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Introduction of Environmental Engineering and Science

A variety of metrics suggest that the scope and importance of environmental
engineering and science continue to grow. As developing nations industrialize,
pollutant concentrations and the numbers of exposed individuals increase; as new
chemicals are added to our environment we discover more complex and troubling
impacts; as we more carefully monitor ecosystems, we become more alarmed at the
threats our activities have on the very fabric of life on Earth.") Emissions of
greenhouse gases are changing our climate and acidifying our oceans, endocrine
disrupting compounds are appearing in waters throughout the world, high levels of
mercury, PCBs, and other toxics are threatening marine mammals, fish, and other
organisms.

Progress has been made on many environmental fronts, including continued
improvement in the quality of much of the surface water in the United States, more
sophisticated techniques and instrumentation for monitoring the state of our
environment, and mandated implementation of preventative technologies such as liners
in municipal landfills, double-walled underground storage tanks for liquid fuels, and
improved exhaust emission controls on automobiles. There is evidence that the
protective ozone in the stratosphere is starting to recover and the concentration of
chlorine in the stratosphere is dropping. Lead and chlorofluorocarbon emission have
been drastically reduced and, in a 2007 Supreme Court decision, carbon dioxide was
finally recognized as a pollutant that can be regulated under the Clean Air Act?, which
will have enormous implications on controlling greenhouse gas emissions. It can also
be reasonably argued that we have gotten better at allocating our environmental-
improvement dollars. Monitored natural attenuation of subsurface contamination can
potentially save millions of dollars in clean-up costs with little likelihood of increase
human or ecological risk. Redevelopment and use of modestly contaminated industrial
and commercial sites under brownfields P! initiatives have helped slow urban sprawl
and encouraged revitalization of abandoned land. Increasingly stringent
energy-efficiency standards for appliances and buildings are helping to reduce
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emissions from power plants at far lower cost than efforts to control stack emissions.

The breadth and complexity of the environmental problems we face and the
scientific, economic and social impediments to their solution emphasize how important
it is that environmental scientists and engineers gain an appreciation for the processes
and functioning of all environmental compartments — air, soil, water, and energy —
and intentionally account for the long-term consequences and sustainability of the
actions they propose, whether they be preventative or remedial . One such example is
the arsenic crisis in many developing countries. Millions of wells were dug in India,
Bangladesh, Southeast Asia, Chile, and Argentina in an attempt to reduce exposure to
pathogens found in surface water sources of drinking water. However, because the
subsurface geochemistry of these regions was not adequately evaluated beforehand, an
epidemic of arsenic poisoning now affects millions of people who are drinking water
from wells that are contaminated by naturally occurring arsenic. The story of MTBE !
provides another example of unintended consequences. MTBE was first added to
gasoline in the early 1980s to replace the octane enhancer tetraethyllead and to help
clean the air by reducing exhaust emissions. Inadvertent leakage from cars and storage
tanks, however, has led to MTBE contamination of groundwater, including drinking
water sources, in many parts of the United States. Such examples reinforce the need for
environmental éngineers, scientists, and an informed public, to broaden their range of
expertise to include the full range of environmental threats that our industrialized
society creates.

(Adapted from: Masters GM. Introduction to Environmental Engineering and
Science, 3rd ed. Upper Saddle River, NJ: Prentice Hall Inc, 2008)

New Words and Expressions

metric [metrik] o GtEuE, B2

monitor [ monita] v.

acidify [o'sidifai] v.  fFERfk, fHFERER

endocrine disrupting n. R i a7 7]

sophisticated [so'fistikeitid] adi. BFRE, RIGK, BEK, HEH
tank [teenk] no (BB, SERKES .,
fluorocarbon [flu(:)ora’ka:ban] »n  HELESY

