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Abstract: The water bodies in India have been polluted due to escalating population, urbanization and economic activities resulting in
severe deterioration of the water quality. In view of the continuously degrading quality of our water resources and its impact on human
health, aguatic life and the environment, effective water quality assessment has become critical. The predominant techniques used in India
for water quality assessment involve in situ measurements and/or the collection of water samples followed by laboratory analyses. These
popular techniques however, are limited on temporal and spatial scales of the water quality trends. This paper highlights the limitations
associated with the conventional water quality assessment method and discusses the recent advanced RS and GIS techniques as a
promising perspective for effective water quality assessment. The paper concludes with suggestions on applications of RS and GIS in
effective water quality assessment and in taking prompt and consistent water management decisions for the conservation of water

resourcesin India
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1. Introduction

Water is the most important natural resource which
supports al life forms on earth and has no known
dternative (Kumar, Singh and Sharma, 2005). Earth has
abundant water due to the presence of the water cycle on it
but even then most of it is unfit for human use and
consumption. Out of approximately 71% of water present
on the surface of the earth, less than 3% is potable and
easily accessible to human beings. According to Kumar et
a. (2005), in India the surface and ground water resources
are put to multiple uses in cultivation, manufacturing units,
hydro-power, forestry, navigation, domestic uses,
aquaculture, recreational-activities. Thus, considering its
various attributes, water is indispensable and a unique asset
for us. In view of the importance of this precious natural
resource, the National Water Policy of the Government of
India (2002) stipulates water allocation priorities broadly in
the following order: (1) Drinking Water, (2) Irrigation, (3)
Hydro-power, (4) Navigation, (5) Industria and other uses
(Nationa Water Palicy, 2002). The fresh water of the rivers
has always been the chief source of drinking water for
human beings and animals because of which al the pre-
historic human settlements have prospered aongside the
rivers (Khaiwa, Ameena, Meenakshi, Monica, Rani and
Kauhik, 1999). Even now river basins are highly popul ated
areas due to the availability of productive land and water

for drinking, irrigation, manufacturing and navigation
purposes (Vega, Pardo, Barrado and Debaan, 1998). Water
plays a vital role in maintaining ecological balance,
sustaining soil fertility, development of forest resources and
conservation of wildlife (Suthar, Nema, Chabukdhara and
Gupta, 2009). It also plays a pivotd role in al the human
developmental activities which has resulted in its pollution
and once polluted this unique resource cannot be easily and
cost effectively restored to pristine purity (Kumar et a.
2005).

2. Factors contributing to the degradation of
water quality

Both natural processes as well as anthropogenic activities
adversely affect the quality of water (Maheshwari, Sharma
and Sharma , 2011). The mgjor natural sources are the sdts
introduced from contact of the surface water with various
rocks and soil mineras, vegetation, erosion in various
stages of bio degradation, dissolved gases native to the
environment and volcanic activities. The major
anthropogenic sources include activities related to land use
in agricultura areas, seepage from sewage system and
industrial activities. Yoo and Park (2000) mentioned that
water is confronted by both point and non point source
pollutants which contribute to the degradation of its quality.
Point sources are organized sources of pollution with
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measurable pollution load (CPCB 2008). Such sources
include surface drains transporting waste waters of
industries and sewage system, where as non-point sources
are non-measurable sources of pollution. Such sources are
numerous and influenced by the land-use patterns in the
overall watershed. These include both, the natural processes
and the human activities (Ritchie, Zimba and Everitt, 2003).

The addition of organic matter to water supplies from
domestic, industrid and agricultural wastes causes
Eutrophication. The organic matter after bio-degradation
release nutrients in the water. High nutrient concentration
leads to Eutrophication, a condition characterized by
significant diurna variation in dissolved oxygen
concentration and excessive algal growth (CPCB 2009).
Eutrophication caused by the enrichment of nitrogen and
phosphorus in the water bodies is adversdly affecting the
quality of surface water water al over the world (Cherry,
Shephered, Withers and Mooney, 2008; Ouyang, Wang,
Hao and Srinivasan, 2009). Shafique, Fulk, Autrey and
Flotemerch (2003) stated that this phenomenon degrades
the water qudity by affecting its taste and odour due to
excessive growth of algae and aso that the microbes
booming in eutrophicated water are a potential danger to
human health.

