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1 Ecological concepts and natural resources 

 

Environmental Engineering is the application of scientific and engineering principles to 

assess, manage and design sustainable environmental systems for the protection of human 

and ecological health. Environmental Engineering encompasses a range of specialties 

including:  

 

 Environmental chemistry, microbiology, geology, and ecology  

 Hydrology and water resources  

 Water quality 

 Water and wastewater treatment processes  

 Solid and hazardous waste management and Remediation  

 Air pollution and air quality control 

 Mathematical modeling of environmental processes  

 Environmental toxicology and risk assessment  

 Environmental impact assessment  

 Sustainable engineering systems  

 Environmental engineering laboratory  

 

1.1 Components of the environment 

 

The natural environment consists of four segments- atmosphere, hydrosphere, 

lithosphere and biosphere. 

 

Atmosphere: The atmosphere is the protective blanket of gases surrounding the earth, 

which sustains life on earth and saves it from hostile environment of outer space. It filters 

out tissue-damaging ultraviolet radiation. The atmosphere plays a key role in maintaining 

the heat balance of the earth, through absorption of infrared radiation emitted by the sun 

and re-emitted from the earth. The atmosphere is the source of oxygen and carbon 

dioxide. It also supplies nitrogen which nitrogen-fixing bacteria and ammonia 

manufacturing plants utilize to yield chemically bound nitrogen essential for life. 

Furthermore, it is a vital carrier of water from oceans to land, as part of the hydrologic 

cycle.    

 

Hydrosphere: The hydrosphere includes all types of water resources- oceans, seas, rivers, 

lakes, streams, reservoirs, polar ice caps and ground water. About 97 % of the earth’s 

water supply is in the oceans, where the high salt content does not permit its use for 

human consumption. About 2 % of the water is locked in the polar ice caps and glaciers, 

while only 1 % is available as freshwater (rivers, lakes, streams, and ground water) for 

human consumption and other uses. 

 

Lithosphere: This is the outer shell of the earth, comprising the crust and the uppermost 

layer of the mantle. It consists of minerals occurring in the earth’s crust and the soil. The 

latter comprises a complex mixture of minerals, organic matter, air and water. The soil is 

the most important part of the lithosphere. 
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Biosphere: This denotes the realm of living organisms and their interactions with the 

environment, viz. atmosphere, hydrosphere and lithosphere. It comprises a number of 

specific ecosystems. 

 

Ecosystem: is an ecological system that consists of interacting biotic and abiotic 

components. The biotic components include plants, animals and microbes. The abiotic 

component comprises physicochemical substances, i.e. basic inorganic elements and 

compounds such as oxygen, water, carbon dioxide, phosphates and gradients like 

temperature, wind, moisture, etc. The dynamic nature of the ecosystem due to the 

interactions between and interdependence of the various components is shown in Fig. 1.1. 

Ecosystems occur in space and exist in time- they have breadth, width and depth, plus a 

past as wells as a present and a future. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1.1 Ecosystem interactions 

 

Ecological systems can broadly be classified into two classes: Aquatic and Terrestrial 

ecosystems. 

 

Aquatic ecosystems. Three broad categories of aquatic ecosystems can be distinguished 

on the basis of major chemical difference- freshwater (river, lake and pond), marine 

(ocean and sea), and estuarine (coastal, bay, tidal).  

 

Freshwater ecosystems: encompasses all inland bodies of flowing and still water. 

Flowing water or lotic habitats include the different parts of a river: the headwater 

streams and brooks, mid-valley streams with pools and riffles, the floodplain zone, and 

the estuaries where rivers flow into the sea. The amount, variability, and reliability of 

water flow in rivers has enormous significance for plants, animals, and people living 

along the course of the river. Rivers and their flood plains possess diverse and valuable 

ecosystems. Hence, great care must be exercised when altering this regime through basin 
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and river management, as careless handling or over-exploitation of water resources has 

catastrophic impacts on riparian ecosystems. 

Still water or lentic habitats (ponds and freshwater lakes) comprise a shallow-water zone 

or wetlands along the shore; an upper open-water zone that extends to the depth at which 

light is insufficient for photosynthesis; a deep-water zone on which the warmer, less 

dense water floats; and a bottom zone of soft mud and silt, where decomposition takes 

place. 

Wetlands are unique transient ecosystems, falling between true aquatic systems on one 

hand and terrestrial systems on the other. The water table is usually at or near surface, or 

the land is covered by shallow water. About 6% of the total surface area of the world is 

covered by wetlands. Wetlands are among the earth's most productive ecosystems.  

 

 

 

 

 

 

 

 

 

 

 

 

Terrestrial ecosystems: are usually named after the dominant vegetation type of an area. 

Hence, there can be forest (different types), grassland, and desert ecosystems. Soil and 

climate are the major factors that determine the distribution of terrestrial ecosystems.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Box 1.2 Major terrestrial ecosystems of Ethiopia: 

- Afroalpine and sub-Afroalpine ecosystem (found in > 3200 m.a.s.l) 

- Mountain grassland ecosystem (1500 – 3000 m.a.s.l) 

- Combertum-Terminalia woodland ecosystem (generally found on 

rocky sand soils; 500-1900 m.a.s.l) 

- Mountain moist forest ecosystem (major forest area in the country; 

mainly south west) 

- Acacia-commiphora woodland ecosystem (900-1900 m.a.s.l; 600-

1600 mm annual rainfall (a.r.f); 18-27 
O
C temperature) 

- Dry evergreen mountain ecosystem (1500-2700 m.a.s.l; 700-1100 

mm a.r.f; 17-25 
O
C temperature) 

- Lowland tropical forest ecosystem (well-drained sand soil; 1300-

1800 mm a.r.f; 28-30
 O

C temperature; mainly in the lowlands of 

eastern Gambela) 

- Desert and semi-desert scrub land ecosystem (very dry zone; 300-

800 mm a.r.f; 1600-2100 mm annual evapotranspiration; 16-27
 O

C 

temperature) 

Box 1.1 Aquatic ecosystems of Ethiopia 

 

Lotic:  

- 7000 km total river length 

- 12 major river basins 

- Total annual surface runoff 110 billions m3 

Lentic: 

- Lake Tana (3600 km2 area; 14 m max. depth) 

- Rift valley lakes (Zeway, Langano, Abiyata, etc.) 

- Impoundments (e.g. Koka) 
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1.2 Ecological processes and natural cycles 

 

Ecological processes 

 

Ecosystems function through two ecological processes- energy flowing in one direction 

from the Sun, and through nutrients, which are continuously recycled. These two 

processes are essential for the survival and maintenance of the biotic environment. Light 

energy is used by plants, which, by the process of photosynthesis, convert it to chemical 

energy in the form of carbohydrates and other carbon compounds. This energy is then 

transferred through the ecosystem by a series of steps called a food web. A simplified 

model for energy and nutrient movement is shown in Fig. 1.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.2 The food web 

 

Energy flow fuels the biogeochemical cycles, or nutrient cycles. The cycling of nutrients 

begins with their release from organic matter by weathering and decomposition in a form 

that can be picked up by plants. Plants incorporate nutrients available in soil and water 

and store them in their tissues. The nutrients are transferred from one trophic level to 

another through the food web. Because most plants and animals go uneaten, nutrients 

contained in their tissues, after passing through the decomposer food web, are ultimately 

released by bacterial and fungal decomposition, a process that reduces complex organic 

compounds into simple inorganic compounds available for re-use by plants. 

 

Within an ecosystem nutrients are cycled internally. But there are leakages or outputs, 

and these must be balanced by inputs, or the ecosystem will fail to function. Nutrient 

inputs to the system come from weathering of rocks, from windblown dust, and from 

precipitation, which can carry material great distances. Varying quantities of nutrients are 

carried from terrestrial ecosystems by the movement of water and deposited in aquatic 

ecosystems and associated lowlands. Erosion and the harvesting of timber and crops 

remove considerable quantities of nutrients that must be replaced. The failure to do so 
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results in an impoverishment of the ecosystem. This is why agricultural lands must be 

fertilized. 

 

Natural cycles of the environment 

 

The natural cycles and ecosystems operate in a balanced manner which stabilizes the 

entire biosphere and sustains the life processes on earth. Some major natural cycles are 

discussed below. 

 

The hydrologic cycle: is a continuous natural process which helps in exchange of water 

between the atmosphere, the land, the sea, living plants and animals (See Fig. 1.4). The 

solar radiation drives the hydrologic cycle.  
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Fig. 1.4 The hydrologic cycle 

 

The Nitrogen cycle: Nitrogen and its compounds are essential for the maintenance of life 

processes in the biosphere. There is a continuous exchange of nitrogen within 

ecosystems, operating the nitrogen cycle (See Fig. 1.5).  

 

 

Fig. 1.5 The Nitrogen Cycle 
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The activities of humans have severely altered the nitrogen cycle. Some of the major 

processes involved in this alteration include: 

o The application of nitrogen fertilizers to crops has caused increased rates of 

denitrification and leaching of nitrate into groundwater. The additional nitrogen 

entering the groundwater system eventually flows into streams, rivers, lakes, and 

estuaries. In these systems, the added nitrogen can lead to eutrophication.  

o Increased deposition of nitrogen from atmospheric sources because of fossil fuel 

combustion and forest burning. Both of these processes release a variety of solid 

forms of nitrogen through combustion.  

o Livestock ranching: Livestock release large amounts of ammonia into the 

environment from their wastes. This nitrogen enters the soil system and then the 

hydrologic system through leaching, groundwater flow, and runoff.  

o Sewage waste and septic tank leaching.  

 

The Phosphate cycle 

 

Phosphates are important to metabolism in both plants and animals. Phosphorus cycle 

occurs both in terrestrial and aquatic ecosystems. The natural phosphorus cycle has been 

affected by pollution, mainly from agricultural runoff containing super-phosphate and 

also from domestic sewage containing phosphates derived from excreta and detergents. 

Phosphate pollution of rivers and lakes is the cause of algal bloom (eutophication), which 

reduces the dissolved oxygen in water and disrupts the natural food chain.  

 

 

Fig. 1.6 The Phosphate cycle on land 

 

 

The carbon cycle 

 

Carbon, used by all living organisms, continuously circulates in the earth’s ecosystem. In 

the atmosphere, it exists as the gas carbon dioxide, which is used by plants in the process 

of photosynthesis. Animals acquire the carbon stored in plant tissue when they eat and 

exhale carbon dioxide as a by-product of metabolism. Although some carbon is removed 

from circulation temporarily as fossil fuels and limestone deposits, respiration and 

photosynthesis balance to keep the amount of atmospheric carbon relatively stable. 

Industrialization, however, has contributed additional carbon dioxide to the environment. 
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Figure 1.7 depicts the natural carbon cycle and the increase in atmospheric CO2 due to 

combustion of fossil fuel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.7 The Carbon Cycle 

 

 

1.3 The Value of the Environment  

 

Environmental Functions 

 

Many societies today have technological capabilities undreamed of in centuries past. 

Their citizens have such a global command of resources that even foods flown in fresh 

from all over the planet are taken for granted, and daily menus are decoupled from the 

limitations of regional growing seasons and soils.  These developments have focused so 

much attention upon human-engineered and exotic sources of fulfillment that they divert 

attention from the local biological underpinnings that remain essential to economic 

prosperity and other aspects of our well-being. 

 

These biological underpinnings are encompassed in the phrase ecosystem functions, 

which refer to a wide range of conditions and processes through which natural 

ecosystems, and the species that are part of them, help sustain and fulfill human life.  

Ecosystems provide human beings with different goods and life support services. Four 

categories of ecosystem functions can be identified. 

 

Regulation function: this group of functions relates to the capacity of natural and semi-

natural ecosystems to regulate essential ecological processes and life support systems 

which, in turn, contributes to the maintenance of a healthy environment by providing 

clean air, water, and soil. Major regulation functions of the natural environment are listed 

below. 
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 Protection against harmful cosmic influences 

 Regulation of the local and global climate 

 Regulation of the local and global energy balance 

 Regulation of the chemical composition of the atmosphere 

 Regulation of runoff and flood prevention 

 Water catchment and ground water recharge 

 Prevention of soil erosion and sediment control 

 Formation of topsoil and maintenance of soil fertility 

 Fixation of solar energy and biomass production 

 Storage and recycling of organic matter 

 Storage and recycling of nutrients 

 Storage and recycling of human waste 

 Regulation of biological control mechanisms 

 Maintenance of migration and nursery habitats 

 Maintenance of biological (and genetic) diversity 

 

Carrier function: natural and semi-natural ecosystems provide space and suitable 

substrate or medium for many human activities such as habitation, cultivation and 

recreation. The major ones include: 

 Human habitation and (indigenous) settlements 

 Cultivation (crop growing, animal husbandry, aquaculture) 

 Energy conversion 

 Recreation and tourism 

 Nature protection 

 

Production function: nature provides many resources, ranging from food and raw 

materials for industrial use to energy resources and genetic material. They include 

 Oxygen 

 Water (for drinking, irrigation, industry, etc) 

 Food 

 Genetic resources 

 Medicinal resources 

 Raw materials for building, construction, and industrial use 

 Biochemicals (other than fuels and medicines) 

 Fuel and energy 

 Fodder and fertilizer 

 

Information function: natural ecosystems contribute to the maintenance of mental health 

by providing opportunities for reflection, spiritual enrichment, cognitive development, 

and aesthetic experience.  Specific functions include 

 Aesthetic information 

 Spiritual and religious information 

 Historic information  

 Cultural and artistic inspiration 

 Scientific and educational information 
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Valuing the Environment 

 

Different socio-economic values could be attributed to the above environmental 

functions. These values can be categorized into three major types- Ecological, Social and 

Economic values. 

 

Ecological values: this is often expressed in qualitative terms; quantification will usually 

only be possible in “natural” dimensions (e.g. number of species, amount of runoff 

prevented). Two kinds of ecological values can be distinguished- conservative and 

existence values. 

 

Conservation value. Many environmental functions do not provide direct benefits but are, 

nevertheless, quite essential to human welfare. Conservation (non-use) values are mainly 

provided by the services of natural and semi-natural environments, such as the regulation 

and information functions. The regulation functions maintain and conserve the 

environmental conditions necessary for most of the other functions that provide more 

direct economic benefits.   Because of the problems involved in quantifying the economic 

and monetary value of these non-use benefits, they are usually not reflected in national 

accounts. 

 

Existence value. This type of value which, stemmed from feelings of stewardship on 

behalf of future generations and non-human populations, relates to the intangible, 

intrinsic, and ethical values attributed to nature. The responsibility people feel towards 

future generations is also called the bequest value; even if we do not benefit ourselves 

directly, we do have a responsibility to our children and grandchildren to conserve natural 

ecosystems and enhance the evolution of biological diversity as much as possible. . 

  

Social values can be quantified by setting acceptable minimum limits for different 

functions (e.g. acceptable limits of water quality indicators). The values can be seen in 

two ways: 

 

Health value. Many environmental functions contribute directly or indirectly, to human 

health. Oxygen, drinking water, and food are essential resources to maintain human life. 

Natural regulation processes contribute to the maintenance of clear air water and soils. 

Nature provides a large array of medicinal resources and contributes to mental health by 

providing a multitude of opportunities for recreation and cognitive development. The 

socioeconomic importance of this value is evident and the specific contribution of a given 

ecosystem or function may be expressed in terms of human lives “saved” or in monetary 

indicators, such as the costs of medical treatment required in the absence of a given 

function (or the actual loss of life and/or economic damage suffered after a given function 

is disturbed), for example, the disturbance of the protective function of the stratospheric 

ozone layer. 

 

Option value. The option value of nature ecosystem and environmental function relates to 

the importance people place on a safe future (i.e., the future availability of a given 

amenity, good or service) either within their own lifetime, or for future generations. This 
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value is therefore sometimes also referred to as bequest value, or serendipity value. Since 

the future is uncertain, all types of option value can be seen as a value to risk aversion in 

the face of uncertainly. It is a type life insurance for access to future benefits from natural 

ecosystems. 

 

Economic values can be measured by the economic benefits they render to human 

beings. Three such values can be identified: 

 

Consumptive use value. The consumptive use value of environmental functions relates to 

the use of natural products, which are harvested directly from the natural ecosystem. This 

value, therefore, mainly relates to natural resources in the narrow sense, which are 

included in the category of production functions. Because these natural products are 

consumed directly, without passing through a market, consumptive use values seldom 

appear in national income accounts such as Gross National Product (GNP) or Gross 

domestic product (GDP), although their economic value is often considerable.  

 

Productive use value. The most important part of the traditional economic value of a 

given good or service is probably still its contribution to the production process which 

consists of many different sectors, such as agriculture, energy conversion, transportation, 

and industry. Since this value can relatively easily be expressed in monetary units, the 

productive use value of natural resources is usually the only economic value of 

environmental functions, which is reflected in national income accounts. 

 

Employment value. In many economic sectors, employment depends directly on 

environmental functions, such as peoples who are employed in the management of 

protected areas and the guiding of recreational activities in nature. In addition jobs held 

by fishermen and farmers depend on a healthy natural environment and many jobs in 

industry are in one way or another dependent on environmental functions. 

 

Box 3.1 Some Values of Wetlands 

 

Wetlands have immense values from ecological, economic, biological 

and aesthetic viewpoints.  

 

 They support extensive freshwater and marine fisheries.  

 They are natural sewage treatment plants. An 8-ha marsh or pond 

can clean 4.54 million liters of raw sewage every day.  

 Wetland plants like water hyacinth act as pollution filters for 

some heavy metals.  

 Wetlands serve as the breeding and feeding sites for resident and 

migrating water birds.  

 Wetlands act as an efficient buffer against natural calamities in 

flood or cyclone-prone areas.  

 Wetlands help maintain the water table by recharging ground 

water. 
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Monetary valuation of environmental functions  
 

It is possible to calculate monetary values for many of the environmental functions and 

values, especially for those of direct economic importance. Some of the methods 

available for this purpose are shown in Table 1.1. 

 

Table 1.1 Monetary valuation methods for environmental values  

Value 

Monetary valuation method 

Market 

price 

Shadow price 

Cost of 

environmental 

damage 

Maintenance 

costs 

Mitigation 

costs 

Willingness 

to pay 

/accept 

Property 

pricing 

Travel 

cost 

Conservation   X X X X   

Existence    X  X   

Health    X  X   

Option    X  X   

Consumptive  X       

Productive  X     X X 

Employment  X       

 

It should be stressed that socio-economic valuation of environmental functions does not 

necessarily mean that the importance of nature and its biological resources is entirely 

reduced to monetary values. It should be regarded as an addition, and not a replacement 

of, their many intrinsic and intangible values. 

 

The function valuation system presented above can be helpful in many ways, notably in 

Environmental Impact Assessment and Cost Benefit analysis. An important application 

area is the use in providing ecological baseline information for development projects. 

Especially for drafting environmental profiles, country reviews and formulating carrying 

capacity limits, information on environmental functions and values is essential.  

 

Information on environmental functions and values may also be used to provide more 

general guidelines for development assistance or national government policies. In order 

to obtain a clear insight into the environmental trade-offs involved in alternative 

development projects, environmental impact assessment studies should assess both the 

direct environmental effects of certain human activities or interventions in a given area, 

and the environmental functions and hazards affected by the activity. 

