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Unit 1

Introduction of Environmental Engineering and Science

The scope of environmental engineering and science continues to expand
both in terms of the number cities and countries of the world where water and
air quality problems are in urgent need of attention, and in terms of the pollu-
tants themselves, which now so often seen to have international and global im-
pacts.

Due to diligent efforts of environmental engineers and scientists, great
progress has been made in our understanding of the fate and transport of sub-
stances that contaminate our air, surface water, soil, and subsurface water sys-
tems. That progress has led to better technologies for controlling emissions and
for cleaning up contaminated sites. With increased understanding and better
technologies, it has been possible to craft more sophisticated legislation to ad-
dress these problems. And, with a better sense of the enormous costs of clean-
ing up problems after they are created, we are beginning to focus on pollution
prevention. In some parts of the developed world, the result has been air that is
getting cleaner, greater areas of surface waters that allow beneficial uses such
as fishing and swimming, some improvement in subsurface water quality, and,
very important, continued access to safe drinking water. Unfortunately, the
numbers of people globally who do not enjoy these environmental benefits con-
tinues to grow, some traditional environmental problems still seem intractable,
the global implications of greenhouse gases and ozone-depleting substances seem
even more threatening, and, in spite of the importance of the work to be done,
our public will to face these challenges seems no longer assured.

It is hoped that some of the science, technology, and policy instruments
that have enabled parts of the United States to approach clean air and water
goals can be applied to the enormous pollution problems that are coming to light
as the former Soviet Union and other eastern bloc countries transform their

economies. Similarly, the continued rapid population growth and urbanization
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occurring in the developing countries of the world is causing unparalleled envi-
ronmental health risks as people flock to cities that lack basic sanitation services
and other infrastructure to control air and water contamination. Environmentai
engineers will play an increasingly important role as these countries attempt to
improve their lot.

Since last decade, there have been a number of significant studies and ac-
tions that are changing the way we think about and deal with our environmental
challenges. The Clean Air Act Amendments ') of 1990, for example, are shift-
ing the approach taken to emission controls from the traditional “command and
control”?) methods, in which government dictates the use of technology, to a
more market-based approach that allows major sources to buy and sell emission
allowances. In the area of groundwater cleanup, which has received much of
the research funding and offered a significant fraction of the professional envi-
ronmental engineering work in the last decade, a 1994 National Research Coun-
cil® report concluded that the most commonly used remediation technologies
have little hope of ever restoring many of our contaminated aquifers to drinking
water quality. Our perceptions of “how clean is clean?” are changing. The
Comprehensive Environmental Response, Compensation, and Liabilities Act *!
that created Superfund, which deals with such sites, has been only moderately
successful and has been severely criticized as providing too little risk reduction
for too many dollars. Partly in response, the concept of “brownfields” *, with
more flexible cleanup goals and much more limited liability to owners who rede-
velop abandoned urban industrial sites, is emerging as a way to stimulate local
economies while speeding cleanup of modestly polluted sites.

In the area of global atmospheric contamination, the impact of the Mont-
real Protocol on Substances that Deplete the Ozone Layer ™ is beginning to be
felt as the ban on production and use of ozone-depleting substances takes
effect. The atmospheric concentrations of the most important chlorofluorocar-
bons are no longer increasing, and models suggest that the ozone layer will be-
gin to repair itself in the early twenty-first century. The apparent success of the
Montreal Protocol is serving as a model for negotiations on the other global at-
mospheric problem, global warming. The 1996 assessments by the Intergovern-
mental Panel on Climate Change (IPCC) ' have concluded that the current
global warming trend is not entirely natural in origin. Our understanding of the

implications of continued warming, how fast it will occur, and how extensive it
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will be is fraught with uncertainties. How we make decisions about adaptation

or mitigation for such a potentially critical environmental problem, given those

uncertainties, is sure to be a contentious issue in the coming years.

(Adapted from Masters GM. Introduction of Environmental Engineering
and Science, 2nd Edition. Prentice Hall, Inc., 1998)

New Words and Expressions

scope [skaup] n.

diligent [ 'dilidzent ] adj .
contaminate [ kon'teeminert | v.
craft [ kra:ft] vt.

sophisticated [ so'fistikertid ] adj.
enormous [ 1'noxmas] adj.
intractable [in'treektobl ] adj.
deplete [di'plit] vt.

bloc [blok] n.

unparalleled [ an'peersleid] adj.
sanitation [ seeni'terfon] n.
infrastructure [ 'infro'straktfa] n.
amendment [ 2'mendment ] n.
remediation [ rnmidi'erfon] n.
aquifer ['eekwifa] n.

moderate [ 'modorti] adj.

ban [ban] n.

chlorofluorocarbons [ 'klairsuifluara'katbens ] n

negotiation [nugsufi'eifon] n.

mitigation [ ymiti'geifon] n.

