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ABSTRACT Water quality index exhibits the overall water quality at a specific location and specific time based on 
several water quality parameters. The objective of an index is to turn complex quality data in to infor-

mation that is understandable and useable by the public. For calculating the WQI following eight physcio-chemical 
parameters such as pH, Electrical conductivity, Total Dissolved Solids, Total Hardness, Alkalinity, Chloride, Calcium and 
Fluoride were taken to assess the impact of pollutants due to anthropogenic activities. The water quality index value 
for the ground water ranges from 14.82 to 216.18. In the present study, the quality of water was found to be good 
except in few areas.

Introduction:
Ground water is one of the most important natural resourc-
es required for human consumption for various purposes 
such as domestic, irrigation, industrialization and urbaniza-
tion. Generally, the motion of groundwater along its flow 
paths below the ground surface increases the concentra-
tion of the chemical species [1,2,3]. Hence, the groundwater 
chemistry could reveal important information on the geo-
logical history of the aquifers and the suitability of ground-
water for domestic, industrial and agricultural purposes. 

Quality of groundwater is equally important to its quantity 
owing to the suitability of water for various purposes[4,5]. 
Groundwater chemistry, in turn, depends on a number 
of factors, such as general geology, degree of chemical 
weathering of the various rock types, quality of recharge 
water and inputs from sources other than water rock inter-
action. Such factors and their interactions result in a com-
plex groundwater quality [1,6,7]. The rapid increase in the 
population of the country has led to large scale ground-
water developments in some areas. Intense agricultural 
and urban development has caused a high demand on 
groundwater resources in arid and semi-arid regions of Iran 
while putting these resources at greater risk to contamina-
tion[8,9,10]. The sources for ground water supply mostly de-
pend upon the rainfall and the percolation of the water 
into the earth. Another important factor is quality of the 
soil. SwarnaLatha, et al., (2007) [11] used the WQI in water 
quality assessment at village level, S. Kota, Vizianagaram 
district. WQI is defined as a rating reflecting the composite 
influence of different water quality parameters. WQI is cal-
culated from the point of view of the suitability of ground-
water for human consumption[12]. The objective of the pre-
sent study was to interpret the water quality index (WQI) 
based on the physico-chemical parameters.

Study Area:
Kadapa is situated in the south central part of the Andhra 
Pradesh State.  It is the district headquarters of Y.S.R Kada-
pa district covering an area of 164.08 km2. Coordinates of 
Kadapa is located at 140 29’ N latitude and 780 50’ E longi-
tude with a mean elevation of 138 m study area intended 
boundary falling in Survey of India (SOI) topographic sheet 
57 J/14 and 57 J/15 on 1:50,000 scale as shown in Figure-1.

Materials and Method:
Laboratory Analysis:
The chemical analysis of water samples were carried out 
at the Geochemistry Laboratory in Department of Geol-
ogy, Yogi Vemana University. Water samples were taken at 
the end of the constant rate pumping tests for each of the 
boreholes and analyses were done approximately 24 hours 
after sampling. The methods used include titrimetry, color-
imetry and gravimetry using the standard methods as sug-
gested by the American Public Health Association, 2007[13]. 
Table 1 gives the result of analyses for these parameters in 
the different water samples for the 25 boreholes.

S.No
EC 
µs/
cm

TDS pH F- 

mg/l
Cl- 
mg/l

TH 
mg/l

HCO3
- 

mg/l
Ca2+ 

mg/l

1 2600 1190 8.57 1.44 72 400 60 124
2 2110 840 8.33 0.900 128 140 24 16
3 1650 700 8.34 0.795 99 140 36 16
4 1740 760 8.52 1.03 92 160 60 32
5 3650 1790 7.98 0.967 426 140 48 28
6 2560 1060 8.17 0.694 213 160 36 24
7 3440 1580 8.06 0.562 518 280 24 28
8 7920 3730 8.43 0.866 135 180 36 48
9 3990 1580 8.39 2.22 227 180 36 28
10 2960 1350 7.87 1.00 75 200 24 28
11 2770 1200 8.06 1.46 263 140 36 24
12 1920 800 8.72 1.71 71 160 48 20
13 2220 1020 8.03 1.35 206 160 36 40



