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Abstract 

In order to investigate the physic-chemical quality, 780 water samples were collected from 

490 educational institutes located in various areas of Karachi, during the period of May to 

September 2005. The parameters include pH, turbidity, total dissolve solids (TDS), hardness 

and conductivity that were varied from 3.2 to 8.7, 0.2 to 3.1 NTU (nephelometric turbidity 

unit), 79 to 1066 ppm, 69 to 558ppm and 96 to 1775µS/cm, respectively. On the basis of pH 

6%, taste 2.1%, turbidity 0%, TDS 2.5% and hardness 1.3%, of the samples were found out of 

acceptable limits of World Health Organisation (WHO) guidelines. Moreover, the conductivity 

of the studied waters was found to be the multiple of 0.6001 to that of TDS (R
2 

= 0.987) when 

regression model was established.  

Keywords: Physico-chemical, TDS, Hardness, Conductivity, Turbidity, World Health 

Organisation. 

 

Introduction 

Potable water is the fundamental need of man 

to sustain life. Water serves as lubricant, regulates 

the body temperature and provides the basis for 

the body fluids and metabolism (Staci, 2005). 

Drinking water should be suitable not only for 

human consumption but also for washing/ 

showering and domestic food preparation because 

chemical and other constituents of the water 

would give a rise to economical damage as well 

(Tihansky, 1974). Water is a good solvent and 

picks up impurities easily and thus changes its 

taste, colour and odour.  It is well-known fact that 

when water is polluted, its normal functioning 

and properties are affected (Trivedi et al., 2010). 

Continual improvement in the quality of water for 

purposes of drinking, domestic consumption, 

personal hygiene and certain medical situations is 

among the top challenges of the world. A silent 

humanitarian crisis kills about 3900 children 

every day and thwarts progress towards all the 

Millennium Development Goals (MDGs), 

especially, in Africa and Asia (Bartram et al., 

2005). Worldwide waterborne diseases are the 

cause of death and suffering of millions of 

people, especially, children in developing 

countries (Schafera et al., 2009). The provision of 

high-quality drinking water is one the most 

important connote for improving human health of 

a community by preventing the spread of water 

born disease (Benjamin and Brown, 2003). 

Drinking water plays an important role intaking 

essential minerals and elevated level of 

nonessential elements can cause morphological 

abnormalities, reduce growth, increase mortality 

and mutagenic effects (Nkono and Asubiojo, 

1998; Asaolu, 2002; Adeyeye, 2000).  

Contaminants are substances that are 

dissolved in water and make it unfit for use. Some 

contaminants can be easily identified only by 

assessing the taste, odourand turbidity of the 

water because pure water remains tasteless, 

colourless and odourless. However, most cannot 

be easily detected and require testing to reveal 

whether or not water is contaminated. Physico-

chemical parameters of water are important to 

determine the quality of drinking water as 

according to WHO (1996) the physical 

parameters that are likely to give rise to complaint 

from consumers are colour, taste, odour and 

turbidity while low pH causes corrosion and high 

pH results in taste complaints (Chan et al., 2007).  

Karachi, the metropolitan city, is located in 

the south of Pakistan, on the coast of the Arabian 
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Sea. Its geographic coordinates are 24°51′ N 

67°02′ E. Recently, Siddiqui et al. (2010) studied 

the microbiological quality of some samples of 

drinking water and found 36% samples 

contaminated with indicator and pathogenic 

bacteria. Present study was conducted to 

investigate the physio-chemical quality of water 

that is an access to the educational institutes of 

Karachi which, in turn, reflects the drinking water 

quality of whole city. 

Material and Method  

A total of 780 water samples were collected 

from 490 different educational institutes located 

in various areas of Karachi, during the period of 

May to September 2005. These areas included all 

types ranging from slums, middle class, and 

upper class to posh areas. Both, the government 

and private institutes were included in order to get 

a true picture of the metropolis, so as, for the 

quality drinking water available to people is 

concerned. Samples were collected in sterilised 

screw caped glass bottle. Insulated ice chest with 

ice packs was used from the collection of 

samples. The collected samples were labelled 

with date and code and kept at 4
o
C till analysed.  

Immediately after sample collection, taste, 

pH, conductivity and TDS were determined. The 

taste was tested by the panel of 10 laboratory 

analysts and co-workers only for acceptable/not 

acceptable. The turbidity of water sample was 

directly determined by the portable turbidimeter 

(Jenway 6035) at room temperature. pH was 

carried out at room temperature by portable pH 

meter (Jenway 370) after calibrated with pH 7 

and 4 buffer. Conductivity and TDS were carried 

out at 25
o
C by conductivity meter (Jenway 470) 

after calibration with calibration solution (HI-

7031, Henna instrument Hungry).  