According to Weigi, Chen, Xuehua and Chen, (2008)
factors such as the rapidly increasing human population,
industridization coupled with urbanization and ever
increasing cultivation activities have deteriorated the
quality of surface and ground water globally. Due to these
factors river water is also subjected to increased pressure
resulting in degradation of the water quaity (Suthar, Nema,
Chabukdhara and Gupta, 2009). In their studies Khaiwa et
a., (1999) stated that river water quality has been adversely
affected since ancient times, because the rivers have
additionally severed the purpose of cleaning and dumping
of various kinds of effluents. Rivers are the main medium
for transportation and assimilation of municipal as well as
industriad effluents, animal droppings, agricultura runoffs,
resulting in large scale deterioration of the water quality
(Vega et d., 1998; Ward and Elliot, 1995). Urban runoffs
and sewage disposa in the catchment area of rivers also
contribute to their poor water quality (CPCB 2008).

3. Impact of Water Pollution

Water is a universal solvent with a unique characteristic of
dissolving a variety of substances. Due to this, large
volumes of available surface and ground water resources
are able to dissolve avariety of organic, inorganic and toxic
wastes generated by the natura processes and
anthropogenic activities. This not only deteriorates the
water quality but also has an adverse impact on human
health impacts of poor water quality is transformed into
increased mortaity rates, reduced life expectancy,
malnutrition, followed by high medica expenditures.
Excessive sdlinity of ground water is undesirable for

drinking due to its objectionable taste. Public hedth is
adversely affected when it exceeds the permissible limits.
Saline water is aso undesirable for agriculture as it impairs
the plant growth (Srinivasn and Reddy, 2009)
Furthermore, the use of partly treated wastewater from the
industries containing toxic contaminants like cadmium and
lead get accumulated in soil and finds its way into the food
chain via the uptake by crops (Mitra & Gupta 1999;
Srinivsan and Reddy, 2009). The exploitation of ground
water resources also increases the concentration of elements
like fluoride and arsenic consequently posing a potential
health risk to the consumer. The hazardous effects of some
of the mgjor water quality parameters on ecosystem, human
health and aguatic life have been described below (CPCB
2009) .

3.1. Coreparameters

Water Temperature: Temperature affects the aquatic life.
Warm water al so makes some substances, such as cyanides,
phenol, xylene and zinc that are more toxic for aquatic
animals, aso the toxicity is increased by high water
temperatures and low dissolved oxygen. Affects fish
migration.

pH: It guides the corrosion/scaling tendency of water. The
high pH waters are usualy scale forming while the low pH
waters are corrosive in nature. It aso affects the aquatic
life.

Nitrate: It causes ‘Blue baby disease’
(methemoglobineamia). Nitrates can be reduced to toxic
nitrites in the human intestine, and many babies have been
fatally poisoned by well water containing high levels of
nitrate nitrogen.

Nitrite: Forms nitrosamines which are carcinogenic.

3.2. General parameters

Tota dissolved solids - High dissolved solid in water is
undesirable. It causes undesirable taste and gastrointestinal

irritation.

Turbidity: It may provide lodging and breeding place for
some harmful microorganisms.

Ammonia: Indicates pollution, growth of agae. It istoxic to
fish and aguatic organisms, even in very low
concentrations.

3.3. Major cationsand anions
Phosphate: Phosphate promotes algal growth and in very
high concentrations causes eutrophication in water bodies

and affects human digestion.

Fluoride: its concentration below 1.5mg/l is desired in
potable water for the protection of the teeth. However, its
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higher concentration is undesirable and may cause mottled
enamel in teeth. It aso causes dental & skeletal fluorosis
and non-skeletal manifestations.

