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It isnt pollution thats harming the environment. Its the impurities in our
air and water that are doing it.
—Former U.S. Vice President Dan Quayle

AIR POLLUTION

rimary pollutants are emitted directly into the air from natural sources such
as volcanoes, mobile sources such as cars, or stationary sources such as indus-
trial smokestacks. Examples include: particulate matter or soot (PM,g), nitric oxide
(NO), nitrogen dioxide (NO,), sulfur dioxide (SO,), carbon dioxide (CO,), and
carbon monoxide (CQO).

Secondary pollutants result from the reaction of primary pollutants in the atmo-
sphere to form a new pollutant. Examples include sulfur trioxide (SO3), sulfuric
acid (H,SO,), ozone (Qs), and chemicals found in photochemical smog such as
PANS and peroxyacyl nitrates.
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Figure 9.1 Particulate matter pollution in developing countries.
Source: World Resources Institute.
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Major Air Pollutants

&
NITROGEN DIOXIDE (NO,)

Forms when fuels are burned at high temperatures. Also results from forest fires,
volcanoes, lightning, and bacterial action in soil. Forms nitric acid (HNOs) in the
air and contributes to acid deposition and cultural eutrophication. Results in lung
irritation and damage, suppresses plant growth, and may be a carcinogen.

OZONE (0O5)

Major component of photochemical smog. Formed by sunlight reacting with NO,
and VOCs in the air. Causes lung irritation and damage, bronchial constriction,
coughing, wheezing, and eye irritation. Damages plants, rubber, and plastics.

PEROXYACYL NITRATES (PAN)

PANs are secondary air pollutants formed from the reaction of various hydrocarbons
combining with oxygen and nitrogen dioxide and being catalyzed by ultraviolet radia-
tion from the sun: hydrocarbons + O, + NO, + light - CH;COOONO, (PAN).
Since they dissociate quite slowly in the atmosphere into radicals and NO,, PANs are
able to transport these unstable compounds far away from the urban and industrial
origin. PANs transport NO; to regions where it can more efficiently produce ozone.
\At concentrations of only a few parts per billion, they cause eye irritation. At higher
( sconcentrations, they cause extensive damage to vegetation.

SULFUR DIOXIDE {SO5)

Produced by burning high-sulfur oil or coal, smelting of metals, and paper manu-
facturing. Combines with water vapor in the air to produce acid precipitation,
which reduces the productivity of plants. Causes breathing difficulties. Significant
decreases in concentrations and emissions in SO, concentration in the United States
reflect the success of the Acid Rain Program and the Clean Air Act.

SUSPENDED PARTICULATE MATTER (PMs)

PM,gs are particles with a diameter 1/7 the width of a human hair or less (< 10 pm)
and include smoke, dust, diesel soot, lead, and asbestos. PMqs cause lung irritation
and damage. Many are known mutagens, teratogens, and carcinogens. Reduction
in PM,0s would produce health benefits 10 times greater than similar reductions in
all other air pollutants combined.

VOLATILE ORGANIC COMPOUNDS (VOCs)

Include organic compounds that have a high vapor pressure. Over 600 compounds

have been identified. Examples of VOCs include toluene, xylene, formaldehyde,

.benzene, and acetone. These are found in paints, acrosol sprays, dry-cleaning fluids,

( and industrial solvents. Causes respiratory irritation and damage. Most are carcino-

" genic and cause liver, kidney, and central nervous system damage. Concentration
of VOCs may be 1,000 times higher indoors than outdoors.
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Measurement Units

The most common form of expressing air pollutants is parts per million (ppm),“'\j
which denotes one particle of a pollutant for every 999,999 particles of air. The
symbol 11 is often used to represent a millionth. This concentration is equivalent

to one drop of ink in 40 gallons (150 L) of water or one second in 280 hours. To
change ppm to a percentage, move the decimal place four places to the left and add

a % sign. For example, a concentration of 400 ppm (0.04%) of carbon monoxide
may be fatal. Two other common measurements are parts per billion (ppb or nano)

and parts per trillion (ppt or pico).

Smog

There are two forms of smog: industrial smog and photochemical smog. Industrial
smog tends to be sulfur-based and is also called grey-air smog. Photochemical smog
is catalyzed by UV radiation and tends to be nitrogen-based. Photochemical smog
is also called brown-air smog.

Formation of Industrial Smog

1. Carbon in coal or oil is burned in oxygen C+ 0, CO;
gas to preduce carbon dioxide and C+0,—-CO .
carbon monoxide gas. \)
2. Unburned carbon ends up as soot or C
particulate matter (PM).
3. Sulfur in oil and coal reacts with oxygen S+ 0,— S0,
gas to produce sulfur dioxide.
4. Sulfur dioxide reacts with oxygen gas to SO, + 0, » 80,
produce sulfur ttioxide.
5. Sulfur trioxide reacts with water vapor S0; + H,0 — H.80,
in the air to form sulfuric acid.
6. Sulfuric acid reacts with atmospheric H.S0, + NH; — (NH4):S0,
ammoenia to form brown, solid ammonium
sulfate.

