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ARTICLE INFO ABSTRACT

Water Quality Index, a technique of rating water quality is an effective tool to assess spatial
and temporal changes in ground water quality. The present work aimed at assessing the
Water Quality Index (WQI) for the groundwater near the polluted canal area with emphasis
on Kiccha town in Uttarakhand state as a model site. Samples from seven different hand
pumps locating around the paha canal were analyzed for different physico-chemical and
biological parameters like pH, color, odor, conductivity, hardness, alkalinity, chloride, DO,
BOD, COD, nitrogen, phosphorus and heavy metals. Each parameter was compared with the
standard desirable limit as prescribed by Bureau of Indian Standard 10500-91 and World
Health Organization. The groundwater was very hard to moderately hard at all the studied
locations. The samples taken from the hand pumps near the canal are having high values of
BOD and COD. It may be due to more seepage and movement of ground water near the
polluted canal area. Arsenic and mercury were found to be in very high concentration above
the permissible limit. The normal statistical and correlation analysis has been carried out to
find out interrelationship within the studied parameters. Water quality index rating was
carried out to quantify overall groundwater quality status of the area. The values of WQI for
the samples were found in the range of 63.91 to 72.53 revealing that the sample collected
from the hand pumps near the polluted canal area is in medium quality range whereas those
locating far away from canal are of good quality. On the basis of the analysis of groundwater
of the study area, it could be concluded that groundwater quality in the study area varied
around the canal.

INTRODUCTION
Groundwater, which makes up about 20% of the world's fresh
water supply and is about 0.61% of the entire world's water,
including oceans and permanent ice, is an important source of
drinking water throughout the world (Goel,2000). Groundwater is
naturally replenished by surface water from precipitation, streams,
and rivers when this recharge reaches the water table (Moharir et
al., 2002). About 95% of rural population living in India depends
on groundwater for domestic use (Vasanthavigar et al., 2010).
Changes in local topography and drainage system directly affect
both quality and quantity of the groundwater (Shrivastava et al.,
2014). Temporal changes in the origin and constitution of the
recharged water, hydrological human factors may cause periodic
changes in the groundwater quality (Giriyappanavar et al., 2013).
Water quality index is one of the most effective tool for
demarcating  groundwater quality and its suitability for drinking
purposes (Jena et al., 2013). It is defined as a technique of rating
that provides the composite influence of individual water quality
parameters on the overall quality of water. The concept of WQI to
represent gradation in water quality was first proposed by Horten,
indicating a single number like a grade that expresses the overall
water quality at a certain area and time based on several water
quality parameters (Tyagi et al., 2013). It is simple and easy to

understandable for decision makers about quality and possible
uses of any waterbody. It serves the understanding of water
quality issues by integrating complex data and generating a score
that describes water quality status (Rao et al., 2013). In present
study, an effort has been made to evaluate the status of
groundwater quality using WQI and statistical analysis in the fast
developing Kichha township in Uttarakhand state of India. Since
left paha canal carrying towns sewage and wastewater from a pulp
and paper mill and sugar factory are likely to percolate to
groundwater to its spoilage. Therefore, the assessment to
understand the gravity of the water problem was taken up.

Study Site

Kichha is a township in district Udham Singh Nagar of
Uttarakhand state, having population of more than 40,000.
Geographically, the area under study lies 280 55’00.40” N latitude
and 790 31’04.70” longitude. The area comes under the sub-
tropical type of climate near the foothills of the Himalayas with
average rainfall approximately 2000 mm per annum. The
temperature varies from 28oC to 45oC. Environment of the study
site is getting adversely affected with increase in population and
rapid industrialization. The industries are increasing pollution load
on the various components of environment in surrounding areas
and the major pollution is faced by the inhabitants through
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drinking water. The Left Paha Canal (2 km length, 4m width, 2m
depth) flowing from North towards South receives industrial and
domestic wastes from various sites. The seepage of this water
affects the quality of groundwater.

MATERIALS AND METHODS
Sample collection

The present investigation was conducted during January to April
of 2011. The single sample from the Left Paha canal and seven
samples of groundwater from different hand pumps around the
canal were collected in acid-washed and ethanol-rinsed plastic
containers. The water samples were preserved at temperature 4°C
for the analysis of different parameters at the laboratory of the
Deptt. of Environmental Science of the GB Pant University of
Agriculture and Technology.

