9. Prepare the annual budget of the authority including its own receipts as also the
devaluation from the central Gowernmert provided that the allocation by the
central government shall be operated in accordance with budget provisions

approved by the central govt.

10. Recommend creation of posts to the central Government for effective discharge of

the functions by the authority.
11. Approve the method of recruitment to the officers and servants of the authority.

12. Take steps to build up data base and to create information and documentation
system for biological resources and associated traditional knowledge through
biodiversity register and electronic data bases to ensure effective management,

promotion and sustainable uses.

13. Give directions to state Biodiversity Boards and the Biodiversity Management

Committees in writing for effective implementation of the act.

14. Report to the central Government about the functioning of the Authority and
implementation of the Act

15. Sanction grants to the State Biodiversity Board and Biodiversity Management
committees for specific purposes.

16. Take necessary measures including appointment of legal experts to oppose grant
of intellectual property right in any country outside india on any biological
outside India on any biological resource and associated knowledge obtained from

Indiaand in an illega manner.

17. Do such other functions as may be assigned to directed by the central government

from time to time

18. Regulates the commercial utilization or biosurvey and bio-utilization of any

biological resource by Indians.

Halt the March of Desertification and Protect the Biodiversity of Drylands
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POLLUTION
Pollution is derived from Latin word ‘polluere’ which means ‘to contaminate’ any

feature of environment. Pollution is the effect of undesirable changes in our surroundings



that have harmful effects on plants, animals and human beings. This occurs only when
short term economic gains are made at the cost of long term ecological benefits of
humanity. Environmental pollution is defined as an undesirable change in the physical,
chemical and biological characteristics of any component of the environment (water, soil,
air) that can cause harmful effect on various forms of life and property. Pollution can be
primary (effects immediately on release to the environment) or secondary (product of
interaction after release with moisture, sunlight, other pollutants etc.) pollution may be
local, regional, trans boundary or global. The agent which cause pollution is called
pollutant.
Pollutants can be classified as:
1. Degradable or non persistent pollutants. These can be rapidly broken by natura
processes. Eg. Domestic sewage, discarded vegetables etc.
2. Slowly degradable or persistent pollutants: These remain in the environment for many
years in an unchanged condition and take decades or longer to degrade. Eq: DDT
3. Non degradable pollutants: These cannot be degraded by natural processes. EQ:
Toxic elements like lead or mercury and nuclear wastes
Various types of pollutions namely air, water, soil, marine, thermal and noise pollution
are presented here under
AIR POLLUTION

Air pollution occurs due to the presence of undesirable solid or gaseous
particles in the air in quantities that are harmful to human health and environment. It can
be defined as presence of foreign matter either gaseous or particulate or combination of
both in the air which is detrimental to the health and welfare of human beings.

Pollutants that are emitted directly from identifiable sources are produced by
natural events can be in the form of particulate matter or gaseous form. These are called
primary pollutants Ex: Dust storms and volcanic eruptions and through human activities
like emission from vehicles, industries etc. There are five primary pollutants that
contribute to 90% of global air pollution. These are carbon oxides (CO & CO;), N
oxides, sulphur oxides, volatile organic compounds and suspended particul ate matter.

The pollutants that are produced in the atmosphere, when certain chemical
reactions take place among the primary pollutants and with others in the atmosphere are
called secondary air pollutants. Eg: Sulphuric acid nitric acid, carbonic acid and acid
rain.

Particulates are small pieces of solid material. Particulate matter can be 1)
Natural such as dust, seeds, spores, pollen grains, algae fungi, bacteria and viruses 2)
Anthropogenic such as mineral dust, cement, asbestos dust, fibers, metal dust, fly ash

smoke particles form fires etc.



Volcanic . = .
emissions ; B .

Source of dust and particulate matter

Causes of Air pollution:

Air pollution may originate form one or more variety of sources. The natural
pollution include sources such as oceanic aerosol, volcanic emissions, biogenic sources,
wind blown terrestrial dust and lightening. The artificial pollution generates from human
activities and includes sources such as fuel burning, refuge burning, transportation,
construction of buildings, chemical factories, metallurgical factories and, vehicles.

The third category includes solvent usage and sources include spray painting
and solvent extraction. Automobiles are the first rate of polluters. Industries occupy
second position.

Effects of Air Pollution:

i. Effects on human health: Particulates cause carcinogenic effects, accumulate in
lungs and interfere with ability of lungs to exchange gases. Prolongeal exposure
causes lung cancer and asthma. Cigarette smoking is responsible for greatest exposure
to carbon monoxide (CO). Exposure to air containing even 0.001% of CO for several
hours can cause collapse, coma and even death. As CO remains attached to
heamoglobin in the blood for a long time, it accumulates and reduces the oxygen
carrying capacity of blood. This impairs thinking, causes headaches, drowsiness and
nausea. SO- irritates the respiratory tissues. NO, can irritate lungs, aggravate asthma
and susceptibility to influenza and common colds. Many volatile organic compounds
(benzene and formaldehyde) and toxic particulates can cause mutations and cancer.

ii. Effects on plants: Gaseous pollutants enter the leaf pores and damage the leaves of
crop plants, interfere with photosynthesis and plants growth and reduces nutrient
uptake and causes the leaves to turn yellow, brown or drop off altogether.

iii. On materials: Air pollutants break down the exterior paint on cars and houses.

iv. Effect on stratosphere: The upper stratosphere consists of considerable amounts of
ozone, which works as an effective screen for UV light. This region is called ozone
layer, which exterds up to 60km above the surface of the earth. Ozone is a form of
oxygen with 3 atoms instead of 2. It is produced naturally in the atmosphere.
Presence of certain pollutants can accelerate the break down of ozone. Depletion of
ozone effects human health, food productivity and climate as given below.

a. Effects on human health: - Sun burn, cataract, aging of skin and skin

cancer are caused by increased UV radiation. It weakens the immune system by



supporting the body’s resistance to certain infections like measles, chickenpox &
other viral diseases.

b. Effect on Food Production: UV radiation affects the ability of plants to
capture light energy during the process of photosynthesis. This reduces the
nutrient content and growth of plants mostly in legumes and cabbage. Plants and
animals are damaged by UV radiations

c. Effectson climate: Contribute to global warming, a phenomenon which is
caused due to the increase in concentration of certain gases like CO;, NO,
methane and chloroflorocarbons (CFCs).

Control measures: Two approaches
1 Preventive technique
2. Effective control

Effective means of controlling air pollution is to have proper equipments in
place. This includes devices for removal of pollutants form fuel gases through scrubbers,
closed fuel collection recovery systems. The use of dry and wet collectors, filters,
electrostatic precipitators etc.

Using unleaded petrol for vehicles is another way of control. The substitution
of raw materials that cause more pollution with those that cause less pollution. Building
higher smoke —stacks facilitate the discharge of pollutants as far away from the ground as
possible. Industries should be carefully located so as to minimize the effect of pollution
after considering topography and wind directions.

Ambient air quality standardsin India by the central pollution control board

Area Category SPM pg/m® | SO, ug/m® | CO pg/m® | NOx pg/m®
Industrial & mixed use | 500 120 5000 120
Residential and rural 200 80 2000 80
Sensitive 100 3 1000 30

Case study on environmental impact of | celand volcanic eruption

The air traffic disruption caused by the Iceland volcano eruption in 2010
highlighted the environmental impacts of atmospheric dust from volcanic eruption.The
volcanic ash, in effect pulverized rock, was spewed between 20,000 to 40,000 feet into
the atmosphere right where modern aircraft ply their trade. This atmospheric dust not
only hinders visibility but can also damage aircraft engines, forcing them to shut down
completely. The fact that this disruption is not only affecting the countries of Europe, but
has a knock on effect on al worldwide flights that have a European destination.
Volcanoes can spew atmospheric dust and gases tens of kilometers into the earth’s
atmosphere where prevailing winds can very quickly transport them thousands of
kilometers from the original eruption. Volcanic ash can lower vishbility in the upper
atmosphere and knock out aircraft engines. Widespread ash from volcanic eruptions
increase the Earth’'s “Albedo Effect”, cooling the temperature of the lower troposphere
while increasing the temperature of the stratosphere. Volcanic activity is estimated to be




responsible for the release of 130 million tonnes of carbon dioxide into the atmosphere
annually. Sulfur dioxide, a major ingredient of volcanic activity, is the primary cause of
environmentally damaging acid rain. It aso forms sulfuric acid mists which causes
pulmonary damage to both people and animals. Hydrogen sulfide, a colorless gas with an
offensive odor, causes irritation of the upper respiratory tract and pulmonary edema.
Atmospheric dust from volcanoes can act as a magnet for other pollutants and water

vapor, giving rise to atmospheric hazes and heavy fogs.

SOIL POLLUTION
Soail is anatural resource for which there is no substitute. Environmental historian
Donald Worster reminds us that fertilizers are not a substitute for fertile soil. Soil can not
be manufactured with a tank of chemicals. Soil is formed from the parent material by
physical and chemical westhering of rocks. Climate and time are also important in the
development of soils. Extremely dry or cold climates develop soils very slowly while
humid and warm climates develop them more rapidly. It is a thin covering over the land
consisting of a mixture of minerals, organic material, living organisms, air and water that
together support the growth of plant life. The organic portion, which is derived from the
decayed remains of plants and animals, is concentrated in the dark uppermost “top soil”.

The inorganic portion, which is made up of rock fragments, is formed over thousands of

years by physical and chemica weathering of bedrock. We may enhance the soil by

helping its processes along, but we can never recreate what we destroy. Soil pollution is

the introduction of substances, biological organisms, or energy into the soil, resulting in a

change of the soil quality, which is likely to affect the norma use of the soil or

endangering public health and the living environment.