FORMATION OF PHOTOCHEMICAL SMOG
Ner result: NO + VOCs + Oy + wpr — O; + PANs

* 6 AM-9AM.
As people drive to work, concentrations of nitrogen oxides and VOCs increase:

'Nz + 02 — ZNO

U

NO + VOCs — NO,

NO,ZNO + O




s 9 AM-11 AM,

) As traffic begins to decrease, nitrogen oxides and VOCs begin to react, forming

nitrogen dioxide:
2NO + 02 - 2N02
* 11 AM.—4 P.M.

As the sunlight becomes more intense, nitrogen dioxide is broken down and
the concentration of ozone increases:

NO, Y NO + O
02+O—)03

Nitrogen dioxide also reacts with water vapor to produce nitric acid and nitric
oxide:

3NO; + H,O — 2HNO; + NO

Nitrogen dioxide can also react with VOCs released by vehicles, refineries, gas
stations, and so on to produce toxic PANs (peroxacyl nitrates):

/‘ “1 NO, + VOCs — PANs

i\

* 4 p.M.~Sunset
As the sun goes down, the production of ozone is halted.

Acid Deposition—Causes and Effects

Acid rain is a broad term used to describe several ways that acids fall out of the
atmosphere. A more precise term is acid deposition, which has two parts: wet and
dry. Wet deposition refers to acidic rain, fog, and snow. As this acidic water flows
over and through the ground, it affects a variety of plants and animals. The strength
of the effects depends on many factors, including how acidic the water is, the chem-
istry and buffering capacity of the soils involved, and the types of organisms, such as
fish, macroinvertebrates, trees, and other living things that rely on water and soil.

Dry deposition refers to acidic gases and particles. About half of the acidity in
the atmosphere falls back to Earth through dry deposition. Wind blows these acidic
particles and gases onto buildings, cars, homes, and trees. Dry-deposited gases and
particles can also be washed from trees and other surfaces by rainstorms. When that
happens, the runoff water adds those acids to the acid rain, making the combina-
tion more acidic than the falling rain alone.

Acid deposition due to sulfur dioxide (SO,) begins with sulfur dioxide being
introduced into the atmosphere by burning coal and oil, smelting metals, organic

o decay, and ocean spray. It then combines with water vapor to form sulfurous acid
v (8Os + H,O - H,50;). Finally, the sulfurous acid reacts with oxygen to form sul-

furic acid (H,SO; + %O, — H,SO,).
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Acid deposition due to nitrogen oxides (NO,) begins with nitrogen oxides
formed by burning oil, coal, or natural gas. They also are found in volcanic venti;—/"
gases and formed by forest fires, bacterial action in soil, and lightning-induced
atmospheric reactions. Nitrogen monoxide, also known as nitric oxide (NO), reacts
with oxygen gas to produce nitrogen dioxide gas (NO + 40, — NO,). Finally,
nitrogen dioxide reacts with water vapor in the atmosphere to produce nitrous and
nitric acids (2NO, + H,O — HNO, + HNO;).

Acid rain causes acidification of lakes and streams. It contributes to the damage
of trees at high elevations and many sensitive forest soils through nitrogen satura-
tion and creating acidic conditions that are unhealthy for decomposers and mycor-
rhizal fungi. Acid shock, which is caused by the rapid melting of snow pack that
contains dry acidic particles, results in acid concentrations in lakes and streams 5 to
10 times higher than acidic rainfall. In addition, acid rain accelerates the decay of
building materials and paints, including irreplaceable statues and sculptures. Acid
rain also leaches essential plant nutrients from the soil such as Ca*, K* and Mg™.
Heavy metal ions such as Pb?, Cd*, and Hg?' that are contained within rock struc-
tures may be leached out of the rocks and into the soil structure. Prior to falling
to Earth, SO, and NO, gases and their particulate matter derivatives (sulfates and
nitrates) contribute to breathing difficulties and other health matters.

Heat Islands and Temperature Inversions

Urban heat islands occur in metropolitan areas that are significantly warmer than
their surroundings. Urban air can be 10°F (6°C) warmer than the surrounding area.
Since warmer air can hold more water vapor, rainfall can be as much as 30% greater\_,j |
downwind of cities when compared with areas upwind. One of the main reasons |
for higher-than-normal nightrime air temperatures in urban areas are buildings that
reduce the radiation of urban heat to the night sky. Thermal properties of surface
materials (bricks, concrete, and asphalt) store heat longer. The lack of vegeration
and standing water in many urban areas also increase urban temperatures. The can-
yon effect results from buildings reflecting and absorbing heat and blocking winds
that reduce heat through convection. Human activities that increase the hear island
effect include the operation of automobiles, air conditioners, and industry. Since
demand for air-conditioning rises during summer months, problems associated
with energy availability and pricing become compounded.