3.4. Trace metals

Arsenic: Toxic, bio-accumulation, affects the central
nervous system, carcinogenic.

Mercury: Highly toxic, causes ‘minimata disease-
neurological impairment and renal disturbances, mutagenic,
affects the food chain.

Cadmium: Highly toxic, causes ‘itai-itai’ disease-a painful
rheumatic condition, affects the cardiovascular system,
gastrointestinal upsets and hypertension.

Lead: Causes plumbism-tiredness, lassitudes, abdominal
discomfort, irritability, anaemia, bio-accumulation,
impaired neurologica and motor development and damage
to kidneys.

Copper: Liver damage, mucosa irritation, rena damage
and depression, restricts the growth of aguatic plants.

3.5. Pesticides

Pesticides: Affects the central nervous system, have found
their way into the food chain.

4. Emerging water problems

The per capita availability of water is declining day by day
due to rapidly escalating human population. The pollution
of the existing water resources due to domestic, industria
and agricultural effluents across the globe is further
restraining the availability of utilizable water resources.
The situation in India is aarming. It accounts for
approximate 25 of the world's geographical area and 4% of
its fresh water but bit has to support 17% of the world's
population and 15% of its livestock, indicating a tota
disparity between our water resources and the population to
be supported (Roy and Rao, 2007).

According to the internationa norms the per capita
availability of water less than 1700m° puts a country in the
water stressed category and if it is less than 1000m® per
capita then the country is categorized as water scarce
(Kumar et a., 2005). In India the per capita availability of
fresh water, which was 5,177m® in 1951 and 1,869m° in
2001 islikely to reduce to 1,341m® and 1,140m® by the year
2025 and 2050 respectively, thus forecasting a water
emergency in the country (Roy and Rao, 2007).

Water scarcity is possible to pose the greatest chalenge in
the country. Moreover, the water quality report of (CPCB,
2009) clearly indicates the continuous deterioration of
water quality of various water bodies in the country. Hence,
considering the importance of water for our survival, it's

continuously degrading quality and its scarcity in the years
to come, there is an urgent need to develop comprehensive
strategies for effective assessment, management and
conservation of water resourcesin India.

5. Water Quality  Assessment-
conventional Method Approach

The

It goes beyond doubt that the conservation and management
of our water resources are the magjor challenge for the
developing world, especially for a country like India which
traditionally has an agriculture based economy and its water
resources from the backbone of that economy. It is
therefore, essential to conduct comprehensive water quality
monitoring programs to get an integrated assessment of
physical, chemical and biological characteristics of the
water bodies in order to safeguard human health,
environment and above all to preserve our valuable water
resources.

The water quality management in India is accomplished
under the provision of water (Prevention and Control of
Pollution Act, 1974). The basic objectives of this Act are to
maintain and restore the wholesomeness of national aquatic
resources by India is conducted by the Central Pollution
Control Board supervised by the Ministry of Environment
and Forests at 1700 stations, under three-tier programmes
namely, Globa Environment Monitoring System,
Monitoring of Indian Nationa Aquatic Resources and
Yamuna Action Plan (CPCB 2008). Due to limited
financial resources, the government water quality
monitoring agenciesin India agenciesin India are unable to
monitor al the water bodies in the water bodies in the
country throughout the year (CPCB, 2009). Monitoring of
water qudity in the inland water quality monitoring
programme of the CPCB, involves measurements of the
basic parameters only (such as pH, bio-chemica oxygen
demand (BOD), dissolved oxygen (DO), temperature,
chemical oxygen demand (COD), nitrite, nitrate,
ammonium nitrogen, total and faecal coli form). According
to (CPCB, 2008), limited numbers of organic pollution
related parameters are monitored monthly or quarterly
whereas mgjor cation, anions, other inorganic ions and
micro pollutants (Toxic Metas & POP's) are analyzed once
in ayear to keep atrack of water quality over alarge period
of time.

