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| consider it a matter of high honour to be invited to deliver the Raman Memorial lecture at the
National Convention of Indian Water Works Association. | feel equally delighted that the convention
is being held at Bhopal in the State of Madhya Pradesh where under the dynamic leadership of Shri.
Digvijay Singh, Hon'ble Chief Minister of M.P. several concrete steps have been initiated towards aug-
menting the water resources in this State. The theme chosen for the present convention is highly relevant
as. the effective Management of Water Resources in 21 st Century will in fact ensure a sustained im-
provement in the quality of life of our people and will help advance our country on the path of rapid
track economic growth. Let me therefore extend my heartiest greetings to all the delegates who have
come from various parts of the country to pool their matured wisdom together to deliberate on various
issues relating to the management of water resources.

| am conscious of the importance which is required to be attached to the preservation and main-
tenance of water resources in our country. We in India, compared to many other countries of the world
have to place a much higher priority to the enrichment and preservation of water resources as we be-
long to a civilization that is predominantly dependent on water for its life current, for its socio-cultural
traditions and for the sustenance of life style so deeply integrated with the natural resources such as
water. The Rajiv Gandhi Proudyogiki Vishwavidyalaya (University of Technology of Madhya Pradesh)
of which | have the privilege to serve as the founder Vice-Chancellor shares the responsibility to sup-
plement the efforts being made by our Government in respect of creating a mind set tuned to preser-
vation and maintenance of water resources. In this endeavor we have to go beyond the knowledge base
in our quest to generate human resources, provide a strong support to out State’s and Nation's economy
while at the same time ensure that the quality of life of our people is significantly improved.

Ladies and Gentlemen, | need not remind you that we in India belong to a of civilization which
right from the very dawns of civilization has shown a high respect to the nature, to the environment and
to its intimate relationship with human-kind. The harmony with nature has been considered as the most
vital component of assuring happiness in this part of the world. In the words of one of the greatest
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philosopher seers of the modern time, namely Shri Aurbindo "a true happiness in this world is the right
terrestrial aim of man, and true happiness lies in the finding and maintenance of a natural harmony of
spirit, mind and body." and such a harmony cannot be established unless we learn to live in harmony
with nature. Our forefathers understood this aspect so well that they have been able to evolve and
sustain a happy and healthy abode for our people during the last five thousand years or more and it is
in this respect India counts tallest among the worlds ancient civilizations.

f&1fy o@ wras arorer WA,
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Often quoted lines from Saint Tulsidas’ s Ramayan very aptly describe the importance of the five
vital elements of which undoubtedly water is the most important as in it we have fire (Hydrogen) and
air (Oxygen) as well as the capability to harmonize the sky with earth. In the famous Tatriya Upnished,
the Vedic seers have propounded that: sifder: ydwus | snfeer Ieazsus | amw: dfu: | dga
FeaITeld | i.e the water is the element that units fire with the ever luminescent the sun, the eternal source
of energy and that the electricity is the means to achieve this integration.

For all living beings 80% of earth's surface is covered by water. Almost all human activity is de-
pendent on water. Water is the primary requirement for any settlement or society. One can not think
of life without water .

HISTORICAL ASPECTS

It is well recognized that prehistoric human settlements were located by the side of rivers. Indian
civilization from its early days of settlements has emerged as a river valley civilization and has continued
to date to depend on the flowing streams of rivers and on the water bodies for its continued march-on
the path of progress and prosperity. The mighty rivers of India have provided the life-line of human set-
tlement we as a civilization have shown the highest respect to mother earth, its vegetation, its water
bodies, flowing streams and rivers as these have provided a valid means to connect the human mind with
the divine bliss. Harmony with nature was the basis of all developmental programme is the pre-indus-
trial society, particularly in India. Indians learnt to treat nature with respect and adjusted with it while
westerns thought of conquering nature treating it as hostile. This is the basic difference in the philoso-
phy of development. Perhaps the wrath of nature is more severe when we try to conquer it, compared
to the situation when v try to harmonize with it. During the pre-medieval period, in our country we
have attached a high significance to the concept of controlled consumption of resources. “ Apirgraha”
was indeed the very basis of our development and growth. It is because of this emphasis on controlled
consumption that Indians have been able to live through the millennium of human existence on this large
peninsula without causing any serious concern for our survival. This developmental model effectively lim-
its wastes, conserves the energy and material resources but then it also prohibits the man to manifest his
full potentialities both mental and physical to explore the nature and its surroundings.