Notes

[1] The Clean Air Act Amendments: FHiEZ X,

(2] “command and control”: “&4|F B,
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3] National Research Council: ZEEZEMFITE RS (NRO),

(4] The Comprehensive Environmental Response, Compensation, and Liabil-
ities Act: ZREFIIERN KMEMFTAEE (CERCLA) , Bl Superfund # .,
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[6] Montreal Protocol on Substances that Deplete the Ozone Layer: 3¢ F i
REEYFEHEFFRES.

[7] Intergovernmental Panel on Climate Change (IPCC). BUff(E] A% ]
EZR&.

Questions and Discussions

1. What is the scope of environmental science and engineering?

2. Which progress has been made in the field of environmental science and en-
gineering? And how do we benefit from the progress?

3. How do we change the way we think about and deal with our environmental
challenges?

4. What is the main idea of Montreal Protocol on Substances that Deplete the
Ozone Layer?

5. As an environmental science/engineering undergraduate student, what is
your opinion on your major?

Reading Material A

What is Environmental Research?

Environmental research is a complex blend of pursuits that have several ob-
jectives. To some, the highest form of environmental research is that which
seeks only to extend knowledge and is driven by a combination of curiosity and
disciplinary traditions. It seeks to describe the structure and function of the
natural world, as well as the relationship between this world and humans or hu-
man civilization. This is the body of research that provides much of our under-
standing of biology and earth systems science. Thoughtful research with similar
motivations also informs us of how humans relate to nature and how our be-

liefs, attitudes, and values affect that relationship. Between these two ex-
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tremes, there is a beautiful continuum of research in the sciences, social sci-
ences, and humanities that relates to the “environment”, broadly defined.
Another form of environmental research focuses on the changes that are taking
place in the natural and human environments as a result of human activity, ei-
ther to understand these changes or to seek solutions. For the past 30 years or
s0, this type of research has come to dominate the agenda of government agen-
cies that support environmental research. Encouraged by funds appropriated by
governments that are motivated by public interest, researchers have turned
their research to evaluate damage or potential damage to the “environment” —
to humans, other species, or systems that need to be protected. The presump-
tion is that we can measure this damage, which we have come to call impact,
and determine its cause. Sometimes this is so, and the cause-and-effect relation-
ship is clear. Increasingly, however, it is becoming extremely difficult to make
this judgment accurately because the system is so complex, and we do not have
a full understanding of the “system” before the impact.

If the impact is serious enough, that is, the risk is high by some standard,
then we make an attempt to mitigate the impact. We have actually becom.e
pretty good at this in some cases, but in other cases, our hands are tied because
the systems we are forced to deal with are so complicated. As a result, we are
often forced to use models of the syStems that we are studying. Mice instead of
real humans, single fish in a laboratory rather than fish in the wild, smog
chamber rather than an urban airshed, or a microcosm rather than a real eco-
system. Seldom do we really have supreme confidence in these models. Verify-
ing them is just too expensive, so we often resort to uncertainty or bounding
analysis. This means that the information that we give to the general public
does not appear to be clear, cut, cspccially to those who are not scientists. The
current debate over global warming is a good example, but there are many oth-
ers. Often, this uncertainty throws the decision-making process into the politi-
cal arena or the courts, and in this environment, the role of science is compro-
mised. Scientists get pulled into the political debate over the interpretation of
the data, raising issues of bias and conflict of interest. It is often said that that
science cannot provide the answers, only inform. Unfortunately, to some, that
means, “we don’t really believe that science has the answers at all.”

Occasionally, we pass a rule to eliminate the cause of the impact, such as

taking DDT or tetraethyllead off the market, but more often, we strike some
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sort of compromise. We just regulate the level of the agent or minimize the ac-
tion that is causing the problem. The prevailing paradigm has become, how can
we minimize risk? Implicit in this is our resignation to the fact that the problem
will probably not go away, so we will have to accept and deal with it. In other
words, we agree to work within the constraints of our society as it has evolved
over the past few centuries, especially since the industrial revolution — a socie-
ty that was not designed with environmental protection in mind. We do our
best.

