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Eco-Management for Successful Pelican
Conservation
P.J
anje
aj*
.J.. SSanje
anjeee va R
Raj*
ABSTRACT
South India in recent years, has significantly contributed to the
successful conservation of the Spot-billed Pelican (Pelecanus philippensis,
Gmelin), wherein what was categorised as a ‘Vulnerable Species’ (VU), in the
Red Book of the Bird Life International, is now raised to a better ‘Near
Threatened Species’ (NT) status. The eco-management strategies, both
traditional as well as modern, practiced in South India to save this pelican,
could be appreciated and adopted suitably, to conserve this pelican as well
as all other species of wildlife in India.
Keywords : Spot-billed Pelican, Eco-management, Conservation, Red Book,
Vulnerable, Near Threatened, Nelapattu.

Introduction

pelicans existing today, is confined

Johann Friedrich Gmelin, a German
professor of medicine, an eminent
naturalist and taxonomist (1748-1804),
revising all the Pelican species of the

biogeographically, to the South and
Southeast Asia. This is the commonest
resident

and

breeding

species

of

pelican, in India.

genus Pelecanus in 1789, assigned the
pelican

species

in

the

Philippine

Islands, to the currently valid species,
philippensis. Ironically however, today
this

pelican

species

has

totally

disappeared or has become extinct,
since the mid-20th century, in the
Philippine Islands themselves. The
Spot-billed Pelican or the Grey Pelican
(Pelecanus philippensis Gmelin, 1789),
among the seven valid species of

Spot-billed Pelican
(Photo : S. Jayasankar)
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Grey Pelican
(Photo : P.K. Arun Kumar)

Fall and Rise in the Spot-billed
Pelican Populations
Upto the 1920s, more than a million of
these pelicans were said to be
flourishing, particularly in Myanmar,
but by about the 1990s, their numbers
plummeted precipitously to less than
about 12,000 only, so that the Red Book
of the Bird Life International that
surveys the status of each species of
birds, listed this species, Pelecanus
philippensis, under the category of
‘Vulnerable Species’ (VU). The keen
struggle for existence or survival of this
species has indeed been a very
pathetic story. These pelicans had to
desert most of the Southeast Asian
countries, obviously due to the loss of
their freshwater wetland habitats, food
and nesting sites. This is because, soon
after the World War II, these Southeast
Asian countries, with a fervent zeal to
develop rapidly, adopted the ‘Green
Revolution’ for the agriculture of
rice and sugarcane, using excessive
quantities of inorganic pesticides,
particularly
DDT.
Pelicans
are
vulnerable to DDT, directly through
exposure to DDT-spraying, or through
consuming DDT-contaminated fish.
Indirectly, DDT-exposed pelicans tend
to lay thin-shelled eggs which are
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fragile and fail to hatch out successfully.
Immediately
following
this
environmentally undesirable Green
Revolution, the same Southeast Asian
countries adopted the ‘Blue Revolution’
also, for aquacultural development of
fisheries for prawns (shrimp) and for
major carps. Aquaculture necessitated
the decimation of the pelican-nesting
trees, in order to dig aquafarms. Thus,
destruction of pelican-habitats and
deprivation of their natural food and
feeding grounds, aggravated by the
intense noise and activity of fishfarming men and machines, could have
forced these sensitive birds to forgo
even their breeding, so as to reach a
near-extinction level. The remnants
had to abandon their age-old feeding
and breeding sites in Southeast Asia
and had to undertake a mass exodus
westwards to Assam, India, and ultimately,
southwards to their current and final
asylum, in South India.
According to Islam and Rahmani (2002),
by 1993-1994, the total Spot-billed pelican
population, came down to fewer than
about 11,500-13,000. Other records show
that by about 2003-2004, it dropped down
further to a precarious 5,500 only, to be
categorised as ‘Vulnerable’ (VU) upto
almost 2006, under the broad category
of ‘threatened species’. However, they
migrated to Assam in North India with a
population of about 3,000 (Choudhury,
2000), and with about another 2,8003,700 to South India. (Kannan and
Manakandan, 2005). Totally about 6,0007,000 in India alone, the total global
population of the Spot-billed Pelicans,
including those of Cambodia, Sri Lanka,
and a few in some Southeast Asian
countries, seem to have picked up
amazingly, to 13,000-18,000 by about
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2006-2007, so as to be raised or down
listed in the Red Book in 2007, as a ‘near
threatened’ (NT) species.
In South India, there are about
37 pelican colonies (Kannan and
Manakadan, 2005) of which 21 are
breeding colonies. In Tamil Nadu
alone, out of the 15 breeding sites, eight
are protected, with commendable
eco-management practices, resulting
in the successful pelican conservation,
which might ultimately reach a stable
‘Least Concern’ (LC) status, in the world.

Nelapattu Bird Sanctuary: A Case
Study
Of all the 21 pelican breeding colonies in
South India, the mixed heronry where
pelicans also breed, at the Nelapattu
Bird Sanctuary (13°51 - 13°59’N and
79°57' - 79°59’E) which is about 18 km
north of the Sullurpet Town, on the
NH-5, in the Nellore District of Andhra
Pradesh, seems to be the most
successful, in terms of the number of
nestlings successfully multiplied, each
year. Nelapattu Bird Sanctuary was
notified in 1976, along with the
adjacent Pulicat Bird Sanctuary.
Nelapattu Bird Sanctuary consists of
two irrigation tanks, a smaller and
deeper Atthigunta and a one-and-a
half times larger Neredugunta, both
with a total area of 82.56 ha. They
irrigate the agricultural villages,
Nelapattu, Mylangam and Muchenagunta.
There are about 531 Barringtonia trees
of which about 150 were used by
pelicans for nesting, about 81 babul
trees of which 28 were used for nesting
and about 94 Prosopis trees of which
about eight alone were used for nesting
by pelicans. During 1990 to 1996, the
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Forest Department desilted the tanks
by about a metre, mostly around the
Barringtonia trees, in order to render
them insulated by water all around, to
attract the nesting pelicans. According
to a Forest Officer, who has been
looking after this sanctuary for the past
14 years, breeding-pelicans have been
steadily increasing year after year,
since 2002-2003. During the recent
2008-2009 breeding year, about
500 pairs were breeding; each pair
producing two nestlings on an average,
making up a total of about 2,000 birds.
To this, we may add about 600 nonbreeding (merely feeding) pelicans on
the Pulicat Lake. Thus, the Pulicat and
Nelapattu Sanctuaries alone may
support about 2,600 pelicans, in South
India.
Pulicat Lake or the Pulicat Bird Sanctuary
is chiefly a feeding sanctuary for about
80 to 100 thousand waterbirds, belonging
to about 82 species (Jacobsen and
Sanjeeva Raj, 2009). Nelapattu Bird
Sanctuary, on the other hand, is a
breeding sanctuary for about 15-20
species of these birds and it is only
about 10-15 km west or northwest of
Pulicat Lake. Nelapattu Sanctuary has
freshwater but Pulicat Sanctuary is a
tidal-fed brackish water lake, with about
500 species of macro fauna, including
168 species of fish (Sanjeeva Raj, 2006).
These pelicans are observed feed also
at the Konduripalem and Royadoruvu
backwater-mouths, into the sea. From
October-November and in February, the
Forest Department releases about
50,000 fingerlings of three or four
species of fish, into the Nelapattu tanks,
to supplement the food for the breeding
birds.
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Forest Department constructed some
rocky mounds in open waters, outside
the Barringtonia tree-coverage, so that
the parent pelicans would relish
perching on these mounds to give their
fledgelings, their first lessons in
flying (gliding), swimming and fishing.
The Forest Department has been
conscientizing the local school children
of about 16-20 schools, through their
Nature Clubs. Currently, they are trying
to fetch water from the Telugu Ganga
Project to the Nelapattu Bird Sanctuary,
in order to retain water for a longer
duration, from October till May, to attract
more breeding birds, particularly the
pelicans.
No doubt, with such excellent management
practices, the Nelapattu Bird Sanctuary
has excelled all other pelicanries in
India, in conservation. They say that
they do not have a programme for
rehabilitating orphan pelican chicks as
at Kokkare Bellur, since there are
enough nesting sites and no chicks drop
down to the ground from their nests.
These sanctuaries are declared as IBAs
(Important Bird Areas) and as potential
Ramsar Sites (Manakadan, 2008).

Ecology and Behaviour of Breeding
Pelicans
Successful breeding is crucial for
survival, and it depends on the
fulfillment of several optimum ecological
infrastructures. Spot-billed pelican is a
sensitive ecological indicator. Pelican
breeding is entirely monsoon dependent
and hence their arrival at the habitual
breeding site coincides or predicts the
first monsoon rains. That’s why the
breeding months of pelicans vary
according to whether the site is in the
Southwest or in the Northeast monsoon
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region. Local farmers are greatly relieved
to welcome pelican arrival as auspicious
omens of a good monsoon.
Sharma and Raghavaiah (2002), two
forest officers who managed the
Nelapattu Bird Sanctuary in the
Andhra Pradesh, based on their data
for ten years (1991-2001), suggest that
unless the total amount of rainfall
received upto the month of November
at Nelapattu is at least 700 mm, out of
the total annual average of 10001200 mm, pelicans, even if they have
arrived, may not pair and breed, but
may merely feed on the Pulicat lake
and get away at the end of the winter,
in February. Pelicans thus are ‘living
rain gauges’.
Pelican arrival usually follows the open
bill storks, the scouts of the monsoon, and
then is followed by the White Ibises, and
then by cormorants and egrets together,
in sequence. After feeding for some days
and making sure of adequate fish-food
supply for the forthcoming nestlings
too, pelicans begin to pair at the
breeding site and initiate the breeding
processes.

Food
Pelicans with a huge gular pouch or
basket to collect fish are unique among
birds, and hence managing their food
requirements adequately is a great
problem. Pelican pouch can accommodate
upto two kilograms of fish, and they can
swallow as large a piece as half a
kilogram. Tilapia (Oreochromis mossambica)
seems to be the most common food-fish
in the Pulicat Lake, apart from catfishes,
mullets, etropluses, half-beaks and
pony fish. Pelicans are known to travel
long distances of even 100 km, in search
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of food and in fact, they are seen down
south at Pulicat Town, at a distance of
about 60 km from Nelapattu.