Physico-chemical Analysis

The samples were analyzed for various water quality parameters
following standard methods and procedures Table 1 (APHA,
2005).

Statistical Analysis

The normal statistical and correlation analysis has been carried out
to find out interrelationship within the studied parameters
(Florence, 2012). Thus, correlation matrix was prepared between
different variables.

Water Quality Index

Water quality and its suitability for drinking purpose can be
examined by determining its quality index. WQI is a
mathematical equation used to transform large number of water
quality data into a single number. The standards for drinking
purposes as recommended by WHO and IS 10500 have been
considered for the calculation of WQI. The WQI was calculated
using standard Q-value of each parameter and weighting factor by
using NSF information software and compared with standard
water quality rating (Table 7). The water quality data are recorded
and transferred to a weighting curve chart, where a numerical
value of Qi is obtained. The mathematical expression for NSF
WQI is given as following (Tyagi et al., 2013; Rao et al., 2013)

Where,
Qi = sub-index for ith water quality parameter;
Wi= weight associated with ith water quality parameter;
n = number of water quality parameters.

RESULTS AND DISCUSSION
The analytical results of the groundwater of the present study are
shown in Tables2&3. All the groundwater samples collected from
drinking sources were compared with Drinking Water Standards
BIS-10500 and WHO Guideline in Tables 2&3. The parameters
exhibited considerable variations from sample to sample. The
results are also analysed graphically (Figs. 1 to 3). A critical
analysis of data and Water Quality index reveals following facts
regarding drinking water contamination at Kichha.

Temperature, pH and Color

In this study temperature range of groundwater samples (20 oC to
26oC) was below the WHO limt. pH, one of the most important
and frequently used tests in water chemistry, ranged between 7.03

to 8.16, which were within the IS and WHO acceptable limits
(7.03-8.16). Practically every phase of water supply and
wastewater treatment, e.g., acid-base neutralization, water
softening, precipitation, coagulation, disinfection, and corrosion
control, is pH dependent (Osibanjo et al., 2012; Devi et al., 2012).
The groundwater samples were free from odor but some of them
impart color. The canal water receiving the industrial wastewater
and domestic sewage was observed to have objectionable color
and odor.

Turbidity

Turbidity is the cloudiness or haziness of a fluid caused by
individual particles (suspended solids) that are generally invisible
to the naked eyes (Mazhar et al., 2013). The observed range of
turbidity was 0.65 to 9.99 NTU. The highest value of the turbidity
(9.99 NTU) was recorded in the sample 4, taken from the hand-
pump near the canal. About 30% of the samples cross the
desirable limit but are within the maximum permissible limit of 10
NTU. The canal water was very turbid, above the desirable limit
but within the permissible limit.

Solids

A limit of 500mg dissolved solids/L is desirable for drinking
waters. In present study, total solids in the groundwater range
from 47.1 to 142.3 mg/L including total suspended solids and total
dissolved solids varied from 3.2 to 48 mg/L and 36.5 to 106.4
mg/L. All the groundwater samples including canal water are
present in well within the desirable limits.

1a

1b
Fig. 1a &1b Variations in Physico-chemical characteristics of

different groundwater samples
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Conductivity

Conductivity, a measure of the ability of an aqueous solution to
carry an electric current, depends on the presence of ions; on their
total concentration, mobility, and valance; and on the temperature
of measurement (Naeem et al., 2004; APHA, 2005). Electrical
conductivity is the manifestation of the dissolved salts and is an
indicator of water pollution, which has been found pretty high in
the present study indicating high degree of water pollution due to
effluent discharge. The Electrical Conductivity (EC) and
Dissolved Salts (DS) are basic indicators of the total mineral
contents of water and may be related to problems such as
excessive hardness, corrosive characteristics or other mineral
contamination (Pandey et al., 2009; Jain et al., 2010). The
conductivity values of groundwater sample varied from 0.27 to
1.59µs/cm with more than 50% samples including that of canal
water having conductivity value above 0.3 µs/cm. In accordance
with EC and TDS values also varied from 36.5 to 106.4 mg/L, all
within the limits.

