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ABSTRACT

In this study, a total of 25 number of groundwater samples were collected from different parts of
the Silver City Cuttack, Odisha to analyze the hydro geochemical parameters. The water quality
parameters such as pH, Turbidity, Electrical Conductivity, Total Dissolved Solids, BOD, Fluoride,
Chloride, Nitrate, Sulphate, Total Alkalinity, Calcium, Magnesium, Iron, Sodium, Potassium, Lead,
Copper, Cadmium, Nickel, Chromium and Fecal Coli form were analyzed. Out of the total 25
sampling locations, the WQI of 10 locations were found to be poor and 2 locations were found to
be unsafe for drinking. Turbidity of 24.6 NTU was found at location S-10 (Haripur road) and TDS
value of 688 mg/l was found at the location S-20 (Buxibazar).The iron concentration of 8237.3 µg/
l was found at the site S-16 (Dolamundei), Lead concentration of 6.6 µg/l was found at the site S-
S-16 (Dolamundei) and Cr concentration of 42.2µg/l was found at the site S-4 (Khan Nagar
industrial area). The maximum MPN value counted 58.7 in each 100 ml sample at the location site
S-12 (Chhatra bazaar). The seasonal parameter variation was found higher in summer which
indicates depletion of groundwater level which leads to enhance the level of contamination. The
anthropogenic activates, i.e. discharging of industrial waste to the surface body and flows of
untreated sewage effluent by unprotected drainage throughout the city accelerate the deterioration
of ground water. The Fecal Coliform present in bore well both in summer and rainy season
indicates that water logging and poor sanitary sealing of ground drinking water sources. The day
by day increasing of NO3 concentration in ground water indicated the influence of sewage in the
ground water quality. Increasing in concentration of metals such as Pb, Ni, Cr in the ground water
in summer season creates an alarming situation for the consumption of drinking water.

KEY WORDS : Water quality, Groundwater, Water Quality Index, Sodium Adsorption
Ratio.

INTRODUCTION

Water is an essential commodity, nature gifted
resources available in the earth crust.  The water has
been reserved at ground, surface and in the form of
glacier throughout world. Ground water is the most
essential source for drinking purpose to maintain a
healthy life and productivity of crops. Probably 90%
of whole population in the world depend upon the
fresh water collecting from ground by digging of
bore wells for fulfill their basic necessity

(Ramachandraich, 2004). The groundwater quality is
affected by local topography and sewage system
(Vasanthavigar et al., 2010). The hydro chemical
composition of groundwater in an area basically
depends on some factor such as wet and dry
deposition of atmospheric salts, rack- water and
oxidation and reduction during percolation
(Krishnakumar, 2015). The soil- water interaction,
evaporation, temperature and anthropogenic
activities lead to the change in the purity of ground
water. Spatial change of ground water depends on
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atmospheric precipitation and quality of water in
lands surface. Contamination of ground water are
higher in small area with dense populated which are
covered by more industries discharging untreated
effluent. It was also observed that surface water
contamination plays a vital role and put enormous
pressure on groundwater resources which is leading
to exploitation. High population growth has led to
both over exploitation and scattered dumping of
waste disposal. Deterioration of water quality and
rapid shortfall of fresh water is the major cause for
80% of human disease & 1/3 death of world
population (Das and Nag, 2015). Contamination of
water affect the water quality and impact on human
health, poor economic and social prosperity
(Milovanovic, 2007). The people of Cuttack city
basically depend upon the groundwater. More than
200 groundwater supply through pipe line sources
and more than five thousand shallow, deep bore
well fulfills the basic necessity of urban people.
Land filling of solid waste leads to contamination of
aquifer as leachate which contain dissolve,
suspended and microbial toxic content (Acharya et
al., 2014). Groundwater quality degrade rapidly by
presence of toxic heavy metal such as Fe, Pb, Ni, Hg,
Mn, Cr, Cu, derived from geogenic process (Ramesh
and Purvaja, 1995).