There is a growing belief that this problem — this poorly designed
society — will be replaced by one that is designed with new principles in mind.
William McDonnough, Amory Lovins, and others have described these new de-
sign principles and are attempting to lead us in applying them. The idea is pret-
ty simple. Rebuild every sector of human society using energy and materials re-
sources that will have as little impact as possible. Don’t use toxic or earth sys-
tem-disrupting substances that will seep into the environment; don’t discharge
such substances into our waters, air, or soft. Don’t disturb the habitat of key-
stonc species. Design all products so that they will be recycled. Don’t rely on
energy sources or materials that are not using the energy of the sun in real time.
Don’t just tweak our current system by making it less polluting, redesign it.

If this is the new paradigm of environmental protection, as many claim,
what is the role of research in this process? More to come.

(Adapted from Glaze WH, Environmental Science & Technology, 2001, 35
(11). 225A)

New Words and Expressions

blend [ blend] vt. BE

n. Ba. BREY. 82
pursuit [ pa'sjut] n. BAEBHE, NE
disciplinary [ 'distplineri ] adj. E:
extreme [1ks'triim] n. s IR SR )
continuum [ ken'tinjvem] 7. : ESEG K, &8N R
dominate [ 'dominert | v. T, GILE
agenda [o'dzenda] n. WHEHE ICHEA,HEF
evaluate [1'veeljuert] vt. it V4, HHE

impact ['impeekt | n. B, %R
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mitigate [ 'mrtigert] v. B, B
tie [tar] vr. YR, R
smog [smng] n. HE
airshed [eofed] n. PLEE , R T4l
microcosm [ 'maikreknz(e)m] n. INFE L O R
ecosystem [ika'sistom] 7. HEERG
supreme [sju:'priim] adj. 53100 PN
bound [baund] n. Vo, BRE

v. BKEK , R i
arena [a'rina] n. X2 0 3
sue [sjuz, su:] n. 8, R HIEK
eliminate [1'limmert] vr. HERR , THBR

DDT n.
tetraethyllead [ tetra'eollixd] n.
agent ['erdzent] n.

THRCE=RL R
4 Z 34
I W5 R

prevailing [apri'vellip] adj. HIEEM, FEN, RITH
implicit [1m'plistt] n. BRI, BREN
resignation [ rezig'neifsn] n. €N

constraint [ kan'stremt] n. s, 2R [5A]
disrupt [dis'rapt] vt. T, IR, fgieeeee- BHEL
seep [si:p] v. B B8R

tweak [twik] v. o

paradigm [ 'peeradaim] n. yap

Reading Material B

The Past, Present and Future of
Environmental Engineering Research

Environmental engineering is a branch of engineering concerned with pro-
tecting the environment from the potentially deleterious effects of human activ-
ity, protecting human populations from the effects of adverse environmental
factors, and restoring environmental quality for ecological and human well-be-

ing. Traditionally, the environmental engineer has analyzed environmental sys-
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tems and designed plans, criteria and technologies for the use of air, water,
and land.

Currently, environmental engineering research is focused on the funda-
mental and dynamic factors influencing the detection, transformation, fate and
transport of contaminants in both natural and engineered environments. Envi-
ronmental engineers are involved in a myriad of activities such as quantifying
trace levels of chemicals in complex matrices, characterizing microbial commu-
nities, identifying key microbial populations and elucidating their functions,
developing a broad suite of biological, chemical and physical treatment technol-
ogies to meet stringent regulations, and modeling biogeochemical phenomena at
various scales and in multiple phases. In addition, environmental engineers,
with their understanding of contaminant behavior in the environment, play a
key and leading role in the characterization of risk and thus, in the design of
cffective strategies and regulations to manage residuals.

In looking to the future, environmental engineers will continue to search
for creative and economical ways to limit the release of contaminants into the
environment, to develop highly sensitive techniques to track pollutants once re-
leased, and to find effective methods to remediate spoiled resources. Environ-
mental engineers will also continue to be the vital link between scientific discov-
ery, technological development and the societal need for protecting human
health and ecological integrity. The emphasis of their work, however, will
shift from managing wastes after they are generated to minimizing the release
of residuals by altering production processes and capturing the resource value of
wastes through recovery, recycling and reuse. Environmental engineers will be
critical members of manufacturing teams where the design and production of
goods are developed in full consideration of their environmental impacts during
production, use and at the end of their useful life.

At the heart of environmental engineering research, past, present, and fu-
ture, is the study of biocomplexity. Since exclusive reliance on technology will
not provide the extensive range of protective solutions needed, environmental
engineering research will find strategies that reintegrate and synchronize human
activities with natural cycles and processes. Environmental engineers have the
unique set of multidisciplinary skills to find ways that allow for coordinated in-
dustrial and economic development, urban redevelopment, and ecological pres-
ervation and restoration. Since this set of skills rests on the detailed study of



