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PART 1 INTRODUCTION TO ENVIRONMENTAL
ENGINEERING

Unit 1
Text: Environmental Engineering

What Is This Book About?

The objective of this book is to introduce engineering and science students to the
interdisciplinary study of environmental problems :their causes,why they are of concern,and
how we can control them. The book includes: .
+ Description of what is meant by environment and by environmental systems
+ Information on the basis causes of environmental disturbances
+» Basis scientific knowledge necessary to understand the nature of environmental
problems and to be able to quantify them >
« Current state of the technology environmental control in its application to water, air
and pollution problems
+ Considerable gaps in our current scientific. knowledge of understanding and controlling
many of the complex interactions between human activities and nature
» Many environmental problems which could be eliminated or reduced by the application
of current technology ,but which are not dealt with because of society’s lack of will to

do so,or in many instances because of a lack of resources to do so.
Some Important Definitions

Where they are first used in this book, definitions are introduced in block form,as shown
here,or printed in bold type.
Environment is the physical and biotic habitat which surrounds us; that which we can
see,hear,touch,smell,and taste. ‘
System ,according to Webster’s dictionary®,is defined as “a set or arrangement of things
so related or connected as to form a unit or organic whole; as,a solar system,irrigation
system,supply system,the world or universe” .
Pollution can be defined as an undesirable change in the physical,chemical ,or biological
characteristics of the air,water,or land that can harmfully affect the health,survival,or
activities of humans or other living organisms.

When the goal of improving environmental quality is taken to be improving human well-
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being,the word “environment” broadens to include all kinds of social ,economic,and cultural
aspects. Such broadness is unworkable in many real situations and impractical in a textbook
designed for a one semester course. Our examination of environmental problems is therefore

limited by our definition of “environment” .
Interaction of Systems

A number of different environmental problems are associated with water, air, or land
systems. Many of these problems will apply only within one of these systems,justifying the
breakdown into these categories. Such a classification is also useful for easier comprehension
of related problems within one system. Moreover,it is sensible because,for managerial and
administrative reasons?,such subfields as air pollution, water supply, wastewater disposal,
and solid waste disposal are often dealt with separately by governmental agencies.
Unfortunately, many important environmental problems are not confined to an air,
water,or land system, but involve interactions between systems. A current example is the
acid rain problem stemming from the emission of sulfur dioxide and nitrogen oxide gases into
the atmosphere from the stacks of generating stations®,smelters,and automobile exhausts.
These gases are then transported by air currents over wide regions. Rainfall “washes them
out”,creating acid rain which is harmful to aquatic life,forests,and agricultural crops. Two
examples of interaction between systems that cause major environmental disturbances are
presented-the buildup of atmospheric carbon dioxide, a global problem, and the acid rain

problem ,normally of regional nature.
Environmental Disturbances

Many major improvements to our standard of living can be attributed to the application of
science and technology. A few examples are noted here. Can you think of others?
» The production of more and better quality food
« The creation of housing as protection from extremes from climates and as living space
* The building of fast and reliable means of transportation
 The invention of various systems of communication
+ The invention of machines to replace human or animal power
» The supply of safe water and the disposal of wastes
* The elimination of many infectious diseases
* The elimination of most water-borne diseases in the developed world through -
improved water technology '
» The availability of leisure time through greater productivity,providing the opportunity
for cultural and recreational activities
» The protection from the worst effects of natural disasters such as floods,droughts,
earthquakes,and volcanic eruptions. '
With these improvements,however ,have come disturbing side effects,such as lost arable

land ,disappearing forests,environmental pollution,and new organisms resistant to controls.



Many effects originally considered to be just nuisances are now recognized as potential
threats to nature and to humans. In an agrarian society,people lived essentially in harmony
with mature,raising food,gathering firewood,and making clothing and tools from the land.
The wastes from animals and humans were returned to the soil as fertilizer. Few,if any,
problems of water,land,or air pollution occurred.

The cities of ancient times, particularly those of the Roman Empire®,had systems to
supply water and to dispose of wastes. The aqueducts supplying the ancient city of Rome
(population about 1 million)with safe water from the Cloaca Maxima®,the best known and
one of the earliest sewers to be built, are examples of such systems. The municipal
technology of ancient cities seems to have been forgotten for many centuries by those who
built cities throughout Europe. Water supply and waste disposal were neglected,resulting in
many outbreaks of dysentery, cholera, typhoid, and other waterborne diseases. Until the
middle of the nineteenth century,it was not realized that improper wastes disposal polluted
water supplies with disease-carrying organisms. The industrial revolution in nineteenth-
century Britain, Europe,and North America aggravated the environmental problems since it
brought increased urbanization with the industrialization. Both phenomena,urbanization and
industrialization,were and are fundamental causes of water and air pollution which the cities
of that time were unable to handle.