High levels of pollution in urban areas can also create a localized greenhouse
effect. Urban heat islands can directly influence the health and welfare of urban
residents who cannot afford air-conditioning. As many as 1,000 people per year die
in the United States due to excessive temperatures. Urban heat islands can produce
secondary effects on local meteorology, including the altering of local wind pat-
terns, the development of clouds and fog, the number of lightning strikes, and the
rate of precipitation. The heat island effect can be slightly reduced by using white or
reflective building materials and increasing the amount of landscaping and parks.

Temperature inversions occur when air temperature increases with height above
the ground, as opposed to the normal decrease in temperature with height. This
effect can lead to pollution such as smog being trapped close to the ground, with
possible adverse effects on human health (asthma, emphysema, and increases in\—)
lung cancer). Temperature inversions commonly occur at night when solar heating
ceases and the surface cools, which then cools the atmosphere immediately above it.



A warm air mass then moving over a colder one keeps the cooler air mass trapped

f“ “below, and the air becomes still. This results in dust and pollutants bemg trapped
‘and their concentrations increasing. A nearly permanent temperature inversion
occurs over Antarctica.
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Indoor Air Pollution (Sick Building Syndrome)

Many people spend the majority of their lives indoors sleeping, working, eating,
and relaxing, where air circulation may be restricted and where indoor air pollut-
ant levels may be 25% to 60% greater than outdoor levels. Sick building syndrome
(SBS) is a term used to describe a combination of ailments (a syndrome) associated
with an individual’s place of work or residence. Up to a third of new and remodeled
buildings worldwide may be linked to symptoms of SBS. The most common pol-
(\\ lutants found indoors include molds, bacteria, carbon monoxide, radon, allergens,
Jasbestos, tobacco smoke, and formaldehyde and other volatile organic compounds
(VOCs) released from carpeting, adhesives, and particleboard. SBS is frequently
pinned down to flaws in heating, ventilation, and air conditioning (HVAC) sys-
tems. Symptoms of indoor air pollution can range from headaches, breathing dif-
ficulties, and allergies to asthma, cancer, emphysema, and various nerve disorders.

Remediation and Reduction Strategies

Strategies designed to improve air quality in general include:

1.

2.
3.
4.
5.
6
7

Emphasizing tax incentives for pollution control rather than fines and
penalties

Setting legislative standards for energy efficiency
Increasing funding for research into renewable energy sources
Incorporating incentives for reducing air pollution into trade policies

Distributing solar cookstoves to developing countries to replace coal and
firewood

Phasing out two-cycle gasoline engines

For issues involving sick building syndrome: (a) modify building codes to
control materials used in construction; (b) replace and repair areas that have
received water damage in order to control mold (carpeting, ceiling tiles,
inside walls, etc.); (c) use paints, adhesives, solvents, cleaning products, and
pesticides in well-ventilated areas and during periods of non-occupancy;
(d) increase the number of complete air exchanges in the building; and (e)
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ensure proper maintenance of HVAC systems, including the use of UVC in

such systems. J

8. Providing incentives to use mass transit

Several strategies have been designed to reduce the effects of acid rain. They
include designing more efficient engines to reduce NO, emissions and increasing
the efficiency of coal-burning plants to reduce SO, NO,, and particulates through
washing coal and using scrubbers, advanced filtration on smokestacks, electrostatic
precipitators, and staged and catalytic burners with afterburners. Other strategies
include increasing penalties on stationary sources that do not reduce emissions, pro-
viding tax incentives to companies that do reduce pollutants, providing incentives
to consumers to purchase Energy Star appliances and products that conserve energy,
and increasing CAFE standards.

The EPA’s Acid Rain Program is designed to achieve significant environmental
and public health benefits through reductions in emissions of sulfur dioxide (SO,)
and nitrogen oxides (NO,), the primary causes of acid rain. To achieve this goal at
the lowest cost to society, the program employs both traditional and innovative mar-
ket-based approaches for controlling air pollution. In addition, the program encour-
ages energy efficiency and pollution prevention. Specific strategics employed include
an allowance trading system, an opt-in program that allows nonaffected industrial
and small utility units to participate in allowance trading, setting new NO, emissions
standards for existing coal-fired utility boilers, and allowing emissions averaging to
reduce costs. Another is a permit process that affords sources maximum flexibility in
selecting the most cost-effective approach to reducing emissions. Continuous emisj:J
sion monitoring (CEM) requirements provide credible accounting of emissions to
ensure the integrity of the market-based allowance system and to verify the achieve-
ment of the reduction goals. The excess emissions provision provides incentives to
ensure seif-enforcement. Another strategy is an appeals procedure that allows the
regulated community to appeal decisions with which it may disagree.