In the present work a step has been taken to
study the quality of groundwater in and around
Cuttack city with respect to the rapid growth of
population, development of industrialization,
functioning a number of commercial markets and
old sewage system.

Study Area

Cuttack is the business capital and traditional city of
Odisha. The geographical co-ordinate of the city is
20.4338°N to 20.4986°N and 85.8055°E to 85.9416°E.
The delta city is surrounded by river Mahanadi and
Kathajodi river and more than 6.5 lakh people
spread across of 192.5 km2 area. The Municipal
Corporation of the city is divided in to 59 wards for
good governance. The climate condition is hot and
humid most of the year. Both Mahanadi and
Kathjodi rivers are recharging the ground water
level and impact on the concentration of water
quality parameters during monsoon period. In the
present study, water samples were collected from
different locations of Cuttack city throughout the
year 2019-20 as pre, post and during monsoon
period. The site of sampling is selected randomly by
considering the population, location and source. The

sampling stations are depicted in Table 1 and the
geographical representation is depicted in Figure 1.

Table 1. Sampling stations for physico-chemical
parameters

Sl. No. Sampling Station

S1 Jagatpur Market
S2 Jagatpur Industrial area
S3 Govt.ITI Centre
S4 Khan Nagar industrial area
S5 Khannagar bus station
S6 Khapuria
S7 CDA-9
S8 Nuabazar
S9 OMP chowk
S10 Haripur road
S11 Cantanment road
S12 Chatra bazaar
S13 Ranihat,
S14 SCB Medical
S15 Badam badi
S16 Dolamundei
S17 Nandi Sahi
S18 Chandini chowk
S19 Choudhury Bazar
S20 Buxibazar
S21 Arundeomarket
S22 Bidyadhapur
S23 Ranihat sweeper colony
S24 Ganesh ghat
S25 Tulasipur

METHODOLOGY

Water Sampling Procedures and Analysis

The water samples were analyzed for various
parameters in the State water testing laboratory
(NABL), Bhubaneswar, Odisha. Various physico-
chemical parameters like pH, Turbidity, Electrical
Conductivity (EC), Total Dissolved Solids (TDS),
potassium, Bio-chemical Oxygen Demand (BOD),
Total Alkalinity (TA), Chloride, Fluoride, Sulphate,
Nitrate, Sodium, Calcium, Magnesium, Iron,
Copper, Nickel, Lead, Cadmium, Chromium and
Fecal coliform have been monitored.

Polythene bottles of five litre capacity with
stopper were used for sample collection. Each bottle
was washed with 2% Nitric acid and then rinsed
with distilled water. The bottles were then preserved
in a clean and dry place. The bottles were filled
leaving no air space, and then the bottle was sealed
to prevent any leakage. For the Bacteriological
parameter the samples were taken in the pre sterilize
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Fig. 1. Geographical representation of the sampling stations.

300 ml capacity container adding with antichlor
keeping with ¼ air space. Samples for heavy metal
were collected by separate bottle with adding nitric
acid.

Analysis of Physico-chemical Parameters of Water
Samples

In general, the standard methods recommended by
APHA, AWWA, WPCF (2012), Trivedy and Goel
(1984) and NEERI (1986) were adopted for
determination of various physico-chemical

parameters. A brief description is given below.
Physico-chemical parameters like pH, Electrical

conductivity were analyzed at the location site
using by Portable Field Test Instrument (WTW,
Germany). Turbidity was calibrated with standard
solution of 400 N.T.U. using Hydrazine Sulphate
and Hexamethylenetetramine.

The concentration of Fe, Cu, Ni, Pb, Cd and Cr
were analyzed by using Atomic Absorption
Spectrophotometer [Perkin Elmer (PINAACLE
900H)] instrument with different EDL and HDL
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lamp with proper calibration and standardization.

RESULTS AND DISCUSSION

The results of the analyzed parameters of
groundwater of the different locations of Cuttack are
depicted in Table 2 and compared with the related
standards for drinking water prescribed by ISI,
USPHS, ICMR and WHO. The drinking water
standard of various organizations is given in Table 3.

