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PART 1 INTRODUCTION TO ENVIRONMENTAL
SCIENCE AND ENGINEERING

Unit 1

Text: What are Environmental Science and Engineering?

Natural Science

In the broadest sense, science is systematized knowledge derived from and tested by recogni-
tion and formulation of a problem, collection of data through observation, and experimenta-
tion. We differentiate between social science and natural science in that the former deals with
the study of people and how they live together as families, tribes, communities, races, and
nations, and the latter deals with the study of nature and the physical world. Natural science
includes such diverse disciplines as biology, chemistry, geology, physics, and environmen-

tal science.
Environmental Science

Whereas the disciplines of biology, chemistry, and physics (and their subdisciplines of mi-
crobiology, organic chemistry, nuclear physics, etc.) are focused on a particular aspect of
natural science, environmental science in its broadest sense encompasses all the fields of nat-
ural science. The historical focus of study for environmental scientists has been, of course,
the natural environment. By this, we mean the atmosphere, the land, the water and their
inhabitants as differentiated from the built environment. Modern environmental science has
also found applications to the built environment or, perhaps more correctly, to the effusions

from the built environment.
Quantitative Environmental Science

Science or, perhaps more correctly, the scientific method, deals with data, that is, with
recorded observations. The data are, of course, a sample of the universe of possibili-
ties. They may be representative or they may be skewed. Even if they are representative,
they will contain some random wvariation that cannot be explained with current knowl-
edge. Care and impartiality in gathering and recording data, as well as independent verifica-
tion, are the cornerstones of science®.

When the collection and organization of data reveal certain regularities, it may be possi-

1



ble to formulate a generalization or hypothesis®. This is merely a statement that under cer-
tain circumstances certain phenomena can generally be observed. Many generalizations are
statistical in that they apply accurately to large assemblages but are no more than probabili-
ties when applied to smaller sets or individuals.

In a scientific approach, the hypothesis is tested, revised, and tested again until it is
proven acceptable.

If we can use certain assumptions or tie together a set of generalizations, we formulate a
theory. For example, theories that have gained acceptance over a long time are known as
laws. Some examples are the laws of motion, which describe the behavior of moving bodies,
and the gas laws, which describe the behavior of gases. The development of a theory is an
important accomplishment because it yields a tremendous consolidation of knowledge. Fur-
thermore, a theory gives us a powerful new tool in the acquisition of knowledge for it shows
us where to look for new generalizations. Thus, the accumulation of data becomes less of a
magpie collection of facts and more of a systematized hunt for needed information. It is the
existence of classification and generalization, and above all theory that makes science an or-
ganized body of knowledge.

Logic is a part of all theories. The two types of logic are qualitative and quantitative log-
ic@. Qualitative logic is descriptive. For example we can qualitatively state that when the
amount of wastewater entering a certain river is too high, the fish die. With qualitative logic
we cannot identify what “too high” means—we need quantitative logic to do that.

When the data and generalizations are quantitative, we need mathematics to provide a
theory that shows the quantitative relationships. For example, a quantitative statement
about the river might state that “when the mass of organic matter entering a certain river
equals x kilograms per day, the amount of oxygen in the stream is y.”

Perhaps more importantly, quantitative logic enables us to explore “What if?” ques-
tions about relationships. For example, “if we reduce the amount of organic matter entering
the stream, how much will the amount of oxygen in the stream increase?” Furthermore,
theories, and in particular, mathematical theories, often enable us to bridge the gap be-
tween experimentally controlled observations and observations made in the field®. For exam-
ple, if we control the amount of oxygen in a fish tank in the laboratory, we can determine
the minimum amount required for the fish to be healthy. We can then use this number to de-
termine the acceptable mass of organic matter placed in the stream.

Given that environmental science is an organized body of knowledge about environmental
relationships, then quantitative environmental science is an organized collection of mathe-

matical theories that may be used to describe and explore environmental relationships.
Engineering

Engineering is a profession that applies science and mathematics to make the properties of
matter and sources of energy useful in structures, machines, products, systems, and
processes.

2



Environmental Engineering

The Environmental Engineering Division of the American Society of Civil Engineers (ASCE)
has published the following statement of purpose that may be used to show the relationship
between environmental science and environmental engineering:

Environmental engineering is manifest by sound engineering thought and practice in the
solution of problems of environmental sanitation, notably in the provision of safe, palata-
ble, and ample public water supplies® ; the proper disposal of or recycle of wastewater and
solid wastes; the adequate drainage of urban and rural areas for proper sanitation; and the
control of water, soil, and atmospheric pollution, and the social and environmental impact
of these solutions. Furthermore it is concerned with engineering problems on the field of pub-
lic health, such as control of arthropod-borne diseases, the elimination of industrial health
hazards, and the provision of adequate sanitation in urban, rural, and recreational areas,
and the effect of technological advances on the environment.