 

1.4 Environmental problems 

 

Environmental problems range from “Brown” to “Green” issues. The “Brown” issues 

include environmental health problems and pollution. They are primarily local and urban 

in nature. Issues related to resource depletion and degradation are termed as “Green” 

problems and can be global or transnational in spatial extent. Specific environmental 

problems include: 

 

 Lack of access to environmental infrastructures such as water supply, wastewater 

and drainage systems, solid waste management, etc.) 
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 Pollution (water, indoor air, outdoor air, soil, noise, light) 

 Resource depletion and degradation (deforestation, land degradation, soil erosion, 

over fishing, depletion of non-renewable resources, etc.)   

 Conservation (biodiversity, habitat loss and fragmentation, endangered species, 

etc.) 

 Climate change 

 Natural hazards (flooding, earthquake, volcanic eruption, landslide, etc.) 

 

 

Environmental problems may have adverse impacts on ecological, social and economic 

values. It is of great importance to assess/predict the magnitude of environmental impacts 

on these values. It is also necessary to identify the underlying causes and factors that are 

responsible for environmental problems. Table 1.2 represents diverse biophysical and 

socio-economic factors that result in ecosystem degradation.  

 

 

 

 

Table 1.2 Major factors that involve in ecosystem degradation 

Factor Sub-factors Specific factors 

Biophysical 

Climatic Rainfall, temperature, wind direction, etc. 

Physiographic Topography, altitude, slope 

Edaphic Soil-water, soil types & conditions 

Landuse change Settlement, agriculture, etc. 

Socio-economic 

Demographic Population density, age/education 

structure, migration, settlement pattern  

Economic Income level, occupational structure, 

tenure status, market/credit facilities 

Cultural Beliefs, values, attitudes and perceptions, 

indigenous technologies  

Political Decision-making system, developmental 

policy priorities, trade practices & policy 
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2 Introduction to Environmental Processes 

 

Knowledge of various environmental physical, chemical, and biological processes is 

important to model the fate contaminants and to design pollution control systems.  

 

2.1 Physical processes 

 

The physical processes of relevance in environmental engineering include sedimentation, 

resuspension, filtration, volatilization, and transport processes that include advection and 

dispersion. 

 

Sedimentation is a gravitational accumulation of particles (essentially solid particles) at 

the bottom of a fluid (air or water). Roles of sedimentation in environmental engineering 

include removal of solids from drinking water, removal of solids from waste water, 

removal of solids from runoff water, removal of solids from air emissions. 

 

The rate of sedimentation in a fluid is influenced by the particle and fluid characteristics;   

 

Particle characteristics: size, density, shape, charge  

Fluid characteristics: density, viscosity, flow rate 

 

Principal physical mechanisms that are responsible for the transport of pollutants in a 

fluid are: 

 

Advection- transport due to the bulk movement of fluid 

Dispersion- transport due to molecular or turbulent diffusion 

Buoyancy- transport due to vertical temperature gradient 

 

Advection is the dominant transport mechanism in river systems. Buoyancy is important 

in lentic aquatic systems like lakes, oceans, etc. diffusion is most significant in quiescent 

systems if the concentration gradient of the pollutant is significant. 

  

2.2 Chemical processes  

 

Various chemical processes of environmental significance take place in the water, air and 

soil environment. Examples include acid-base reactions, precipitation reactions, etc. The 

concentration of constituents that involve in the process can be expressed in two ways-  

 

Mass/volume and Mass/mass methods.   

 

 

Mass/volume: mass of a solute per unit volume of solution, mg/L = ppm (parts per 

million) 
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Mass/mass: mass of a solute in a given mass of solution, mg/kg 

 

 

The mass of inputs and outputs in the process can conveniently be accounted by applying 

the concept of mass balance.  

 

2.2.1 Mass balance 

 

Mass balances are applied to rivers, lakes, or treatment basins, where the problem is to 

find the concentration of a substance at a location or its rate of change in a section. 

Material balances are useful as a check on measurements of all streams that may be 

difficult or impossible to measure directly. Mathematically, mass balance can be 

illustrated by three equations: 

 

1. What comes in equals what goes out (Steady state) 

Input = Output 

 

2. Material accumulates within the system 

 

Accumulation = Input – Output  

 

3. Material is produced or consumed within the system 

 

Accumulation = Input – Output + Production – Consumption  

 

The following guidelines may be used for solving problems that involve mass balances. 

 

1. Draw a diagram or flowchart of the process 

2. Calculate all weights, flow rates, concentrations, and so on,  which can be 

determined from the information provided without making balances 

3. Show all known data (flow rates, concentrations, etc.) on the diagram 

4. give appropriate symbols to any unknown quantities, and indicate each unknown 

by a question mark 

5. Select a convenient basis on which to carry out all calculations, for example, a 

suitable time interval, such as a day or a second, or a fixed quantity of material 

such as 1 kg 

6. Select the appropriate system boundaries for the material balance(s) to be made. 

Choose boundaries in such a way that calculations are kept as simple a possible 

7. Write the material balances. These may include a balance on the total material and 

a balance for each of the component materials involved ion the problem.  

8. Make, assumptions, if any are necessary, that make the problem simpler. 
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Example: 

 

An industry discharges its liquid waste into a river that has a minimum flow rate of 10 

m
3
/s. The major pollutant in the waste is a conservative material called P.  The waste 

stream has a flow rate of 0.1 m
3
/s, and the concentration of P in the waste stream is 3000 

mg/L. upstream pollution has cause a concentration of 20 mg/L P in the river upstream of 

the industrial discharge under the minimum flow rate conditions. The state regulatory 

agency has set a maximum limit of 100 mg/L P in the river. Assume that complete 

mixing occurs in the river. Will the industry be able to discharge the waste without 

treatment? 

 

Solution 

 
 

 

 

 

A material balance on P for an interval of 1 second is, 

 

Input = Output 

 

Input u/s river + Input waste = Output d/s river or 

QiCi + QwCw = QoCo 

 

Substituting and solving for Co, 

 

Co = 49.5 mg/L 

 

Therefore, no treatment is needed.  

 

2.2.2 Reaction kinetics and reactors 

 

Many processes in environmental engineering that take place in tanks or natural systems 

undergo changes over time. The tank or the natural system in which the change takes 

Industry 

Qo = 10.1 m
3
/s 

Co = ? 

Qw = 0.1 m
3
/s 

Cw = 3000 mg/L 

Qi = 10 m
3
/s 

Ci = 20 mg/L 

System boundary 
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place is called a reactor. The process of change is called reaction kinetics. The original 

compounds prior to the reaction are called reactants and the compounds formed by the 

reaction are termed as products. The speed at which the process takes place is known as 

reaction rate. Knowledge of the rate and extent of reaction is important to size and cost 

the reactor. A process may be biological, biochemical, or chemical. Examples include: 

 

 Biochemical growth/decay of biomass/organic material in activated sludge, in 

anaerobic digestion 

 Chemical processes of disinfection of potable water by chlorination  

 Gas-water transfer, e.g. removal of H2S from groundwater 

 Diffusion of effluents in rivers 

 Chemical reactions of contaminants in the air environment 

 Biochemical production of methane in a landfill site 

 

Based on the relationship between the rate of reaction (ki ; i = 0, 1, 2,…) and the 

concentration (C), different orders of reaction can be identified as shown in Table 2.1.  

 

Zero-order is defined where the rate of reaction is independent of the concentration.  

 

First-order is defined where the rate is directly proportional to the concentration.  

 

Second-order is defined where the rate is proportional to the square of the concentration.  

 

Table 2.1 

Order of reaction Equation 

Zero-order 

0; 000

0





ttimeatCCtkCC

k
dt

dC

 

First-order 

tk
C

C

Ck
dt

dC

1

0

1

)ln( 



 

Second-order 

tk
CC

Ck
dt

dC

2

0

2

2

11




 

 

 

Types of Reactors 

 

There are three principal kinds of reactors: batch reactors, continuous stirred tank 

reactors and plug flow reactors. 
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Batch Reactors (BR) 

The reactants are input to the reactor at the desired conditions and the reaction takes place 

over a specified period of time. The contents are then discharged. The longer the reaction 

time, the more complete the conversion. 

 

 

 

 
 

Continuous Flow Stirred Reactors (CSTR) 

 

Reactants are continuously (may be once per day, per hour, etc.) are fed to the reactor and 

the products (including unused reactants) are continuously discharged from a well-mixed 

vessel. Being well-mixed, the contents are assumed uniform in concentration throughout 

with no concentration gradients and therefore equal to the effluent concentration. 

Increasing residence time in the tank increases the extent of conversion. This reactor is 

common in wastewater treatment and anaerobic processes.  

 
 

Plug Flow Reactors (PFR) 

 

The input is fed in at one end of a long reactor and products are discharged at the other 

end after spending a minimum retention time in the system. As the distance of travel 

along the length of the reactor is a function of time, the extent of conversion depends on 

the length. As such, the longer the reactor, the greater the conversion. This reactor is most 

common in activated wastewater treatment. 

 
CAo >CA>CAi 

         Influent 

 

      Qin       CAi 

         Effluent 

 

      Qout       CAo 
V(m

3
) 

  Q    CA 

         Influent  

          Qin     CAi 
V (m

3
) 

Effluent CAo 

Qout     CAo 

V (m
3
) 

Influent CAi 

 

Effluent CAo 
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Reactor performance analysis 

 

Basic equation: 

 

Input – Output + Generation = Accumulation 

 

 Accumulation may be positive or negative 

 Input may be through the system boundaries or by generation within the reactor 

due to reaction 

 Output may be flow through the system boundaries or by consumption due to 

reaction.  

The material balance for a material A may be written as 

 

dt

dCA
VVrQCQC AAOAi   

Where,  

Q = the flow rate, m3/s 

CA = concentration of material A, mg/l 

CAi = influent concentration, mg/l 

CAO = effluent concentration, mg/l 

V = volume of fluid in the reactor, m3 

rA = rate of reaction of material, mg/L-s 

 

Batch process 

Substituting Q = 0 and V = constant in the basic equation 

 

dt

dCA
rA   

Solutions:  

Zero-order reaction:  substituting rA = k0 in the above equation and integrating 

 

CAi – CAO = k0t 

 

 First-order reaction:  substituting rA = -k1CA and integrating, 

 

tk
C

C

Ai

A

1

0 )ln(   

 

CSTR process 

 

For steady state, accumulation = 0, and the general equation becomes: 

0
dt

dCA
VVrQCQC AAOAi  
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From which,   )( 0AAiA CC
V

Q
r   

Solutions: 

 

Zero-order reaction (rA = ko): 

 

ØooAOAi k
Q

V
kCC   

Where, 
Q

V
 is termed as hydraulic retention time (Ø) 

 

First-order reaction (rA = -k1CA0): 

 

Ø1

0

k
C

CC

A

AOAi 
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2.3 Biological processes  

 

Biological processes that affect the movement and form of substances in the environment 

include uptake, biotransformation, bioaccumulation, and trophic transfer (passage of a 

contaminant through the food web). 

2.3.1 Environmental Microbiology 

 

Microbiology is the study of micro-organisms, which are distinct from all other matter by 

their small size, in the range of 10
-5

 to 10
0
 mm. Environmental microbiology is concerned 

with microorganisms found in water, wastewater, air and soil that may affect public 

health, decompose organic matter, or perform useful function.. An environmental 

engineer should understand the role of micro-organisms in the particular environment, so 

as to beneficially transform that environment. Some important roles of microorganisms 

include determination of chlorine dosage in water treatment, biological treatment of 

wastewater, remediation of contaminated soil and groundwater, closing biogeochemical 

cycles, etc. Microorganisms in the environment can be classified as presented in Table 

2.1 

 

 

Table 2.1 classification of the microbial world 

Microbial kingdom Some microbes 

Animals Worms, Helminths 

Plants Aquatic plants, Macrophytes, Seed plants, Ferns, Mosses 

Higher protista Fungi, Algae, Protozoa, Rotifiers, Crusacea 

Lower protista Bacteria, Blue-green algae 

Viruses Many 

 

Bacteria  

Bacteria are the dominant organisms in biological wastewater treatment systems, and in 

many ecological systems. The rate of growth of the bacteria population can be expressed 

mathematically as follows: 

 

 

dN/dt = kN 

 

Where,  

 

  dN/dt = rate of growth 

  N = number of bacteria at time t 

k = first-order growth rate constant 

 

Based on the different growth factors bacteria can be classified as follows: 
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Carbon source Inorganic (CO2) 

Organic  

Autotrophs  

Heterotrophs  

Energy source  Sunlight  

Oxidation reaction  

Phototrophs  

Chemotrophs  

Oxygen  Require oxygen 

Do not require oxygen  

Oxygen/No oxygen 

Aerobic  

Anaerobic  

Facultative  

Temperature  0-15
o
C 

15-45
o
C 

>45
o
C 

Psychrophiles 

Mesophiles  

Thermophiles  

Pressure  High pressure  Barophiles  

pH  Strong  acids  Acidophiles  

Salt concentration  High  Halophiles  

 

Most bacterial processes found in environmental engineering applications are either 

aerobic or anaerobic. The general models for these processes are represented below: 

 

Aerobic  

 

 
 

Bacteria of special interest in environmental engineering are indicated in Table 2.2. 

 

Table 2.2 Bacteria of special interest in environmental engineering 
Group of bacteria Some Genus Environmental significance 

Pathogenic bacteria Salmonella  

Shigella  

Mycobacterium  

Cause typhoid fever  

Cause dysentery  

Cause tuberculosis  

Indicator bacteria  Escherichia,  

Enterobacte 

Streptococcus 

 Clostridium 

Faecal pollution  

Faecal pollution 

Faecal pollution 

Faecal pollution 

Decay bacteria  Pseudomonas 

Zooglea  

Micrococcus 

Methanococcus  

Degrade organics  

Form floc in activated sludge plants  

Produce fatty acids from organics in anaerobic digester  

Produce methane gas from acids in anaerobic digester   

Nitrifying bacteria  Nitrobacter Oxidize inorganic nitrogen compounds 

AEROBIC  

 

Organic  + O2       aerobes     New    + CO2 + H2O + NH4 + NO3
- 
+ NO2

-
 

Matter    Biomass  

ANAEROBIC  

 

Organic  + H2O + Nutrients     anaerobes     New + CO2 + CH4 + NH3 + H2S +heat  

 Matter             Biomass  
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Nitrosomonas Oxidize inorganic nitrogen compounds 

Denitrifying bacteria  Bacillus  

Pseudomonas  

Reduce nitrate or nitrite to nitrogen gas or nitrous oxide 

Reduce nitrate or nitrite to nitrogen gas or nitrous oxide 

Nitrogen-fixing bacteria  Azotobacter  

Beijerinckia  

Capable of fixing atmospheric nitrogen to NH3 

Capable of fixing atmospheric nitrogen to NH3 

Sulphur bacteria  Thiobacillus  

Desulfovibrio 

Oxidize sulphur and iron 

Involved in corrosion of iron pipes 

Photosynthetic bacteria  Chlorobium  

Chromatium  

Reduce sulphides to elemental sulphur 

Reduce sulphides to elemental sulphur 

Phosphorus bacteria  Acinetobacter  Responsible for phosphorus removal in wastewater  

Iron bacteria  

        Filamentous  

        Iron oxidizing  

 

Sphaerotilius  

Leptothrix  

 

Responsible for sludge bulking in activated sludge plants 

Oxidize ferrous iron 

 

 

 

Pathogens 
A pathogen is an agent that causes infection in a living host. It acts as a parasite within a 

host or host cells and disrupts normal physiological activities. Pathogenic organisms that 

can cause diseases in humans include some species of bacteria, viruses, algae, and fungi 

as well as protozoa and helminthic (parasitic worm) organisms. Diseases of great interest 

in environmental field include waterborne (e.g. cholera, giardiasis), airborne (pulmonary 

tuberculosis, influenza), and insect- and rodent-borne (e.g. malaria) diseases. 

 

 

Table 2.3 
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Waterborne-related diseases 

 

Water related diseases can be of waterborne, water-washed, water-based, and water-

related insect vectors. The first three are most clearly associated with lack of improved 

domestic water supply. 

 

 

Table 2.4 
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3 Water Quality Engineering 

 

Water quality is a term that implies some value judgment of the water with respect to a 

particular use. There are a variety of uses for water each requiring their own set of 

specific quality requirements. These can be categorized into simple groups, such as: 
 

1. those requiring water of highest quality and free of pathogens; uses include: drinking water 

supply, salmonid fishery, swimming and certain industrial processes such as food processing; 

2. those requiring water of lesser quality but still free from toxins and pathogens; uses include: 

amenity and recreation such as boating, irrigation and certain industries; 

3. where quality is unimportant; use include: cooling water and navigation. 
 

Water quality degradation interferes with vital and legitimate water uses at scales from 

local to regional to international levels. Water quality parameters and standards are 

therefore necessary to ensure that the appropriate quality of resource is available to a 

particular use. 

3.1 Water quality parameters and standards 

Parameters that define a water quality may be classified into three broad categories: 

physical, chemical, and biological parameters (Table 3.1). 

 

Table 3.1(a) Physical parameters   
Parameter Significance 
Temperature Temperature of water is a very important factor for aquatic life. It controls the rate of metabolic 

and reproductive activities, and determines which fish species can survive. Temperature also 

affects the concentration of dissolved oxygen and can influence the activity of bacteria and toxic 

chemicals in water. 

Conductivity Conductivity is a measure of how well water can conduct an electrical current. Therefore, 

conductivity is an indirect measure of the presence of dissolved solids such as chloride, nitrate, 

sulfate, phosphate, sodium, magnesium, calcium, and iron, and can be used as an indicator of 

water pollution. 

Total Suspended 

Solids 

(sand, silt, clay, in 

colloidal 

suspension) 

Total Suspended Solids (TSS) are solids in water that can be trapped by a filter. High 

concentrations of suspended solids can cause many problems for stream health and aquatic life. 

TSS may destroy fish habitat through blanketing of fish spawning and feeding areas and 

elimination of certain food organisms; directly affect fish through gill abrasion and fin rot; 

reduces sunlight penetration, thereby impairing photosynthesis of aquatic plants. Suspended 

sediment decreases recreational values, reduces fish habitat, adds to the mechanical wear of 

water supply pumps and distribution systems, and adds treatment costs for water supplies. 

Nutrients and toxic substance attached to sediment particles are transported to water bodies and 

may enter aquatic food chains, cause fish toxicity problems, impair recreational uses, or degrade 

the water as a drinking water source.    

Total dissolved 

solids 

Total Dissolved Solids (TDS) are solids in water that can pass through a filter (usually with a 

pore size of 0.45 micrometers). TDS is a measure of the amount of material dissolved in water. 

This material can include carbonate, bicarbonate, chloride, sulfate, phosphate, nitrate, calcium, 

magnesium, sodium, organic ions, and other ions. If TDS concentrations are too high or too low, 

the growth of many aquatic lives can be limited, and death may occur. TDS is used to estimate 

the quality of drinking water, because it represents the amount of ions in the water. Water with 

high TDS often has a bad taste and/or high water hardness, and could result in a laxative effect.  