The pH is a measure the concentration of
hydrogen ions in water and also measure the
intensity of acidity or alkalinity. It has no direct
adverse effect on health, however, a low value,
below 4.0 will produce sour taste and higher value
above 8.5 shows alkaline taste. A pH range of 6.5 –
8.5 is normally acceptable as per guidelines
suggested by ISI. In the present study, the
fluctuation of pH in the samples was from 6.39 to
7.96. The pH below 7 indicates that the sample
water was slightly acidic may be due to the presence
of minerals in the groundwater. From the study, the
pH values of all the samples are within the
prescribed limit.

Measurement of Turbidity reflects the
transparency in water. It is caused by the substances
present in water in suspension. In natural waters it
is caused by clay, silt, organic matter, phytoplankton
and other microscopic organisms. It ranged from 0.8
to 24.6 NTU. However, the prescribed limit of
Turbidity for drinking water is 10 NTU (ISI).
Turbidity was found within the prescribed limit in
all the water samples except in the samples of
Haripur Road (S10), Dolamundai (S16) and Nandi
Sahi (S17).

Total Dissolved Solids may be considered as
salinity indicator for classification of groundwater.
The TDS in groundwater is due to the presence of
Calcium, Magnesium, Sodium, Potassium,
Bicarbonate, Chloride and Sulphate ions. In the
study area TDS varied from 119 to 688 mg/l. As
prescribed limit of TDS for drinking water is 500
mg/l, all the water samples have TDS concentration
well below the prescribed limit except the samples
of Khannagar industrial area, Khapuria, Chandini
Chawk and Buxibazar. However, the TDS
concentration of fresh groundwater generally ranges
between 192-1280 mg/l. Water samples of Kalunga
Industrial Estate showed high TDS value may be
due to the dust fall in the well and leaching of
industrial waste.

The concentration of Calcium and Magnesium

varied from 8.6 to 93.1 mg/l and 5.03 to 61.2 mg/l
respectively. All the samples were within the
permissible limit, i.e. 75 mg/l for Calcium (ICMR)
except the sample of Jagatpur Markeet, Jagatpur
Industrial area, Khan nagar industrial area and
Khapuria. The high concentrations of Ca, Mg in
ground water indicate the waste material
percolating the aquifer (Adebole et al., 2013).
Similarly all the samples were within the
permissible limit, i.e. 50 mg/l for Magnesium
(ICMR) except the samples of Jagatpur Markeet and
Jagatpur Industrial area.

BOD gives a quantitative index of the degradable
organic substances in water and is used as a
measure of waste strength. The low BOD value in all
groundwater samples showed good sanitary
condition of the water. It varied from 0.1 to 1.5 mg/
l during the study period where as the permissible
limit for BOD is 5 mg/l prescribed by WHO. As in
case of groundwater soil matrix acts as a biological
filter consequently BOD is quite low.

Electrical Conductivity is the measure of capacity
of a substance or solution to conduct electric current.
It is an excellent indicator of TDS which is a measure
of salinity that affects the taste of potable water
(WHO, 1984). The variation in Electrical
Conductivity is based on sedimentary structure and
composition of rock. Chemically pure water does
not conduct electricity. Any rise in the Electrical
Conductivity of water indicates pollution. It is a
good and rapid measure of the Total Dissolved
Solids. The higher values are obviously due to the
contamination of groundwater may be due to the
ions like OH-, CO3

2-, Cl-, Ca+2 etc. The groundwater
samples showed variation in EC in different seasons
of the year. It was varied from 183 S/cm to 1059
S/cm during the study period, whereas the
permissible limit is 1500 S/cm prescribed by
USPHS.

Chloride occurs naturally in all types of water
with a very low concentration. Chlorides are
important in detecting the contamination of
groundwater by wastewater. In general, high
evaporation tends to increase the Chloride and
Salinity at the root zone of irrigated plants, making
it difficult for crops to take up water due to osmotic
pressure difference between the water outside the
plants and within the plant cells. For this reason,
Chloride and Total Salinity concentration at or
below the drinking water standards are normally
specified for waters used to irrigate salt sensitive
crops. However, in the study area there is no
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significant change in Chloride concentration and it
ranged from 18.4 to 216 mg/l. Chloride which have
been associated with pollution as an index are found
below the permissible value set at 250 mg/l in most
of the study area.

