














































1.1 

[bookmark: bookmark10][bookmark: bookmark11]Unit 1 
ECOLOGY AND ECOSYSTEM
Ecology is a branch of science that deals with the study of interactions between living organisms and their physical environment. Living organisms and the environment have continuous interaction; as a result, any change in the environment has an effect on the living organisms and vice versa. Any unit of bio-system that includes all the organisms living together in a given area where they interact with the physical environment is known as ecosystem.
1.1 Aquatic Ecosystem
The aquatic ecosystem is concerned with water bodies. Water covers about three quarters of the surface of the earth. The ecosystem in water bodies which maintains the relationship between living (biotic) and non-living (abiotic) factors is called an aquatic ecosystem. An aquatic ecosystem is simpler than a terrestrial ecosystem.
In a terrestrial ecosystem, carbon dioxide and oxygen gases are present in gaseous form whereas in an aquatic ecosystem these gases are present in water in dissolved form. Vertical stratification of organisms in aquatic ecosystem is influenced mostly by change in depth, light, temperature, pressure, salinity, and oxygen and carbon dioxide concentration. The aquatic ecosystem is simple and plays an important role between the different types of ecosystem. The aquatic ecosystem is mainly divided into two different types: freshwater ecosystem (ponds, lakes and rivers), and marine ecosystem (seas, oceans, etc.).
1.2 Freshwater Ecosystem
Although freshwater ecosystem occupies a small portion of the earth’s surface, it is very important to human beings because it provides drinking water as well as water

for domestic and industrial needs. The ecosystems in ponds, lakes and rivers are freshwater ecosystems.
The freshwater ecosystem can also be divided into two types:
(a) Lotic or running water habitats (rivers, streams, etc.)
(b) Lentic or still water habitats (ponds, swamps and marshes, etc.).
1.3 Lotic Ecosystem
The lotic ecosystem includes rivers, streams and the related environments. Running water differs from still water in three aspects. They are:
(i) Current of water is a controlling and limiting factor,
(ii) Land-water interchange is great, and
(iii) Oxygen is almost always abundant in running water.
The water current cuts the channels, shapes the character of the stream and influences the living pattern of organisms in the running waters. The erosive power of the stream is reduced in slow flowing water. Thus, decaying organic debris is deposited on the bottom and also has a higher temperature. Zooplankton, especially protozoa, are found in large number in this ecosystem. The rate of flow and depth may still vary and be exceptionally great in rainy seasons.
1. Abiotic Component: This consists of certain factors which have a limiting role. These are temperature, light, oxygen concentration, carbon dioxide, EPH and dissolved materials in the water. The variation of temperature greatly influences living organisms. Metabolic activity is low at low temperature. The pH value and dissolved materials in terms of organic and inorganic substances greatly affect the growth and development of both aquatic plants as well as animals.

2. [bookmark: bookmark12][bookmark: bookmark13]Biotic Component:
(i) Producers: These include diatoms and other small forms of algae found in swift running streams. They also include rooted vascular plants such as pond weeds and grasses, firmly attached, aquatic mosses and large multi-filamentous algae.
(ii) Consumers:
(a) Primary Consumers; The zooplanktons include protozoans and rotifers. They also include smaller Crustacea such as cladocera (water fleas) and copepods.
(b) Secondary Consumers; This group includes snails, clamps, bryozons, amphipods (freshwater shrimps), leeches, crayfish and small fish. It also includes many insects, larvae and adults such as water striders, water boatmen and predaceous diving beetles. The detritus feeding benthos includes isopods (sowbugs), molluscs (Sphaenius, Pisidium and Anodonta dominata). Fishes such as carp and catfish are also present; they are tolerant of low O2 levels.
(c) Tertiary Consumers: These include larger fish and the tadpoles of tree frogs. River dolphins (Platanista gangetica) are also present in large rivers. Reptiles include snakes, crocodiles and turtles.
(iii) Decomposers: These include organisms such as bacteria and fungi found in the mud at the bottom of the river.
3. Trophic Level: Each successive level of nourishment in the food chain in an ecosystem is known as a trophic level. The plant producers within an ecosystem constitute the first trophic level, the herbivores form the second trophic level, the primary carnivores represent the third trophic level and the secondary carnivores (or omnivores) represent the forth trophic level. In each trophic level there is a certain loss of energy, and the materials take place as the processes of assimilation and the growth is not 100 percent. It means when a tiger eats 10 kg meat, its weight is not increased by 10kg. There should be some loss. Thus, at the producers’ level, the total energy availability is relatively more than at the higher levels.
1.4 Lentic Ecosystem
This is also a kind of freshwater ecosystem. This ecosystem includes all standing water habitats such as lakes, ponds and swamps. A pond is a good example of standing
freshwater ecosystem, which exhibits a self-sufficient and self-regulating system. A freshwater pond includes abundant vegetation with thousands of micro-organisms, larger plants and animals.
A pond is a place where living organisms not only live but interact with abiotic and biotic components thus forming an ecosystem which is different from other systems. However the pound are often exposed to tremendous anthropogenic pressure that affects the component of this ecosystem significantly. 
Lakes are usually big standing freshwater bodies. They have a shallow-water zone called littoral zone, an open-water zone called limnetic zone and a deep-water zone is called profundal zone. There is an effective penetration of solar light in littoral zone whereas there is negligible penetration of light in profundal zone.
The different components of these ecosystems are as follows.
Abiotic component: There are inorganic as well as organic substances present in the bottom soil. There are some substances in dissolved form in water such as CO, 0, Ca, N and P salts, and their compounds. These are only found in small amounts in a dissolved state in pond water.
[bookmark: bookmark14][bookmark: bookmark15]Biotic Component:
(i) Producers: Producers of an ecosystem include all those living organisms, which can produce complex food material from simple inorganic substances. They produce their own food in the presence of sunlight with the help of chlorophyll by utilizing water, carbon dioxide and minerals. Hence, it includes all green plants. In a pond, there are producers such as microscopic plants, free-floating and amphibious macrophytes (Cratophyllum, Hydrilla, Utricularia, Wolfia, Spirodella, Eichhornia, Azolla, Typha, etc.), and minute floating and suspended lower phytoplanktons (Ulothirx, Spirogyra, Oedogonium, etc.).
(ii) Consumers: Consumers are also living members of an ecosystem which consume or utilize already prepared food materials because they are not capable of synthesizing their food unlike producers. The consumers are distinguished as follows:
(a) Primary Consumers: They are herbivores feeding directly on living plants (producers) or plant remains. These are zooplanktons (ciliates, flagellates, other protozoans, small crustaceans, etc.) and benthos.
(b) Secondary Consumers: These are carnivores that feed on primary consumers (herbivores). They are chiefly insects and fishes.
(c) Tertiary Consumers: These are carnivores that feed on other consumers. These are some large fishes as game fish that feed on the smaller fishes, and thus become the tertiary consumers.
(iii) Decomposers: This is also a part of biotic component which consists of microorganisms like bacteria, fungi and actinomycetes. They are responsible for the change of complex organic materials of dead bodies of producers and consumers into simpler inorganic compounds.
Oceans are gigantic reservoirs of water covering nearly 70% of earth’s surface. This ecosystem is different from freshwater ecosystem mainly because of its salty water. An ocean is very deep, and the ocean water is in continuous circulation. The trophic structure of the marine ecosystem starts from the smallest autotrophs, and ends with larger animals like giant fish, squids and whales. Microscopic phytoplankton and associated bacteria create a complex food web that can extend long distance and extreme depths. In an ocean ecosystem, the ecology of shallow and deep waters varies at different depths. The components of an ocean ecosystem are:

Abiotic Component: The high concentration of metal salts (salts of sodium, calcium, magnesium and potassium), dissolved oxygen content, light and temperature make a unique physicochemical condition in marine water. The concentration of dissolved nutrients remains low, which constitutes an important limiting factor to determine the size of marine populations.

Biotic Component:

i) procedures: they include phytoplankton ( diatom, dinoflagillates), large seaweeds (mainly  algae like chlorophyceae, phaeophycea and rhodophyceae; angiosperms like ruppia, zostera, posidonia, enhaffic etc.) and mangrove vegetable   (RHIZOPHORA, AVICENNIA, CRAPA. AEGICEROS etc ) fishes (Cod, Haddock, etc.).

ii)Consumers: 
a) primary consumers: these are herbivorous and feed directly on producers (crustaceans, mollusks, fish, etc ).
b) Secondary consumers: these are the carnivorous fishes ( herring , sand and mackerel).e
    (c)Tertiary Consumers: These are big carnivorous fishes feeding on small
(iii) Decomposers: These are micro-organisms such as bacteria and fungi.	|
1.5 Food Chain
In the ecosystem, different kinds of animals are closely linked with each other by their nutritional requirements. Individual animals closely related in this manner constitute a food chain. The transfer of food energy from the producers, through a series of organisms (herbivores to carnivores to decomposers) with repeated eating and being eaten is known as a food chain. Producers utilize solar energy for the process of photosynthesis. All types of green plants occupy the first trophic level and they are called primary producers. The next trophic level is occupied by primary consumers. These consumers utilize the energy stored in the food matter synthesized by green plants. The primary consumers are eaten by the carnivores, which constitute the third trophic level and are called secondary
consumers. Again these may be eaten by other carnivores at the top level of the food chain they are known as tertiary consumers. Some organisms are omnivores which depend upon. producers as well as the carnivores at the lower level in the food chain. The dead body of the animlas are decomposed by micro-organisms which are bacteria,
fungi, virus, etc. as shown in the following chart
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A diagrammatic representation of a single food chain in the ecosystem.

Activity
Observe any lake, pond, etc. located in or around your home/school. Prepare a list of biotic and abiotic components of the ecosystem in your observation. Discuss their relation in your class.
1.6 Wetland Ecosystem
1. Introduction: Nepal, a landlocked country, lies between 26°20’ and 30° 10’ N latitude and 80° 15’ and 88° 10’ E longitude. It covers an area of approximately 147,181 square km. It is bordered with China at the north and with India at the east, south and west. The altitude ranges from 60 m in the south to 8,848 m in the north.
Consequently, the country has a wide range of climatic zones ranging from humid subtropical to alpine, within a distance of 80 km-150 km.
Nepal can be divided into three major ecological zones, namely, terai and siwaliks, mountains, and the Himalayas. Because of the unique topography of the country, several types of wetlands, which include water bodies and water saturated land, are scattered throughout the country in all the ecological zones.