Turbidity Turbidity is a measure of the cloudiness of water. Turbidity in water is caused by suspended 

matter such as clay, silt, and organic matter and by plankton and other microscopic organisms 

that interfere with the passage of light through the water. Turbidity is closely related to total 

suspended solids (TSS), but also includes plankton and other organisms. Turbidity itself is not a 

major health concern, but high turbidity can interfere with disinfection and provide a medium 

for microbial growth. It also may indicate the presence of microbes. 
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Table 3.1(b) Chemical parameters   

Dissolved Oxygen 

(DO) 

Dissolved Oxygen (DO) is found in microscopic bubbles of oxygen that are mixed in the 

water and occur between water molecules. DO is a very important indicator of a water body's 

ability to support aquatic life. 

Oxygen demanding 

organics: BOD, 

COD, TOC, etc. 

Organic materials may enter surface waters dissolved or suspended in runoff; natural 

decomposition of these materials may deplete dissolved oxygen supplies in the surface 

waters. Dissolved oxygen may be reduced to below the threshold necessary to maintain 

aquatic life, harming or killing fish and other aquatic plants and animals. 

Nutrients 

(phosphorus and 

nitrogen- Total 

nitrogen, Kjeldahl N) 

Nutrient enrichment of surface waters may cause excessive algae and aquatic plant growth, 

chocking open waters consuming oxygen (mainly through plant die-off); fish and aquatic 

organisms, fishing and boating, and the use of the resources of water supply are thereby 

affected. Nitrogen contaminants in drinking water significantly above the drinking water 

standard may cause methoglobinemia (a blood disease) in infants, and have forced closure of 

several water supplies. 

Principal inorganic 

cations and anions: 

Ca2+, Mg2+, Na+, K+, 

Fe+, Mn2+, HCO3-, 

CO3
2-, Cl-, SO4

2-, 

NO3
-, PO4

3-, F- 

See next page 

Toxic substances: 

e.g. Arsenic, 

Asbestos, Lead, Zinc, 

Mercury, synthetic 

organics like cyanide, 

phenols, pesticides, 

etc. 

These substances become toxic in excess. Toxic chemicals may enter surface waters either 

dissolved in runoff or attached to sediment or organic materials, and may enter groundwater 

through soil infiltration. The principal concerns in surface water are their entry into the food 

chain, bioaccumulation, toxic effects on fish, wildlife, and micro-organisms, habitat 

degradation, and potential degradation of public water supply sources; the groundwater 

impacts are primarily related to water supply sources. 

pH 

pH represents the effective concentration of hydrogen ions (H+) in water.  The pH of most 

mineral waters is 6 to 9. Most ecological life is sensitive to pH changes. It is also important 

to maintain appropriate pH level in water and wastewater treatment processes. 

Hardness 

Hardness is measure of polyvalent cations (ions with a charge greater than +1) in water. 

Hardness generally represents the concentration of calcium (Ca2+) and magnesium (Mg2+) 

ions, because these are the most common polyvalent cations. Other ions, such as iron (Fe2+) 

and manganese (Mn2+), may also contribute to the hardness of water, but are generally 

present in much lower concentrations. Waters with high hardness values are referred to as 

"hard," while those with low hardness values are "soft".  

Hardness affects the amount of soap that is needed to produce foam or lather. Hard water 

requires more soap, because the calcium and magnesium ions form complexes with soap, 

preventing the soap from sudsing. Hard water can also leave a film on hair, fabrics, and 

glassware. Hardness of the water is very important in industrial uses, because it forms scale 

in heat exchange equipment, boilers, and pipe lines. Some hardness is needed in plumbing 

systems to prevent corrosion of pipes. 

Hardness mitigates metals toxicity, because Ca2+ and Mg2+ help keep fish from absorbing 

metals such as lead, arsenic, and cadmium into their bloodstream through their gills. The 

greater the hardness, the harder it is for toxic metals to be absorbed through the gills. 

Alkalinity 

Alkalinity is a measure of the buffering capacity of water, or the capacity of bases to 

neutralize acids. Measuring alkalinity is important in determining a stream's ability to 

neutralize acidic pollution from rainfall or wastewater. Alkalinity does not refer to pH, but 

instead refers to the ability of water to resist change in pH. The presence of buffering 

materials helps neutralize acids as they are added to the water. These buffering materials are 

primarily the bases bicarbonate (HCO3
-), and carbonate (CO3

2-), and occasionally hydroxide 

(OH-), borates, silicates, phosphates, ammonium, sulfides, and organic ligands. Waters with 

low alkalinity are very susceptible to changes in pH. Waters with high alkalinity are able to 

resist major shifts in pH. Alkalinity not only helps regulate the pH of a water body, but also 

the metal content. Bicarbonate and carbonate ions in water can remove toxic metals (such as 

lead, arsenic, and cadmium) by precipitating the metals out of solution.  
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Table 3.1(c) Biological parameters   
Indicator microorganisms 

(Coliforms): 

Fecal coliform (E.coli),  Fecal 

streptococci, total coliforms, etc 

Used to determine the presence of pathogenic organisms in natural and treated 

water. 

Aquatic plants and animals 
Presence/absence of certain species may reveal the health of the aquatic 

ecosystem 

 

Water quality standards are developed as rules by which to measure the quality of water. 

They normally state the amount of a particular pollutant which is viewed as not likely to 

cause some kind of harm to users. They can be used for several purposes. First, they are 

used as a basis for assessing water quality data. If the degree of pollution is at or below 

the standard, it is good, and if it above the standard, it is bad. Second, they are used as a 

regulatory or educational tool. They can be used as a “trigger” for initiating some kind of 

action, or as an “end point” for terminating action. This allows them to be viewed by 

different people in totally different ways. As a trigger, they in effect set an upper limit on 

the degree of pollution which will be allowed by society before something must be done 

to control it. As an end point they, in effect set a lower limit on the degree of pollution 

which is not acceptable by the society. Control measures which get the pollution level 

down to the standard are considered adequate, and further efforts to control the pollution 

are not required. Thus environmentalists see standards as preventing further water quality 

improvement, and economists see standards as requiring costly control measures. 

 

Types of water quality standards include ambient water quality standard (e.g. surface 

water quality standard), water abstraction standard (e.g. drinking water quality standard, 

irrigation water standard) and effluent standard (Fig. 3.1). 

 

  
Fig. 3.1 Types of water quality standards  
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Water quality assessment 

Water quality assessment is critical for pollution control and protection of the surface and 

ground waters. The selection of parameters for water quality assessment is dependent on 

the type of receiving water, the nature of the discharges into the receiving water, water 

use and any legal designation relating to the system. Some of the key parameters of to be 

used for water quality assessment may include the following: 
 River: BOD, DO, Temperature, NH3, Cl, PO4, NO3, etc. 

 Lake: DO, Temperature, PO4, NO3, SiO2, Fe, Mn, Na, K, etc. 

 Drinking water: Coliforms, Fe, Mn, Toxic metals, Pesticides, etc. 

 Biodegradable effluents: BOD, COD, TSS, NH3, PO4, etc. 

 Toxic effluents: BOD, COD, TSS, NH3, Metals and/or other toxic compounds 

 Water source quality appraisal:  hardness, alkalinity, pH, Color, Conductivity, Iron, Chloride, Na, 

K, Silica, SO4, Temperature, etc. 
 

Water quality assessment requires a number of specific activities that include definition of 

objectives, sample collection, laboratory analysis, data analysis and interpretation Fig. 3.2) 

 

  
 

Define objectives 

Preliminary survey  

Program design  

Sample collection   

Handing, transport and 

storage  

Laboratory analysis  

Data handling  

Data analysis   

Interpretation and 

reporting   

Utilization of information  

Uses  

Water quality criteria 

Legislation  

Consents  

WQ management plan  

Parameter selection 

Hydrological factors 

Sampling site location 

Sampling frequency 

Sampling methods 

Equipment needs 

Safety considerations 

Transport  

Cost-benefit analysis 

Historical data 

Map survey 

Location of discharges 

Land use survey 

Potential sampling site    

identification  

Field measurements 

Water samples 

Biological samples 

Hydrological samples 

Field notes/maps   

Standard methods  

Spread sheet (Excel) 

GIS  

Standard statistical 

analysis   

 

Fig. 3.2 Main components of a water quality assessment program 
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3.2 Water pollution and control  

 

Water pollution  

 

Water pollution may be defined as man-made or man-induced alteration of the chemical, 

physical, biological, or radiological integrity of water. Pollution of water may adversely 

affect human and ecological health as well as impair the use of water for other activities. 

The sources of water pollution can be point or nonpoint sources (Fig. 3.3).  

 

Point sources of pollution include municipal and industrial wastewaters for which 

specific points of entry to a receiving water body can be identified. Key characteristics of 

point sources of pollution include: 

 
 Single or multi-point location  

 Discharge contains pollutants  

 Volume of discharge generally unaffected by weather  

 National Pollution Discharge Elimination System (NPDES) permit required to discharge; EPA 

authorizes state agency (e.g., WV DEP) to issue permits  

 Controls required (usually through water treatment)  

 

Nonpoint sources of pollution include general land runoff from urban and agricultural 

areas and other diffuse sources that do not have specific discharge points. The major 

charcatreistics of nonpoint source pollution are: 
 Diffuse, source not easily located  

 Highly variable in time and correlated with weather  

 Prevention more effective (more difficult to treat)  

 Largely unregulated, hence, voluntary  

 
 

Fig. 3.3 Major sources of water pollution  

POINT SOURCES 

 

 

NONPOINT SOURCES 

Power plants: 

Heated water 

Feedlots 

Organics, solids, 

nutrients, 

microorganisms 

Industries  

Organics, chemicals, 

color and foam, salts, 

toxins, heated water 

Municipalities  

Domestic wastewater: 

Microorganisms, 

nitrogen, phosphorus 

Water body 

T 

T 

T 

Agricultural runoff 

Sediments, fertilizers, 

pesticides, organics, 

microorganisms 

Mining  

Suspended solids, acid-

mine drainage  

Urban runoff 

Litter, sediments, organics, 

nitrogen, phosphorus, 

heavy metals, petroleum 

substances, 

microorganisms 
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Major types of water pollution  

 Pathogenic organisms which have a direct health impact on human beings (e.g. 

Typhoid, Cholera, etc.). This type of pollution is expressed in terms of the number of 

coliform bacteria per 100 ml of water sample (MPN/100 ml).  

 Organic pollution. Biodegradation of oxygen demanding wastes deplete the dissolved 

oxygen content of the water body. The decrease in the DO content has in turn an 

adverse effect on the various aquatic species such as fish. The strength of the oxygen 

demanding waste is often expressed by BOD (Biochemical Oxygen Demand).  

 Eutrophication (Cultural). This is due to the enrichment of water bodies by nutrients 

(Nitrogen and Phosphorus). Eutrophication results in abundant plant growth which in turn 

accelerates ageing of aquatic bodies. This problem occurs mainly in lakes, reservoirs and in 

slow-flowing rivers. Based on the level of nutrient level lakes can be classified into different 

types as shown Table 3.2. Phosphorus is typically the limiting nutrient in lakes, and algae 

growth is linked to phosphorus inputs. Nitrogen is often the limiting nutrient in ocean waters 

and some streams 

 

Table 3.2 Lake classification  

 
 

 Toxic and hazardous substances. The pollutants of concern are heavy metals (e.g. lead, 

mercury, zinc, etc.) and non-metallic salts (e.g., arsenic, selenium), synthetic organics (e.g. 

pesticides), etc. These pollutants are harmful even at lower concentrations. 

 

 Sediments Runoff from urban construction sites is the major source of sediments. Loading 

water bodies with excessive sediment reduces their volume. This disrupts the normal 

functions of such systems as hydro-electric power plants, water supply systems, etc. 

 

 Thermal pollution Runoff from heated urban surfaces and industrial cooling water are 

the major sources of thermal pollution. The increase in temperature of the natural 

water body can adversely affect different aquatic species. 
 

 

 
 

 

 

Water quality modeling  
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Water quality modeling is used to analyze and predict the level of specific constituents- 

conservative or non-conservative constituents. It may also be used to compare various 

water quality management alternatives. 

 

Commonly used non-conservative (those that change or react) substances include: 

 Biochemical oxygen demand (BOD) 

 Dissolved oxygen (DO) 

 Temperature  

 Algae as chlorophyll-a 

 Organic nitrogen 

 Ammonia nitrogen (NH3-N) 

 Nitrite nitrogen (NO2-N) 

 Nitrate nitrogen (NO3-N) 

 Organic phosphorus 

 Dissolved phosphorus 

 Coliforms  

 

Conservative constituents of main interest include: 

 

 Sediment  

 Dissolved solids or salts   

 Metals (Pb, Cu, Hg, Cr, Cd) 

 

A simple modeling process is indicated in Fig. 3.4. 

 
 

 

BOD and DO modeling in rivers 

 

Problem 

Model equations  

Calibration, OK?   

Validation, OK?   

Application   

Y 

Y 

Y 

N 

N 

Fig. 3.4 
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The variations of the BOD and the D.O. concentration along the flow direction 

downstream of a certain waste discharging point are given in Fig. 3.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5 BOD and DO variation along a river 

 

 

Mathematically these processes are expressed as (assuming first order reaction) 
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tk

ot
deLL


  

V = Mean flow velocity, m/s 

Lt = BOD at any time, t or distance, X (t = X/V), mg/l 

Lo = initial BOD, mg/l 

Kd = Biodegradation (deoxygenation) rate at 20
0
C, day

-1
   

 

The rate constant Kd can be determined from laboratory BOD test results. Typical kd 

values at 20
o
C are given in Table 3.3. 

 

Table 3.3 Typical Kd values 

Environment Kd, day
-1

 (to base e) 

Untreated wastewater 0.35-0.70 

Treated wastewater 0.10-0.25 

Polluted river 0.10-0.25 

 

For temperatures other than 20
o
C, Kd can be computed as follows: 

 
)20(

20,,

 T

dTd KK   

 

Kd,T = the rate at temperature T(
o
C) 

Kd,20 = the rate at 20
o
C 

Ө = coefficient: 1.047 for 20-30
o
C; 1.135 for 4-20

o
C 

 

The BOD just discussed is synonymous to oxygen demand exerted on carbonaceous 

wastes (CBOD). There can also be oxygen demand for biodegradation of nitrogenous 

compounds (NBOD) which takes place after 5 days (Fig.3.6). NBOD is exerted in the 

process of nitrification as shown below. 

 

Nitrification (2 step process) 

  2 NH3 + 3O2  2 NO2
-
 + 2H

+
 + 2H2O 

  2 NO2
-
 + O2  2 NO3

-
  

Overall reaction: 

  NH3 + 2O2  NO3
-
 + H

+
 + H2O 

 

If the concentration of nitrogen as organic and ammonia nitrogen is known then it is 

possible to directly determine the NBOD as  

 

14

322
 TKNNBOD  
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Dissolved Oxygen (DO): 
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DO(t) = DO saturation deficit at any time, t, mg/l 

DO0 = Initial DO deficit, mg/l 

Kd = deoxygenation rate at 20
0
C, day

-1
 

Kr = Reaeration rate at 20
0
C, day
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L0 = initial BOD, mg/l 
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The time (tc)of the occurrence of the minimum DO or the maximum DO deficit (DOc) 

can be determined as follows: 
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 Fig. 3.6 Relation b/n CBOD and NBOD 
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Phosphorus balance model in a lake 

 
A simple phosphorus balance in a lake (Fig. 3.7): 

 

 
 

Applying mass balance equation, 

 
Accumulation = Mass rate in – Mass rate out – Mass of P settling in the lake+ P generation 

 

Assuming steady state condition (Qin = Qout = Q; accumulation = 0) and no P generation 

 

0 = QinCPin – QoutCPout - VsAsCP 

 

If the lake is well-mixed, CP = CPout; Solving for the lake P concentration, CP, 

ss

Pin

P
AVQ

QC
C


  

 

Simple model for nonpoint source pollution load 

A simple method for estimating long-term pollutant load is the constant concentration 

method. The method requires knowledge of average pollutant’s concentration in the 

runoff and the average annual/seasonal runoff volume. Pollutant load is then estimated as 

the product of the runoff volume and the corresponding constant concentration. 

Mathematically, the method is given as  

     

 

Where 

L = Annual/seasonal pollutant load (kg) 

V = Annual/seasonal runoff volume (m
3
) 

EMC = average annual event mean concentration (mg/l) 

10
-3

 = unit conversion factor 

 

Runoff volume could be obtained from flow records or estimated from hydrologic 

simulation. Event Mean Concentration (EMC) is defined as: 





i

ii

V

CV
EMC  

Where 

EMC = Event Mean Concentration (mg/l) 

Qi = discrete flow volume corresponding to Ci (m
3
) 

Ci = discrete concentration of a pollutant (mg/l) 

Qin 

CPin 

Qout 

CPout CP 
Vs 

CP = Lake P concentration 

Vs = P settling velocity 

  Fig. 3.7 

EMCVL  310
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Water quality control 

 

The ultimate goal of water quality control is to maintain quality characteristics that 

protect specified beneficial uses of an aquatic system. Policy instruments for 

implementing water pollution control measures can be of two types: 

 

 Regulatory instruments (Command and control), examples include 

o Effluent standards 

o Land use controls 

o Permits and licenses  

 Economic instruments- examples include  

o Effluent charges 

o Incentives  

 

There different approaches and methods that can be used for water quality control as 

indicated in Table 3.4. 

 

Table 3.4 Methods to control surface water pollution  

Approach Method 

Pollution prevention 

Source reduction: input changes, processes 

changes, product changes 

Recycling/reuse, water conservation 

Minimizing illicit wastewater discharge 

Improving solid waste management, etc. 

Reducing waste after generation 

Waste treatment 

 Conventional  

 Alternative treatment methods (e.g. septic 

tank, land treatment, constructed wetlands) 

Increasing assimilative capacity of a 

watercourse 

Low flow augmentation by using river control 

structures such as reservoirs. Artificial reaeration 

using aerators or weirs constructed across the 

water course 

Making better use of the assimilative 

capacity of a watercourse 

Regulated discharge, i.e., to temporarily store 

water during low flow period and to release it 

later when flow is high. 

To collect individual effluents to a common 

treatment plant and discharge it at a point where 

impact on quality is minimized. 

Land use planning 

Zoning  

Restrictions on population density and settlement 

on sensitive areas 

Erosion control 

Reducing impervious surfaces 

Reducing directly connected impervious surfaces 

Low impact land development  
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Wastewater treatment 

  

Parameters that commonly characterize untreated domestic wastewater are presented in 

Table 3.5. 

 

              Table 3.5 Typical characteristics of domestic wastewater 

 

The methods of sewage treatment include conventional treatment, waste stabilization 

ponds, onsite treatment methods and advanced treatment technologies. The processes that 

are involved in wastewater treatment are physical and biological processes. The common 

physical processes are screening, and removal of grit and suspended organic solids. 

