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ABSTRACT Clean drinking water is essential for the survival. Unfortunately the quality of water has deteriorated because of 
various type of pollution. The present study is carried out for evaluating drinking water quality from Ahmedabad 

city by standard methods using GPCB standards from 15 areas in Monsoon 2011. The study indicates that total hardness was 
within highest desirable limits. The data indicates all water samples were either hard water or very hard water according to total 
hardness. Calcium hardness was within highest desirable limit and maximum permissible limits. Magnesium hardness was even 
crossing maximum permissible limits. The study also indicates that chlorinity was within highest desirable limits or maximum 
permissible limits. Salinity was within highest desirable limit and maximum permissible limits. EC and TDS were within highest 
desirable limits and even crossing maximum permissible limits. The data indicates drinking water may be used after proper 
treatment before distribution or use.

INTRODUCTION :
Water is one of the most precious gifts of the nature to man-
kind through clean drinking water is essential for the survival of 
all living living organisms (Khandwala & Suthar, 2007; Suthar & 
Suthar, 2010). All life and peripheral activities are ceased with-
out water. In addition to drinking and personal hygien, water is 
needed for agriculture, industries, electricity generation, waste 
management, recreation and wildlife (Patel and Patel, 2012). 
Improper policy is one of the most important factor that have 
cause several environmental pollution and ecological degra-
dation (Goswami & Mankodi, 2012; Kundu, 2012).

Gujarat has experienced rapid urbanization with rapid eco-
nomic development during last century. A recent McKinsey 
report on India’s urbanization suggests that Gujarat will be 
66% urban with 48 million urban population in 2030 AD (Su-
thar & Suthar, 2010; Mehta & Mehta, 2011). A large part of 
the State is water stressed and has severe shortage of drink-
ing water. Hirway (2005) states that 87% urban water supply 
was through ground water and 3/4th of urban centres in Gu-
jarat use ground water.

One of the key challenges of urban Gujarat is to provide drink-
ing water as overall drinking water quality is alarming in vari-
ous parts of Gujarat State. Patel & Patel (2012) surveyed 16 
places of water sources and noted raised chloride content 
and significant variations in the physic-chemical parameters 
of water at Amirgadh Taluka of Banaskantha District of North 
Gujarat. Goswami & Mankodi (2012) reported significant sea-
sonal variation in the fresh water of Nyari-II reservoir of Rajkot 
District in Saurashtra. They found high chloride with significant 
relationship with hardness and alkalinity in the water samples. 
There were higher chloride and sulphate values during sum-
mar season. Solanki et al. (2012) found pH, chloride, sulphate, 

electrical conductivity (EC) and total dissolved solids (TDS) well 
within the prescribe limit while there was need of necessary 
treatment of water before using it because of the presence of 
certain micro-organisms in the study conducted throughout the 
year 2009-2010 from six different locations in the Sabarmati 
river of Ahmedabad city. Kumar et al. (2011) found altered and 
increasing values of physic-chemical parameters in Sabarmati 
river and Kharicut canal at various sites during 12 months study 
from July 2009 to July 2010. Our previous studies (Suthar et 
al., 2008a-d; Suthar et al., 2010; Suthar et al., 2011; Suthar & 
Mesariya, 2012) showed that various areas of Ahmedabad City 
have poor drinking water quality. Hence, the present study was 
carried out as a part of continuous monitoring.

MATERIALS AND METHODS :
Ahmedabad is located on the banks of the river Sabarmati in 
the Northern part of Gujarat and the Western part of India. It 
is located at 23.03 0N 72.58 0E spanning an area of 310 Km2. 
Ahmedabad is the centre for industrial, institutional and politi-
cal activities of the Gujarat State of India (Kumar et al., 2011). 
The physico-chemical parameters analysed were total hardness, 
calcium hardness, magnesium hardness, pH, chlorinity, salinity, 
electrical conductivity (EC) and total dissolved solids (TDS). To-
tal 15 samples of water were collected from municipal (13) and 
tube well source (2).  Samples were analysed for various physi-
co-chemical characteristics by standard methods at the college 
laboratory (Sunilkumar & Ravindranath, 1998). Gujarat Pollution 
Control Board (GPCB) drinking water standards were used (Ka-
pila & Mehta, 2006). These standards are same as IS: 10500 of 
Bureau of Indian Standard for parameters studied (Shankar & Bal-
asubramanya, 2008). Statistical analysis was done using MS-Excel 
2007TM and Online Softwares for performing arithmetical mean 
value, maximum value (Max), minimum value (Min), median, per-
centage value, Pearson’s correlation matrix, Student’s t-test etc.

Table 1 : Method used, highest desirable limits (HDL), maximum permissible limits (MPL) and units of measurements for 
physico-chemical analysis of drinking water.