The Clean Air Act was originally signed into law in 1963. Its goal was to pro-
tect public health from air pollution and limit the effects of air pollution on the
environment. Early versions allowed individual states to set their own standards.
Later versions of the act switched responsibility of setting uniform standards to the
federal government. Primary standards protect human health. Secondary standards
protect materials, crops, climate, visibility, and personal comfort. The 1990 version
addressed acid rain, urban smog, air pollutants, ozone protection, marketing pollu-
tion rights, and VOCs. Estimates are that the Clean Air Act is responsible each year
for saving 15,000 lives, reducing bronchitis cases by 60,000, and reducing 9,000
hospital admissions due to respiratory illnesses. The following chart shows some of
the progress that the Clean Air Act has been responsible for since it was passed into
law. Notice however, the increase in PM,, and NO, levels.

Pollutant % Change

Pb _98%
VOC —42%
SO, _37%
co 31% \_/
NO. +17%

PMIU +266 %




The 1997 Kyoto Protocol would have required the United States to reduce
mreenhouse emissions by 7% when compared with 1990 levels over a five-year
~period. Under this agreement, the United States would have faced penalties if it

did not meet its emission cuts. The United States saw this as an unattainable target
since carbon dioxide and greenhouse gases continue to increase and are projected to
increase for the next 20 years. The United States felt that the protocol held devel-
oped nations responsible for meeting the curs but did not apply the same standards
to developing nations. Reasons given for not agreeing with the rest of the signing
members of the Kyoto Protocol were the cost of meeting the emission targets would
be too high, the time frame was too short for implementation, and there was no
evidence of 2 correlation between greenhouse gases and global warming,
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NOISE POLLUTION

Noise pollution is unwanted human-created sound that disrupts the environmenﬂ\_)
The dominant form of noise pollution is from transportation sources, principally
motor vehicles, aircraft noise, and rail transport noise. Besides transportation noise,
other prominent sources are office equipment, factory machinery, appliances, power
tools, and audio entertainment systems. Noise regulation by governmental agencies
effectively began in the United States with the 1972 Federal Noise Control Act.

Effects

Normal hearing depends on the health of the inner, middle, and outer ear. Three
kinds of hearing loss occur: conductive, sensory, and neural. Sensory hearing loss is
caused by damage to the inner ear and is the most common form associated with
noise.

In addition to contributing to hearing loss, too much noise can affect health in
other ways too. Immediate effects may be temporary or may become permanent.
They may include cardiovascular problems with an accelerated heartbeat and high
blood pressure, gastric-intestinal problems, a decrease in alertness and ability to
memorize, nervousness, pupil dilation, and a decrease in the visual field. Effects
that may be longer lasting include insomnia, nervousness, bulimia, chronically high
blood pressure, anxiety, depression, and sexual dysfunction.

Control Measures L

Roadway noise can be reduced through the use of noise barriers, limitations o
vehicle speed, newer roadway surface technologies, limiting times for heavy-duty
vehicles, computer-controlled traffic flow devices that reduce braking and accelera-
tion, and changes in tire design. Aircraft noise can be reduced through developing
quieter jet engines and rescheduling takeoff and landing times. Industrial noise can

be reduced through new technologies in industrial equipment and installation of
noise barriers in the workplace. Residential noise such as power tools, garden equip-
ment, and loud radios can be controlled through local laws and enforcement.
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WATER POLLUTION

Water pollution can originate from either a point or a nonpoint source. A point |
source occurs when harmful substances are emitted directly into a body of wat{ |
An example of a point source of water pollution is a pipe from an industrial facility
discharging effluent directly into a river. Point source pollution is usually moni-
tored and regulated in developed countries.




Nonpoint sources deliver pollutants indirectly through transport or environmen-

(\\. tal change. An example of a nonpoint source of water pollution is when fertilizer
- from a farm field is carried into a stream by rain (run off). Nonpoint sources are

much more difficult to monitor and control, and they account for the majority of
contaminants in streams and lakes.