Causes of Soil Pollution

a  Erosion Soil erosion can be defined as the movement of surface litter and topsoil
from one place to another. It isanatural process often caused by wind and flowing
water, accelerated by human activities such as farming, construction, overgrazing
by livestock, burning of grass cover and deforestation.

b. Soil contaminants are spilled onto the surface though many different activities.
Most of these are the result of accidents involving the vehicles that are transporting
waste material from the site at which it originated to the site at which it is to be
deposited. Others involve accidents involving vehicles (automobiles, trucks and
airplanes) not transporting wastes, but carrying materials, including fuel, that when
spilled contaminate the soil. When any liquid pollutant is on or just below the
ground the surface for any period of time, one of these could happen to it, if it is not
cleaned up first.

C. Pollutant might be washed away by precipitation, causing little or no harm to the
ground on which it is found (however, pollutants will simply accumulate
somewhere else).The pollutant, if volatile, could evaporate, again causing little

harm to the soil




(however, not a solution to the bigger pollution problem, as it might become a
source of air pollution)

d. Excess use of fertilizers and pesticides: Pollutant could infiltrate through the
unsaturated soil, same way has ground water. Agricultural practices including the
use of agriculture chemicals is primary sources of pollution on or near the ground
surface. Most agricultural chemicals are water soluble, nitrates and phosphates that
are applied to fields, lawn and gardens to stimulate the growth of crops, gross and
flowers. Farmers are generally use fertilizers to correct soil deficiency. Mixed
fertilizers often contain ammonium nitrate, phosphorus and potassium.

e.  Excessuseof irrigation water

KINDS OF SOIL POLLUTANTS
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Effects of Soil Pollution

a) Food shortage: The foremost effect of loosing top soil is causing water pollution
and reduced food production leading to food shortage. With population growth, it
becomes more critical.

b) Desertification: Continuous exposure of eroded soil to sun for longer periods
may transform the land into sandy and rocky in nature. These are symptoms of
desertification rendering the soil unsuitable for cultivation.

c) Decreasein the extent of agricultural land

d) Top soil which is washed away also contributes water pollution by clogging of
lakes, and increasing turbidity of water, ultimately leading to loss of aguatic life.

€) Excessuse of irrigation leads to waterlogging and soil salinisation.

f)  Fertilizer run off leads to the eutrophication of waterways.

Control measures
a) Proper soil conservation measures to minimize the loss of top soil
b) INM, IPM, using bio pesticides and integrated environment friendly
agriculture to reduce pesticides or fertilizers.
c) Appropriate water management practices in agriculture
d) Keeping the soil surface covered with crop residues or crop cover
€) Planting trees as a part of afforestation/ shelter belts/wind breakers



f) Cleaning up of polluted soil
Soil pollution information needed to clean up materials added to soil include the
following:
1) Kind of materia—organic or inorganic—is the material biodegradable, is the materia
dangerous to animals and humans.
2) C: N ratio of the pollutart material.
3) Nature of soil
4) Growing conditions for the soil organisms
5) How long as the material been on the site

6) Immediate danger to people and the environment.

One of the techniques for cleaning polluted soils is bioremediation

Bioremediation can be defined as any process that uses microorganisms, fungi, green
plants or their enzymes to return the natural environment altered by contaminants to its
original condition. Bioremediation may be employed to attack specific soil contaminants,
such as degradation of chlorinated hydrocarbons by bacteria. Generaly requires a
mechanism for stimulating and maintaining the activity of the microorganisms, e.g.,
addition of an electron acceptor (oxygen, nitrate); nutrients (nitrogen, phosphorus); and
an erergy source (carbon). An example of a more general approach is the cleanup of oil
spills by the addition of nitrate and/or sulfate fertilisers to facilitate the decomposition of
crude oil by indigenous or exogenous bacteria.

Naturally occurring bioremediation and phytoremediation have been used for
centuries. For example, desalination of agricultural land by phytoextraction has a long
tradition. Bioremediation technologies can be generally classified as in situor ex situ. In
situ bioremediation involves treating the contaminated material at the site. Ex situ
involves the removal of the contaminated material to be treated elsewhere.

Conditions that favor Bioremediation include the following:
» Temperature favorable for organisms

* Availability of water

* Availability of nutrients(N,P, K)

* C:N ratio of the contaminant material

* Availability of oxygen in sufficient quantity in the soil

Some examples of bioremediation technologies are bioventing (injection of
air/nutrients into unsaturated zone), land farming, bioreactor, composting,
biocaugmentation (inoculation of soil with microbes), rhizofiltration and biostimulation
(stimulation of biological activity) and biosparging (injection of air/nutrients into
unsaturated and saturated zone).

Not al contaminants, however, are easily treated by bioremediation using
microorganisms. For example, heavy metals such as cadmium and lead are not readily
absorbed or captured by organisms. The assimilation of metals such as mercury into the
food chain may worsen matters. Phytoremediation is useful in these circumstances,

because natural plants or transgenic plants are able to bioaccumulate these toxins in their



above-ground parts, which are then harvested for removal. The heavy metas in the

harvested biomass may be further concentrated by incineration or even recycled for
industrial use.

WATER POLLUTION

When the quality or composition of water changes directly or indirectly as a result
of man’s activities such that it becomes unfit for any useful purpose is said to be polluted.
Two types of pollutions:
Point source of pollution: This source of pollution can be readily identified because it
has a definite source and place, where it enters the water. Eg: Municipa industrial
discharges pipes.
Non point source of pollution: when a source of pollution cannot be readily identified

such as agricultural run off, acid rain etc, it is called as non point source of pollution.

Agricultural
Non-Point Souree

Point

Sources

Causes of water pollution: (surface water)
» Disease causing agents parasitic worms, bacteria, viruses, protozoa that enter water
from domestic sewage and untreated human and animal wastes.
=Oxygen depleting wastes: These are organic wastes that can be decomposed by
aerobic bacteria. The amount of oxygen required to kreak down a certain amount of
organic matter is called BOD. It is an indicator of level of pollution.

= Inorganic plant nutrients: There are water soluble nitrates and phosphates



= Excess pesticides: For control of pest pesticides are used in discriminately. These fall

on ground and leach with rain water to canals and rivers.

= Water soluble organic chemicals: These are acids, salts and compounds of toxic

metals such as mercury & lead.

= Variety of organic chemicals: includes oil, gasoline, plastics, pesticides, detergents

& many other chemicals.

= The sediments of suspended matter: Occur when soil is eroded.

= Water solubleradio active isotopes. Enter the water courses along with rain water.

= Hot water released by power plants & industries that use large volume of water to

cool the plant resultsin arise in temp of local water bodies.

= Acid drainage into rivers.
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Ground water pollution: A greater threat to human life comes from ground water which

is used for drinking and irrigation being polluted.

Causes of ground water pollution:

S.
6.
7.

Urban runoff of untreated or poorly treated waste water storage and garbage
Industrial waste storage located above or near aquifer

Agricultural practices such as application of large amounts of fertilizers and
pesticides, animal feeding operations etc in rural sector

Leaks from under ground storage tanks containing gasoline and other hazardous
substances

Leachate from land fills

Poorly designed and inadequately maintained septic tanks

Mining waters

Case study: Cashew in Kasargod, Kerala poisonous nuts

Endosulfan, a pesticide banned by many countries in the world including India

was extensively sprayed aerially in the cashew plantations of Plantation Corporation
of Kerala (PCK) spread over 2209 hectaresin various divisions of Kasargod district,
Kerala. Endosulfan is slated to be phased out globally under the Sockholm
Convention 2001, to which India is a signatory. The pesticide is classified as an
organochlorine compound and its breakdown products are persistent in the

environment, with an estimated half-life of nine months to six years. It is known to




potentially bioaccumulate in humans and other animals, in the liver, kidneys and fatty
tissue. PCK started using this pesticide in 1979 and unusual health disorders were
reported from places like Vaninagar, Adur, Mulleria, Padre etc. The people were
unaware that this was a lethal poison. A study conducted by the Centre for Science
and Environment (CSE) confirmed the presence of high quantities of endosulfan in
the samples of water, soil, fruits, mother’s milk and blood in Kasargode. Further
disorders of the central nervous system, cerebral palsy, mental and physical
retardation, epilepsy and congenital anomalies like stag horns, liver cancer, blood
cancer, infertility, miscarriages, hormonal imbalances, skin diseases and asthma
have been reported. All these disorders were traced to endosulfan effects. After mass
agitations and several reports by various agencies, the use of endosulfan was banned
in Kerala in August 2001. Though, the state government has paid compensations, the
rehabilitation of the living victims is really tough and challenging. Reports reveal
that approximately, 224 people were critically affected and 226 have a 60 per cent
disability. This tragedy was spread over 20 villages in the state. (Ref: Sushmitha
Baskar and .R.Baskar)

Effects of Water pollution:

1. Large amount of human waste in water increase the number of bacteria such as
Escherichia coli and streptococcus sps which cause gastro intestinal diseases.
Water borne diseases diarrhea, typhoid etc.

2. If more organic matter is added to water the O, is used up. This causes fish and
other forms of O, dependent agquatic life dies.

3. Eutrophication due to inorganic pollutants.

4. Excess pesticides cause Biomagnification.

5. High levels of organic chemicals (acids, salts& toxic metals) can make the water
unfit to drink, harm fish and other aquatic life, reduce crop yields

6. Variety of organic chemicals / oil gasoline, plastics detergents) are harmful to
agquatic life and human life

7. Sediments (erosion) fish, clog the lakes and artificial reservoirs

8. Radioisotopes cause birth defects, cancer and genetic damage. Hot water cause
therma pollution not only decrease the solubility of O2 but also changes the
breeding cycles of various aquatic organisms

9. Hot water because of thermal pollution not only decrease the solubility of O, but
also changes the breeding cycles of various aguatic organisms.