According to WHO, the maximum permissible
and allowable concentration of Sulphate in drinking
water is 200 and 400 mg/l, respectively. The
concentration of Sulphate ranged between 14.8 mg/
l to 62.5 mg/l in the groundwater of the study area.

Nitrate – Nitrogen ranges from 5.4 mg/l to 46.8
mg/l whereas the permissible limit for Nitrate –
Nitrogen is 45 mg/l. The highest Nitrate-N value of
46.8 mg/l was found in the well water of Chatra
bazar.

The Alkalinity of water is a measure of its
capacity to neutralize acids. The Concentration of
Alkalinity provide guidance in applying proper
doses of chemicals in water and wastewater
treatment processes particularly in coagulation,
softening and operational control of anaerobic
digestion. The Alkalinity in natural water is caused
by Bicarbonates, Carbonates and Hydroxides and
can be ranked in order of their association with high
pH values. However, Bicarbonates represent the
major form since they are formed in considerable
amounts due to the action of Carbonates with the
basic materials in the soil. In the present study
Phenolphthalein Alkalinity was absent in all
samples and Methyl Orange Alkalinity was ranged
from 81.3 mg/l to 353 mg/l, this indicates the

absence of Hydroxyl and Carbonate Alkalinity and
presence of Bicarbonate. However, the prescribed
limit for Total Alkalinity is 120 mg/l (USPHS). The
value of Total Alkalinity exceeded the limit in the
water samples of all the sampling stations except
Jagatpur industrial area, Govt. ITI Centre, and
Tulasipur.

In all samples, the Fluoride is very less i.e. < 0.6
mg/l, whereas the ICMR prescribed limit is 1.5 mg/
l. Enquiries with dental practitioners in the Cuttack
City also testify that there are no cases of fluorosis of
teeth reported from the patients.

Because of dumping of various solid waste
materials, which contain some heavy metals, there is
possibility of leaching of heavy metals into the soil
and thereby contaminating the groundwater. The
iron concentration of the study area varies from 135
µg/l to 8237 µg/l. Iron was relatively high incase of
all the samples except CDA – 9, SCB medical and
Badam Badi. All these water samples indicated
alarming figure of iron.

The concentration of Copper, Nickel, Lead,
Cadmium and Chromium of all the samples are well
below the permissible limit.

The bacteriological Parameter such as Fecal
coliform detected 9 sampling stations out of 25
sampling stations which were critical condition of
health issue. Presence of fecal coliform in
groundwater indicates the leaching of sewage in the
ground water reservoirs.

Table 3. Drinking water standards

Parameters ISI(MPL) USPHS ICMR WHO
HDL MPL HDL MPL

pH 6.5-8.5 6.0-8.5 6.5-9.2 7.0-8.5 7.0-8.5 6.5-9.2
Turbidity 10 NTU 25 JTU 5 JTU - -
TDS 500 500 1500-3000 500 - -
BOD 5.0 5.0 5.0
EC 300 mho/cm
Chloride 250 250 1000 200 200 400
Sulphate 150 250 400 200 200 400
Total Alkalinity
Fluoride 0.6-1.2 1.5 1.0 - 1.5
Iron 0.3 0.3 1.0 0.1
Calcium 75 100 200 75 75 200
Magnesium 30 30 - 50 50 150
Lead 0.10 0.05 -
Chromium 0.05 0.05 - - 0.05 -
NO3-N 45 10 100 20 45 45
E. coli (MPN/ml) 100/100ml 1/100 ml 10/100ml

(Except pH and E. coli other parameters are in mg/l)
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Correlation between water quality
parameters