Rapid advances in technology for the treatment of water and the partial treatment of
wastewater took place in the developed countries over the next few decades. This led to a
dramatic decrease in the incidence of waterborne diseases®. Note that all wastes discharge

into the environment,and thus pollute our water,air,and land systems.

Selected from “Henry,Gray W. Heinke. Environmental Science and Engineering , Prentice-Hall

International Editions, Pretice. Hall Englewood Cliffs,NJ,USA,1989”
Words and Expressions

smelter ['smelta] n. #¥; BET , BEE
aqueduct ['mkwidakt] =n. 3; K¥
dysentery ['disentri] n. ¥

cholera [‘kolora] n». EHL

typhoid [‘taifoid] ». {5i%E; a. HHEM.
sulfur dioxide —& b

nitrogen oxide LY

carbon dioxide 4 {kHk

arable [‘zerabl] a. ATBEHY; n. Bish
agrarian [o 'greo rion] a. THIAY; REH; RAH
urbanization ['a:bonaizeifon] n. WL
harmony ['haimeni] n. PhiF, —F
environmental disturbance 3@



aquatic life K&
discharge [dis'tfja:d3] v. HEH; n. HEHBY

Notes

(@ Webster’s dictionary H KA, B EE Merrian-Webster AR K. ZAFBEMK (B
EEREELRFAL) M (FRA¥AM) SRHFAANEETRS.

® for managerial and administrative reasons fTHE H L EE.

® stacks of generating stations #FZ KM, XHE stacks of 24T lots of,

@ Roman Empire F LR,

® Cloaca Maxima HF SR KHEME, ISP S EHEBE (the main drain of ancient

Rome),

waterborne diseases KIEZ R, WK, HEF,

Exercises

Based on Reading Material
1. Put the following into Chinese.
life expectancy  poverty-stricken = smog-laden air  global conditions  haves and
have-nots  underprivileged savanna predator environmental disruptions
2. Put the following into English.
R (A AEY BEY W,
BEL Al 89 wmRE 7 fnsn)  AREBR B4&
3. Translate the part of “The Human Condition” into Chinese.

4. How many kinds of environmental problems are there according to the Reading Material?

Reading Material: Studying the Environment

The Human Condition

Consider the state of humankind on Earth,the planet we call home. In the past,life was hard
and short for most people. Then,at the beginning of the twentieth century,rapid progress in
medicine,agriculture,and industrial techniques seemed to promise that everyone might soon
be able to enjoy long life, decent food, satisfying employment,and adequate housing. This
promise has not been realized. In 1982 there were about 5 billion people on Earth. One
quarter of them had a greater life expectancy and lived in greater luxury than anyone a
hundred years ago would have believed possible. But at the same time three quarters of all
people had inadequate or unsatisfactory water and shelter,and more than one third suffered
from malnutrition and hunger. More people statved to death in 1982 than in any year since
the beginning of time.

Most of the people who starve to death live in poverty-stricken developing nations. But

now ,at the end of the twentieth century,the wealthy nations are in trouble too. According to



most estimates ,the average standard of living in North America and Western Europe peaked
in about 1967. Even the wealthiest nations are running out of fuel, hardwoods,and some
minerals. As a result, necessities such as housing, food, and fuel are demanding more and
more of the family budget,leaving less available for luxuries. Pollutants contaminate cities,
towns, and even rural environments. Sewage or poisonous pesticides in waterways, smog-
laden air,and garbage in streets or parks lower the standard of living of everyone,no matter
how wealthy.