10. Accidental oil spills cause environmental damage.

11. Minamata disease is caused due to mercury poisoning of water.

12. Fluorine contamination in drinking water causes Fluorosis, NOs contamination
causes Blue baby disease (M ethaemoglobinaceae) and PO, contamination causes

bone marrow disease.



13. Arsenic poisioning is the major effect mostly in West Bengal. Arsenicosis or
arsenic toxicity develops after 2-5 years exposure to arsenic contaminated

drinking water.

Eutrophication The term “eutrophic” means waell-nourished; thus, “eutrophication”
refers to natural or artificial addition of nutrients to bodies of water and to the effects of
the added nutrients. When the effects are undesirable, eutrophication may be considered a
form of pollution (National Academy of Sciences, 1969). Nixon (1995) defined it as an
increase in the rate of supply of organic matter in an ecosystem. It is the process by which
a body of water acquires a high concentration of nutrients, especially phosphates and
nitrates. These typically promote excessive growth of algae. As the algae die and
decompose, high levels of organic matter and the decomposing organisms deplete the
water of available oxygen, causing the death of other organisms, such asfish. Similarities
include subsequent negative environmental effects such as anoxia, and severe reductions
in water quality, fish and other anima populations may occur. Other species may
experience an increase in population that negatively affects other species in the direct
ecosystem. In simpler terms it is the bloom of phytoplankton in a water body. It is often
the result of anthropogenic pollution with nutrients, particularly the release of sewage
effluent and agricultural run-off carrying fertilizers into natural waters. However, it also
occurs naturally in situations where nutrients accumulate (e.g. depositional environments)
or where they flow into systems on an ephemeral basis. Eutrophication generally
promotes excessive plant growth and decay, favours simple algae and plankton over other
more complicated plants, and causes a severe reduction in water quality. In aquatic
environments, enhanced growth of choking aquatic vegetation or phytoplankton €g:
algal blooms) disrupts norma functioning of the ecosystem, causing a variety of
problems such as a lack of oxygen in the water, needed for fish and shellfish to survive.
The water then becomes cloudy, coloured a shade of green, yellow, brown, or red.
Human society isimpacted as well: eutrophication decreases the resource value of rivers,
lakes, and estuaries such that recreation, fishing, hunting, and aesthetic enjoyment are
hindered. Health-related problems can occur where eutrophic conditions interfere with

drinking water trestment.

Biomagnification, also known as bioamplification or biological magnification, is the
increase in concentration of a substance, such as the pesticide DDT, that occursin afood
chain as a consequence of:

Persistence ( can't be broken down by environmental processes)

Food chain energetics
Low (or nonexistent) rate of internal degradation/excretion of the substance (often due to
water-insolubility). Biological Magnification often refers to the process whereby certain
substances such as pesticides or heavy metals move up the food chain, work their way
into rivers or lakes, and are eaten by aguatic organisms such as fish, which in turn are

eaten by large birds, animals or humans. The substances become concentrated in tissues



or internal organs as they move up the chain. Bioaccumulants are substances that increase
in concentration in living organisms as they take in contaminated air, water, a food
because the substances are very slowly metabolized or excreted. For example, though
mercury is only present in small amounts in sea water, it is absorbed by algae (generaly
as methyl mercury. Bioaccumulation and bioconcentration result in buildup in the
adipose tissue of successive trophic levels. zooplankton small nekton larger fish etc.
Anything which eats these fish also consumes the higher level of mercury the fish have
accumulated. This process explains why predatory fish such as swordfishand sharks or
birds like osprey and eagles have higher concentrations of mercury in their tissue than
could be accounted for by direct exposure alone. For example, herring contains mercury
at approximately 0.01 ppm and shark contains mercury at greater than 1 ppm (EPA
1997).

Case study of groundwater pollution in India - An example of groundwater pollution
caused by excessive extraction is that fluoride contamination. It has spread across 19
states and across a variety of ecological regions ranging from the Thar desert, the
Gangetic plains and the Deccan plateau. Source: When the bedrock weathers the
fluoride leaches into water and the soil. surfaced during the last three decades -
extraction of groundwater which has resulted in the tapping of aquifers with high
fluoride concentrations was noticed during 1970s and the 1980s when there was
massive state investment in rural water development for irrigation as well as for
drinking. Encouraged by state subsidies on diesel and electricity, people invested in
diesdl and submersible pumps in a bid to extract groundwater through borewells.
This policy aggravated the fluoride problem. Effects: combines with the bones as it
has an affinity for calcium phosphate in the bones. Excess intake of fluoride can lead
to dental fluorosis, skeletal fluorosis or non-skeletal fluorosis. Correction: -
Deflouridation plants and household water treatment kits are stop-gap solutions.
(Ref: Sushmitha Baskar & R.Baskar)

Control measures of water pollution:

= Setting up of effluent treatment plants to treat waste water can reduce the pollution
load in the recipient water. The treated effluent can be reused either for gardening or
cooling purposes or wherever possible.

= Root zone process has been developed by Thermax. by running contaminated water
through the root zone of specially designed reed beds. These have the capacity to
absorb from the surrounding air through their stomata openings. It creates O, rich
conditions where bacteria and fungi oxidize the wastes.

= Providing sanitation and waste water treatment facility.

= Integrated nutrient management (INM) and integrated pest management (IPM)

practices will reduce the effects caused due to excess pesticides.



Root zone treatment Technology for sewage

The process in a root zone system to treat the sewage is very simple to explain yet
complex in nature. Raw effluent (after removing grit or floating material is passed
horizontally or vertically through a bed of soil having impervious bottom. The
effluent percolates through the bed that has all the roots of the wetland plants
spread very thickly . Nearly 2,500 types of bacteria and 10,000 types of Fungi,
which harbor around roots get oxygen form the weak membranes of the roots and
aerobically oxidize the organic matter of the effluent. The characteristics of plants
of absorbing oxygen through their leaves and passing it down to roots through their
stems which are hollow, is utilized as a bio-pump. Away from the roots, anaerobic
digestion also takes place. The filtering action of the soil bed, the action with fungi
etc. and chemical action with certain existing or added inorganic chemicals help in
finally obtaining a very clear and clean water. The system of plants regenerates
itself as the old plants die and form useful humus. Hence the system becomes
maintenance free and can run upto 50 to 60 years without any loss of efficiency as
has been described.
Reed bed is one of the natural and attractive methods of treating domestic,
industrial and agricultural wastes. A reed bed is an engineered method of purifying
polluted water as it passes through artificially constructed wetland area, usually
containing common reeds. Reed bed is considered as an effective and reliable
secondary and tertiary treatment method where land area is not a major constraint.
Generally reed bed is made in shallow pits, installed with a drain pipe in a bed of
pieces of lime stones and filled up with pebbles, iron filings and graded sand. In this
sandy body, reed plants (with hollow root which bring oxygen into the filter bed)
are planted
It is advantageous to treat the sewage by root zone system. It achieves the standard
for tertiary level treatment standard with no operating cost. There is no chemical
used for pH adjustment or for flocculation. Low electricity is consumed for pumping
treated water from the collection tank to the reed bed. From the reed bed the
treated water is collected and used for irrigation by gradient flow.
The root zone system has low maintenance cost since it involves no machinery and
its associated maintenance. It requires negligible attendance for operation and
monitoring. It has no sludge handling problem such as scraping of slurry from the
sludge drying beds and its disposal twice in a week.
The sludge gets mineralized in the vertical zone of he reed bed .The sludge
mineralizing beds needs to be disposed once in 10 or 15 years.

It enhances the landscape and gives the site a green appeal.

It provides natural habitat for birds and after a few years gives an appearance of
a Bird s sanctuary.

It isthough an effluent treatment plant, it does not have odour problem and

though it is a green zone, it does not have mosquitoes problem.




The reeds are not grazed by ruminants.
Salinity may not be a problem for a survival or operations of reed beds.
It is recommended to combine vertical flow and then horizontal flow of sewage
with a soil having impervious bottom.
In the horizontal flow system, the sewage per colates through bed and that has all
roots of the wetland plants spread very thickly nearly with 2500 types of bacteria
and 10,000 types of fungi and aerobically oxidized organic matter of the effluent.
Root zone system gives a very good performance of removing 90% BOD and 63%
Nitrogen.
Phragmites australis has been found more efficient in nitrogen removal compared
to Typha latifolia.
However, compared to the conventional treatment processes such as activated sludge,
aerated lagoons, waste stabilization pond etc the performance of the root zone
treatment systemis good with regard to the removal or reduction of BOD, COD, TOC
and Total coliforms

(http: //waster ecycleinfo.convsewage.html)

THERMAL POLLUTION

Thermal pollution is the degradation of water quality by any process that
increases the ambient water temperature. The increase in temperature (a) decreases the
dissolved oxygen/oxygen supply, and (b) affects ecosystem composition.
Sour ces:
1) Industries: A common cause of thermal pollution is the use of water as a coolant by
power plants and industrial manufacturers.

i) Hydro-€electric power plants

ii) Coal fired power plants

iii) Nuclear power plants

iv) Industrial effluents from power, textiles, paper and pulp industries
2)Urban runoff : storm water discharged to surface waters from roads and parking lots
can also be a source of elevated water temperatures.
3) Domestic sewage: municipa sewage normally has a higher temperature.
Effects: The warmer temperature decreases the solubility of oxygen and increases the
metabolism of fish. Tropical marine animals are generally unable to withstand a
temperature increase of 2 to 3°C and most sponges, mollusks and crustaceans are

eliminated at temperatures above 37°C. When a power plant first opens or shuts down for



repair or other causes, fish and other organisms adapted to particular temperature range
can be killed by the abrupt rise in water temperature known as 'thermal shock'.