Food Management
Calculating for the Nelapattu Bird
Sanctuary, as a case-study, where 500
breeding pairs and 600 non-breeding
individuals were recorded during the
2008-2009 breeding season:Even if a breeding adult can get only
500 grams of fish per day (against 2000
grams that it can swallow), 1000 adult
birds, for a sojourn period of about five
months, may need about 75 tonnes of
fish. Similarly, if each nestling can get
only 200 grams of fish per day, 1000
nestlings, for a growing period of about
three months, may need about 18 tonnes
of fish. The non-breeding populations of
600 adult pelicans need about 45 tonnes
of fish.
Totally, the pelican population at the
Nelapattu and Pulicat Bird Sanctuaries
need about 138 tonnes of fish, per year.
This is out of a total of about 480 tonnes
of fish available annually in the Pulicat
Lake. Unfortunately, this fish-food has
to be shared by all other fish-eating
(piscivorous) birds of these two
sanctuaries, as well as by nearly
50,000 fisherfolk and dalits that have
been living in 65 hamlets and depending
on the fisheries of this lake, for their
livelihood, for generations.
So, the important question is: Is there
enough fish in the Pulicat Lake to support
the voracious pelicans?

Nesting
Pelicans, for their nesting, choose a wide
variety of large Indian trees like the
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tamarind, peepal, banyan, mango, neem,
portia, Manila tamarind, Indian butter
tree (mahuwa), rain tree, palmyra, coconut,
Indian mosquite, babul and the Indian
oak. Among these trees, the Indian oak
is perhaps the most preferred as a
keystone nesting tree for most water
birds, particularly for the spot-billed
pelican. As this tree can withstand
inundation by water for a long time, such
trees, surrounded or insulated by deep
waters are preferred by these birds, for
privacy and for secure breeding. This
tree has the necessary flat and large
crown with strong terminal twigs which
can bear the weight of parents four to
six kilograms of each adult bird and of
their nestlings. Unlike the babul and the
prosopis, the Indian oak has no thorns
that may prick the just- born naked
(altricial) pelican chicks. Above all, this
tree does not bear any berries or fruits
edible for humans, so that children
do not pelt stones at the fruits and at
the breeding pelicans.

Pelicans at nest
(Photo : S. Jayasankar)

Behaviour
More than the fulfillment of the basic
ecological needs for the pelicans to breed
successfully, it is their idiosyncratic
breeding behaviour that determines their
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return to breed at the same site, in the
following year. Behaviourally, spot-billed
pelicans are gregarious birds, feeding
and breeding in colonies, along with
other water birds also. They are said to
be sociable birds, sometimes perched
on the front of the boat, punted by
fishermen on the Pulicat Lake, trying to
bail out fish, disturbed by the moving
boat. Manakadan (2008) describes them
to salvage dead fish washed out by
fishermen from the hulls of their boats
in Pulicat Lake. Fishermen elsewhere
are said to use pelicans to fetch them
fish in their pouches. In the ancient
Egypt, pelicans were said to be reared at
home.
Pelicans, like the Painted Storks, crave to
nest and breed close to rural settlements,
with groves of large trees, preferably
amidst water and with populous fishing
grounds, nearby.
Pelicans are necessitated to choose the
top-most level of the trees or any other
structures like pylons for roosting or
nesting, because of their large wing
span of about 120-150 cm, (four to five
feet), which will not let them enter
through bushy branches or girders at
lower levels.
They are said to be very sensitive not
only to ecological changes in the
surrounding waters, like pesticide
pollution, drought and heat, but also to
sudden and loud noises like those of a
gunshot, fire works, loudspeaker noise,
human voices and transistor music.
Parent pelicans have such a proverbial
love for their nestlings that any such
disturbance at nest will be resented so
much that they will be determined not
to return to the same breeding site,
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anymore. It is perhaps for this behaviour
that our great Ornithologist, Dr. Salim Ali
(1979) has aptly described pelicans as
“resident but capricious”, meaning fickle
minded.
During the hotter part of the day in
February and March, the parent
pelicans at the nest (at Nelapattu) can be
seen fluttering their gular pouch with
their mouth open, in order to cool
themselves, as well as their nestlings
close by. Thus the gular pouch in
pelicans could be a thermo- regulatory
organ also, just like the large ear-flaps
of the elephant (Narasimhan, 2008).
When the fledglings are ready to take
off from their nests, both the parents
make use of the rocky or earthen
mounds, jetting out of the open waters
in the sanctuary, perching on the
mounds and giving the first lessons in
flying (gliding), swimming and fishing
to their fledgelings.

Pelican Conservation Strategies
The success story of the spot-billed
pelican in South India may be due to the
following traditional as well as modern
eco-management strategies, which may
be emulated, allover India:1) Most water-bird sanctuaries in India
are surviving to this day, entirely
because of the traditional practices of
protection offered by local farmers and
villagers symbiotically to the migrant
water birds. These migrant birds,
particularly the pelicans, are considered
as harbingers of the much needed
monsoon rains in India. At Nelapattu, in
Andhra Pradesh, local farmers call
pelicans as ‘devatha pakshulu’ in Telugu,
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meaning, angel birds. At Vedanthangal
in Tamil Nadu, they are considered as
‘deities’, and at Kokkare Bellur in
Karnataka, they are considered as the
‘daughters of their village, coming back
home annually for child-bearing’. At
Koonthankulam, down south in Tamil
Nadu, miscreants collecting pelican eggs
or killing pelicans are subjected to severe
humiliation of parading them in the
village, with their heads totally tonsured
or with the dead pelican tied around
their necks. Such altruistic devotion of
the indigenous rural poor to these birds
has perhaps led South India to be the
last refuge in the world, for the Spot-billed
Pelican.
(2) Since the enforcement of the Indian
Wildlife (Protection) Act, 1972, not only
are all wildlife and bird sanctuaries in
India protected, but also basic
infrastructures like water, its quality
and quantity, adequate food, free from
pesticide and chemical contamination,
nesting trees, nesting materials,
perching and roosting sites, regulated
visitor and tourist norms, and several
other eco- management practices, have
greatly helped the pelican conservation
in India.
(3) Joint Forest Management (JFM), Joint
Wildlife Management (JWM) and Joint
Protected Area Management (JPAM)
programmes with local people’s and
their non- government organisations’
(NGOs’) participation have also greatly
contributed to conscientise the public, to
care for all wildlife, including these
pelicans.
(4) Plantation of the babul (Acacia nilotica),
in and around the village irrigation
tanks, by the State Forest Departments,
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under the Social Forestry Programme of
1976, has provided additional nesting
sites and nesting materials for pelicans.
Even the invasive alien species, Indian
mosquite (Prosopis chilensis) has
provided unusual nesting sites for a
few pelicans at the Nelapattu Bird
Sanctuary.
Also, the scheme to renovate village
irrigation tanks from the year 2000
onwards, by widening and deepening
them by desiltation, has helped to retain
more water and food for these birds, for
a longer duration.
(5) Environmental or nature education,
both formally in schools, and non-formally
in villages, through environmental
non-government organisations (NGOs)
has built up an appreciable level of
eco-consciousness among the people of
India.
(6) Great role models in pelican
conservation are the community-based
conservation, developed at the Kokkare
Bellur Bird Sanctuary, by the NGO, ‘Mysore
Amateur Naturalists’ (MAN), whose
volunteers save pelican-nestlings that
fall to the ground from their congested
nests, in rehabilitating them, as foster
parents. Similarly, at the Koonthankulam
Bird Sanctuary, Bal Pandi has trained
the local children to rehabilitate
orphaned birds, (Ramakrishnan, 2009).
At Uppalapadu in Andhra Pradesh,
another NGO, ‘Care for Nature’s
Creatures’ also rehabilitates the
orphaned pelican nestlings.
(7) As the pelican population is increasing
in South India, pelicans themselves are
wandering helter-skelter around all
wetlands, desperately in search of food
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and roosting sites at least, if not for
nesting sites. Fast-growing babul saplings
could be planted by nature-lovers to
create new sanctuaries for pelicans, and
adopt them as a conservation priority.
They can even adopt some babul saplings,
and pay or sponsor their local care-takers.
(8) Fishermen in the feeding grounds of
pelicans should use large-meshed gear
and could even abstain from fishing
totally during the pelican breeding
season. Government could provide them
with alternate livelihoods during such
periods.
Also, farmers around such wetlands
should use only organic fertilizers and
pesticides, and avoid DOT totally, which is
a well known toxin, against pelican
breeding.
(9) Visitors and birdwatchers of pelican
breeding sites should adopt a strict code
of conduct, not to annoy the sensitive
breeding pelicans. Instead, they could
act as conservation activists.
Finally, the crucial question is: What is
the current ‘carrying capacity’ of South
India, for the spot-billed Pelican? If it
has to be improved in the years to come,
what are the eco- management policies
that we have to evolve in order to make
South India, a sustaining refuge
(reservoir) for the spot-billed pelicans of
the world?
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ABSTRACT
The rapid rate of urbanization in India has led to increasing plastic
waste generation resulting in a large amount of plastic waste litter. The focus
of the present study is to explore the ideas of senior secondary students
about causes, consequences and cure for plastic pollution. The results
demonstrated that areas of insecure knowledge are present in many of the
students studied. Many of the students are not aware of the fact that
eatables wrapped in plastics get contaminated; colour plastic bags are
carcinogenic, plastics are produced from hydrocarbons by a process of
cracking and are petroleum products. They are also not aware of the fact
that dumping plastics hinders percolating of water into the soil, and that
plastic is an unsustainable product of fossil fuel. Some misconceptions shown
by the students are that recycling of plastic is an eco-friendly process, waste plastic
can be dumped into sea and dumping of plastics into sterile land can convert it into
fertile land.
Keywords : Hydrocarbons, additives, recycling, non-biodegradable,
carcinogenic.

