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Abstract: This paper assesses the status of ground water quality of Firozabad city through index method in
order to assess the qualitative aspect of drinking water supply of the city by comparing it with existing standards
for important parameters. The main components of the study include a field sampling analysis of groundwater
collected from three different sites. Water Quality Index is calculated from physico-chemical analysis of eight
parameters taken together, which ranges from 235.56 to 576.59 indicating the heavy pollution load in water.
The result of this study indicate that the drinking water supply of the city do not conform the recommendation
standards, which is a major cause of various health problems in the city, and hence it is suggested to take all
necessary precautionary measures before it is sent to public consumption to avoid adverse health impacts and to
prevent various intestinal epidemics. It is concluded that WQI is a useful tool and can be used in comparing the

water quality of different sources.
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Introduction

Water comprising over 70% of the Earth’s surface, is
undoubtedly the most precious natural resource that
exists on our planet. Subsequently, we are slowly but
surely harming our planet to the point where organisms
are dying at a very alarming rate. In addition to innocent
organisms dying off, our drinking water has become
greatly affected as is our ability to use water for
recreational purposes (DWAF, 1991). The term “water
quality” was coined with reference to the quality of
water required for human use: “good quality” water is
“clean” and unpolluted and suitable for drinking as well
as for agricultural and industrial purposes. Although
scientific measurements are used to define the quality
of water, it’s not a simple thing to say that “this water is

good,” or “this water is bad”. The quality of water that
is required to wash a car is not the same quality that is
required for drinking water. Therefore, when we speak
of water quality, we usually want to know if the water
is good enough for its intended use, be it for domestic,
farming, mining or industrial purposes, or its suitability
to maintain a healthy ecosystem (DWAF, 1996).

Lack of safe drinking water supply, basic sanitation
and hygienic practices is associated with high
morbidity and mortality from excreta related diseases
(WHO, 2004). In general, the quality of water is
equally important as the quantity. Therefore, water
quality is considered as an important factor to judge
environment changes which are strongly associated
with social and economic development (Darapu et
al., 2011). According to WHO, about 80% of all the
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diseases in human beings are caused by water. Once
the groundwater is contaminated, its quality cannot be
restored by stopping the pollutants from the source. It
therefore becomes imperative to regularly monitor the
quality of groundwater and to device ways and means to
protect it. Contamination of groundwater by domestic,
industrial effluents and agricultural activity is a serious
problem faced by developing countries. The industrial
waste water, sewage sludge and solid waste materials
are currently being discharged into the environment
indiscriminately. These materials enter subsurface
aquifers resulting in the pollution of irrigation and
drinking water (Girija et al., 2007). Therefore, the
assessment of water quality is very important for
knowing its suitability for various purposes.

Water quality index (WQI ) indicates the quality of
water in terms of index number for any intended use. It is
defined as a rating reflecting the composite influence of
different water quality parameters taken for calculation
of water quality index (Rao et al., 2010). The concept of
indices to represent gradations in water quality was first
proposed by Horton (1965), then developed by several
researchers like Brown et al. (1970) and improved by
Deininger (Scottish development department, 1975).
The index results represent the level of water quality
in a given water basin, such as ponds, lake, river or
stream (Srinivas, 2013). Many researchers in India have
studied water quality for different purposes. Dakad
(2008) studied to know the ground water pollution and
its suitability for drinking and domestic purposes in
Jhabua town of Madhya Pradesh. Rao (2010) calculated
water quality index in order to assess the suitability of
water collected from different areas in Guntur district
of Andhra Pradesh. Srinivas (2013) determined water
quality index in Kakinada industrial areas of Andhra
Pradesh.

Objectives

The specific objectives of the study are to investigate
the water quality status and water quality index (WQI)
at selected monitoring sites of Firozabad city, to assess
the intensity of household water pollution and incidence
of associated diseases in the respondent’s house and to
study the impact of household water pollution on the
health of people of the city.

Study Area

Firozabad, the glass city, is located in north central
India, in the western Uttar Pradesh state 40 km away

from Agra and 218 km away from Delhi at the northern
edge of the Deccan Plateau, at 27° 15" N and 78° 42" E
(Figure 1). Firozabad city is spread in 21.35 sq.km area
bounded by river Yamuna from southern and western
side with 603,797 persons as per 2011 census. It has an
average elevation of 164 metres (540 ft). The city has got
the monopoly of glass production and producing 70%
of the total glass production in India due to which it is
also called as Suhag Nagri. Firozabad city is facing an
acute problem of water pollution because of old rusted
and leaking water pipe lines and a large gap between
demand and supply of water by the jal nigam. The core
part of the city has no aquifer left and is declared as
dark zone by jal nigam. Underground water is the only
source of water available to the city whereas the city
suffers from poor water quality, chocked sewer lines,
poor drainage system and waterlogging problem etc.