Biological processes involve the agency of bacteria and algae and constitute by far the 

most important methods of sewage treatment, particularly in hot climates. Conventional 

wastewater treatment unit processes (Fig. 3.7) 

 
 

• Pretreatment – removes 

materials that can cause 

operational problems, 

equalization optional 

• Primary treatment – remove 

~60% of solids and ~35% of 

BOD 

• Secondary treatment – remove 

~85% of BOD and solids 

• Advanced treatment – varies: 

95+ % of BOD and solids, N, P 

Fig.  3.7 Wastewater treatment unit processes 

 

 Weak Medium Strong 

Constituent (all mg/L except settleable solids) 

Alkalinity (as CaCO3) 50 100 200 

BOD5 100 200 300 

Chloride 30 50 100 

COD (as O2) 250 500 1000 

Suspended Solids 100 200 350 

Settleable solids 5 10 20 

Total Dissolved Solids 200 500 1000 

Total Kjeldahl nitrogen (as N) 20 40 80 

Total organic carbon (as C) 75 50 300 

Total phosphorus (as P) 5 10 20 
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Biological treatment systems can broadly be classified into three groups as  

 

 Suspended growth: aerobic processes that achieve a high microorganism concentration 

through the recycle of biological solids (e.g. activated sludge unit). 

 Attached growth (fixed film reactors): allow a microbial layer to grow on the surface of 

a media (stone, plastic) while exposed to the atmosphere for oxygen supply (e.g. 

trickling filters). 

 Dual biological treatment: uses two stage arrangements of attached growth and 

suspended growth processes to achieve a high quality effluent. 

 

There are a number of alternative treatment processes under each of the above groups 

as indicated in Fig. 3.8. 

 

 
 

Fig. 3.8 Biological treatment systems 
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Biological nutrient removal systems 

 

Nitrogen removal 

Biological nitrogen removal is a two-step process 

 Nitrification in aerobic environment 

 

Organic matter + O2  NH3 + CO2 + microorganisms 

NH3 + 2O2  NO3
-
 + H

+
 + H2O + microorganisms  

 

 Denitrification in an anoxic environment (no free oxygen) 

Organic matter + NO3
-
  N2 + microorganisms  

 

 

There can be different arrangement that allow the nitrification-denitrification processes to 

take place (Fig. 3.9). 

 

 
 

 

 
 

Phosphorus removal 

 

Biological phosphorus removal is based on the idea of forcing the microorganisms to 

accumulate more phosphorus than is required for cell growth. This can be achieved by a 

system with anaerobic zone followed by an aerobic zone (Fig 3.10). The mechanism of 

BOD + 

Nitrification 

 

Denitrification  

Return nitrate Return sludge 

WAS 

Anoxic tank 
Methanol 

Influent  

Effluent    

Aerobic tank 
Aeration  

WAS 
 

Fig. 3.9 Biological nitrogen removal 
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phosphorus removal is via the bacteria Acinobacter sp. in the anaerobic tank where the 

phosphorus in the wastewater is released as soluble phosphates and then taken up by the 

biomass in the aerobic zone.    This arrangement can reduce the level of phosphorus by 

70-80%. 

 

 
 

 

Waste stabilization ponds 

 

Waste stabilization ponds (WSP) are shallow man-made basins into which wastewater 

flows and from which, after a retention time of several days a well-treated effluent is 

discharged. WSP systems comprise a series of ponds – anaerobic, facultative and several 

maturation ponds. WSP are the most important method of sewage treatment in hot 

climates where sufficient land is normally available and where temperature is most 

favourable for their operation.  Advantages of WSP include: 

 

 They can achieve any required degree of treatment at the lowest cost and with 

minimum of maintenance by unskilled operators 

 The removal of pathogens is considerably greater than that in other methods of 

sewage treatment 

 They are well able to withstand both organic and hydraulic shock loads 

 They can effectively treat a wide variety of industrial and agricultural wastes 

 They can easily be designed so that the degree of treatment is readily altered 

 The method of construction is such that, should at some future time the land be 

required for some other purpose, it I easily reclaimed 

 The algae produced in the pond are potential sources of high-protein food which 

can be conveniently exploited by fish farming  

 

Anaerobic ponds  

These units are the smallest of the series. Commonly they are 2-4 m deep and receive 

high organic loads equivalent to100 g BOD5/m
3
-d. These high organic loads produce 

strict anaerobic conditions throughout the pond. In general terms, anaerobic ponds 

function much like open septic tanks and work extremely well in warm climates. The 

optimum retention time is 5 days with a BOD5 reduction of 70%. 

  

Return sludge 
WAS 

Anaerobic tank Aerobic tank 
Secondary 

clarifier 

Influent  

Effluent    

 

Fig. 3.10 Two-stage biological P removal 
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Successful operation of anaerobic ponds require temerature > 15
0
C and pH > 6. under 

these circumstances sludge accumulation is minimal resulting in a desludging frequency 

of once in 3-5 years. 

 

Facultative ponds  

Facultative ponds are the most common form of wastewater stabilization ponds. They are 

usually 1 to 1.5 meters in depth, with an aerobic layer which overlies an anaerobic layer 

that usually contains sludge deposits. Desludging is required rarely, only once every 10-

15 years. These ponds require large land areas to maintain suitable BOD loadings. If 

structural failure occurs, a large area of an aquifer and soil are at risk of being 

contaminated.  

 

Facultative ponds are designed for BOD5 removal on the basis of a low organic surface 

load to permit the development of an active algal population. This way, algae generate 

the oxygen needed to remove soluble BOD5. Wind has an important effect on the 

behavior of facultative ponds, as it induces vertical mixing of the pond liquid. Good 

mixing within the upper aerobic layer ensures a more uniform distribution of BOD, 

dissolved oxygen, bacteria and algae and hence a better degree of waste stabilization. The 

depth to which wind-induced mixing is felt is largely determined by the distance the wind is in 

contact with the water; an unobstructed contact length of about 100 m is required for maximum 

mixing by wind action.  
 

There exists a mutualistic relationship between the pond algae and the pond bacteria: the 

algae provide the bacteria with oxygen and the bacteria provide the algae with carbon 

dioxide (Figure 3.11). Some oxygen and carbon dioxide comes from the atmosphere by 

mass transfer, but the bulk is supplied by algal-bacterial mutualism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.11 
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Maturation ponds  
These ponds receive the effluent from a facultative pond and their size and number 

depend on the required bacteriological quality of the final effluent. Maturation ponds are 

shallow (1.0-1.5 m) and show less vertical stratification, and their entire volume is well 

oxygenated throughout the day. Maturation ponds only achieve a small removal of BOD5, 

but their contribution to nitrogen and phosphorus removal is more significant.  

 

The primary function of maturation ponds is the removal of faecal coliforms, and this is 

extremely efficient in a properly designed series of ponds. With proper design removals > 

99.99 per cent can be achieved. 

 

Pond layout 

 

In hot climates two pond layouts are acceptable as shown in Fig. 3.12. A multi-pond 

system comprising anaerobic, a facultative and three or more maturations ponds, each 

with a retention time of 5d is recommended as a minimum treatment if the final effluent 

is to be used for unrestricted irrigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Onsite treatment methods  

 

Septic systems: consist of (Fig. 3.13): 

 a septic tank, where the sewage collects and is treated by anaerobic action,  

 a vent-pipe, through which gases escape from the septic tank,  

 a distribution box, where the supernatant collects,  

 Septic or drain field (with perforated drainlines), where the supernatant is evenly 

distributed into the ground. 

 

The first step in installing a septic system is to test the permeability of the soil.  Then the 

relevant authority issues a permit.  The septic tank is chosen and installed, then the septic 

field is put in place 

F M M M 

A F M M M 

Fig.3.12 Pond layouts (a) Weak-medium strength wastes 

   (b) Strong wastes 

A: Anaerobic pond F: Facultative pond M: Maturation pond 

(a) 

(b) 
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Fig. 3.13 Septic system 

 

Septic tank (Fig. 3.14) 

Untreated wastewater from a property flows into the septic tank, where the solids 

separate from the liquids. Some solids, such as soap scum or fat, will float to the top of 

the tank to form a scum layer. Heavier solids, such as human and kitchen wastes, settle to 

the bottom of the tank as sludge. Self forming bacteria in the tank help the system 

"digest" these solids or sludge. The remaining liquids flow out of the tank to a drain field. 

Baffles built into the tank hold back the floating scum from moving past the outlet of the 

tank. The effluent from a septic tank, still contains about 70% of the polluted matter in 

the sewage, and hence there is a need for further treatment of the liquid from the tank.  

 
 

Fig. 3.14 



Chapter 1- Ecological concepts and natural resources 

 44 

Septic or Drain field (Fig. 3.15) 

This part is perhaps the most important part of the septic system. The drain field is an 

underground soil treatment system, and it receives partially treated sewage from the 

septic tank. The soil on a site must be suitable for a drain field to work properly.  

Percolation tests are required on the ground strata to ascertain the suitability of the soil 

for drain fields.  

Connected to the septic tank by an underground pipe, the drain field may consist of 

trenches or a seepage bed. The bottom of the trench's of the drain field should generally 

be 900mm above the seasonally high water table, or bedrock. In a land drain or 

drainfield, wastewater moves from the septic tank into perforated pipes, bedded on and 

surrounded in, gravel-filled trenches. These pipes should be laid fairly flat, at a gradient 

of about 1 in 200, so that the effluent is dispersed along the whole length of the pipe run. 

The perforations in the pipe should preferably be larger than 6mm to avoid the effluent 

forming a biomass, which will soon result in blocking the holes. From the pipeline the 

pathogens, nutrients, and organic material are dispersed into the gravel where they are 

removed or neutralized as the liquid moves through into the soil.  

 

 

 
Fig. 3.15 

 

Disadvantages of septic systems include: 

 

 Maintenance-intensive- sludge must be pupmed out every 1-2 years 

 Leach field is vulnerable to clogging with oil and grease 

 BOD and nitrates are not treated effctively 

 Can cause groundwater contamination 

 

Land treatment of wastewater 

 

Land treatment of wastewater is a viable option when land availability is not a problem. 

This system regards wastewater as a resource rather than as a problem to be rectified. 
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Three types of land application systems can be identified: Slow rate (SR), Rapid 

infiltration (RI) and Overland flow (OF) systems. 

 

Slow rate systems rely on plants and soil percolation to provide tretament. These systems 

have also been referred to as irrrigation systems.  

 

In RI systems wastewater is applied to relatively permeable soil within a basin at a much 

higher rate than in the slow-rate system.  Plants may be present in the basin, but play only 

a minor role in wastewater renovation. Treatment is accomplished by natural processes in 

the soil. It requires much smaller land areas and recharges groundwater table.  

 

The overland flow treatment is used when surface soil permeabilities are low. Vegetation 

is used in OF systems and the effluent is collected as runoff and conveyed to the 

receiving water. Treatment is provided by the plants and the microbial biomass at the soil 

surface as the wastewater flows down a sloping field. 

 

 

 

 

Table. 3.6 Characteristics of land treatment systems  
Feature  Slow-rate irrigation Rapid infiltration  Overland flow 

Hydraulic loading rate (cm/d) 0.2-1.5 1.5-3.0 0.6-3.6 

Land required for 1000 m3/d 

(1000 x m
2
) 

63.4-396 3.2-63.4 26.4-159 

Soil type  Loamy sand to clay  Sand  Clay to clay loam 

Soil permeability  Moderately slow to 

moderately rapid 

Rapid  slow 

 

Wetlands for wastewater treatment 
Wetlands are natural/artificial wet ecosystems with diverse and complex roles in nature. Wetlands 

may support aquatic plants (emergent or floating plants). Wetlands are designed to remove 

conventional pollutants like BOD, SS, and nutrients. Heavy metals can also be removed to a great 

extent. The artificial wetland systems are called constructed wetlands. 

 

Wetlands incorporate physical, biological, and chemical processes to treat wastewater. The water 

flows in and slows down as it spreads across the wetland surface. This slowing of the flow allows 

soil and sediment particles to filter or physically settle out. This process also removes nutrients 

such as phosphorous and chemicals that are attached to the sediments. Biological and chemical 

treatment processes transform materials rather than just physically remove them. 

 

Constructed wetlands treatment systems are engineered systems that have been designed and 

constructed to utilize the natural processes involving wetland vegetation, soils, and their 

associated microbial assemblages to assist in treating wastewater. Constructed wetlands treatment 

systems generally fall into one of two general categories: Subsurface Flow Systems and Free 

Water Surface Systems. Subsurface Flow Systems are designed to create subsurface flow 

through a permeable medium, keeping the water being treated below the surface, thereby helping 

to avoid the development of odors and other nuisance problems. Such systems have also been 

referred to as "root-zone systems," "rock-reed-filters," and "vegetated submerged bed systems." 

The media used (typically soil, sand, gravel or crushed rock) greatly affect the hydraulics of the 
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system. Free Water Surface Systems, on the other hand, are designed to simulate natural 

wetlands, with the water flowing over the soil surface at shallow depths. Both types of wetlands 

treatment systems typically are constructed in basins or channels with a natural or constructed 

subsurface barrier to limit seepage. Tretament is generally better in subsurface flow systems and 

these systems do not have mosquito problems. 

 

Constructed wetlands maximize treatment by ensuring slow flow rates, and plants provide lots of 

surface area. Plant stems and roots provide surface areas that support communities of 

microorganisms, which use some of the nutrients and organic matter carried in the runoff water. 

For example, microbe communities on plant stems convert organic nitrogen to the inorganic 

ammonium nitrogen form. Other biological treatments involve plant uptake of nutrients such as 

nitrates and phosphates. Chemical treatment occurs when incoming compounds react with oxygen 

or soil minerals in the wetland. The rate and extent of these reactions is influenced by the wetland 

acidity and other environmental factors. 

 

Constructed wetlands are usually provided after primary or secondary treatment systems 

(Fig. 3.16). The purpose of the wetland after the secondary treatment is to polish the 

effluent and achieve a superior quality.  

 

 

 

 
Fig. 3.16 
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4 Air Quality Engineering 

 

Air pollution may be defined as the presence in air of any abnormal material or property 

that reduces the usefulness of the air resource. A typical comparison of clean and polluted 

air is represented in Table 4.1. 

 

Table 3.1 Comparison of Clean and Polluted Air 

Component Clean air Polluted air 

SO2 

CO2 

CO 

NOx 

Hydrocarbons 

Particulate matter 

0.01-0.01 ppm 

310-330 ppm 

< 1 ppm 

0.01-0.01 ppm 

0.01-0.02 1 ppm 

0.01-0.03 10-20 mg/m
3
 

0.02-2 ppm 

350-700 ppm 

5-200 ppm 

0.01-0.5 ppm 

1-20 ppm 

70-700 mg/m
3
 

 

4.1 Sources and types of air pollutants  

 

The sources of air pollutants can be natural or anthropogenic. 

 Natural 

o Primarily, anaerobic oxidation of methane (CH4) 

 Anthropogenic combustion 

o motor vehicles  

o burning fossil fuels  

o solid waste disposal 

o industrial processes 

o burning leaves, brush, etc. 

 

Air pollutants of major concern are divided into two groups: primary pollutants and 

secondary pollutants. Primary pollutants are those emitted by an identifiable source. The 

list includes CO, NOx, Sox, particulates (PM-10), hydrocarbons, and lead. Secondary 

pollutants are those formed in the atmosphere by chemical reactions and include: O3, 

other photochemical oxidants (peroxyacetyl nitrate), and oxidized hydrocarbons. 

 

 Carbon monoxide (CO) 

• Most abundant air pollutant 

• Produced by incomplete combustion (insufficient O2, low temperature, short 

residence time, poor mixing) 

• Major source (~ 77%) is motor vehicle exhaust 

• Colorless and odorless  

• When inhaled, binds to hemoglobin in blood to form carboxyhemoglobin, 

reducing the oxygen carrying capacity 

• brain function reduced, heart rate increased at lower levels 

• asphyxiation occurs at higher levels 
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Fig. 4.1 Health effects of CO 
 

Oxides of Nitrogen (NOx) 

 

• Primarily NO and NO2 

• NO3, N2O, N2O5 are also known to occur 

• Thermal NOx created by oxidation of atmospheric N2 when T > 1000 K 

• Fuel NOx  from oxidation of N in fuel 

• NO has few health effects, but is oxidized to NO2 

• NO2 irritates lungs and promotes respiratory infections 

• NO2 reacts with hydrocarbons in presence of sunlight to produce smog 

• NO2 reacts with hydroxyl radicals to produce nitric acid – acid precipitation 

• Acids of nitrogen: HNO2 and H NO3 

 

Sulfur Oxides (SOx) 

 

 Source 

o As primary pollutants (SO2 or SO3): from power plants, industry, 

volcanoes 

o As secondary pollutants: from industrial and biological processes 

emitting H2S 

 Fate 

o Converted to sulfate or sulfuric acid and settle or wash out 

o Major contributor to acid rain 

 

 

 Health effects of sulfur dioxide: 

 

o High concentrations of SO2 can result in temporary breathing 

impairment.  
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o Longer-term exposures to high concentrations of SO2, in conjunction 

with high levels of PM, include respiratory illness, alterations in the 

lungs' defenses, and aggravation of existing cardiovascular disease 

o Short-term exposures of asthmatic individuals to elevated SO2 levels 

may result in reduced lung function.  

 

 Environmental effects of sulfur dioxide: 

 

o Acid rain 

o Decreased visibility 

 

Particulate Matter 

 

• Solid or liquid particles with sizes from 0.005 – 100 μm and are termed as 

aerosols.  

• Primary sources are 

o Natural: Sea salt, soil dust, volcanoes, smoke from forest fires 

o Anthropogenic : Fossil fuel burning and industrial processes 

• Secondary sources: When H2S, SO2, NOx, etc. converted to particulates 

• Fate - settle out or are washed out 

 

 Health effects of particulate matter: 

o Impact depends on particle size, shape and composition 

o Large particles trapped in nose 

o Particles >10 μm removed in tracheobronchial system 

o Particles <0.5 μm reach lungs but are exhaled with air 

o Particles 2 – 4 μm most effectively deposited in lungs 

o Inhalable PM includes both fine and coarse particles.  

o Coarse particles  

o Aggravation of respiratory conditions, such as asthma.  

o Fine particles  

o increased hospital admissions and emergency room visits for 

heart and lung disease 

o increased respiratory symptoms and disease 

o decreased lung function 

o premature death 

 

 Environmental effects of particulate matters: 

 

o Decreased visibility 

o Damage to paints and building materials 

Lead 

 Sources 

o Natural: Volcanic activity and airborne soil 

o Anthropogenic 

 Smelters and refineries 
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 Incineration of lead-containing wastes 

 Leaded gasoline - no longer used in many countries  

 Fate:  Pb particles attach to other particles and settle out or wash out 

 

 Health effects of lead: 

• Accumulates in the blood, bones, and soft tissues.  

• Adversely affects the kidneys, liver, nervous system, and other organs. 

• Excessive exposure to Pb may cause neurological impairments, such as seizures, 

mental retardation, and behavioral disorders. 

• May be a factor in high blood pressure and subsequent heart disease.  

 

Volatile organic compounds (VOC) 

 

Comprise hydrocarbons and other substances (Hydrocarbons: CH4, ethylene, and 

benzene; others: formaldehyde, phenol, phosgene, carbon tetrachloride, CFCs and PCBs) 

 

 Sources are mainly anthropogenic:  

o Road transport, landfilling, mining, oil refineries, solvent evaporation, etc.  