= Elevated temperature typically decreases the level of dissolved oxygen (DO) in
water. The decrease in levels of DO can harm aquatic animals such as fish and
amphibians.

= Therma pollution may also increase the metabolic rate of aquatic animals, as
enzyme activity, resulting in these organisms consuming more food in a shorter time
than if their environoment were not changed. In Australia, where many rivers have
warmer temperature regimes, native fish species have been eliminated, and macro
invertebrate fauna have been drastically altered and impoverished.

= An increased metabolic rate may result to fewer resources, the more adapted
organisms moving in, may have an advantage over organisms that are not used to the
warmer temperature. As a result one has the problem of compromising food chains of
the old and new environments. As aresult Biodiversity can be decreased.

= Releases of unnaturally cold water from reservoirs can dramatically change the fish
and macro invertebrate fauna of rivers, and reduce river productivity.

= Increase in toxicity: The rising temperature changes the physical and chemical
properties of water. A10° C rise in temperature doubles the toxic effect of potassium
cyanide.

= Interference with reproduction: In fishes, severa activities like nest building,
spawning, hatching, migration and reproduction etc. depend on some optimum
temperature. For instance, the maximum temperature at which lake trout will spawn
successfully is 8.9° C. the warm water not only disturbs spawning, but also destroys
the laid eggs.

= Increased vulnerability to disease: Activities of several pathogenic micro-
organisms are accelerated by higher temperature. Hot water causes bacterial diseasein
salmon fish.

= |nvasion of destructive organisms: Thermal pollutants may permit the invasion of
organisms that are tolerant to warm water and highly destructive. Invasion of
shipworms into New jersey’s Oyster Creek congtitute the best example.

= Many of the planktons, small fish and insect larvae that re sucked into the
condenser along with the cooling water are killed by the thermal shock, increased
pressure and water viscosity.

Control measures:

» Thermal pollution can be controlled by passing the heated water through a cooling
pond or a cooling tower after it leaves the condenser. One method is to construct a
large shallow pond. Hot water is pumped into one end of pond and cooler water is
removed from the other end. Another method is using a cooling tower.

» During warm weather, urban runoff can have significant thermal impacts on small
streams, as storm water passes over hot parking lots, roads and sidewalks. Storm
water management facilities that absorb runoff or direct it into groundwater, such as

bioretention systems and infiltration basins, can reduce these thermal effects.



Retention basins tend to be less effective at reducing temperature, as the water may

be heated by the sun before being discharged to a receiving stream.

MARINE POLLUTION

Marine pollution is defined as the introduction of substances to the marine

environment directly or indirectly by man resulting in adverse effects such as hazardous

to human health, obstruction of marine activities and lowering the quality of sea water

Sour ces

1.

10.
11.

Municipal waste & sewage from residences and hotels in coastal towns are
directly discharged into sea

Pesticides and fertilizers from agriculture which are washed off by rain enter
water courses & finally to sea. Indiais estimated to use 55,000 tons of pesticides
annually and about 25 percent of it is carried to ocean.

Petroleum & oil washed of from roads normally enter sewage system & finaly
into seas

Ship accidents & accidental spillage at sea can therefore be very damaging to the
marine environment.

Off shore ail exploration aso pollute the sea water to alarge extent.

Dry docking: All ships periodic dry docking servicing; cleaning the hulls etc.
during this period when cargo compartments are emptied, residual oil goes into
sea.

Pollution due to organic wastes: When O, concentration falls 1.5 mg/l, the rate of
aerobic oxidants reduced and replaced by the anaerobic bacteria that can oxidize
the organic molecules without the use of oxygen.

Pollution due to oil: Crude ail is transported by sea after a tanker has unloaded its
cargo of oil; it has to take on sea water ballast for return journey. This ballast
water is stored in cargo compartments that previously contained oil. During
unloading of cargo certain amount of oil remains clinging to the walls of
container & this may amount to 800t in a 200,000t tankers. The ballast water thus
contaminated with oil. When fresh crag of ail is to be loaded these compartments
are clean with water which discharges the dirty ballast along with oil into sea.
Tanker accidents. In the natural process, alarge no of oil tanker accidents happen
every year. Sometimes this can results in mgor disasters.

Volcanic eruptions in the sea.

Deep sea mining is a relatively new mineral retrieval process that takes place on
the ocean floor. Ocean mining sites are usually done at about 1,400 - 3,700
meters below the ocean’ s surface. The vents create sulfide deposits, which contain
precious metals such as silver, gold, copper, manganese, cobalt, and zinc. These
raises questions about environment damage to surrounding areas. Removal of

parts of the sea floor will result in disturbances to the benthic layer, and habitat of



benthic organisms. Beside from direct impact of mining the area, leakage, spills

and corrosion would ater the mining area’s chemical makeup.

VOLCANIC ERUPTION IN
BETWEEN THE SEA

Case study: Marine Pollution in Tamil Nadu: Oceans not spared

Industrial pollution has threatened the natural habitats of pearls in the
pear| banks of Tuticorin coast in the Gulf of Mannar. It has affected fish and other
organisms as far as 30 kms south of Tuticorin due to effluents released from chemical
industries. Tannery wastes have caused the pollution of coastal waters from Chennai
to Vedaranyam. The effect of diversity of phytoplankton ecology of mangrove
estuaries of Tuticorin is greatly affected by industrial effluents. The Chennai coastal
waters showed high levels of pesticides like DDT, lindane, endosulphan and
heptachlor. The bioaccumulation of these pesticides in marine organisms could pose
major health hazards.(Ref:.Sushmitha Baskar and R.Baskar)

Effects of marine pollution:

Apart from causing Eutrophication, a large amount of organic wastes can also result in
the development of ‘red tides'. These are phytoplankton blooms because of which the
whole areais discolored.

Commercialy important marine species are also killed due to clogging of gills and
other structures.

When ail is spilled on the sea, it spreads over the surface of the water to form a thin
film called as oil dlick. This damages marine life to alarge extent. Commercial damage
to fish by tainting which gives unpleasant flavor to fish and sea food reduces market
values of sea food and causes death of birds through its effect on feathers. Birds often
clean their plumage by pruning and in the process consume oil which can lead to
intestinal, renal and liver failure.

For salt marshy plants oil slick can affect the flowering, fruiting and germination.
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= Organic waste addition results in end products such as hydrogen sulphide, anmonia
and methane which are toxic to many organisms. This process results in the formation
of an anoxic zone which is low in its oxygen content; from which most life disappears
except for anaerobic microorganisms and renders the water foul smelling.
= The coral reefs are the productive ecosystems offer many benefits to people. These
coral reefs are threatened by a) the sediments from deforestation carried by the runoffs.
b) the agricultural and industrial chemicals reaching through river discharges.To
mention an example, River Ganga is estimated to carry 1.5 billion tons of sediments
due to deforestation and intensive farming in India, Bangladesh and Nepal through
which it flows to Bay of Bengal.
= Drill cuttings dumped on the seabed result in the production of toxic sulphides in the
bottom sediment thus eliminating the benthic fauna.
Control measures of marine pollution:
1) Introduction of sewage treatment plants to reduce BOD of final product before
discharging into sea.
2) Cleaning oil from surface waters and contaminated beaches can be accelerated
through the use of chemical dispersants which can be sprayed on the ail.
3) Load on top system reduce oil pollution cleaned with high pressures jets of water.
4) Crude oil washing: The clingage is removed by jets of crude oil while the cargo is
being unloaded.

NOISE POLLUTION
Noise may not seem as harmful as the contamination of air or water, but it isa
pollution problem that affects human health and can contribute to a general deterioration

of environmental quality. Noise is undesirable and unwanted sound. All sound is not



noise. It may be considered as music to one person and may be noise to another. Noise is

defined as ‘unwanted or offensive sound that unreasonably intrude into our daily

activities'. Sound is measured in a unit called the decibel (dB). The permitted noise level

is 125 decibels as per the Environment Protection Rules 1999.

Sour ces:

There are numerous sources but may be broadly classified into two classes such as
indoor and outdoor.

1) Outdoor - Industries/factories, vehicular movements such as car, motor, truck, train,
tempo, motor cycle, aircrafts, trains, Construction work, defence equipments,
explosions, playing of loudspeakers during various festivals etc. The higher the
speed of an air crafts the greater the noise pollution. The invention of supersonic air
crafts has added more noise for the persons who live near aerodromes. Another
source of noise pollution connected with aeroplanes has been scaring away of birds.
Satellites are projected into space with the help of high explosive rockets also
contributes to noise pollution.

2) Indoor - Loudly played radio or music systems, and other electronic gadgets etc.

Source of Noise pollution

Effects of noise pollution:

B Emotional or psychologica effects - irritability, anxiety and stress. Lack of
concentration and mental fatigue are significant health effects of noise.

B |t has been observed that the performance of school children is poor in
comprehension tasks when schools are situated in busy areas of a city and suffer
from noise pollution - disturbance.