The dependability of water quality
parameters on each other in the samples of
water collected from the Cuttack town
was determined with regression analysis
by determining correlation co-efficient.
The results of regression are summarized
in Table 4 which indicates the correlation
co-efficient of the various parameters
investigated. The study of the Table 4
gives an idea of the bearing a single
parameter determined has relation on
other parameters. These correlation co-
efficient values are helpful in calculating
the concentration of the water quality of
the parameters of the water samples of the
particular area under study without
analyzing them with the help of equation
representing linearity:

Y = AX + B
The relation is valid between the

parameters when their correlation co-
efficient is real equal to one. Such
dependency between the parameters was
found to exist between a numbers of
parameters determined as is obvious from
the correlation co-efficient values given in
the Table 4.

Regression Analysis

Regression analysis is the statistical
technique to measure the average
relationship among the variable in the
form original unit of data. Mathematically,
the linear regression is expressed as Y= a +
bx; where x is the independent variable, Y
is dependent variable and a and b are the
intercept and slop of the line. The higher
R2 value indicates a good relationship as
compared with calculated dependent
variable. From Figure 2, it was evident
that the R2 value between Fe Vs Turbidity
(R2=0.8), E. C. Vs TDS (R2=1.0), Ca Vs Mg
(R2=0.92), Ni and K (R2=0.4) show strong
relationship due to identical
anthropogenic source. The relationship
established between Pb Vs Fluoride ((R2=
0.13) & BOD & Total Alkalinity (R2= 0.12)
indicate no impact of these parameters on
the ground water.
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Fig. 2. Linear Regression  data of some water quality parameter

Agricultural water quality

The suitability of a given body of water for
agriculture is judged from the following
characteristics (Mishra et al., 2007):
a) Total Dissolved Solids (TDS): If the

concentration of salts in the agriculture water
increase, it becomes difficult for the plants to
extract water. Regarding the salt contents in
agriculture water, it is customary to judge the
suitability of water by simplified approach is

hardly adequate. As a matter of fact, it is the
nature and concentration of various salts in the
soil solution, rather than in the agriculture
waters, the effect changes in the soil and
influence the plant growth.

b) Relative proportion of sodium to other cations:
While a high concentration of salts in water
leads to formation of a saline soil, a high
concentration of sodium leads to the
development of an alkali soil. United States
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Calculation of some parameters related to
agriculture

Some parameters were calculated (Raghunath, 1987)
which are useful for describing the quality of
agriculture water (Table 5). Salt concentration of
agriculture water can be determined directly by
measuring Total Dissolved Solids (TDS) present in it.
The salt concentration can also be obtained
indirectly by measuring the electrical conductivity
(EC) of agriculture water and using the empirical
relation (Tiwari et al., 1988).
TDS (mg/l) = 0.64 X EC (µ mho/cm)  .. (1)

The sodium hazard of agriculture water is
described by two parameters namely sodium
adsorption ration (SAR) and sodium percentage
(Na%). These are given by

SAR .. (2)

& Na%   × 100          .. (3)

All parameters are expressed in (meq/l).
Residual Carbonate can be estimated by using the

formula

Table 5. Calculated parameters related to agriculture.

Sl. Sampling Station TDS SAR Na% RC PI OP SI
No. (Calculated)