_2m
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Post industrial revolution models of development provide an interesting insight into the shift of our
concern for the environment. In our quest to develop fast we have not only disturb the harmony with
nature but have caused a serious destruction of nature in turn creating misery for human beings and other
living beings on earth . The monumental problem of air, water and soil pollution has already brought
India under the list of the most polluted countries of the world. The quality of water flowing in the
rivers has degraded beyond redemption. Ground water has also been polluted in the urban areas. We
have the irony “Water - Water every where but not a drop to drink”. In fact because of uncontrolled
and unabated discharge of effluents from the industries and untreated discharge of waste water the holy
rivers of India have already turned into the rivers of poison. Who else other then our modern society
is responsible for this rather man made catastrophe, | ask you ladies and gentlemen? India must awaken
and our government, our science and technology professionals, our Industries and our people at large
have to join together to clean the menace which we have created for ourselves .

GLOBAL WATER RESOURCES

In order to take stock of global water resources, it is important to understand the solar driven
hydrological water cycle. This cycle traces the successive changes of water as it moves from the ocean,
through precipitation, transpiration, percolation, infiltration, evaporation, and then back to ocean. This
cycle plays an important role in the world's water supply system. (fig.| & fig.2) It would be clear from
these figures that oceans and sun play a crucial role in supply of fresh water in this planet.

As the water is transferred through the water cycle, its quality changes. The ocean waters are
highly saline containing about 35 g/L of dissolved solids with approximately 709 being made up of
Sodium Chloride (NaCl) Solar evaporation desalinizes the sea water with cloud formation and then
precipitation. Most of this evaporated water falls back into the oceans 91% as precipitation in the
forms of rain, snow and ice. Despite the fact that almost two third of the earth’s surface is covered with
water, there is very little fresh water available for human use. As such the importance of preservation of
fresh water resources such as flowing streams of rivers and water bodies cannot be over emphasized.

The UNESCO estimated in 1974, that the earth's total water reserves were 1.386 x 10° km?
while the, total fresh water reserves on earth can be considered to be around 35.03 x 10° km?. It is
interesting to note that oceans contain estimated 96.5% of all the water on earth, the remaining 3.5%
being tied up in glaciers, ground ice permafrost and ground water (1.79) with the remaining in at-
mosphere and lakes, rivers, swamps and biological systems. Out of this 3.5% of the water is found in
the land areas, approximately 19 is either too saline or too inaccessible to be included in the global
fresh water reserves. This leaves an estimated 9.5% of the total global water reserves classified as avail-
able fresh water .
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Of the 35 x 10° km? of global fresh water described earlier, 69.55% is in the from of frozen
fresh water and 0.26% s in lakes and streams. On a global basis, it is estimated that 30% (10.5 x
10° km*) of available fresh water on earth is found in ground water aquifers. An over draft of ground
water can cause the land to subside as well as permit sea water to intrude into aquifers adjacent to the
sea. An outstanding example of land subsidence is Mexico city, where an astounding subsidence of 3.9
m has taken place since the beginning of the century .

ESTIMATED GLOBAL WATER USE AND CONSUMPTION

The annual renewable fresh water resources of the world in 1987 were estimated at 40,673
km* per year with total annual fresh water withdrawals estimated at 3.240 km®. Therefore on a global
basis, the fresh water withdrawals account for only 89 of the total renewable fresh water. It was also
estimated that the per capita fresh water withdrawals on a global basis in 1987 were 660 m¥/person/
year i.e. 1808 liters per capita per day. 8% i.e. 145 liters per capita per day for domestic use, 23%
i.e. 416 liters per capita per day for industrial purposes and 1247 liters per capita per day for agri-
cultural purposes. Though the estimated global usage were higher in 1990 but the percentages of us-
age were essentially the same.