attenuation [9,tenju'eifon] n. TE, W, FR

sprawl [spro:l] v TR, ¥k, @
impediment [im'pedimont] n. Wit [HRE, BERBY), By
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sustainability n.  AIREERRE, wIERaM:
remedial [ri'mi:djol] adi. B, LIER, *EH, BITH
arsenic [‘a:sonik] n. B, MAE
geochemistry [ d3i(:)ou'kemistri] »  HiER{L2E
epidemic [.epi'demik] n. B, BERIT, WITR
octane ['oktein] n ¥
inadvertent [.inad'va:tont] adi. NEERN, RAN, TR
contaminate [kon'tzemineit] v. V5§
enormous [i'n2:mas] adi. BXMH .
scope [skoaup] n (EINEE, Nz, /i
pathogens ['peebadzons] n. 5 R AR ()
landfill [ ‘laendfil ] no hiSRHEEEL, Bk
leakage [ 'li:kid3 ] n R, MR BE
liner [ lains ] no BEHL, EZE, R
Notes
[1] As developing nations industrialize, pollutant concentrations and the numbers of

[2]

[3]

exposed individuals increase; as new chemicals are added to our environment we
discover more complex and troubling impacts; as we more carefully monitor
ecosystems, we become more alarmed at the threats our activities have on the very
fabric of life on Earth.
HARBEHEREETWALR, BRYEEBRE) URBREEX LSBT
ZTHEABEREEBEIMN; AH NS RN A FIRATH EFE b, ]
IR T BRARZ BRG0S0 O A7 40 A5 4
BTRAN, RATEREX BRNECHEIEZIE IR R A E IS0 RN
BRI R R
Clean Air Act
FRIEEE
brownfields

“Prfe”, BDTMPERFEHL. “BRHh” —iATF 20 4D 90 SRV FFLE LR
BB E T AED, FRERLEE—EREGE. C2RAREE
QM BA RS R A ot EE@ Y. £ B BRIMEREPA)STHE A
— AR E X IR RIBEF . RENREE BRI RF AP T
AR B, XA R A AR A R R R
RIBRAE A MR 35895 e L A P R R N B 2.
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[4] The breadth and complexity of the environmental problems we face and the

scientific, economic and social impediments to their solution emphasize how
important it is that environmental scientists and engineers gain an appreciation for
the processes and functioning of all environmental compartments — air, soil,
water, and energy — and intentionally account for the long-term consequences
and sustainability of the actions they propose, whether they be preventative or
remedial.
FATT T VET N AR5 I R RO R B AR 1 DL R R XA 1) B R R . 4
DR AR BERS, HERR TR AN EEN: AR S TRITM3E
B IHFTEFRBERRENZER. A K. BEEORENIE RN, &
B HE BT RUIT RO RIS R AT R R B, R T BRI ) | L
TRB FIES B o

[5] MTBE
methyl-tert-butyl ether: FH BT 2Bk (FIfIRmFm#) .

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 engineering?
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. Which is the biggest problem of drinking water in the place you live?

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 objectives.
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 human civilization. This is the body of
research that provides much of our understanding of biology and earth systems science.
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Thoughtful research with similar motivations also informs us of how humans relate to
nature and how our beliefs, attitudes, and values affect that relationship. Between these
two extremes, there is a beautiful continuum of research in the sciences, social sciences,
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, either to
understand these changes or to seek solutions. For the past 30 years or so, this type of
research has come to dominate the agenda of government agencies 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 presumption 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 relationship 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 become 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 ecosystem. Seldom do we really have supreme confidence in these
models. Verifying 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, especially to those who are not scientists. The current
debate over global warming is a good example, but there are many others. Often, this
uncertainty throws the decision-making process into the political arena or the courts,
and in this environment, the role of science is compromised. 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 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 sort of
compromise. We just regulate the level of the agent or minimize the action that is
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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 society 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 design principles and are
attempting to lead us in applying them. The idea is pretty simple. Rebuild every sector
of human society using energy and materials resources that will have as little impact as
possible. Don’t use toxic or earth system-disrupting substances that will seep into the
environment; don’t discharge such substances into our waters, air, or soil. Don’t disturb
the habitat of keystone 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.  JRE

n. R’E, BEYW, &%
pursuit [pa'sjuit] n. B, B, AFE
disciplinary ['disiplinori] adi.  ZRE, SR
extreme [iks'triim] n. R, AR
continuum [kon'tinjuem] n. BEEE 1k, EENR
dominate ['domineit] V. FE, IR
agenda [9'dzendo] n. WHHRE, BEEX, BEEF
evaluate [i'vaeljueit] vt. T, VR,
impact [impeekt] n. =, %R
mitigate ['mitigeit] v. WE, 2F0
tie [tai] vt AR, WA

smog [smog] n. HE



Unit 1 *7 -

airshed [ea [ed] n. HLEE, R4
microcosm [maikrokoz(2)m] n. NFEE, RO R
ecosystem [i:ka'sistam] n. HERRS
supreme [sju:'priim] adi. EE, KK
bound [baund] n. ValE, FRAE