» Interferes with norma auditory communication, it may mask auditory warning

signals and hence increases the rate of accidents especially in industries.
= The effects can range in severity from being extremely annoying to being extremely
painful and hazardous Lowers workers efficiency and productivity and higher
accident rates on the job.
= Effects of Noise Pollution on Physical Health:

- Physical damage to the ear and the temporary hearing loss often called a temporary
threshold shift (TTS). People suffering from this condition will be unable to detect
weak sounds. However, hearing ability is usually recovered within a month of
exposure. Permanent loss, usually called Noise Induced Permanent Threshold Shift
(NIPTS) represents a loss of hearing ability from which there is no recovery. Below
asound level of 80 dB. hearing loss does not occur at al. However temporary effects

are noticed at sound levels between 80 and 130 dB. About 50 percent of the people



exposed to 95 dB sound levels at work will develop NIPTS and most people exposed
to more than 105 dB will experience permanent hearing loss. A sound level of 150
dB or more can physically rupture the human eardrum and >180dB can kill a person.
- In additions to hearing losses, excessive sound levels can cause harmful effect on the
circulatory system by raising blood pressure and altering pulse rates.
Noise control techniques: There are 4 fundamental ways in which noise can be
controlled. 1) Reduce noise at the source 2) block the path of noise 3) increase the path
length and 4) protect the recipient.
Reduce noise at the source
1.Make sure that all openings are acoustically sealed. Noise, lake water rushes out
through any cracks or openings. M uffling vehicles and machinery to reduce the noise.
2. In industries, different types of absorptive material can be used to control interior
noise. Noise reduction can be done by using rigid sealed enclosures around machinery
lined with acoustic absorbing material. | solating machines and their enclosures from the
floor using special spring mounts or absorbent mounts and pads and using flexible
couplings for interior pipelines also contribute to reducing noise pollution at the source
3. Regular and thorough maintenance of operating machinery. We should reduce
mechanical run out of shafts. By reducing this source of vibration excitation many
components like bearing gears and cans may generate less noise and have generate life.
We must improve lubrications. We should install bearings correctly. Improper
installation sometimes is the reason for bearing noise problems
4. Traffic volume and speed also have significant effects on the overall sound. Ex:
doubling the speed increases the sound levels by about 9 dB and doubling the traffic
volume (number of vehicles per hour) increases sound levels by about 3 dB. A smooth
flow of traffic causes less noise than a stop-and-go traffic pattern. Thus proper highway
planning and design are essential for controlling traffic noise.
5. Establishing lower speed limits for highways that pass through residential areas,
limiting traffic volume and providing aternative routes for truck traffic are effective
noise control measures.
6. Using efficient flow techniques. for reducing noise associated with high fluid
velocities and turbulence.
7. Reducing fluid jet velocities: As jet noise is proportiona to the eight power of jet
velocity
Block the path of noise: through construction of temporary/permanent barriers
1. Planting of trees around houses can also act as effective noise barriers.
2. Highly absorptive interior finish material for walls, cellings and floors can decrease
indoor noise levels significantly.
I ncreasing the path length: Increasing distance from the noise source and the recipient
offers a passive means of control.
1. Municipa land- use ordinances pertaining to the location of airports make use of the
attenuating effect of distance on sound levels.

Protect the recipient



1.Use of earplugs and earmuffs. Specialy designed earmuffs can reduce the sound level
reaching the eardrum by as much as 40 dB.

Besides these in general making Legidation, Educating and bringing awareness in the
people is common for control of any pollution Ex: Ban on loud speakers from 10pm to

6pm.

Case study: Noise Hits Whalesin Hong Kong Studies have shown that shipping
traffic in Hong Kong, which is one of the busiest ports in the world with
approximately half a million oceanic vessels traveling through its waters every year
(including over 10,000 transits by high speed ferries) has caused changes in the
dolphin and whale behavior especially in response to fast moving vessels. A special
sanctuary was established by the Hong Kong government in 1995, surrounding the
islands of Sha Chau and Lung Kwu Chau, an important place occupied by the
humpback dolphins. At any given time approximately 200 vessels surrounds this
sanctuary. The @anctuary was a measure to mitigate boat traffic and tremendous
noise produced. Adjacent to the sanctuary is an airport, where 700 planes descend
and take off everyday, directly over the sanctuary. All the above activities have
caused high noise input into the natural whale habitat. Noise, a major anthropogenic
stress factor has caused a general decline in the whale populations. (Ref: .Sushmitha
Baskar and Baskar)

NUCLEAR HAZARDS

Radionuclides are elements (uranium 235, uranium 283, thorium 232,
potassum 40, radium 226, carbon 14 etc) with unstable atomic nuclei and on
decomposition release ionizing radiations in the form of apha, beta and gamma rays. Out
of the known 450 radioisotopes only some are of environmental concern like strontium
90, tritium, plutonium 239, argon 41, cobalt 60, cesium 137, iodine 131, krypton 85 etc.
These can be both beneficial and harmful, depending on the way in which they are used.
We routinely use X-rays to examine bones for fractures, treat cancer with radiation and
diagnose diseases with the help of radioactive isotopes. About 17% of the electrical
energy generated in the world comes from nuclear power plants.

Radioactive substances when released into the environment are either dispersed or
become concentrated in living arganisms through the food chain. Other than naturally
occurring radioisotopes, significant amounts are generated by human activity, including
the operation of nuclear power plants, the manufacture of nuclear weapons, and atomic
bomb testing.

For example, strontium 90 behaves like calcium and is easily deposited and
replaces calcium in the bone tissues. It could be passed to human beings through
ingestion of strontium-contaminated milk. Again another example is tritium, which is
radioactive hydrogen. The amount of tritium released from nuclear power plants to the
atmosphere have reached as high as tens of thousands of curies in one year, and releases

to bodies of water have measured as high as tens of millions of picocuries per litre. The



U.S. Environmental Protection Agency standard for permissible levels of tritium in
drinking water is 20,000 picocuries per litre. Nuclear power plants routinely and
accidentally release tritium into the air and water. Tritium has a haf-life of 12.3 years
and emits radioactive beta particles. Once tritium is inhaled or swallowed, its beta
particles can bombard cells causing a mutation.

. A few occupations that involve radioactive exposures are uranium mineworkers,
radium watch dial painters, technical staff at nuclear power plants, etc. Exposure to
radioactive and nuclear hazards has been clinically proven to cause cancer, mutations and
teratogenesis (Teratogenesisis a prenatal toxicity characterized by structural or functional
defects in the developing embryo or fetus).

Nuclear hazard effects can be either initial or residual. Initial effects occur in the
immediate area of explosion and are hazardous immediately after the explosion where as
the residual effects can last for days or years and cause death. The principal initial effects
are blast and radiation. Blast causes damage to lungs, ruptures eardrums, collapses
structures and causes immediate death or injury. Therma Radiation is the heat and light
radiation, which a nuclear explosion’s fireball emits producing extersive fires, skin
burns, and flash blindness. Nuclear radiation consists of intense gamma rays and neutrons
produced during the first minute after the explosion. This radiation causes extensive
damage to cells throughout the body. Radiation damage may cause headaches, nauses,
vomiting, diarrhea, and even death, depending on the radiation dose received.

Sour ces
The sources of radioactivity include both natural and manmade.
Natural sources
» Cosmic rays from outer space
» Emissions from radioactive materials in the earth’s crust (rocks, marine sediments
€tc)
Man-made sources include the nuclear wastes produced during
» Mining and processing of radioactive ores
» Use of radioactive materials in power plants
» Use of radioactive isotopes in medical technology (x-ray nachines, radioisotopes
used in medicine)

> Industria applications include wastes from nuclear reactors

A\

Research applications: radioactive fallouts during nuclear weapons testing.

» Inanuclear power plant, any leak or accident taking place emit nuclear radiation.
In either case it results in nuclear hazard.

» Nuclear tests Conducted under the ground or under oceans which also release
radiation.

»  Uranium mining and milling, Nuclear reactors and reprocessing of nuclear fuel

cause nuclear pollution.
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Effects
Studies shown that the health effects due to radiation are dependent on the level of dose,

kind of radiation, duration of exposure and types of cellsirradiated. Radiation effects can

be somatic or genetic. Somatic affectsthe function of cells and organs. It causes damages

to cell membranes, mitochondria and cell nuclel resulting in abnormal cell functions, cell

division, growth and death. Genetic affects the future generations. Radiations can cause

mutations, which are changes in genetic make up of cells. These effects are mainly due to

the damages to DNA molecules. People suffer from blood cancer and bone cancer if

exposed to doses around 100 to 1000 roentgens. Instantaneous deaths on exposure in the

event if disasters are many.

Control measures

>

Laboratory generated nuclear wastes should be disposed off safely and
scientifically.

Nuclear power plants should be located in areas after careful study of the geology
of the area, tectonic activity and meeting other established conditions.
Appropriate protection against occupational exposure

Leakage of radioactive elements from nuclear reactors, careless use of
radioactive elements as fuel and careless handling of radioactive isotopes must be
prevented.

Safety measure against accidental release of radioactive elements must be ensured
in nuclear plants.

Unless absolutely necessary, one should not frequently go for diagnosis by x-
rays.

Regular monitoring of the presence of radioactive substance in high risk area
should be ensured.



Among the many options for waste disposal, the scientists prefer to bury the
waste in hundreds of meters deep in the earth’s crust is considered to be the best safety

long term option.

The Chernobyl nuclear disaster: A lesson in the technological disaster of human
history This disaster that occurred on April 26, 1986 in Ukraine, (i.e. former USSR) at
the Chernobyl power plant reactor, designed to produce 1000 MW of electrical energy. It
resulted in the release of S-90, Ce-134, Ce-137, 1-131 etc. which polluted the whole
region. The explosion occurred due to faulty shutting down of the plant. Combustion of
the graphite rods inside the rector resulted in fire and the temperature of the reactor
went up to 2000°C. The radioactive debris, gases and plume drifted over the entire
northern hemisphere affecting mostly Sweden, Norway, Poland, and Denmark etc. More
than 2000 people died in the disaster and many children were affected with congenital
abnormalities. The disaster damaged agricultural crops, plants and caused cancer, lung,
eye and blood disorders. Many European countries like Denmark and Sweden had
banned the import of milk and milk containing products from the former USSR. This was
because the milk was contaminated by 1131, which had entered the cows through

grazing on pastures and plants, contaminated with the same.