Introduction
In India, the rapid rate of urbanization
has generated huge amounts of plastic
waste. Today, there is a great demand
for plastic products with rising
affluence and consumerism. However,
this expansion of plastic production and
consumption is having a significant

impact both visibly and invisibly on the
environment. The winning factor for
plastics is its functional superiority and
cost effectiveness. By sheer economics
of scale, plastics have eroded the
traditional industries in India and
have slowly perpetuated the throwaway
culture in the society. The bottled
water and fast food culture in the country

*Regional Institute of Education (NCERT), Puskar Road, Ajmer – 305004, Rajasthan, India.
Email: akmrie01@yahoo.co.in; raghuwanshipriya25@gmail.com
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contribute to the increasing plastic
waste generation in India. The
widespread use of plastics as a
packaging medium has resulted in
large scale litter with non-biodegradable
plastic bags and PET bottles where
plastic bags dominate the litter.
The techniques for getting rid of plastics
are not very environment friendly,
primarily incineration and landfills.
Plastic waste incineration threatens
to become the leading contributor
to the degradation of human and
environmental health. In fact plastic
incinerators release three dangerous
groups of emissions to the environment
namely unburned toxic chemicals, ash
products of incomplete combustion and
heavy metals. Landfill is another
prominent method of disposal of
conventional plastics. Landfills are
popular because they are less expensive
and no sorting and processing of the
waste are required (Strong, 1996).
In fact, majority of the plastics are
disposed in the world through landfills
only. Most domestic and commercial
waste consists of plastics that cannot
biodegrade. Plastic can take up to 400
years to start to break down and can still
be in the soil after 1000 years (Shukla and
Pandel, 2005).
The pollutants such as sulphur dioxide,
nitrogen oxides, furans and heavy metals
such as lead, cadmium, chromium and
arsenic emitted through incineration of
plastics have adverse health impacts like
hormonal imbalance, asthma, bronchitis,
emphysema, systemic disorders, decline in
sperm count and cancer. Green house
gases emerged after the incineration of
plastics cause global warming which
is another alarming danger. The
incineration of PVC that releases highly
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corrosive hydrochloric acid, which
contributes to acid rain, may lead to the
formation of dioxins in the environment
(Shukla and Pandel, 2005). The disposal
of plastics in sea water disturbs the
marine and river life. Thirty years ago
the prevailing attitude of the plastic
industry was that “Plastic litter
is a very small proportion of all litter and
causes no harm to the environment
except as an eyesore” (Derraik, 2002).
“While undoubtedly still an eyesore,
plastic debris today is having significant
harmful effects on marine biota.
Albatross, fulmars, shearwaters and
petrels mistake floating plastics for
food and many individuals of these
species are affected (Moore, 2008).
Biodegradation of plastics in the marine
environment requires an unknown
amount of time (Andardy, 2005) and this
contributes to their accumulation in
marine environment (Copello and
Quintana, 2003; Ogi, et. al., 1999). Beyond
a certain point, the degree of pollution
would become unacceptable, even if that
has already reached some large cities
and industrial regions and can be
considered as tolerable (Ranade, 1984).
Looking at the grave situation, this study
was made to determine whether the
present generation of young adults i.e.
senior secondary students are better
informed about the issues which surround
this increasingly important environmental
problem.

Procedure
The present study aims to explore the
senior secondary students of science
and non-science level of understanding
about causes, consequences and cure
of plastic pollution. A closed form
questionnaire was designed following
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Boyes and Stanis street (1992). The
questionnaire contains thirty questions
in all in three sections, in the form of
statements. Section A dealt with
general ideas about plastics or how
much students know about plastics.
There are ten questions of which five
are scientifically correct and five are
scientifically unacceptable. Section B
dealt with causes or how plastic pollution
is made worse and the consequences or
what might happen if the plastic
pollution increases. In this section also
seven questions are scientifically
acceptable and three are scientifically
unorthodox. Section C, which is about
cure or what might be done to reduce
plastic pollution, contains ten questions
of which five are scientifically correct
and five non-acceptable. The scientifically
acceptable and non-acceptable questions
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are interspersed randomly in each
section.
The investigators visited randomly
selected schools on different days. The
questionnaire was distributed in the
free periods. Before distributing the
questionnaire, students were assured
that it is not a test but rather a study to
find out the understanding level on various
aspects of plastic pollution and that no
information about individual responses
would be revealed. Students were asked
to respond to the statements by ticking
boxes labeled “I agree”, “I don’t know”
and “I don’t agree”. A total of 358 senior
secondary students (182 science (SCI) and
176 non-science (NON-SCI) completed the
questionnaire. Differences between the
responses of science and non-science
students were tested by chi-square
analysis.
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Results and Discussion

Students’ ideas about plastic

The students in our high schools today are
the corporate directors, decision makers,
town planners and consumers of the
future. How students perceive the
environment today will affect the
decisions they make as adults in the
future. In order to work towards the goal
of sustainable development, it is very
important to develop awareness amongst
the young on the nature and magnitude
of environmental degradation.

The data for the first section of the
questionnaire, about plastic and its
nature are shown in figures 1 and 2. The
results from the study demonstrated a
significant difference in the level of
understanding between science and
non-science senior secondary students
about the nature of plastic. More than
one half of the science students (56.8%)
and three-fifths of non-science students
(67.2%) were not aware of the fact that
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plastic is a petroleum product (p 0.01).
Only three-fifths of the science students
(60.8%) and one-half of the non-science
students correctly thought that plastic
is an unstable product of fossil fuel
(p< 0.01). Good number of both science and
non-science students do not have a clear
idea about production of plastic i.e. it is
produced from hydrocarbons by a
process called cracking (40% Sci. and
36.8% Non Sci., p< 0.01) and production
of plastics involves conversion of natural
gas component into monomers and then
into polymers (61.6% Sci. and 48.8% Non
Sci., p< 0.01). Majority of the science
students (87.2%) and more than threefifths of the non-science students
(66.4%) knew that lack of proper
information about the harmful effects of
plastic, boosts plastic industry (p< 0.01).
At the same time some students
showed misconceptions that the
building unit of polymers i.e. monomers
are free from health hazards (23.2% S,
37.6% NS, p< 0.01), that the use of
additives are not harmful to humans
(12% Sci. and 33.6% Non Sci., p< 0.01),
and that polymerization during plastic
synthesis causes no harm (17.6% Sci.
and 16.8% Non Sci., p< 0.01). About
three-fourth of the science students
(72.8%) and one half of the non-science
students (48.8%) disagreed with the
idea that all plastics are recyclable while
nearly half of the science students
erroneously thought that it can be
recycled more than five to six times. It
clearly demonstrated areas of insecure
knowledge prevailing in the minds of
both science and non-science students.

Students’ ideas about causes and
consequences of plastic pollution
The responses of students about causes
and consequences of plastic pollution are
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shown in figures 3 and 4. Majority of the
students agreed that plastics are preferred
as they are potent, durable, light weight
(95.2% Sci. and 77.6% Non Sci., p< 0.01)
and for their low price (92% Sci. and 68.8%
Non Sci., p< 0.01). Most of the students
affirmed that plastic hinders the water
percolating capacity of soil (85.6% Sci.
and 58.4% Non Sci., p< 0.01) and colored
plastic bags are carcinogenic (77.6%
Sci. and 65.6% Non Sci., p< 0.01). There
was a significant difference in accepting
that eatables wrapped in plastics get
contaminated (66.4% Sci. and 46.4%
Non Sci., p< 0.01) and the short comings
in enforcement of packaging legislation
are responsible for excessive use of
plastics (68% Sci. and 59.2% Non Sci.,
p< 0.05). Science students showed
better understanding over non-science
students in their rejection of the fact that
burning of plastics would restore the
atmospheric composition of air (84.8%
Sci. and 53.6% Non Sci., p< 0.01), leaching
of chemicals from plastics would help in
maintaining mineral composition of soil
(72.8% Sci. and 48% Non Sci., p< 0.01) and
dumping of plastics would enhance the
reproduction rate of earthworms (74.4%
Sci. and 39.2% Non Sci., p< 0.01).

Students’ ideas about possible
solutions for plastic pollution
The data for the section C of the
questionnaire, about possible cures or
remedies for plastic pollution are depicted
in figures 5 and 6. Majority of the students
affirmed that plastic garbage could be
reduced by not providing plastic bags
free of cost to the consumers (96% Sci.
and 75.2% Non Sci., p< 0.01), by using
earthen pots and ceramic filter bottles
instead of using plastic water bottles
(91.2% Sci. and 62.4% Non Sci., p< 0.01)
and by providing incentives to jute and
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paper industries (91.2% Sci. and 68%
Non Sci., p< 0.01). More science students
agreed that if glass could be used in the
packaging of food products (78.4% Sci.
and 66.4% Non Sci., p< 0.05) and in
medical aids (72% Sci. and 56% Non
Sci., p<0.05) then it would result in
reducing plastic pollution. However,
serious misconception revealed by the
students was that recycling of plastic is
an eco-friendly process (53.6% Sci. and
39.2% Non Sci., p< 0.01). On the other
hand, students rightly rejected the
notion that dumping of plastics into
sterile land would convert it into fertile
land (84% Sci. and 59.2% Non Sci.,
p< 0.01), that the best way to get rid of
plastics is to either burn them or dump
them in soil (90.4% Sci. and 56.8% Non
Sci., p< 0.01) and that they could be
thrown into the sea (91.2% Sci. and 65.6%
Non Sci., p< 0.01).
The results demonstrated that areas of
insecure knowledge are present in many
of the students studied. For example, fewer
than half of the students appeared to
appreciate that eatables wrapped in
plastics get contaminated, instead of
plastics, glass can be used in medical aids,
coloured plastic bags are carcinogenic
and rather few knew that plastics are
produced from hydrocarbons by a process
of cracking and that it is a petroleum
product. In addition, some misconceptions
were common. For example, the recycling
of plastic is an eco-friendly process,
bi-products of plastic recycling can be
used in making/repairing roads and use
of additives in plastics are not harmful to
humans. One positive point to emerge
from the survey is that senior secondary
students seem to be aware of some
actions that can be taken to reduce the
increase of plastic pollution with an
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understanding as to why these actions
are helpful.
The solution to overcome environmental
problems is to develop a proper attitude
through environmental education (EE). The
goal of environmental education is to
produce citizens who are knowledgeable
about the biophysical environment and its
problems, aware of strategies that can be
used to deal with those problems, and are
actively engaged in working towards their
solution (Stapp, et. al., 1969). Traditionally,
EE has focused on teaching children about
“pristine” environments or “wilderness”.
For urban and suburban children, this
often means classroom learning from
books and wall charts or long bus rides to
nature centres and preserves. Given
that the literature indicates that
sustained contact with a given place
best cultivates children’s environmental
knowledge and concern (Sobel, 1996; Hart,
1997; Vaske and Kobrin, 2001), current
EE practices may not be the most
effective pedagogical approach to
creating
genuine
environmental
concern. In a recent study, Haluza-Delay
(2001) found that EE built around
wilderness experiences might actually
diminish environmentally responsible
behaviours among suburban participants
because these programmes tend to
reinforce the separation of pristine
nature and the students’ local
environments. This finding implies that
teaching children about the positive
aspects of their local environment
would build their sense of caring and
connection to the place where they live.
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Challenges for a Sustainable Development in
the Nokrek Biosphere Reserve of Meghalaya:
Role of Environmental Education
Nikme. S.C.M
omin
S.C.Mo
ABSTRACT
Ecosystem degradation is a barrier to achieving the Millennium Development
Goals. The Millennium Ecosystem Assessment viewed that the reversal of ecosystem
degradation can only be achieved through significant changes in policies, institutions
and practices. The need of this aim is required for Meghalaya’s Nokrek Biosphere
Reserve, which very recently on the 20th of May, 2009, was included in the 22 new
sites from 17 countries by the UNESCO to its World Network of Biosphere Reserves
(WNBR). Natural resources are the people’s primary source of livelihood in this
Biosphere Reserve. They have no alternative income-generating activities other
than shifting cultivation (Jhum cultivation); they are witnessing large-scale erosion
and loss of biodiversity of the area, micro climatic variation and massive threat of
biosphere degradation. This article employs ‘Environmental Education’ as a tool to
meet the challenges of ‘Sustainable Development’ with local plans and actions that
would help local people to preserve biodiversity.
Keywords : Environmental Education, Sustainable Development, Nokrek
Biosphere Reserve, Jhum cultivation.