Sources of Water Pollution

The following sections describe the varied sources of water pollution. They include
air pollution, chemicals, microbiological sources, mining, noise, nutrients, oxygen-
depleting substances, suspended matter, and thermal sources,

AIR POLLUTION

Pollutants like mercury, sulfur dioxide, nitric oxides, and ammonia fall out of the
air and into the water. They can then cause mercury contamination in fish and
acidification and eutrophication of lakes. The oceans have absorbed enough carbon
dioxide to have already caused a slight increase in ocean acidification. This may be
causing the carbonate structures of corals, algae, and marine plankton to dissolve.
These organisms form the base of the food pyramid in the ocean,

CHEMICALS

A variety of chemicals from industrial and agricultural sources can cause water pol-

(™ lution. Examples include metals, solvents and oils, detergents, and pesticides. These
" * can accumulate in fish and shellfish, poisoning the people, animals, and birds that

L

cat them. On a square-foot basis, homeowners apply more chemicals to their lawns
than farmers do to their fields. Each year, road runoff and other nonspill sources
impart an amount of oil to the oceans thar is more than 5 times greater than the
Exxon Valdez spill—about 21 million barrels. Discharge of oily wastes and oil-con-
taminated ballast water and wash water are all significant sources of marine pollu-
tion. Drilling and extraction operations for oil and gas can also contaminare coastal
waters and groundwater. The EPA estimates that about 100,000 gasoline storage
tanks are leaking chemicals into groundwater. In Santa Monica, California, wells
supplying half the city’s water have been closed because of dangerously high levels
of the gasoline additive MTBE. New evidence strongly suggests that components
of crude oil, called polycyclic aromatic hydrocarbons (PAHs), persist in the marine
environment for years and are toxic to marine life at concentrations in the low parts
per billion (ppb) range. Chronic exposure to PAHs can affect the development of
marine organisms, increase susceptibility to disease, and jeopardize normal repro-
ductive cycles in many marine species.

Studies have shown that up to 90% of drug prescriptions pass through the
human body unaltered. Animal farming operations that use growth hormones
and antibiotics also send large quantities of these chemicals into the water. Most
wastewater treatment facilities are not equipped to filter out personal care products,
household products, or pharmaceuticals. As a result, a large portion of these chemi-
cals pass directly into local waterways. Studies on the effects of these chemicals have

- discovered fragrance molecules inside fish tissues, ingredients from birth control

pills causing gender-bending hormonal effects in frogs and fish, and the chemical
nonylphenol, a remnant of detergent, disrupting fish reproduction and growth.
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MICROBIOLOGICAL SOURCES

Disease-causing (pathogenic) microorganisms such as bacteria, viruses, and protozoa )
can result in swimmers getting sick and fish and shellfish becoming contaminated.
Examples of waterborne diseases include cholera, typhoid, shigella, polio, menin-
gitis, and hepatitis. In developing countries, an estimated 90% of the wastewater is
discharged directly into rivers and streams without treatment. In the United States,
850 billion gallons (3 trillion L) of raw sewage are dumped into rivers, lakes, and
bays each year by leaking sewer systems and inadequate combined sewer/storm
systems that overflow during heavy rains. Leaking septic tanks and other sources of
sewage can also cause groundwater and stream contamination. Beaches suffer the
effects of water pollution from sewage. About 25% of all beaches in the United
States annually have water pollution advisories or are closed each year due to bacte-
rial buildup caused by sewage.

MINING

Mining causes water pollution in a number of ways. The mining process exposes
heavy metals and sulfur compounds that were previously locked away in Earth.
Rainwater leaches these compounds out of the exposed Earth, resulting in acid
mine drainage and heavy-metal pollution that can continue long after the mining
operations have ceased. Second, the action of rainwater on piles of mining waste
(tailings) transfers pollution to freshwater supplies. In the case of gold mining, cya-
nide is intentionally poured on piles of mined rock (a leach heap) to extract the gold .
from the ore chemically. Some of the cyanide ultimately finds its way into nearby, )
water. Additionally, huge pools of mining waste slurry are often stored behind con-
tainment dams that often leak or infiltrate ground water supplies. Fourth, mining
companies in developing countries often dump mining waste directly into rivers or
other bodies of water as a method of disposal.

The U.S. government in 2003 reclassified mining waste from mountaintop
removal (a type of coal mining) so it could be dumped directly into valleys and
burying streams altogether. The Iron Mountain mine in California has been
closed since 1963 but continues to drain sulfuric acid and heavy metals into the
Sacramento River. Experts say the pollution from this particular mine may con-
tinue for another 3,000 years.

NOISE

Many marine organisms, including marine mammals, sea turtles, and fish, use
sound to communicate, navigate, and hunt. Because of oceanic water noise pollu-
tion caused by commercial shipping, military sonar, and recreational boating, some
species may have a harder time hunting or detecting predators. They may also not
being able to navigate properly.

NUTRIENTS

Phosphorus and nitrogen are necessary for plant growth and are plentiful in,
untreated wastewater. When added to lakes and streams, they can cause the growtl{
of aquatic weeds that block warterways as well as algal blooms. If the source is from
humans, it is called cultural eutrophication. Deposition of atmospheric nitrogen
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(from nitrogen oxides) also causes nutrient-type water pollution. Nutrient pollution
is also a problem in estuaries and deltas, where the runoff that was aggregated by
! . - .

- - watersheds is finally dumped at the mouths of major rivers.