SOLID WASTE
The combined effects of population explosion and changing modern living
standards have had a cumulative effect in the generation of a large amount of various
types of wastes. Solid waste can be classified into different types depending on their
source.
Municipal solid waste (MSW)
Industrial waste

Hazardous waste

YV V V V

Biomedical or hospital waste: as infectious waste.
» Agricultural waste
Solid waste management:
Muncipal Solid Waste (MSW): The term municipal solid waste (MSW) is generaly
used to describe most of the nonthazardous solid waste from a city, town or village that

requires routine collection and transport to a processing or disposal site. Sources of MSW




include private homes, commercial establishments and ingtitutions, as well as industrial
facilities. However, MSW does not include wastes from industrial processes, construction
and demolition debris, sewage sludge, mining waste or agricultural wastes. MSW is aso
called as trash or garbage. In general, domestic waste and MSW are used as synonyms.
Municipal solid waste contains a wide variety of materias. It can contain food waste (like
vegetable and meat materia, leftover food, eggshells etc.), which is classified as wet
garbage as well as paper, plastic, tetrapack, plastic cans, newspaper, glass bottles,
carboard boxes, aluminum foil, metal items, wood pieces, etc., which is classified as dry
garbage. The different types of domestic wastes generated and the time taken for them to
degenerate isillustrated in the table given below.

Table: Domestic wastes and their degeneration time

Common domestic wastes Approximate time taken for degeneration
Organic kitchen waste vegetables, fruits | 1—2 weeks

Paper, cardboard paper 15 days—1 month

Cotton clothes 2—5 months

Woolen clothes about a year

Metal cans, tin, dluminum 100—500 years

Pastics 1 million years

India’ s urban population slated to increase from the current 330 millionto about
600 million by 2030, the challenge of managing municipal solid waste (MSW) in an
environmentally and economically sustainable manner is bound to assume gigantic
proportions. The country has over 5,000 cities and towns, which generate about 40
million tonnes of MSW per year today. Going by estimates of The Energy Research
Institute (TERI), this could well touch 260 million tonnes per year by 2047.

The functional elements of M SW management

The municipal solid waste industry has four components: recycling, conmposting,
landfilling, and waste-to-energy via incineration.

The primary steps are generation, collection, sorting and separation, transfer and
disposal/utilisation Waste generation encompasses activities in which materials are
identified as no longer being of value and are either thrown out or gathered together for
disposal. The functional element of Collection includes not only the gathering of solid
waste and recyclable materials, but aso the transport of these materias, after collection,
to the location where the collection vehicle is emptied. This location may be a materias
processing facility, a transfer station or a landfill disposal site. Waste handling and
separation involves activities associated with waste management until the waste is placed
in storage containers for collection. Handling also encompasses the movement of |oaded
containers to the point of collection. Separating different types of waste componentsis an
important step in the handling and storage of solid waste at the source.The types of means
and facilities that are now used for the recovery of waste materias that have been
separated at the source include curbside collection, drop off and buy back centers.

Transfer and transport involves two main steps. First, the waste is transferred from a



smaller collection vehicle to larger transport equipment. The waste is then transported,
usually over long distances, to a processing or disposal site.Today the disposal of wastes
by land filling or land spreading is the ultimate fate of al solid wastes, whether they are
residential wastes collected and transported directly to a landfill site, residual materials
from materials recovery facilities (MRFs), residue from the combustion of solid waste,
compost or other substances from various solid waste processing facilities. A modern
sanitary landfill is rot a dump; it is an engineered facility used for disposing of solid
wastes on land without creating nuisances or hazards to public health or safety, such as
the breeding of insects and the contamination of ground water. Municipal solid waste can
be used to generate energy. Severa technologies have been developed that make the
processing of MSW for energy generation cleaner and more economical than ever before,
including landfill gas capture, combustion, pyrolysis, gasification, and plasma arc
gasification. While older waste incineration plants emitted high levels of pollutants,
recent regulatory changes and new technologies have significantly reduced this concern.
In USA, EPA regulations in 1995 and 2000 under the Clean Air Act have succeeded in
reducing emissions of dioxins from waste-to-energy facilities by more than 99 percent
below 1990 levels, while mercury emissions have been by over 90 percent The EPA
noted these improvements in 2003, citing waste-to-energy as a power source “with less
environmental impact than ailmost any other source of electricity” (en.wikipedia.org).

Municipa solid waste management is more of an administrative and institutional
mechanism failure problem rather than a technologica one. Until now, MSW
management has been considered to be amost the sole responsibility of urban
governments, without the participation of citizens and other stakeholders. The Centre and
the Supreme Court, however, have urged that this issue be addressed with multiple
stakeholder participation. Cities in India spend approximately 20% of the city budget on
solid waste services.

Hazar dous Wastes

Hazardous wastes are those that can cause harm to human and the
environment.

Character stics of hazardous wastes:

Wastes are classfied as hazardous if they exhibit any of four primary
characterics based on physical or chemical properties of toxicity, reactivity ignitability
and corrosivity.

Toxic wastes

Toxic wastes are those that are poisonous in small or trace amounts. Some
may have acute or immediate effect on human or animals. Carcinogenic or mutagenic
causing biologica changesin the children of exposed people and animals. EQ: pesticides,
heavy metals.

Reactive wastes: reactive wastes are those that have a tendency to react vigorously with
air or water are unstable to shock or heat, generate toxic gases or explode during routine

management. Eg: Gun powder, nitroglycerine.



Ignitable waste: are those that burn at relatively low temperatures (<60° C) and are
capable of spontaneous combustion during storage transport or disposal. Eg: Gasoline,
paint thinners and alcohoal.

Corrosive wastes. are those that destroy materials and living tissues by chemical
reactions. EQ: acids and base

Infectious wastes. included human tissue from surgery, used bandages and hypoderm
needles hospital wastes.

Sour ces: Chemical manufacturing companies, petroleum refineries, paper mills, smelters
and other industries. Plastic industries

Thousand of chemicals are used in industries every year. When used
incorrectly or inappropriately they can become health hazards. PCBs (Polychlorinated
biphenyls) are resistant to fire and do not conduct electricity very well, which makes
them excellent materials for several industrial purposes. Rainwater can wash PCBs out of
disposal areas in dumps and landfills thus contaminating the water. PCBs do not break
open very rapidly in the environment and thus retain their toxic characteristics. They
cause long-term exposure problems to both humanand wildlife.

Many household chemicals can be quite toxic to humans as well as wildlife.

Most of the dangerous substance in our homes are found in various kinds of clearness,
solvents and products used in automotive care. When these products are used incorrectly
they have the potentia to be harmful.
Effects: As most of the hazardous wastes are disposed off or in land, the most serious
environmental effect is contaminated ground water. Once ground water is polluted with
hazardous wastes, it is very often not possible to reverse the damage. Pesticides form
residues in the soil that are washed into streams which then carry them forward. The
residues may persist in PCBs (poly chlorinated biphenyls) are concentrated in the kidneys
and liver and cause damage; they cause reproductive failure in birds and mammals .The
soil or in the bottom of lakes and rivers. Exposure can occur through ingestion, inhalation
and skin contact, resulting acute or chronic poisoning. Lead, mercury and arsenic are
hazardous substances which can often referred to as heavy metals. Most of the lead
absorbed by people is stored in the bones. Lead can effect red blood cells by reducing
their ability to carry oxygen and shortening their life span. Lead may also damage
nervous tissue, resulting in brain disease. Mercury is used in production of chlorine and
as acatalyst in the production of some plastics.

Mercury build up in body over long period of time is known to cause brain
damage. Minamata disease occur due to mercury poisoning. Vinyl chloride is a chemical
that is widely used in plastic manufacture. A long continuous exposure in humans it can
cause deafness, vision problem circulation disorders and bone deformities.

Control: common methods for disposing of hazardous wastes are land disposa and
incineration Industries need to be encouraged to generate less hazardous waste in the
manufacturing process. Although toxic wastes cannot be entirely eliminated, technologies
are available for minimizing recycling and treating the wastes. Integated pest
management practices (IPM) reduce the usage of pesticides. Substitute the use of PCBs



and vinyl chloride with chemicals that are less toxic. Polyvinyl chloride use can be
lowered by reducing the use of plastics.

Industrial wastes
These contain more of toxic and require special treatment.
Source: Food processing industries, metallurgical chemical and pharmaceutical unit’s
breweries, sugar mills, paper and pulp industries, fertilizer and pesticide industries are
major ones which discharges toxic wastes. During processing, scrap materials, tailings,
acids etc.
Effect: Most common observation is that the health of the people living in the
neighborhood of dumping sites is severely affected. The exposure may cause disorders of
nervous system, genetic defects, skin diseases and even caner. The liquid effluents
discharged by the industries contain inorganic and organic pollutants and they enter into
water bodies causing destruction of fish, formation of sediments, pollution of ground
water and release of foul odours.
Control: Waste minimization technologies have to be developed. Source reduction
recycling and reuse of materials need to be practiced on alarge scale.

Hazardous waste should not mix up with general waste. Source reduction
involves altering the design, manufacture or use of products & materials to reduce the
amount and toxicity of materials that get thrown away. Local communities and voluntary
organizations should educate the industrialists as well as the public about dangers of
pollution and the need to keep the environment clean. Land filling, incineration &
composting technologies to be followed. Biogas is obtained from solid waste treatment

of industrial and mining waste is done for the recovery of useful products.