Salinity

Salinity is an important unitless property of industrial and natural
waters. It was originally conceived as a measure of the mass of
dissolved salts in a given mass of solution (Singh et al., 2010;
APHA 2005). According to the salinity classification (Rabinove et
al., 1958) of groundwater (Table 4), all the samples are falling in
the non-saline range.

Chloride

Chloride, in the form of (Cl-) ion, is one of the major inorganic
anions in water and wastewater. The salty taste produced by
chloride concentrations is variable and dependent on the chemical
composition of water (Sonawane et al., 2010).

Some water containing 250 mg/L may have a detectable salty
taste if the cation is sodium. On the other hand, the typical salty
taste may be absent in water containing as much as 1000 mg/L
when the predominant cations are calcium and magnesium (Reza
et al., 2010). A high chloride content may harm metallic pipes and
structures, as well as growing plants (APHA, 2005). The chloride
content in groundwater of Kichha is quite low and varies from
1.77 to 35.5 mg/L. No sample in the study area crosses the
desirable limit of 250 mg/L recommended by BIS and WHO.

Total Alkalinity

The presence of carbonates, bicarbonates, and hydroxides is the
main cause of alkalinity in natural waters (Rajankar et al., 2009).
Bicarbonates represent the major form since they are formed in
considerable amount from the action of carbonates upon the basic
materials in the soil (Yadav et al., 2010). The alkalinity value in
the groundwater varies from 51 to 98 mg/L.  The alkalinity values
are low in groundwater samples. All the samples of the study area
fall within the desirable limit of 200 mg/L.

Total Hardness

Hardness is the important parameter for determining the usability
of groundwater (Shivasharanappa et al., 2011). It is a measure of
the capacity of water to the concentration of calcium and
magnesium in water and is usually expressed as the equivalent of
CaCO3 (APHA, 2005). Total hardness is one of the most
important properties of drinking water. Hardness may cause
urolithiasis (Chari et al., 1994). Total hardness in the present study
varied from 72.16 to 360.8 mg/L.

Table 1 Provides list of parameters that were analyzed for the groundwater samples

Physical properties Heavy metals
Inorganic

Constituents
Organic

Constituents Biological analysis

Color Mercury Chloride BOD

Water Potability test

Turbidity Nickel Nitrogen COD
Odor Zinc Phosphorus

Alkalinity Copper DO
Total hardness Iron
Conductivity Lead

Salinity Arsenic
Total Solids

Total Dissolved Solids
Total Suspended Solids

Temperature
DO = Dissolved oxygen; BOD = Biochemical oxygen demand; COD = Chemical oxygen demand

Fig. 2 Heavy metals found in different groundwater samples
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Table 2 Physico-chemical Analysis of Canal water and Groundwater sample

S.N Parameter Canal water
Groundwater Samples Drinking Water Standards

S1 S2 S3 S4 S5 S6 S7 Min Max Mean ± SD IS 10500:1991 WHO
1. Temp. 16 24 25 25 26 25 24 20 20 26 24.14 ± 1.951 - - 30
2. pH 7.55 8.16 7.54 7.58 7.19 7.14 7.03 7.17 7.03 8.16 7.4 ± 0.393 6.5-8.5 6.5-8.5
3. Color Turbid CL CL turbid turbid CL turbid turbid 5 25 15
4. Odor Objectionable Odorless Unobjectionable
5. Turbidity 7.66 0.67 0.65 2.77 9.99 2.24 7.26 5.19 0.65 9.99 4.11 ± 3.529 5 10 5
6. Conduc. 0.771 0.27 0.32 0.304 0.741 0.85 1.59 0.92 0.27 1.59 0.71 ± 0.474 0.3
7. Salinity 27.4 12.5 15.2 13.7 31 34.5 16 36.5 12.5 36.5 22.77 ±10.682 - - -
8. Chloride 8.875 7.1 3.55 1.775 12.42 19.5 35.5 23.07 1.77 35.5 14.7 ±12.111 250 1000 250
9. T.Alkalinity 217.2 68 51 51 88.4 85 98.6 91.8 51 98.6 76.25 ±19.615 200 600 100
10. T. Hardness 123.2 72.1 77.44 88 193.6 172 360.8 228.8 72.1 360.8 170.3±104.321 300 600 100
11. TS 132.8 47.1 48.8 43.3 137.2 104 87 142.3 43.3 142.3 87.1 ± 42.481 500 1000 500
12. TDS 72.7 36.5 43.3 40.1 89.2 100 47 106.4 36.5 106.4 66.07 ±30.940 500 2000 500
13. TSS 60.1 10.6 5.5 3.2 48 4.3 40 35.9 3.2 48 21.07 ±19.391 - - >10
14. DO 11.275 10.8 10.8 11.47 10.40 10.4 11.27 9.86 9.86 11.47 10.7 ± 0.551 - - 5
15. BOD 18.8 7.38 4.36 8.36 5.265 6.37 10.07 2.685 2.685 10.07 6.35 ± 2.499 - - 6
16. COD 40 40 70 250 10 150 180 90 10 250 112.8 ± 84.599 - - 10
17. Nitrogen 60 0.05 0.02 0.06 0.7 0.001 0.5 0.1 0.001 0.7 0.2 ± 0.278 - - 4
18. Phosphorus 25 0.001 0.004 0.05 0.09 0.02 0.09 0.008 0.001 0.09 0.03 ± 0.039 - - 0.1

