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Air Pollution

History

The primary air pollutants found in most urban areas are carbon monoxide, nitrogen oxides, sulfur
oxides, hydrocarbons, and particulate matter (both solid and liquid). These pollutants are
dispersed throughout the world's atmosphere in concentrations high enough to gradually cause
serious health problems. Serious health problems can occur quickly when air pollutants are
concentrated, such as when massive injections of sulfur dioxide and suspended particulate matter
are emitted by a large volcanic eruption.

Sources of Pollutants

The two main sources of pollutants in urban areas are transportation (predominantly automobiles)
and fuel combustion in stationary sources, including residential, commercial, and industrial
heating and cooling and coal-burning power plants. Motor vehicles produce high levels of carbon
monoxides (CO) and a major source of hydrocarbons (HC) and nitrogen oxides (NOx). Whereas,
fuel combustion in stationary sources is the dominant source of sulfur dioxide (SO2).

Carbon Dioxide

Carbon dioxide (COy) is one of the major pollutants in the atmosphere. Major sources of CO; are
fossil fuels burning and deforestation. "The concentrations of CO; in the air around 1860 before
the effects of industrialization were felt, is assumed to have been about 290 parts per million
(ppm). In the hundred years and more since then, the concentration has increased by about 30 to
35 ppm that is by 10 percent".

CO; is a good transmitter of sunlight, but partially restricts infrared radiation going back from the
earth into space. This produces the so-called greenhouse effect that prevents a drastic cooling of
the Earth during the night. Increasing the amount of CO, in the atmosphere reinforces this effect
and is expected to result in a warming of the Earth's surface. Currently carbon dioxide is
responsible for 57% of the global warming trend. Nitrogen oxides contribute most of the
atmospheric contaminants.

N0y - Nitric oxide (NO) and Nitrogen dioxide (NO2)

<+ Natural component of the Earth's atmosphere.

<+ Important in the formation of both acid precipitation and photochemical smog (ozone),
and causes nitrogen loading.

+ Comes from the burning of biomass and fossil fuels.

<+ 30 to 50 million tons per year from human activities, and natural 10 to 20 million tons per
year.

¥ Average residence time in the atmosphere is days.

<+ Has a role in reducing stratospheric ozone.

N,O - Nitrous oxide

Natural component of the Earth's atmosphere.

Important in the greenhouse effect and causes nitrogen loading.

Human inputs 6 million tons per year, and 19 million tons per year by nature.
Residence time in the atmosphere about 170 years.

1700 (285 parts per billion), 1990 (310 parts per billion), 2030 (340 parts per billion).
Comes from nitrogen based fertilizers, deforestation, and biomass burning.
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Sulfur and chlorofluorocarbons (CFCs)

Sulfur dioxide is produced by combustion of sulfur-containing fuels, such as coal and fuel oils.
Also,in the process of producing sulfuric acid and in metallurgical process involving ores that
contain sulfur. Sulfur oxides can injure man, plants and materials. At sufficiently high
concentrations, sulfur dioxide irritates the upper respiratory tract of human beings because
potential effect of sulfur dioxide is to make breathing more difficult by causing the finer air tubes
of the lung to constrict. "Power plants and factories emit 90% to 95% of the sulfur dioxide and
57% of the nitrogen oxides in the United States. Almost 60% of the SO, emissions are released by
tall smoke stakes, enabling the emissions to travel long distances". As emissions of sulfur dioxide
and nitric oxide from stationary sources are transported long distances by winds, they form
secondary pollutants such as nitrogen dioxide, nitric acid vapor, and droplets containing solutions
of sulfuric acid, sulfate, and nitrate salts. These chemicals descend to the earth's surface in wet
form as rain or snow and in dry form as a gases fog, dew, or solid particles. This is known as acid
deposition or acid rain.

Chlorofluorocarbons (CFCs)

CFCs are lowering the average concentration of ozone in the stratosphere. "Since 1978 the use of
CFCs in aerosol cans has been banned in the United States, Canada, and most Scandinavian
countries. Aerosols are still the largest use, accounting for 25% of global CFC use". (Miller 448)
Spray cans, discarded or leaking refrigeration and air conditioning equipment, and the burning
plastic foam products release the CFCs into the atmosphere. Depending on the type, CFCs stay in
the atmosphere from 22 to 111 years. Chlorofluorocarbons move up to the stratosphere gradually
over several decades. Under high energy ultra violet (UV) radiation, they break down and release
chlorine atoms, which speed up the breakdown of ozone (O3) into oxygen gas (O,).

Chlorofluorocarbons, also known as Freons, are greenhouse gases that contribute to global
warming. Photochemical air pollution is commonly referred to as "smog". Smog, a contraction of
the words smoke and fog, has been caused throughout recorded history by water condensing on
smoke particles, usually from burning coal. With the introduction of petroleum to replace coal
economies in countries, photochemical smog has become predominant in many cities, which are
located in sunny, warm, and dry climates with many motor vehicles. The worst episodes of
photochemical smog tend to occur in summer.

Smog

Photochemical smog is also appearing in regions of the tropics and subtropics where savanna
grasses are periodically burned. Smog's unpleasant properties result from the irradiation by
sunlight of hydrocarbons caused primarily by unburned gasoline emitted by automobiles and other
combustion sources. The products of photochemical reactions includes organic particles, ozone,
aldehydes, ketones, peroxyacetyl nitrate, organic acids, and other oxidants. Ozone is a gas created
by nitrogen dioxide or nitric oxide when exposed to sunlight. Ozone causes eye irritation,
impaired lung function, and damage to trees and crops. Another form of smog is called industrial
smog.

Effects

The major concern with air pollution relates to its effects on humans. Since most people spend
most of their time indoors, there has been increased interest in air-pollution concentrations in
homes, workplaces, and shopping areas. Much of the early information on health effects came
from occupational health studies completed prior to the implementation of general air-quality
standards.



Damage to vegetation by air pollution is of many kinds. Sulfur dioxide may damage field crops
such as alfalfa and trees such as pines, especially during the growing season. Both hydrogen
fluoride (HF) and nitrogen dioxide (NO,) in high concentrations have been shown to be harmful
to citrus trees and ornamental plants, which are of economic, importance in central Florida. Ozone
and ethylene are other contaminants that cause damage to certain kinds of vegetation.

Air pollution can affect the dynamics of the atmosphere through changes in long wave and
shortwave radiation processes. Particles can absorb or reflect incoming short-wave solar radiation,
keeping it from the Earth's surface during the day. Greenhouse gases can absorb long-wave
radiation emitted by the Earth's surface and atmosphere.

Carbon dioxide, methane, fluorocarbons, nitrous oxides, ozone, and water vapor are important
greenhouse gases. These represent a class of gases that selectively absorb long-wave radiation.
This effect warms the temperature of the Earth's atmosphere and surface higher than would be
found in the absence of an atmosphere (the greenhouse effect).

Chemistry

Air pollution can be divided into primary and secondary compounds, where primary pollutants are
emitted directly from sources (for example, carbon monoxide, sulfur dioxide) and secondary
pollutants are produced by chemical reactions between other pollutants and atmospheric gases and
particles (for example, sulfates, ozone). Most of the chemical transformations are best described
as oxidation processes. In many cases these secondary pollutants can have significant
environmental effects, such as acid rain and smog.

Smog is the best-known example of secondary pollutants formed by photochemical processes, as
a result of primary emissions of nitric oxide (NO) and reactive hydrocarbons from anthropogenic
sources such as transportation and industry as well as natural sources. Energy from the Sun causes
the formation of nitrogen dioxide, ozone (O3), and peroxyacetalnitrate, which cause eye irritation
and plant damage.

Pollutants

There are many substances in the air which may impair the health of plants and animals (including
humans), or reduce visibility. These arise both from natural processes and human activity.
Substances not naturally found in the air or at greater concentrations or in different locations from
usual are referred to as 'pollutants'.

Pollutants can be classified as either primary or secondary. Primary pollutants are substances
directly emitted from a process, such as ash from a volcanic eruption or the carbon monoxide gas
from a motor vehicle exhaust.