In order to prepare buffer solution (pH = 10) 

16.9gm NH4Cl (Scharlau Chemie, AM 0270) was 

dissolved in 143 ml NH4OH (Fisher Scientific, 

UK Limited). Add 1.25 gm Magnesium EDTA 

and dilute to 250 ml with deionised water.  

Calcium standard solution was prepared by 

dissolving 1.00gm CaCO3 (Scharlau Chemie, CA 

0184) in 1L volumetric flask. Add 200ml 

deionised water and add drop wise concentrated 

HCl until CaCO3 dissolved. Boil for few 5 

minutes to expel the CO2. Cool and the make up 

the volume 1L. To prepare 0.01M EDTA solution 

3.723gm Na2EDTA.H2O (Scharlau Chemie, AC 

0963) was weighed and dissolved in distilled 

water followed made up to 1L. To prepare 

indicator powder mixed 0.5gm of erichrome 

black T (Fluka, 45600) in 100gm of NaCl 

(Scharlau Chemie, SO 0227). 

Total hardness was determined by taking 

10ml of water sample and dilute to approximately 

50ml with deionised water. Add 1 to 2 ml buffer 

solution (pH 10). Add 250 mg Sodium Cyanide 

(Scharlau Chemie, SO 0190) and 200mg indicator 

powder, shake well. Titrate within 5 minutes with 

EDTA standard solution slowly with continuous 

stirring until reddish tinge disappeared. Titrate the 

calcium standard solution like sample and 

calculate the hardness as follow: 

Hardness (ppm) = (ml titration for sample × 

mg CaCO3 equivalent to 1 ml EDAT titrant/ 

ml of Sample) ×1000 

Results and Discussion  

The water quality analysis of 780 water 

samples has been carried out for 6 physico-

chemical parameters, like, pH, taste, turbidity, 

TDS, hardness and conductivity.  

Table 1. Statistical normal distribution of physic-chemical parameters (n = 780) 

 pH Turbidity 

(NTU) 

Conductivity 

(µS/cm) 

TDS 

(ppm) 

Total Hardness 

(ppm) 

Mean 7.9 1.59 406 245 208 

Maximum 8.7 3.10 1775 1066 558 

Minimum 3.2 0.20 96 79 69 

SD 0.5 0.90 233.8 139.6 103.7 

Median 8.0 1.80 369 222 175 

Mode 8.0 1.90 233 140 120 

WHO Guidelines 6.5-8.5 <5 - <1000 <500 
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The mean pH of the studied samples of water 

was 7.9 with standard deviation of 0.5 (Table 1). 

Among the 780 samples, 6% were not agreed 

with the WHO guide lines (Fig. 1). pH is one of 

the importance on determining the corrosivity of 

water because generally the lower the pH, the 

higher the level of corrosion (WHO, 1996). 

Cautious attention to pH is necessary at all stages 

of water treatment before distribution to ensure 

satisfactory clarification and disinfection to 

minimise the corrosion of water. Exposure to 

extreme (pH > 11) results in irritation in eyes, 

skin and mucous membrane and also cause hair 

fibers to swell in human. Similarly, low pH also 

results in same effects with the severity of which 

increases with decreasing pH (WHO Working 

Group, 1986).  

According to the WHO guidelines, the taste 

of drinking water should be non-objectionable or 

acceptable to consumers. The tastes of the 2.1% 

studied samples of water were found 

objectionable (Fig. 1), especially, due to high 

level of hardness. Water taste would be affected 

due to presence of organic (humic acid, 

hydrophilic acids, carboxylic acids, etc.), 

inorganic (salts and ions), and biological (algae, 

fungi, protozoa) substances (WHO, 1999). The 

taste change due to hardness may vary 

community to community, however, the salts 

concentration in water should be approximately 

the same as in saliva for the water to taste neutral 

(Bartoshuk, 1974).  

 

 
Fig. 1. Percent distribution of samples against WHO standards 

OAL : out of acceptable limit; AL : within acceptable limit 

 

Turbidity is one of the foremost parameter for 

the acceptability of drinking water quality. WHO, 

guidelines for turbidity are < 5 NTU. All natural 

waters are turbid but generally surface than 

ground water. Raw water turbidity has been 

reported to < 1 to 1000 NTU (Department of 

National Health and Welfare Canada, 1991). The 

observed values in studied samples for turbidity 

were varied from 0.2 to 3.1 NTU with mean 1.59 

and standard deviation of 0.9 (Table 1).  On the 

grounds of turbidity all samples were found 

within the WHO limits (Fig. 1). Turbidity 

depends on a number of factors such as the size, 

shape, and refractive index of the clay, colloidal 

particles and the micro-organisms. The 

consumption of high turbid water would be a 

health risk due to microorganism as the probable 

part in it. Further turbidity can also protect the 

pathogens from the effects of disinfectants, 

facilitate their growth and increase the chlorine 

demand (WHO, 1996).  