A classic case study of waste mismanagement: The Love Canal tragedy

In 1892, a small area near Niagara Falls, New York, USA was dug up and designed as a
route for transportation and for the production of hydroelectric power connecting the
lower and upper reaches of the Niagara River, called the love canal (named after
William T. love). The process was left incomplete and eventually became a site for waste
disposal. A Plastic manufacturing chemical company disposed off its wastes in sealed
steel drums during the years 1940 to 50. More than 20,000 tons of 80 different chemicals
were dumped in the area. In 1953, the company sold the land to the city of Niagara Falls.
Subsequently, many residences and an elementary school were built on the land. The
tragic story of the love canal incident started after twenty years due to heavy snow and
rains. The sealed plastic wastes had corroded the drums and started leaking into the soil,
buildings, water etc. Children in the school were shocked to see their rubber shoe soles
disintegrating and they also suffered burns. This caused the officials to look into the
matter and it was found that the wastes contained lot of carcinogens and a wide array of
toxic organic compounds like benzene, chloroform, dichloroethylene etc. The clean up of
the Love canal totally amounted to about 275 million USdollars. The schools and homes

wer e destroyed, the families relocated, the soil was completely covered with compacted




clay, the wastes were diverted to a treatment plant, the water pipes were blocked with
barriers, etc. Thiswas a classic example of solid waste mismanagement.

Toxic materials pose significant health hazards and dwindle our precious bio-
reserves. Proper and timely management of waste is very important in the good interest
of our environment, and ws. The above classic case study proves that management of
wastes is a very serious business and if not handled with care, the cleaning up of
improperly disposed wastes can cause loss’damage to human life and be extremely
costly. It therefore makes sense to plan the disposal of various kinds of wastes in a

scientific manner.

Agricultural Wastes

Sour ces. The waste generated by agriculture includes waste from crops and live stock. In
developing countries, this waste does not pose a serious problem as most of it is used e.g.
dung is used for manure, straw is used as fodder. Some agro-based industries produce
waste e.g., rice milling, production of tea, tobacco etc. Agricultural wastes are rice husk,

degasses, ground nut shell, maize cobs, straw of cereals etc.

Effects: If more C: N ratio wastes like paddy husk or straw may cause immobilization of

nutrients if applied on the fields. It occupiesto large land areas if not properly disposed.
M anagement
1. Wastetoenergy

i) Gasification: It is the process in which chemical decomposition of biomass
takes place in the presence of controlled amounts of oxygen, producing a gas.
This gas is cleaned and used in an interna combustion engine to produce
electric power. Without clean up aso, the gas can be used in boilers b
produce electric power. This technology is highly suited to generate electric
power from agrl wastes like rice husks, groundnut shells etc.

i) Pyralysis: It is smilar to gadfication except that the chemica
decomposition of biomass wastes take place in the absence or reduced
presence of G at high temp. Mixtures of gases result from decomposition
including H, NH; Co, CO, depending on the organic nature of waste matter.
This gas used for power generation.

2. Biogas production: Animal wastes, food processing wastes and other organic
matter are decomposed anaerobically to produce a gas called biogas. It contains
methane and CO,. The methane can provides gas for domestic use. The byproduct
of this technology is slurry, settled out the bottom of the digester. This can be
used as manure.




3. Agricultura waste like corn cobs, paddy husk, bagasse of sugarcane, waste of
wheat, rice and other cereals, cotton stalks, coconut wastes, jute waste etc can be
used in making of paper and hard board.

Waste production can be minimized by adopting the 3 R’sprinciple: Reduce, Reuse,
Recycle
» Reduce the amount and toxicity of garbage and trash that you discard.
» Reuse containers and try to repair things that are broken.
> Recycle products wherever possible, which includes buying recycled products i.e.
recycled paper books, paper bags etc.

These are processes that involve integrated waste management practices (IWM).
They can reduce the wastes generated by approximately 50 %.
Reduce (Waste prevention): Waste prevention, or “source reduction,” means
consuming and discarding less, is a successful method of reducing waste generation.
Backyard composting, double sided copying of papers, purchasing durable, long-lasting
environmentally friendly goods; products and packaging that are free of toxics,
redesigning products to use less raw materia production and transport packaging
reduction by industries are the normal practices used and have yielded substantial
environmental benefits. Source reduction prevents emissions of many greenhouse gases,
reduces pollutants the need saves energy, conserves resources, and reduces wastes for
new landfills and combustors. It reduces the generation of waste and is generaly
preferred method of waste management that goes a long way toward saving the
environment.
Re-use: Re-use is the process, which involves reusing items by repairing them, donating
them to charity and community groups, or selling them. Reusing products is
an dternative to recycling because the item does not need to be reprocessed for its use
again. Using durable glassware, steel using cloth napkins or towels, reusing bottles,
reusing boxes, purchasing refillable pens and pencils are suggested.
Recycling: The process of recycling, including composting, has diverted several million
tons of materia away from disposal. Recycled materias include batteries, recycled at a
rate of 93%, paper and paperboard at 48%, and yard trimmings at 56%. These materials
and others may be recycled through drop off centers, buy-back programs, and deposit
systems. Recycling prevents the emission of many greenhouse gases that affect global
climate, water pollutants, saves energy, supplies valuable raw materials to industry,
creates jobs, stimulates the development of greener technologies, conserves resources for
our children’s future, and reduces the need for new landfills and combustors. For
example, by recycling of solid waste in 1996, the United States prevented the release of
33 million tons of carbon into the air roughly the amount emitted annually by 25 million
cars. Recycling can create valuable resources and it generates a host of environmental,

financial, and social benefits. Materials like glass, metal, plastics, and paper are collected,



separated and sent to processing centers where they are processed into new products. The
advantages of recycling are it conserves resources for future generation, prevents
emissions of greenhouse gases and pollutants, saves energy, supplies vauable raw,
materials to industries, stimulates the development of greener technologies, reduces the

need for new landfills and incinerators.

DISASTER MANAGEMENT

Natural calamities, of different types and intensities affect nations all over the
world. The Indian subcontinent is very vulnerable to droughts, floods, cyclones,
earthquakes, landdides, and forest fires. While not al natural calamities can be predicted
and prevented, a state of preparedness and ability to respond quickly to natural calamity
can considerably mitigate loss of life and property and human suffering, and restore
normalcy at the earliest.

‘Post Disaster Management’ and ‘Disaster Mitigation’ :

The post disaster approach towards dealing with natural disasters, involving
problems such as evacuation, warnings, communications, search and rescue, fire-fighting,
medical and psychiatric assistance, provision of relief, shelter, etc, is generally referred to
as ‘Post Disaster Management’ . It is a primarily a ‘ Reactive Mechanism’ to the natural
disasters.

‘Mitigation’ means lessening the negative impact of the natural hazards. It is
defined as sustained action taken to reduce long term vulnerability of human life and the
recovery property to natural hazards. While the preparatory, response and the recovery
phases of emergency management relate to specific events. Mitigation activities have the
potential to produce repetitive benefits over time. It is a ‘ Proactive approach’ to natural
disasters.

Multidisciplinary and Multi- sectoral nature of Disaster M anagement:

Disaster management is a multidisciplinary area in which a wide range of issues
that range from forecasting, warning, evacuation, search and rescue, relief, reconstruction
and rehabilitation are included. It is aso mult-sectoral as it involves administrators,
scientists, planners, volunteers and communities.

Guidelinesfor effective management of mitigation program.

1. Pre- disaster mitigation can help in ensuring foster recovery from the impacts of
disasters.

2. Mitigation measures must ensure protection of the natural and cultural assests of
the community

3. Hazard reduction methods must take into account the various hazards faced by the
affected community & their desires and priorities

4. Any mitigation programme must also ensure an effective partnership between the

Govt, Scientific, private sector, NGOs and the community

The main elements of a mitigation strategy



1. Risk assessment and Vulnerability analysis: This involves the identification of
hotspot areas of prime concern, collection of information on past natural hazards,
information on the population and infrastructure.

2. Applied research and technology transfer: There is a need to establish or upgrade
observation equipment and networks, monitor the hazardous properly, improve
the quality of forecasting and warning.

3. Public awareness and training: Training to be given to officials & staff of various
Departments involved in state & district level.

4. Indtitutiona mechanisms. There is need to emphasize on proactive and pre-
disaster measures rather than post-disaster response. It is thus essential to have a
permanent administrative structure which can monitor the developmental
activities across departments and provides suggestions for necessary mitigation
measures. The national disaster management centre (NDMC) can perform such a
task. Professional like architects, structural engineers, doctors and chemical
engineers who are involved with management of hazardous chemicals, can be
asked to form groups that can design specific mitigation measures.

5. Incentives and resources for mitigation: Provide stable source of funding for all
mitigation programs.

6. Land use planning and regulations.

7. Hazard resistant design and construction

8. Structural and Constructional reinforcement of existing buildings: This can be
done by the insertion of walls, specially on chored frames, construction of new
frame systems, designing residential electrical equipment above flood level,
designing water storage tanks to be able to withstand cyclonic winds, earthquakes
& floods.

Some of the causes, effects and mitigation measures of the disasters commonly

occurringin India are detailed below:

Floods : Floods can be caused by natural, ecological or anthropogenic factors either
individually or as a combined result. Human activities such as deforestation and shifting
cultivation can aso contribute to floods. Heavy rainfall is the main cause of floods in the
rivers. The breaches to tanks and reservoirs due to inflow of large quantities of water
from excessive rainfal also result in floods. Floods occur sometimes in a flash due to
intensive rains at the time d cyclones next to Bangladesh, India is the most flood —
affected country in the world. The west coast of India has an advantage, it has western
ghats with thick forests which act as natural buffer to floods.

Effects: floods cause heavy suffering to people living in low lying areas because the
houses and the properties are inundated or washed away. Most of the victims are rural

folks who are economically poor. Floods aso damage standing crops and livestock.