Secondary pollutants are not emitted directly. Rather, they form in the air when primary pollutants
react or interact. An important example of a secondary pollutant is ground level ozone - one of the

many secondary pollutants that make up photochemical smog.

Note that some pollutants may be both primary and secondary: that is, they are both emitted
directly and formed from other primary pollutants.

Major primary pollutants produced by human activity include:
o Sulfur oxides (SOy) especially sulfur dioxide are emitted from burning of coal and oil.
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Nitrogen oxides (NOy) especially nitrogen dioxide are emitted from high temperature
combustion. Can be seen as the brown haze dome above or plume downwind of cities.
Carbon monoxide is colourless, odourless, non-irritating but very poisonous gas. It is a
product by incomplete combustion of fuel such as natural gas, coal or wood. Vehicular
exhaust is a major source of carbon monoxide.

Carbon dioxide (CO,), a greenhouse gas emitted from combustion and respiration.

Volatile organic compounds (VOC), such as hydrocarbon fuel vapors and solvents.
Particulate matter (PM), measured as smoke and dust. PM,y is the fraction of suspended
particles 10 micrometers in diameter and smaller that will enter the nasal cavity. PM; s has
a maximum particle size of 2.5 pm and will enter the bronchies and lungs.

Toxic metals, such as lead, cadmium and copper.

Chlorofluorocarbons (CFCs), harmful to the ozone layer emitted from products currently
banned from use.

Ammonia (NH3) emitted from agricultural processes.

Odors, such as from garbage, sewage, and industrial processes

Radioactive pollutants produced by nuclear explosions and war explosives, and natural
processes such as radon.

Secondary pollutants include:

Particulate matter formed from gaseous primary pollutants and compounds in
photochemical smog, such as nitrogen dioxide.

Ground level ozone (O3) formed from NOx and VOCs.

Peroxyacetyl nitrate (PAN) similarly formed from NOx and VOC:s.

Minor air pollutants include:

A large number of minor hazardous air pollutants. Some of these are regulated in USA
under the Clean Air Act and in Europe under the Air Framework Directive.
A variety of persistent organic pollutants, which can attach to particulate matter.

Sources of air pollution
Anthropogenic sources (human activity) related to burning different kinds of fuel

"Stationary Sources" as smoke stacks of power plants, manufacturing facilities, municipal
waste incinerators

"Mobile Sources" as motor vehicles, aircraft etc.

Combustion-fired power plants

Controlled burn practices used in agriculture and forestry management

Motor vehicles generating air pollution emissions.

Marine vessels, such as container ships or cruise ships, and related port air pollution.
Burning wood, fireplaces, stoves, furnaces and incinerators

Other anthropogenic sources

Oil refining, power plant operation and industrial activity in general.
Chemicals, dust and crop waste burning in farming, (see Dust Bowl).

Fumes from paint, hair spray, varnish, aerosol sprays and other solvents.

Waste deposition in landfills, which generate methane.

Military uses, such as nuclear weapons, toxic gases, germ warfare and rocketry.
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Natural sources

o Dust from natural sources, usually large areas of land with little or no vegetation.
e Methane, emitted by the digestion of food by animals, for example cattle.

e Radon gas from radioactive decay within the Earth's crust.

o Smoke and carbon monoxide from wildfires.

e Volcanic activity, which produce sulfur, chlorine, and ash particulates.

Indoor air quality (IAQ)

The lack of ventilation indoors concentrates air pollution where people often spend the majority of
their time. Radon (Rn) gas, a carcinogen, is exuded from the Earth in certain locations and trapped
inside houses. Researchers have found that radon gas is responsible for over 1,800 deaths annually
in the United Kingdom.“"" "«dd} Byjlding materials including carpeting and plywood emit
formaldehyde (H,CO) gas. Paint and solvents give off volatile organic compounds (VOCs) as
they dry. Lead paint can degenerate into dust and be inhaled. Intentional air pollution is
introduced with the use of air fresheners, incense, and other scented items. Controlled wood fires
in stoves and fireplaces can add significant amounts of smoke particulates into the air, inside and
out. Indoor pollution fatalities may be caused by using pesticides and other chemical sprays
indoors without proper ventilation.

Carbon monoxide (CO) poisoning and fatalities are often caused by faulty vents and chimneys, or
by the burning of charcoal indoors. 56,000 Americans died from CO in the period 1979-
1988 [eitation needed) Chronic carbon monoxide poisoning can result even from poorly adjusted pilot
lights. Traps are built into all domestic plumbing to keep sewer gas, hydrogen sulfide, out of
interiors. Clothing emits tetrachloroethylene, or other dry cleaning fluids, for days after dry

cleaning.

Though its use has now been banned in many countries, the extensive use of asbestos in industrial
and domestic environments in the past has left a potentially very dangerous material in many
localities. Asbestosis is a chronic inflammatory medical condition affecting the tissue of the lungs.
It occurs after long-term, heavy exposure to asbestos from asbestos-containing materials in
structures. Sufferers have severe dyspnea (shortness of breath) and are at an increased risk
regarding several different types of lung cancer. As clear explanations are not always stressed in
non-technical literature, care should be taken to distinguish between several forms of relevant
diseases. According to the World Health Organisation (WHO), these may defined as; asbestosis,
lung cancer, and mesothelioma (generally a very rare form of cancer, when more widespread it is
almost always associated with prolonged exposure to asbestos).

Biological sources of air pollution are also found indoors, as gases and airborne particulates. Pets
produce dander, people produce dust from minute skin flakes and decomposed hair, dust mites in
bedding, carpeting and furniture produce enzymes and micron-sized fecal droppings, inhabitants
emit methane, mold forms in walls and generates mycotoxins and spores, air conditioning systems
can incubate Legionnaires' disease and mold, and houseplants, soil and surrounding gardens can
produce pollen, dust, and mold. Indoors, the lack of air circulation allows these airborne pollutants
to accumulate more than they would otherwise occur in nature.




Water resources

Water resources are sources of water that are useful or potentially useful to humans. Uses of
water include agricultural, industrial, household, recreational and environmental activities.
Virtually all of these human uses require fresh water. 97.5% of water on the Earth is salt water,
leaving only 2.5% as fresh water of which over two thirds is frozen in glaciers and polar ice caps.
The remaining unfrozen freshwater is mainly found as groundwater, with only a small fraction
present above ground or in the air.!"! Fresh water is a renewable resource, yet the world's supply of
clean, fresh water is steadily decreasing. Water demand already exceeds supply in many parts of
the world, and as world population continues to rise at an unprecedented rate, many more areas
are expected to experience this imbalance in the near future, [tation needed] The framework for
allocating water resources to water users (where such a framework exists) is known as water

rights.

Surface water

Surface water is water in a river, lake or fresh water wetland Surface water is naturally
replenished by precipitation and naturally lost through discharge to the oceans, evaporation, and
sub-surface seepage.

Although the only natural input to any surface water system is precipitation within its watershed,
the total quantity of water in that system at any given time is also dependent on many other
factors. These factors include storage capacity in lakes, wetlands and artificial reservoirs, the
permeability of the soil beneath these storage bodies, the runoff characteristics of the land in the
watershed, the timing of the precipitation and local evaporation rates. All of these factors also
affect the proportions of water lost.

Human activities can have a large impact on these factors. Humans often increase storage capacity
by constructing reservoirs and decrease it by draining wetlands. Humans often increase runoff
quantities and velocities by paving areas and channelizing stream flow.

The total quantity of water available at any given time is an important consideration. Some human
water users have an intermittent need for water. For example, many farms require large quantities
of water in the spring, and no water at all in the winter. To supply such a farm with water, a
surface water system may require a large storage capacity to collect water throughout the year and
release it in a short period of time. Other users have a continuous need for water, such as a power
plant that requires water for cooling. To supply such a power plant with water, a surface water
system only needs enough storage capacity to fill in when average stream flow is below the power
plant's need.

Sub-surface water

Sub-surface water, or groundwater, is fresh water located in the pore space of soil and rocks. It is
also water that is flowing within aquifers below the water table. Sometimes it is useful to make a
distinction between sub-surface water that is closely associated with surface water and deep sub-
surface water in an aquifer (sometimes called "fossil water").