TDS from natural source have been found to 

vary from 30 to 6000mg/L (WHO/UNEP, GEMS, 

1989). WHO standard for drinking water is <1000 

ppm. The observed TDS in present study was 

varied from 79 to 1066 ppm with mean 245 ppm 
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and standard deviation of 139.6 (Table 1).  The 

mean value was not agreed with the TDS 

recorded (304.6ppm) by the Perveen et al. (2007) 

for the selected water from same city. However, 

that study was very limited in terms of number of 

samples and was confined to a few colleges only, 

whereas, in the present study, all types of 

educational institutes were included and the 

sample number was also vast.  

Out of the entire studied samples only 0.25% 

samples were not able to pursue the WHO 

standard for TDS while 99.75% were followed 

the WHO standard (Fig. 1). High TDS increase 

density of water, decrease solubility of gases like 

oxygen and ultimately make the water unsuitable 

for drinking (WHO, 1984). High TDS level 

(>500mg/L) result in excessive scaling in water 

pipes, water heater, boilers, and household 

appliances (Tihansky, 1974). 

Total hardness observed for streams and 

rivers throughout the world range between 1-1000 

ppm as CaCO3. Hardness reflects the composite 

measure of polyvalent cations whereas calcium 

and magnesium are the primary constituent of 

hardness (Larry, 1996). Statistical distribution of 

total hardness is presented in Table1.The measure 

mean value of total hardness for studies samples 

was 208 ppm and  was vary from 69 – 558 ppm 

with standard deviation of 103.7 (Table 1). The 

mean value was by far low as compared to 

recorded mean value (304.6ppm) of Perveen et al. 

(2007) for the waters of the same municipality. 

Out of 780, only 1.3% samples were not able to 

chase the WHO standard value for hardness 

(500ppm) while remaining 98.7% samples were 

fall in acceptable limits (Fig. 1). On the basis of 

level of hardness samples were classified into 

four categories. 0 -60 ppm = soft; 61 – 120 ppm = 

Moderate Hard; 121-180ppm = Hard and 

>180ppm = Very Hard. Among all the studied 

samples only 0.5% were soft, 41.5% moderately 

hard, 38% hard and 20% were very hard (Fig. 2). 

Public acceptability of the degree of hardness 

may vary considerably from one community to 

another. Hardness value above 500mg/L is 

generally unacceptable, although this level is 

tolerable in some communities (Zoeteman, 1980). 

There is no recent reliable data on possible 

adverse effects associated with hardness 200mg/L 

may cause scale deposition in distribution system 

as well as increase soap consumption (WHO, 

1984).  

 
Fig. 2. Distribution of samples on the basis of degree of hardness (Larry, 1996). 

0-60mg/L = soft; 61-120mg/L = Moderate Hard; 121-180mg/L = Hard; >180 = Very Hard 

 

The electric conductivity was varied from   

96 to 1775 µs/cm, with 406 mean and       

standard deviation of 233.8 (Table 1). The 

recorded TDS and conductivity were correlated 

by linear regression (R
2 

=
 
0.987) and Electrical 

conductivity of water was directly related to the 

concentration of total dissolved solids in the 

water (Fig. 3). Moreover, conductivity was found 
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the multiple of 0.6001 (y = 0.6001x). Ions from 

the dissolved solids in water create the ability for 

that water to conduct an electrical current, which 

can be measured using a conventional 

conductivity meter or TDS meter. Electric 

conductivity has been used to estimate TDS in 

mountain streams and rivers (Singh and Karla, 

1975; Lystrom et al., 1978), so this regression 

equation (y = 0.6001x) would also be helpful to 

estimate TDS of waters from the studied area. 

The conductivity measurements procedure is 

simple, rapid, precise and potable instruments are 

available for field analysis that produce valid data 

when used and maintained according to 

manufactures instructions (Barbara and Harry, 

1984).  

 
Fig. 3. Linear regression equation for the TDS as function of Conductivity µs/cm (n =221) 

 

Conclusion 

The conducted study showed that the overall 

condition water available to the educational 

institutes is not up to the desired level throughout 

the city. A total of 9.65% (i.e., 75) samples were 

not in agreement with the WHO guideline on the 

basis of their physicochemical characteristics, 

like, pH, taste, TDS and hardness. The quality of 

drinking water available in these institutes in turn 

reflects the true picture of the metropolis as the 

samples were collected from the institutions 

located in different areas of the city. The 

concerned authorities should strictly monitor the 

quality of drinking water being supplied to the 

consumers to ensure public health.  
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