In India the water quality of inland water bodies like the
river, lakes and ponds is assessed to establish their water
quality status and pollution level (CPCB, 2009). For this,
predominantly the convectional water quality assessment
methods have been commonly used. The current techniques
usually used in the country for monitoring and assessing
the quality of water bodies involves in situ measurement
and/or the collection of water, samples for subsequent
laboratory analysis so as to retrieve the chemical, physical
and biologica characteristics of water that help in assessing
its quality. The use of recent advanced technical tools like
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the remote sensing and geographical information system is
however limited. While the conventional methods give
accurate information about the quality of water a the
geographically specific station in the water bodies, yet these
results are not very helpful in providing a complete picture
of the quality of water, of the whole water body. Numerous
researches done on the assessment of the quality of water
using the recent advanced techniques like the remote
sensing in integration with Geographica Information
System bring to light the limitations associated with
conventional methods.

Conventiona water quaity assessment method is costly and
time consuming as it involves travelling, sampling and
laboratory analysis. It does not give acompletei.e., (Spatid
and Temporal) overview of water quality trends of the
water bodies (Sugumaran, Clayton, Ecker, Stigliani,
Gimond and Green, 2005; Weiqui et a. 2008).
Additionally, the conventiona water sampling method does
not provide water quality data for every location in the
water body (Sugumaran et al., 2005).

Monitoring of water bodies using the conventional method
requires time and other resources. Thereforeit is difficult to
monitor the water bodies constantly throughout the year.
Ritchie and Copper (2001) state that apart from being
costly, a major limitation of this method is that it does not
provide spatial as well as tempora representation of water
quality trends required for the assessment and management
of water quality of the various water bodies across the
landscape. Besides this the usefulness of the data generated
by the conventional method may be in question due to
insufficient quality control and quality assurance protocols
like the extended holding times prior the anaysis and use of
non-standardized methods for analysis of the water samples
(Glasgow, Burkholdera, Reeda, Lewitusb and Kleinmana,
2004).

Due to these limitations, the conventional water quality
monitoring method fails in monitoring and assessing water
quality of the entire water body thus becomes a barrier in
monitoring water bodies and water quality forecasting.
Resultantly, the absence of accurate and relevant
information on water bodies further affects the water
resource management decisions and mitigation strategies.

5.1 Water Quality Assessment- The Remote Sensing and
Gl S per spective

Taking the Indian Scenario into consideration, managing
our water resources is a mgjor chalenge for the country.
According to Gupta and Deshpande (2004) in view of the
invasive and extensive effects of water management
decison on our economy, society and the overall
environment; relevant, accurate and timely information is a
pre-requisite for its strategic management. Kumar et a.
(2005) mention that for the complete assessment of river
water, management and restoration of our water resources,
temporal and spatia data of the whole water body and more

importantly a computer database to store, anayze and
manipulate the collected data is required. Kumar et d.
(2005) further state that the recent advanced techniques
such as the Remote Sensing (RS) and Geographical
Information System (GIS) in judicious combination with
the conventional in situ measurements are crucia for
monitoring and managing the water resources of our
country.

Over the last 30 years satellite remote sensing and
Geographica Information System techniques have been
internationally exploited to gather information needed to
monitor various water bodies across the world. The RS tool
alows continuous surveillance of the water bodies helpful
in fast detection of changes and trends in the key indicators
of water quality (Glasgow et a., 2004). Remote sensing has
aready proven its capability to provide information on
natura resources such crop pattern, land use, land cover,
forests, rivers, on a regular basis. In our country this
technology has been successfully used in varied disciplines
such as flood mapping and management, water treatment,
drought monitoring, irrigation performance evaluation etc.
(Roy and Rao, 2007).