Rivers are probably the most extensive and visible wetlands in Nepal. The c has approximately 6,000 rivers and rivulets, including permanent and seasonal streams and creeks. The major river systems of Nepal include Mahakali, Karnali, Gandaki and Koshi. Many rivers originate in the high altitude snow-covered mountains and are permanent in nature. Wetlands cover about 7,435 sq km or approximately 5 percent per total area of the country. In addition it has been estimated that 80,000 ha of surface w' 3 area will be added as reservoirs if the hydroelectric power potential of the water resources of the three river systems (Gandaki, Bagmati and Kamali) is exploited.	
Types of Wetlands
Estimated area (ha)
Percentage
Rivers
395,000
53.1
Lakes
5,000
0.7
Reservoirs
1,500
0.2
Marshy land
12,000
1.6
Village ponds
5,000
0.7
Paddy fields
325,000
43.7
Total
743,500
100.0

Distribution of Wetlands in Nepal
Source: Rajbhandari and Gurung, 1994, The Himalayan Times, 01 March 2016

Wetlands possess a number of functional, economic and aesthetic values. They are rich in bio-diversity, which is reflected in the great variety of flora and fauna. They include 172 species of fish, 193 species of birds, two endangered species of crocodile and a number of reptiles and mammals.
In Nepal, wetlands provide a number of services and goods for consumptive and non-consumptive uses. However, they have been destroyed by a number of factors, particularly anthropogenic activities, which are closely associated with the socioeconomic conditions of the people. Although wetlands throughout the country are under pressure, the most threatened wetlands are located in the lowlands, and in the valleys surrounded by the Siwaliks and Middle Mountains.
Wetland is the geographic area with characteristics of both dry land and bodies of water. Wetlands typically occur in low-lying areas that receive fresh water at the edges of lakes, ponds, streams, and rivers, or salt water from tides in coastal areas protected from waves. In wetlands, the surface of the water is usually above or just below the land surface. It promotes the development of soil’s characteristic of a wet environment.
Wetlands provide habitat for a wide variety of plants, invertebrates, fish, and larger animals, including many rare and endangered species. Plants and animals found in

wetlands include both types that are able to live on dry land or in water and those that can live only in the wet environment. Some examples of wetlands are Shey Phoksundo lake of Dolpa, Rara lake of Mugu, Phewa lake of Pokhara, Tau Daha of Kathmandu, Bis-hazari lake of Chitwan, Ghodaghodi lake of Kailali, etc.
A broader concept developed by the Ramsar Conservation Bureau (1987) defines wet lands as ‘areas of marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six metres.’
Nepal’s National Wetlands Policy (2003) defines wetlands as “natural or artificially created areas such as swamp, marsh, riverine floodplain, lake, water storage area and agricultural land containing water from underground water resource or atmospheric precipitation that may be permanent or temporary, static or flowing and freshwater or saline”. This definition clearly differs from Ramsar definition in that it does not consider any marine or coastal wetlands since Nepal is land-locked.
2. Types of Wetland: Wetland can be classified into three general categories: marshes, swamps, and peatland. Within each of these categories, wetlands can vary widely. Since wetlands depend on water sources, their boundaries can change. The characteristics that describe each category include vegetation, soil type, water supply, and water chemistry.
(a) Marshes: Marshes are periodically or continually flooded wetlands characterized by non-woody emergent plants, plants that are adapted to living in shallow water or in moisture-saturated soils.

(b) Swamps: Swamps are dominated by trees or shrubs and occurs in a variety of flooding
conditions. Standing water can be present in swamps during all or just a small part of the year.

(c) Peatlands: In peatlands, plants are produced more quickly than they can decay and there is accumulation of partially decomposed plate materials, which is called peat. Peat
provides an organic soil that influences the plant material which is called pet provides an organic soil that influences the plant growth. 
1.7 Wetland Ecosystem (Marshes)
Marshes are wetlands in which vegetation is grassy. These areas are treeless 
swamps. Marshes vary in depth, from deep water to shallow. he  maximum tolerable depth for emergent vegetation is approximately 1.5 m. Freshwater marshes are soil, I water-logged or submerged under as much as 25 cm of water. The optima temperature for swampy fishes is 15°C to 20°C and a pH is 5 to 8. The wetland ecosystem may vary with the physical environment.
Abiotic Component: This includes the aerial environment consisting of different elements such as C, H, N, 0, etc. and dissolved materials.
[bookmark: bookmark16][bookmark: bookmark17]Biotic Component:
(a) Producers: These include green vegetation such as grasses, khar, elephant grass in swamps, the jelly-like algae Nostoc and other weeds in marshes. These weeds are of various types:
(i) Floating weeds: These include Azolla, Eichhornia, Pistia, Polygoizutn, Wotffia, etc.
(ii) Emergent weeds: These weeds are surface-dwelling plants rooted in the bottom of swamps and marshy areas. Such weeds include Nymphaea, Lotus, Sagittaria, Junties (Rush) and Nelumbiuni.
(iii) Submerged weeds: These grow under the water surface and include Hydrilla, Najas, Vallisticria, etc.
(iv) Marginal weeds: These grow along the margins (shore) of wetlands. They include Ipomea, Typha, etc.
(v) Microscopic plants: Algae that are scattered in the water body, e.g., Anahacna, Mycrogstis, Oscillatoria are microscopic plants.
(b) Consumers:
(i) Primary consumers: The marsh wetlands are inhibited by bottom dwellers like snails and annelids (tubeworms like Tubifex). They also include deer and squirrels from the adjoining terrestrial biome.

(ii) Secondary consumers: aquatic insects, swamp fish, clucks, turtles and aquatic birds, tigers from adjoining biome.
(iii) [bookmark: bookmark18][bookmark: bookmark19]Tertiary consumers: crocodiles and bears.
(c) Decomposers: These include bacteria and fungi in both the swampy and marshy areas.
1.8 [bookmark: bookmark20][bookmark: bookmark21]Importance of Wetland
Wetland is an important area for the aquatic systems of lives. The wetland helps to run many lives of plants and animals. Biodiversity, balancing the ecosystem, cultural value, recreation value, etc. are advantages of wetlands. Wetland ecosystem is an indispensable part of the earth. To balance such ecosystems the conservation of ecosystem is compulsory.
1. Food Crops for Humans: Wetland is a source of food crops for humans. Foods are produced from paddy farm, moist land, naturally formed pond, fisheries pond, etc. Paddy is a main crop of the country. Planting paddy crops and harvesting is traditional work of our society. There is a great celebration in planting, harvesting, transporting and taking in rice. This shows the importance of agriculture in wetlands. During winter, some of the wetlands do not have water; still the soil remains
moist. The crops may also be produced in such wetlands.
The wetland is also an appropriate habitat of fish. Fish are good sources of nutritious food to humans. People have begun fishing since ancient times. The oldest known painting of an angler using a rod or staff comes from Egypt and is dated about 2000 B.C. The wetlands can also be used for vegetable farming. The employment as well as economic development can be promoted by using wetlands as agricultural lands.
2. Food crops for wild animals: Wetlands are some of the most diverse ecosystem on earth because they have both land and aquatic characteristics. A wetlands also provides habitat for various animal communities. Common animals found in wetlands includes microorganisms, several invertebrates and vertebrates. Reptiles such as turtles, snake, 
and alligator are also common animals found in wetlands. Many amphibians SUCH frog, salamander, and toad live in wetlands for certain parts of their life cycle. A large number of fish species require wetland habitat for spawning, feeding, or protection from predation .spawning . Birds are attracted to wetlands because of abundant food resources and sites for nesting, resting, and feeding. Several migratory birds including waterfowl are associated with wetlands. Similarly several mammals such as muskrats, nutria, mink, raccoons, and  beavers are also associated with wetlands. Many pasture lands are found along the bank of the rivers in Nepal. The wetland of the Koshi River provides shelter and pastures^ J wild buffaloes, gaur and many birds.	

3. Recreational Activities: Wetlands provide opportunities for recreational activities such I as bird-watching, hunting, fishing, trapping, and hiking. They also provide education^ I opportunities for nature studies and scientific research. Some of the wetlands of Nepal are of archaeological interest because of Tharu settlements in Chitwan and Majhi settlements in Indrawati located near to them. Wetlands are also valuable for food and timber.


4. Religious and Cultural Values: The wetland sites have significant recreational, cultural and spiritual/religious values. In recent years, the cultural and historical importance of wetlands has been better recognized globally. The theme of the eighth Conference of Parties of the Ramsay Convention in 2002 was “Wetlands: water, life and culture.”
Wetlands have special historical and cultural importance in Nepal. For instance the river floodplains of Nepal are important sites of culture and history. The ancient cities of the Kathmandu Valley owed their prosperity to the fertile floodplains of Bagmati and Bishnumati rivers, and the valley’s geological history as a lake. The floodplains of Lumbini supported the Kingdom of the Shakyas, where Lord Buddha was bom. The Hindu tradition of cremating the dead human bodies on the river bank is of particular religious importance.
Lakes and rivers are important for many festivals such as the Chhat festival in the eastern terai, and the Godavari Mela in Lalitpur district, where people bathe in holy streams/ ponds. People travel to the holy lakes of Gosaikunda Lake area
each monsoon. The International Union for Conservation of Nature - IUCN (1998) lists over twenty lakes and ponds and several rivers that are considered holy places for Hindus, Buddhists and animists. Some of the holy lakes include Barun Sagar, Ganga Sagar, Dhanusha Sagar, Satyawati Tai, Jalpa Khagar Tai, Kali Baraha, Phoksundo Lake, Ghodaghodi Tai, Sapsu Dhap, Bhutarchho Tai, Dauti Pokhari, Gosainkunda, Jatapokhari, Kubhinde Daha, Rinmokshya Daha, Annapurneswor Daha, Papkunda, Dharmakunda, Shiddha Baba tai, Rambha Pani and Bhabishya Bhakta Pokhari.
5. Economic Values: Wetlands in Nepal are important tourist destinations and contribute significantly to the national and local economy. The lakes of Pokhara and Koshi are major sites of visit for local and foreign visitors. According to the Koshi Tappu Wildlife Reserve Management Plan-2001, Koshi Tappu Wildlife Reserve received over 8,379 Indian and Nepali visitors and 1,831 visitors from other countries between 1995 and 1999 and raised 13,68,505 Nepali Rupees in the form of entrance fees and other activities inside the reserve. River rafting is a popular adventure sport in Nepal that attracts many domestic and international tourists. There are currently 60 private river rafting agencies in Nepal that employ several Nepalese people and generate significant revenues. Similarly the river rafting on the Bhote Koshi River alone generates USD 1.7 million per year and employs about 1600 persons directly.
6. Environmental Balance: Wetland is an important ecosystem. Inland wetlands help control floods by storing water and slowly releasing it to downstream areas after the flood peak. Wetlands can reduce wave action and slow down the flow of water, lessening erosion and causing sediments to settle out of the water. This improves water quality with the removal of minerals and contaminants from water by growing wetland plants and by chemical processes in wetland sediments. Wetlands may also serve as sites where surface water can seep into the ground and replenish the groundwater. At present, it has started to conserve the wetlands around Shivapuri National Park, Rara National Park, Annapurna Conservation Area, and Koshi Tappu Conservation Area. This conserves the land ecosystem around the area. The wetlands help to conserve the rare animals such as deer, wild buffalo, wild boar, ghadiyal, etc.
The existence of all types of wetlands as well as their biological characteristics is determined by water. For example, in freshwater marshes, large emergent plants such as cattails can form dense stands that shade out other plant species. If periodic high-water years occur, the large, dominant plants are killed, providing openings where seeds from other plants can germinate and grow during low-water years. When water levels remain low, the dominant plants also grow, eventually shading out the smaller plants again. This cycle maintains diversity, both in the species of the plant community and in the habitat