All units are in mg/L except temperature oC, turbidity –NTU and conductivity- µs/cm.  pH, Color, Odor has no unit

Table 3 Heavy metals in groundwater samples

S.No Metals
Groundwater Samples Drinking Water Standards

S1 S2 S3 S4 S5 S6 S7 Min Max Mean± SD IS 10500:1991 WHO
1. Arsenic 4.145 6.048 8.434 4.889 6.423 7.147 3.213 3.213 8.434 5.757 ±1.800 0.05 No relaxation 0.05
2. Lead 0.081 0.000 0.212 0.000 0.000 0.000 0.000 0 0.212 0.041 ±0.080 0.05 No relaxation 0.05
3. Mercury 6.089 2.636 1.508 0.570 0.374 0.192 0.045 0.045 6.089 1.63 ± 2.167 0.001 No relaxation 0.001
4. Iron 0.075 0.105 1.843 0.258 0.869 0.124 0.275 0.075 1.843 0.507 ±0.648 0.3 1 0.3
5. Zinc 0.146 0.191 1.386 0.924 0.124 0.099 0.253 0.099 1.386 0.446 ±0.504 5 15 5
6. Copper 0.015 0.068 0.774 0.000 0.006 0.000 0.000 0 0.774 0.123 ±0.287 0.05 1.5 1
7. Nickel 0.006 0.023 0.068 0.000 0.000 0.000 0.000 0 0.068 0.013 ±0.025 0.02 No relaxation 0.02

All units are in mg/L

Table 4 Classification of groundwater on the basis of
salinity

Salinity range (mg l-1) Classification
< 1,000 Non-saline

1,000 - 3,000 Slightly saline
3,000 - 10,000 Moderately saline

> 10,000 Very saline

Table 5 Classification of groundwater on the basis of
total hardness

Total hardness range
(as CaCO3) in mg/L

Description

0-60 Soft
61-120 Moderately Hard
121-180 Hard

>180 Very Hard
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Table 7 Water Quality Rating as per National Sanitation
Foundation Water Quality Index (NSFWQI)

WQI Value Rating of Water Quality
91-100 Excellent water quality
71-90 Good water quality
51-70 Medium water quality
26-50 Bad water quality
0-25 Very bad water quality

Table 8 Water Quality Index and Rating for samples
Sample WQI Water quality rating

S1 68.76 Medium
S2 71.57 Good
S3 68.09 Medium
S4 65.32 Medium
S5 69.71 Medium
S6 63.91 Medium
S7 72.53 Good

Table 6 Correlation matrix of various groundwater parameters
Temp pH Turb Cond Sali TS TDS TSS Cl T A T H DO BOD COD N P As Pb Hg Fe Zn Cu Ni

Temp 1
pH 0.121 1

Turb 0.018 -0.659 1
Cond -0.258 -0.784 0.629 1
Sali -0.346 -0.630 0.413 0.328 1
TS -0.373 -0.709 0.723 0.543 0.906 1