Introduction
Environmental education has been one
of the most effective ways of creating
long-lasting behavioural changes that
encourages people to explore, investigate
issues and seek solutions regarding
the environment and related social
problems. Its significance for sustainable
development is inevitable. Sustainable
development covering the three
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dimensions of economic, social and
ecological continuity needs to be
executed at all levels of society inclusive
of social and cultural standards of those
that are intimately linked with the local
surroundings. Governmental organizations
and NGOs must realize that economics
and politics alone cannot create a
sustainable development. Rather, a key
component is the people’s participation
and their adjustment to sustainable
management of natural resource.

21

UNESCO’s World Network of Biosphere
Reserve
(WNBR)
site
serves
a
very important role of promoting
environmental sustainability through
linkages between nature and cultures,
particularly through the biodiversity
conservation and socio-economic
development. The WNBR is one of the
significant initiatives of UNESCO’s
Man and Biosphere (MAB) programme
which was launched in 1970, with the
objective to study and improve the
relationship between people and their
environment and to conserve the
environment through sustainable use of
natural resources. Education and public
awareness-building activities that
involve the local population in the
conservation and preservation of their
cultural and natural heritage are
encouraged under this convention.
India’s unique biodiversity is increasingly
under threat to meet the growing
demands for natural resources and
land in a rapidly expanding economy.
The loss of biodiversity and ecosystems is
not only a conservation concern, but also
one that affects human well-being and
the natural resource base for future
development. Development process could
have serious environmental and social
impacts unless these concerns are
addressed. Perhaps biodiversity is most
significant for a country like India as it
is a vital resource for millions of poor and
vulnerable people, who depend heavily
on natural resource-based income, for
their livelihood. Furthermore, ecosystem
degradation is a barrier to achieving
the Millennium Development Goals.
The Millennium Ecosystem Assessment
concluded that the reversal of ecosystem
degradation can only be achieved
through significant changes in policies,
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institutions and practices. It identified
a number of governance challenges,
including the need to integrate
environmental threat to bring about
social safeguards in development
processes, strengthen coordination
between sectors and levels, enhance
public participation in decision-making,
and
decentralize
biodiversity
management to the lowest appropriate
level.
However, the need of a similar aim is
required for Meghalaya’s Nokrek
Biosphere Reserve, which very recently,
on the 20th of May, 2009, was included
in the 22 new sites from 17 countries by
the UNESCO to its WNBR. The total
number of sites rose to 553 from 531,
from over 105 countries.
The Meghalaya state lies in the
“Indo-Burma” region – one of the eight
hottest biodiversity hotspots (Myers,
et. al., 2000). The Nokrek Biosphere
reserve is one such region in Meghalaya,
which is threatened by the age-old
practice of shifting cultivation (Jhum
cultivation). This biosphere reserve lies in
the Garo Hills of Meghalaya State, India,
between 25ˆ18' N to 25ˆ37' N latitude and
90ˆ12' E to 90ˆ36' E longitude, covering
an area of 820km 2. Nokrek Biosphere
Reserve- cum- National Citrus Gene
Sanctuary covers a portion of the three
districts of Garo Hills in the state. It
came into existence on September 1, 1988.
The Nokrek peak of the reserve is the
highest peak of Tura Range and forms the
most important catchments area for some
of the major rivers of Garo Hills, like
Simsang, Didare, Ganol, etc. Nokrek
National Park, which constitutes the core
zone of the biosphere reserve, occupies an
area of 47.48 km 2, (vide Government
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Notification No.FOR.23/86/316 dated
23.12.1997). It is reported by the
department to be consisting primarily of
evergreen forests, undisturbed, and is
accessible only on foot.

Biodiversity
The rear indigenous Citrus indica locally
known as Memang narang has made
Nokrek the first “citrus gene sanctuary”,
in the whole world. It is also further known
for preserving similar extraordinary
varieties such as Citrus macroptera
(Melanesian sour orange), Citrus
aurantifolia (lemon) and Citrus grandis
(pummelo). Varieties of orchids, Aquilara
agalocha (agor), Prunus catronopsis (khasia
badam), dwarf bamboo, etc. are found
abundantly in the region. Conservation and
protection of these floras have drawn the
attention of some eminent scientist’s long
back. Red loamy soil is found in the area.
It is poorer in silica, phosphate and
potash but richer in organic matter and
nitrogen. These enable it suitable for
cultivation of rice, squash, ginger, chillies,
brinjals, maize, millet and fruits like
orange and pears. Endangered animals
like hoolock gibbon, macaques like pig
tailed and stump tailed, binturong, slow
loris, crab-eating langur, giant squirrel,
pangolin (kawate), serow (wild goat), wild
boar, sambar (matchok), barking deer
(balgitchak), civet cat (matchuri), reptiles
like monitor lizard (matpu), python, water
lizard, dwarf elephant, otter, mongoose,
leopard, etc. birds like hill mynah, parrot,
peacock pheasant, parakeet, bulbul,
green pigeon, blue rock pigeon, falcon,
woodpecker, oriole (dorimit), etc. are also
seen in this site. There are 132 villages
within the Biosphere Reserve.
Anthropogenic interventions around the
gene sanctuary are affecting the
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habitat’s ecological balance and
threatening the genetic diversity.
Although in the areas of the Buffer
zone, activities for restoration of
natural vegetation, their research and
monitoring are carried out by
governmental
departments,
nongovernmental organizations, etc. with
forestry operations being undertaken to
meet the local needs on a sustainable
basis. The transition zone with the needs
and greeds of the local communities is
posing more environmental hazards.
The literacy percentage is too low.
People are so poor that natural resources
alone are their basic sources of
livelihood. They have no alternative
sources of livelihood activities other
than shifting cultivation. Though poor
and illiterate, the villagers seem to be
well informed about the evil consequences
of shifting cultivation, subsequent
large-scale erosion and loss of biodiversity
of the area, micro climatic variation and
massive threat of biosphere degradation.
Natural resource depletion and
biodiversity loss is the “head”, and poverty
the “tail”, of the same coin. The issue of
sustainable development is endlessly on
a toss, for these inhabitants!

Challenges
An Environmental Education response
to meet the challenges of Sustainable
Development, through a field work-cumcommunity Extension Programme.
Participatory Rural Appraisal (PRA) for
the students to gain a first hand
information and field experience of the
real environment was degraded.
The aim was to help the students and
the community to acquire knowledge,
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attitudes, skills, values and motivation
to improve the quality of environment,
and attain an ecologically and socially
sustainable future. The uniqueness of
the objectives was not to teach the
villagers, but to learn from them, about
“their interrelationship / interdependence
with nature”.

adjacent to the Nokrek Park of the
Biosphere Reserve. It lies in the buffer
zone, and is located at a distance of
52 kilometres from the West Garo Hills
district headquarters of the Tura town.
The village elders were invited for the
Participatory Rural Appraisal (PRA)
followed by the community extension
programme.

Method
The field study was offered to the students
with a direct field encounter with
environmental resources. They were
exposed to the ecological interdependence,
to devastating environmental activities
and subsequent problems/issues and
local techniques of preservation,
conservation and protection of the
Nokrek Biosphere Reserve. Decisionmaking abilities and development of
positive stewardship towards environment
were also developed.
Participatory Rural Appraisal (PRA) helped
the students to understand the village
systems and dynamics. It revealed
authentic information of the villagers’
interdependence with the local biosphere.
Useful insights about their economic
dependence on biodiversity, their choices
and priorities of prevailing economic
issues and environmental constraints
were also gained. On the other hand, the
students were able to analyze and
evaluate the concept of “sustainable
development” from the perspective of
local socio-economic reality.

Delimitations
Daribokgre village, a small hamlet with
a population of a little above 128, from
18 households is situated at an altitude
of 1,400 metres above sea level and lies
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An unstructured rural road took us to
this small hamlet of Daribokgre. Villagers
are Christians and predominantly Garo
(a matrilineal tribal community). According
to the Garo Customary Law, the forests
are under the control of the Nokma (the
village chief whose wife belongs to the
Te”gite clan). This village is a Te”gite
A”khing land. Though customarily, the
land is an inherited property of the
female, in actuality the a”khing land is
managed and controlled by her husband.
The land tenure system is under the
custody of the nokma and the autonomous
district councils to exercise control over
land and forest. However, the existing
mismanagement of the forests in this area
is because of the confusion that arises
out of the overlapping authority of the
nokma, the district council and the state
forest department. Daribokgre is just
2kms adjacent to the core of the rich
Biosphere Reserve. Before the entry to
the core forest, the large areas of land are
community reserved forest, inclusive of
the catchment reserve, with a plan for
orchid (balgitdo) sanctuary.
The community depends largely on
forest resources, especially non-timber
forest produce (NTFP) and jhum
agro-biodiversity for livelihood and
sustenance. Traditional method of
shifting cultivation is a major activity
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on which the community depends for
their regular consumption and income
by selling crop produces.
Ministry of Home Affairs, Government of
India, initiated the West Garo Hills
Community Resource Management
Society (WGHCRMS) through an
International Fund for Agriculture
Development (IFAD) project that came
to the village with an objective “to
improve the livelihood of vulnerable
groups in a sustainable manner
through improved management of
their resource base in a way that
contributes to protecting and restoring
the environment”. The project attempted
to achieve this overall objective through
a set of eight specific objectives, one of
which is “to make people more aware of
the need to preserve and regenerate
natural resources, particularly forests
and biodiversity”. At the community level,
the project activities were implemented
and delivered through the projectinitiated, community based institutions,
viz., the Natural Resource Management
Group (NaRMG) with equal representation
of men and women drawn from each
household and the Self Help Group (SHG),
predominantly of women, since 1999. One
of the key components of the project
interventions has been to promote
community biodiversity conservation
and improve livelihoods of the
communities.