The mitigation measures for floods include both structural and non structural measures.
The structural measures include
1. Reservoirs for impounding monsoon flows to be released in a regular manner
after the peak flood flow passes.
2. Prevention of over —bank spilling by the construction of embarkments and flood
walls
Improvement of flow conditions in the channel and anti erosion measures.
Improved drainage
The non structural measures include
1. Flood-plain management such as Flood Plain zoning and flood proofing including
disaster preparedness
Maintaining wet lands
Flood forecasting and warning services
Disaster relief and public health measures.
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Flood insurance

Case study

Snce 2006, Mumbai faces flooding in most of the Suburban Locations Like
Andheri, Dahisar, Goregaon, Malad Subway, Milan Subway, Santacruz, Chembur,
Dombivali, Worli etc which are low line areas and also highly affected during Monsoon
and Heavy rainfall. Because of Unstable weather, Mismanagement of Natural Resources
by People, Old or No proper drainage systems and Real Estate development, Mumbai is
underwater Mostly every year even if Bombay Municipal Corporation triesit level best to
help the disaster.
Flood 2006 will never be forgotten by any person who was in Mumbai during the day,
every thing was like stand Still, the Transportation, Private Vehicles, Mobile Services
and all major communication and transport channels stopped. Still salute to mumbaikers
for the Humanity shown that day by helping each others at there level best. Someone
helped giving Biscuits and Few by preparing whatever fast food like Vada pav, samosas




etc. Lots of NGO's and Private organizations came up for the help. All this happened
within couple of hours of very heavy rain in Mumbai. Many lost there lifes and many
saved it loosing just there belongings like Mobiles and bags etc. Every person stayed
where they were for next 24 hours.

Flood 2007 of Mumbai was not as hard as 2006, few of the slums and people stying in
low line ground floor locations faced terrible problems. People of Mumbai are now tough
enough to face such flooding disaster’s and bomb blasts and Epidemics and Diseases
because of flood.Mumbai Flood Pictures can speak much better than thisarticle.

Now in 2008 and 2009 Flooding in Mumbai is comparatively low because of not so heavy
rainfall. Almost opposite situation like cloud seeding experiments are undertaken to save
mumbai from low rainfall.

WwWw.mumbai 77.com

Earth quakes: An abrupt and tremendous release of energy stored in the rocks and the
earth’s crust through the action of tectonic process is described as an earth quake. Some
areas on the planet earth are so located that more than one tectonic plate constantly
change against one another and an earthquake can result when one or more of these plates
move against the others at high speed. In certain regions of earth, earth quakes occur with
regularity. In India, Assam and the Himalayan regions are more infested with
earthquakes. Earthquake that occurred in 2001 in Gujarat taking a toll of 30,000 per ape
was mgor one Hythi a present. The intensity of earth quake is measured on Richter
scale. As of now there is no way of predicting an earth quake. Earthquake by themselves
do not cause casualties but the houses collapse due to poor construction. The construction
of quake-proof houses may reduce human loss but it may be economically difficult for
poor countries. The Government of countries which are quake prone should ensure that

the infrastructure could withstand earth quakes.

On 26 January 2001 an earthquake registering 7.9 on the Richter scale

devastated the Indian state of Gujurat. It was the second largest recorded earthquake in
India, the largest being in 1737, and was the worst natural disaster in India in more than
50 years.
The earthquake struck at approximately 8.46am local time, its epicentre located 80
kilometres north-east of the city of Bhuj .The place in the earth's crust where an
earthquake occurs is known as the focus. The epicentre of an earthquake is the place
directly above the focus. The shock waves or tremors from the Gujurat earthquake lasted
about two minutes, followed by aftershocks for more than a month. The scale of the
impact of the earthquake is almost impossible to comprehend. The shock or seismic
waves spread out in a 700 kilometre circumference from the epicentre, and within this
area the devastation was immense. There were more than 20,000 deaths and 167,000
people injured. Four districts of Gujurat lay in ruin and altogether, 21 districts were
affected.




Around 300,000 families and at least 3 million children aged 14 and under wer e affected.
Around 600,000 people were left homeless. In the city of Bhuj, more than 3,000
inhabitants of the city lost their lives, the main hospital was crushed and close to 90% of
the buildings was destroyed. Nothing was left of the town of Bhachau. The town
resembled a quarry. Few structures remained standing

Cyclones: Cyclone is a meteorological phenomena of intense depressions forming over
the open oceans and moving towards the land on the shore. In reaching the shores, it
moves into the interior of the land or along the shorelines. The cyclone once formed may
be active from days to weeks and affects many days to weeks and affects many areas,
even countries depending on the nature and the intensity. Globally North West pacific
regions are more prone to cyclones. The Indian Ocean is one of the six major cyclone
prone regions of the world. India has a long coastline of 5700 kms, which is exposed to
tropical cyclones arising in the Bay of Bengal and the Arabian Sea. The eastern coastline
IS more prone to cyclones as it is hit by about 80 percent of the total cyclones generated
in theregion. InIndia, cyclones originating from Bay of Benga are more in number and
intensity. In India, cyclones occur usually between April and May and also between
October and December. The damage depends on the intensity of cyclone, the damage to
human life, crops, settlements roads, communications, tanks, canals, and livestock

sometimes their occurrence slow down the developmental activities of the areas.

Mechanism of Tropical Cyclone Formation
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Mitigation measures are:




Installation of early warning systems
Developing communication infrastructure
Developing shelter belts

Construction of permanent houses

Training and education land use control and settlement planning.

Land dlides: are recurring phenomena in Himalayan region. It is a geological process
which includes a wide range of mass movements, such as rock falls, deep failure of
dopes and shallow debris flows. Although gravity acting on an over steepened dope is
the primary reason for a landslide, there are other contributing factors affecting the
original slope stability erosion by rivers, glaciers, or ocean waves create over steepened
slopes. In recent years, however, intensive construction activity and the destabilizing
forces of nature have aggravated the problem. Landslides occur as a result of changes on
the slope, sudden or gradual either in its composition, structure, hydrology or vegetation.
The changes can be due to geology, climate, weathering, changing land use and earth

quakes.

» Rock and soil slopes are weakened through saturation by snowmelt or heavy rains

earthquakes create stresses that make weak dopes fail
» Volcanic eruptions produce loose ash deposits, heavy rain, and debris flows
> Vibrations from traffic, machinery, thunder and blasting can trigger weak slopes
» Groundwater pressure acting to destabilize the slope

» Excess weight from accumulation of rain or snow, stockpiling of rock or ore,
from waste piles, or from manmade structures may stress weak slopes to failure

and other structures.

Measures to prevent land slides are drainage measures, erosion control measures such
as bamboo check dams, terracing, jute and coir netting and rock fall control measures
such as grass plantation, vegetated dry masonry walls, preventing deforestation and
improving forestation. A significant reduction in the hazards caused by land slides can be
achieved by preventing the exposure of population and by physically controlling the land
dides.



TSUNAMI The term Tsunami comes from the Japanese language, meaning harbor (tsu)
and wave flami). A Tsunami is generated when the sea floor abruptly deforms and
vertically displaces the overlying water. It is the wave disturbance that rapidly displaces a
large mass of water like an under sea earth quake, volcanic eruption or submarine land
dlide. Tectonic earthquakes are a particular kind of earthquakes that are associated with
earth’s crustal deformation; when these earthquakes occur beneath the sea, the water
above the deformed area is displaced from its equilibrium position. Waves are formed as
the displaced water mass, which acts under the influence of gravity attempts to regain its
equilibrium. When large areas of the sea floor elevate or subside, a tsunami can be
created. Tsunami wave can travel at the speed of a commercia jet plane, over 800 km/h.
they can move from one side of the pacific ocean in less than a day. The waves can be
extremely dangerous and damaging when they reach the shore. The wave travels across
the ocean at speed of 500-1000 km/ha. As the wave approaches the land, it compresses-
some times upto a highest of 30mts and the sheer weight of water is enough the crush the
objects in its path, often reducing the building to their foundations and scouring exposed
ground to the bed rock. When there isa tsunami warning:

1. If you are a home and there is a tsunami warning, you should make sure your
entire family is aware of the tsunami. Y our family should evacuate your house if
you live in a tsunami evacuation zone.

2. If you are at the beach or near the ocean and you feel the earth shake, move
immediately to higher ground. Do not wait for a tsunami warning to be
announced.

3. If you are on a ship or boat, do not return to port if you are at sea and a tsunami
warning has been issued for your area. Tsunami can cause rapid changes in water

level and unpredictable dangerous current in harbours and ports.



On the morning of Sunday, 26 December 2004, there was a severe earthquake in
the Indian Ocean off the coast of northern Sumatra, Indonesia. The earthquake measured
9.0 on the Richter scale and was followed by aftershocks ranging from 6.3 to 7.0 in
severity in a zone 1,000 kilometres north to the Andaman Islands. The underwater
earthquake also resulted in a powerful tsunami (‘soo-na-mi', from the Japanese words
meaning 'harbour wave'). The wave travelled quickly under the ocean, building to a wall
of water up to 10 metres high when it reached the shallow coastal waters and causing
massive destruction when it hit land. Without an effective warning system and disaster
plan, many people did not know to move quickly to higher ground to escape the wave and
itsload of debris. In some places the sea receded for hundreds of metres before the wave
rushed in. Curious people looking at this strange occurrence from the beaches did not
recognise this as a sign of danger, and as a result were killed by the tsunami.The tsunami
caused extraordinary damage. The death toll was put at roughly 187,000, with nearly
43,000 missing and many hundreds of thousands injured and suffering trauma and the
grief of losing family members, their homes and their livelihoods. Countries lost people
with the knowledge and skills that were needed for their ongoing development. Roads,
bridges, water and electricity supplies, health centres and schools were destroyed. The
landscape was altered unrecognisably, with some areas lifted high out of the water while
others were washed entirely away. Debris and waste were scattered widely and salt

inundated farmland and underground water supplies.

One of the most severely affected areas was that closest to the epicentre, the
province of Aceh on Sumatra, Indonesia. More than 130,000 people died and 36, 786

were still missing in December 2005. The highest tolls were among the women and