provided by mixed stands of large and small plants.


natural wetland and artificial wetland. Lake, pond, in an m ,’ c. natural wetlands whereas marsh agricultural land and space-collected water are art wetlands.	’
1. River: Antecedent River belongs to the period of the rise of the Himalayas. These rivers added their tributaries during or after the Himalayan origin along with the development of monsoon climate. After the formation of Mahabharata hills, the antecedent rivers changed their courses as Mahabharata hills stood as a barrier. As a result, most of the rivers changed their courses either to the east or to the west. These rivers were responsible for depositing the sediments in Churia
basin.
The major river systems, namely, the Koshi, the Kamali and the Gandaki belong to the antecedent group. Rivers originating from the Mahabharata range and cutting through Churia hills come under the second group; these include Kankai, Bagmati, Kamala, etc. The third groups of rivers originate from the southern face of the Churia hills.

The floods in the river sometimes erode the soil and deposit it. The deposited sand forms a plain area in the bank of the river. After some time the land becomes sloppy. There may form some marsh land, temporary ponds, and small lakes at the bank of the river where water exists most of the time. Rivers occupy about 53 percent of the water sources. The fresh water lakes, areas with water collection, ponds, inland marsh, wet meadows, marsh paddy land, etc. are river-based wetlands.
There are more than 36 river-based wetlands in Nepal. They help in conserving the endangered species of Nepal such as one homed rhinoceros, gangetic dolphin, tiger, swamp deer (barha-singe), wild elephant, gharial, etc. They are also important for the conservation of biodiversity. Such types of wetland are found in the bank of the big rivers, i.e. Gandaki, Koshi, Kamali and Mahakali. The wetlands based on the Narayani river help in conserving the flora and fauna of the Chitwan National Park. This National Park conserves various animals including one-homed rhinoceros and gharial. The Kamali river helps to conserve the gangetic dolphin. The wetlands based on the Koshi river help to conserve the species of wild buffalo (arna) in Koshi Tappu Wildlife Reserve. The wetlands based on the rivers are useful for fisheries.
2. Lake: Water storage areas, which have more than 8 hectares in area are known as lakes. Lakes are found in mountains, hills and terai regions of Nepal. Lakes cover about 0.6 percent of the total surface water in Nepal. The sources of lakes are mountainous rivers, water storage areas, etc. There are a number of lakes of glacial and tectonic origin in Nepal. The mountain lakes like Rara, Phoksundo and Phew a are majestic in extent and beauty.
Based on the nutrients contained in the lake, the lakes are classified into three types. They are oligotrophic lake, mesotrophic lake, and eutrophic lake.
(a) Oligotrophic lake: An oligotrophic lake contains less amount of nutrients. The Khumbu glacier and the Gauri Shankar mountain range include 17 small lakes. These lakes lie on the southern side of Mount Everest and upper region of the Dudhkoshi River. Similarly, the Panchapokhari lake includes 10 small lakes. These lakes do not have any trees. Lichen, moss and dense shrubs grow on the moist part of these lakes. The largest lake of the country is Rara lake of Mugu district. Similarly Phoksundo