 Many of the VOCs are precursors for photochemical oxidants 

 Health effects: Irritate eye, throat and lung; suspected carcinogens  

 Environmental effects: Global warming, Damage ozone layer, Inhibit plant growth 

 

Photochemical Smog  

• Primary oxidants produced: 

o Ozone (O3) 

o Formaldehyde 

o Peroxyacetyl nitrate (PAN) 

 

 
 

Fig. 4.2 Photochemical smog formation 
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Fig. 4.3 Photochemical smog variation in a day 

 

Health effects of ozone: 

 

• Increased incidents of respiratory distress. 

• Repeated exposures to ozone: 

o Increased susceptibility to respiratory infection 

o Lung inflammation 

o Aggravation of pre-existing respiratory diseases such as asthma.  

o Decreases in lung function and increased respiratory symptoms such as 

chest pain and cough.  

 

 Environmental effects of ozone: 

 

o reductions in agricultural and commercial forest yields  

o Reduced growth and survivability of tree seedlings 

o Increased plant susceptibility to diseases, pests, and other environmental 

stresses (e.g., harsh weather).  

 

Summaries of the health and environmental effects of air pollutants are given in Tables 

4.2 and 4.3. 
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Table 4.2 Effects on human health 
Pollutant           Warning levels      Emergency levels Significant harm levels 

Photochemical oxidant 800 mg/m3, 1-hr av       1200 mg/m3, 1-hr av 800 mg/m3, 4-hr av 

1200 mg/m3, 2-hr av 

1400 mg/m3, 1-hr av 

Carbon monoxide        34mg/m3, 8-hr av       46 mg/m3, 8-hr av 57.5 mg/m3, 8-hr av 

86.3 mg/m3, 4-hr av 

144 mg/m3, 1-hr av 

Nitrogen dioxide         2260 mg/m3, 1-hr av 

565 mg/m3,24-hr av 

      740 mg/m3, 24-hr av 3750 mg/m3, 1-hr av 

938 mg/m3, 24-hr av 

Sulfur dioxide (SO2)   1600 mg/m3, 24-hr av          2100 mg/m3, 24-hr 

av 

2620 mg/m3, 24-hr av 

Particulate matter         625 mg/m3, 24-hr av        875 mg/m3, 24-hr 

av 

1000 mg/m3, 24-hr av 

SO2 and particulate     

matter combined          

Product of mg/m3 for       

both is equal to261x103 , 

24-hr av 

Product of mg/m3 for 

both is equal to 393x103 

24-hr av 

Product of mg/m3 for 

both is equal to 

490x103, 24-hr av 

 

 

Table 4.3 Effects on vegetation  

Pollutant Symptom ppm 
Sustained 

exposure time 

Ozone (O3) 

Fleck, bleaching, bleached spotting, 

growth suppression.  

Tips of conifer needles become 

brown and necrotic. 

0.03 4 hr 

SO2 

Bleached spots, bleached areas 

between veins, chlorosis, growth 

suppression, reduction in yield. 

0.03 8 hr 

Peroxyacetyl 

nitrate (PAN) 

Glazing, silvering or bronzing on 

lower surface of leaves. 
0.01 6 hr 

HF 
Tip and margin burn, chlorosis, 

dwarfing leaf abscission, lower yield. 
0.0001 5 weeks 

C12 
Bleaching between veins, tip and leaf 

abscission. 
0.10 2 hr 

Ethylene(C2H4) 

Withering, leaf abnormalities, flower 

dropping, and failure of flower to 

open. 

0.05 6 hr 
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Global air pollution problems 

 

Serious global air pollution problems include acid rain, ozone layer depletion and global 

warming. 

 

Acid rain 

 

Processes that cause acid rain are represented in Fig. 4.4. Major sources include vehicular 

emission and emission from factories. 

 

 

 
Fig 4.4 Atmospheric processes that cause acid rain 

 

• Effects of acid rain 

 

 Affects fish 

• lower pH affects reproductive cycle 

• releases otherwise insoluble Al which is toxic to fish 

 

 has effects on vegetation 

 depletes soil nutrients  

 Degrades buildings & monuments 

 

Ozone layer depletion 

 

• Ozone in stratosphere is barrier to UV rays 

• Chlorine in chlorofluorocarbons (CF2Cl2 & CFCl3) reacts with ozone.  

– Chlorine recycles and continues to destroy ozone 

– Some CFCs have 110-year lifetime in atmosphere 

– Removed after Cl reacts with CH4 
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• Source of the CFCs was aerosol propellant & refrigerants 

 

• A 5% reduction in the ozone layer means 10% increase in skin cancer 

 

Fig. 4.5 Processes that deplete ozone 

 

Conferences on Ozone Depletion 

 

1987 Montreal Protocol  

– freezes CFC production 

– signers agree to reduce CFC production to 50% by 1998 

1989 Helsinki Declaration 

– phase out CFC production by 2000 

– Phase out other chemicals (contain Br or Cl) as soon as feasible 

1990 & 1992 - Strengthen Montreal Protocol 

– ban production of CFCs, CCl4, and methyl chloroform by January 1996 

 

Global warming 

 

It is caused by atmospheric buildup of greenhouse gases such as carbon dioxide, 

methane, water vapor, CFCs, etc. The major contributor to global warming is CO2. It 

is an artificial disturbance in the environment resulting from: 

– Burning of Fossil Fuels 

– Cutting of Forests 

This disturbance likely results in a warming of the earth’s climate. The mechanisms 

for this phenomenon to occur are: 

 

• CO2 emits and absorbs radiation at wavelengths typical of the earth and the 

atmosphere. 

• As the CO2 concentration increases, the atmosphere has increased resistance to 

the necessary escape of radiation to space. 

• Incoming solar radiation is not greatly affected by the change in CO2 

concentration. 
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Sources 

• Fossil fuel combustion 

 

• Burning forests 

 

• Decreasing CO2 sinks by burning forests 

– growing rain forest 1-2 kg C/m2/yr 

– crops  0.2 - 0.4 kg C/m2/yr 

 

• Other gasses contribute - methane, nitrous oxide and CFCs 

 

 

4.2 Air pollution control 

 

The driving forces for air pollution control include 

 

 Environmental protection  

 Occupational health consideration in workplace 

 Social considerations 

 Legal limitation imposed by government  

 

 

The existence of air pollution problem can be identified by checking the ambient air 

quality or investigating the effects on receptors like humans, buildings, etc. Air pollution 

control strategies can focus on emission minimization and source control technologies. 

 

 

 

 

Fig. 4.6 Air pollution control system 
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The strategies may comprise long-term and short-term pollution control options (Fig. 

4.7). 

 
Fig. 4.7 Air pollution control options 

 

Costs of air pollution may be expressed in terms of mitigation (control) costs or the 

damage costs (costs for medical treatment, costs to maintain degraded buildings, etc). 

Decision on pollution control investment should ensure a minimum total cost (Fig 4.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.8 
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Air pollution minimization strategies may include the following: 

  

 Use clean fuels by vehicles (electric, fuel cell, ethanol, methanol, biodiesel, hydrogen, 

LPG, LNG, and CNG)  

 Promoting the use of public transport by making it efficient, accessible, and cost 

effective 

 Encouraging bicycling and walking by providing separate and attractive lanes 

 Developing mixed land-use settlements that minimize the need for travel 

 Discouraging private automobile dependence through fiscal measures 

 Conducting timely and proper maintenance of roads 

 Banning the use of leaded gasoline 

 Good maintenance of vehicles  

 Good driving practice (e.g. stop engine while waiting, avoid abrupt acceleration & 

deceleration 

 

Source control of air pollution 

 

The technologies for source control include: 

 

• Control of Particulate Emission 

- Settling 

- Cyclone separation 

- Wet scrubbing 

- Baghouse filtration 

- Electrostatic precipitation 

• Control of Vapor-phase Emissions 

- Wet scrubbing 

- Activated carbon adsorption 

- Incineration 

The particlulate emission control technologies’ performance depends on the size of 

particles as indicated in Fig. (4.9). 

 

Fig. 4.9 
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4.3 Indoor air pollution 

 

Major indoor air pollutants include: 
 

 Organic gases: CO, CO2 

 Inorganic gases: NOx, O3  

 Volatile Organic Compounds (VOCs)  

 Formaldehyde (HCHO) 

 Respirable suspended particulates (RSP) 

 Micro-organisms 

 Radon (Rn) 

 
Two approaches can be followed to control indoor air pollution: 
 

 Source control  
 Use better materials  
 Cleaning and filtration  

 Ventilation control  
 Local ventilation  
 General ventilation  
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5 Solid waste Management 

 

Introduction  

 

 Municipal Solid Waste (MSW)– Non-Hazardous and Non-Nuclear Waste 

 Refuse – Fraction of MSW Produced by a Household 

– Garbage: Food Waste Exclusively 

– Rubbish:  Paper, Cans Bottles, Glass etc. 

– Ash: residue from wood/coal burning 

– Trash: Tree Limbs, Leaves, Old Appliances (i.e., anything which is not 

normally deposited in garbage cans) 

 

 Solid waste management is the discipline associated with the control of generation, 

storage, collection, transfer and transport, processing and disposal of solid waste in a 

manner that is in accord with the best principles of public health, economics, 

engineering, conservation, aesthetics, and other environmental considerations and that 

is also responsive to public attitudes 

 

Poor solid waste management can adversely affect public health, the environment, and 

social and urban development. Therefore, integrated solid waste management strategies 

that protect public and ecosystem health should be followed. The hierarchy of waste 

management options is shown in Figure 5.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.1 The hierarchy of integrated waste management 

 

5.1 Solid waste characterization 

Solid waste characterization involves determination of source, composition, and 

generation rates as well as their properties of wastes. 

 

Four methods for estimating waste quantities and composition can be identified: direct 

sampling (also referred to as waste stream analysis and waste audits), material flow, 

surveying waste generators, and literature sources.  

Waste prevention and minimization 

(e.g. cleaner production, reducing packaging material) 

Recycling and reuse 

(e.g. recycle/reuse bottles, cans, paper, wood, etc.) 

Transformation  

(e.g. composting, biogas, incineration)  

Disposal  

(e.g. Landfill)  
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Direct sampling.  Direct sampling involves sampling, sorting, and weighing materials 

from the waste stream of a specific generator.  This method has been used to estimate the 

composition of municipal waste streams.  Representative sampling methods must be 

employed to achieve accurate results. When using the direct sampling method, the 

following questions must be addressed:  How will representative samples of waste be 

obtained; how large should each sample be; and how many samples should be selected to 

achieve the desired level of accuracy in the results?  The responses to these questions will 

influence the cost of conducting the study as well as the usefulness of the data. 

Waste stream analysis.  Waste stream analysis is another method used for characterizing 

the waste stream of a specific operation for a designated time period.  Waste stream 

analysis is defined as a method for collecting, sorting, and measuring the amount and 

type of wastes generated by an operation. Results of a waste stream analysis provide data 

about the amount and type of wastes/residues in the waste stream.  Data should be 

collected for a minimum of one week; the length of time depends on how the data are to 

be used and the accuracy required.  The results are averaged to estimate the amount of 

wastes that the facility generates for a period of time.  The ten steps in conducting a waste 

stream analysis are: 

Waste audit.  The basic objectives of a waste audit are similar to a waste stream analysis.  

A waste audit involves a more detailed assessment of wastes.  The waste audit assesses 

not only the output (waste), but also the input, such as food products, packaging 

materials, office supplies, mail, or any process that results in materials that must be 

discarded.  The detailed and complicated analysis of material flow through an institution 

will enable the facility to find the amount purchased, used, recycled, and disposed of for 

different materials.  A waste audit can involve all materials or focus on a specific 

material, such as cardboard or office paper that is generated by a facility or department. 

Material flow.  The material flow method applies the concept of conservation of mass to 

track quantities of materials as they move through a defined system or region. The 

material flow methodology in this instance is based on the production weight data for 

materials and products.  Generation data are the result of making specific adjustments for 

imports, exports, and diversions to the production data by each material and product 

category.  The method also considers the useful life of products.  One of the problems 

with the material flow approach is that it is difficult to quantify product residues, such as 

food left in the container and detergent remaining in the package. 

Surveying waste.  Surveying industrial generators, such as food processors, can provide 

useful data in quantifying waste generation.  More accurate data can be obtained if the 

wastes/residues are measured at the disposal site.   

Literature sources.  Data on wastes/residues quantities and composition are available 

from a variety of sources including public agency documents, engineering reports, trade 

publications, and professional journals.  These data may be helpful in assisting managers 

in identifying the type of residues/wastes generated by a specific industry or activity.  

However, caution should be used when making operational decisions on data reported in 
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the above sources.  For example, specific conditions are not described, such as types of 

waste reduction strategies or diversion programs.  Waste characterization studies are 

recommended rather than relying on published data since each industry site or 

foodservice operation is unique. 

Source, composition, and generation of wastes  
 

Identifying the source and composition of waste helps to devise appropriate handling, 

collection, treatment, and disposal mechanisms.  Sources and types of solid wastes are 

presented in Table 5.1. 

 

 

 

Table 5.1 Sources of solid wastes within a community 

 

Source 
Typical facilities, activities or 

locations 
Types of solid wastes 

Residential homes, flats, apartment blocks 

etc 

food wastes, paper, cardboard, plastics, 

textiles, yard wastes, wood, glass, metals, 

special wastes (eg bulky items such as 

white goods, batteries, oil tyres), household 

hazardous wastes 

Commercial Shops, restaurants, markets, 

office buildings, hotels, motels, 

print shops, service stations, auto 

repair shops etc 

Paper, cardboard, plastics, wood, metals, 

food wastes, glass, special wastes (as 

above), hazardous wastes 

Institutional Schools, hospitals, universities, 

prisons, government centers etc 

As above in commercial 

Construction and 

demolition 

New construction sites, road 

repairs, building demolition 

Wood, steel, concrete, dirt etc 

Municipal services 

(excluding 

treatment works) 

Street cleaning, landscaping, 

parks and beaches, creek bed 

cleaning, litter bins 

Special wastes, rubbish, litter, sweepings, 

debris, general wastes 

Treatment plant 

sites 

Water, wastewater, industrial 

treatment processes etc 

Effluent plus residual sludges 

Municipal solid 

waste (MSW) 

All of the above All of the above 

Industrial Construction, fabrication, light 

and heavy manufacturing, 

refineries, chemical plants, power 

stations, demolition etc 

Industrial process wastes, scrap materials 

etc. Non-industrial wastes including food 

wastes, rubbish, ashes, demolition and 

construction wastes, special wastes, 

hazardous wastes 

Agricultural Crops, orchards, dairies, feedlots, 

piggeries, farms etc 

Spoiled food wastes, agricultural wastes, 

rubbish, hazardous wastes 

 

Source: Tchobanoglous (1993) 

 

 

Sources and types of wastes in some urban centers of Ethiopia are indicated in Table 5.2 
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Table 5.2 Source and types of wastes in major urban centers of Ethiopia 

 

Town Source of waste Types of waste 

Awassa 
Domestic, factories, 

institutions, animals 

Organic waste, plastic (festal), metal scraps 

and animal manure.  

Nazareth 

Industries, institutions, 

commercial, domestic, street 

sweepings and construction 

derbies 

Paper, food leftover, fruits and vegetables, 

plastic, fine (dust) pieces of woods and 

animal dung. 

Dire 

Dawa 

Commercial, domestic, 

hospital, street sweeping 

Paper, leaves, dust, festal hospital waste, 

broken glasses and metals  

Harar 
Domestic, factories, 

commercial  

Food leftover, dust, leaves festal, plastic  

Bahirdar 
Domestic, commercial, 

agriculture 

Food leftover, plastic, fertilizers, chemical 

residues, street sweepings, fine. 

Addis 

Ababa 

Industries, institutions, 

commercial, domestic, street 

sweepings and construction 

derbies 

Bone Vegetable, Paper Wood Glass Rubber 

Plastics Textile Fine scrap metal, street 

sweepings 

 

Proportion of different types of wastes for some countries and cities are presented in 

Tables 5.3.  

 

 

 

 

Table 5.3 Composition of municipal solid waste 
 

Composition 

 (% of wet weight) 

Countries 

Low income Middle income Industrialized 

Vegetables and other 

putrescible materials   

40-85 20-65 20-50 

Paper and cardboard 1-10 15-40 15-40 

Plastics  1-5 2-6 2-10 

Metals  1-5 1-5 3-13 

Glass  1-10 1-10 4-10 

Rubber and leather  1-5 1-5 2-10 

Inert material (ash, 

soil, and sand) 

1-40 1-30 1-20 

 

 

Waste generation rates are affected by degree of industrialization, climate and socio 

economic development. As economic prosperity increases, the amount of solid waste 

produced consists mostly of luxury waste such as paper, cardboard, plastic and heavier 

organic materials. In cities of developing countries, on the other hand, waste densities and 

moisture contents are much higher. Generally the greater the economic prosperity and 

higher percentage of urban population, the greater the amount of solid waste produced. 
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Knowledge of the amount of solid waste generation is necessary to design management 

strategies to effectively handle (reduce, reuse, recycle etc) those wastes. 

 

Table 5.4 Typical generation rate of municipal solid waste   

 

Country Generation rate (kg/capita/day) 

Industrial  countries (UK, USA) 0.8-1.4 

Middle income countries (Egypt, Nigeria, 

Singapore, Tunisia) 

 

0.6- 0.8 

Low income countries (Bangladesh, India, 

Indonesia, Pakistan, Thailand, Tanzania) 

 

0.3-0.5 

 

The per capita waste generation rates for Addis Ababa, Mekele and Bahirdar are 

estimated to be 0.252 kg/day, 0.203 kg/day and 0.223 kg/day, respectively. 
 

Physical, chemical and biological properties of wastes 

 

Knowledge of the various physical, chemical and biological properties of wastes is 

important for assessment of recycling impact, calculation of physical properties, 

investigation of combustion characteristics, and landfill requirements. Waste 

characterization study needs to be performed seasonally to define equipment needs, 

management programs, and trends for future planning. 

 

Physical properties 

The important physical properties of MSW include density (sometimes referred to as 

specific weight), moisture content, particle size and distribution, field capacity, and 

porosity.  

 

Density 
This is the weight per unit volume and is expressed as kg/m

3
. Density varies because of 

the large variety of waste constituents, the degree of compaction, the state of 

decomposition, and in landfills because of the amount of daily cover and the total depth 

of waste. Inert wastes such as construction and demolition materials may have higher 

densities, and density can change as in landfills where the formation of landfill gas and 

decomposition may bring about significant mass loss. Density is important because it is 

needed to assess the total mass and volume of waste which must be managed.  

 

The density of MSW is often referred to as loose, as found in containers, uncompacted, 

compacted etc. so it is important to specify what sort of waste is being referred to. 

Density varies not only because of the type of treatment it gets (collection vs compaction 

etc) but also because of geographic location, season, and length of time in storage. Some 

typical density values are presented in the Table 5.5. 

 

Table 5.5 Typical solid waste densities of different countries 

Country Waste density (kg/m
3
) 

Industrial  countries   
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UK 150 

USA 100 

Middle income countries  

Egypt 330 

Nigeria 250 

Singapore 175 

Tunisia 175 

Low income countries  

Bangladesh 600 

India  400-570 

Indonesia 400 

Pakistan  500 

Thailand  250 

Tanzania  330 

 

For Addis Ababa the solid waste density is assumed to vary from 205 to 370 kg/m
3
, with 

the average being 333 kg/m
3
.   

