn
for the study region indicates that water-rock
interaction is the predominant process affecting the
composition of groundwater (Fig. 3).
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Figure 2. Piper diagram of groundwater in the study area
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Figure 3. Gibbs plots of groundwater in the study area

Hydrogeochemical Characteristics

The chemical composition of groundwater is
largely influenced by the occurrence of various
chemical weathering processes during water-rock
interaction [22]. Dissolution of halite, gypsum and
carbonate minerals, silicate weathering, oxidation
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Dominance

D. Sodium and potassium
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reactions and cation exchange are the major
mineral dissolution reactions leading
characteristic chemical composition to groundwater
[23-27]. The combined results of correlation
analysis and scatter plots can be used to identify
the nature of water-rock interaction leading to the

a
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characteristic suite of major ions in groundwater
[25].The results of correlation analysis of water
quality parameters are expressed in the Table 2.
pH exhibits a strong positive correlation with HCO3'
(closely correlates with anionic order of abundance
from the experimental results). TDS and EC have a

strong positive correlation with Ca**, Mg®*, Na*, CI
and SO42' indicating that these ions contributes
significantly to a greater extent to TDS and EC of
groundwater.TH shares a strong positive
correlation with Ca**, Mg®*,CI" and SO,*.

Table 2. Correlation matrix of the water quality parameters of groundwater in the study area

Water

quality pH EC DS ca* Mg?* Na+ K+ cl- SO~ | NOs | HCOs- | TH
parameters

pH 1

EC 0.305 1

TDS 0.312 1 1

Ca2+ 0.194 | 0.787 0.785 1

Mg2+ 0.19 0.92 0.917 0.885 1

Na+ 0.283 | 0.861 0.863 0.416 0.643 1

K+ 0.156 | -0.104 | -0.108 -0.073 -0.059 -0.147 1

Cl- 0.199 | 0.961 0.958 0.819 0.94 0.743 -0.117 1

SO4% 0.247 | 0.862 0.864 0.617 0.731 0.868 -0.068 | 0.724 1

NO;- -0.021 | -0.393 | -0.401 -0.323 -0.327 -0.452 0.183 | -0.34 | -0.406 1

HCO;- 0.66 0.565 0.573 0.373 0.436 0.564 0.173 | 0.413 | 051 | -0.255 1

TH 0.198 | 0.886 0.883 0.964 0.976 0.557 -0.067 | 0.912 07 |-0335 | 042 1

MNa?

[ Calt + Mg2*)

4b

4d

Figure 4. Scatter Plots of a) [Ca®*] vs [HCO5 ], b) [Ca®*+ Mg®*] vs [HCO3], ¢) [Na'] vs [CI],
d) [Ca®'] vs [SO4*], in mmol/L

Na" exhibits a moderate positive correlation
with CI" and few samples lies along the 1:1 line of
Na® vs CI" scatter plot( Fig. 4a), indicating that
halite dissolution probably be one of the source of
Na® and CI' in groundwater [28-30]. However,
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some of the samples spotted above the 1:1 line
indicate that processes such as silicate weathering
and cation exchange also contribute Na* to the
groundwater.

NaCl — Na* + CI’ (6)
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NaAlSi;Og + 8H,O0 — Na® + Al(OH),”

+ 3H,SiO, @)

ClayNa (s) + Ca* (ag) — Clay,Ca(s) + 2 Na' (aq) (8)
Presence of carbonate minerals such as calcite and dolomite in the aquifer matrix will tend to dlssolve

in groundwater through weathering reactions leading to increase in the concentrations of Ca®*,Mg** and
HCO; ions. However, their relative amount depends on the amount of dissolved CO, present in the water

as per the following reactions.
CaCO; + H" — Ca** + HCO;
CaCO;+ H,0 + CO, — Ca** + 2HCO;

CaMg(CO3), + 2H" — Ca”* + Mg* + 2HCO;”
CaMg(COs), +2H,0 + 2CO, — Ca’* + Mg®" + 4HCO;

Theoretically,if weathering of calcite and
dolomite are the only source of ca® in
groundwater,then the samples should get plotted in
the reg|on between the 1:1 and 2:1 lines of the
[Ca + Mg "] vs [HCO5 ] scatter plot. As shown in
Fig. 4b & 4c, most of the samples fall in the
theoretical region, indicates that -calcite and
dolomlte dissolution are the primary sources of
ca® in groundwater. The scatter plot of Ca®*vs
SO, ‘(Flg 4d) reveals that most of the samples
falls above the 1.1 line, indicating that gypsum
dissolution contributes Ca2+ ions to a lesser extent
to the groundwater.