Sub-surface water can be thought of in the same terms as surface water: inputs, outputs and
storage. The critical difference is that due to its slow rate of turnover, sub-surface water storage is
generally much larger compared to inputs than it is for surface water. This difference makes it
easy for humans to use sub-surface water unsustainably for a long time without severe
consequences. Nevertheless, over the long term the average rate of seepage above a sub-surface
water source is the upper bound for average consumption of water from that source.
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The natural input to sub-surface water is seepage from surface water. The natural outputs from
sub-surface water are springs and seepage to the oceans.

If the surface water source is also subject to substantial evaporation, a sub-surface water source
may become saline. This situation can occur naturally under endorheic bodies of water, or
artificially under irrigated farmland. In coastal areas, human use of a sub-surface water source
may cause the direction of seepage to ocean to reverse which can also cause soil salinization.
Humans can also cause sub-surface water to be "lost" (i.e. become unusable) through pollution.
Humans can increase the input to a sub-surface water source by building reservoirs or detention
ponds.

Desalination

Desalination is an artificial process by which saline water (generally sea water) is converted to
fresh water. The most common desalination processes are distillation and reverse osmosis.
Desalination is currently expensive compared to most alternative sources of water, and only a
very small fraction of total human use is satisfied by desalination. It is only economically practical
for high-valued uses (such as household and industrial uses) in arid areas. The most extensive use
is in the Persian Gulf.

Frozen water
Several schemes have been proposed to make use of icebergs as a water source, however to date
this has only been done for novelty purposes. Glacier runoff is considered to be surface water.

Uses of fresh water

Uses of fresh water can be categorized as consumptive and non-consumptive (sometimes called
"renewable"). A use of water is consumptive if that water is not immediately available for another
use. Losses to sub-surface seepage and evaporation are considered consumptive, as is water
incorporated into a product (such as farm produce). Water that can be treated and returned as
surface water, such as sewage, is generally considered non-consumptive if that water can be put to
additional use.

Agricultural

It is estimated that 69% of world-wide water use is for irrigation, with 15-35% of irrigation
withdrawals being unsustainable

In some areas of the world irrigation is necessary to grow any crop at all, in other areas it permits
more profitable crops to be grown or enhances crop yield. Various irrigation methods involve
different trade-offs between crop yield, water consumption and capital cost of equipment and
structures. Irrigation methods such as most furrow and overhead sprinkler irrigation are usually
less expensive but also less efficient, because much of the water evaporates or runs off. More
efficient irrigation methods include drip or trickle irrigation, surge irrigation, and some types of
sprinkler systems where the sprinklers are operated near ground level. These types of systems,
while more expensive, can minimize runoff and evaporation. Any system that is improperly
managed can be wasteful. Another trade-off that is often insufficiently considered is salinization
of sub-surface water.

Aquaculture is a small but growing agricultural use of water. Freshwater commercial fisheries
may also be considered as agricultural uses of water, but have generally been assigned a lower
priority than irrigation (see Aral Sea and Pyramid Lake).
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Industrial

It is estimated that 15% of world-wide water use is industrial. Major industrial users include
power plants, which use water for cooling or as a power source (i.e. hydroelectric plants), ore and
oil refineries, which use water in chemical processes, and manufacturing plants, which use water
as a solvent.

The portion of industrial water usage that is consumptive varies widely, but as a whole is lower
than agricultural use.

Household

It is estimated that 15% of world-wide water use is for household purposes. These include
drinking water, bathing, cooking, sanitation, and gardening. Basic household water requirements
have been estimated by Peter Gleick at around 50 liters per person per day, excluding water for
gardens.

Recreation

Recreational water use is usually a very small but growing percentage of total water use.
Recreational water use is mostly tied to reservoirs. If a reservoir is kept fuller than it would
otherwise be for recreation, then the water retained could be categorized as recreational usage.
Release of water from a few reservoirs is also timed to enhance whitewater boating, which also
could be considered a recreational usage. Other examples are anglers, water skiers, nature
enthusiasts and swimmers.

Recreational usage is usually non-consumptive. Golf courses are often targeted as using excessive
amounts of water, especially in drier regions. It is, however, unclear whether recreational
irrigation (which would include private gardens) has a noticeable effect on water resources. This
is largely due to the unavailability of reliable data. Some governments, including the Californian
Government, have labelled golf course usage as agricultural in order to deflect environmentalists'
charges of wasting water. However, using the above figures as a basis, the actual statistical effect
of this reassignment is close to zero.

Environmental

Explicit environmental water use is also a very small but growing percentage of total water use.
Environmental water usage includes artificial wetlands, artificial lakes intended to create wildlife
habitat, fish ladders around dams, and water releases from reservoirs timed to help fish spawn.

Like recreational usage, environmental usage is non-consumptive but may reduce the availability
of water for other users at specific times and places. For example, water release from a reservoir
to help fish spawn may not be available to farms upstream.

Pollution and water protection

Water pollution is one of the main concerns of the world today. The governments of many
countries have striven to find solutions to reduce this problem. Many pollutants threaten water
supplies, but the most widespread, especially in underdeveloped countries, is the discharge of raw
sewage into natural waters; this method of sewage disposal is the most common method in
underdeveloped countries, but also is prevalent in quasi-developed countries such as China, India
and Iran.
Sewage, sludge, garbage, and even toxic pollutants are all dumped into the water. Even if sewage
is treated, problems still arise. Treated sewage forms sludge, which may be placed in landfills,
spread out on land, incinerated or dumped at sea. In addition to sewage, non-point source
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pollution such as agricultural runoff is a significant source of pollution in some parts of the world,
along with urban storm water runoff and chemical wastes dumped by industries and governments.

Water quality

Water quality is the physical, chemical and biological characteristics of water in relationship to a
set of standards. In the United States, Water Quality Standards are created by state agencies for
different types of water bodies and water body locations per desired uses. The primary uses
considered for such characterization are parameters which relate to drinking water, safety of
human contact, and for health of ecosystems. The methods of hydrometric are used to quantify
water characteristics.

In the setting of standards, agencies make political and technical/scientific decisions about how
the water will be used.'”! In the case of natural water bodies, they also make some reasonable
estimate of pristine conditions. Different uses raise different concerns and therefore different
standards are considered. Natural water bodies will vary in response to environmental conditions.
Environmental scientists are working to understand the functioning of these systems, which
determines sources and fates of contaminants. Environmental lawyers and policy makers are
working to define water laws that designate the fore mentioned uses and natural conditions.

Human Consumption

Contaminants that may be in untreated water include microorganisms such as viruses and
bacteria; inorganic contaminants such as salts and metals; pesticides and herbicides; organic
chemical contaminants from industrial processes and petroleum use; and radioactive
contaminants. Water quality depends on the local geology and ecosystem, as well as human uses
such as sewage dispersion, industrial pollution, use of water bodies as a heat sink, and overuse
(which may lower the level of the water).

In the United States, the U.S. Environmental Protection Agency (EPA) limits the amounts of
certain contaminants in tap water provided by public water systems. The Safe Drinking Water Act
authorizes EPA to issue two types of standards: primary standards regulate substances that
potentially affect human health, and secondary standards prescribe aesthetic qualities, those that
affect taste, odor, or appearance. The U.S. Food and Drug Administration (FDA) regulations
establish limits for contaminants in bottled water that must provide the same protection for public
health. Drinking water, including bottled water, may reasonably be expected to contain at least
small amounts of some contaminants. The presence of these contaminants does not necessarily
indicate that the water poses a health risk.

Some people use water purification technology to remove contaminants from the municipal water
supply they get in their homes, or from local pumps or bodies of water. For people who get water
from a local stream, lake, or aquifer (well), their drinking water is not filtered by the local
government.

Environmental Water Quality

Environmental water quality, also called ambient water quality, pertains to water bodies such as
lakes, rivers, and oceans. Ambient water quality standards vary significantly due to different
environmental conditions, ecosystems, and intended human uses. Toxic substances and high
populations of certain microorganisms can present a health hazard for non-drinking purposes such
as irrigation, swimming, fishing, rafting, boating, and industrial uses. These conditions may also
affect wildlife which use the water for drinking or as a habitat. Modern water quality laws general
specify protection of fishable/swimmable use and antidegradation of current conditions.
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There is some desire among the public to return water bodies to pristine, or pre-industrial
conditions. Current environmental laws focus of the designation of uses and therefore allow for
some water contamination as long as the particular type of contamination is not harmful to the
designated uses. Given the landscape changes in the watersheds of many freshwater bodies,
returning to pristine conditions would be a significant challenge. In these cases, environmental
scientists focus on achieving goals for maintaining populations of endangered species and
protecting human health.