OIL SPILLS

Oil is one of the world’s main sources of energy, but because it is unevenly dis-
tributed worldwide, it must be transported by ship across oceans and by pipelines
across land. This can result in accidents when transferring oil to vessels, when
transporting oil, and when pipelines break, as well as when drilling for oil. Oil
accidentally released into a marine environment drastically affects wildlife. The
oil penetrates the feathers of seabirds, reducing the feathers’ insulating ability and
making the birds more vulnerable to temperature fluctuations and much less buoy-
ant in the water. It also impairs seabirds’ flight, and thus their abilities to forage
and escape from predators. As they artempt to preen, birds typically ingest oil that
covers their feathers, causing kidney and liver damage. This, along with the limited
foraging ability, quickly results in dehydration. Marine mammals exposed to oil
spills are affected in similar ways as seabirds. Because oil floats on top of water, less
sunlight penetrates into the water, limiting the photosynthesis of marine plants and
phytoplankton and affecting the food web in the ecosystem,

Recovering the oil is difficult and depends on many factors, including the type
of oil spilled, the temperarure of the water, and the types of shorelines and beaches
involved. Methods for cleaning up include the use of microorganisms to break

(\giown oil; chemical agents, dispersants, sorbents, and detergents that act to dis-

. .perse the oil, absorb it, or cause it to clump into gel-like agglomerations that sink;
controlled burning; and booming, skimming, and/or vacuuming the oil from the
surface or shoreline.

OXYGEN-DEPLETING SUBSTANCES

Biodegradable wastes are used as nutrients by bacteria and other microorganisms.
Excessive biodegradable wastes can cause oxygen depletion in receiving waters.
This can result in increases in anaerobic bacteria that produce ammonia, amines,
sulfides, and methane (swamp gas) and decreases of acrobic organisms such as fish.

SUSPENDED MATTER

Suspended wastes eventually settle out of water and form silt or mud at the bottom.
Toxic materials can also accumulate in the sediment and affect organisms throughout
the food web. When forests are clear-cut, the root systems that previously held soil in
place die and the sediment is free to run off into nearby streams, rivers, and lakes,
Plastics and other plastic-like substances (such as nylon from fishing nets and
lines) can entangle fish, sca turtles, and marine mammals, causing injury and death.
Certain types of plastic can break down into microparticles and become ingested by
tiny marine organisms and move up the marine food chain. Plastic remains in the
ccosystem and will continue to harm marine organisms far into the future.

" THERMAL SOURCES

Produced by industry and power plants. Heat reduces the ability of water to hold
oxygen and causes death to organisms that cannot tolerate heat and/or low oxygen




338 AP Environmental Science

levels. Global warming is also imparting additional heat to the oceans, rivers, and
streams with unknown consequences. U
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Cultural Eutrophication

Cultural eutrophication is defined as the process whereby human activity increases
the amount of nutrients entering surface waters. The two most important nutrients
that cause cultural eutrophication are nitrates (NO; ) and phosphates (PO ) that
come from fertilizer, sewage discharge, and animal wastes. .

Nitrates are water soluble. Nitrates found in fertilizers can remain on fields and
accumulate, leach into groundwater, end up in surface runoff, and/or volatize and
enter the armosphere where they contribute to acid precipitation. Nitrates cause
nitrate poisoning in water supplies, reduce the effectiveness of hemoglobin, and
may be responsible for worldwide declines in amphibians.

Phosphates are also a component of inorganic fertilizers. However, they are not
watet soluble and adhere to soil particles. Soil erosion contributes to the buildup
of phosphates in water supplies. Phosphate levels in water supplies are 75% higher
than they were during preindustrial times. Phosphate buildup is more damaging
in freshwater systems. In contrast, nitrate pollution is more damaging in wetlands
where nitrogen is the limiting factor.

Nitrates and phosphates are algal nutrients. Increased concentrations of these
nutrients increase the carrying capacity of lakes and streams. Explosions in the
amount of algae as a result of cultural eutrophication are called algal blooms. The
steps involved in algal bloom include the following:

* Increased algae due to increased nitrate and/or phosphate concentrations result i}‘r-)
decreased light penetration, killing off deeper plants and their supply of oxygen
to water.
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* Oxygen concentration decreases in the warer due to the consequences of increased
material for decomposers.
"~ s Lower oxygen concentrations cause fish and other aquatic organisms to die and
contaminate the water at a high rate. ‘
* Decaying fish and algae produce toxins in the water.

Several methods can control cultural eutrophication. Planting vegetation (buf-
fer zones) along streambeds slows erosion and absorbs some of the nutrients,
Controlling the application and timing of applying fertilizer, controlling runoff
from feedlots, and using biological controls such as denitrifying bacteria that con-
vert nitrates into atmospheric nitrogen are other methods.