 

Moisture Content 
The most commonly used method of expressing moisture content is as a percentage of the 

wet weight of material. Moisture content is important in regards to density, compaction, 

the role moisture plays in decomposition processes, the flushing of inorganic 

components, and the use of MSW in incinerators. Pre-treatment of waste to ensure 

uniform moisture content can be carried out prior to landfill disposal. The wet weight 

moisture content can be determined using the following equation: 

 

100






 


w

dw
M  

 

Where M = moisture content (%) 

w = initial weight of sample (kg) 

d = weight of sample after drying at 105°C (kg) 

 

Some typical moisture contents are shown in Table 5.6. 

 

 

 

 

 

 

Table 5.6: Typical Moisture Contents of Wastes 

Type of Waste Moisture Content 

Range (%) 

Moisture Content 

Typical (%) 

RESIDENTIAL    

Food wastes (mixed) 50 - 80 70 

Paper 4 - 10 6 



CEng 594- Environmental Engineering 

 65 

Plastics 1 - 4 2 

Yard Wastes 30 - 80 60 

Glass 1 - 4 2 

COMMERCIAL    

Food wastes 50 - 80 70 

Rubbish (mixed) 10 - 25 15 

CONSTRUCTION & 

DEMOLITION  

  

Mixed demolition combustibles 4 - 15 8 

Mixed construction combustibles 4 - 15 8 

INDUSTRIAL    

Chemical sludge (wet) 75 - 99 80 

Sawdust 10 - 40 20 

Wood (mixed) 30 - 60 35 

AGRICULTURAL    

Mixed Agricultural waste 40 - 80 50 

Manure (wet) 75 - 96 94 

Source: Tchobanoglous et al. (1993) 

  

Particle Size and Distribution 

The size and distribution of the components of wastes are important for the recovery of 

materials, especially when mechanical means are used, such as trommel screens and 

magnetic separators. For example, ferrous items which are of a large size may be to 

heavy to be separated by a magnetic belt or drum system. The size of the waste 

component can be computed using length, height, or width 

 

Field Capacity 
The field capacity of MSW is the total amount of moisture which can be retained in a 

waste sample subject to gravitational pull. It is a critical measure because water in excess 

of field capacity will form leachate, and leachate can be a major problem in landfills. 

Field capacity varies with the degree of applied pressure and the state of decomposition 

of the wastes, but typical values for uncompacted-comingled wastes from residential and 

commercial sources are in the range of 50 - 60%. 

 

Permeability of compacted wastes 
The hydraulic conductivity of compacted wastes is an important physical property 

because it governs the movement of liquids and gases in a landfill. Permeability depends 

on the other properties of the solid material include pore size distribution, surface area 

and porosity. 

 

Chemical properties of waste 

Knowledge of the chemical composition of waste is important to help evaluate alternative 

processing and recovery options. This is especially important where wastes are burned 

for energy recovery, in which case the most important properties are proximate analysis, 
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elemental analysis, and energy content. Elemental analysis is also important in 

determining nutrient availability. 

 

Proximate Analysis 
Proximate analysis includes four tests - loss of moisture when heated to 105°C for 1 hour; 

volatile combustible matter (loss on ignition); fixed carbon; and ash (weight of residue 

after combustion). Some typical values are shown in Table 3. 

  
Table 5.7: Typical Proximate Analysis Values (% by weight) 

TYPE OF WASTE MOISTURE VOLATILES CARBON ASH 

Mixed food 70.0 21.4 3.6 5.0 

Mixed paper 10.2 75.9 8.4 5.4 

Mixed plastics 0.2 95.8 2.0 2.0 

Yard wastes 60.0 30.0 9.5 0.5 

Glass 2.0 - - 96-99 

Residential MSW 21.0 52.0 7.0 20.0 

Source: Tchobanoglous et al. (1993) 

 

Elemental Analysis 
This is also known as ultimate analysis and involves the determination of carbon, 

hydrogen, oxygen, nitrogen, sulphur, and ash. Because of concern about halogens these 

are also often determined as well. The results of this analysis are used to characterize the 

composition of the organic matter in wastes. This is important for C/N ratios for 

biological decomposition. Typical values are shown in Table 3.4. 

 

Table5.8: Typical data in Elemental Analysis (% by weight) 

TYPE C H O N S ASH 

Mixed food 73.0 11.5 14.8 0.4 0.1 0.2 

Mixed paper 43.3 5.8 44.3 0.3 0.2 6.0 

Mixed plastic 60.0 7.2 22.8 - - 10.0 

Yard waste 46.0 6.0 38.0 3.4 0.3 6.3 

Refuse 

Derived Fuel 

44.7 6.2 38.4 0.7 <0.1 9.9 

Source: Tchobanoglous et al. (1993) 

 

Energy Content 
The energy content of the components of waste can be determined using a boiler system, 

laboratory bomb calorimeter, or by calculation using elemental composition. The SI unit 

of measurement is kJ/kg.  The nomenclatures for energy contents are as follows: 

 

Hu = lower heat value, i.e. from waste as collected 

Hwf = normal heat value, i.e. from water-free waste (dry) 

Hawf = higher heat value, i.e. from ash- and water-free waste 

 

Hu = Hawf x B – 2.445 x W            [MJ/kg] 

 



CEng 594- Environmental Engineering 

 67 

Where, B = flammable fraction (volatile matter + fixed carbon) 

 W = moisture content fraction by weight 

Empirical equations for estimating energy content include 

o Dulong formula  

Hu = 337C + 1419(H2 - 0.12502) + 93S + 23N      [J/kg]           

 

Where C, H, O, S, and N = percent by weight of each component  

 

o Khan’s equation  (works well if there is little or no yard or garden waste) 

E = 0.051[F + 3.6(CP)] + 0.352(PLR) 

 

Where: E = energy content, MJ/kg  

 F = % of food by weight 

CP = % of cardboard and paper by weight 

PLR = % of plastic and rubber by weight 

 

Table 5.9 Typical proximate analysis and energy content in MSW 

Proximate analysis (% by weight) Energy content (MJ/kg) 

Waste type Moisture Volatiles 

Fixed 

carbon 

Non-

combustible 

(ash) 

As 

collected 

lower heat 

value, Hu 

Dry 

normal, 

water 

free Hwf 

Dry ash 

and water-

free higher 

heat value 

Hawf 

Food mixed 

Fats  

Fruit  

Meat 

 

Paper mixed 

Newspaper  

Cardboard  

 

Plastics mixed 

Polyethylene  

Polystyrene  

Polyurethane  

PVC 

 

Textiles 

 

Yard wastes 

Wood mixed 

Glass  

 

Metals   

70 

2 

79 

39 

 

10.2 

6 

5.2 

 

0.2 

0.2 

0.2 

0.2 

0.2 

 

10 

 

60 

20 

2 

 

2.5 

21 

95 

16 

56 

 

76 

81 

77 

 

96 

98 

99 

87 

87 

 

66 

 

30 

68 

 

3.6 

2.5 

4.0 

1.8 

 

8.4 

11.5 

12.3 

 

2 

<0.1 

0.7 

8.3 

10.8 

 

17.5 

 

9.5 

11.3 

 

 

 

5.0 

0.2 

0.7 

3.1 

 

5.4 

1.4 

5.0 

 

2 

1.2 

0.5 

4.4 

2.1 

 

6.5 

 

0.5 

0.6 

96-99 

 

94-99 

4.2 

37.4 

4.0 

17.6 

 

15.7 

18.5 

26.2 

 

32.7 

43.4 

38.0 

26.0 

22.5 

 

18.3 

 

6.0 

15.4 

0.2 

 

0.7 

13.9 

38.2 

18.6 

28.9 

 

17.6 

19.7 

27.1 

 

33.4 

43.4 

38.1 

26.0 

22.5 

 

20.4 

 

15.1 

19.3 

0.2 

 

0.7 

16.7 

39.1 

19.2 

30.4 

 

18.7 

20.0 

27.4 

 

37.1 

43.9 

38.1 

27.1 

22.7 

 

22.7 

 

15.1 

19.3 

0.15 

 

0.7 

Domestic MSW 

Commercial MSW 

MSW 

15-40 

10-30 

10-30 

40-60 4-15 10-30 11.6 

12.8 

10.7 

14.5 

15.0 

13.4 

19.3 

Adapted from Tchobanoglous et al., 1993; Robinson, 1986; Mortensen, 1993 
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Examples 

 

1. If Hawf = 20 MJ/kg, compute the lower heating value of MSW if: 

 

W, water content = 21% 

B, flammable = 59% 

A, Ash = 20%. 

 

Solution  

Hu = Hawf * B – 2.445 * W 

        = 20.0*0.59-2.445*0.21 

        = 11.29 MJ/kg 

2. Compute the lower heat value (Hu) of the domestic MSW shown below, using 

each waste component and its associated MJ/kg 

 

Component % by weight 

Component 

weight (tonnes) 

Lower heat value, 

Hu (MJ/kg) Total energy (GJ) 

Food waste 

Paper and cardboard 

Plastics  

Glass  

Metals  

Clothing/textiles  

Ashes, dust 

Unclassified  

 

Total  

46 

11 

9 

7 

5 

1 

19 

2 

 

100 

5129 

1226 

1003 

780 

558 

111 

2118 

223 

 

11150 

4.2 

16.5 

32.7 

0.2 

0.7 

18.3 

6.9 

- 

21541 

20229 

32798 

156 

390 

2031 

14614 

- 

 

91759 

Solution  

 

Total lower heat value (Hu) = 91759 GJ = 8.23 MJ/kg 

 

3. Using Khan’s equation, compute the energy value of the waste in the above example. 

 

Solution  

 

E = 0.051[F + 3.6(CP)] + 0.352(PLR) 

 

F = 46% 

P = 11% 

PLR = 9% 

Therefore,  

 

E = 0.051[46 + 3.6(57)] + 0.352(9) 

   = 7.53 MJ/kg 

 

Biological properties of waste 
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Biological properties of MSW are relevant because of the technology of 

aerobic/anaerobic digestion to transform waste into energy and beneficial end products. 

Biodegradation can be aerobic or anaerobic. Some organic MSW components are 

undesirable for biological conversion that is plastic, rubber, leather, and wood. The 

relevant fractions for biological transformation include  

o Cellulose - a product of 6-carbon sugar glucose  

o Fats, oils and waxes - esters of alcohols and long-chain fatty acids  

o Lignin - present in some paper products  

o Lignocellulose - combination of lignin and cellulose  

o Proteins - amino acid chains  

 

These organic components of MSW can be converted biologically to gases and relatively 

inert organic and inorganic solids. The production of odors and the generation of flies are 

also related to the putrescible nature of the organic materials.  
 

 

 

 

5.2 Elements of solid waste management 

Functional elements of a solid waste management system are shown in Fig. 5.2. 

 

 

Separation  

Separation solid waste into its different components is essential to realize 

environmentally sound solid waste management options. Waste separation can be either 

at source where it is generated, or at the transfer station or at final destination. Municipal 

solid wastes may be separated as follows: 

 

WWaassttee  GGeenneerraattiioonn  

WWaassttee  HHaannddlliinngg,,  SSeeppaarraattiioonn,,  

  SSttoorraaggee,,  

AAnndd  PPrroocceessssiinngg  aatt  tthhee  SSoouurrccee  

TTrraannssffeerr    

aanndd  

TTrraannssppoorrtt  

SSeeppaarraattiioonn  aanndd  

PPrroocceessssiinngg  aanndd  

TTrraannssffoorrmmaattiioonn  ooff  

SSoolliidd  WWaassttee  

DDiissppoossaall  
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 Food wastes 

 Paper and cardboard  

 Plastic  

 Metals ferrous 

 Metals non-ferrous- community recycling at drop-off centers  

 Glass- community recycling at drop-off centers, household source separation 

 Bulky waste (furniture, tyres, etc) 

 Yard waste 

 Hazardous household waste 

 

For source separation to work, drop-off centers for accepting recyclable wastes and 

public awareness raising efforts are required. 

 

Storage  

 

The size of premises, nature (type) and generation rate of solid waste determines the type 

of storage to be used. Storage facilities must be animal and insect proof washable and 

robust enough to meet the exigencies if normal use. There is a limit to the duration that 

solid waste can be stored at source (in the premises) based on the type and source of solid 

waste.  

 

Solid waste should be collected and disposed of from temporary stores to final disposal 

site before breeding various disease carrying vectors. Uncovered container of waste ate 

exposed to human and animal scavengers that litter waste around and create community 

health problems.  

 

Collection  

Collection refers to the art of removing accumulated waste, be it containerized or not, 

from generating sources. Collection may occur at a centralized location where generators 

deliver their solid waste or by going from individual generator to another, which 

increases the expense of collection. Transfer or transportation, as the name indicates, 

refers to the transportation or/and haul of solid waste from a central point to one or more 

distant final management facility.   

 

Methods of collection include communal collection, block collection, and door-to-door 

collection.  

 

Transformation processes 

 

Transformations of waste can occur through the intervention of people or by natural 

phenomena. Solid wastes can be transformed by physical, chemical and biological means 

as shown in Table 5.10. Typically waste transformations are used: 

 to improve the efficiency of solid waste management systems  

 to recover reusable and recyclable materials  

 to recover conversion products and energy  

 

Household source separation  

Public drop-off centers   
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Table 5.10: Transformation processes in solid waste management 

Process Method Principal conversion products 

Physical   

separation manual and/or 

mechanical 

individual components found in commingled 

MSW 

volume reduction Force or pressure original waste reduced in volume 

size reduction Shredding, grinding, 

or milling 

altered in form and reduced in size 

Chemical   

combustion thermal oxidation CO2, SO2, oxidation products, ash 

pyrolysis destructive 

distillation 

a variety of gases, tar and/or oil 

gasification starved air 

combustion 

gases and inerts 

Biological   

aerobic compost aerobic biological 

conversion 

compost 

anaerobic 

digestion 

anaerobic biological 

conversion 

methane, CO2, trace gases, humus 

anaerobic 

composting (in 

landfills) 

anaerobic biological 

conversion 

methane, CO2, digested waste 

Source: Tchobanoglous et al. (1993) 

 

 

Disposal  

 

A sanitary landfill is an engineered facility that requires detailed planning and 

specifications, careful construction, and efficient operation. In a landfill, solid wastes are 

disposed of by spreading in thin layers, compacting to smallest practical volume, and 

covering each day, or periodically, with soil or suitable substitute material in a way that 

minimises environmental problems. Care must be exercised to ensure that an 

environmental problem does not develop during operation or after closure. Careful 

design, construction, and operation can minimise the potential for problems arising at a 

landfill. 

 

The three common configurations of sanitary landfills are the trench (excavated cell) 

method, the area method, and the canyon or depression method. 

 

The excavated cell/trench method of land filling is ideally suited to areas where an 

adequate depth of cover material is available at the site and where the water table is not 

near the surface. Typically, cells are excavated to depths of 1 to 3 m, with side slope of 

2:1 or 3:1 (3 horizontal).  Trenches vary from 60 to 300m in length, 1 to 3m in depth, and 

3 to 15m in width. (See Fig. 5.3) 
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Fig. 5.3 The Trench Method of Landfill 

 

The area method shown in Fig. 5.4 is used when the terrain is unsuitable for the 

excavation of cells or trenches in which to place the solid wastes. High groundwater 

conditions, necessitates the use of area-type landfills. Site preparations include the 

installation of a liner and leachate control system. Cover material must be hauled in by 

truck or earthmoving equipment from adjacent land or from borrow pit areas. 

 

 
Fig. 5.4 The Area Method of Landfill 

 

The canyon method is similar to the trench method except natural depressions or 

canyons are used rather than digging trenches. Canyons, ravines, dry borrow pits and 

quarries have been used for landfills. The techniques to place and compact solid wastes in 

canyon/depression landfills vary with the geometry of the site, the characteristics of the 

available cover material, the hydrology and geology of the site, the type of leachate and 

gas control facilities to be used and the access to the site. (See Fig. 5.5) 

 

Control of surface drainage often is a critical factor in development of canyon/depression 

sites. Typically, filling for each lift starts at the head end of the canyon and ends at the 

mouth, so as to prevent the accumulation of water behind the landfill canyon/depression 

sites; and the method of operation is essentially the same as the area method. 
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Fig. 5.5 The Canyon Method of Landfill 

 

Landfill operations and processes may include the following: 

   

 Landfill design  Landfill gas management 

o Foundation design  o Monitoring  

o Liner design o Collection  

o Leachate collection and gas 

collection 

o Flaring or using  

o Drainage design o Quantity and quality  

o Filling design  

o Runoff collection  Environmental monitoring  

o Closure design o Air quality and odor monitoring  

 Landfill operations  o CH4, H2S, VOCs, etc 

o Waste inventory o Groundwater monitoring  

o Cell layout o Pests and litter  

o Cells for hazardous waste o Traffic  

o Cells for non-hazardous waste  

 Leachate management  Biochemical reactions in a landfill 

o Collection  o Biological decay rates 

o Treatment  o Slowly biodegradable  

o Monitoring  o Rapidly biodegradable  

o Reuse  o Non-biodegradable  

 

Design of landfills should incorporate the following: 

 

 Location of the landfill should consider 

o Ecological and biological conditions 

o Geological and hydrogeological conditions 

o Existing and potential water supply sources 

 Groundwater 

 Surface water 

o Historical and archeological sites 

o Recreational areas 
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o Other planning issues, e.g. town and industrial development, agriculture, 

etc. 

o Infrastructure requirements 

 Access possibilities 

 Transport distance 

 Treatment possibilities of the leachate 

 Receiving area facilities 

o Weightbridge for recording incoming waste according to type and origin  

o Office and staff buildings  

o Garage for machinery maintenance 

o Containers where waste from individuals can be received so that they do 

not have to go to the deposit area  

 Internal roads all the way to the deposit are that can carry the heavy loads from the 

heavy trucks and compactors 

 Deposit area 

o Size considering the amount of waste and other practical factors 

o Fence to protect wind-blown litter 

 Control and monitoring  

o Controlling system has to ensure prohibition of banned wastes from 

disposal 

o Monitoring system should cover: leachate, surface runoff, recipients, 

groundwater and noise 

 Operation manual 

 

Example: landfill area requirement  

Determine the area required for a new landfill site with a projected life of 20 years for a 

population of 150000 generating 2.5 kg per household per day. Assume the density of 

waste is 400 kg/m
3
 and 5 persons per household. A planning restriction limits the height 

of the landfill to 10 m. 

 

Solution: 

Total waste generated = 2.5/5 x (150000) = 75000 kg/day = 27.375 x 10
6
 kg/year 

Volume of landfill space required = (27.375 x 106)/400 = 68437.5 m
3
/year 

Required land area = 68437.5/10 = 6843.75 m
2
/year 

Increasing this are by 50% to allow for roads, receiving areas, fencing, etc, required area 

for 20 years becomes 

 

A = 6843.75 x 20 x 1.5 = 205312.5 m
2
 = 21 ha 

 

  

5.3 Sources and types of hazardous wastes 

 

The term “hazardous waste” means a solid waste, or combination of solid wastes, which 

because of its quantity, concentration, or physical, chemical or infectious characteristics 

may: 
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(a)  cause or significantly contribute to an increase in mortality or an increase 

in serious irreversible, or incapacitating reversible illness; or 

(b)  pose a substantial present or potential hazard to  human health or the 

environment when improperly treated, stored, transported, or disposed of, 

or otherwise managed. 