Results
After the intervention of the project,
the villagers seemed to be more aware of
the importance and value of conserving
natural resources in their village. They
learned that forest means more
opportunities for their livelihood. They
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are aware that the “forest” provides their
“supplies for sustenance” including
the “needs of their children and
grandchildren in the future”. But the
practice of jhum cultivation remains a
main problem for sustainable biodiversity
conservation, further aggravated by lack
of basic infrastructures and amenities
such as roads, education, health, market
accessibility, electricity, means of
transportation, water supply (besides the
river source), and empowerment to
participate in the political and economic
planning. Geophysical conditions of
hills, uplands and mountains and
inaccessibility of this Biosphere Reserve
further cuts it off from the developmental
processes.
Stagnation in their rural economy and low
productivity through jhum cultivation
(with shortened jhum cycle) is resulting in
encroachment on to the prohibited areas.
The villagers realize that jhum cultivation
is no longer a sustainable livelihood
system. But due to lack of alternate
sources of livelihood, they are
marginalized with the challenges of
both environmental and food insecurity.
Besides, these inactive governmental
and non-governmental developmental
managements, compulsive unproductive
shifting cultivation are the contributing
reasons for this twin insecurity. It is
because of poverty, that the villagers are
silent partners of the practices like
plantation of the banned marijuana in the
core of the national park, which is thriving
due to smuggled returns and severe
illegal timber logging by unmindful
timber mafias and smugglers.
They are torn apart between poverty
and judicious natural resource
management. Without an alternative
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source for economic sustenance, can the
villagers move towards “sustainable
development” when shifting cultivation
is leading to further land degradation?
Even with an awareness of massive
threat of biosphere depletion, will they
be able to apply the concept “to bring
development that meets the needs of
today without compromising the ability
to meet the needs of the future
generation?” Isn’t this a big reality?
Isn’t this a global concern?
It is! Hence, driven by the need to
promote sustainability in natural
resource management and to improve
productivity, the NaRMG and SHGs of
the WGHCRMS are continually infusing
the people with a sense of collective
responsibility and have convinced
them to take up income-generating
activities, including orange plantations,
bee-keeping, squash cultivation and
wild citrus cultivation. Daribokgre
village is an extraordinary producer of
high quality honey too. Plans to privatize
the product for large scale marketing are
being thought of. Kitchen gardening as
a major source of food for individual
households is taking shape, on an intense
manner. Eco-tourism is being envisioned
as the ecological heritage of the region,
to make it an ideal location for
sustainable eco-tourism.

Conclusion
Sustainable farming system, establishment
of non-farm micro-financing enterprise,
effective delivery system for inputs and
in decision making processes towards a
better process of conserving the
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Biosphere Reserve, is implemented by
WGHCRMS. Yet, the general public needs
to work harder to prioritize the issues
and the challenges to preserve this
biodiversity! Community initiatives are
vital for diversity conservation; it is
also necessary to promote greater
awareness

to

the

world

through

networking, advocacy and lobbying at all
levels, from the government to the village
floor. A significant change in policies,
institutions and practices is inevitably a
need.

Environmental

Awareness

campaigns can reshape and remould the
mindset of the people.
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Secondary School Students’ Understanding of
a Major Environmental Problem: Air Pollution
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ABSTRACT
Understanding of secondary level school children about air pollution has
been studied using a closed form questionnaire. The ideas explored include the
causes of air pollution, its biological and environmental consequences and what
might be done to reduce it. The responses of the students to different items in the
questionnaire revealed that they are well informed about certain facts like how
CFCs, CO, CO2, oxides of nitrogen and sulfur, ground level ozone are air pollutants
and how air pollution results in loss of biodiversity and affects human health. A
degree of uncertainty in students was also observed regarding the causes and
consequences of air pollution. Along with their cognitive understanding, the
questionnaire explored students’ views about what they and others could and should
do to reduce air pollution. In this they seemed to agree that using cleaning devices
and catalytic converters in vehicles, their proper maintenance and using public
transport would reduce pollution of air.
Keywords : CFCs, hydroelectric power plant, thermal power plant, pesticides,
biodiversity, carcinogenic, acid rain and ozone hole.

Introduction
Exploitation of the environment in
terms of rapid development and
changing life styles has resulted in
various life–threatening problems. Air
pollution is by far the most rapidly
growing hazard of the modern
technological society. Environmental
issues, especially pollution appear in the

popular media (newspaper, television,
magazines, etc.) with tremendous
frequency and are subjects of everyday
discussions all over the world.
Most of the common research subjects
related to environmental issues are the
greenhouse
effect
(Boyes
and
Stanisstreet, 1993; Francis et al., 1993;
Dove, 1996; Rye et al., 1997; Koulaidis
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and Christidou, 1999), the ozone layer
depletion (Boyes and Stanisstreet, 1993;
1994; Francis et al., 1993; Boyes et al.,
1995; Dove, 1996; Christidov and
Koulaidis, 1996; Boyes et al., 1999), air
pollution (Ali, 1991; Thornber et al., 1999;
Stravidou and Marinopoulos, 2001), and
acid rain (Brody et al, 1989; Dove, 1996;
Boyes
and
Stanisstreet,
1997;
Marinopoulos and Stravidou, 2001).
According to these research outcomes,
high school students usually believe,
erroneously that vehicle emissions
damage the ozone layer (Boyes et al.,
1995; Batterham et al., 1996; Boyes and
Stanisstreet, 1997). Also, primary and
high school students think that the
ozone layer depletion is a major cause
of the greenhouse effect (Boyes, et. al.,
1993; Francis, et. al., 1993; Dove, 1996;
Rye, et. al., 1997). Once embedded, this
alternative idea sets up a false chain of
reasoning, which leads university
students to believe, among other things,
that global warming increases skin
cancer (Dove, 1996). In addition, students
think that the use of unleaded petrol
might help reduce the greenhouse effect
(Francis, et. al., 1993), or that carbon
dioxide destroys the ozone layer (Rye, et.
al., 1997). A lot of students aged 10-11
raise the idea that carbon dioxide is
something which ‘should not be’ in the
air, because it is harmful for humans and
the environment (Thornber, et. al., 1999).
Students aged 14-17 generally perceive
air pollution as something which goes
into the atmosphere or as something
which kills, destroys, damages and
affects people and animals (Ali, 1991).
However, students aged 14-17 argue that
the effects of air pollution on plants is not
an ecological problem (Brody, 1994).
Additionally, a lot of students aged 11-12
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cannot realize the international
dimension of air pollution, since they
claim that the air pollutants cannot be
transferred away from the places where
they have been produced (Stavridou and
Marinopoulos, 2001). School students
aged 10-17 maintain that everything
natural is not pollution, meaning that
anything that comes from the earth or
exists in nature cannot cause pollution
(e.g. volcano fumes). On the contrary, they
think that everything produced or related
to human beings is harmful and causes
pollution (Ali, 1991; Brody, 1991; 1994;
Boyes and Stainsstreet, 1994; Dove, 1996;
Thornber, et. al., 1999). Students therefore
hold a variety of alternative conceptions
regarding air pollution.
Unfortunately, a scientific understanding
of air pollution is not easy for students
to attain. Under normal circumstances,
air cannot be felt, heard, seen, smelt or
tasted; so it is effectively abstract. It is not
surprising, therefore that students
experience difficulty in understanding
air itself. For example, there is a
tendency for students to regard air as a
single entity, rather than a mixture of
substances (Meheut, et. al., 1985). Even
the notion that a gas is a substance is an
elusive one for some students (Stavy, et.
al., 1987). Adding to these obstacles, air
pollution is complex, involving a cocktail
of pollutants, some of which interact to
produce new substances, and the effects
of this mixture may be additive or
synergistic.
It is against this complex backdrop that
science and environmental educators
have to work. Clearly, under such
circumstances, an appreciation of the
ideas which already exists in the minds
of students will enable teachers to
approach their task in an informed
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manner, aware of scientifically orthodox
ideas which can be re-enforced, areas of
insecure knowledge which can be
addressed and misconceptions which can
be challenged. Previously, the range of
students’ ideas about air pollution had
been explored using free response
instruments (Myers, et. al., 1999; 2004;
Thornber, et. al., 1999). Here by using a
closed form questionnaire, we have tried
to reveal the prevalence of various ideas
about the science of air, the nature of air
pollution and various attitudes towards
improvement of air quality of the secondary
students.

Procedure
A closed form questionnaire was
designed to probe secondary level
school students’ concern about air
pollution. The questionnaire contained
37 questions in three sections and all in
the form of statements. Section ‘A’ dealt
with the causes or how air pollution is
made worse, section ‘B’ with the
consequences or what might happen if
air pollution got worse and section ‘C’
with the cure for air pollution or what
might be done to reduce it. In section ‘A’,
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there were 14 questions of which
seven questions were scientifically
acceptable and the remaining seven
were scientifically non-acceptable. In
section ‘B’, there were 13 questions of
which seven were scientifically correct
and six were scientifically unorthodox.
In section ‘C’, there were 10 questions of
which five were scientifically correct
and five were scientifically incorrect.
Schools were identified randomly and
visited on different days. The questionnaire
was distributed during free periods in
respective schools. Before distributing the
questionnaire, the students were assured
that it was not a test but a study to find
out their level of understanding on various
aspects of air pollution and that no
information about the individual’s
responses would be revealed. The students
were asked to respond to the statements
in the questionnaire by ticking the boxes
labeled “I am sure this is right”, “I think
this is right”, and “I don’t know”, “I think
this is wrong” and “I am sure this is wrong.
A total of 683 secondary students
comprising of 52% girls and 48% boys
completed the questionnaire.
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Results
Students’ ideas about causes of air
pollution
The data for the responses to items in the
first section of the questionnaire, about
causes of air pollution are illustrated in
Figure 1 and 2. Most of the students were
aware of the fact that CFCs (88.4%), CO
(74.4%) are major air pollutants and
ocean spray and volcanic eruptions
produce air pollutants like sulfur and
nitrogen oxides (78.0%). More than onehalf of the students affirmed that CO2 also
an air pollutant (65.2%), unsaturated
hydrocarbons, nitrogen oxides and some
sulfur compounds were main components
of smog (59.2%) and that thermal power
plants also increase air pollution (52.4%).
However, only a quarter of the students
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(26.4%) knew that trees and bushes emit
volatile organic compounds like terpenes
and isoprene which cause air pollution.
The most common misconception,
however, held by many of the students
was that hydroelectric power plants (70%)
and bacterial action on decaying matter
(60.8%) do not contribute to air pollution.
More than two-fifths of the students
erroneously thought that ground level
ozone was not an air pollutant (45.6%) and
maximum methane is of natural origin
and hence not an air pollutant (40.8%).
About one third of the students thought
that if poly bags are dumped in soil, they
would not cause air pollution (32.4%),
secondary air pollutants like NO, ozone
etc. would reduce by solar radiation
(28.8%) and spraying of pesticides would
not affect the quality of air or composition
of air (34.8%).
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Students’ ideas about
consequences of air pollution
The results of the second section of the
questionnaire are illustrated in figure 3
and 4. Majority of the secondary students
affirmed the notions that air pollution
plays an important role in climate
change (94.4%), that air pollutants are
carcinogenic (83.2%), that important air
pollutants like sulfur and nitrogen
compounds would cause acid rain which
would lead to desertification (85.2%)
and that heavy metal fumes produced by
factories are neurotoxic and would affect
human health (84.0%). More than half
of the students agreed that ozone holes
intensify air pollution (65.4%) and
pollutants like ground level ozone and
HNO 2 affect chromosomes (52.4%).
One-third of the students (36.4%)
realized that there would be some
acid rain even if there is no civilization
on earth.
Majority of the students thought that if
air around us gets more polluted, then
plants would not be able to make seeds
and reproduce well (72.4%); genetically
abnormal babies would be born if pregnant
women breathe polluted air (74.8%), air
pollution would cause more genetic
diseases (78.8%) and brain diseases
(51.6%). About one-third of the students
could not link air pollution with loss of
biodiversity (35.2%) and with soil and
water pollution (31.6%).