RECLAIMATION OF WASTE WATER

It is estimated on a global scale that humans are now using over half (549) of the worlds ac-
cessible supplies of renewable fresh water and that by the year 2095, three quarters of the world's
renewable fresh water supply will be committed. OF this 54% of the global fresh water now being
used, about 619% goes for direct withdrawals (agricultural, industrial and municipal) and 35% for
preserving in stream flows.

With the increasing demand for fresh water supplies, the use of treated waste water is a feasible
way to supplement the global water resources (Fig.3). It can be economical and a feasible preposition.
Waste water reclamation and reuse can be divided into two board categories. The first category being
for the treatment of waste water for disposal purpose in order too protect the surface waters From pol-
lution and the second category being for the treatment of waste water for some beneficial or controlled
use that would not otherwise occur .

It is estimated that only 70-80% of the fresh water used for domestic purpose could reach waste
water treatment facilities. Industry on the other hand could recycle much of their waste water and only
about 30% of their discharges go to public or municipal waste water facilities. On the basis of these
estimates only about 518 km?® year of the waste water on*a global basis is available for reclamation and
reuse. It is estimated that less than 19 of this waste water is currently reclaimed for a beneficial use.
There are many benefits along with obstacles associated with waste water reclamation and reuse. The
technological advances are not catching on like other technological innovations. In India we have to pay
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a much greater attention to the treatment of waste water, its reclamation and reuse as this will go a long
way to protect our ground water reserves while at the same time relieving our rivers from the burden of
water pollution caused by the discharge of untreated water.

There are many applications of reclaimed water. These applications depend on the standards set
for the reclaimed water quality .(Table-2). gives the basic parameters in waste water characterization.
These standards are legally enforceable by Governmental agencies and include rules and regulations for
sampling, testing and reporting procedures. WHO has issued guidelines for agricultural irrigation in
tropical and subtropical countries. In the formulation of standards, community involvement must be
sought sources is also getting polluted particularly in urban areas.

WASTE MINIMIZATION APPROACHES AND TECHNIQUES

We, as a Nation, have to pay a much greater attention to waste minimization so as to conserve
our precious natural resources. Table 1 gives the possible approaches and techniques that can be
adopted to achieve the desired results. In this mission we must pay a greater attention to inventory
management and use improved material handling operations. we should focus on technology up grada-
tions to install equipment’s that produce minimal or no waste, develop zero waste and zero defect en-
gineering production processes and improve efficiency of the equipment's and efficacy of the processes
the whole world is currently focusing its attention to improving the work processes and production sys-
tems so that the tomorrow's world community is revealed of the enormous concern for pollution and
depletion of natural resources. We, in India have to arise to this challenge and engage ourselves through
well planned missions and strategies . There is also dearth of ground water recharging resulting in de-
pletion of ground water resources. National Drinking Water Mission is highly dependent on ground
water resources. This has to be properly managed by water harvesting and ground water recharging
missions. OFf course the State Government as well as Govt. of India are doing their utmost in these
areas but unless there is community involvement and public awareness the Governmental efforts alone
would not bring the desired results. Maharastra experiment is quite well known and often quoted. |
wish there are many Anna Hazares in our country to galvanize the community to conserve the scares
water resources. }

GROUND WATER REGULATORY AUTHORITY NEEDED

In view of the acute water shortage and depl=ting ground water table in the state of Madhya
Pradesh, it is proposed that immediate steps be taken at the Government level to formulate a water
policy for the state, which besides preventing the wasteful utilization of water, must regulate the use of
ground water resources. The water policy should emphasize on Water Conservation, Wastewater Recy-
cling and should outline a programmed drive for Water Harvesting and ground water recharge. All ma-
jor industrial and agriculture projects should be audited for effective utilization of water and must have

MS-
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an in-built component of water conservation and ground water recharge. All the metro cities and dis-
trict headquarters should ensure that water harvesting is implemented in a manner so that, by the year
2005 the pressure on ground water utilization is totally relieved for civic usage.