5. Water Collected Place: Dams constructed for electricity generation give rise to water collected places. Humans also collect water at some places. The storage water is used to generate electricity, for irrigation or drinking, and other purposes. It is estimated that the area of such places is about 1380 hectares. Bagnang of Jagdishpur in Kapilvastu district, Marsyangdi in Tanahu district, Panauti in Kabhre district, Gandak dam in Gandaki district, Tanakpur dam in Mahakali district, Koshi dam in Koshi district, Kulekhani in Makwanpur district, etc. are some examples of such places.
6. Marsh Agricultural Land: Marsh agriculture land is a type of human-made wetland. It includes lowlands of wetland, arable land, seasonal arable land, etc. It also includes paddy land, fisheries pond, dam and lowlands. Paddy lands are found mostly in terai region. Seasonal paddy lands contain water around four months in a year. During this period the land is covered by water. After harvesting the paddy (rice), it becomes moist for two or three months.
1.10 Causes of Degradation of Wetlands
1. Population Growth: The rapid population growth, which is 2.37% per annum, is the most important factor for polluting wetlands. It is found that 81% of the people are actively participating in agriculture production and they depend on the wetlands.
2. Deforestation: For the conservation of wetlands, forest area is the essential component. It is found that wetlands are more where the forest area is more. In Kailali district of Nepal, the forest area is around 50%, so there are more lakes as well as wetlands. When the forest area is more the quality of soil is better and it can retain more water, which provides regular supply of water to the wetlands. The rural population still depends on firewood to meet their energy demand for cooking and heating purposes due to the lack of alternative sources of energy at affordable prices which force them to deforest. Deforestation reduces the retention capacity of soil and affects the wetlands.
3. Urbanization: Urbanization is a major cause of impairment of wetlands. Urbanization has resulted in direct loss of wetland acreage as well as degradation of wetlands. Degradation is due to changes in water quality, quantity, and flow rates; increases in pollutant inputs; and changes in species composition as a result of introduction of non-native species and disturbance. The major pollutants associated with urbanization are sediment, nutrients, oxygen-demanding substances, road salts, heavy metals, hydrocarbons, bacteria, and viruses.
4. Roads and bridges: Roads and bridges are frequently constructed across wetlands since wetlands have low land value. It is often considered to be more cost e ective to build roads or bridges across wetlands than around them. Roads can impound a wetland, even if culverts are used.
5. Sanitary landfills: Landfills can pose an ecological risk to wetlands. Landfill construction may alter the hydrology of nearby wetlands. Leachate from solid waste landfills often has high biological oxygen demand (BOD), and ammonium, iron, and manganese in concentrations that are toxic to plant and animal life. Sanitary landfills may receive household hazardous waste and some hazardous waste from small quantity operators, as well as sewage sludge and industrial waste.
6. Marinas/Boats: Marina construction and dredging activities can contribute suspended sediments into waters adjacent to wetlands. Intense boating activity can also increase turbidity and degradation of wetlands.
7. Industry: Adverse effects of industry on wetlands can include: reduction of wetland acreage; alteration of wetland hydrology due to industrial water intake and discharge, water temperature increases, point and nonpoint source pollutant inputs, pH changes as a result of discharges, and atmospheric deposition.
8. Illegal Hunting and Poaching: Wildlife poaching is also increasingly noticed both within and outside the forest areas. Poaching of rhino horn and bone is a common practice. Similarly, tigers are poached for bones and skin, sloth bear and Himalayan bear for gall bladders, musk deer for musk, and birds for meat which also affect the wetlands.
9. Hydrologic Alterations of Wetlands: Wetlands form as a result of certain hydrologic conditions which cause the water table to saturate or inundate the soil for a certain amount of time each year. The frequent or prolonged presence of water at or near the soil (hydrology) is the dominant factor determining the nature of soil development and the types of plant and animal communities living in the soil and on its surface.
Wetland loss and degradation through hydrologic alteration by humans has occurred through such actions as drainage, dredging, stream channelization, ditching, deposition of fill material, stream diversion, ground water withdrawal, and impoundment.
10. Agriculture: Excessive amounts of fertilizers and animal waste reaching wetlands in runoff from agricultural operations, including confined animal facilities, can cause eutrophication.
11. Toxic compounds: irrigation ditching can increase contamination of wetlands receiving irrigation drainage water, particularly where soil is alkaline or contains selenium or other heavy metals. Untreated runoff containing extremely high concentrations of selenium led to mortality and deformities in bird, amphibian, and fish embryos and the disappearance of species from wetlands.
12. Grazing: Grazing livestock can degrade wetlands when they use them as a food and water source. Urea and manure can result in high nutrient inputs. Cattle traffic may cause dens and tunnels to collapse. Overgrazing of riparian areas by livestock reduces streamside vegetation, preventing runoff filtration, increasing stream temperatures, and eliminating food and cover for fish and wildlife.
13. Mining: Acid drainage from active and abandoned mines causes extensive ecological damage. Acid mine drainage introduces high levels of acidity and heavy metals into the wetland environment through runoff and through direct drainage from mines into wetlands.
14. Apathy of the people: Due to the rapid growth of the population, the waste production from the household also increases. They throw their waste around the sources of water. Most of the people think just for a short period. They do not know that the waste thrown to the wetlands plays a vital role in the degradation of the wetlands.
1.11 Conservation of Wetland
Wetland loss results in greater flooding and erosion, reduced water quality, and reduced populations of many plants and animals. By 1991 over 60 countries had joined the Convention on Wetlands of International Importance especially known as the Ramsar Convention. Member countries are required to designate at least one wetland as a conservation project to add to the list of wetlands of international importance.
Wetland is an indispensable part of the natural resources. This helps to conserve the ecosystem. Similarly, it helps to conserve various species of plants and animals on that ecosystem. Humans have crucial role in the conservation of the wetlands, hence they should take the responsibility of conservation and management of wetlands.
1. [bookmark: bookmark22][bookmark: bookmark23]Importance of Conservation
The importance of wetland conservation is given below:
· Wetland is a transitional zone of land ecosystem and aquatic ecosystem. Wetland provides shelter and food for living things. It helps to sustain various ecosystems.
· The quality of wetlands has been degrading due to the lack of management in try, urbanization, industrialization, and awareness of the people.
· Wetlands include water retension, replenishment (particularly of underground aquifers) and water quality improvement by removing or retaining nutrients, processing organic wastes, and reducing sediments before they reach open water. Wetlands are crucial for food production such as rice, vegetables and fish.
· The wetlands can be used for fish farming. Wetlands in Nepal are also important tourist destinations. They contribute significantly to the national and local economy.
· Wetlands help in conserving the biodiversity as different plant species of a wetland provide habitat for varied animal communities. In addition to microorganisms and invertebrates, reptiles such as turtle, snake, and alligator are common in wetlands. Many amphibians such as frog, salamander, and toad live in wetlands during a part of their life cycle.
· Wetlands provide many opportunities for recreational activities such as birdwatching, hunting, fishing, trapping, and hiking. They also provide educational opportunities for nature studies and scientific research.
· Wetlands have a special historical and cultural importance in Nepal. For instance, the river floodplains of Nepal are important sites of culture and history. In order to maintain such history and culture, people have to conserve wetlands.
· Wetland is an important ecosystem. It absorbs water from the surrounding areas. Inland wetlands help in controlling floods by storing water and slowly releasing it to downstream areas after the flood peak.
2. [bookmark: bookmark24][bookmark: bookmark25]Policy and Conservation Measures
The conservation measures of the wetlands may vary from levels. The measures should be the joint coordination between local level and national level. The technical and financial co-operation of the international agencies is needed to conserve and promote the wetlands. There should be various measures of conservation programme.
Nepal's commitment for the environmental conservation is enshrined in the Constitution of Nepal 2072 B.S. (2015 A.D.): “The State shall pursue a policy of adopting appropriate ways of minimizing or stopping negative impacts on environment if it is there, or if there is a possibility of such an impact on nature, environment, or biodiversity. ”
Nepal is also the signatory to several Multilateral Environment Agreements of which three can be considered the most important ones for wetland biodiversity conservation. They are “Convention on Wetlands” (Ramsar, 1971), “Convention on Biodiversity Conservation” (CBD, 1992), and “Convention on International Trade in Endangered Species of Wild Fauna and Flora” (CITES, 1973). As a contracting party to the Ramsar Convention (1971), Nepal undertakes responsibility to prepare policy and enact specific laws for the conservation and management of wetlands in Nepal.
Ratification of the Convention on Biological Diversity (CBD) on 23rd November 1993 led to the creation of the National Biodiversity Unit (NBU) in 1997 to facilitate implementation of the country’s obligations as a Contracting Party to the CBD. It acts as a national focal point for guiding CBD implementation and monitoring. The Nepal Biodiversity Strategy (NBS), 2002 lays down Nepal’s strategy for biodiversity conservation and has clearly identified the need for conservation and sustainable use of wetlands and specifically the need for the following key actions:
· Formulation of comprehensive national wetland policy and wetland legislation,
· Review of institutional arrangements to ensure clarity in tenure-wise use and conservation,
· Research on wetland resources to provide scientific data and information,
· Identification of critical wetland habitats and their protection, and directory and database on wetlands,
· Promotion of collaborative management of wetland resources,
· Implementation of demonstration projects to apply and promote wise use of wetlands and their resources, and
· Promotion of awareness and capacity programmes on the importance, use, function and management of wetlands and their resources.
Nepal became signatory to the Convention of Wetlands of International Importance Especially as Waterfowl Habitat (Ramsar, 1971) in 1987. A National Wetland Policy (2003) was recently formulated as per the recommendation of the Conference of the Parties (1996) in order to manage wetlands in participation with local people and communities. The policy addresses the need for a coordinated approach to wetland management. It includes the following objectives:
· To conserve, manage and promote wise use of national wetlands particularly through the collaboration of communities;
· To recognize the importance of the knowledge, innovations, and practices of indigenous people and local communities in relation to wetlands and to promote the wider use of such for conservation and sustainable use of wetlands;
· To manage wetlands in an ecologically sustainable way;
· To achieve community participation in the management and decision-making processes of wetlands; 
· To raise public awareness, especially of women, about the conservation values
and benefits and wise use of wetlands; and 
· To ensure a sound scientific and technological basis for conservation management and wise use.
SUMMARY
Wetland is the geographic area with characteristics of both dry land and bodies of water. Wetlands typically occur in low-lying areas that receive fresh water at the edges of lakes, ponds, streams, and rivers, or salt water from tides in coastal areas protected from waves.
· A broader concept developed by the Ramsar Conservation Bureau (1987) defines wet lands as ‘areas of marsh, fen, peat land or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six metres’.
· Nepal’s National Wetlands Policy (2003) defines wetlands as “natural or artificially created areas, such as swamp, marsh, riverine floodplain, lake, water storage area and agricultural land containing water from underground water resource or atmospheric precipitation that may be permanent or temporary, static or flowing and freshwater or saline.”
· Wetland can be classified into three general categories: marshes, swamps, and peatland.
· Marshes are periodically or continually flooded wetlands characterized by non-woody emergent plants.
· Swamps are dominated by trees or shrubs and occur in a variety of flooding conditions. Standing water can be present in swamps during all or just a small part of the year.
· In peatlands, plants are produced more quickly than they can decay. There is accumulation of partially decomposed plant material, which is called peat.
· Wetland is an important ecosystem too. It is a source of food crops for humans and animals. It is also an appropriate habitat of different plants and animals.
· Several lakes and rivers are also important because of many festivals. In Nepal, some wetlands are important tourist destinations and contribute significantly to the national and local economy.
· Wetlands also help to conserve the rare animals such as deer, wild buffalo, wild boar and ghadiyal.
· The wetlands of the country can be classified in two major groups. They are natural wetland and artificial wetland.
· Lake, pond, inland marsh, marsh, meadows, etc. are natural wetlands whereas marsh agricultural land and space collected water are artificial wetlands.
· Antecedent river belongs to the period of the rise of the Himalayas. Rivers like Koshi, Kamali and Gandaki belong to this group. Rivers originating from the Mahabharata range and cutting through Churia hills come under the second group which includes Kankai, Bagmati and Kamala. The third group of rivers originates from the southern face of the Churia hills.
· The river-based wetlands are clean-water containing lakes, water collected areas, ponds, inland marsh, wet meadows, marsh paddy land, etc. There are more than 36 river-based wetlands in Nepal. The river-based wetlands help in conserving the endangered species of animals.
· Water storage areas, which have more than 8 hectares in area are known as lakes. Lakes are found in mountains, hills, and terai regions of Nepal.
· Based on the nutrients contained in the lake, the lake is classified into three types. They are oligotrophic lake, mesotrophic lake, and eutrophic lake.
· An oligotrophic lake contains low amount of nutrients. Some examples of oligotrophic lake are Tilichotal, Gosain Kunda, Panchapokhari lake, Rara lake, Phoksundo, etc.
· A mesotrophic lake contains medium amount of nutrients. Such lakes lie in the midhills. Some examples of mesotrophic lake are Phewatal, Baraha lake and Belkot.
· A eutrophic lake contains high amount of nutrients. Most of the lakes in the terai region are of this type. Some examples of eutrophic lake are Tara lake, Puraini lake and Ghodaghodi lake. Eutrophic lakes are much more productive than other types.
· Generally water storage area, which has less than 8 hectares is known as a pond. Some examples of pond are Maina Pokhari, Kamal Pokhari and Siddha Pokhari. Ponds where the nutrition is higher than required are called hypereutrophic ponds.
· Marshland is the land in which the water table is at, above, or just below the surface of the ground. They may be freshwater or salt.




· Freshwater marshes develop along the shallow margins Of lakes and slow. moving rivers. They are formed when ponds and lakes become filled with sediment. Salt marshes occur on coastal tidal flats.
· Dams constructed for electricity generation give rise to water collected places. Humans also collect water at some places. The storage water is used to generate electricity, for irrigation or drinking, and other purposes.
· Marsh agriculture land is a type of human-made wetland. It includes lowlands of wetland, arable land, seasonal arable land, etc.
· By 1991, over 60 countries had joined the Convention on Wetlands of International Importance especially known as the Ramsar Convention. Nepal's commitment for the environmental conservation is enshrined in the Constitution. According to it, Nepal would give priority to raising public awareness on environmental issues, to mitigating the adverse effects development works have on the environment, and to the conservation of rare fauna and flora.
· The conservation measures should be the joint coordination between local level and national level bodies. The technical and financial cooperation of the international agencies is needed to conserve and promote the wetlands.