Students’ ideas about remedies of
air pollution
The responses of students to section ‘C’
of the questionnaire about what should
be done to reduce air pollution are
illustrated in figure 5 and 6. The majority
of the students agreed with the suggestion
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that air pollution could be minimized if
air cleaning devices like bag filters and
electrostatic precipitators used in
factories (84%) and vehicles are checked
regularly and maintained properly to
reduce the emission of harmful gases.
Nearly three-fourths of the students
(76.6%) were of the view that emission of
harmful gases could be reduced by
modifying vehicular fuel. Rather fewer
students thought that air pollution
could be minimized if public transports
are used by people instead of private
automobiles (54%) and catalytic converters
used in vehicles (62.8%). In contrast, the
misconceptions, however, held by more
than one-half of the students, was that
energy production through hydroelectric
power plants instead of thermal power
plants (60.4%) and usage of steam
engines instead of diesel engines (55.6%)
would minimize air pollution. About
one-third of the students erroneously
suggested that deforestation (30.4%),
using water sprinklers in agricultural
fields (37.6%) and using LPG instead of
CNG (42%) would help us in reducing
air pollution.

Discussion
Although the idea of pollution of air is
quite complicated for learners, the
results from this survey suggest that the
majority of the children of secondary
level were aware of the facts that CFCs,
CO and CO2 are air pollutants and natural
processes like ocean spray and volcanic
eruptions produce air pollutants like
oxides of nitrogen and sulfur. Rather
fewer students thought that thermal
power plants increase air pollution, trees
emit volatile organic compounds like
terpenes and isoprene that are air
pollutants and main components of
smog are unsaturated hydrocarbons,
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oxides of nitrogen and some sulfur
compounds. It has been suggested that
students tend to think of pollution in a
conflated manner, such that all pollutants
are seen as producing ‘pollution’, which
is then thought of as causing a whole
range of environmental problems (Boyes
and Stains street, 1996). This thinking
may depend in part on the transference of
terminology such as ‘pollution’ from a
general context, as used in the popular
media, into the classroom for use in a
formal, scientific context. If so, use of the
term ‘pollutants’ rather than the more
general ‘pollution’ might be encouraged.
Furthermore, there is genuine ambiguity
about what constitutes a pollutant. To
many, the term ‘pollution’ conjures up a
meaning of something that is
anthropogenic, produced by industry and
therefore ‘unnatural’ (Ali, 1991); whilst
the word ‘natural’ seems to imply that
something is good and healthy. Under this
definition, pollen is not a pollutant. On the
other hand, a pollutant might also be seen
as anything that causes harm to life, in
which case pollen, which can cause harm,
amongst other things, chronic ‘pollen
asthma’, might be said to be a pollutant.
Perhaps reflecting on these complications
and ambiguities, many students were
uncertain about whether hydroelectric
power plants, dumping of poly bags in soil,
ground level ozone, and spraying of
pesticides contribute to air pollution.
A large majority of the students
appreciated that air pollution could lead
to change in climate; air pollutants are
carcinogenic, acid rain caused by air
pollutants would lead to desertification,
heavy metal fumes produced by
factories could damage natural system,
ground level ozone and HNO 2 affect
chromosome, and ozone holes enhance
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air pollution. However, some of the
students also drew erroneous links
between air pollution and other
diseases like brain diseases and birth of
genetically abnormal babies, suggesting
a somewhat undifferentiated mode of
thinking. There may be analogies here
with the over-generalized thinking,
described above, about the connection
between pollution and environmental
problems. Students also seemed poorly
informed about the consequences of air
pollution. For example, many students
did not realize that air pollution could
lead to loss of biodiversity and would also
lead to soil and water pollution.
The results of the present study, revealed
the maturity of thinking by many of the
students about the remedies of air
pollution. For example many students
affirmed that use of bag filters and
electrostatic precipitators in factories,
catalytic converters in vehicles, proper
maintenance of vehicles and by using
public transport instead of one’s own
automobiles, air pollution could reduce.
In addition, specific misconceptions
were revealed. Many children thought
that deforestation; use of sprinklers in
agricultural fields, use of steam
engines instead of diesel engines, and
use of LPG instead of CNG would reduce
air pollution.
Thus, faced with the important task of
educating children about environmental
issues of global significance, we are
hindered by two major difficulties: First,
many children have apparently already
constructed alternative models of the
causes, consequences and cures of such
issues. Second, these issues, being
imperceptible to individuals, are effectively
abstract in nature. One approach to
tackle the first problem would be to
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establish and emphasize to students at an
early age, a catalog of different and
‘separate’ environmental problems that
humankind
faces.
Later,
their
interlocking causes and consequences
could be revealed. Whatever, educational
strategy is employed; it is clearly
advantageous if it begins early, before
complex
alternative
conceptual
frameworks are established and before
attitudes and prejudices based on those
alternative ideas harden (Kornberg, 1991;
Francis, et. al., 1993).
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ABSTRACT
The development of modern agricultural techniques has increased agricultural
production and its quality on one hand, but has increased the number of pests, on
the other. With the advent of pesticides, numerous farmers abandoned traditional
control measures and are using expensive and harmful chemical pesticides
indiscriminately which significantly affect the ecosystems, and brought in many
health hazards among people and livestock. There is a need to use non-chemical
methods as a component of pest management strategy. The Common Mynas are
potential insect pest-hunters in agricultural fields and act as bio-control agents.
Their regurgitated pellet analysis indicated that their diets consist of a variety of
insect pests and most predominantly beetles, grasshoppers, bugs and ants. The
behavioural study revealed that scanning for food was their predominant diurnal
activity, followed by feeding, preening, breeding, flying, resting and calling.
Keywords : Common Myna, agricultural lands, regurgitated pellets, diurnal
activity, bio-control

Introduction
India is basically an agricultural country
with different geographic features
and with the most variable climatic
conditions. About 43% of India’s

geographical
area
is
used
for
agricultural activity. A variety of cereals,
oil seeds, pulses, vegetables and
horticultural items are being cultivated
in the country. The development of
modern agricultural techniques has
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increased agricultural production and
its quality on the one hand, but has
increased the number of pests, on the
other. Food availability in agricultural
fields encourages population growth of
various insect pests that cause extensive
losses to farm produce. According to a
recent estimate by the Union Ministry of
Agriculture, pest-related damages
result in an estimated Rs. 50,000 crore
loss annually in agricultural production
in the field and at storage, in India. It
has been reported that nearly half of
the potential yield of rice is lost due to
pests.

been well documented in India except for
a few studies (Dhindsa and Saini, 1994;
Parasharya et al., 1994; Asokan and Ali,
2008; Asokan et al., 2009). The common
myna has been studied a little for its
role in agricultural production in India
(Mathew et al., 1978; Asokan et al., 2008).
In this paper an attempt has been made
to quantify the role of the common
myna (Acridotheres tristis) in the control
of agricultural insect pests in the
Cauvery delta region of Nagapattinam
District, Tamil Nadu, India.

Chemical control of insect pests is the
most common approach at present. India
has a vast pesticide market. About three
per cent of the total pesticides used in
the world are utilized in India. The
usage pattern of pesticides reflects that
cotton crop alone consumes 44.5% of
pesticides, followed by rice which
accounts for 22.8% of pesticide
consumption. These are responsible for
many health hazards among people
and livestock. In addition, insecticides
destroy ecosystems, poison the soil and
water systems and have secondary
health effects on wildlife. Therefore,
growing public awareness and concern
about the adverse effects of pesticides
on human health, soil, air and
water resources, and development of
resistance among the insect pests have
necessitated the need to look for
eco-friendly, safer and effective methods
of pest control. Accordingly, new options
are being examined, including the
introduction of biological pest control of
insects by such natural predators like
insectivorous birds. The role of bio-control
agents like insectivorous birds has not