The water policy should also pave the way for the establishment of a Ground Water Regulatory
Authority, which right from the block level should regulate the ground water utilization and conserva-
tion of water resources. In this exercise a greater appreciation of the role of professionally competent
hydro-geologist should be incorporated, so that, their expert services could provide a valid support to
the technoeconomical success of the water regulatory authorities.

Strict adherence to the water quality audit for drinking water is essential for the maintenance of
public health and this requires, besides legislation, a well planned strategy to make fresh water avail-
able for drinking water. The current dependence on river water utilization for drinking water should be
effectively supplemented by fresh water harvesting. The rivers themselves are to be de-silted so as to
enhance their reservior capacity and a major exercise of abetting river water pollution is to be carried
out. However, all these efforts will succeed only if the mindset of people is prepared to understand the
importance of water conservation and preserving the water resources. A mass movement aimed at gen-
erating such a public awareness is the need of the hour.

CONCLUSION

It is obvious that water is an important element in sustenance of life in this planet. Water thus
plays an important role in the behavioral aspects of human race. By implication socioeconomic aspects
of water are thus intricately interrelated with every human activity. One may like to observe the impact
of water in the desert-culture to appreciate this. For modern society food, health, environment, indus-
try and power are all related to water. In earlier times its availability was assured free of cost but with
increasing pressure of population and consumerism, supply and demand mechanism has started playing
a significant role in water pricing. There is water-rush these days akin to “Gold-Rush” of historical
times. Times may come when people may like to exchange gold for fresh drinking water if we continue
to neglect the precious water resources. Water-pricing should adequately cater to developing proper
economic value for water so as to discourage wastage and encourage optimal use.

The need to conserve water cannot be over emphasized. Water recycle and reuse has to be en-
couraged. Water shed management and ground water recharging have to be resorted to. Prevention of
pollution of ground water from surface water pollution has also to be taken care. All these issues need
our attention as much as population control and literacy missions for if there is not enough safe fresh wa-
ter the human race could hardly survive on mother planet earth.
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Famous Hindi poet “Rahim wrote centuries ago”
Ifzarer ureht oy, faa o=t |39 I,
grelt I & IE} AN, AW, g |

meaning that one should care for water because without water pearl, man and lime cannot be sus-
tained. Though Rahim referred to water for human beings in the context of self esteem, but it also re-
flects the need to preserve water for survival, in as much as survival only can guarantee self esteem.

Let us therefore pledge to preserve and maintain the water resources and develop a mindset and
sttitude akin to minimization of waste and preservation of harmony with nature as this is the surest way
to sustain a happy and healthy living on earth.

Thank you ladies and gentlemen for your perseverance and patience hearing .
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1,385,984,000 km3,
Estimated total volume
of water on earth

1,338,000,000 km3
or 96.5%,
/ In oceans

\\

24,116,000 km3 24,393,000 km3
or 1.74%, or 1.76%,

Groundwater lakes, streams, Glaciers and permanent
and atrmosphere snow cover, ground ice/
permafrost

35,029,000 km3. .+~

Total freshwater reserves
or 2.53% of total

global water reserves

24,363,000 km3 or
69.55%,
Frozen fresh water

91,000 km3 or 0.26%,
/ Fresh water lakes
: 14,000 km3 or 0.04%,
Atmospheric water
Balance:
14,000 km3 or 0.04%.

Swamp water, river flows,
biological water

10,547,000 km3
or 30.11%,
Groundwater

Figure 2. Water reserves on earth; components may not add up exactly because of
rounding of figures (6-8).