EXERCISES
A. [bookmark: bookmark26][bookmark: bookmark27]Write short answers to the following questions.
1. What are the ecosystems established in stream and river?
2. Mention the components of an ecosystem.
3. What is meant by macrophyte. Give an example.
4. What types of animals exist in the third trophic level of an aquatic ecosystem.
5. Which type of place is rich in biodiversity?
6. What are the ecosystems established in pond and lake?
7. What is the difference between lotic and lentic ecosystems?
8. What is trophic level?
9. What is a mesotrophic lake?
10. What is an eutrophic lake?
B. [bookmark: bookmark28][bookmark: bookmark29]Write answers to the following questions.
1. What is meant by wetland? Explain in brief how it contributes to maintaining balance in environment.
2. Mention any five points of importance of wetlands in our country.
3. Describe in brief the importance of wetlands from religious and cultural viewpoints. Also give examples.
4. What are the two major groups of wetlands of our country? Give three examples of each group.
5. Describe any one natural wetland of our country. Make your description based on the following points:
(a) Introduction of the wetland
(b) Its importance
(c) Measures undertaken for its conservation
(d) Further measures necessary for its conservation.
6. Describe any one human-made wetland of our country. Make your description based on the following points:
(a) Introduction of the wetland
(b) Its importance
(c) Measures undertaken for its conservation
(d) Further measures necessary for its conservation.
7. Mention any three reasons why the wetlands have been destroyed in Nepal.
8. Mention any three measures that should be undertaken for the conservation of wetlands.
9. Mention any four reasons why the wetlands should be conserved.
10. “A wetland is a suitable habitat for different living beings.” Clarify this statement giving examples.
C. [bookmark: bookmark30][bookmark: bookmark31]Write short notes on:
1. Human-made wetlands
2. Swamps
3. Wetland ecosystem
4. An oligotrophic lake
5. Marsh agricultural land.
Project Work
1. Make a list of wetlands located in or around your surroundings and also identify whether each of them is natural or human-made. Study any one of them in detail. Prepare a report on the basis of the following points and present it in your class.
2. Visit any wetland near your place. Write its introduction, its advantages, measures undertaken for its conservation, further measures needed for its conservation, and role of the community in its conservation.

2.1 Soil Pollution[bookmark: bookmark8][bookmark: bookmark9]         UNIT-2
ENVIRONMENTAL POLLUTION

1. Introduction: Soil is a mixture of minerals, plant matter, and animal matter. Formation of soil takes thousands of years. It is necessary for most plant growth and is essential for all agricultural production. Soil pollution is a buildup of toxic chemical compounds, salts, pathogens or radioactive materials that can affect plant and animal life.
Soil constitutes complex chemical, physical and biological systems. A continued use of fertilizers in large quantities can produce changes of far-reaching implications in the physical, chemical and biological systems in the soil. Fertilizers produce useful effects on soils; however, they can also cause soil pollution through some harmful impact on them. For instance, when the choice of the fertilizer is faulty or its dosage is disproportionate, it may have adverse effects upon the physical, chemical and biological properties of the soil causing serious soil pollution. Thus, fertilizers, which are applied to the soil to enhance its productivity, constitute the chief source of soil pollution.
Unhealthy soil management methods have seriously degraded soil quality, caused soil pollution, and enhanced erosion. Treating the soil with chemical fertilizers, pesticides, and fungicides interferes with the natural processes occurring within the soil and destroys useful organisms such as bacteria, fungi, and other microorganisms. For instance, strawberry farmers in California fumigate the soil with methyl bromide to destroy organisms that may harm young strawberry plants. This process indiscriminately kills even beneficial microorganisms and leaves the soil sterile and dependent upon fertilizer to support plant growth. This results in heavy fertilizer use and increases polluted runoff into lakes and streams.

2. [bookmark: bookmark32][bookmark: bookmark33]Sources and Effect
Sources of Soil Pollution: There are various sources of soil pollution. Brief descriptions
of some of these are given below:
(i) Domestic Garbage: The non- degradable solid wastes like glass, plastic, polymers and packing materials are used and thrown away as garbage. These pile up at public places and create serious disposal problem and are difficult to be handled.
(ii) Excessive Use of Fertilizers: Chemical fertilizers added to the soil enter the crop plants as well as leach down into water table to become part of underground water. Nitrogen fertilization produces toxic concentration of nitrate or nitrite in the leaves and
fruits like spinach, mustard, and lettuce. Nitrate-containing canned food causes
corrosion of tin lining of the can, increases tin content of food and produces
nitrous oxide (N2O) gas. The toxicity increases if the drinking water also possesses sufficient nitrates. In the alimentary canal, the activity of bacteria changes nitrates into nitrites. The latter enter the blood and combine with haemoglobin to form methaemoglobin. As a result, transport of oxygen is reduced. It gives rise to a disease known as methaemoglobinaemia. In infants, it produces cyanosis whereas in adults, it produces breathlessness. Excessive use of chemical fertilizers causes soil deterioration through the decrease in natural bacterial population (nitrogen fixing, nitrifying, and sulphofying) and destruction of crumb structure. The salt content of the soil is also bound to increase with continuous use of fertilizers.
(iii) Agro-chemicals: The application of inorganic substances (such as toxic insecticides, pesticides, fungicides, etc.) for controlling diseases has adverse effects. As a result of improper use of toxic chemicals in agricultural fields over a long period, the toxic chemicals enter into the organisms through food chain
and affect the metabolic process. Some pesticides are reported to be carcinogenic, mutagenic and teratogenic in humans and animals.

(iv) Excessive Irrigation: Normal irrigation is productive for varieties of crops. The excessive irrigation closes the pores of the soil causing the deficiency of oxygen in the soil. This also causes the reduction of microorganisms, thus causing soil pollution.
(v) Solid Wastes: Solid wastes are unwanted solid materials such as garbage' paper, plastic and other synthetic materials, metals and wood. Billions of tons of solid waste are thrown out annually. Developed countries produce much more quantity of solid wastes than developing countries. Moreover, wastes produced in developed countries also contain a high percentage of synthetic materials which take relatively longer time to decompose.
Most commonly, solid wastes are disposed in the landfills worldwide. Such wastes when overfilled may contaminate air, soil and water in the surroundings. Incineration or burning of waste materials reduces the volume of solid wastes; however, this produces dense ashes that often contain dangerous concentration of hazardous materials such as heavy metals and toxic compounds.
(vi) Industrial Wastes: The rapid growth of industries has resulted in the release of a lot of industrial wastes on the land surface. The quality of these wastes depends on the type of raw materials and chemicals used in industries. The industries like distilleries, sugar mills, paper and pulp mills, tanneries and steel plants release large volume of effluents which causes land pollution. The effluents may contain several heavy metal ions and toxic organic and/or inorganic substances. The toxic chemicals are absorbed by the green plants along with the nutrients and enter the food chain finally reaching the human beings causing health hazards.
(vii) Acid rain: Acid rain forms when sulfur dioxide and nitrous oxide transform into sulfuric acid and nitric acid in the atmosphere, and such acid is precipitated on the Earth. Acid rain has made numerous lakes so acidic that they no longer support fish population. Acid rain is also responsible to make the soil acidic.
	 
(viii) Open Defecation: In rural areas or the areas having poor toilet facilities, people pass their excreta in open fields. The excreta contain several types of germs and bacteria which contaminate soil and ultimately infect healthy human beings causing various diseases.
3. [bookmark: bookmark34][bookmark: bookmark35]Effects of Soil Pollution
Different types of pollutants have different kinds of effects to the soil. Some of the effects of soil pollutants are described below:
(a) Pesticides, insecticides, weedicides, etc. have been usually sprayed on the crops. Such chemicals badly affect the organisms. The chemicals used in these toxicants pass through food chain and cause hazardous effects on the organisms of all levels. For

example, DDT and other chlorinated hydrocarbons affect the control of nervous system and cause cirrhosis of liver, cancer, acid disorder in the functioning of sex hormones.
(b) Industrial wastes containing lead, zinc, mercury, cadmium, copper, cyanides, acids, bases, etc. show toxic effects on the various organisms.
(c) Due to excessive use of fertilizers, water contains compounds of nitrate.
This affects the functioning of digestive system. It also reduces the combination of oxygen with haemoglobin in the lungs. Nitrates also cause breathlessness in human beings.
(d) Effluents from industries and other chemicals reduce the fertility of the soil.
(e) Salinity of the soil reduces fertility and degrades the quality of the soil.
4. [bookmark: bookmark36][bookmark: bookmark37]Controlling Measures of Soil Pollution
Since soil is vital for life, there should be concerted efforts to protect terrestrial landmass from pollution. The soil pollution can be reduced or controlled by the following methods:
· Use of pesticides and fertilizers should be controlled or minimized at least.
· Organic manure should be used instead of agro-chemicals as far as possible.
· The effluents released from the industries, hospitals and laboratories should be subjected to proper treatment before their release into terrestrial landmass.
· Dumping sites should be far away from the settlement areas. High temperature incinerator should be used to reduce the content of ashes formed.
· Plantation should be encouraged in the open arid areas. This checks the speed of wind as well as run-off of water and hence reduces soil erosion.
· Biological control should be implemented to control damage on crops due to pests and weeds as far as possible. Integrated pest control method should be adopted.
· Adequate latrine facilities should be provided in rural or urban areas.
· By refining the sewage of industries, hospitals and laboratories we can reduce the poisonous elements.
· There should be sufficient awareness programs on public sanitation at local levels.
· Legal provision should be made such that people are forced to manage solid wastes properly in order to control the land pollution.