The study was conducted in two
different villages, viz., Mannampandal
and Thiruvalangadu of Cauvery delta
region in Nagapattinam District, Tamil
Nadu, India, between 2005 and 2006.
Agriculture is the major economic
activity of this area, contributing a higher
share of rice production in the state.
Sugarcane, groundnut, green gram,
black gram and cotton, etc. are other
major crops cultivated in this area. The
river Cauvery and its tributaries are
major perennial water sources used for
irrigation. Woody vegetation, in the
form of groves and roadside trees is
sparse. The predominant woody plant
species found in the study area Cocos
nucifera, Borassus flabellifer, Madhuca
indica, Mangifera indica, Enterolobium
saman, Tamarindus indicus, Ficus
benghalensis, Ficus religiosa, Thespesia
populnea, Phoneix psuilla, Acacia arabica,
Odina wodier and Azadirachta indica.
Important shrub species are Prosopis
juliflora, Jatropha glandulifera and
Adathoda vesica. Plantations of Casuarina
equisetifolia, Tectona grandis and
Bamboosa arundinacea are also found in
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Study area and Methods
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the study area. The north-east monsoon
usually brings rain to the study area
during October-December (65% of the
total rainfall in a year); dry season occur
during May – July.
The diet of the common myna was studied
through their regurgitated pellets. It
helps to know why they regurgitate. The
pellets were collected from under the
feeding and roosting sites from two
different habitats, viz., agricultural
fields and non-agricultural fields. The
collected pellets were bagged, labeled
and dried in a hot air oven at, 60°C, for
later identification of prey remains
(Herrera and Ramirez 1974; Ralph et al.,
1985). The prey fragments were
identified by using a dissecting
microscope. We identified the order of
insects through the following most
frequently encountered insect prey
remains: Coleoptera - beetles (mandibles,
elytra and leg fragments), Hemiptera –
bugs (H-shaped tergal plates, mouthparts
and leg fragments), Hymenoptera – bees,
ants and wasps (mouthparts, leg fragments
and wing fragments), Orthoptera grasshoppers (raptorial lag fragments
and mandibles), Diptera - flies (antennae,
eyes and wings), Odonata – dragonflies
(wings, leg fragments and head capsules)
and Lepidoptera – butterflies and moths
(wing scales and proboscis).
The behavioural data were collected
from individual birds for 15 minutes
during each time blocks, using the focal
animal sampling technique (Altmann,
1974). Each day was divided into 4 time
blocks: early morning (0600-0900hrs),
late morning (0900-1200hrs), midday or
afternoon (1200-1500hrs) and late
evening (1500-1800hrs). Observations
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were made with 7 x 50 field binoculars
and the duration of activities was measured
with an electronic stopwatch. The activities
are divided into seven major categories 1)
Scanning – birds scanning their feeding
ground, 2) Feeding - time spent by the
birds in capturing the prey and handling
them into a buccal chamber, 3) Flying time spent by the birds in flight from one
place to another, 4) Calling – includes flight
attention calls, communication calls,
alarm calls and aggressive vocalization, 5)
Breeding – activity includes bringing
nesting materials, mating and sitting at
the nest, 6) Resting - birds that were
sleeping or dozing, with the head retracted
and eyes closed and 7) Preening - all
forms of comfort movements including
feather shaking, wing- flapping, billcleaning, bill-scratching, body-shaking
and tail-shaking.

Results
The fresh regurgitated pellets of the
common myna were dark in colour, many
of them glistening due to the mucous
coating and they contained a large
number of insect remains. During the
study period, a total of 508 regurgitated
pellets were collected (271 from
agricultural fields and 237 from nonagricultural fields) to know the feeding
spectrum of the common myna. The
pellet measurements ranged from 15.0 to
40.0 mm in length (average: 24.0 ± 0.3mm),
from 04.0 to 22.0 mm in width (average:
11.0 ± 0.3mm) and from 0.31 to 4.5 g in
weight (average: 2.0 ± 0.6g). The diet
composition of the common myna in
terms of percentage observed is given in
Fig. 1. A total of 7,434 prey items were
recovered from the examined material.
The number of prey items per pellet
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ranged from 5 to 27 (average 12.5 ± 1.03).
Insects were the main food of the common
myna, constituting 92.40% (6,869
individuals) of the total number of prey
items. Among insects, beetles (coleoptera)
were dominant and comprised 24.17%
(1003 individual remains) followed by
grasshoppers (19.88%), bugs (16.33%) and
bees, ants and wasps (13.49%). The other
insects constituted <10% in the diet of the
common myna (Fig. 1). Among the 508
pellets analyzed, the coleopteran remains
were found in 486 pellets (95.7%),
orthoptera 464 pellets (91.3%), hemiptera
421 pellets (82.9%) and hymenoptera
397 pellets (78.1). The other prey remains
such as lepidoptera, diptera and odonata
were found in less than 60% of the
pellets.
Differences in the quantitative diet
composition were found to be dependent
on the habitat. In general, prey remains
found in the pellets were greater in
the agricultural fields than the nonagricultural fields (Table 2). Beetles
were predominant prey items in both
the habitats and constituted 24.23%
and 24.10% respectively. Other major
insect preys found in the pellets were
grasshoppers (20.44% in the agricultural
field and 19.17% in the non-agricultural
field), bugs (17.21% and 15.22%) and
hymenopteran insects (14.60% and
12.09%, Table 2). The common myna is a
ground forager, which caught varieties of
beetles, grasshoppers, ants, butterflies,
etc. on the ground of the agricultural
fields. Earlier, Mathew et al., (1978)
reported that common myna was more
abundant in rice fields and took many
ground beetles and 53% of the stomach
samples consist of harmful insects of the
order orthoptera, isoptera, coleoptera and
hymenoptera.
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Overall, common myna spent most of the
day scanning (51.58%), with significantly
less time spent on feeding (23.62%),
preening (7.81%), breeding (5.61%), flying
(5.54%), resting (3.10%) and calling
(2.74%); see Fig. 1. Most of the scanning
and feeding activity was observed in the
morning (0600-0900 hrs) and late evening
(1500-1800 hrs) indicating bimodal
feeding patterns. Throughout the day,
mynas are busy scanning the environs for
food. Bimodal feeding patterns also
recorded in several Indian birds
(Sivakumaran and Thiyagesan, 2003;
Natarajan, 1991; Ramachandran, 1998).
More feeding activities of Common Myna
in the late evening may reflect their
need to obtain energy for activities
(grackling) at the roosting site. Preening
and resting behavior resorted to from
1200-1500 hrs (Fig. 3). The increased
resting activity during midday is to
minimize the heat load on a bird at high
environmental temperatures. The wings,
breast and back were the body parts,
most often preened by the common
myna, followed by the tail, neck, rump and
feet. The most frequent comfort activities
were bill scratching, feather shaking
and wing flapping.

Conclusion
In conclusion, the results of the present
study indicated that the common mynas
are potential hunters of insect pests and
can therefore be used for controlling
insect pests in crop fields and fallow lands.
We recommended to the farmers the
erection of artificial bird perches in
agricultural lands. Provision of T-shaped
bird perches provided alternative sites
for insectivorous birds for predatory
activity. T-shaped bird perches are
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currently popular in fields for cereal
crops as one of the Integrated Pest
Management (IPM) practices. Under
field conditions, in paddy fields
(Neelanarayanan, 1997; Asokan et al.,
2009), promising results using perches to
attract predatory birds such as black
drongo (Dicrurus macrocercus), indian roller
(Coracias benghalensis), small bee-eater
(Merops orientalis), white-breasted
kingfisher (Halcyon smyrnensis) and barn
owl (Tyto alba), have been obtained.
An important goal of the above
investigation is environmental education
to farmers, both concerning the
insufficiencies and side effects of
insecticides and the benefits of
insectivorous birds as biological insect
pest controls. Once farmers grasp the
concept that their ‘winged’ neighbors can
solve such problems as insect damages,
insectivorous birds can rise to the
occasion and control insects. By living in
harmony, both farmers and insectivorous
birds will be able to reap the benefits of
coexistence. Using insectivorous birds
in biological pest control is not a
short-term quick fix gimmick but rather
a long-term environmentally friendly
solution to overcome one of the most
problematic aspects of agriculture
(insects). The sky is truly the limit for use
of biological pest control. We conclude
that predatory birds can be included as
one of the components of an Integrated
Pest Management (IPM). Programme for
efficient and eco-friendly control of
agricultural pests.
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Department of Zoology & Wildlife
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city landfills considering green development
mechanism
Gholamr
eza Asa
dol
lahfar
di, FFat
at
h JJo
o g hata
afar
Gholamreza
sad
ollahfar
lahfardi,
ateeme
meh
hatayy i and Ed
Edvv in SSafar
afarii *

ABSTRACT
TUrban development, population growth and industrialization cause an
increase in the amount of solid waste that threatens public health. One of the
methods toward disposal of solid waste is to bury it as landfill. The generated
gases in landfills consist mainly of methane and carbon dioxide and they are
environment pollutants. Therefore, it is necessary to obtain more knowledge
about their emission and effects and also operate useful contrivances and proper
management to control them. In this study, proper option for reduction of
methane generation in landfill of Rasht in Saravan area has been considered.
Operating conditions for green development are feasible by control and reduction
of methane in addition to decreasing of green house pollutants emission and
stabling it in the country. The rate and process of gas generation estimation and
also energy generation potential in a landfill has been determined using
LandGem model. Two options (burning methane and using methane as the source
of energy) are then compared considering the rate of decrease in pollution
reduction and economical advantage towards green development mechanism.
The results indicate that methane reduction is the same in both the methods.
However, the expense in energy recovery method is four times more
than the expense of burning methane. The second method (methane burning)
would be preferred from the economical point of view.
Keywords : Green development mechanism, Methane, landfill, solid waste,
LandGem model.

* Email: fardi@tmu.ac.ir; tara_f59@yahoo.com; ensafari@ut.ac.ir
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Introduction
The main gas generated in landfills is
methane. The greenhouse effect of
methane is about 21 times that of CO2
(Kyoto Protocol, 1998). On the other
hand, methane has a high potential in
generating energy through appropriate
technology. The appropriate management
of generated methane gases in landfills
helps to develop sound public health
and environment besides creating
conditions for financial assistance
green development. Lenard Milich
(1998), Arizona University introduced
and reviewed different sources of
generating methane. He also described
the effect of the biochemical cycle of
methane on increasing the total
temperature of Planet Earth. In 1999, a
group of researchers forum earth
studies Academy and Society of Civil
Engineering and Environment in the
USA, reviewed the reduction of methane
in landfills. In this study in addition to
direct measuring of generated methane
in landfills, a method of energy recovering
was suggested to decrease the volume
of methane in landfills (Byard, et. al,
1999). In 2005, two Dutch researchers
examined six different models for
estimation of generated methane volume
in landfills in three different places and
compared the results with the calculated
values of direct estimation of methane.
These results indicated wide differences
of the two cases (Scharff and Jacobs, 2005).
Also, some studies have been done in
Energy Studies Centre of Technology
Institute, Delhi by Talyan and his
colleagues. The method of dynamic
modeling has been used for estimation
of the outcome of methane volume. Using
the different analyses, there have been
forecasts for managing the municipal
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solid waste materials and the results
indicate decrease in methane volume
through appropriate management
(Talyan, et. al.2006).
The aim of this work is to estimate
generated methane gases from Saravan
landfill in Rasht city and then introducing
two methods of methane burning
and energy recovering with regard to
decreasing its volume in the landfill
and comparing these two methods
considering the environmental and
economical effects in Rasht and
Saravan area. The most appropriate
option to decrease methane volume is
discussed.