[ Ref : Wiley Environmental Analysis & Remediation Vol.8, 1998 ]
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Wastewater sources

Industrial Commercial Public sources Domestic or
wastewater wastewater of wastewater residential wastewater
| (funeral parlors, silver (schools, jails,
Recycling and mercury discharges, etc) hospitals, etc)
Treatment
City sewer City sewer
Pretreatment regulations regulations
standards (Ordinances) (Ordinances)
. !
Water Indirect Wiflow J Design and
well reuse RS : construction
%/ infiltration (1-1) regulations
Groundwater .
recharge
Underground
injection TN eoes Sludge
federal permit required required if (fertilizer)

surface recharge . :
Permit required

from state water, or wastewater,

State or Municipal wastewater ;
Dual-system or waste management program
(landscape —— federal treatment plant (mirror image of NPDES) Examples
irrigati NPDES (secondary Py
ityon) required treatment) L, Advanced or Eiltratio :
: tertiary treatment Carbon Adsorption
/ No bypass Reverse Osmosis
State or permitted lon Exchange
federal uv
NPDES Land spray Coagulation
required irrigation Floccutation
system Clarification
NPDES permit
7 ndards )LY\‘_//—\___
e y Water quality

G
St criteria

NPDES permit
required for all Water treatment
sources, municipal, industrial plant

or commercial

i tial
Slorin Wates except residentia

discharge Drinking water standards

Distribution system

! ! : i i
Industrial Commercial  Public Domestic

{ t | }
!

Back to wastewater
treatment plant

Figure 3. Wastewater recycling, direct and indirect reuse, and various water quality
standards and permits required; after a combination of advanced or tertiary treatment,
direct reuse of water may be possible (30,37). NPDES = national pollutant discharge
elimination system.

[ Ref : Wiley Environmental Analysis & Remediation Vol.8, 1998 ]
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Table |. Waste Minimization Approaches and Techniques

Inventory Management and Improved Operations .
Inventory and trace all raw materials .

Purchase fewer toxic and more nontoxic production materials .
Implement employee training and management feedback ..

¥ Improve material receiving, storage, and hahdling practices
Modification of Equipment .

: Install equipment that produces minimal or no waste .

Modify equipment to enhance recoveryer recycling options .
Redesign equipment or production lines to produce less waste .
Improve operating efficiency of equipment .

Maintain a strict preventive maintenance program

Production Process Changes .

Substitute nonhazardous for hazardous raw materials .

Segregate wastes by type for recovery .

Eliminate sources of leaks and spills .

Separate hazardous from nonhazardous wastes .

Redesign or reformulate end products to be less hazardous.
Optimize reactions and raw material use

Recycling and Reuse .

X Install closed -loop systems .
Recycle on-site for reuse .
Recycle off =site for reuse..

Excha nge wastes .

[ Ref: Wiley Environmental Analysis & Remediation Vol. 8, 1998 ]
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Table 2. Basic Parameters in Wastewater Characterization.

1. Source information for the individual points of origin Waste constituents (specific compounds or

general composition) Discharge rate (average and peak) Batch discharges Frequency of emergeqcy
discharges or spills

2. Chemical composition Organic and Inorganic constituents Gross organics-chemical oxygen demand
(COD) Total organic carbon (TOC) Biochemical oxygen demand (BOD) Extractables Toxics,
hazardous compounds, priority pollutants Gross inorganics-total dissolved solids Specific inor-
ganic ions (As, Ba, Cd, CN, Hg, Pb, Se, Ni, Sg, nitrates) pH, acidity, alkalinity Nitrogen
and phosphorus Oil and grease Oxidizing and reducing agents (es, sulfides) Surfactants Chlo-
rine demand '

3. Physical properties Temperature range and distribution Particulates-colloidal, settleable and
floatable solids Color Odor Foamability Corrosiveness Radioactivity

4.  Biological factors Biochemical oxygen demand Toxicity (aquatic life, bacteria, animals,” plants)
Pathogenic bacteria -

5. Flow characteristics Average daily flow rate Duration and magnitude of peak flow rate Maximum
rate of change of flow rate .

Storm water flow rate (average and peak) Causes of Variability in Waste Characterization
Changes in production rate Variations in plant product mix Batch operations Variations in efficiencies of
production units Changes in raw materials Upsets in production processes Maintenance (equipment
shutdown and cleanout) Miscellaneous leaks and spills Contaminated drainage and runoff from rainstorms