546  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 6 | Issue : 2  | FEBRUARY 2016 | ISSN - 2249-555XReseaRch PaPeR

14 3910 1740 7.84 1.49 362 220 36 40
15 7370 3350 7.48 0.812 859 560 36 100
16 4500 1840 8.21 1.38 248 160 60 20
17 2790 1180 8.02 0.923 298 200 60 40
18 3030 1380 7.80 1.51 376 200 60 28
19 2470 1050 8.25 0.881 163 120 48 12
20 2390 1050 7.99 1.90 213 280 48 24
21 2360 1030 8.57 0.557 170 120 36 28
22 2660 1180 8.66 0.963 298 200 60 40
23 4950 2170 7.98 1.73 611 220 36 20
24 2780 1120 8.54 0.93 121 140 36 24
25 1660 720 8.24 1.01 121 100 12 12

Table. 1: Physico-chemical parameters of groundwater 
of the study area
The water quality index (WQI) has been calculated by us-
ing the standards of drinking water quality recommended 
by the World Health Organization (WHO)[14] and Indian 
Standard Institute (ISI)[15]. The calculation of WQI was made 
using a weighted arithmetic index method given below 
(Brown, et al., 1972)[16] in the following steps.

Calculation for water quality rating:
qn = 100 [(Vn–Vi)/(Sn–Vi)]

Where qn = Water quality rating for the nth parameter, Vn 
= Observed value of the nth parameter, Sn = Standard per-
missible value of nth parameter, Vi = Ideal value of nth pa-
rameter.

All the ideal values (Vi) are taken as zero for drinking wa-
ter except for pH 7.0, dissolved oxygen = 14.6 mg/L and 
Fluoride = 1 mg/L.

Calculation of quality rating for pH:
For pH the ideal value is 7.0 (for natural water) and a per-
missible value is 8.5 (for polluted water). Therefore the 
quality rating for pH is calculated from the following rela-
tion:

qpH =100 [(VpH–7.0)/(8.5–7.0)]

where VpH = observed value of pH during the study period.

Calculation of quality rating for fluoride:
The ideal value (Vi) for fluoride is 1 mg/L and standard 
permitted value for drinking water is 1.5 mg/L. Therefore 
quality rating is calculated from the following relation:

qF = 100 [(VF-1)/(1.5-1)] 

where VF = observed value of fluoride.

Calculation of Unit weight (Wn):
Unit weight was calculated by a value inversely proportion-
al to recommended standard

Value Sn of the corresponding parameter.

Wn = K/Sn

Where Wn = unit weight for the nth parameter.

Sn = standard value of the nth parameter, K = constant for 
proportionality.

Proportionality constant was calculated by using the 
equation:
K = 1/∑(1/Sn)

The overall water quality index was calculated by aggre-
gating the quality rating with the unit weight linearly.

WQI = ∑qnWn/∑ Wn

RESULTS AND DISCUSSION:

Class WQI Value Water quality status

I < 50 Excellent

II 50 - 100 Good water

III 100 -200 Poor water

IV 200 - 300 Very poor water

V 300 Water unsuitable for drinking

Table. 2: Water quality classification based on WQI value.