 

Hazardous wastes exhibit one or more of the following characteristics: 

 

 Ignitable- the substance causes or enhances fires. Examples include waste: alcohols; 

acetone; acetic acid; xylene 

 Reactive- the substance reacts with others and may explode. Examples:  acids; bases; 

waste boiler treatment chemicals. 

 Corrosive- the substance destroys tissues or metals. Examples:  cyanide; explosives; 

sulfide-   containing wastes.   

 Toxic- the substance is a danger to health, water, food and air. Examples: arsenic; 

mercury  

 

Hazardous wastes may be listed in applicable directives or identified through 

investigation in light of the above characteristics. Sources of hazardous wastes may 

include industries, hospitals, households, etc. 

 

Household Hazardous Waste (HHW) 

Leftover household products that contain corrosive, toxic, ignitable, or reactive 

ingredients are considered to be "household hazardous waste" or "HHW." Products, such 

as paints, cleaners, oils, batteries, and pesticides, that contain potentially hazardous 

ingredients require special care when you dispose of them. Examples include: Drain 

Cleaners (C), Oven Cleaners (C), Oil and Fuel Additives (I,T), Waxes, Polishes and 

Cleaners (I,C), Herbicides (T,H), Fungicides or Wood Perservatives (H), Batteries (C,T), 

Pool Chemicals (R), Fingernail Polish Remover (I), Electronic Items (T). 

 

5.4 Management options for hazardous wastes  

 

Hazardous waste management options include waste minimization practices, and 

treatment and disposal facilities. 

 

Waste minimization techniques  
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Treatment and disposal  

 

 Thermal treatment- e.g. incineration  

 Chemical treatment- e.g. neutralization   

 Physical treatment- e.g. filtration   

 Landfill 

Waste minimization 

techniques 

Source reduction Recycling 

Product changes 

Product substitution 

Product conservation 

Change in product 

composition 

Source control  

Input material changes  

Material purification  

Material substitution  

Technology changes 

Process changes 

Equipment/layout 

changes 

Changes in operational 

setting 

Good housekeeping 

practices: loss 

prevention, waste 

stream segregation, 

material inventory, etc  

Use and reuse: 

Return to 

original process 

Raw material 

substitute for 

another process 

Reclamation:  

Processed for 

resource 

recovery 



Common solid waste disposal methods  

In rural communities the following common useful simple and practical methods of solid waste 

intermediate treatments/reuse and disposal methods include:  

 Composting 

  Controlled Tipping/Burying  

 Ploughing in the Fields  

 Incineration 

 Composting  

Composting is one of the means of waste minimization. The mechanism implies a 

biological waste treatment process. The action of microorganisms breaks down complex 

organic compounds into simpler ones. Composting is not final disposal method but 

converting waste into a useful product. Compost has been used in both the rural and semi 

urban areas of Ethiopia for quite a long time as a soil conditioner to grow mostly 

vegetables and crops but without processing it. 

Composting process:  

1. Sort and/or separate the compostable organic matter such as garbage, grass, dung, etc 

from the un compostable ones such as plastic, leather, ceramic, clay or metal products 

that hamper the decomposition process.  

2. Mix in equal proportion all wastes including animal manure, kitchen waste, weeds and 

house sweepings. It may be necessary to add and mix human and animal waste to 

enhance and facilitate the biodegradation process. Adding these waste matters not only 

enhances the decomposition process but it also enriches the waste in nitrogen and 

phosphorous. Which are essential elements for plant growth. However, using human or 

animal waste need precautions as it may contain pathogenic organisms, which may 

contaminate the crops, the hand and feet of people working in the farm. This may create 

a perpetual communicable disease transmission condition outweighing the advantage of 

waste reuse.  

3. Compost sites may be arranged by digging a shallow hole the size of which may vary 

with the amount of waste intended to be composted or the waste may be place above 

ground. Placing it above ground is easier to work with the waste in the process of 

composting. 



 4. Pile the sorted and mixed solid waste on the ground to a height of about 0.15 meters 

(15 centimeters). Lay horizontally four round sticks on top of the pile as shown in figure 

3. The space in between the poles could be from 75- 90 cm. 

5. On the corner of the wooden poles laid horizontally insert four poles vertically  

6. Add the rest of the sorted out waste matter on top of the wooden poles for an 

additional 90 cm. 

7. Cover the completed pile of waste with 50 cm earth and animals manure and take out 

the poles from the pile 

The soil/manure cover will help in preventing rainwater from soaking into the pile. 

Reduce evaporation, lessen loss of nitrogen (nutrient), prevents fly breeding etc. The 

holes made by the poles will help in introducing oxygen into the pile hence making the 

composting process aerobic. Such method will not cause nuisance or smell. 

 Instead of using round wooden poles the waste could be piled up as it is and aerate it 

once or twice a week by turning it so that aerobic bacteria can remain active and 

proliferate and stabilize the waste. 

         Well-stabilized compost is:  

 Dark looking  

 Does not smell and  

 Stable humus ƒ   

The compost supplies the elements that plants require for growth except some 

deficiencies in phosphorous and nitrogen. This may be improved by adding urine 

together with the humus. 

 Controlled Tipping/Burying  

Solid wastes that are not recycled or used should be disposed. Disposal is effected in 

many different ways. But the most important method is that which is able to isolate the 

waste for good. A method that satisfies this is known as controlled tipping. It is a way of 

isolating any type of waste without bothering to sort or separate. Controlled tipping is a 

simple, effective and relatively cheaper method of refuse disposal. This method involves 

preparation of hole in the ground with a depth of 1-2 meters and width and length of 60 

centimeters for a household. The method can be used as a one-time or a daily operation. 

If it is a daily operation the process is as follows: 



1. A disposal site is identified within the compound of any residential, commercial or 

institutions. The site should not be: 

 - Near water sources 

 - Near to houses and kitchen  

- Near a road or path  

2. Pile the dugout earth near the pit for future use  

3. Dump the generated solid waste (garbage, refuse etc) in the pit daily 

 4. Cover the waste matter with the excavated soil every day Waste generated every day 

is dumped into the pit and covered with earth so that flies and vermin don't get access to 

it. The process continues until the pit is filled after which it should be completely 

covered with earth and another one is dug next to the old one. With this method flies, 

mosquitoes, rodents, wild animals, birds and other nuisance animals will not have access 

to breed and feed. The decomposable waste will still condition the soil. Crops planted on 

completed sites grow better and the immediate surrounding of the dwelling house looks 

always clean. 

 Incineration 

 Incineration is a high temperature dry oxidation process that reduces organic and 

combustible waste to inorganic, incombustible matter and resulting in a very significant 

reduction of waste volume and weight. 

Characteristics of wastes suitable for incineration:  

 Content of combustible matter above 60%  

 Content of non-combustible solids below 5%  

  Content of non-combustible fines below 20%  

  Moisture content below 30% 

Waste types not to be incinerated:  

 Pressurized gas containers  

 Large amount of reactive chemical waste  

  Silver salt and photographic or radiographic wastes  

 Halogenated plastics such as polyvinyl chloride (PVC)  

 Waste with high mercury or cadmium content, such as broken thermometers, used 

batteries, and lead lined wooden panels  



 Sealed ampoules or ampoules containing heavy metals 

⇒ Air pollution is undesirable characteristics of incinerator 

 ⇒ Expensive and skill personnel is needed  

⇒ May be located close to centre of waste production (advantageous) 

Types of Incinerators  

Incinerator can range from extremely sophisticated; high temperature once to very basic that 

operate at much lower temperatures. All types of incinerators, if operated properly, eliminate 

microorganisms from waste and reduce the waste to ashes. At a small community with the 

limited resources and where high-temperature incinerators are not affordable, waste may be 

incinerated in a drum incinerator. A drum incinerator is the simplest form of single-chamber 

incinerator. It can be made inexpensively and is better than open burning. 

How to build and use a simple drum incinerator for waste disposal:  

Step 1: where possible, select a site downwind from the health post.  

Step 2: Build a simple incinerator using local materials (mud or stone) or a used oil drum (e.g., 

80-100 liters drum). The size depends on the amount of daily waste collected.  

Step 3: Make sure the incinerator has: Sufficient air inlets underneath for good combustion ƒ  

loosely placed fire bars to allow for the expansion.  An adequate opening for adding fresh refuse 

and for removal of ashes, a long enough chimney to allow for a good draft and evacuation of 

smoke.  

Step 4: Place the drum on hardened earth or a concrete base. 

Step 5: Burn all combustible waste, such as paper and cardboard, as well as used dressings and 

other contaminated wastes. If the waste or refuse is wet, add kerosene so that a hot fire burns all 

the waste. Ash from incinerated material can be treated as non-contaminated waste. 

  Ploughing in fields  

Applying waste in farm fields for soil conditioning has been practiced in Ethiopia for a long 

time. This is a practice with a dual purpose, it is one hand a way of waste disposal and on the 

other hand a means of recovering and reusing waste for soil conditioning. 

Human and animal excrements, sweepings from residential premises, left over food from people 

and animals; vegetables, leaves etc. are some of the domestic solid wastes that are ideal for using 

in farms preferably after composting. However, indiscriminate disposal of waste especially in 



farm areas may be cause of diseases transmission and source of accidents from puncturing (nails, 

wire) or cutting (glass, tin) waste materials. 

Other disposal methods  

There are some other intermediate treatments or final disposal methods, which are not commonly 

used, in the rural communities of Ethiopia. Sanitary landfill: A method of disposing a refuse on 

land without creating nuisances or hazards to public health or safety. The characteristics of 

sanitary landfill that distinguish it from an open dump  

1. The waste is placed in a suitably selected and prepared land fill site in a carefully prescribed 

manner  

2. The waste materials is spread out and compacted with appropriate heavy machinery  

3. The waste is covered each day with a layer of compacted soil 

 It is effective method for permanent disposal if there is enough land and equipment  

 Useless lands become usefull (hills, valleys) e.g. flat land for recreation 

N.B. It may not appropriate in rural Ethiopia because of highly skilled professionals require for 

proper operation, planning, regulating and controlling and deposition of solid wastes on selected 

areas. 

Dumping in to sea  

 It is unsanitary since it affect aquatic ecosystem  

Hog feeding for garbage  

 Problem of pork tapeworm, trichinosis 

 Discharge to sewers  

 Effective for garbage disposal only.  

  It should be grinded to be disposed  

Open dump  

      The most unsanitary disposal option 
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6 Environmental Impact Assessment 

 

Development policies, plans, programs and projects have effects on the local, regional 

and national environments. Sustainable development requires the assessment of these 

developmental activities against sustainability criteria. The assessment methods can 

conveniently be classified hierarchically as shown in Fig. 6.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.1 Environmental assessment methods 

 

 

Strategic Environmental Assessment (SEA) 

SEA is applied to assess the environmental implications of policies, plans and programs. 

SEA is used to evaluate various policies such as land policy, energy policy, industrial 

policy, etc. against sustainability requirements. It can also be used to investigate the 

interdependence, complementarity, and contradiction of various policies, plans and 

programs (PPPs) with respect to sustainable development.  

 

Environmental Impact Assessment (EIA) 

EIA, which is increasingly applied in many countries, is used to assess the environmental 

consequences of specific projects such as road, industrial complexes, commercial centers, 

etc. In this case impacts of projects on the various environmental components (land, 

water, air) and the socio-economic environments within and beyond the city limit are 

analyzed.  EIA of projects consider the opinions of all affected and interest groups. 

 

In essence, EIA is a process, a systematic process that examines the environmental 

consequences of development actions, in advance. The emphasis, compared with many 

other mechanisms for environmental protection, is on prevention. Of course planners 

have traditionally assessed the impacts of developments on the environment, but 

invariably not in the systematic, holistic and multidisciplinary way required by EIA. The 

process evolves a number of steps, as outlined in Fig 6.2. It should be clearly noted that, 

although the steps are outlined in linear fashion, EIA should be a cyclical activity, with 

Strategic Environmental Assessment 

 Policies 

 Plans 

 Programmes 

 

Environmental Impact Assessment 

 Projects 

 

Environmental Audit 

 Existing policies, programs and 

projects 
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feedback and interaction between the various steps. Below are brief descriptions of each 

step. 

 

Project screening narrows the application of EIA to that project that may have significant 

environmental impacts. Screening may be partly determined by the EIA regulations 

operations operating in country at the time of assessment. 

 

Scoping seeks to identify at an early stage, from all of a project’s possible impacts and 

from all the alternatives that could be addressed, those that are the key, significant issues.  

 

Consideration of alternatives seeks to insure that the proponent has considered other 

feasible approaches, including alternative project locations, scales, processes, layouts, 

operating conditions, and the “no action” option. 

 

Description of the project/development action includes a clarification of the purpose and 

rationale of the project, and an understanding of its various characteristics – including 

stages of development, location and processes.  

 

Description of the environmental baseline includes the establishment of both the present 

and future state of the environment, in the absence of the project, taking into account 

changes resulting from natural events and from other human activities. 

 

Identification of key impacts brings together the previous steps with aims of ensuring that 

all potentially significant environmental impacts (adverse and beneficial) are identified 

and taken into account in the process. 

 

The prediction of impacts aims to identify the magnitude and other dimensions of identify 

change in the environment with a project/action, by comparison with the situation 

without that project /action. 

 

Evaluation and assessment of significant seeks to assets the relative significant of the 

predicated impacts to allow a focus on key adverse impacts  

 

Mitigation involves the introduction of measures to avoid, reduce, remedy or compensate 

for any significant adverse impacts. 

 

Public consultation and participation aims to assure the quality, comprehensiveness and 

effectiveness of the EIA, as well as to ensure that the public’s views are adequately taken 

into consideration in the decision- making process 

 

EIS presentation is a vital step in the process. If done badly, much good working the EIA 

may be negated. 

 

Review involves a systematic appraisal of the quality of the EIS, as contribution to the 

decision- making process.  
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Decision-making on the project involves a consideration by the relevant authority of the 

EIS (including consultation responses) together with other material considerations. 

 

Post decision monitoring involves the recording of outcome associated with development 

impacts after a decision to proceed. It can contribute to effective project management. 

 

Auditing follows from monitoring. It can involve comparing actual outcomes with 

predicated outcomes, and can be used to assess the quality of predication and the 

effectiveness of mitigation. It provides a vital step in the EIA learning process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Project screening – is an ELA needed? 

 

Scoping – which impacts and issues to 

consider? 

 

Description of project/development action 

and alternatives 

 

Description of the environmental baseline 

 

Identification of key impact 

Predication of impacts 

 

Evaluation and assessment of significance of 

impacts 

 

Identification of mitigating measures 

 

 

 Presentation of findings in an EIS (including 

a non-technical summary) 

 

Review of the EIS 

Decision-making 

Post-decision monitoring 

Public consultation  
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Figure 6.2 Important steps in the EIA process 
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Environmental impacts statements: the documentation 

 

The environmental impact statement provides documentation of the information and 

estimate of impacts derived from the various steps in the process. Prevention is better 

than cure; an EIS revealing many significant unavoidable adverse impacts would provide 

valuable information that could contribute to the abandonment or substantial modification 

of a proposed development action. Where adverse impacts can be successfully reduced 

through mitigation measures there may be a different decision. Table 5.1 provides the 

content of an EIS for a project. 

 

The non-technical summary is an important element in the documentation; EIA can be 

complex and the summery can help to improve communication with he various parties 

involved. Reflecting the potential complexity of the process, a methods statement, the 

beginning, provides an opportunity to clarify some basic information (e.g. who is the 

developer, who has produced the EIS, who has been consulted and now, what method 

have been used, what difficulties have been encountered and what are the limitations of 

the EIA?). A summary statement of key issues, up-front, can also help to improve 

communication. More enlightened EISs would also include a monitoring programme, 

either here or at the end of the document. The background to the proposed development 

covers the early steps in the EIA process, including clear description of the project, and 

baseline conditions (including relevant planning policies and plans). Within each of the 

topic areas of the EIS there would normally be the discussion of existing conditions, 

predicted impacts, scope for mitigation and residual impacts. 

 

Table 6.1 an EIS for a project- typical content. 
 

Non-technical summary  

Part 1: Methods and key issue  

 Methods statement  

 Summery of key issues; monitoring programme statement  

Part 2: Background to the proposed development  

 Preliminary studies: need, planning, alternatives, sites selection  

 Site description /baseline conditions 

 Description of proposed development  

 Constrictive activates and programme 

Part 3: Environmental impact assessment –topic areas  

 Land use, landscape and visual quality  

 Geology, topography and soils  

 Hydrology and water quality  

 Air quality and climate  

 Ecology: terrestrial and aquatic  

 Noise  

 Transport  

 Socio-economic 

 Interrelationships between effects 

 

Environmental Audit (EA) 

 

EA is used to evaluate the environmental impacts of existing policies, land uses and 

socio-economic activities. After performing EA, a city should realize its weak points in 
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environmental performance and be able to point out the relevant matters that need change 

in order to improve the quality of its environment. Environmental data that covers 

different issues has to be collected. The issues include: 

 

 Socio-economic background 

 Housing conditions 

 Health conditions 

 Natural environment 

 Land use 

 Urban transport 

 Energy use 

 Air pollution 

 Noise pollution 

 Water and sanitation 

 Solid and hazardous wastes 

 

The results of the EA should be presented in the form of an environmental review report 

that has the following parts: 

 

 General background information: intended to provide a historical, geophysical and 

socio-economic perspective on urban development for each city and to briefly explain 

how developmental activities and the environment have interacted over time. 

 Status of the environment: summarizes existing information on the quality of various 

environmental media (air, water, land, and cultural property) and briefly analyses the 

key natural hazardous that affect the urban area. 

 Development-environment interactions:  describes how development-oriented 

activities and services in the public, private, and informal sectors influence 

environmental quality and how environmental factors constrain or promote 

development. 

 Setting for environmental management: identifies the key public and private actors 

engaged in environmental management affecting the city, existing management 

functions (instruments of intervention used and mechanisms for coordination and 

decision making), constraints on effective management, and the initiatives that are 

being undertaken to improve environmental management. 
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Ethiopia, it is hereby proclaimed as follows: 
hGA h7P 
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Pollution Control Proclamation No.300/2002". 
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3) "Competent Agency" means any Federal or 
Regional Government organ entrusted by law with a 
responsibility related to the subject specified in the 
provision where the term is used; 

4) "Competent Court" means, in the case of the 
Federal Government, a first instance court and in the 
case of a national regional state, a court designated 
on the basis of the law of that state; 

5) "Effluent" means waste water, gas or other fluid, 
treated or untreated, discharged directly or indirectly 
into the environment; 

6) "Environment" means the totality of all materials 
whether in their natural state or modified or changed 
by humans, their external spaces and the interactions 
which affect their quality or quantity and the welfare 
of human or other living beings, including but not 
restricted to, land, atmosphere, weather and climate, 
water, living things, sound, odour, taste, social 
factors, and aesthetics; 

7) "Environmental Inspector or Inspectors" means the 
body designated under Article 7(1) of this 
Proclamation; 

8) "Hazardous material' means any substance in solid, 
liquid or gaseous state, or any plant, animal or micro 
organism that is injurious to human health or the 
environment; 

9) "Hazardous Waste" means any unwanted material 
that is believed to be deleterious to human safety or 
health or the environment; 

10) "Person" means any natural or juridical person; 
11) "Pollutant" means any substance whether liquid, 

solid, or gas which directly or indirectly: 
(a) alters the quality of any part of the receiving 

environment so as to effect its beneficial use 
adversely; or 

(b) produces toxic substances, diseases, objec- 
tlonable odour, radioactivity, noise, vibration, 
heat, or any other phenomenon that is hazar- 
dous or potentially hzardous to human health 
or .to other living things; 

12) "Pollution" means any condition which is hazar- 
dous or potentially hazardous to human health, 
safety, or welfare or to living things created by 
altering any physical, radioactive. thermal, chemical, 
biological or other property of any part of the 
environment in contravention of any condition, 
limitation or restriction made under this 
Proclamation or under any other relevant law; 

13) "Region" means any of those parts of Ethiopia 
specified as such under Article 47(1) of the Cons- 
titution of the Federal Democratic Republic of 
Ethiopia and, for the purpose of this Proclamation, 
includes the Addis Ababa and Dire Dawa Adminis- 
trations; 

. 14) "Regional Environmental Agency" means any 
regional government organ entrusted, by the govern- 
ment of that region, with responsibility for the 
protection or regulation of the environment and 
natural resources; 

15) "Release" means placing any pollutant in the 
environment in any way be it intentionally or 
otherwise. 