Groundwater Pollution

Abourt 50% of the people in the United States depend on groundwater for their
water supplies. In some countries, it may reach as high as 95%. Almost half of
the water used for agriculture in the United States comes from groundwater. The
Environmental Protection Agency (EPA) estimates that each day, 4.5 trillion liters
of contaminated water seep into groundwater supplies in the United States. In the
United States, 34 billion liters per year (60%) of the most hazardous liquid waste sol-
vents, heavy metals, and radioactive materials are injected directly into deep ground-
water via thousands of injection wells. Although the EPA requires that these effluents
be injected below the deepest source of drinking water, some pollutants have already
entered underground water supplies in Florida, Texas, Ohio, and Oklahoma.

() Warer entering an aquifer remains there for approximately 1,400 years compared

~* with 16 days for water entering  river system. Once an aquifer is contaminated, it is
practically impossible to remove the pollutants. For example, in Denver, Colorado,
just 80 liters of organic solvents contaminated 4.5 trillion liters of groundwater.
Initial cleanup of contaminated groundwater locations in the United States could
cost up to $1 willion over the next 30 years.

Maintaining Water Quality and Water Purification

DRINKING WATER TREATMENT METHODS

* Adsorption—Contaminants stick to the surface of granular or powdered acti-
vated charcoal.

* Disinfection—Chlorine, chloramines, chlorine dioxide, ozone, and UV radiation.

* Filtration—Removes clays, silts, natural organic matter, and precipitants from
the treatment process. Filtration clarifies water and enhances the effectiveness of
disinfection.

* Flocculation-Sedimentation—Process that combines small particles into larger
particles that then settle out of the water as sediment. Alum, iron salts, or synthetic
organic polymers are generally used to promote coagulation.

* Jon Exchange—Removes inorganic constituents. It can be used to remove arse-
nic, chromium, excess fluoride, nitrates, radium, and uranium.

"~ WATER TREATMENT REMEDIATION TECHNOLOGIES

* Adsorption/absorption—Solutes concentrate at the surface of a sorbent (an
absorbing surface), thereby reducing their concentration.
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* Aecration—Bubbling air through water increases rates of oxidation. )

* Air stripping—VOCs are separated from groundwater by exposing water to ai '
(the VOCs evaporate due to their high vapor pressure).

+ Bioreactors—Groundwater is acted upon by microorganisms. :

+ Constructed wetlands—Uses natural geochemical and biological processes that
parallel natural wetlands. Also known as living machines.

* Deep-well injection—Uses injection wells to place treated or untreated liquid
waste into geologic formations that do not pose a potential risk to groundwarer.

« Enhanced bioremediation—The natural rate of bioremediation is enhanced by
adding oxygen and nutrients into groundwater.

* Fluid-vapor extraction—A vacuum system is applied to low-permeable soil to
remove liquids and gases.

+ Granulated activated carbon (GAC)—Groundwater is pumped through a series
of columns containing activated carbon.

« Hot water or steam flushing—Steam or hot water is forced into an aquifer to
vaporize volatile contaminants and is then treated through fluid-vapor extraction.

* In-well air stripping—Air is injected into wells—the air picks up various con-
taminants, particularly VOCs. Vapors are drawn off by vapor extraction.

* Ion exchange—Involves exchange of one ion for another.

¢ Phytoremediation—Uses plants to remove contamination.

+ UV oxidation—Uses ultraviolet light, ozone, or hydrogen peroxide to destroy
microbiological contaminants.

Sewage Treatment/Septic Systems I\J

Sewage treatment incorporates physical, chemical, and biological processes to remove
contaminants from wastewarter. There are three stages of wastewater treatment.

A septic system consists of a tank and a drain field. Wastewater cnters the tank,
where solids settle. Anaerobic digestion using bacteria treats the settled solids and
reduces their volume. Excess liquid leaves the tank and moves through a pipe with
holes in it to a leach field where the water then percolates into the soil.

Some pollutants, especially nitrogen, do not decompose in a septic system and
may contaminate the groundwater. Approximately 25% of Americans rely on septic
systems.

PRIMARY TREATMENT

Primary treatment is to reduce oils, grease, fats, sand, grit, and coarse solids. Specific
steps include sand catchers, screens, and sedimentation. This is a physical method
of cleaning.

SECONDARY TREATMENT

Secondary treatment is designed to degrade substantially the biological content of
the sewage derived from human waste, food waste, soaps, and detergent. Specific
steps include filters, activated sludge, filter (oxidizing) beds, trickling filter beds
using plastic media, and secondary sedimentation. This is a biological method (Q
cleaning. '
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TERTIARY TREATMENT

.+ Tertiary treatment provides a final stage to raise the effluent quality to the standard
 required before it is discharged to the receiving environment (sea, river, lake, or
ground). Specific steps may include sand filtration, lagooning, constructed wet-
lands, nutrient removal through biological or chemical precipitation, denitrification
using bacteria, phosphorous removal using bacteria, microfiltration, and disinfec-

tion using UV light, chlorine, or ozone.
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SOLID WASTE
Types of solid waste include:

e Organic—Kitchen wastes, vegetables, flowers, leaves, or fruits. Usually decom-
poses within 2 weeks. Wood can take 10 to 15 years to decompose.