Measurement

The complexity of water quality as a subject is reflected in the many types of measurements of
water quality indicators. Some of the simple measurements listed below can be made on-site
(temperature, pH, dissolved oxygen, conductivity), in direct contact with the water source in
question. More complex measurements that must be made in a lab setting require a water sample
to be collected, preserved, and analyzed at another location. Making these complex measurements
can be expensive. Because direct measurements of water quality can be expensive, ongoing
monitoring programs are typically conducted by government agencies. However, there are local
volunteer programs and resources available for some general assessment. Tools available to the
general public are on-site test kits commonly used for home fish tanks and biological assessments.

The following is a list of indicators often measured by situational category:

Drinking Water

o Alkalinity

e Color of water

. pH

o Taste and odor (geosmin, 2-methylisoborneol (MIB), etc)

e Dissolved metals and salts (sodium, chloride, potassium, calcium, manganese,
magnesium)

e Microorganisms such as fecal coliform bacteria (Escherichia coli), Cryptosporidium, and
Giardia lamblia

e Dissolved metals and metalloids (lead, mercury, arsenic, etc.)

o Dissolved organics: colored dissolved organic matter (CDOM), dissolved organic carbon
(DOC)

e Radon

o Heavy metals

e Pharmaceuticals

e Hormone analogs

Environmental

Chemical Assessment
e pH
o Conductivity (also see salinity)
o Dissolved Oxygen (DO)
e nitrate-N
o orthophosphates
e Chemical oxygen demand (COD)
e Biochemical oxygen demand (BOD)
o Pesticides

Vo



Physical Assessment

o Temperature
o Total suspended solids (TSS)

o Turbidity

Biological Assessment

Biological monitoring metrics have been developed in many places, and one widely used measure
is the presence and abundance of members of the insect orders Ephemeroptera, Plecoptera and
Trichoptera. (Common names are, respectively, Mayfly, Stonefly and Caddisfly.) EPT indexes
will naturally vary from region to region, but generally, within a region, the greater the number of
taxa from these orders, the better the water quality. EPA and other organizations in the United
States offer guidance on developing a monitoring program and identifying members of these and
other aquatic insect orders.

Individuals interested in monitoring water quality who cannot afford or manage lab scale analysis
can also use biological indicators to get a general reading of water quality. One example is the
IOWATER volunteer water monitoring program, which includes a benthic macroinvertebrate
indicator key.
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Soil

Soil is the naturally occurring, unconsolidated or loose covering on the Earth's surface. Soil is
made up of broken rock particles that have been altered by chemical and environmental
conditions, affected by processes such as weathering and erosion. Soil is different from its parent
rock(s) source(s), altered by interactions between the lithosphere, hydrosphere, atmosphere, and
the biosphere. It is a mixture of mineral and organic constituents that are in solid, gaseous and
aqueous states. Soil particles pack loosely, forming a soil structure filled with pore spaces. These
pores contain soil solution (liquid) and air (gas). Accordingly, soils are often treated as a three
state system. Most soils have a density between 1 and 2, and weigh between 60 and 120 pounds
per cubic foot. Soil is also known as earth: it is the substance from which our planet takes its
name.

Characteristics

Soil color is the first impression one has when viewing soil. Striking colors and contrasting
patterns are especially memorable. The Red River in Louisiana carries sediment eroded from
extensive reddish soils like Port Silt Loam in Oklahoma. Soil color results from chemical and
biological weathering. As the primary minerals in parent material weather, the elements combine
into new and colorful compounds. Iron forms secondary minerals with a yellow or red color;
organic matter decomposes into brown compounds; and manganese, sulfur and nitrogen can form
black mineral deposits. Soil structure is the arrangement of soil particles into aggregates. These
may have various shapes, sizes and degrees of development or expression. Soil texture refers to
sand, silt and clay composition. Sand and silt are the product of physical weathering while soil is
the product of chemical weathering. Soil content is particularly influential on soil behavior due to
a high retention capacity for nutrients and water. The electrical receptivity of soil can affect the
rate of galvanic corrosion of metallic structures in contact with it. Higher moister content or
increased electrolyte concentration can lower the resistivity and thereby increase the rate of
corrosion. Soil receptivity values typically range from about 2 to 1000 Q'm, but more extreme
values are not unusual.

Formation

Soil formation, or pedogenesis, is the combined effect of physical, chemical, biological, and
anthropogenic processes on soil parent material resulting in the formation of soil horizons. Soil is
always changing. The long periods over which change occurs and the multiple influences of
change mean that simple soils are rare. While soil can achieve relative stability in properties for
extended periods of time, the soil life cycle ultimately ends in soil conditions that leave it
vulnerable to erosion. Little of the soil composition of the earth is older than Tertiary and most no
older than Pleistocene. Despite the inevitability of soils retrogression and degradation, most soil
cycles are long and productive. How the soil "life" cycle proceeds is influenced by at least five
classic soil forming factors: regional climate, biotic potential, topography, parent material, and the
passage of time. An example of soil development from bare rock occurs on recent lava flows in
warm regions under heavy and very frequent rainfall. In such climates plants become established
very quickly on basaltic lava, even though there is very little organic material. The plants are
supported by the porous rock becoming filled with nutrient bearing water, for example carrying
dissolved bird droppings or guano. The developing plant roots themselves gradually break up the
porous lava and organic matter soon accumulates. But even before it does, the predominantly
porous broken lava in which the plant roots grow can be considered a soil.

Organic matter

Most living things found in soils, including plants, insects, bacteria and fungi, are dependent on

organic matter for nutrients and energy. Soils often have varying degrees of organic compounds in

different states of decomposition. Many soils, including desert and rocky-gravel soils, have no or

little organic matter; while soils, such as peat (Histosols), that are all organic matter are infertile.
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Humus

Humus refers to organic matter that has decomposed to a point were it is resistant to further
breakdown or alteration. Humus typically forms from plant residues like foliage, stems and roots.
After death, these plant residues begin to decay, starting the formation of humus. Humus
formation involves changes within the soil and plant residue, there is a reduction of water soluble
constituents including cellulose and hemicellulose; as the residues are deposited and break down,
lignin and lignin complexes accumulate within the soil; as microorganisms live and feed on the
decaying plant matter, an increase in proteins occurs.

Lignin is resistant to breakdown and accumulates within the soil, it also chemically reacts with
amino acids which add to its resistance to decomposition, including enzymatic decomposition by
microbes. Fats and waxes from plant matter have some resistance to decomposition and persist in
soils for a while. Proteins normally decompose readily but when bound to clay particles they
become more resistant to decomposition, clay particles also absorb enzymes that would break
down proteins, thus clay soils often have higher organic contents that persist longer than soils
without clay. The addition of organic matter to clay soils, can render the organic matter and any
added nutrients inaccessible to plants and microbes for many years, since they can bind strongly
to the clay.

Humus formation is a processes dependent on the amount of plant material added each year and
the type of base soil; both are effected by climate and the type of microorganisms present. Soils
with humus can vary in nitrogen content but have 3 to 6 percent nitrogen typically; humus as a
reserve of nitrogen and phosphorus, is a vital component effecting soil fertility. Humus also
adsorbs water, acting as a moisture reserve, that plants can utilize; it also expands and shrinks
between dry and wet states, providing pore spaces. Humus is less stable than other soil
constituents, because it is effected by microbial decomposition, and over time its concentration
decreases without the addition of new organic matter.

Climate and organics

The production and accumulation, or degradation, of organic matter and humus is greatly
depended on climate conditions. Temperature and soil moisture are major factors in the formation
or degradation of humus and the formation of organic soils. Soils high in organic matter tend to
form under wet conditions and/or were there is enough precipitation to sustain thick vegetation.