PART TWO 
Control of Pollution 

3. Control ofPollution , 

1) No person shall pollute or cause any other person to 
pollute the environment by violating the relevant 
environmental standard. 

2) The Authority or the relevant Regional environ- 
mental agency may take an administrative or legal 
measure against a person who, in violation of law, 
release any pollutant to the environment. 
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3) Any person engaged in any field of activity which is 
likely which is to cause pollution or any other 
environmental hazard shall, when the Authority or 
the relevant regional environmental agency so de- 
cides, install a sound technology that avoids or 
reduces, to the required minimum, the generation of 
waste and, when feasible, apply methods for the 
recycling of waste. 

4) Any person who causes any pollution shall be 
required to clean up or pay the cost of cleaning up the 
polluted environment in such a manner and within 
such a period as shall be determined by the Authority 
or by the relevant regional environmental agency. 

5) When any activity poses a risk to human health or to 
the environment, the Authority or the relevant 
regional environmental agency shall take any neces- 
sary measure upto the closure or relocation of any 
enterprise in order to prevent harm. 

4. Management o f  Hazardous Waste, Chemical and 
Radioactive Substance 
1) T h e  generation, keeping, storage, transportation, 

treatment or disposal of any hazardous waste without 
a permit from the Authority or the relevant regional 
environmental agency is prohibited. 

2) Any person engaged in the collection, recycling, 
transportation, treatment or disposal of any hazar- 
dous waste shall take appropriate precaution to 
prevent any damage to the environment or to human 
health or well-being. 

3) The importation, mining, processing, keeping, dis- 
tribution, storage, transportation or use of radioac- 
tive substances shall be subject to a permit from the 
competent agency. 

4) The importation, preparation, keeping, distribution, 
storage, transportation or use of a chemical 
categorized as hazardous or of restricted use, shall be 
subject to a permit from the Authority or the relevant 
regional environmental agency or from any other 
competent agency. 

5) Any person engaged in the preparation, production, 
manufacturing or transportation or in trading in any 
hazardous or restricted chemical may ensure that the 
chemical is registered, packed and labeled as per the 
applicable standards. 

5. Management o f  Municipal Waste 
1) All urban administrations shall ensure the collection, 

transportation, and, as app~opriate, the recycling, 
treatment or safe disposal of municipal waste 
through the institution of an integrated municipal 
waste management system. 

2) In collaboration with the relevant regional environ- 
mental agency, the Authority shall monitor and 
evaluate the adequacy of municipal waste 
management systems and ensure the effectiveness 
of their implementation. 

3) Any person responsible for the maintenance of any 
premise to which the public has access shall, at all 
times, ensure that adequate and suitable toilets and 
containers and other required facilities are provided 
for the disposal of waste. 
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4) The Authority shall, in collaboration with the 
relevant regional environmental agencies and any 
other competent agencies, monitor the situation with 
regard to the a.lailabilit-y of waste disposal facilities 
and take the necessary measures to ensure that their 
availability is satisfaccary. 

PART THREE 
Environmental Standards 

5. Environmental Standards 
1) In consultation with competent agencies, the 

Authority shall formulate practicable environmental 
standards based on scientific and environmental 
principles. The sectors that require standards shall 
include at least the following: 
(a) Standards for the discharge of effluents into 

water bodies and sewage systems. 
(b) Air quality standards that specify the ambient 

air quality and give the allowable amounts of 
emission for both stationary and mobile air 
pollution sources. 

(c) Standards for the types and amounts of substan- 
ces that can be applied to the soil or be disposed 
of on or in it. 

(d) Standards for noise providing for the maximum 
allowable noise level taking into account the 
settlement patterns and the availability of scien- 
tific and technological capacity in the country. 

(e) Waste management standards specifying the 
levels allowed and the methods to be used in the 
generation, handling, storage, treatment, trans- 
port and disposal of the various types of waste. 

2) Sources of noxious odour shall be regulated so that 
the nuisance they cause is prevented. 

3) The Authority may prescribe different environmen- 
tal standards for different areas as it may find 
necessary to protect or rehabilitate the environment. 

4) National regional states may, based on their specific 
situation, adopt environmental standards that are 
more stringent than those determined at the Federal 
level. However, they shall not adopt standards which 
are less rigorous than those determined at the Federal 
level. 

5) The Authority may, for a fixed period of time, 
authorize the waiver of the duty to comply with some 
requirements of specified environmental standards 
in order to promote public benefit. 

PART FOUR 
Environmental Inspectors 

7. Environmental Inspectors 
1) Environmental inspectors (hereinafter referred to as 

"inspectors") shall be assigned by the Authority or 
by the relevant regional environmental agency. 

2) Inspectors shall exercise due diligence and impar- 
tiality in the discharge of their powers and duties 
under this Proclamation. 

8. Powers and Duties of  Inspectors 
1) Inspectors shall have the following powers and 

duties: 
(a) ensure compliance with environmental stan- 

dards and related requirements; 
(b) without prejudice to Sub-Articles (3) and (6) of 

this Article, enter any land or premises at any 
time which seems appropriate to them without 
prior notice or court order; 



m) rnl7Pm.f~ alm ,flFoa..) me8 f l ~ h h c  L+ 
@m?+: 

@) hdlhA?. >C ?7T.5+ $12~7 a95Pm.78 
m ~ Q 4 - j  qARc mP8 la4 ~.rn @&+?ir 
@?mar mb9° AF+ @+S+r 

W )  fa97F@78 4A Cm-CPT h7Rhhk4~SI: 
PAhcP @0).(affS flhfirln mb8 f l~bm+ 
4s 1-44- f.epxcA @v7 hiioovb7 hoomn7 
mmcooc mp.P qhoocoocr 

L) PU hTE XS h"14dl ?A@ 1 7 8  ib4 A? 
ahflc? AogL27~ 8+r7f fh@&L+ %!R+? 
mbP @?A7P7 flG+?&'i: "7741. f @Ah+i 
@r(A mbP @&+7ii 

n) bu7 ATE mp.p hqrlfl ~ALU-7 la4 a,? 
fl@+4hc TC+ +k%PflPh f+4A @"l~p7 
mb8 h 4  WC7 @$?it 

g. P+@Rfl@ +b"lrrlL fKU? h'PF mb8 "97'4: 
@?P h944 PA@7 A? P?>'& A+4Ak A@ 
f@+r\A4-7 P?>,? SHkMCAPAr bU7> @+4Ac 
fl+mns zn. mhr  A ~ + L +  @mAff p ~ f l W  
hC8g fl@?AffF XCPXIP h74mnP LP3 
bT4hl: 

p- P+@RflIP ++"lrrld "97Pm!lv X7+h9k flhhrlfl. 
4s 1-43. h ~ ~ c h  P T ~ A  an- &mLTC ?,?+h9 

X A ~ I  q h + ~  PTRC~I P ~ C P +  X C P ~  ~ 7 %  
mhf? + ~ Y H  PAnlhr: 

3. "97Pm.P f+@Rfl +bnl4L flrlAFh"l%- 
fl7@Ah+@ Phhh fhh4k @FLY f+dmi 
P@PL? n* 4 v + a  ?An+ @$-me? mpn r 
h m f + ~ "  ?Of+ hAfl3.1: 

8. S*C hmnP rlA74ILQ f@7T+ mbP mmhh 
f@4h @a+ h4Am bV7b @fl+ ~~~.~CIP+CU-  

@RLs hAfl4-1: 
X .  f P &  hk9BP +ATcS@~ f7flffAfl-l- hAW5 

flh++C 177@8 f+@"Xfl +b"lnl6 mR 'T7P 
ncE3. +TC ?IL m w  PP h14 hrlh?a~-t: 
1 h ~ m 9  hnfl+$: 

hnfi?rlr S. 
6. CBrrlnlLm flmR@ 17~0).9" hCPg +C ?+AT 

~ ~ V D P  nwr h c ~ g m  h+mnRfl+ +7 h?n+ 
flhr"C +F+ IPhT ArlAFA45. W b P  A 7 @ A  
h+@ Phhh PhhrlR @PLP (b+ ffl4P. 94L 
$?Q% "9113. bT4h:~ 

g. flnv h ? + ~  70.h h?+$ l&/ -WL+ mrlr 
Ph+nm fl@V%- @W f+hm0). C P Y ~  + 7 k  

rlh@VS. +C P+nT Am 1~450) .  h+Amfll. mbP 
~ . e n ~ n +  PZH I R ~  h ~ ~ n +  +7 h7h.e finfir 
+F+ @hT hA @@hL?. bT4hf 

hA 1flL9-F 
8. 4hfil.7 A@h4hA mbT @m%-? A@+5A f lq? 

hTh flml7qIPP H& mm+P A q E P C  A17 
P@P trlC RC@ fmLAT "9flLPp flKU h'PE 
FC nmLmnl~7.n fimnaw 
flrlAFA"l% h . 4 7 7 ~  IIhA.I.7 A@h4hA A.4A mX 
h7C m h ~  fq74 mY6P h?& ~ P P T  f?.PC.h 
+LT hGP 59 SVFh:: 

'is. hA@hhh -43. 
8. 57C- fmLFAh+0). @U'%-7 mlAL4.41. clbmfl+fl+r 

17P0).P hm flhhrln 4 b  7.41. hffC&A 
7.53. A.fhh3.h f'T.?A +WC hfkXm 5m 
floehor f l 9 7 T m ~  nm 4s A r l ~ ~ h n l % -  mbP 
~ q @ ~ h + a r  f h ~ h  -FLY a?. +L$ f9ml;PL.n 

hAmr 

(C) question any person alone or in the presence of 
witnesses; 

(d) check, copy or extract any paper, file or any 
other document related to pollution; 

(e) take, free of charge, samples of any material as 
required and carry out or cause to be carried out 
tests to determine whether or not it causes harm 
to the environment or to life; 

(f) take photographs, measure, draw, or examine 
any commodity, process or facility in order to 
ensure compliance with this Proclamation and 
with any other relevant law; 

(g) seize any equipment or any other object which 
is believed to have been used in the commission 
of an offence under this Proclamation or any 
other relevant law. 

2) When a person contravenes any of the provisions of 
this Proclamation or of any other relevant law, the 
inspector on duty shall specify the matter cons- 
tituting the contravention and may also specify the 
measures that shall be taken to remedy the con- 
travention within a given period of time. 

3) When an inspector on duty suspects that any activity 
may cause damage to the environment, he shall order 
the taking of corrective measures upto the immediate 
cessation of the activity. 

4) Every inspector shall have an identity card issued by 
the Authority or by the relevant regional environ- 
mental agency, bearing its official seal and show it 
when requested; 

5) Whenever a sample is to be taken, the proprietor has 
the right to be present or to send his representative 
and he shall be informed accordingly. 

6)  When an, inspector on duty visits an undertaking, he 
shall notify the proprietor unless he considers that 
such notification may be prejudicial to the efficient 
performance of his duty. 

9. Right to Appeal 
1) Any person dissatisfied with any of the measures 

taken by the inspector may appeal to the Head of the 
Authority or the relevant regional environmental 
agency, as the case may be, within ten days from the 
date on which the measure was taken. 

2) Any person dissatisfied because no decision has 
bee? given as provided under Sub-Article (1) of this 
Article, or feels that the decision given is inap- 
propriate, may institute a court case within thirty 
days from the date on which the decision was 
given or the deadline for decision has elapsed. 

10. Incentives 
1) Incentives for the introduction of methods that 

enable the prevention or minimizatin of pollution 
into an existing undertaking shall be determined by 
regulations issued hereunder. 

2) Importation of new equipment that is destined to 
control pollution shall, upon verification by the 
Authority, be exempted from payment of custom 
duty. 

1 1. Right to standing 
1) Any person shall have, without the need to show any 

vested interest, the right to lodge a complaint at the 
Authority or the relevant regional environmental 
agency against any peron allegedly causing actual or 
potential damage to the environment. 
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When the Authority or regional environmental 
agency fails to give a decision within thirty days or 
when the person who has lodged the complaint is 
dissatisfied with the decision, he may institute a 
court case with in sixty days from the date the 
decision was given or the deadline for decision has 
elapsed. 

PART FIVE 
Offences and Penalties 

2. General 
1) A person who, under this Proclamation or under any 

other relevant law, commits an offence for which no 
penalty is provided for either in the Penal Code or 
under this Proclamation, is liable on conviction: 
(a) in the case of a natural person, to a fine of not 

less than five thousand Birr and not more than 
ten thousand Birr or an imprisonment of not 
more than one year or both; 

(b) in the case of a juridica! person, to a fine of not 
less than ten thousand Birr and not more than 
twenty thousand Birr. 

2) Where a juridicd person is convicted pursuant to 
Sub-Article (1) of this Article, the officer in charge 
who should have known the commission of the 
offence, and who failed to fulfil1 his duty ap- 
propriately shall be liable to a fine of not less than 
five thousand Birr and not more than ten thousand 
Birr or an imprisonment of not more than two years 
or both. 

3) Unless the provisions of the Penal code provide 
more severe penalties, the penalties laid down under 
this Proclamation shall be applicable. 

L3. Offefices Relating to Inspectors 
1) A person commits an offence if he hinders or 

obstructs an inspector on duty in the execution of his 
duty, fails to comply with a lawful order or 
requirement made by an inspector, impersonates an 
inspector, or refuses an inspector entry into any land 
or premise or hinders an inspector from getting 
access to records, 'prevents an inspector from 
checking, copying or extracting any paper, file or 
any other document, withholds, misleads or gives 
wrong information to an inspector. 

2) A natural person who conamits an offence under 
Sub-Article (1) of this Article is liable, on convic- 
tion, to a fine of not less than three thousand Birr and 
not more than ten thousand Birr, and, in the case of a 
juridical person, to a fine of not less than ten 
thousand Bin and and not more than twenty 
thousand Birr, and imprisonment of the officer in 
charge for a term of not less than one year and not 
more than two years or a fine of not less than five 
thousandBirr and not more than ten thousand Birr or 
both. 

14. Offences Relating to Records 
A person commits an offence if he fails to comply with 
this Proclamation or any regulations issued hereunder to 
keep records of activities or products or of the types, 
characteristics or amounts of waste or of any other 
information, or if he alters any record shall be liable, on 
conviction, to a fine of not less than ten thousand Birr and 
not more than twenty thousand Birr. 
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5. Offences Relating to Wastes and Other Materials that are 
Hazardous 

1) A person commits an offence if he fails to manage a 
hazardous waste or another substance according to 
the relevant laws, mislabels or fails to label or in any 
way withholds information about any hazardous 
waste or other material or attempts to take part or 
takes part or attempts to aid or aids in the illegal 
traffic of any hazardous waste or other material. 

2) A natural person who commits an offence under Sub 
Article (1) of this Article is liable, on conviction, to a 
fine of not less than twenty thousand Birr and not 
more than fifty thousand Birr and in the case of a 
juridical person to a fine of not less than fifty 
thousand Birr and not more than one hundred 
thousand Bin, and to a term of imprisonment of the 
officer in charge of not less than five years and not 
more than ten years, or a fine of not less than five 
thousand Birr and not more than ten thousand Birr of 
both. 

16. Offences Relating to Pollution 
A natural person commits an offence if he discharges any 
pollutant contrary to the provisions of this Proclamation 
or regulations issued hereunder and is liable, on convic- 
tion, to a fine of not less than one thousand Birr and not 
more than five thousandBirr or to an imprisonment of not 
less than one year and not more than ten years or both 
and, in the case of a juridical person, to a fine of not less 
than five thousand Birr and not more than twenty five 
thousand Birr and an imprisonment of the officer in 
charge for a term of not less than five years and not more 
than ten years, or a fine of not less than five thousand Birr 
and not more than ten thousand Bin or both. 

17. Forfeiture and Restoration 
The court, before which a person is prosecuted for an 
offence under this Proclamation or regulations issued 
hereunder, may, in addition to any penalty it impose upon 
the convicted person, order: 
(a) the confiscation of any thing used in thecommission 

of the offence in favor of the state or to dispose of it 
in any other way; 

(b) that the cost of cleaning up and the disposing of the 
substance, chemical or equipment seized be borne 
by the convicted person; and 

(c) the convicted person to restore to the state in which 
the environment was prior to the infliction of the 
damage, and when such restoration is not possible to 
pay appropriate compensation. 

PART SIX 
Miscellaneous Provisions 

18. Transitory Provision 
Regulations to be issued hereunder shall determine the 
manner in which existing undertakings shall comply with 
this Proclamation. 

19. Duty to Provide Information 
1) Any person engaged in an activity pertaining to any 

of the provisions of this proclamation or any other 
related law shall provide any information on his 
activiby as required by the Authority or the relevant 
regional environmental agency. I 

2) The Authority shall have access to all en'vironmental 
data and information. 
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20. PO wer to Issue Regulations 
The Council of Ministers may issue Regulations neces- 
sary for the effective implementation of this 
Proclamation. 

2 1. Inapplicable Laws 
Any law orpractice inconsistent with this Proclamation is 
inapplicable regarding matters povided herein. 

22. Effective Date 

of December, 2002. 

Done at Addis Ababa, this@d day of December, 2002. 

- .. . - - 

GIRMA WOLDE GIORGIS 

PRESIDENT OF THE FEDERAL 

DEMOCRATIC REPUBLIC OF ETHIOPIA 

1 This Proclamation shall come into force as of the 3" day 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Assignment 

           Part-I  

1. What are Specific environmental problems? 

2. What are Water quality parameters and standards? 

3. Write Major types of water pollution 

4. What are water borne diseases in your area?  What is domestic water source in your area?  

Part-II 

5. List and discuss Group of bacteria and their Environmental significance 
6. Read the Ethiopian environmental policies and legislation attached with and write maximum 

of two pages essay.  
Part-II 

7. Discuss Elements of solid waste management  

8. Discuss three common configurations of sanitary landfills 

9. What are Common solid waste disposal methods 

Part -III 

10. Discuss the EIA steps 

11. What is the use of Environmental Audit (EA) 

 

 