TDS -0.358 -0.632 0.414 0.336 0.999 0.906 1
TSS -0.245 -0.546 0.923 0.655 0.392 0.744 0.394 1
Cl -0.404 -0.700 0.523 0.975 0.375 0.558 0.384 0.610 1

T A -0.346 -0.669 0.702 0.864 0.612 0.803 0.618 0.773 0.897 1
T H -0.295 -0.777 0.708 0.989 0.326 0.582 0.334 0.742 0.956 0.871 1
DO 0.513 0.270 -0.174 -0.077 -0.853 -0.769 -0.851 -0.328 -0.193 -0.453 -0.088 1

BOD 0.427 0.094 0.037 0.278 -0.611 -0.486 -0.604 -0.100 0.206 0.013 0.247 0.843 1
COD 0.017 -0.221 -0.151 0.205 -0.249 -0.335 -0.238 -0.353 0.142 -0.156 0.169 0.612 0.576 1

N 0.269 -0.465 0.929 0.535 0.143 0.496 0.140 0.861 0.408 0.574 0.606 0.025 0.205 -0.261 1
P 0.400 -0.529 0.839 0.564 -0.007 0.288 -0.007 0.642 0.395 0.438 0.614 0.359 0.508 0.198 0.885 1

As 0.572 -0.146 -0.098 0.051 -0.464 -0.515 -0.463 -0.388 -0.097 -0.353 0.006 0.826 0.688 0.807 -0.026 0.407 1
Pb 0.179 0.519 -0.328 -0.533 -0.531 -0.607 -0.526 -0.492 -0.571 -0.632 -0.502 0.625 0.418 0.564 -0.319 -0.017 0.500 1
Hg 0.151 0.966 -0.626 -0.666 -0.631 -0.675 -0.634 -0.469 -0.573 -0.547 -0.674 0.231 0.121 -0.347 -0.383 -0.508 -0.218 0.318 1
Fe 0.227 0.005 -0.182 -0.291 -0.072 -0.271 -0.068 -0.484 -0.362 -0.419 -0.300 0.413 0.281 0.760 -0.312 0.086 0.666 0.788 -0.209 1
Zn 0.353 0.051 0.258 -0.366 -0.113 -0.089 -0.114 -0.014 -0.504 -0.380 -0.288 0.351 0.129 0.318 0.210 0.414 0.422 0.714 -0.153 0.727 1
Cu 0.214 0.231 -0.218 -0.426 -0.412 -0.504 -0.409 -0.452 -0.518 -0.629 -0.396 0.619 0.331 0.700 -0.266 0.098 0.665 0.924 0.008 0.894 0.806 1
Ni 0.260 0.332 -0.356 -0.549 -0.525 -0.635 -0.525 -0.555 -0.642 -0.788 -0.525 0.643 0.254 0.615 -0.354 -0.024 0.654 0.882 0.126 0.801 0.733 0.967 1



International Journal of Recent Scientific Research, Vol. 5, Issue, 2, pp.362-368, February, 2014

367

According to Durfor and Becker (1964) classification (Table 5),
groundwater was very hard to moderately hard at all the studied
locations in Kichha. Calcium and magnesium, along with their
carbonates, sulfates and chlorides makes the water hard, both
temporary and permanent (Agrawal, 2009). A limit of 300 mg L-1

has been recommended as a desirable limit and 600 mg L-1 as the
maximum permissible limit for potable water.

Dissolved Oxygen

Dissolved oxygen (DO) levels in natural and wastewater depend
on the physical, chemical and biochemical activities in the water
body (Ramakrishnaiah et al., 2009). The analysis for DO is a key
test in water pollution (APHA 2005). Dissolved oxygen present in
drinking water adds taste and it is a highly fluctuating factor in
water (Sinha et al., 2007). In all the samples dissolved oxygen
content varied in a range of 9.86 to 11.47 mg/L which is very high
and above the WHO limits (5 mg/L).