             
S. No. Parameters Stand-

ards (Sn)
Recommended 
Agency

Unit 
weight 
(Wn)

1 pH 6.5 – 8.5 ISI 1983 0.1447

2 EC 1000 µs/
cm WHO 0.0012

3 Total Dissolved 
Solids 500 ISI 1983 0.0024

4 Total Hardness 300 ISI 1983 0.0040
5 Chloride 250 ISI 1983 0.0049
6 Calcium 75 ISI 1983 0.0164
7 Fluoride 1.5 ISI 1983 0.8198
8 Alkalinity (CO3

-) 200 ISI 1983 0.0061
∑Wn = 
0.9995

Table. 3: Drinking water standards, recommending 
agencies and unit weights

Param-
eters

Stand-
ard 
Value

Ideal 
Value

Unit 
weight 
(Wn)

Ob-
served 
value

Qual-
ity 
rating 
(qn)

Wnqn

pH 6.5 – 
8.5 7.0 0.1447 8.57 104.67 15.15

EC 1000 
µs/cm 0 0.0012 2600 260 0.312

Total 
Dissolved 
Solids

500 0 0.0024 1190 238 0.571

Total 
Hardness 300 0 0.0040 400 133.33 0.533

Chloride 250 0 0.0049 27 10.8 0.053
Calcium 75 0 0.0164 124 165.33 2.711
Fluoride 1.5 0 0.8198 1.44 88 72.14
Alkalinity 
(CO3

-) 200 0 0.0061 60 30 0.183

∑Wn = 
0.9995

∑Wnqn  
= 91.65

WQI = 
91.69

Table.4: Sample 1 Water Quality Index (WQI)
Location WQI Remarks
S2 30.75 Excellent
S3 47.94 Excellent
S4 72.13 Good
S5 17.95 Excellent
S6 63.57 Good
S7 85.33 Good
S8 40.18 Excellent
S9 216.18  Very Poor
S10 10.47 Excellent
S11 87.94 Good
S12 134.62 Poor
S13 69.72 Good
S14 91.78 Good
S15 42.69 Excellent
S16 76.75 Good
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S17 25.28 Excellent
S18 38.43 Excellent
S19 33.27 Excellent
S20 159.44 Poor
S21 89.79 Good
S22 24.89 Excellent
S23 132.88 Poor
S24 28.28 Excellent
S25 14.82 Excellent

Table. 5: WQI at Individual Sampling Stations.
 
pH:
The pH of water is very important of its quality and pro-
vides important piece of information in many types of geo-
chemical equilibrium or solubility calculations[17]. The limit 
of pH value for drinking water is specified as 6.5 to 8.5[15]. 
In most natural waters, the pH value is dependent on the 
carbon dioxide-carbonate-bicarbonate equilibrium. As the 
equilibrium is markedly affected by temperature and pres-
sure, it is obvious that changes in pH may occur when 
these are altered. Most ground waters have a pH range of 
6 to 8.5[18].The pH of groundwater in the study area ranged 
from 7.48 to 8.72. pH values for all the samples are within 
the desirable limits. It is observed that most of the ground-
water is alkaline in nature. Though pH has no direct effect 
on the human health, all biochemical reactions are sensi-
tive to variation of the pH.

Electrical Conductivity:
The conductivity measurement provides an indication of 
ionic concentrations. It depends upon temperature, con-
centration and types of ions present[17]. The maximum limit 
of electrical conductivity in drinking water is prescribed as 
1500 µS/cm[14]. The electrical conductivity of the groundwa-
ter ranged from 1650 µS/cm to 7920 µS/cm at 25oC. 

Total Dissolved Solids:
The concentration of dissolved matter in water is given 
by the weight of the material on evaporation of the water 
to dryness followed by heating for one hour at 180oC. In 
the process of drying and heating some of the dissolved 
matter may dissolve decompose or volatilize with escape 
of gases. The Total Dissolved Solids of the groundwater in 
the study area ranged from 700  to 3730 mg/L. The desir-
able limit of TDS in drinking water is 500 mg/L. Potabil-
ity of the water decreases when the concentration exceeds 
this limit and may cause gastro-intestinal irritation[15]. It is 
observed that 79% of the groundwater from the area dur-
ing pre-monsoon and post-monsoon falls into fresh water 
category. 