In nature

Biogeography is the study of special variations in biological communities. Soils are restricting
factor as to what plants can grow in which environments. Soil scientists survey soils in the hope of
understanding controls as to what vegetation can and will grow in a particular location

Geologists also have a particular interest in the patterns of soil on the surface of the earth. Soil
texture, color and chemistry often reflect the underlying geologic parent material and soil types
often change at geologic unit boundaries. Buried paleosols mark previous land surfaces and record
climatic conditions from previous eras. Geologists use this paleopedological record to understand
the ecological relationships in past ecosystems. According to the theory of biorhexistasy,
prolonged conditions conducive to forming deep, weathered soils result in increasing ocean
salinity and the formation of limestone.

Geologists use soil profile features to establish the duration of surface stability in the context of
geologic faults or slope stability. An offset subsoil horizon indicates rupture during soil formation
and the degree of subsequent subsoil formation is relied upon to establish time since rupture.
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Degradation

Land degradation is a human induced or natural process which impairs the capacity of land to
function. Soils are the critical component in land degradation when it involves acidification,
contamination, desertification, erosion, or salination.

While soil acidification of alkaline soils is beneficial, it degrades land when soil acidity lowers
crop productivity and increases soil vulnerability to contamination and erosion. Soils are often
initially acid because their parent materials were acid and initially low in the basic cations
(calcium, magnesium, potassium, and sodium). Acidification occurs when these elements are
removed from the soil profile by normal rainfall or the harvesting of crops. Soil acidification is
accelerated by the use of acid-forming nitrogenous fertilizers and by the effects of acid
precipitation.

Soil contamination at low levels are often within soil capacity to treat and assimilate. Many waste
treatment processes rely on this treatment capacity. Exceeding treatment capacity can damage soil
biota and limit soil function. Derelict soils occur where industrial contamination or other
development activity damages the soil to such a degree that the land cannot be used safely or
productively. Remediation of derelict soil uses principles of geology, physics, chemistry, and
biology to degrade, attenuate, isolate, or remove soil contaminants and to restore soil functions
and values. Techniques include leaching, air sparging, chemical amendments, phytoremediation,
bioremediation, and natural attenuation.

Desertification is an environmental process of ecosystem degradation in arid and semi-arid
regions, or as a result of human activity. It is a common misconception that droughts cause
desertification. Droughts are common in arid and semiarid lands. Well-managed lands can recover
from drought when the rains return. Soil management tools include maintaining soil nutrient and
organic matter levels, reduced tillage and increased cover. These help to control erosion and
maintain productivity during periods when moisture is available. Continued land abuse during
droughts, however, increases land degradation. Increased population and livestock pressure on
marginal lands accelerates desertification.

Soil erosional loss is caused by wind, water, ice, movement in response to gravity. Although the
processes may be simultaneous, erosion is distinguished from weathering. Erosion is an intrinsic
natural process, but in many places it is increased by human land use. Poor land use practices
include deforestation, overgrazing, and improper construction activity. Improved management can
limit erosion using techniques like limiting disturbance during construction, avoiding construction
during erosion prone periods, intercepting runoff, terrace-building, use of erosion suppressing
cover materials and planting trees or other soil binding plants.

Soil piping is a particular form of soil erosion that occurs below the soil surface. It is associated
with levee and dam failure as well as sink hole formation. Turbulent flow removes soil starting
from the mouth of the seep flow and subsoil erosion advances upgradient. The term sand boil is
used to describe the appearance of the discharging end of an active soil pipe.

Soil salination is the accumulation of free salts to such an extent that it leads to degradation of
soils and vegetation. Consequences include corrosion damage, reduced plant growth, erosion due
to loss of plant cover and soil structure, and water quality problems due to sedimentation.
Salination occurs due to a combination of natural and human caused processes. Acidic conditions
favor salt accumulation. This is especially apparent when soil parent material is saline. Irrigation
of arid lands is especially problematic. All irrigation water has some level of salinity. Irrigation,
especially when it involves leakage from canals, often raise the underlying water table. Rapid
salination occurs when the land surface is within the capillary fringe of saline groundwater.
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Salinity control involves flushing with higher levels of applied water in combination with tile
drainage.

Soil type

In terms of soil texture, soil type usually refers to the different sizes of mineral particles in a
particular sample. Soil is made up in part of finely ground rock particles, grouped according to
size as sand, silt and clay. Each size plays a significantly different role.

For example, the largest particles, sand, determine aeration and drainage characteristics, while the
tiniest, sub-microscopic clay particles, are chemically active, binding with water and plant
nutrients. The ratio of these sizes determines soil type: clay, loam, clay-loam, silt-loam, and so on.

In addition to the mineral composition of soil, humus (organic material) also plays a crucial role
in soil characteristics and fertility for plant life. Soil may be mixed with larger aggregate, such as

pebbles or gravel. Not all types of soil are permeable, such as pure clay.

There are many recognized soil classifications, both international and national.

Erosion

Erosion is the carrying away or displacement of solids (sediment, soil, rock and other particles)
usually by the agents of currents such as, wind, water, or ice by downward or down-slope
movement in response to gravity or by living organisms (in the case of bioerosion).

Erosion is distinguished from weathering, which is the process of chemical or physical breakdown
of the minerals in the rocks, although the two processes may be concurrent.

Erosion is a noticeable intrinsic natural process but in many places it is increased by human land
use. Poor land use practices include deforestation, overgrazing, unmanaged construction activity
and road-building. Land that is used for the production of agricultural crops generally experiences
a significant greater rate of erosion than that of land under natural vegetation. This is particularly
true if tillage is used, which reduces vegetation cover on the surface of the soil and disturbs both
soil structure and plant roots that would otherwise hold the soil in place. However, improved land
use practices can limit erosion, using techniques such as terrace-building, conservation tillage
practices, and tree planting.

A certain amount of erosion is natural and, in fact, healthy for the ecosystem. For example,
gravels continuously move downstream in watercourses. Excessive erosion, however, does cause
problems, such as receiving water sedimentation, ecosystem damage and outright loss of soil.

The rate of erosion depends on many factors. Climatic factors include the amount and intensity of
precipitation, the average temperature, as well as the typical temperature range, and seasonality,
the wind speed, storm frequency. The geologic factors include the sediment or rock type, its
porosity and permeability, the slope (gradient) of the land, and if the rocks are tilted, faulted,
folded, or weathered. The biological factors include ground cover from vegetation or lack thereof,
the type of organisms inhabiting the area, and the land use.

In general, given vegetation and ecosystems, you expect areas with high-intensity precipitation,
more frequent rainfall, more wind, or more storms to have more erosion. Sediment with high sand
or silt contents and areas with steep slopes erode more easily, as do areas with highly fractured or
weathered rock. Porosity and permeability of the sediment or rock affect the speed with which the
water can percolate into the ground. If the water moves underground, less runoff is generated,
reducing the amount of surface erosion. Sediment containing more clay tend to erode less than
those with sand or silt. Here, however, the impact of atmospheric sodium on erodibility of clay
should be considered.
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The factor that is most subject to change is the amount and type of ground cover. In an
undisturbed forest, the mineral soil is protected by a litter layer and an organic layer. These two
layers protect the soil by absorbing the impact of rain drops. These layers and the underlaying soil
in a forest is porous and highly permeable to rainfall. Typically only the most severe rainfall and
large hailstorm events will lead to overland flow in a forest. If the trees are removed by fire or
logging, infiltration rates remain high and erosion low to the degree the forest floor remains intact.
Severe fires can lead to significantly increased erosion if followed by heavy rainfall. In the case of
construction or road building when the litter layer is removed or compacted the susceptibility of
the soil to erosion is greatly increased.

Roads are especially likely to cause increased rates of erosion because, in addition to removing
ground cover, they can significantly change drainage patterns especially if an embankment has
been made to support the road. A road that has a lot of rock and one that is "hydrologically
invisible" (that gets the water off the road as quickly as possible, mimicking natural drainage
patterns) has the best chance of not causing increased erosion.