Our vast and swiftly growing population consumes the Earth’s resources of agricultural
land , minerals, water, and fuel faster than natural processes can replace them. This is a
serious problem in itself. But global conditions are further endangered because these
resources are not distributed evenly. One quarter of the population, those that live in the
developed nations,use nearly 80 percent of the resources consumed by humankind in any one
year. The other three quarters of the population consume only about 20 percent of the
resources used in a year. The gap between the haves and the have-nots is growing wider.
Today,when transistor radios are to be found even in the most remote African villages, the
world’s poor know how underprivileged they are. This knowledge produces political
instability. Years ago,political upheaval in one nation meant little to the rest of the world.
But times have changed,because modern technology ensures that nearly all nations possess
weapons that can wreak havoc far beyond their own borders. As a result,no nation can

afford to ignore the problems of another.
‘Classifying Environmental Problems

Environmental problems are always interrelated. Sometimes a solution to one problem
actually creates another problem. For example,when people are sick and dying from disease,
it is natural to want to improve human health. When health is improved and infant mortality
is reduced, a population explosion may result. To feed this growing pollution, natural
habitats are often destroyed by turning them into farmland. As natural habitats are
destroyed ,the wild plants,predatory animals,and parasites that once lived there are killed as
well. Because of the lack of predators and parasites,outbreaks of insect pests become more
common. Farmers use pesticides to control the pests and protect the crops,but in the process
the environment becomes polluted. The development of this entire cycle in itself consumes
fossil fuel supplies that are becoming scarce. In addition, when fuels are burned, air
pollutants are generated.

How does a person begin to study such a network of interlocking problems? To make
the task a bit more manageable, we will divide environmental disruptions into five main
types.

(a) Overpopulation. Overpopulation may be defined as the presence in a given area of
more people than can be supported adequately by the resources available in that area. Many
people argue that the population explosion that has taken place in the twentieth century is

now the most important problem we face. It is important first because overpopulation is a



major cause of all other environmental problems:Fewer people would use less oil ,chop down
fewer trees,and pour less sewage into rivers. Second ,overpopulation and the starvation that
accompanies it are generally higher on our list of priorities than other environmental
concerns. It is hard to argue that an area should be set aside as parkland to preserve a
vanishing forest or savanna when that land might be used to raise crops that would prevent
fellow human beings from starving to death.

(b) Pollution. Pollution is a reduction in the quality of the environment by the
introduction of impurities. Smoke pollutes the air; sewage pollutes the waters; junk cars
pollute the land. We know that such contamination exists; it can be seen,smelled,or even
tasted. The effects of pollution on human welfare or on the economy, however, may be
matters of considerable disagreement.

There are two distinctly different types of pollution.

1. Concentration of Organic Wastes. All living organisms produce waste products;
wastes are associated with the act of living. Upon death, the entire organism becomes a
waste product. Before modern civilization, most organic wastes did not accumulate in the
environment because they were consumed by other organisms and thereby recycled. In
modern times, the natural decomposition of organic wastes does not always operate
efficiently.

2. Introduction of Synthetic Chemicals into the Environment. Everything is make of
chemicals people, eagles, trees, lakes, plastic-everything. Although many natural chemical
compounds have existed for billions of years, peopled have recently learned to make new
chemical compounds, called synthetic chemicals. The quantity and variety of new synthetic
chemicals are staggering. They are present in paints,dyes,food additives,drugs,pesticides,
fertilizers, fire retardants, building materials, clothes, cleaning supplies, cosmetics, plastics,
and so on.

~ Synthetic chemicals are noted for the variety of théir properties. Some of them are drugs
that save millions of lives every year,and others are poisons. But because most of them are
new to the environment, the traditional patterns of decay and recycling do not necessarily
apply. Some synthetic chemicals break down rapidly in the environment by the action of
sunlight,air, water,or soil,and some are eaten by living organisms. Such processes may take
place over a span of minutes,hours,or days. A material that decomposes in the environment
as a result of biological action is said to be biodegradable.

Many compounds,however,do not disappear so readily. Synthetic plastics,for example,
remain in the environment for a long time because organisms that feed on them and break
them down are rare. Plastic shampoo bottles may produce unsightly litter,but they are not
biologically active. Many other synthetic chemicals, however, are harmful. For example,
DDT was developed as an insecticide ,but experience with it has shown that it has undesirable
environmental effects as well.

(c) Depletion of Resources. A resource is any source of raw materials. Fuels,minerals,

water,soil,and timber are all resources. A material is depleted,or used up,as it becomes



less available for its intended function. Material resources can become depleted in three
different ways. First,a substance can be destroyed,that is,converted into something else.
Fuels are destroyed when they are used:Coal is converted to ashes and gas; uranium is
converted to radioactive waste products. The ashes or waste products are no long fuels.