S1 Jagatpur Market 396.2 7.03 35.1 10.3 32.1 0.223 3739
S2 Jagatpur Industrial area 426.9 6.24 31.3 -54.3 28.3 0.240 3554
S3 Govt. ITI Centre 289.9 8.93 59.6 63.2 60.4 0.163 126
S4 Khan Nagar industrial area 517.8 5.13 29.4 57.5 28.8 0.291 1078
S5 Khannagar bus station 593.3 5.23 26.8 38.8 27.0 0.334 2111
S6 Khapuria 665.0 3.73 21.2 65.6 21.9 0.374 355
S7 CDA-9 117.1 2.64 36.9 131.9 47.3 0.066 -343
S8 Nuabazar 384.0 1.84 16.4 60.5 17.7 0.216 -1185
S9 OMP chowk 258.6 3.67 40.2 177.8 51.2 0.145 -385
S10 Haripur road 369.3 2.13 20.3 155.7 28.4 0.208 -916
S11 Cantanment road 130.6 2.90 42.1 133.37 60.7 0.073 -281
S12 Chatra bazaar 264.3 9.40 63.1 139.13 66.7 0.149 109
S13 Ranihat, 283.5 9.53 60.6 131 64.5 0.159 192
S14 SCB Medical 269.4 2.55 31.3 106.7 36.7 0.152 -566
S15 Badam badi 357.8 5.12 28.8 17.3 26.3 0.201 1714
S16 Dolamundei 332.8 6.53 53.0 194 61.2 0.187 -131
S17 Nandi Sahi 545.9 2.99 18.9 226.1 21.3 0.307 -610
S18 Chandini chowk 596.5 2.64 17.0 181 18.6 0.336 -865
S19 Choudhury Bazar 553.6 2.89 19.2 204.6 20.1 0.311 -692
S20 Buxibazar 677.8 2.86 18.7 185.9 22.3 0.381 -932
S21 Arundeomarket 378.9 2.62 20.6 178.5 25.5 0.213 -982
S22 Bidyadhapur 389.1 1.60 13.1 128.8 16.3 0.219 -1652
S23 Ranihat sweeper colony 319.4 8.15 56.9 131.2 58.2 0.180 129
S24 Ganesh ghat 421.8 1.41 12.6 118.1 17.4 0.237 -1344
S25 Tulasipur 141.4 3.23 25.9 11.3 25.3 0.080 -767

Department of Agriculture (USDA) has defined
an alkali soil as that having pH of 8.5 or more,
with Sodium concentration of 15% or more. An
alkali soil produces easily and restricts the
aeration. High sodium saturation, more over
causes Calcium deficiency.

c) Residual Carbonates: This parameter is useful in
describing the quality of agriculture water, since
if the sum of carbonates and bicarbonates is in
excess of calcium and magnesium (all expressed
in meq/l) there is almost complete precipitation
of the later.

d) Chlorides and sulphates: Excessive chlorides
may directly prove to be toxic to fruit crops by
causing the scorching of leaves and severe
injury, although no definite limits for these ions
have been established so far. Chloride
concentration of less than 150 mg/l is generally
considered to be safe for agriculture water. A
number of crops show sensitivity to very high
concentrations of sulphates in the irrigation
water. No definite limits have yet been
established for the concentration of sulphates in
irrigation water.
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RC  = (CO3
2- +HCO3

 - ) - ( Ca2+ +Mg2+)  .. (4)

Where, CO3
2- and HCO3

-
 are the concentration of

carbonates and bicarbonates. All parameters are
expressed in (meq/l).

The Permeability Index can be calculated by
using the formula

PI(%) =  × 100 .. (5)

All parameters are expressed in (meq/l).
Osmotic Pressure can be evaluated by the

empirical relation

OP (atm) = 0.00036X E.C( µ mho/cm) .. (6)

Salt Index (SI) is calculated by using the
mathematical expression.

SI= Total Na-24.5 -4.85 (Total Ca-Ca as CaCO3)
.. (7),

when all the quantities expressed in parts per
million of agriculture water.

WQI =QnWn / Wn           .. (8)

Where, Qn=quality rating of nth water quality
parameter

Wn=unit weight of nth water quality parameter
The water quality as per the grade of Water

Quality Index is represented in Table 6. This
indicates that out of 25 sampling stations the water
of only 12 sampling stations are safe for drinking
and other samples need treatment before
consumption.

of sewage, wastewater and urban runoff into the
groundwater due to the lack of proper sewerage
facilities. Also open drains are prevalent in the study
area. This indicates the present steps, which are
being taken, are not adequate. More over the load of
pollutant are increasing day by day. Keeping all the
above in view of long terms, steps may be adopted
so that safe drinking water will be available. The
water is almost suitable for agriculture purposes.
However, conventional water treatment processes is
proposed to get better quality of drinking water.
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