Material and Methods

Water samples were collected in pre-cleaned plastic
bottles of two litres and were analyzed for water
quality parameters like pH, electrical conductivity, total
dissolved solids, total hardness, total alkalinity, calcium,
magnesium and chlorides as per standard method 2002.
Water samples of bore well were collected from three
selected sites namely Agra Gate (S1), Suhag Nagar (S2)
and Raja Ka Tal (S3). In this study, for the calculation
of water quality index, eight important parameters
were chosen. The WQI has been calculated by using
the standards of drinking water quality recommended
by the Indian Council of Medical Research (ICMR)
and Bureau of Indian Standards (BIS). Further, quality
rating or sub index (gn) was calculated with weighted
arithmetic index method using the following expression.

gn =100 (Vn — Vio)/(Sn — Vio)

(Let there be n water quality parameters and
quality rating or sub index (gn) corresponding to n'h
parameter is a number reflecting the relative value of
this parameter in the polluted water with respect to its
standard permissible value).

gn = Quality rating for the nh water quality parameter.

Vn = Estimated value of the n'h parameter at a given
sampling station.

Sn = Standard permissible value of the n'" parameter.

Vio = 1deal value of n™ parameter in pure water (i.e.,
0 for all other parameters except the parameter
pH and Dissolved oxygen (7.0 and 14.6 mg/L
respectively).
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Unit weight was calculated by a value inversely
proportional to the recommended standard value Sn of
the corresponding parameter.

Wn = K/Sn

where Wn = Unit weight for the n parameters, Sn =
Standard value for ™ parameters and K = Constant for
proportionality.

The overall Water Quality Index calculated by
aggregating the quality rating with the unit weight
linearly (Brown et al., 1970).

WQI = Ygn wn/>wn

In this study, the computed grads of WQI values
were categorized into five types for human consumption
according to Ramakrishniah et al. (2009), as they are
revealed in Table 1. WQI indicates the quality of water
in terms of index number which represents overall
quality of water for any intended use.

Table 1: Water quality index grades (WQI) and status
of water quality

Water quality index levels Description

<50 Excellent

50-100 Good water

100-200 Poor water

200-300 Very poor (bad) water
>300 Unsuitable and unfit for

drinking

Source: Ramakrishniah et al., 2009

To examine the household water quality and its impact
on the residents health the Karl Pearsons Coefficient
of Correlation technique has been used whereas to
measure spatial variations the statistical technique i.e.
Z score has been used to develop a composite score for
each set of indicators in order to arrive at the general
housing and environmental condition of the study area
as a whole. It is a linear transformation of the original
data in such a way that its mean becomes a zero and
its standard deviation becomes unity. For observation
‘i’ on any variable, the standard score is obtained with
the help of the following formula:
 Xi—Xi
=0

where Zi = Standard score of i variable, Xi = Original

value of i variable, Xi = Mean of i variable and 9 =
Standard deviation of i variable.

The composite score is obtained with the help of the
following formula.

_37j
n

where CS = Composite mean Z-score, Zij = Standard

score of i variable at j™ unit of study and N = No. of

variables.

(N

Result and Discussions

The water samples taken from various locations of the
Firozabad city for physico-chemical analysis reveal
that all the parameters of Agra Gate (S1) except pH is
beyond the permissible limits ICMR and BIS. While
Suhag Nagar (S2) and Raja ka Tal (S3) lies within the
maximum prescribed limit. The analysis of experimental
investigation on quality of groundwater using physico-
chemical parameters of the study area indicates that the
quality of water in terms of index number is very poor
to unsuitable or unfit for drinking purpose. Those index
values (Table 2) reveal that the status of water at Agra
Gate (576.59) is unfit according to WHO guideline
standards (Ramakrishniah et al., 2009). Contrary to this,
the WQI values for the sampling sites S2 (Suhag Nagar)
and S3 (Raja ka Tal) is 284.78 and 235.56 respectively,
indicating very bad water (200-300). The high WQI
values are due to increase in pollution due to the
discharge of various domestic and industries wastewater
and also other anthropogenic hazardous waste. Thus,
it can be inferred from the results of the present study
that water of Firozabad city is severely contaminated.
Therefore, it is recommended that the municipal board
of the city should take into account this serious issue
of water quality degradation. Moreover, there should be
a regular monitoring for the quality of water, because
this could increase the risk of direct threats to human
health and environment.