2.2 Solid Waste
Whenever we use things, there are usually some parts which we do not use. These may be in solid, or liquid, or gas states. Hazardous wastes can cause illness, injury, and death ultimately. They also degrade the environment if improperly treated, stored, transported, or discarded. In our surroundings there could be a number of solid wastes such as garbage, refuse, bottle, glass, crockery, cans, cartons, scrap metal, animal carcasses, etc.
Billions of tons of solid waste are thrown out annually. Cities in economically developed countries produce far more solid waste per capita than those in developing countries. Moreover, waste from developed countries typically contains a high percentage of synthetic materials that take much longer time to decompose than the primarly biodegradable waste materials produced by developing countries.
1. [bookmark: bookmark38][bookmark: bookmark39]Types of Solid Waste
The main categories of solid wastes are as follows:
· Domestic wastes: Such wastes include sewage, dirt or grease, household garbage, and bulky waste including packaging material, appliances, furniture, office equipment, and unusable vehicles.
· Factory waste: Solids and effluents from factories of all types; the worst polluters are slaughterhouses, breweries, tanneries, textile mills, paper mills, steel mills, and most chemical industries.
· Electronic waste (E-waste): This is a new form of waste from discarded computers. It is an industry that thrives on obsolescence. New gadgets and new models appear almost daily and the old ones are discarded as junk. The waste is mounting in the electronic and computer industries.
· Construction waste: This includes materials from buildings that are demolished or renovated and materials discarded after completing a building.
· Waste from the extractive industries: Mining, quarrying, and dredging create solid waste (during extraction) and slurries (during processing).
· Agricultural waste: It includes mostly organic waste from plants and animals; irrigation water from farms containing fertilizers and pesticides.
· Waste from food processing: Organic solid waste from discarded food materials.
· Dead animals
· Biomedical waste: This originates mainly in hospitals and clinics and includes blood, diseased organs, poisonous medicines, etc.
· Nuclear waste: This includes radioactive wastes which are produced from nuclear power plants and manufacturing industries of nuclear weapons.
2. [bookmark: bookmark40][bookmark: bookmark41]Solid Waste Management
(a) Waste Management: Waste management is the collection, transport, processing or disposal of waste materials, usually the ones produced by human activities in an effort to reduce their effect on human health or local aesthetics or amenity. A sub-focus in recent decades has been to reduce the effect of the waste material on the natural world and the environment and to recover resources from them.
Waste management can involve solid, liquid, gaseous or plasmic waste, with different methods and fields of expertise for each. Waste management practices differ for developed and developing nations, for urban and rural areas, and for residential, industrial, and commercial producers. Waste management for non-hazardous residential and institutional waste in metropolitan areas is usually the responsibility of local government authorities, while management for non-hazardous commercial and industrial waste is usually the responsibility of the waste generator.
(b) Techniques of Waste Management 1. Landfill: Disposing of waste in a landfill is the most traditional method of waste disposal, and it remains a common practice in most countries. Running a landfill that minimizes environmental problems can be a hygienic and relatively inexpensive method of disposing waste materials.
Sanitary landfill is the cheapest satisfactory means of disposal, but only if suitable land is within economic range of the source of the wastes; typically' collection and transportation account for 75 percent of the total cost of solid waste management. In a modern landfill, refuse is spread in thin layers, each of which is compacted by a bulldozer before the next is spread. When about 3 m of refuse has been laid down, it is covered by a thin layer of clean earth, which also is compacted.
Problems of Landfill
Older or poorly managed landfills can create a number of adverse environmental impacts, including wind-blown litter, attraction of mice and pollutants such as leachate which can leach into and pollute groundwater. Another product of landfills containing harmful wastes is landfill gas, mostly composed of methane and carbon dioxide, which is produced as the waste breaks down.

2. Incineration: Incineration is the process of destroying waste material by burning In incinerators of conventional design, refuse is burned on moving grates in refractory lined chambers; combustible gases and the solids they carry are burned in secondary chambers. Combustion is 85 to 90 percent complete for the combustible materials. Incineration is carried out both on a small scale by individuals and on a large scale by industries.
Problems with Incineration
· It destroys not only the raw material, but also all of the energy, water, and other natural resources used to produce it.
· Incineration creates toxic gas and ash, which can harm local populations and pollute groundwater.
3. Volume reduction: This means various techniques for making the waste fit into less space and easier to handle in bulk. Usually, this is achieved by compaction or fragmentation by shearing and grinding.
Compaction: The waste is compacted or compressed. It also breaks up large or fragile items of waste. This process is conspicuous in the feed at the back end of many garbage collection vehicles. In landfill sites, the waste is often compacted by driving over it with a heavy excavator-type vehicle with spiked wheels.
Shearing: The waste is sliced with heavy metal shears.
Grinding: The waste is ground up by a hammer mill.
4. Resource recovery techniques: There are a number of methods by which resources may be extracted from wastes. The materials may be extracted and recycled, or the calorific content of the waste may be converted to electricity.
· Recycling: Recycling means to reuse a material that would otherwise be considered waste. The most common consumer items recycled include aluminium beverage cans, steel food and aerosol cans, plastic bottles, glass bottles and jars, paperboard cartons, newspapers, magazines, and cardboard boxes. These items are usually composed of a single type of material, making them relatively easy
' to recycle into new products. The recycling of obsolete computers and electronic equipment is important although more costly due to the separation and extraction problems. The recycling of junked automobiles also depends on the scrap metal market. Recycling usually requires significantly less energy, water and other resources than to produce new materials.
· Composting and digestion: Composting, using natural biological processes to speed the decomposition of organic wastes, is an effective strategy for dealing with organic garbage and produces a material that can be used as a natural fertilizer. Waste materials that are organic in nature, such as plant material, food scraps, and paper products, are increasingly being recycled. These materials are put through a composting and/or digestion system to control the biological process to decompose the organic matter and kill pathogens. The resulting stabilized organic material is then recycled as mulch or compost for agricultural or landscaping purposes.
5. Mechanical Biological Treatment: Mechanical Biological Treatment (MBT) is a technology category for combinations of mechanical sorting and biological treatment the organic fraction of municipal waste.
The -mechanical” element is usually a bulk handling mechanical sorting stage.
This either removes recyclable elements from a mixed waste stream
plastics and glass) or processes it in a given way to produce a high calorific fuel. 
The “biological” element refers to either anaerobic digestion or composting
Anaerobic digestion breaks down the biodegradable component of the waste to produce 
biogas and soil improver. The biogas can be used to generate renewable energy. MBT is gaining increased recognition in countries with changing waste Auction reuse, and
The emphasis in modem solid waste management is on reduction, reuse and 
recovery before disposal. These three words are at the centre of the discussion of integrated waste management systems. Reduction is using fewer 
items again after their initial consumer use is past. Recovery or energy value of the item at its highest point.
What Can We Do at Personal Level?
 REDUCE         .
Whenever possible, buy bulk or concentrated products to reduce packaging.
Examples: include concentrated fruit juice, laundry detergen, etc.
. Reduce toxic waste by purchasing paints, pesticides and other hazardous mate only in the quantities needed, or by sharing leftovers.
. Buy products made from recycled materials. Many bottles, cans, cereal boxes, containers, and cartons are made from recycled materials.
REUSE
. Select reusable products. Sturdy, washable utensils, tablewares, cloth napkins, and dishcloths can be used many times.
. Reuse newspaper, boxes, shipping “peanuts” and “bubble wrap” to ship packages.
. Choose furniture, sports equipment, toys and tools that will stand the test of time. Take unwanted items to charitable groups, sell them, or give them away to those who can use them.
RECYCLE
 Buy recyclable goods. Then remember to recycle; i.e., paper, glass, certain plastic, metals, etc.
. Take car batteries, antifreeze, and motor oil to participating recycling centres, and “Do It Yourselfers” (DIY) Collection Centers.

2.3 Hazardous Waste and its Management
1. [bookmark: bookmark44][bookmark: bookmark45]Introduction
Hazardous wastes are solid, liquid, or gas wastes that may be deadly or harmful to people or the environment and tend to be persistent or non-degradable in nature. Such wastes include toxic chemicals and flammable or radioactive substances, including industrial wastes from chemical plants or nuclear reactors, agricultural wastes such as pesticides and fertilizers, medical wastes, and household hazardous wastes such as toxic paints and solvents.
Substances are considered hazardous wastes if they are ignitable, corrosive, reactive, or toxic. Mixtures, residues, or materials containing hazardous wastes are also considered hazardous wastes. Hazardous wastes have been defined by the Federal Environmental Protection Agency (FEPA) as wastes that cause a potential hazard to humans or other living organisms for one or more of the following reasons:
(a) Such wastes are non-degradable or persistent in nature;
(b) their effects can be magnified by organisms in the environment;
(c) they can be lethal; or
(d) they may cause detrimental cumulative effects.
General categories of hazardous wastes include toxic chemicals and flammable, radioactive, or biological substances. These wastes can be in the form of sludge, liquid, or gas, and solid.
Many dangerous substances can be used with special precautions in order to reduce their risks. When discarded, these substances are no longer under the direct control of the user and may pose hazards to people and other organisms that come in contact with them. Because of such potential risks, hazardous wastes are processed separately from ordinary wastes.
2. Sources of Hazardous Wastes: Hazardous wastes are produced mainly from industries, business centres, agriculture and household areas.
(a) Industrial Wastes: Hazardous wastes are generated by almost all industries. Industries such as electroplating industry, galvanizing industry, photograph industry, textile industry,

tanning industry, ghee industry and oil refining industry produce important goods as well as hazardous These industries produce hazardous wastes in the form of residues such as acids, heavy metals, different solutions, chromium, various types of paints, cadmium, oily goods, and mercury.
For example, in a computer software industry, the production of computer chips involves the use of acids, caustic chemicals, and solvents thereby giving rise to different wastes. Similarly, the process of manufacture of fiber optics, copper wire, magnetic disks, paper, photographs, and transportation of the finished products also generates different hazardous wastes.

(b) Medical Wastes: Hospitals as well as different health treatment centres give rise to various hazardous wastages such as outdated and unused medicines, different chemicals, sharp objects, etc. Special care should be given while disposing wastes such as unused medicines, chemicals, needles, scalpels, and glassware, including the wastescontaminated with patients’ blood and tissue, primarily separating these hazardous wastes from ordinary wastes. Diagnosis and treatment of some diseases need the use of significant amounts of radioactive isotopes, which must be tracked and disposed of carefully.

(c) Household Wastes: Some common household hazardous wastes are toxic paints, flammable solvents, caustic cleaners, toxic batteries, pesticides, drugs, and mercury from broken thermometers. While disposing such wastes, we should be careful enough not to contaminate the soil or the groundwater. The householder should be asked to recycle or dispose of these items separately.
Renovations of old buildings may also cause toxic lead-paint to flake off from walls. Insulation material on furnace pipes may contain asbestos particles, which can break off and hang suspended in air. When we inhale these particles along with air, they can cause lung diseases.
(d) Agricultural Wastes: We use different pesticides and herbicides in agriculture. The production and use of such materials also give rise to several wastes. For example, while producing phosphate fertilizer, the fluoride wastes are also produced in the form
of byproducts. Even soluble nitrates from manure may dissolve into groundwater and contaminate drinking-water wells. A high level of nitrates may cause health problems.
(e) Research Centres: Nowadays, different types of research centres such as industrial testing laboratory, hospital laboratory, food testing laboratory, etc. are in operation. Various types of chemicals are used in such laboratories. The disposed liquid or chemicals from such places are injurious to health. Hence, there should be proper waste management system in such organizations.
3. Types of Hazardous Wastes: It is already mentioned that the hazardous wastes may be in solid, or liquid, or gas forms. Some of the hazardous wastes are as follows:
(a) Compounds of Mercury: There are some industries, which are particularly associated with mercury hazards. They are industries, which manufacture fluorescent lamps, electrical switches, mercury batteries, caustic soda, acetic acid, etc. Agro-industries also use a large number of fungicides that contain mercury compounds. Similarly the miners are also exposed to mercury dust and vapour.
Occupational workers, who are exposed to mercury dust, mercury vapour and
inorganic salts of mercury, show physical weakness, fatigue, anorexia, loss of body
weight and gastro-intestinal disorders. The mercury poisoning also results from either ingestion or therapeutic application of mercury-containing substances. This leads to acute gastric pain, nausea, blood vomiting, convulsions, and in severe cases, unconsciousness and death.
Mercury is found as a bright liquid in its element form. When it reacts with various elements, it forms hazardous compounds such as methyl mercury and alkyl mercury.
(b) Acids: Acids are normally used in laboratories and various industries. They are corrosive in nature. These are injurious to health. Hydrochloric acid, sulphuric acid, chromic acid and nitric acid are some hazardous acids. Along with some industrial

production (e.g. production of metals from metallic ores), acids are also formed in the form of wastes.
(c) Cyanide: Cyanide is a chemical. It is found in various forms such as sodium cyanide [image: ]potassium cyanide and metallocyanides. Cyanide is poisonous. Even a very small quantity of it could be fatal.
(d) Compounds of Lead: There are various forms of lead compounds such as lead sulphide, lead carbonate and lead chloride. Metallic lead is used in dry cells. It is also used in the preparation of various kinds of paints, pigments, etc.