Water Quality Index

The potable quality of groundwater in the study
region was assessed from the calculated WQI
using weighted arithmetic method [11, 29,.31,32}

Table 3. Percentage groundwater samples with its
potable quality rating in the study area

Range of Rating of suitability of % of
waQl groundwater for drinking | groundwater
value purpose samples
0-25 Excellent 19

26 — 50 Good 62
51-75 Poor 11

76 — 100 Very Poor 8

>100 Unsuitable for drinking 0

The potable quality rating (Table 3) of the study
region was arrived at by considering the acceptable
limits of various water quality parameters set by
Bureau of Indian Standards (BIS). The calculated
values of WQI shows that 19% samples of
groundwater are of excellent quality, 62% samples
are of good quality and 19% samples are of poor to
very poor quality.

4. CONCLUSIONS

The physicochemical analysis reveals that
groundwater in most of the sites of the study region
is fresh but at few sites brackish in nature. The total
hardness of the study region indicates that
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(9)

(10)
(11)
(12)

groundwater is predominantly very hard. The order
of abundance of major cations and major amons in
most of the samples are Na“ > Ca*> Mg*> K

and HCO3 > CI > SO,*> NOjrespectively. Piper
trilinear diagram reveals the major hydrochemical
facies of groundwater in the study region as Na-Cl
and mixed Ca-Mg-Cl types. The Gibbs diagram
indicates that water-rock interaction is the major
process affecting the composition of groundwater.
The combined study of correlation analysis and
scatter plots reveals that chemical weathering
processes such as dissolution of halite, calcite and
dolomite, cation exchange and silicate weathering
are responsible for the evolution of groundwater
quality in the study region. The potable quality of
groundwater from WQI calculations shows that the
majority of samples are of good to excellent quality
and few samples are of poor to very poor quality.
The poor quality of groundwater in few of the
sample location arises due to much higher
concentrations of Ca®*, Mg*, Na' and CI,
exceeding the permissible limit of BIS. The higher
concentrations of these ions in the water samples
may be due to the significant dissolution of halite,
calcite and dolomite minerals through water-rock
interactions. This line of reasoning is also
supported by the Gibbs and scatter plots. Since the
study area being of residential nature and no
agricultural and industrial activities were observed,
only potable water quality parameters as
recommended by BIS were considered in the
present study. In some of the sample locations as
the groundwater being of poor quality, it is
proposed to adopt an appropriate water treatment
measure for the safe consumption of groundwater.
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1ZVOD

PROCENA HIDROGEOHEMIJSKIH KARAKTERISTIKA | KVALITETA PITKE PODZEMNE
VODE OKO JEZERA RETTERI U OKRUGU THIRUVALLUR, TAMIL NADU, INDIJA

Na hidrogeohemijske karakteristike podzemnih voda znacajno utiCe njihova interakcija sa
mineralima vodonosnog sloja. Ovo zauzvrat uti¢e na kvalitet podzemne vode za njenu predvidenu
upotrebu. Cilj ovog istraZivanja je da se identifikuju procesi koji kontroliSu hidrogeohemijske
karakteristike podzemnih voda oko jezera Retteri i da se proceni njihov Kkvalitet za pi¢e. Uzorci
podzemne vode sa 26 lokacija su prikupljeni sa podrucja istraZivanja i izvrSena je fiziCko-hemijska
analiza da bi se procenili parametri kvaliteta vode kao $to su pH, elektriéna provodijivost (EC),
ukupne rastvorene évrste supstance (TDS), ukupna tvrdoda (TH), ukupna alkalnost (TA ), Ca*"
Mg®, Na‘, K*, CI', SO,*, CO,** HCO® i NO®. Korelaciona analiza za parametre kvaliteta vode je
izvr§ena da bi se identifikovala priroda i stepen korelacije izmedu razli¢itih parametara. UoCena je
jaka pozitivna korelacija izmedu pH i HCO3-. EC i TDS pokazuju jaku pozitivhu korelaciju sa
Ca2+, Mg2+, Na+, Cl- i SO42-. TH pokazuje jaku pozitivhu korelaciju sa Ca2+, Mg2+, Cl- i SO42-.
Raspriene su dijagrame medu glavnim jonima da bi se identifikovali geogeni procesi odgovorni za
hidrogeohemijsku evoluciju podzemnih voda u oblasti istraZivanja. Gibsovi dijagrami regiona
istraZivanja pokazuju da je interakcija vode i stene glavni proces koji utiCe na sastav podzemnih
voda. Pajperov dijagram otkriva da su Na-Cl/ i meSani Ca-Mg-Cl glavne hidrohemijske facije
podzemnih voda u prouCavanom regionu. Kvalitet podzemnih voda za pice je ispitivan kroz
procenu indeksa kvaliteta vode (VKI) ponderisanom aritmeti¢kom metodom. Proracun VKI otkriva
da je 19% uzoraka podzemnih voda odlicnog kvaliteta, 62% uzoraka dobrog kvaliteta i 19%
uzoraka loSeg do veoma loSeg kvaliteta.

Kljuéne redi: dijagram rasejanja, indeks kvaliteta vode, podzemne vode, ukupne rastvorene &vrste
materije, ukupna tvrdoca i ukupni alkalitet.
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