V. BEK, PRI
arena [9'ri:na] n. wHE, 84
sue [sju:, su:) v. B, REIEK
eliminate [i'limineit] vt Hig, R
DDT n. TRIEZE K, W
tetraethyllead [\tetra'efslli:d] n. PO 7,48
agent ['eidzont] n. REAN, A, EHH
prevailing [pri'veilin] adi. SR, FER, RITH
implicit [im'plisit] n. BRE, BEK
resignation [rezig'neifon] n. B, FEM
constraint [kon'streint] n. W, 29 (41
disrupt [dis'rapt] vt TR, BRIR, fE---3REL
seep [si:p] V. g, Bl
tweak [twizk] v.
paradigm ['pzeradaim] n. St 451
habitat ['haebitaet] n. (BHEPK)TH. FEH, EE
Reading Material B

Environmental Engineering: Training for the Next Round

It seems to me that environmental engineering as a discipline has reached
something equivalent to its mid-20s. It is past those awkward but somewhat euphoric
and booming teenage years. It is past the age of majority and prepatterned education. It
has had a few harsh doses of reality that have taken some of the gloss off its
“everything is possible” early outlook—something akin to a few rejection letters from
the first job or grad school applications, and the realization that some of the people to
whom you are pitching your great ideas have already been “there and done that.”
Essentially it is at a point where it must take charge of (and responsibility for) its
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subsequent livelihood, having grown out from underneath the assured protection and
patronage of its parent, Civil Engineering. On a more personal level, the leaders who
changed the discipline from sanitary engineering to environmental engineering are
retiring from the forefront and the next generation is taking over. In short,
Environmental Engineering is at an age where it can reflect on its upbringing and
critically evaluate the path it will need to take to meet its future obligations and
challenges.

The transition from Sanitary Engineering to Environmental Engineering was
largely a transition from specialization in the design of water and wastewater treatment
to specialization in the cleanup and control of environmental insults. This is not to say
that many environmental engineers do not still work predominantly on
water/wastewater processes, but that an equal or greater number work on
environmental cleanup or control of environmental discharges. Further, the present-day
water/wastewater engineers are often preoccupied with removal of aqueous
contaminants that are the result of historical or continuing poor chemical management
practices, rather than the conventional contaminants of sanitary engineering concern,
such as BOD, turbidity, and pathogens. Perhaps this transition is most clearly seen in
the variety of pollutants and problems with which an environmental engineer now must
be knowledgeable. Beyond the problem of removing the conventional, aqueous
pollutants, the graduating environmental engineer will deal with a broad range of issues,
including toxic air pollutants, greenhouse gases, pharmaceutically active compounds in
water, noise pollution, energy conservation, solid and liquid radioactive wastes, toxic
compounds in porous media, recalcitrant synthetics, and complex mixtures of landfill
leachates — just to name a few of the current areas of concern. This leads to my first
suggestion that the training that well prepared the sanitary engineer may not be the
training that will well prepare the environmental engineer. At a minimum the
environmental engineer must have a working knowledge of a diversity of media,
chemistry, and toxicology far beyond that of the sanitary engineer.