« Radioactive—Spent fuel rods and smoke detectors. Radjoactive wastes can take
hundreds of thousands of years to decompose.

* Recyclable—Paper, glass, metals, and some plastics. Paper decomposes in 10 to
30 days. Glass does not decompose. Metals decompose in 100 to 500 years. Some
plastics can take up to 1 million years to decompose.

» Soiled—Hospital wastes. Cotton and cloth can take 2 to 5 months to decom-
pose.

» Toxic—Paints, chemicals, pesticides, and so on. Toxic wastes can take hundreds
of years to decompose.
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BURNING, INCINERATION, OR ENERGY RECOVERY

Pros

* Heat can be used to supplement energy requirements.

* Reduces impact on landfills.

Mass burning is inexpensive.

What is left is 10% to 20% of original volume.

U.S. incinerates 15% of its wastes.

* France, Japan, Sweden, and Switzerland incinerate > 40% of their wastes and use
the heat to generate electricity.

Cons

* Air pollution including lead, mercury, NO,, cadmium, SO,, HC], and dioxins.
* Sorting out batteries, plastics, etc. is expensive.
» No way of knowing toxic consequences.
"% Ash is more concentrated with toxic materials.
* Initial costs of incinerators are high.
* Adds to acid precipitation and global warming.
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COMPOSTING

Pros \J

» Creates nutrient-rich soil additive.
* Aids in water retention.

¢ Slows down soil erosion.

* No major toxic issues.

Cons

» Public reaction to odor, vermin, and insects.

 Not in my backyard (NIMBY).

REMANUFACTURING

Pros

e Recovers materials that would have been discarded.

e Beneficial to inner cities as an industry because material is available and jobs are
needed.

Cons

» Toxic materials may be present (CFCs, heavy metals, toxic chemicals, and so
on).

DETOXIFYING

Pros .

* Reduces impact on the environment.

Cons

» Lxpensive.

EXPORTING

Pros

* Gets rid of problem immediately.
* Source of income for poor countries.

Cons

» Garbage imperialism or environmental racism.
* Long-term effects not known.
* Expensive to transport.

LAND DISPOSAL—SANITARY LANDFILLS
Pros

* Waste is covered each day with dirt to help prevent insects and rodents.

» Plastic liners, drainage systems, and other methods help control leaching material - .,
into groundwater. "/

» Geologic studies and environmental impact studies are performed prior to building.

» Collection of methane and use of fuel cells to supplement energy demand.
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* Use of anacrobic methane generators reduces dependence on other cnergy

(" 7\ sources.
=
Cons

* Rising land prices. Current costs are $1 million per hectare.
* ‘Transportation costs to the landAfll.

* High cost of running and monitoring landfil.

* Legal liability.

* Suitable arcas are limited.

* NIMBY.

Degradable plastics do not decompose completely.

LAND DISPOSAL—OPEN DUMPING
Pros

* Inexpensive.
* Provides a source of income to the poor by providing recyclable products to
sell.

Cons

* Trash blows away in the wind.

* Vermin and disease.

* Leaching of toxic materials into the soil.
* Aecsthetics.

OCEAN DUMPING
Pros

* Inexpensive.

Cons

* Debris floats to unintended areas.
* Marine organisms and food webs are impacted.
* lllegal in the United States.

RECYCLING
Pros

* ‘Turns waste into an inexpensive resource.
* Reduces impact on landfills.
Reduces need for raw materials and the costs associated with i.
* Reduces energy requirements to produce product. For example: recycling alu-
minum cuts energy use 95% and producing steel from scrap reduces energy
requirements 75%.
Reduces dependence on foreign oil.
* Reduces air and water pollution.
o Bottle bills provide economic incentive to recycle.

“Cons

* Poor regulation,
* Fluctuations in market price.
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* Throwaway packaging is more popular.
» Current policies and regulations favor extraction of raw materials. Energy, water.
and raw materials are sold below real costs to stimulate new jobs and the econ-

omy.

REUSE

Pros

» Most efficient method of reclaiming materials.

e Industry models already in place—auto salvage yards, building materials, and so
on.

s Refillable glass bottles can be reused 15 times.

+ Cloth diapers do not impact landfills.

Cons

* Cost of collecting materials on a large scale is expensive.
+ Cost of washing and decontaminating containers is expensive.
* Only when items are expensive and labor is cheap is reuse economical.
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