4. Effects of Hazardous Wastes: Hazardous wastes pollute soil, air, and water. Pollution
of soil may also affect plants and animals including human beings.
(a) Land Pollution: Sludge from municipal sewage disposal may contain toxic elements if industrial waste is mixed with domestic sewage. If the sludge is used as a fertilizer, it may contaminate fields. Plants take up toxic substances that do not break down or bind tightly to the soil. Humans and other animals that feed on those plants then consume the toxic substances too.
(b) Air Pollution: Air may become contaminated by direct emission of hazardous wastes. Evaporation of toxic solvents from paints and cleaning agents is a common problem. The air above hazardous waste may become dangerously contaminated by escaping gas fromold dumping sites too.

(c) Water Pollution: River and lake pollution, if it is toxic enough, may affect animal life and plant life. For example, too much fluoride in water may increase the concentration of fluoride in teeth and bones and may cause dental and bone problems.

Underground pollutants can be carried by underground water flow. These wastes form underground plumes of contaminants, which may reach the surface if the water emerges in a spring or is pumped by wells. Especially dangerous are solvents that may have leaked from the underground storage tanks or that may have been carelessly poured on the ground. Toxic metal ions may also be present in these waste plumes.
(d) Destruction of Ecosystem: The contaminated water resource affects the living things living in and around it. In the contaminated water the amount of oxygen needed by living things will not be sufficient for breathing, which ultimately results in the destruction of aquatic life.
Even non-toxic pollutants present in water may destroy aquatic life. For example, phosphates and nitrates, which are usually harmless, can promote the growth of algae in lakes or rivers. If algae grow rapidly in big number, they consume great amount of oxygen. Lack of oxygen eventually suffocates other life. This process of algal overgrowth, called eutrophication, can kill life in lakes and rivers. In some cases, particular algae can also poison the drinking water of people and livestock.
(c) Effects on Health: In a developing country like Nepal, the hazardous wastes are also thrown at dumping sites. Sometimes in such cases, the chemical reaction among them may cause explosion and bum the local area. The unmanaged disposal of the hazardous substances is also harmful to human health. For example, drinking water which contains cadmium, affects the health badly.
Similarly, compounds such as dichloro-diphenyl-trichloro ethane (DDT), PCBs, and dioxins are more soluble in fats than in water and therefore tend to build up in the fats within plants and animals. These substances may be present in very low concentrations in water but accumulate to higher concentrations within algae and insects, and build up to even higher levels in fish. Birds, humans, and other animals that feed on these fish are then exposed to very high levels of hazardous substances.
5. [bookmark: bookmark46][bookmark: bookmark47]Leakage of Radiation and its Hazardous Effect
The leakage of radiation pollutes the environment. Ionizing radiation, ultra-violet radiation and infrared radiation are more hazardous. Ionizing x-ray and radioactive isotopes are used in
medical treatment as well as in industries. These radiations are use to examine the characters of the metals. The X-ray is used in medical science to identify the sex or condition of the baby in a pregnant woman, condition of the bones, meta s or s ones inside a human body.
While using radioactive rays, much precaution should be taken. Cellular functions may be temporarily or permanently impaired due to radiation. It may also destroy the living cells. The severity of the injury depends on the type of radiation, the absorbed dose, the rate at which the dose is absorbed, and the radio-sensitivity of the tissues involved.
The ultraviolet rays evolve in the process of welding in the industries. They affect skin and eyes. Exposure to such rays for long time may also cause the cancer of the skin. The infrared radiation evolves from metal melting industries. These rays also affect human eyesight.
6. [bookmark: bookmark48][bookmark: bookmark49]Preventive Measures of Hazardous Wastes
Major preventive measures of hazardous wastes are explained below.
(a) Establishment of Industries: Hazardous wastes destroy the systems of land as well as water. They have chronic effects on living beings. The industries, which produce hazardous wastes, should be established in areas far away from water resources and residential areas.
(b) Control of Hazardous Wastes: Hazardous wastes should be used at minimum as far as possible. However, the users must undertake preventive measures in order to reduce their negative effects. There should be proper management system so that the leakage of hazardous wastes could be controlled primarily in the source.
(c) Public Awareness: People should be aware of the possible effects of hazardous wastes. The operator must follow the preventive measures of using hazardous wastes. The training programme should be launched for sellers and users of such things. The public awareness programmes help in reducing the negative impacts of hazardous wastes.
7. [bookmark: bookmark50][bookmark: bookmark51]Management of Hazardous Wastes
(a) Burying in the Ground: Garbage has been a problem in our country too. The recycling programmes may reduce a good amount of wastes going into landfills- however these alone cannot solve the problem of garbage disposal. The hazardous wastes should be managed by burying them into the free ground. However, they should be far away from water resources.	
Reduction of Sources of Wastes: The best way to eliminate hazardous wastes is checking their production in the first place. Once they are produced, it is difficult to decompose them. So the producers should have enough ideas on the consumption pattern. It is also equally important for them to undertake the proper management techniques of hazardous chemicals.
(b) Proper Use: The hazardous wastes should be used at minimum as far as possible. The containers or contaminated things should be cleaned properly. The preservative measures should be adopted while using these hazardous wastes.
(c) Recycling: Recycling is the recovery or reuse of usable materials from wastes. In the United States, about 5 percent of the hazardous wastes is recycled as solvents, and a similar amount is recovered as metals.
In the United States, the practice of using industrial wastes as ingredients in commercial fertilizers is encouraged as a means of recycling hazardous wastes. However, the safety of this practice has recently been questioned, although some of the states have already begun to regulate it.
(d) Reuse: The hazardous wastes should be collected and managed in such a way that they could be reused as far as possible. The metallic containers should be used after washing or necessary treatment. For example, some of the waste acids may be used for cleaning certain machines or weapons. Similarly, the waste dust of pesticides and insecticides may be used in manufacturing other forms of pesticides or insecticides. This helps to reduce the hazardous wastes.
Wastes may be made less hazardous by physical, chemical, or biological treatment. For example, sodium hydroxide has been used to treat acid wastes at integrated-circuit plants. Nowadays some newer plants treat hydrofluoric acid wastes with lime, producing relatively harmless calcium fluoride. Similarly, sulphuric acid wastes can be treated with ammonia wastes to form ammonium sulphate, which is a kind of fertilizer.
(e) Disposal: The burning of hazardous waste is not an environmentally sound method of disposing. But due to lack of a huge budget required for disposing wastes, the alternate method of disposing is burning.
A recent method has been developed for the treatment of shallow plumes of chlorinated solvents. At first a trench is dug around the leaking waste site, then it is with a mixture of soil and powdered iron. The iron then reacts with the chlorinated solvents turning them into simple hydrocarbons, which are less hazardous.
(f) Legislative Measure: Hazardous waste has a broad definition in common use but it as a quite narrow meaning as stated by the law of our nation. We still need a proper legislative measure in relation to solid waste management as well as a proper monitoring system.
(g) International Issues: About 400 million metric tons of hazardous wastes is generated in the world each year. In 1989 A.D. the Basel Convention on the “Control of Transboundary Movements of Hazardous Wastes and Their Disposal” was adopted at a meeting convened by the United Nations Environmental Programme and it was attended by 116 countries. The convention intends the reduction of hazardous wastes and their movements across borders between countries. The convention was ratified by 97 countries till 1996 A.D. but the United States was not yet among them. The import of hazardous wastes has been prohibited by about 90 countries.
Activity
Visit a hospital, health post or health centre close to your school. Prepare a report on its hazardous waste and its proper management.
SUMMARY
· Substances are considered hazardous wastes if they are ignitable, corrosive, reactive, or toxic.
· Hazardous wastes can cause illness, injury, or even death to people. They can destroy the environment if improperly treated, stored, transported, or discarded.
· Hazardous wastes are produced mainly from industries, business centres, agriculture and household areas.
· Industries such as electroplating industry, galvanizing industry, photograph industry, textile industry, tanning industry, ghee industry and oil refining industry produce hazardous wastes in the form of residues such as acids, heavy metals, different solutions, chromium, various types of paints, cadmium, oily goods, and mercury.
· Hospitals as well as different health treatment centres give rise to various hazardous wastages such as outdated and unused medicines, different chemicals, and sharp objects like needles, scalpels, and glassware.
· Some common household hazardous wastes are toxic paints, flammable solvents, caustic cleaners, toxic batteries, pesticides, drugs, and mercury.
· The production and use of different pesticides and herbicides in agriculture also give rise to several hazardous wastes such as fluoride wastes and nitrate wastes.
· Hazardous wastes can be properly managed by burying them into the ground, reducing their sources, using them at minimum, recycling, and reusing.
· The leakage of radiation also pollutes the environment. Ionizing radiation, ultra-violet radiation and infrared radiation are more hazardous.
· Cellular functions may be temporarily or permanently impaired due to radiation. It may also destroy the living cells. The severity of the injury depends on the type of radiation, the absorbed dose, the rate at which the dose is absorbed, and the radio-sensitivity of the tissues involved.
· The ultra-violet rays affect skin and eyes. Exposure to such rays for long time may also cause the cancer of the skin. The infrared radiation also affects the eyesight.
· Hazardous wastes pollute soil, air, and water. The polluted soil, air, and water affect plants, and animals including human beings.
· Plants take up toxic substances contained in the soil. Humans and other animals that feed on those plants then take the toxic substances.
· Air may become contaminated by direct emission of hazardous wastes such as toxic solvents from paints, cleaning agents, etc.
· River and lake pollution may affect animal life and plant life. Too much fluoride in water may increase the concentration of fluoride in teeth and bones and may cause dental and bone problems.
· In the contaminated water the amount of oxygen needed by living things will not be sufficient for breathing, which ultimately results the destruction of aquatic life. Phosphates and nitrates promote the growth of algae in lakes or rivers. If algae grow rapidly in big number, they consume great amount of oxygen. Lack of oxygen eventually suffocates other life. In some cases, particular algae can also poison the drinking water of people and livestock.
· Some main preventive measures of the hazardous wastes are the establishment of industries far away from water resources and residential areas, proper treatment and control of hazardous wastes, conducting public awareness programmes, etc.