Sr. No. Parameter Method & Instrument HDL MPL Unit

1 Total Hardness (TH) EDTA titrimetric method using TH Tablets 300 600 As CaCO3 mg/l



INDIAN JOURNAL OF APPLIED RESEARCH  X 17 

Volume : 3 | Issue : 4 | April 2013 | ISSN - 2249-555XReseaRch PaPeR

2 Calcium Hardness(CH) EDTA titrimetric method using CH Tablets 75 200 As Ca mg/l

3 Magnesium Hardness (MH) Calculated from TH and CH 30 90 As Mg mg/l

4 pH Digital pH Meter (Systronics india Ltd. Model 335) 6.5-8.5 -

5 Chlorinity Argentometric Titration Method 250 1000 Mg/l

6 Salinity Calculated from Chlorinity 450# 1800# g/l

7 Electrical Conductivity (EC) Conductivity Meter ( Systronics India Ltd. Model 304) 0.70 2.86 mS/cm

8 Total dissolved solids (TDS) Calculated from EC 500$ 2000$ ppm

#$ Calculated values.

RESULTS AND DISCUSSION :
By the inspection, it was found that there was not having any 
colour, odour and taste in any sample studied.

•	 Total	Hardness	(TH)	:	Total	hardness	means	the	total	num-
ber of calcium and magnesium cations in water. From this 

study we concluded that total hardness were within high-
est desirable limits. The ten area samples of drinking wa-
ter (66.6% samples) are within the highest desirable limits 
(Table-2). Table 3 shows that 11 samples (73.33%) were 
between 150 mg/L and 300 mg/L. indicating that water 
samples are hard water. Remaining samples (26.67%) 
were even above 300 mg/L indicating that drinking water 
is of very hard water category.

Table : 2 Area wise physico-chemical parameters studied in Ahmedabad city during monsoon of year 2011.

Area Source TH CH MH pH CHL SAL EC TDS 
Amraiwadi Municipal 162 80 82 7.48 63.9 115.32 0.42 294
Bapunagar Municipal 308 100 208 7.2 79.9 144.2 0.29 203
Behrampura Municipal 212 120 92 7.54 167.9 303.17 0.71 497
Danilimda Municipal 312 100 212 7.63 311.9 563 1.2 840
Gita Mandir Municipal 228 160 68 7.44 119.9 216.5 0.71 497
Ghodasar Municipal 300 120 180 7.6 339.8 613.3 1.48 1036
Gomtipur Municipal 182 170 65 7.71 341 221 0.69 483
Isanpur Municipal 192 100 92 7.67 59.9 108.1 0.25 175
Jashodanagar Tube Well 192 80 112 7.82 295 534 1.28 896
Khokhra Municipal 177 93 84 7.42 82.5 149 0.32 228
Maninagar Municipal 264 90 100 7.4 161 292 0.66 462
Odhav Tube Well 196 90 106 7.44 271.9 357 1.05 438
Shah-e-alam Municipal 260 40 220 7.96 379.8 490.8 1.61 1127
Vatva Municipal 304 96 208 7.19 379.8 685.71 2 1400
Vejalpur Municipal 320 100 120 7.75 567.82 1024.94 2.6 1820
GPCB Standards No. of samples below HDL 10 01 00 00 07 09 06 09

No. of samples between HDL and MPL 05 14 04 15 08 06 09 06
No. of samples above MPL 00 00 11 00 00 00 00 00
Maximum 320 170 220 7.96 567.82 1024.94 2.60 1820
Minimum 162 40 65 7.19 59.90 108.10 0.25 175
Median 228 100 106 7.54 271.90 303.17 0.71 497

The samples were collected and analysed in the Monsoon 
season of year 2011.

Units of measurements: Total hardness (as CaCO3) mg/L; Cal-
cium hardness (as Ca) mg/L; Magnesium hardness (as Mg) 
mg/L; Chlorinity (as Cl) mg/L; Salinity g/L; Abbreviations: TH 
= Total Hardness; CH = Calcium Hardness; MH = Magnesium 
Harndess; CHL= Chlorinity; Sal = Salinity; EC = Electrical 
Conductivity; TDS = Total Dissolved Solids; HDL = Highest 
desirable limt; MPL = Maximum permissible limit.

Table  3: Classification of ground waters based on total 
hardness.

Total Hardness as 
CaCO3 (mg/L) Water Class Number of 

Samples
Percentage 
(%)

Less than 75 Soft water 0 0.00

Between 75 to 150 Moderately Hard 
water 0 0.00

Between 150 to 300 Hard water 11 73.33

Above 300 Very Hard water 04 26.67

Total 100.00

The classification is as given in Vennila et al. (2008), Units of 
measurements for Total hardness (as CaCO3) mg/L

•	 Calcium	Hardness	(CH)	:	In	present	study,	most	of	sam-
ples (14 samples) were having high amount of calcium 
hardness above the desirable limit and below maximum 
permissible limit. High concentration of calcium is not 
desirable for washing, bathing, laundering. 

