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Summary

Environmental pollution is a combined result of natural and man-made (anthropogenic)
contributions. This Theme deals with the technologies and equipment available for
control of anthropogenic pollution. There are different options for reducing the impact
of pollutants but the most cost-effective is to trap pollutants at source. The major
sources of man-made pollution are related to engineering activities, such as excavation
and processing of raw materials, power generation, transportation, etc. The
interdisciplinary engineering efforts for environmental pollution management at source
are often defined as environmental engineering. Environmental engineering employs
specific methodology of the traditional sciences and their engineering applications
(physics and mechanical engineering, chemistry and chemical engineering,
mathematical statistics, etc.) in order to describe and solve specific environmental
problems.

The first three Topics address the variety of techniques available for minimizing

pollution in gaseous emissions. Technology in this area has been developing rapidly.
Gaseous emission control systems can generally be divided into those designed to
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remove particulates and those designed to remove pollutants, which are emitted as
gases. Particulate removal techniques include cyclonic collectors and wet scrubbers,
bag house fabric filters, electrostatic precipitators, etc. Gaseous pollutants are separated
from the inert air stream through processes, such as condensation, absorption,
adsorption, etc. Applied Combustion Science is yielding significant results both in the
management of combustion emissions, and as a method for liquidation of pollutants, so
the third Topic is devoted to this subject. The first three Topics cover also a necessary
amount of chemical engineering fundamentals, needed for better understanding of the
principles on which the different control technologies are built.

The Topic on industrial processes reviews the latest pollution monitoring, control and
management technologies employed by the major industries — the petroleum industry,
power generation, the chemical industries, metallurgy, etc. which are perceived as
landmarks of civilization, but are also major contributors to anthropogenic pollution.
This topic is an illustration of the specific application of the technologies for control of
gaseous emissions discussed in the previous topics, but covers also options for control
of the pollution of water and soil, and the pollution control solutions available as part of
the different production technologies. Emission control standards and their application
within the industry are dealt with in the subsequent Theme.

The final Topic covers pollution control technology within the transportation sector and
particularly - techniques for reducing or eliminating vehicle emissions. In contrast to the
stationary sources of pollution, which are the object of the previous topic, the sources in
transportation are mobile, so their monitoring, control and management require
approaches, some of which are different from those for the stationary industrial sources.

1. Introduction

The study of environmental pollution might be divided into three obviously overlapping
but somewhat distinct areas:

a) The identification, monitoring and control of the generation of pollutants at their
source. This first area includes everything that occurs before the pollutant is
released "up the stack” or "out of the pipe".

b) The transport, dispersion, chemical transformation in and removal of species
from the environment. This area includes all physical and chemical processes
between the point of emission and the ultimate removal from the atmosphere.

c) The effect of pollutants on human beings, animals, materials, vegetation, crops,
forest and aquatic ecosystems, etc.

The most effective way to control environmental pollution is to diminish or prevent the
release of pollutants at source, which is covered by the first of the above postulated
areas. This area is the main object of study of an interdisciplinary effort of scientists
often defined as environmental engineering. Environmental engineering employs
specific methodology of the traditional sciences and their engineering applications
(physics and mechanical engineering, chemistry and chemical engineering,
mathematical statistics, etc.) in order to describe and solve specific environmental
problems.
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The environmental pollution is a combined result of natural and man-made
contributions. The natural pollutants result from the cyclic biochemical processes in the
biosphere - the bacterial transformations of matter, volcanic and geothermal activity,
photosynthesis and the life of animals, etc. The anthropogenic contribution is mainly the
result of man's activity for production and use of energy, exploration for and production
of raw materials, the industrial transformation of raw materials into useful products and
SO on.