Total Hardness: 
Hardness is an important criterion for determining the us-
ability of water for domestic, drinking and many indus-
trial purposes[18] and results from the presence of divalent 
metallic ions, of which calcium and magnesium are the 
most abundant in the groundwater. Other elements could 
be included are strontium, barium and some heavy met-
als. These, however are seldom determined under usually 
present in insignificant amounts relative to calcium and 
magnesium. The Total hardness of the groundwater in the 
study area ranged from 100 to 560 mg/L. The limit of total 
hardness for drinking water is specified as 300 mg/L[17]. 

Calcium:
The range of calcium content in groundwater is largely de-
pendent on the solubility of calcium carbonate, sulfate and 
rarely chloride. The solubility of calcium carbonate varies 
widely with the partial pressure of CO2 in the air in con-

tact with the water. The salts of calcium and magnesium 
are responsible for the hardness of water. The permissible 
limit of calcium in drinking water is 75 mg/L[15]. The calcium 
concentration of the groundwater in the study area ranged 
from 12 to 124 mg/L during pre-monsoon period.

Chloride:
Chloride bearing rock minerals such as sodalite and chlo-
rapatite which are very minor constituents of igneous and 
metamorphic rocks, and liquid inclusions which comprise 
very insignificant fraction of the rock volume are minor 
sources of chloride in groundwater. It is presumable that 
the bulk of the chloride in groundwater is either from at-
mospheric sources or sea-water contamination. Most chlo-
ride in groundwater is present as sodium chloride, but the 
chloride content may exceed the sodium due to base- ex-
change phenomena and also weathering of phosphate 
minerals and domestic sewage[18].The upper limit of chlo-
ride concentration for drinking water is specified as 250 
mg/L[15]. The chloride concentration of the groundwater in 
the study area ranged from 71 to 859 mg/L during pre-
monsoon period.

Fluoride:
Fluoride in drinking water has now become one of the 
most important geo-environmental and toxicological issues 
in the world. During the last three decades, high fluoride 
concentrations in drinking water sources and the resultant 
disease “Fluorosis” is being highlighted throughout the 
world. In developing countries, especially in the tropical re-
gions, rural communities, who mostly depend on ground-
water sources for their domestic water supplies, face this 
problem seriously. According to Indian standard specifica-
tion for drinking water 1.5 mg/L fluoride is the maximum 
permissible limit. The Fluoride content in the study area 
ranged from 0.56 to 2.22 mg/L.

Total Alkalinity (CO3- and HCO3-):
The primary source of carbonate and bicarbonate ions 
in groundwater is the dissolved carbon dioxide in rain, 
which, as it enters the soil, dissolves more carbon diox-
ide. An increase in temperature or decrease in the pres-
sure causes reduction in the solubility of carbon dioxide 
in water [21]. The alkalinity of natural waters is due to the 
salts of carbonates, bicarbonates, borates, silicates and 
phosphates along with hydroxyl ions in the free salt. How-
ever, the major portion of the alkalinity in natural waters is 
caused by hydroxide, carbonate and bicarbonates, which 
may be ranked inorder of their association with high pH 
values. The bicarbonate concentration of the groundwa-
ter in the study area ranged from 12 to 60 mg/L during 
pre-monsoon period. The permissible limit of carbonate 
(CO3

-) in drinking water is 10 mg/L and the rejection limit 
is 50 mg/L. The permissible limit of bicarbonate (HCO3

-) in 
drinking water is 500 mg/L[20]. Most of the water samples 
of the study area contain no carbonate ions.  

Conclusion:
To assess the groundwater conditions in the study area 
twenty five samples were collected from hand pumps 
at different streets. The pH of groundwater in the study 
area is ranged from 7.48 to 8.72. The electrical conductiv-
ity of the groundwater is ranging from 1650 to 7920 µS/
cm at 250C. The water quality of the Kadapa town varied 
from excellent to good. The highest values of WQI are 
observed at sampling stations S9, S12, S20 and S23.  The 
high value of WQI at these stations has been found to 
be mainly from values of fluoride, Electrical conductivity. 
Hence these four sampling stations need some degree of 
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treatment before consumption and it also needs to be pro-
tected from contamination.
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