According to Glasgowa et al., (2004) in addition to satellite
technology, the contributions of advancement in computer
technol ogies have had a profound impact on the science of
water quality monitoring. Computers are able to store,
process and analyses the large sets of data generated by
most of the Remote Sensing (RS) projects. The use of
decision support system like the Geographical Information
System (GIS) provides as efficient tool for storing,
manipulating and andysis data (Huang and Xia, 2001).
This alows for unmatched monitoring capability to
strengthen insights in designing mitigation mitigation and
management strategies for water quality and water quantity.
Thus a GIS helps in enhancing the contributions of water
quality modelling to practica water quality forecasting
(Yang, Merry and Sykes, 1996), which is essentia for
sustainable water resources management. Due to the
advanced functionality and interoperability of the available
RS and GIS techniques, not only their use in water quality
monitoring and management will grow but also most of the
future water quality models will be the ones with the
integration of RS and GIS techniques (Han, 2009).

Many researchers have used RS and GIS tools for water
quality assessment and have shown many positive results.
Glasgow et a., (2004) reported that with the improvement
and advancements in sensor technologies real time remote
monitoring will prove to be an important tool in assessing
water quality. Sugumaran et al., (2005) while working on
the use of hyper spectral RS and GIS tools to assess the
water quality in coastal areas and shallow inland lakes of
lowa, U.S.A., reported that the tools showed many positive
results and that remote sensing was useful in monitoring
water quality. Sugumaran et al., (2005) aso reported that
the integration of RS and GIS aong with in situ water
sampling and analysis can simplify and accelerate the
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procedure for water quality assessment with an acceptable
degree of accuracy.

Realising the importance of RS and GIS, in being effective
tools for monitoring water quality and also that GIS could
be a powerful tool in developing solutions for water related
problems like assessment of water quality, determining
availability of water , managing water resources regionaly.
Asadil, Padmagja, Vuppaa and Reddy (2007) used RS and
GIS aong with field studies for the estimation of land use
changes on the quality of groundwater in zone-V under the
Municipal Corporation of Hyderabad (Andhra Pradesh,
India) and reported that the integrated use of RS and GIS
was very useful in evaluating and presenting various water
quality parameters and aso in evaluating and quantifying
the impacts of land use changes in the quality of
groundwater.

Hadjimitsis, Toulios and Clayton (2010) studied the
potential of using satellite remote sensing for the qualitative
evaluation of water quality in inland water bodiesin Cyprus
and concluded that satellite remote sensing was an effective
tool for monitoring and quantitatively assessing the water
quality in inland water bodies including spatial, temporal
water quality variations and to assess the trophic state of the
water bodies.

As evident from the above examples numerous nationa and
international studies have suggested that the integrated use
of RS and GIS for the assessment of water quality is a
superior method as compared with the convectiona water
quality assessment method. Integrated RS and GIS aso
provide a suitable alternative to the convectiona approach.
It is evident from the literature that the RS and GIS
techniques are playing a rapidly increasing role in the field
of water resource management.

6. Conclusion and Recommendations

It has long been established that the use of RSand GISisa
resource saving (cost effective), time saving (quick) and
more accurate method for water quality monitoring. The
integrated use of these techniques could adso help in
addressing many of the limitations associated with the
conventional method. Thus it can be concluded that the use
of RS and GIS for water quality assessment especialy for a
geographicaly large country like India with vast water
resources and limited financial assets, could open new and
unmatched dimensions in monitoring capabilities of our
water resources. It would enable the concerned water
regulatory agencies in effective and efficient water quality
predictions and in taking prompt and consistent water
management decisions for the conservation of the available
water resources in the country.

A better co-ordinated approach is recommended between
water quality monitoring agencies (e.g. CPCB and Water
Quality Assessment Authority) and Indian RS and GIS

institutes. This will help in executing advanced water
quality assessment efforts using latest technology. It is
hoped that the integration will further enhance and speed up
the various aspects of water resource management such as:
- Water quality assessment,
- Faster and accurate identification of pollution
source,
- Location of hot spots of poor water quaity on a
geographic basis,
- Formulation  of
implementation and,
- Feedback on the outcome of the water resource
projects.

mitigation  policies and

In the future, with continuous improvements in Indian
space technologies, the new series of satellites with
improved spatial, spectral and tempora resolution will
provide more and better data services . This will help the
water resource manager in better understanding of water
quality monitoring and subsequently  developing
management programs and action plans to ensure that water
quality is protected.
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