Second ,a substance can be lost by being diluted ,or by being displaced to some location
from which it cannot easily be recovered. If you open a helium-filled balloon,the gas escapes
to the atmosphere. Not one atom of helium is destroyed, but nevertheless the gas is lost
because it would be impossible,as a practical matter,to recover it. The same concept of loss
by dilution applies to minerals.

Third,a substance can be rendered unfit for use by being polluted. In this way pollution
and depletion are related to each other. If industrial or agricultural wastes are discharged
into a stream,or if they percolate down through soil and porous rock to reach a supply of
groundwater, then these water resources become less fit for drinking or,in the case of the
stream ,for recreation or for the support of aquatic life.

Finally, conservation is often seen as a measure whose benefits will be realized later,
perhaps only by our children or grandchildren, and not all makers of policy are equally
concerned about future generations.

(d) Changes in the Global Condition. Scientists have begun only recently to wonder
whether human activities might affect the global environment. Aerosol sprays and aircraft
exhaust may be destroying the ozone layer in the atmosphere that filters out ultraviolet
radiation. Burning fossil fuels releases carbon dioxide that could affect planetary weather
patterns. Pollution of the oceans destroys plant life that produces oxygen,and such pollution
might eventually reduce the oxygen content of the air we breathe. Throughout much of the
world, forests, jungles , shrublands, and other natural systems are being converted to farm-
land. In many areas,this process is depleting the fertility of the soil,altering the climate,and
causing the extinction of literally thousands of species of plants and animals. Except in emo-
tional terms,people often do not know precisely what has been lost when a species becomes
extinct. Scientists are convinced that many endangered species of plants or animals should be
saved because they may be essential in breeding valuable crops or domestic animals.

(e) War. In many ways,war is a combination of all environmental problems rather than
a separated category. From time immemorial, overpopulation and want have led human
groups into wars over food,land,or some other coveted resource. In modern times war and
the preparation for war have led to pollution and depletion of resources that are far more
extreme than any single peacetime activity. War reduces population, although the effect is
trivial :more people were born in 6 months in 1982 than were killed throughout the first and
second world wars. Finally,a nuclear war places the global systems of the Earth, human

civilization,and even the human species itself at risk.

Selected from “Jonathan Turk, Amos Turk. Environmental Science,Third Edition,Saunders

College Publishing ,The Drylen Press,USA,198¢4”



Unit 2

Text: Historical Overview of Hazardous
Substance Disposal in the USA

Hazardous substance disposal practices in the United States have traveled full circle. Prior to
1978 there were few if any regulations regarding the disposal of these materials. Improper
disposal of many of these chemicals resulted in health problems for many citizens,
contaminated water supplies,and destruction of wildlife. With the enactment of the Resource
Conversation and Recovery Act (RCRA)® of 1978, manufacturing facilities now have an
obligation to account for all waste materials that are generated by the facility.
Implementation of RCRA has been slow.

From the very early industrial period in the United States, which started about 1920,
until several years after the Second World War, there was little concern for the proper
methods of disposal of waste materials that were generated as by-products during
manufacturing processes. Up until the 1960’ it was quite common to find fresh water rivers
and streams fouled with waste chemicals from manufacturing ,sait water from oil production
wells and waste acids from steel mill activities. Virtually every conceivable waste oil,
solvent,or resin waste could be found in the rivers. The laws of the time were either non-
existent or not enforced. The literature has many examples of health problems of individuals
as well as destruction of fish and wildlife habitat. Many other cases occurred that were not
reported in the literature.

Other waste materials were dumped haphazardly in makeshift excavations either at the
factory side or throughout the country side. Because of ignorance and lack of economic
incentives to do so,the factories made no attempt to prevent contamination of underground
water supplies by the chemicals that were disposed of. In fact,knowledgeable scientists of
the time accepted land irrigation and percolation into the porous underground formations as
methods of waste treatment. Although these treatment methods may have been intended for
non-hazardous materials,they were employed for hazardous materials as well. Again,there
were no governmental regulations protecting the underground aquifers from these practices.

The problem of disposal of hazardous chemicals did not improve with the creation of the
Environmental Protection Agency(EPA)® in 1966. The first task of the new agency was to
clean up rivers and streams. Unfortunately,no one in power in the government at the time
had insight into the problems that were to be created by the new agency.

The EPA was quite successful in those early days in the enforcement of the many water
pollution laws that evolved. As the practice of the dumping of hazardous materials into the
rivers and streams was eliminated ,those same materials created other disposal problems.

Many of the chemicals saved from the sewer were either worthless or of such a low value