Neither environmental science nor environmental engineering should be confused with
heating, ventilating, or air conditioning ( HVAC), nor with landscape architec-
ture. Neither should they be confused with the architectural and structural engineering func-

tions associated with built environments, such as homes, offices, and other workplaces.

Selected from “Mackenzie L Davis, Susan J Masten. Principles of Environmental Engineering and

Science, The McGraw-Hill Companies, Inc. USA 2004”
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Hk, AIREIRY SRR .

® The two types of logic are qualitative and quantitative logic. W[#%JX . WXKBEH %45 K
EHESEREEE,

@ Theories, and in particular, mathematical theories, often enable us to bridge the gap be-
tween experimentally controlled observations and observations made in the field. A[#%&} .
i, AEREFEHE, EHERMNTLRAS ED) TRIBMENS RS 238
SRS REIMEE.

® Environmental engineering is manifest by sound engineering thought and practice in the
solution of problems of environmental sanitation, notably in the provision of safe, palat-
able, and ample public water supplies; A% X RETERERAEBANE I AR E T2
., RERRER, BitEe, TOS5REMAHE KSR, AERNHIEEREASEH
WL HE BB K.

Exercises

1. Put the following words or phrases into Chinese.
Biclogy, races, disciplines, encompass, inhabitant, built environment, sound engi-
neering, statistical, probability, organic matter, ample public water supply, disposal
of wastewater

2. Put the following into English .

Al AL SR i % e ¢
i i ¥ B ey X/ kg

3. Translate the following passage into Chinese.

The environmental physical sciences have traditionally been concerned with individual
environmental compartments. Thus, geology is centred primarily on the solid earth, me-
teorology on the atmosphere, oceanography upon the salt-water basins, and hydrology
upon the behaviour of freshwaters. In general (but not exclusively) it has been the physi-
cal behaviour of these media which has been traditionally perceived as
important. Accordingly, dynamic meteorology is concerned primarily with the physical
processes responsible for atmospheric motion, and climatology with temporal and spatial
patterns in physical properties of the atmosphere (temperature, rainfall, etc. ) .Itis on-
ly more recently that chemical behaviour has been perceived as being important in many of

these areas. Thus, while atmospheric chemical processes are at least as important as



physical processes in many environmental problems such as stratospheric ozone depletion,
the lack of chemical knowledge has been extremely acute as atmospheric chemistry (be-
yond major component ratios) only became a matter of serious scientific study in
the 1950s.

4. What is the dif ference between social science and natural science based on the text? What
is the di f ference between qualitative logic and quantitative logic according to the text?

5. Give a brief summary of Natural and Environmential Science.

6. What is the dif ference between Environmental Science and Environmental Engineering

based on the text?
Reading Material: Environmental Science

It may surprise the student of today to learn that “the environment” has not always been
topical and indeed that environmental issues have becomes a matter of widespread public con-
cern only over the past 20 years or so. Nonetheless, basic environmental science has existed
as a facet of human scientific endeavour since the earliest days of scientific investigation. In
the physical sciences, disciplines such as geology, geophysics, meteorology, oceanogra-
phy, and hydrology, and in the life sciences, ecology, have a long and proud scientific tra-
dition. These fundamental environmental sciences underpin our understanding of the natural
world and its current-day counterpart perturbed by human activity, in which we all live.

The environmental physical sciences have traditionally been concerned with individual
environmental compartments. Thus, geology is centred primarily on the solid earth, mete-
orology on the atmosphere, oceanography upon the salt-water basins, and hydrology upon
the behaviour of freshwaters. In general (but not exclusively) it has been the physical be-
haviour of these media which has been traditionally perceived as important. Accordingly, dy-
namic meteorology is concerned primarily with the physical processes responsible for atmos-
pheric motion, and climatology with temporal and spatial patterns in physical properties of
the atmosphere (temperature, rainfall, etc.) . It is only more recently that chemical behav-
iour has been perceived as being important in many of these areas. Thus, while atmospheric
chemical processes are at least as important as physical processes in many environmental
problems such as stratospheric ozone depletion, the lack of chemical knowledge has been ex-
tremely acute as atmospheric chemistry (beyond major component ratios) only became a
matter of serious scientific study in the 1950s.

There are two major reasons why environmental chemistry has flourished as a discipline
only rather recently. Firstly, it was not previously perceived as important. If environmental
chemical composition is relatively invariant in time, as it was believed to be, there is little
obvious relevance to continuing research. Once, however, it is perceived that composition is
changing (e. g. CO; in the atmosphere; 137Cs in the Irish Sea) and that such changes may
have consequences for humankind, the relevance becomes obvious. The idea that using an
aerosol spray in your home might damage the stratosphere, although obvious to us today,

5