From another viewpoint, the next generation of environmental engineer may align
themselves more with the traditional sanitary engineer’s perspective than with that of
the environmental engineers of the last 20 years. Traditional sanitary engineers were as
proactive as they were reactive. An excellent example is the forward thinking (aka
preventative engineering) taken by Abel Wohlman in the 1920s and 30s when he
masterminded a system of protected water supply reservoirs and conduits that still
provide the City of Baltimore with a reliable and safe source of drinking water.
However, with the advent of the environmental movement of the late 1960s and 70s
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(and the consequent birth of what I am calling environmental engineering), the
perspective became predominantly reactive. It was the charge of the environmental
engineer of that time to remediate the residues and consequences of toxic and
environmentally destructive discharges — both past and present. For instance, consider
the large number of environmental engineers graduated in the last 20 years whose
careers have revolved around either the cleanup of contaminated subsurface sites or of
combustion gases. It seems to me that the successes from this preoccupation with
remediation combined with a realization of its limitations has brought environmental
engineering to the point where it must once again balance reactive efforts with an equal
dose of proactive efforts. If successful, these proactive efforts will even further
decrease the need for reactive responses. This shift is seen in the call for “green
engineering.” It implies a broadening of thinking to produce an essentially life-cycle
assessment of pollutants analogous to what we attempt with natural resources.
Therefore, my second suggestion is that the training of the next generation of
environmental engineers must focus equally on the tools to prevent as well as clean up
pollution. They must understand the workings of the processes (industrial, municipal,
and domestic) that produce the pollutants and their precursors as much as those that
control remediation of the pollutants once released.

What then should the training of new environmental engineers include? Nearly all
undergraduate engineering programs, regardless of discipline, are initiated with a block
of courses including mathematics through (at least) ordinary differential equations, one
year each of general chemistry and physics, and courses in a computer programming
language, statics, dynamics, and some form of continuum (deformable-body)
mechanics. The coursework of the various engineering disciplines diverges off of this
common base. Traditionally, the environmental engineering undergraduate has
followed the civil engineering path. However, in recent years two alternative routes
have emerged. One is a dedicated undergraduate track in which the student graduates
with a degree in environmental engineering (rather than, say, a civil engineering degree
with an environmental emphasis). Another variation is inclusion of environmental
engineering within a chemical engineering department. This path yields a chemical
engineering undergraduate degree with an environmental emphasis. The civil
engineering and chemical engineering routes support the concept that the entry-level
degree for Environmental Engineering is the Masters degree, whereas the
Environmental Engineering BSc degree breaks that traditional model. Discussion as to
whether or not environmental engineering should be its own undergraduate discipline
is beyond the scope of my present thesis. To me that question is more a matter of
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academic economics than the presence or lack of inherent capabilities within the civil
or chemical engineering disciplines. That is to say, is the manpower demand from the
environmental engineering market sufficient to warrant dedicating educational
resources to another, separate degree program? However, I do want to consider what
training best prepares an environmental engineer in the two areas I have suggested
above as now being integral to our field: a working knowledge of a broad diversity of
media and chemistry and a balanced capability between proactive and reactive
responses.

Chemistry training beyond the freshman, introductory level is critical to the
environmental engineer. It is not only necessary to understand the nature and behavior
of the pollutants with which we deal, but equally to grasp the kinetics and limiting
conditions of chemical transformations in the environment. It is as important to
understand the chemical dynamics of the environmental system as those of the
pollutant discharged into it. Likewise, it is as important to understand the limitations
and options of the industrial process as those of the pollutant that is generated by it. I
would suggest, at a minimum, exposure to courses in basic organic chemistry, chemical
kinetics, and chemical thermodynamics as prerequisitess to an environmental
engineering degree. I would add to this a need for basic courses in mass transport,
reactor engineering, and perhaps (looking ahead) biochemistry. In addition,
preventative environmental engineering implies an understanding of the processes by
which a pollutant is produced and how those processes may be economically modified
or replaced to curtail the target’s production. Typically the fundamentals of this latter
understanding are taught in chemical process design and economics courses. Add these
requirements to the curriculum common to all engineering and the necessary training
looks much like the course requirements for a chemical engineering undergraduate
major. However, that is not the whole picture; an environmental engineer must also
have a firm foundation in the physical processes that dictate the nature of the
interwoven systems that constitute the natural and man-made environment. For
instance, an understanding of physical geology, hydrology, fluid mechanics, the
properties of materials, and perhaps meteorology are needed. These subjects look very
much like the basic stuff found in a civil engineer’s core curriculum. Finally, practicing
engineers will spend much of their time in verbal and written communication, so
training in public speaking and technical writing is a necessity.

Altogether, I would argue that neither chemical nor civil engineering
undergraduate curriculums provide all of the foundation courses needed by
environmental engineers. A civil engineering undergraduate will find him or herself