Air pollution provides a good illustration of the general principles of environmental
engineering. Its early history is well documented (see, Control of Particulate Matter in
Gaseous Emissions). To clean up London's air, polluted by that time mainly by stench
and smell of biomass and coal combustion, King Edward | in 1273 even outlawed coal
burning exclaiming "...whosoever shall be found guilty of burning coal shall suffer the
loss of his head." This is obviously a striking example of an ancient “environmental
law”. However, it probably reflects the despair of a ruler not having at his disposal
adequate means for controlling pollution. The results of this early fight for a better
environment do not seem to have been very different from what we obtain today,
because in an “environmental report” entitled "Fumifugium or the inconvenience of the
Air and Smoke of London dissipated”, written for Charles 11, King of England, in 1661
by John Evelyn, one might read: "This coale ... flies abroad ... and in the Springtime
besoots all the Leaves, so as there is nothing free from its universal contamination ...
and kills our Bees and Flowers abroad, suffering nothing in our Gardens to bud, display
themselves or ripen.”

Air pollution is usually treated in terms of the monitoring, control and management of
the so-called major (criteria) pollutants — CO and CO,, SO, and SO3, NOy, particulates
and volatile organic substances. These pollutants are released in most natural and
anthropogenic processes and are the principal criteria both for air pollution control and
for air quality standards. Other pollutants, such as halogenated hydrocarbons, metal
aerosols, other toxic and hazard substances, etc. emitted from specific human activities,
often termed “specific pollutants”, are the object of pollution control and air quality
standards when they are a problem for a particular activity and location.

Air pollutants are typically released as components of an emission, which contains a
much greater amount of inert material (air). Within the emission the polluting
substances may enter secondary chemical reactions, as the result of which some of the
original concentrations may be changed, and new (secondary) pollutants might be
created. Because of that, the practical overall environmental impact of the pollutants in
a specific emission cannot be estimated only by their individual concentrations and their
effect on the environment as individual substances. Chemical reactivity cannot also
serve alone as a separate measure for comparison and overall estimation. Possibilities
for synergism and antagonism in the adverse effect of an emission may be due also to
non-chemical factors. For instance, particulates often serve as carriers of adsorbed
pollutants deeper in the human lungs; the fate of a pollutant released from a mobile
source (e. g, an aircraft) and from a stationary source might be different and so on.
Moreover, pollutants which today have only minor significance, e.g. traces of a
substance, released from a vehicle after-burn converter, might become of primary
concern when such converters are mounted on all vehicles around the world (see
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Catalytic Converters and Other Emission Control Devices).

The above point of view may be spread over, though with some specifics, to the
pollution of water and soil as well. In any case, the evolution of any particular pollutant
should be closely monitored, so that solutions of unexpected problems might be
developed without delay, if needed. Furthermore, any solution to a particular
environmental problem for a particular source should be estimated on the basis of its
“life cycle analysis” and its impact on other sources. A typical example, discussed in
detail in the end of this Theme is the “zero emissions vehicle (ZEV)” concept. An
electric vehicle may practically not have polluting emissions. However, its application
may involve increasing the emissions of other sources, i.e. in the generation of
electricity (see Zero Emission Vehicles).

The first three Topics, of the Theme discuss in detail the variety of techniques available
for minimizing pollution in gaseous emissions. They provide also a necessary amount of
chemical engineering fundamentals, needed for better understanding of the principles
on which the different control technologies are built. The Topic on industrial processes
reviews the latest pollution monitoring, control and management technologies employed
by the major industries which are perceived as landmarks of civilization, but are also
major contributors to anthropogenic pollution. This topic is an illustration of the
specific application of the technologies for control of gaseous emissions discussed in
the previous topics, but covers also options for control of the pollution of water and soil,
and the pollution control solutions available as part of the different production
technologies. The final Topic covers pollution control technology within the
transportation sector and particularly - techniques for reducing or eliminating vehicle
emissions. In contrast to the stationary sources of pollution, which are the object of the
previous Topic, the sources in transportation are mobile, so their monitoring, control
and management require approaches, some of which are different from those for the
stationary industrial sources.
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