BOD and COD

Biological oxygen demand (BOD) is defined as the amount of
oxygen required by the microorganisms to degrade the organic
compounds (Gupta et al., 2004). BOD values of 50% of samples
were well within the desired limits as prescribed by WHO. While
the samples taken from the hand pumps near the canal are having
high values of BOD. The values varied in a range of 2.685 to 8.36
mg/L. Chemical oxygen demand (COD) is defined as the amount
of a specified oxidant that reacts with the sample under controlled
conditions (APHA 2005). The quantity of oxidant consumed is
expressed in terms of its oxygen equivalence. COD is often used
as a measurement of pollutants in wastewater and natural water
(Bhadja et al., 2013). The maximum allowed COD is 10 mg/L in
drinking water. The present samples have registered a range of 10
to 250 mg/L. The values are very much higher than that expected
for good quality potable water. COD and BOD are indices of
organic pollution. Drinking water supply should not exceed COD
of 2.5mg/L and potable water of COD content greater than 7.5
mg/L is regarded as poor (Esa, 1983). High COD interferes with
oxygen transfer to the soil, thus affecting plant growth (Adekunle
et al., 2007).

Nitrogen and Phosphorus

In water and wastewater the forms of Nitrogen of greatest interest
are, in order of decreasing oxidation state, nitrate, nitrite, ammonia
and organic nitrogen (Kumaraswamy,1999). Nitrogen and
Phosphorus concentrations in the groundwater sample of the study
area were very low, within the permissible limit of Drinking
Water Standards recommended by WHO, but of canal water is
very high.

Heavy Metals

The groundwater samples were tested for the presence of toxic
metals like Fe, Cu, Ni, Pb, Zn, As, Hg. All the metals except
Arsenic and mercury are well in the desired limits as
recommended by BIS and WHO in most of the samples. Fe and
Ni concentration exceeded the maximum permissible limit in
single sample S3 whereas Cu although crosses the desirable limit
but well within the permissible limit. No lead is detected in almost
all the samples. Only two of them S1 & S3 crosses the desirable
limit. All the samples contain the most toxic metals As and Hg in
very high concentrations. The reason of maximum arsenic and
mercury concentration may be the natural weathering caused by
canal and arsenic being formed percolating in to groundwater.

Another reason may be indiscriminate applications of pesticides in
near Kichha town famed as a Green Revolution area. The arsenic
in pesticides percolates with runoff and irrigational water into
groundwater (Singh, 2010).

Bacteriological Analysis

The bacteriological analysis of the samples collected from Kichha
did not show any sign of bacterial contamination in hand pump
water samples. The groundwater samples were found to be
potable from this point of view.

Corelation matrix

To observe the relationship among various physicochemical
parameters, Karl Pearson correlation analysis was performed and
correlation matrix so emerged is given in Table 6 respectively.
The total dissolved solids and electrical conductivity can be used
to delineate each other. Conductivity is proportional to the
dissolved solids; total hardness was positively correlated with
chloride. Turbidity shows positive correlation with solids,
chloride, conductivity and salinity.  The strong correlation-ship
between these parameters could be due to seepage of effluent
discharge in the study area.

Water Quality index

The water quality index values of groundwater samples ranges
from 63.91 to 72.53 are categorized according to water quality
rating table. The rating analysis reveals that the samples which are
collected from the handpumps near the canal are of medium
quality. Only two samples S2 and S7 shows good quality of
groundwater. The groundwater samples that falls under different
quality has been shown in Table 8 & Fig. 3. The WQI values and
rating indicates the effective percolation of polluted canal water
due to anthropogenic activities such as discharge of effluent from
industrial, agricultural and domestic use.

CONCLUSION
On the basis of the analysis of groundwater of the study area, it
could be concluded that groundwater quality in the study area
varied around the canal. WQI rating and statistical assessment
reveals that the groundwater of certain specific locations was not
suitable for drinking purposes as such. The presence of highly
toxic metals arsenic and mercury is of great concern. Seepage of
the polluted surface water due to unplanned sewage system and
discharge of industrial waste is deteriorating the groundwater
quality with time. Therefore proper care should be taken to avoid
any groundwater contamination. The industrialists should be
advised to dispose the industrial waste only after proper treatment,
and municipal authorities should also be advised to properly
manage the sewage water to avoid the contamination of
groundwater. General public should be directed to install deep
hand-pumps or use properly treated water for drinking purposes.
Groundwater is an open access resource. It should be brought
under the category of common property resources rather than
under the open access resources. Environmental laws dealing with
the polluters must also cover those responsible for deteriorating
groundwater resources.
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