Methodology
The first step in gas pollution reduction
in a landfill is the estimation of gas
generation. Various methods have been
presented to estimate the gas volume in
landfills and all these methods consist
of developing models of the generation
of these gases. Most models use first
order equation to describe the rate of
gas produced in landfills. In this study,
the software, LandGEM, has been used
as a tool to estimate gas generation
from landfills, (Alexander, et. al.2005).
This software uses the first equation to
estimate the rate of generated methane
and it is indicated in equation 1:

 M  − Kt
QCH 4 = ∑ ∑ KL0  i  e ij
 10 
i =1 j = 0.1
n

(1)

1

QCH 4 Annual methane generation in the





year of calculation  m yr 


3
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i : Year time increment (1 year)
: (Year of the calculation) ( Initial year of waste acceptance )
:Year time increment (0.1 year)



: Methane generation rate  1 yr 


L0 : Potential methane generation




capacity  m Mg 


3

dioxide, total landfill gas and non-methane
organic compounds are computed and
indicated by charts and tables. After the
estimation of generated methane in
landfill, two methods of methane burning
in flare and converting to the electrical
energy using the gas burner motor are
compared. In the methane burning
method, the amount of generation from
landfill is calculated using 2.

M i : Mass of waste accepted in the ith
year (the ith year )

t ij : Age of the j section of waste mass

nK
j

PE flare , y Project emissions from flaring of
the residual gas stream in year Y

M i accepted in ith year (decimal years,

TM RG ,h Mass flow rate of methane in the

e.g. 2, 3 years)

residual gas in the hour h

For applying equation 1, some information
such as the volume of existing solid
waste in a landfill, years of operation
and the potential methane generation
and methane generation constant is
necessary. Assuming the year of
opening of the landfill in Rasht is 2009
and considering a 40 year period for
which the landfill is in operation, the
amount of entering solid waste to the
landfills is computed for the period from
2010 to 2048. Methane generation
potential has been considered with
regard to the weather conditions in Rasht

 m3 
 and (1/year) 0.1 – 0.35 (EPA,
as 173 
 Mg 
1996). For methane generation constant,
various values have been presented in
different references. One of these values
is 0.693 (1/year) (Hoeks, 1983) and is
applied when a high percentage of solid
waste consist of foods, vegetables, fruits
(organic compounds). This value is taken
for this study because about 80 percent of
solid waste in Rasht consists of foods. In
this software, generation of four main
pollutants including methane, carbon
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η flare,h Flare efficiency in hour h
GWPCH 4 Global warming potential of
methane valid for the commitment
period (=21)
For calculation of the amount of emission
reduction, the rate of controlled methane
obtained from equation 2 is subtracted
from the total generated methane in the
landfill.
In the second method, a flare engine was
used to convert the methane gas to
energy and the volume of produced
methane in the landfill is decreased
considerably. The rate of emission
reduction would be calculated using
“Emission Reduction and Environmental
and Energy Benefits for Landfill Gas
Energy, (EPA) Projects” software which is
one of the accepted software of EPA.
This software calculates the emission
reduction using expressions 3 and 4.
Using expression 3, the amount of
emission reduction would be calculated
in the first step which is the methane
burning and using equation 4, is calculated
in the second step which converts the
gas into energy.
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MMTCO2E / yr = Megawatts of Generating

Case Study

Capacity × 0.93 × 11700 × 21 (3)

The landfill is located in Saravan area,
21 kilometers far from South of Rasht
and surrounded by Saravan forest.
Figure 1 shows the location of Saravan
landfill. Solid waste is transported to
the place daily. According to Iran’s
Statistic Centre, Table -1 indicates the
changes in Rasht population during a
40 year period (1956-96).

MMTCO2E / yr = Megawatts of
Generating Capacity × 0.85 × 1.58 (4)
The parameters in expressions 3 and 4 are
described as follows:
0.93: The capacity agent for electricity
generating units 11700: The thermal
value of the flare engine 

Btu



 kilowatt − hour 

Year

population

21: Methane worldwide thermal potential

1956
1966
1977
1986
1991
1996

109491
143557
188957
290897
340637
417748

0.85: The pure capacity agent for
electricity generating units
1.58: The pollutant factor
The necessary investment for installation
and operation is calculated after
computation of pollution reduction
using both the methods. According to
the global market, the average cost of
using a kilo watt of energy obtained
from the gas in landfill using the flare
would be 350 Euros and 850 Euros.
Using the engine these expenses
consist of installation cost of system,
repair and maintenance during the
period of use. On the other hand,
according to financial assistance of
green development, Iran would receive
a sum of about 15.2 dollars in return for
reducing the volume of generated
methane in landfills; this amount would
be in return for 1 ton of decreasing of
carbon dioxide (Capoor and Ambrosi,
2007). At last comparing all expenses
and economic advantages obtained from
selling Carbon using the methods
mentioned the appropriate method will
be selected, considering economical and
ecological conditions.
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Table 1: Variation of Rasht population
during 1956-1996.
Considering Table 1, the prediction for
the next 40 year period may be calculated
using expression 5:

Pn = P0 (1 + γ ) n 
→ γ = n

Pn
−1
P0

(5)

Pn :Population in time t
P0 : Population in origin time
γ : Rate of population growth
: Time changing according to year
Calculation of population growth in
Rasht may be calculated from equation
5 and the result is indicated in Table 2.

Year
1956-66
1966-76

Rate of population growth
2.75
2.79
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Year
1976-86
1986-90
1990-95
1995-05

Rate of population growth
4.41
3.21
4.17
2.8

Results:

Rasht population prediction reveals that
the rate of population growth is nearly
constant, except for some particular
days of the year (late March to late April
and late August), totally 40 days; number
of populates would increase up to 300000400000. An increase of 350000 people is
considered.
According to the existing information of
Recycling and Solid Waste Management
organization of Gilan, solid waste
generation per capita in 2006 was
900-1000

 gr 


 c.d 

and it is predicted to be

the same for the future. Therefore, during
the years of this period, the average of
solid waste generation per capita is

 kg 
 . Considering
 c.d 

contemplated to be 0.95 

the existing information, the rate of solid
waste received could be calculated during
the years when the landfills are open.
The rate of solid waste received by this
place during the opening and closing
year is shown in Table 3.

Year

Rate of solid waste
received by the Landfill
(ton)

2009
2039
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Table 3- Rate of solid waste received by
the landfill in the opening and closing
year

220922
622845

Considering the existing data and using
the LandGem software, gas generation
process in the landfill during 140 years
of gas production has been indicated in
Figures 2.
Comparison of graphs in Figure 2 shows
that there is a high percent of organic
compounds in case 3. High percentage of
organic compounds in the landfill
caused an increase in gas generation
rate in this place. In case 3, considering
that approximately all solid waste
received by the landfill during the early
years, are organic compounds (rapidly
biodegradable), gas generation in this
period is very fast as indicated by the high
slope in the graph. Comparing the rate of
gas generation in 3 graphs in Figure 1, the
high and rapid gas generation during
the primary years of land fillings is
revealed in case 3. Gradually, receiving
the new solid waste, (and also considering
the reduction rate of gas generation
from the old solid waste in the landfill)
the slope in the figure decreases. In this
case the existence of old solid waste in
the landfill causes a rapid adjustment of
gas generation in the landfill. Regarding
the rate of generated methane in the
landfill and using the previous equation,
applying the flare and engine, the rate of
pollution reduction in both the cases is
calculated. The results of these
calculations are presented in Table 4.
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Methane
generation
Constant

0.1

0.35

0.693

burning (flare)

1.892*10^5

1.961*10^5

2.006*10^5

Recycle Energy

2.379*10^5

1.991*10^5

2.033*10^5

Technology
Methane

Table 4: Rate of Methane reduction in ton per year (equivalent Co2)

Considering that Iran receives 15.2 dollars from the World Bank in return for
each ton of pollutant decreasing equivalent of Carbon and because of green
development mechanism, this decrease in pollution will have financial
advantages in addition to the safety of environment and human beings. This
income would be calculated regarding the rates of pollution decreasing and the
results have been represented in Table 5.

Methane
Generation
constant
Technology
Methane
Burning (Flare)
Energy recovery

0.1

0.35

0.693

3035129
3816159

3146370
3194379

3217799
3261124

Table 5- The benefit of Selling Carbon by million Dollars
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Applying the above two mentioned methods requires appropriate equipments.
In addition to investments, each method, flare and engine, involves expenses
for repair and maintenance during the years of usage. The total necessary
investment expenses have been estimated and indicated in Table 6.

Methane
Generation
Constant
Technology
Methane
Burning (Flare)
Energy recovery

0.1

0.35

0.693

2005855
6016393

1604215
4812646

1604215
4812646

Table 6 – The necessary costs for investment in Million Dollars

Table 7 shows the total results of calculations.
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Conclusion:

England USA”,1999.

The results state that the rate of methane
decrease in both the methods is nearly
the same. Therefore, considering the

2. Heijo Scharff’and Joeri Jacobs,
“Applying

guidance

for

methane

emission estimation for landfills”, 2005.

effects on environment, there is not
much difference between the two
methods. But regarding the investment
expense for energy recovery, which is 4
times

the

expenses

for

methane

burning, the second method (methane
burning) would be preferred. As it was

3. Capoor K. “Sustainable Development
Operations, World Bank and Philippe
Ambrosi”,

Development

Economics

Research Group, World Bank, State and
Trends of the Carbon Market / Washington,
D.C, 2007.

mentioned, Iran can obtain a sum in
return of decrease in pollution; a part of
the expenses would be compensated.
But the results show that both the

4. Lamb, “Mitigation of methane emissions
at landfill sites in New England”, USA,
1999.

methods are equally advantageous and
these advantages compensate for the
main expenses of investment in case of
using the flare. Therefore, applying
the methane burning method could be
acceptable from an economical point
of view and is equal to the other
method energy recovery on methane

5. Milich L. “ The role of methane in
global

warming:

where

might

mitigation strategies be focused?”
Global Environmental Change Vol. 9,
Issue 3, 1999.
6.http://www.epa.gov/cppd/pdf/
brochure.pdf (PDF, 16 pp., 152 KB)

decreasing. Thus, methane burning
could be acceptable for Rasht landfill.

7. Scharff H. and S. Jacobs, “Applying
guidance for methane emission, emission
for landfills”, 2005.
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Figure 1: Location of Saravan Landfill in map of Iran
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Case 3- Methane Generation Constant=0693
Figure 2 –Methane, carbon dioxide, organic compounds without Methane
and total gas forecasting in landfill of Rasht
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