Many human activities remove vegetation from an area, making the soil easily eroded. Logging
can cause increased erosion rates due to soil compaction, exposure of mineral soil, for example
roads and landings. However it is the removal of or compromise to the forest floor not the
removal of the canopy that can lead to erosion. This is because rain drops striking tree leaves
coalesce with other rain drops creating larger drops. When these larger drops fall (called
throughfall) they again may reach terminal velocity and strike the ground with more energy then
had they fallen in the open. Terminal velocity of rain drops is reached in about 8 meters. Because
forest canopies are usually higher than this, leaf drop can regain terminal velocity. However, the
intact forest floor, with its layers of leaf litter and organic matter, absorbs the impact of the
rainfall.

Heavy grazing can reduce vegetation enough to increase erosion. Changes in the kind of
vegetation in an area can also affect erosion rates. Different kinds of vegetation lead to different
infiltration rates of rain into the soil. Forested areas have higher infiltration rates, so precipitation
will result in less surface runoff, which erodes. Instead much of the water will go in subsurface
flows, which are generally less erosive. Leaf litter and low shrubs are an important part of the
high infiltration rates of forested systems, the removal of which can increase erosion rates. Leaf
litter also shelters the soil from the impact of falling raindrops, which is a significant agent of
erosion. Vegetation can also change the speed of surface runoff flows, so grasses and shrubs can
also be instrumental in this aspect.

One of the main causes of erosive soil loss in the year 2006 is the result of slash and burn
treatment of tropical forest. When the total ground surface is stripped of vegetation and then
seared of all living organisms, the upper soils are vulnerable to both wind and water erosion. In a
number of regions of the earth, entire sectors of a country have been rendered unproductive. For
example, on the Madagascar high central plateau, comprising approximately ten percent of that
country's land area, virtually the entire landscape is sterile of vegetation, with gully erosive
furrows typically in excess of 50 meters deep and one kilometer wide. Shifting cultivation is a
farming system which sometimes incorporates the slash and burn method in some regions of the
world. This degrades the soil and causes the soil to become less and less fertile.

Effects

Approximately 40% of the world's agricultural land is seriously degraded. According to the UN,
an area of fertile soil the size of Ukraine is lost every year because of drought, deforestation and
climate change. In Africa, if current trends of soil degradation continue, the continent might be
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able to feed just 25% of its population by 2025, according to UNU's Ghana-based Institute for
Natural Resources in Africa.

When land is overused by animal activities (including humans), there can be mechanical erosion
and also removal of vegetation leading to erosion. In the case of the animal kingdom, this effect
would become material primarily with very large animal herds stampeding such as the Blue
Wildebeest on the Serengeti plain. Even in this case there are broader material benefits to the
ecosystem, such as continuing the survival of grasslands, that are indigenous to this region. This
effect may be viewed as anomalous or a problem only when there is a significant imbalance or
overpopulation of one species.

In the case of human use, the effects are also generally linked to overpopulation. When large
number of hikers use trails or extensive off road vehicle use occurs, erosive effects often follow,
arising from vegetation removal and furrowing of foot traffic and off road vehicle tires. These
effects can also accumulate from a variety of outdoor human activities, again simply arising from
too many people using a finite land resource.

Soil contamination

Soil contamination is caused by the presence of man-made chemicals or other alteration in the
natural soil environment. This type of contamination typically arises from the rupture of
underground storage tanks, application of pesticides, percolation of contaminated surface water to
subsurface strata, oil and fuel dumping, leaching of wastes from landfills or direct discharge of
industrial wastes to the soil. The most common chemicals involved are petroleum hydrocarbons,
solvents, pesticides, lead and other heavy metals. This occurrence of this phenomenon is
correlated with the degree of industrialization and intensity of chemical usage.

The concern over soil contamination stems primarily from health risks, both of direct contact and
from secondary contamination of water supplies. Mapping of contaminated soil sites and the
resulting cleanup are time consuming and expensive tasks, requiring extensive amounts of
geology, hydrology, chemistry and computer modeling skills..

Health effects

The major concern is that there are many sensitive land uses where people are in direct contact
with soils such as residences, parks, schools and playgrounds. Other contact mechanisms include
contamination of drinking water or inhalation of soil contaminants which have vaporized.

There is a very large set of health consequences from exposure to soil contamination depending
on pollutant type, pathway of attack and vulnerability of the exposed populatiqn[w.
Chromium and obsolete pesticide formulations are carcinogenic to populations[w. Lead
is especially hazardous to young children, in which group there is a high risk of developmental
damage to the brain, while to all populations kidney damage is a risk.

Chronic exposure to at sufficient concentrations is known to be associated with higher incidence
of leukemia .Obsolete pesticides such as mercury and cyclodienes are known to induce higher
incidences of kidney damage, some irreversible; cyclodienes are linked to liver toxicity
.Organophosphates and carbamates can induce a chain of responses leading to neuromuscular
blockage.

Many chlorinated solvents induce liver changes, kidney changes and depression of the central

nervous system. There is an entire spectrum of further health effects such as headache, nausea,
fatigue (physical), eye irritation and skin rash for the above cited and other chemicals.
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Ecosystem effects

Not unexpectedly, soil contaminants can have significant deleterious consequences for
ecosystems ). There are radical soil chemistry changes which can arise from the presence of
many hazardous chemicals even at low concentration of the contaminant species. These changes
can manifest in the alteration of metabolism of endemic microorganisms and arthropods resident
in a given soil environment. The result can be virtual eradication of some of the primary food
chain, which in turn has major consequences for predator or consumer species. Even if the
chemical effect on lower life forms is small, the lower pyramid levels of the food chain may
ingest alien chemicals, which normally become more concentrated for each consuming rung of the
food chain. Many of these effects are now well known, such as the concentration of persistent
DDT materials for avian consumers, leading to weakening of egg shells, increased chick mortality
and potentially species extinction.

Effects occur to agricultural lands which have certain types of soil contamination. Contaminants
typically alter plant metabolism, most commonly to reduce crop yields. This has a secondary
effect upon soil conservation, since the languishing crops cannot shield the earth's soil mantle
from erosion phenomena. Some of these chemical contaminants have long half-lives and in other
cases derivative chemicals are formed from decay of primary soil contaminants.

Waste

Waste is an unwanted or undesired material or substance. It is also referred to as rubbish, trash,
garbage, or junk depending upon the type of material and the regional terminology. In living
organisms, waste relates to unwanted substances or toxins that are expelled from them.

Waste management is the human control of the collection, treatment and disposal of different
wastes. This is in order to reduce the negative impacts waste has on environment and society.

Waste is directly linked to the human development, both technologically and socially. The
composition of different wastes have varied over time and location, with industrial development
and innovation being directly linked to waste materials. Examples of this include plastics and
nuclear technology. Some components of waste have economical value and can be recycled once
correctly recovered.

Biodegradable waste such as food waste or sewage is broken down naturally by microorganisms
either aerobically or anaerobically. If the disposal of biodegradable waste is not controlled it can
cause a number of wider problems including contributing to the release of greenhouse gases and
can impact upon human health via encouragement of pathogens.

It is difficult to define specifically what a waste is. Items that some people discard have value to
others. It is widely recognized that waste materials are a valuable resource, whilst there is debate
as to how this value is best realized. Governments need to define what waste is in order that it can
be safely and legally managed. Different definitions need to be combined in order to ensure the
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safe and legal disposal of the waste. As a nation, Americans generate more waste than any other
nation in the world with 4.5 pounds of municipal solid waste (MSW) per person per day, 55
percent of which is contributed as residential garbage. The remaining 45 percent of waste in the
U.S.'s ‘waste stream' comes from manufacturing, retailing, and commercial trade in the U.S.
economy.

Environmental impact

Many different types of waste have negative impacts upon the wider environment.

Waste pollution is considered a serious threat by many and can broadly be defined as any
pollution associated with waste and waste management practices. Typical materials that are found
in household waste which have specific environmental impacts with them include biodegradable
wastes, batteries, aerosols, oils, acids and fluorescent tubes. hi Biodegradable waste is of specific
concern as breaks down in landfills to form methane, a potent greenhouse gas. If this gas is not
prevented from entering the atmosphere, by implication, it contributes to climate change.

Littering can be considered the most visible form of solid waste pollution. The act of littering for
the most part constitutes disposing of waste inappropriately, typically in public places. Littering
itself may or may not be an intentional action.