•	 Magnesium	 Hardness	 (MH)	 :	 Most	 of	 the	 samples	 (11	
samples) were having high amount of magnesium hard-
ness. High concentration of magnesium hardness reduc-
es the utility of water for domestic use. 

•	 pH	 :	 It	 is	noted	 that	pH	values	of	all	 the	samples	were	
within desirable range i.e. 6.5-8.5 

•	 Chlorinity	(CHL)	:	The	chlorinity	of	water	samples	in	eight	
areas are between 251-1000 while other samples’s chlo-
rinity is below 250. The contribution of chlorides is may 
be due to minerals pollution or water pre-treatment. 
Human excreta particularly the urine contain chloride in 
amount equal to the chloride consumed with food and 
water. 

•	 Salinity	(SAL)	:	It	refers	to	the	total	amount	of	soluble	salts	
in water. Fresh water have salt concentrations below 0.5 
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parts per thousand (ppt). In our findings, salinity is below 
maximum permissible limits (6 samples) or highest desir-
able limits (9 samples).

•	 Electrical	Conductivity	(EC)	:	Electrical	conductivity	value	
of study area varied from 0.25-2.6 mS/cm. The capacity to 

conduct electric current depends on percentage of EC. 
•	 Total	Dissolved	Solids	(TDS):	TDS	is	varied	between	175-

1820 ppm. Presence of excess TDS may cause gastro-
intestinal irritation. It elevates the density of water and 
reduces the solubility of oxygen. 

Table 4: Pearson’s Correlation matrix calculated using MS-Excel 2007TM and p-Value CalculatorTM.

  TH CH MH pH CHL SAL EC TDS
TH 1
CH -0.0976 1
MH 0.766146*** -0.45388 1
pH -0.14715 -0.19216 -0.04334 1
CHL 0.517518* -0.0694 0.373535 0.449735 1
SAL 0.659101** 0.659101** 0.441464 0.304711 0.911325*** 1
EC 0.601788* -0.20929 0.439321 0.312543 0.93223*** 0.973097*** 1
TDS 0.629361 -0.18977 0.452631 0.331469 0.913319*** 0.967971*** 0.987277*** 1

Abbreviations: TH = Total Hardness; CH = Calcium Hardness; 
MH = Magnesium Harndess; CHL= Chlorinity; Sal = Salinity; 
EC = Electrical Conductivity; TDS = Total Dissolved Solids 
*Correlation is significant at the 0.05 level (P<0.05),**Correlation 
is significant at the 0.01 level (P<0.01),***Correlation is signifi-
cant at the 0.001 level (P<0.001), Two-tailed test. (http://www.
danielsoper.com/statcalc3/calc.aspx?id=44)

Table 4 is related with Pearson’s correlation matrix. It indi-
cates that there is negative correlation between total hard-
ness with calcium hardness and pH; between calcium hard-
ness and magnesium hardness, pH, chlorinity, EC and TDS 
and, between magnesium hardness and pH. Other param-
eters have positive correlations with each other. Many param-
eters have significant correlation at various levels.

Table 5: Sample source-wise list of physico-chemical parameters studied

Source No. of Samples studied TH CH MH pH CHL SAL EC TDS 

Municipal 13 247.76 ± 
15.255NS

105.30 ± 
9.314NS

133.15 ± 
16.409NS

7.537 ± 
0.061NS

235.00 ± 
45.997NS

379.00 ± 
81.990NS

0.995 ± 
0.212NS

697.07 ± 
148.67NS

Tube well 02 194.00 ± 
2.000NS

85.00 ± 
5.000NS

109.00 ± 
3.000NS

7.630 ± 
0.190NS

283.45 ± 
11.550NS

445.50 ± 
88.500NS

1.165 ± 
0.115NS

667.00 ± 
229.000NS

Total 15 240.60 ± 
14.293

102.60 ± 
7.867

129.93 ± 
14.449

7.55 ± 
0.054

241.46 ± 
37.538

387.86 ± 
65.175

1.018 ± 
0.171

693.06 ± 
120.674

Values are Mean ± SEM. Student’s t-test (Comparison of 
Municipal source with tubewell source data). NS= Non Sig-
nificant

Abbreviations: TH = Total Hardness; CH = Calcium Hardness; 
MH = Magnesium Harndess; CHL= Chlorinity; Sal = Salinity; 
EC = Electrical Conductivity; TDS = Total Dissolved Solids

Table 5 indicates that there is no significant difference be-
tween sources of samples in the parameters studied.

CONCLUSION :
Summing up, it was observed that some of the samples 
exceeding the prescribed limit of one of other parameter 
studied. The present study reveals that water is not safe for 
drinking particular from industrial area, only it is useful for 
domestic purpose. So, people should be made aware of the 
water quality, importance on sanitation and economical wa-
ter treatment methods like filtration and boiling would prove 
beneficial to avoid water-borne disease. 
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