[bookmark: bookmark52][bookmark: bookmark53]2.4 Radiation Pollution
Radioactive pollution is a special form of physical pollution of air, water and soil with radioactive materials.
What is Radiation?
Radiation is the process by which radiant energy is transferred from one place to another in the form of electro-magnetic waves. The various types of radiation differ from one another by their frequency or wavelength. Higher the frequency or lower the wavelength of a radiation, higher will be its energy. Again, higher the energy of the radiation, it will cause higher damage to the living organisms.
These are the radiations which induce the ionization of atoms and molecules. An atom is ionized when energy supplied to it separates one or more of its electrons. I Ionization of a molecule produces two fragments.
Non-ionizing radiation is relatively long-wavelength electromagnetic radiation, such as radio waves, microwaves, visible radiation, ultraviolet radiation, and very low- I energy electromagnetic fields. Non-ionizing radiation is generally considered less dangerous than ionizing radiation. However, some forms of non-ionizing radiation such as ultraviolet, can damage biological molecules and cause health problem.
Ionizing radiation is the short wavelength radiation or particulate radiation emitted by certain unstable isotopes during radioactive decay. There are about 70 radioactive I isotopes, all of which emit some form of ionizing radiation as they decay from one isotope to another. A radioactive isotope typically decays through a series of other isotopes until ' it reaches a stable one.
Alpha (α), beta (β), and gamma (y) radiations are mainly responsible for radiation pollution. Alpha radiation contains energetic α-particles. Each alpha particle carries two units of positive charges and interacts strongly with living tissues. Beta radiation is made up of energetic electrons. Each beta particle carries one unit of negative charge and interacts strongly with matter. Gamma radiation is made up of high energy photons. Photons bring about strong electro-magnetic interaction with matter.
1. [bookmark: bookmark54][bookmark: bookmark55]Sources of Environmental Radiation
Sources of environmental radiation are both natural and human made.
(h) Natural Radiation: The natural sources of radiation may be:
(a) Radioactive minerals,
(b) Cosmic rays,
(c) Radio nucleides,
(a) Radioactive Minerals: The radioactive elements such as radium 224, uranium 235, uranium 238, thorium 232, radon 222, potassium 40 and carbon 14 occur in rocks, soil and water; they are capable of emitting energetic radiations causing pollution.
(b) Cosmic Rays: The cosmic rays containing highly energetic particles reach the surface of the earth causing pollution. The intensity of cosmic rays depends on latitudes and altitude of the place. The intensity is maximum at the poles and minimum at the equator.
(c) Radio Nucleides: The unstable radio-nucleides in the atmosphere can be spirited up into smaller parts emitting energetic radiation. The smaller radio-nucleides enter into the body of organisms along with air during respiration.
(ii) Human-made Radiation: This includes mining and refining of plutonium and thorium, production and explosion of nuclear weapons, nuclear power plants, nuclear fuels and preparation of radioactive isotopes. The various sources of human made radiation pollutions may be -
1. Atomic Reactors and Nuclear Fuels
2. Radio-active wastes;
3. Nuclear explosions;
4. Radio-isotopes;
5. X-rays and radiation therapy;
6. Television set; and
7. Mobile set.
1. Atomic Reactors and Nuclear Fuels: The operation of a nuclear power plant releases large amounts of energy. This energy is used in large turbines, which produce electricity. Both the fuel elements and coolants contribute to radiation pollution. Wastes from atomic reactors also contain radioactive materials. The biggest problem is the disposal of these radioactive wastes.
2. Radioactive Wastes: The nuclear power plants produce a lot of nuclear radioactive wastes. The disposal of these wastes has become a global problem.
Some countries producing large quantity of nuclear wastes dump them m oceans near other countries.
Nuclear Explosion: During nuclear explosion, a large number of radio- nucleides is generated in the atmosphere. The radio-nucleides settle down with rain contaminating the soil and water bodies. Finally, these enter into food chain causing serious problem to the living organisms.
4. Radio-isotopes: Radio-isotopes are also prepared artificially either by nuclear fusion or by nuclear fission. Waste waters containing these radioactive materials reach water sources like rivers through the sewers. From water they enter the human body through food chains. If these radio-isotopes are not properly handled, these emit radiations causing pollution.
5. X-rays and radiation therapy. Human beings also receive radiation from diagnostic X-rays and radiation therapy for cancers.
6. Television Set: Television sets produce radiations which can also cause cancer.
7. Mobile Set: Mobile sets produce radiations while talking or ringing. They may affect various parts of the body. They disturb the brain when talking, affect heart when ringing in front of the chest, etc.
2. [bookmark: bookmark56][bookmark: bookmark57]Effects of Radiation Pollution
The effects of radiation were first noted in 1909 when it was found that uranium miners suffer from skin bum and cancer due to radiations from the radio-active mineral. Different organisms show different sensitivity to ionizing radiations. For example, tests have shown that pine trees are killed at radiations in which oak trees continue to thrive comfortably.
When radiation passes through different living organisms, the following disorders take place:
1. Radiation appears several months or even years after the exposure. The effects are caused by development of genetic changes, mutations, shortening of life span, formation of tumor, cancers, etc. The effect of mutations can persist in the human race.
2. They appear within days or a few weeks after exposure. The effects include loss of hair, nails, subcutaneous bleeding, change in number and proportion of blood cells, changed metabolism, and proportion of blood cells, etc.
3. Radiation in bone marrow may cause leukemia.
4. Radiation may cause skin bums which may lead to skin cancer.
5. Radiation at pelvic regions of pregnant ladies may damage the foetus.
6. It has also been reported that high altitude plants have developed polyploidy (increase in the number of chromosome sets) as a protective mechanism against radiations.
3. [bookmark: bookmark58][bookmark: bookmark59]Controlling measures of Radiation Pollution
The following preventive measures should be followed to control radioactive pollution:
1. Leakage of radioactive materials from nuclear reactors, industries and laboratories using them should be totally stopped and proper care should be taken to check human made radiation pollution at source.
2. Nuclear reactor should be perfectly maintained to avoid accidental leakage.
3. Radioactive waste disposal must be safe. They should be changed into harmless form or stored in safe places so that they can decay in a harmless manner. Radioactive wastes only with very low radiation should be discharged into sewerage.
4. Nuclear tests should be banned.
5. Preventive measures should be taken so that natural radiation level does not rise above the permissible limits.
6. Safety measures should be taken against accidents in nuclear power plants and workers using radioactive materials should wear protective garments.
4. [bookmark: bookmark60][bookmark: bookmark61]Some Important Terminologies
pathogens	-	disease-causing organisms
cyanosis - blue babies due to bluish tint of skin synthetic	
effluent	-	Any fluid emanating from source
plasmic	-	a fourth matter other than solid, liquid and gas
leachate	-	liquid containing dissolved solids
refuse	-	all types of solid waste
sturdy	-	well-built
ignitable	-	flammable
isotopes - elements with same atomic number but different mass number 
radio-nucleide - radioactive element characterized by its number 
sewer	- a channel that carries waste water
EXERCISES
A. Write very short answers to the following questions.
1. Write a reason of soil pollution.
2. What is solid waste?
3. Elaborate 3R.
4. What is hazardous waste?
B. Write short answers to the following questions.
1. What is soil pollution?
2. List out the sources of soil pollution.
3. What is Radiation?
4. Describe in short the medical wastes. Mention any two ways of their disposal properly.
5. “One of the important sources of hazardous wastes is our house.” Justify this statement giving an example.
6. What is recycling? How does it help in the management of hazardous wastes?
7. Describe how the hazardous waste pollutes the water resource.
8. Describe how the hazardous waste pollutes air.
9. Mention any two preventive measures of the hazardous waste.
C. [bookmark: bookmark62][bookmark: bookmark63]Answer these questions.
1. What are the sources of soil pollution? Describe.
2. Describe the effect of soil pollution.
3. What are the controlling measures of soil pollution? Describe.
4. Describe the solid waste management with its types.
5. What is meant by hazardous waste? Mention any four examples of hazardous waste.
6. In what way is an industry also regarded as a source of hazardous waste? Give examples.
7 Describe any four types of hazardous wastes and their effects.
8 Describe any four ways of managing hazardous wastes effectively.
9. What is meant by leakage of radiation? Mention any three hazardous effects on living beings due to the leakage of radiation.
10. Describe the effect of radiation on human health.
D. [bookmark: bookmark64][bookmark: bookmark65]Write short notes on:
1. Source of hazardous wastes
2. Medical waste
3. Agricultural waste
4. Leakage of radiation
5. Liquid hazardous waste

1. Prepare a report on soil pollution around your school. The report should contain the following headings:
(a) Introduction
(b) Location of the place
(c) Objectives of the study
(d) Observation of the soil pollution and reason
(e) Conclusion and recommendation
Prepare a report on solid waste produced around your school and its management. The report should include the following headings:
(a) Introduction
(b) Location of the placeX-:

(c) Objectives of the study
(d) Observation of the solid waste, source and its management
(e) [bookmark: _GoBack]Conclusion and recommendation
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