Marine debris, also known as marine litter, is human-created waste that has deliberately or
accidentally become afloat in a lake, sea, ocean or waterway. Though it was originally assumed
that most oceanic marine waste stemmed directly from ocean dumping, it is now thought that
around four fifths of the oceanic debris is from rubbish blown seaward from landfills, and washed
seaward by storm drains.

Other forms of pollution associated with waste materials include illegal dumping and leaching.
[llegal dumping of fly tipping often involves unregulated disposal of materials on private or public
land. Remote sites with road access coupled with limited surveillance often provides the perfect
opportunity for this form of dumping which often goes unpunished and leaves others (such as the
community or developer) to properly dispose of the waste. Leaching is the process by which
contaminants from solid waste enter soil and often ground water systems contaminating them.

Composition of waste
Most waste is comprised of the following materials.

e Paper - newspaper*, office paper*, packing materials, cardboard*

o Plastic - beverage containers*, high tech waste*, packing materials

e Metals - cans*, high tech waste*, scrap metals*, appliances*, building materials*

e Glass - windows*, bottles*

e Food waste and organic material - leaves, peelings and scraps, spoiled food, grass
clippings

e Human and animal waste - feces,

e Wood - furniture, building materials, pallets*

Most waste ends up here, in a landfill, where it is left to break down.

Although most of this waste is recyclable, very few of it makes it to a recycling facility. Plastics,
Metals and Glass can sit in landfills for millions of years before they break down. And when
incinerated, they release toxic fumes. In developed area, there are services that will remove these
materials, and properly recycle them. But for most people, no service exists. Recycling takes
much energy, a lot of labor, and does not leave much of a final product. For most of the world it is
a lot easier to just throw it in the garbage than take the hassle of recycling it.
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The UK's Environmental Protection Act 1990 indicated waste includes any substance which
constitutes a scrap material, an effluent or other unwanted surplus arising from the application of
any process or any substance or article which requires to be disposed of which has been broken,
worn out, contaminated or otherwise spoiled; this is supplemented with anything which is
discarded otherwise dealt with as if it were waste shall be presumed to be waste unless the
contrary is proved. This definition was amended by the Waste Management Licensing
Regulations 1994 defining waste as:[havok] for ever.

Waste management

Waste management is the collection, transport, processing, recycling or disposal of waste
materials. The term usually relates to materials produced by human activity, and is generally
undertaken to reduce their effect on health, the environment or aesthetics. Waste management is
also carried out to recover resources from it. Waste management can involve solid, liquid, gaseous
or radioactive substances, with different methods and fields of expertise for each.

Waste management practices differ for developed and developing nations, for urban and rural
areas, and for residential and industrial, producers. Management for non-hazardous residential and
institutional waste in metropolitan areas is usually the responsibility of local government
authorities, while management for non-hazardous commercial and industrial waste is usually the
responsibility of the generator.

Waste management methods

Waste management methods vary widely between areas for many reasons, including type of waste
material, nearby land uses, and the area available.

Disposal methods
Landfill

Disposing of waste in a landfill involves burying waste to dispose it off, and this remains a
common practice in most countries. Landfills were often established in abandoned or unused
quarries, mining voids or borrow pits. A properly-designed and well-managed landfill can be a
hygienic and relatively inexpensive method of disposing of waste materials. Older, poorly-
designed or poorly-managed landfills can create a number of adverse environmental impacts such
as wind-blown litter, attraction of vermin, and generation of liquid leachate. Another common
byproduct of landfills is gas (mostly composed of methane and carbon dioxide), which is
produced as organic waste breaks down anaerobically. This gas can create odor problems, kill
surface vegetation, and is a greenhouse gas.

A landfill compaction vehicle in action.

Design characteristics of a modern landfill include methods to contain leachate such as clay or
plastic lining material. Deposited waste is normally compacted to increase its density and
stability, and covered to prevent attracting vermin (such as mice or rats). Many landfills also have
landfill gas extraction systems installed to extract the landfill gas. Gas is pumped out of the
landfill using perforated pipes and flared off or burnt in a gas engine to generate electricity.
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Incineration

Incineration is a disposal method that involves combustion of waste material. Incineration and
other high temperature waste treatment systems are sometimes described as "thermal treatment".
Incinerators convert waste materials into heat, gas, steam, and ash.

Incineration is carried out both on a small scale by individuals and on a large scale by industry. It
is used to dispose of solid, liquid and gaseous waste. It is recognized as a practical method of
disposing of certain hazardous waste materials (such as biological medical waste). Incineration is
a controversial method of waste disposal, due to issues such as emission of gaseous pollutants.

Incineration is common in countries such as Japan where land is scarcer, as these facilities
generally do not require as much area as landfills. waste-to-energy (WtE) or energy-from-waste
(EfW) are broad terms for facilities that burn waste in a furnace or boiler to generate heat, steam
and/or electricity. Combustion in an incinerator is not always perfect and there have been
concerns about micro-pollutants in gaseous emissions from incinerator stacks. Particular concern
has focused on some very persistent organics such as dioxins which may be created within the
incinerator and which may have serious environmental consequences in the area immediately
around the incinerator. On the other hand this method produces heat that can be used as energy.

Recycling methods

The process of extracting resources or value from waste is generally referred to as recycling,
meaning to recover or reuse the material. There are a number of different methods by which waste
material is recycled: the raw materials may be extracted and reprocessed, or the calorific content
of the waste may be converted to electricity. New methods of recycling are being developed
continuously, and are described briefly below.

Physical reprocessing

The popular meaning of ‘recycling’ in most developed countries refers to the widespread
collection and reuse of everyday waste materials such as empty beverage containers. These are
collected and sorted into common types so that the raw materials from which the items are made
can be reprocessed into new products. Material for recycling may be collected separately from
general waste using dedicated bins and collection vehicles, or sorted directly from mixed waste
streams.

The most common consumer products recycled include aluminum beverage cans, steel food and
aerosol cans, HDPE and PET bottles, glass bottles and jars, paperboard cartons, newspapers,
magazines, and cardboard. Other types of plastic (PVC, LDPE, PP, and PS: see resin
identification code) are also recyclable, although these are not as commonly collected. These
items are usually composed of a single type of material, making them relatively easy to recycle
into new products. The recycling of complex products (such as computers and electronic
equipment) is more difficult, due to the additional dismantling and separation required.

Biological reprocessing

Waste materials that are organic in nature, such as plant material, food scraps, and paper products,
can be recycled using biological composting and digestion processes to decompose the organic
matter. The resulting organic material is then recycled as mulch or compost for agricultural or
landscaping purposes. In addition, waste gas from the process (such as methane) can be captured
and used for generating electricity. The intention of biological processing in waste management is
to control and accelerate the natural process of decomposition of organic matter.
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There are a large variety of composting and digestion methods and technologies varying in
complexity from simple home compost heaps, to industrial-scale enclosed-vessel digestion of
mixed domestic waste (see Mechanical biological treatment). Methods of biological
decomposition are differentiated as being aerobic or anaerobic methods, though hybrids of the two
methods also exist.

An example of waste management through composting is the Green Bin Program in Toronto,
Canada, where household organic waste (such as kitchen scraps and plant cuttings) are collected
in a dedicated container and then composted.

Energy recovery

The energy content of waste products can be harnessed directly by using them as a direct
combustion fuel, or indirectly by processing them into another type of fuel. Recycling through
thermal treatment ranges from using waste as a fuel source for cooking or heating, to fuel for
boilers to generate steam and electricity in a turbine. Pyrolysis and gasification are two related
forms of thermal treatment where waste materials are heated to high temperatures with limited
oxygen availability. The process typically occurs in a sealed vessel under high pressure. Pyrolysis
of solid waste converts the material into solid, liquid and gas products. The liquid and gas can be
burnt to produce energy or refined into other products. The solid residue (char) can be further
refined into products such as activated carbon. Gasification and advanced Plasma arc gasification
are used to convert organic materials directly into a synthetic gas (syngas) composed of carbon
monoxide and hydrogen. The gas is then burnt to produce electricity and steam.