Table 2: Water quality index of selected sites

SI. No.  Sites Water quality index value
1 Agra Gate (S1) 576.59
2 Suhag Nagar (S2) 284.78
3 Raja ka Tal (S3) 235.56

Source: Computed by author on the basis of physico-chemical
analysis

Impact of Household Water Pollution on Health
To examine the household water pollution on health
of the people some diseases have been taken into
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consideration. There are sixteen independent variables
of water supply and sanitation conditions (X) and

thirteen dependent variable of disease (Y) have been
considered in this study as follows:

X1 Non-regular water supply Y1 Diarrhoea

X2 Non-sufficient water supply Y2 Dysentery

X3 Poor quality of water Y3 Malaria

X4 Public source of water supply Y4 Fileriasis

X5 Un-satisfied water quality Y5 Hepeatitis

X6 Storage of water in open containers Y6 Jaundice

X7 Bathroom and toilet facility not present Y7 Cholera

X8 Open toilet facility Y8 Round Worm infection
X9 Manual toilets Y9 Typhoid fever
X10 Discharge of flush latrin in open drains Y10 Gastroenteritis
X11 Disposal of feacal matter with garbage/open drain/in field Y11 Amoebiasis

X12 Absence of drainage around the house

X13 Disposal of waste water around the house
X14
XI5 Water logging around the house

Open drainage

X16  Waste and rain water logging

Y12 Dengue fever
Y13 Joint pain

Table 3 exhibits that all the variables X and Y are
positively correlated at 1% significant level except X1
&Y5,X2&Y1, X6 & Y4, X10 & Y4, X14 & Y4, X15
& Y2,Y4, X13 with Y7, Y8, Y9, Y11, Y12, Y13 and
X12-Y13 which are significant at 0.05 level.

The analysis reveals that although their relationship is
significant at 1 per cent or 5 per cent, they are correlated
with varying degree of ‘7’ value. Highest correlation is
observed in between public source of water supply and
typhoid fever ( = 0.945), public source of water supply
and gastroenteritis (» = 0.881), poor quality of water and
diarrhoea (7 = 0.872), public source of water supply and
dysentery (r = 0.843), public source of water supply
and hepatitis (» = 0.840) whereas lowest correlation is
seen among open drainage and Joint pain (r = 0.396),
discharge of flush latrin in open drain and Joint pain (» =
0.403), manual toilets and Joint pain (r = 0.405), water
logging around the house and Joint pain (» = 0.407) and
non-sufficient water supply and fileriasis (» = 0.415).

Therefore, it becomes clear that water supply and
sanitation condition of the city is affecting the health of
the people. The resident of the city are mostly dependent
on the municipal supply of water for all of their needs
and the water distribution system of the city has become
old due to which the rusted pipeline running parallel to
the drains suck sludge and contaminated water of the
drain and furthermore multiple connection into single

supply line makes the condition more worst, when
people consume this contaminated untreated water their
health is affected.

It becomes evident from Figure 1 that high intensity
of pollution and high intensity of diseases are found
in central southern and eastern peripheral areas of the
city because here mostly low income group people
and labour class resides and this part is also having
maximum number of slums who are devoid of municipal
supply and therefore fulfill their need of water from
roadside connections, along sewer connections. Medium
intensity of pollution and low incidence of diseases are
seen in newly added outer wards of the city because still
rural character prevails in these areas and pollution is
due to absence of municipal services. Low intensity of
pollution and medium incidence of diseases are found
in western peripheral and north eastern parts of the
city because these are basically occupied by medium
income group people and here commercial activities
are carried out having accessibility of municipal supply.
Medium intensity of pollution and medium incidence
of diseases are seen in eastern and central parts of the
city because of old and leaking supply system. Low
intensity of pollution and low incidence of diseases
are seen in core and north western wards of the city
because here high income group people reside having
good services as well as are aware of health outcomes
of contaminated water intake.
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Figure 1: Composite map of household water pollution and sanitation condition and incidence of diseases.

Conclusion

The above discussion makes it clear that high household
water supply and sanitation problem is mainly found
in the eastern outer and adjoining areas which is the
main cause of outbreak of diseases because in these
wards labour class resides and are slum areas. Medium
household pollution is seen in north eastern outer
wards of the city because in these areas still good
quality underground water is available. While north
central parts have low water-related problems and
hence occurrences of disease because these wards are
inhabited by high status people, majestic house, good
and closed drainage system, no water logging problems
and use RO water for drinking as well as good cleaning
facility by municipality. Low intensity of pollution but
medium to high incidence of disease are due to the
contaminated water supply system as the water pipelines
are moving through the drains and are damaged from
several points thus sucking slug with it. After foregoing
discussion regarding water pollution and its impact on
health of the city residents it is recommended:

* To replace the old pipe network with new one.
* Cleaning of underground reservoirs and overhead
tanks.

 Strict action against using of boosters for sucking
water.

* There should be closed drainage system.

e Transparency of municipal body in providing
sanitary services to lower income wards and slum
areas.
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