Avoidance and reduction methods

An important method of waste management is the prevention of waste material being created, also
known as waste reduction. Methods of avoidance include reuse of second-hand products,
repairing broken items instead of buying new, designing products to be refillable or reusable (such
as cotton instead of plastic shopping bags), encouraging consumers to avoid using disposable
products (such as disposable cutlery), and designing products that use less material to achieve the
same purpose (for example, lightweighting of beverage cans).

Waste handling and transport

Waste collection methods vary widely between different countries and regions. Domestic waste
collection services are often provided by local government authorities, or by private industry.
Some areas, especially those in less developed countries, do not have a formal waste-collection
system. Examples of waste handling systems include:

o In Australia, most urban domestic households have a 240-litre (63.4 U.S. gallon) bin that
is emptied weekly from the curb using a mechanical arm attached to a truck that lifts the
bin upside down on top of the truck where the rubbish then falls into the conatainer and
compacted.

e In Europe and a few other places around the world, a few communities use a proprietary
collection system known as Envac, which conveys refuse via underground conduits using
a vacuum system.

e In Canadian urban centres curbside collection is the most common method of disposal,
whereby the city collects waste and/or recyclables and/or organics on a scheduled basis. In
rural areas people often dispose of their waste by hauling it to a transfer station. Waste
collected is then transported to a regional landfill.

e In Taipei the city government charges its households and industries for the volume of
rubbish they produce. Waste will only be collected by the city council if waste is disposed
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in government issued rubbish bags. This policy has successfully reduced the amount of
waste the city produces and increased the recycling rate.

Waste management concepts

There are a number of concepts about waste management which vary in their usage between
countries or regions. Some of the most general, widely-used concepts include:

Diagram of the waste hierarchy.

o Waste hierarchy - the waste hierarchy refers to the "3 Rs" reduce, reuse and recycle, which
classify waste management strategies according to their desirability in terms of waste
minimization. The waste hierarchy remains the cornerstone of most waste minimization
strategies. The aim of the waste hierarchy is to extract the maximum practical benefits
from products and to generate the minimum amount of waste.

o Extended producer responsibility - Extended Producer Responsibility (EPR) is a strategy
designed to promote the integration of all costs associated with products throughout their
life cycle (including end-of-life disposal costs) into the market price of the product.
Extended producer responsibility is meant to impose accountability over the entire
lifecycle of products and packaging introduced to the market. This means that firms which
manufacture, import and/or sell products are required to be responsible for the products
after their useful life as well as during manufacture.

o Polluter pays principle - the Polluter Pays Principle is a principle where the polluting party
pays for the impact caused to the environment. With respect to waste management, this
generally refers to the requirement for a waste generator to pay for appropriate disposal of
the waste.

Landfill

A landfill, also known as a dump (and historically as a midden), is a site for the disposal of waste
materials by burial and is the oldest form of waste treatment. Historically, landfills have been the
most common methods of organized waste disposal and remain so in many places around the
world.

Landfills may include internal waste disposal sites (where a producer of waste carries out their
own waste disposal at the place of production) as well as sites used by many producers. Many
landfills are also used for other waste management purposes, such as the temporary storage,
consolidation and transfer, or processing of waste material (sorting, treatment, or recycling).

A landfill also may refer to ground that has been filled in with soil and rocks instead of waste
materials, so that it can be used for a specific purpose, such as for building houses. Unless they
are stabilized, these areas may experience severe shaking or liquefaction of the ground in a large

earthquake.
Site construction requirements

The construction of a landfill requires a staged approach. Landfill designers are primarily
concerned with the viability of a site. To be commercially and environmentally viable a landfill
must be constructed in accord with specific requirements, which are related to:

o Location
o Easy access to transport by road
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Transfer stations if rail network is preferred
Land value
Cost of meeting government requirements
Location of community served
Type of construction (more than one may be used at single site)
= Pit - filling existing holes in the ground, typically left behind by mining
» Canyon - filling in naturally occurring valleys or canyons
*= Mound - piling the waste up above the ground
e Stability
o Underlying geology
o Nearby earthquake faults
o Water table
o Location of nearby rivers, streams, and flood plains
e Capacity The available void space must be calculated by comparison of the landform with
a proposed restoration profile.
o This calculation of capacity is based on:
Density of the wastes
Amount of intermediate and daily cover
Amount of settlement that the waste will undergo following tipping
Thickness of capping
Construction of lining and drainage layers.

O O O O O

O O O O O

o Protection of soil and water through:
Installation of liner and collection systems.
Storm water control

o Leachate management.

o Landfill gas management.

o O

o Nuisances and hazards management.

e Costs
o Feasibility studies
o Site after care
o Site investigations (costs involved may make small sites uneconomical).
o Site respect

Operations

Typically, in non hazardous waste landfills, in order to meet predefined specifications, techniques
are applied by which the wastes are:

1. Confined to as small an area as possible.
2. Compacted to reduce their volume.
3. Covered (usually daily) with layers of soil.

Landfill operation. Note that the area being filled is a single, well-defined "cell" and that a
rubberized landfill liner is in place (exposed on the left) to prevent contamination by leachates
migrating downward through the underlying geological formation.

During landfill operations the waste collection vehicles are weighed at a weigh-bridge on arrival
and their load is inspected for wastes that do not accord with the landfill’s waste acceptance
criteria. Afterwards, the waste collection vehicles use the existing road network on their way to
the tipping face or working front where they unload their load. After loads are deposited,
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compactors or dozers are used to spread and compact the waste on the working face. Before
leaving the landfill boundaries, the waste collection vehicles pass through the wheel cleaning
facility. If necessary, they return to weighbridge in order to be weighed without their load.
Through the weighing process, the daily incoming waste tonnage can be calculated and listed in
databases. In addition to trucks, some landfills may be equipped to handle railroad containers. The
use of 'rail-haul' permits landfills to be located at more remote sites, without the problems
associated with many truck trips.

Typically, in the working face, the compacted waste is covered with soil daily. Alternative waste
cover materials are several sprayed on foam products and temporary blankets. Blankets can be
lifted into place with tracked excavators and then removed the following day prior to waste
placement. Chipped wood and chemically 'fixed' bio-solids, may also be used as an alternate daily
cover. The space that is occupied daily by the compacted waste and the cover material is called
daily cell. Waste compaction is critical to extending the landfill life. Factors such as waste
compressibility, waste layer thickness and the number of passes of the compactor over the waste
affect the waste densities.

Impacts

A large number of adverse impacts occur from landfill operations. These impacts can vary: fatal
accidents (e.g., scavengers buried under waste piles); infrastructure damage (e.g., damage to
access roads by heavy vehicles); pollution of the local environment (such as contamination of
groundwater and/or aquifers by leakage and residual soil contamination during landfill usage, as
well as after landfill closure); off gassing of methane generated by decaying organic wastes
(methane is a greenhouse gas many times more potent than carbon dioxide, and can itself be a
danger to inhabitants of an area); harboring of disease vectors such as rats and flies, particularly
from improperly operated landfills, which are common in Third-world countries; injuries to
wildlife; and simple nuisance problems (e.g., dust, odor, vermin, or noise pollution).

Environmental noise and dust are generated from vehicles accessing a landfill as well as from
working face operations. These impacts are best to intercept at the planning stage where access
routes and landfill geometrics can be used to mitigate such issues. Vector control is also
important, but can be managed reasonably well with the daily cover protocols.

Most modern landfills in industrialized countries are operated with controls to attempt manage
problems such as these. Analyses of common landfill operational problems are available.

Some local authorities have found it difficult to locate new landfills. Communities may charge a
fee or levy in order to discourage waste and/or recover the costs of site operations. Some landfills
are operated for profit as commercial businesses. Many landfills, however, are publicly operated
and funded.
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www.netiran.com/Htdocs/clippings/Deconomy/950515xxDE02.html

www.epa.gov/docs/oar

www.epa.gov/superfund/sites

WWW.0zone.org

www.rtk.net

www.igc.apcorg/ran/

www.forests.org

www.gnet.org

www.greenculture.com

www.envirospace.com

www.oxmol.com/prods/cis

www.eco-portal.com

www.ehsfreeware.com

www.biospherics.org

www.infoplease.com
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