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PREFACE

The latter part of the 20th century saw the realization arise that all chemicals
can act as environmental pollutants, and in addition, there came the realiza-
tion that emissions of inorganic chemicals such as carbon dioxide (CO5),
methane (CH,), and nitrous oxide (N,O) to the atmosphere and a host
of other inorganic chemicals to water systems and to land systems had either
a direct or indirect impacts on the various floral and faunal systems. As a
result, unprecedented efforts have been made to reduce all global emissions
and chemicals disposal in order to maintain a green perspective. Furthermore,
operations have been designed to reduce the direct emissions of inorganic
chemical products (such as carbon dioxide, sulfur oxides, and nitrogen
oxides) into the air (the atmosphere), inorganic chemicals into water systems
(the aquasphere), and inorganic chemicals on to the soil (the terrestrial biosphere).
This has been accompanied by efforts to recycle and to reuse as much of
these chemicals and chemical waste as possible.

The primary purpose of this book is to focus on the various issues related
to the production and use of inorganic chemical issues that are the focus of
any environmental chemistry program. In the context of inorganic chemis-
try, the book also presents an understanding of information on environmen-
tally important physiochemical properties of inorganic chemicals for use by
engineers and managers as well as any nonchemists. This book is a compan-
ion text to a book (Environmental Organic Chemistry for Engineers, James
G. Speight, Elsevier, 2017) previously prepared for environmentally impor-
tant effects and properties of organic chemicals. Like the “organics” book,
this “inorganics” book describes available information that relates to the pro-
perties of inorganic chemicals and the effects of these chemicals on the
environment. This information supports the primary objective of the book,
which is to assist environmental engineers and managers (many of whom
may not have a detailed knowledge or understanding of inorganic envi-
ronmental chemistry) in overcoming the common problem of property data
gaps and developing timely responses to environmental problems. This
“inorganics” book presents not only generic discussion of these properties
but also a summary of environmentally important data for the most common
elements and pollutants.

The topics covered in this book are the basis topics that serve to intro-
duce the reader to not only inorganic chemistry but also the effect of
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inorganic chemicals on various ecosystems. Basic rules of nomenclature are
presented. Understanding the mechanism of how a reaction takes place is
particularly crucial in this and of necessity; the book brings a logic and sim-
plicity to the reactions of the different functional groups. This in turn trans-
forms a list of apparently unrelated facts into a sensible theme. Thus, this
chapter will serve as an introduction to the physicochemical properties of
inorganic chemicals and their effect on the floral and faunal environments.

The book will serve as an information source the engineers in presenting
details of the various aspects of inorganic chemicals as they pertain to pol-
lution of the environment. To accomplish this goal, the initial section
(Chapters 1-4) presents an introduction to and a description of the nomen-
clature of inorganic compounds and the properties of these materials. The
remaining part of the book (Chapters 5-9) presents information relevant
to the sources of inorganic contaminants, the behavior of inorganic
chemicals, the fate and consequences of chemicals in the environment,
and cleanup of the environment.

From the book, the reader will gain an understanding of the fundamental
inorganic chemistry and chemical processes that are central to a range of
important environmental problems and to utilize this knowledge in making
critical evaluations of these problems. Specific knowledge will be in the area
of (i) an understanding of the chemistry of the stratospheric ozone layer and
of the important ozone depletion processes; (ii) an understanding of the
chemistry of important tropospheric processes, including photochemical
smog and acid precipitation; (iii) understanding of the basic physics of the
greenhouse effect and of the sources and sinks of the family of greenhouse
gases; (iv) an understanding of the nature, reactivity, and environmental
fates of toxic inorganic chemicals; and (v) an understanding of societal
implications of some environmental problems. An appendix contains a
selection of tables that contain data relating to the properties and character-
ization of the elements and inorganic compounds, and a comprehensive
glossary will help the reader to understand the common terms that are
employed in this field of science and engineering.

Dr. James G. Speight
Laramie, Wyoming
Jan. 2017
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> > CHAPTER ONE

Inorganic Chemicals in the
Environment

S) 1.1 INTRODUCTION

Environmental chemistry focuses on environmental concerns about
materials, energy, and production cycles and demonstrates how fundamental
chemical principles and methodologies can protect the floral (plant) and fau-
nal (animal, including human) species within the environment (Anastas and
Kirchhoft, 2002). More specifically, the principles of chemistry can be used
to develop how global sustainability can be supported and maintained. For
this, future environmental chemists and environmental engineers must
acquire the scientific and technical knowledge to design products and chem-
ical processes. They must also acquire an increased awareness of the environ-
mental impact of chemicals on the environment and develop an enhanced
awareness of the importance of sustainable strategies in chemical research
and the chemical industry, specifically in the context of this book the inor-
ganic chemicals industry.

By way of introduction, although other classification systems have been
published, a general classification of chemical pollutants is based on the
chemical structure of the pollutant and includes (i) organic chemical pollut-
ants and (ii) inorganic chemical pollutants. For the purposes of this text,
organic chemical pollutants are those chemicals of organic origin or that
could be produced by living organisms or are based of matter formed by liv-
ing organisms (Speight, 2017a).

On the other hand, inorganic chemical pollutants are those chemicals of
mineral origin in (not produced by living organisms). In general, substances
of mineral origin (such as ceramics, metals, synthetic plastics, and water) as
opposed to those of biological or botanical origin (such as crude oil, coal,
wood, and food). In addition, minerals are the inorganic, crystalline solid
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that makes up rocks. With certain exceptions, inorganic substances do not
contain carbon or its compounds. In scientific terms, no clear line divides
organic and inorganic chemistry.

Inorganic chemistry focuses on the classification of inorganic compounds
based on the properties of the compound(s) (Weller et al., 2014). Partly, the
classification focuses on the position in the periodic table (Fig. 1.1) of the
heaviest element (the element with the highest atomic weight) in the com-
pound, partly by grouping compounds on the basis of structural similarities.
Also, inorganic compounds are generally structured by ionic bonds and do
not contain carbon chemically bound to hydrogen (hydrocarbons) or any of
their derivatives that contain elements such as nitrogen, oxygen, sulfur, and
metals. Examples of inorganic compounds include sodium chloride (NaCl)
and calcium carbonate (CaCOj) and pure elements (Cox, 1995).

Thus, this text relates to an introduction to the planned and unplanned
effects of inorganic chemicals on the various environmental systems. Inor-
ganic chemicals are an essential component of life, but some chemicals are
extremely toxic and can severely damage the floral (plant life) and faunal
(animal life) environment (Table 1.1).

As with organic chemicals (Speight, 2017a), contamination of the envi-
ronment by inorganic chemicals is a global issue, and toxic inorganic
chemicals are found practically in all ecosystems because, at the end of
the various inorganic chemical life cycles, inorganic chemicals have been
either recycled for further use or sent for disposal as chemical waste
(Bodek et al., 1988). Current regulations do not permit the unmanaged dis-
posal of chemical waste but, in the past (particularly in the first decades of the
20th century), the inappropriate management of chemical waste (e.g.,
through haphazard disposal and unregulated burning) has led to a series of
negative and lingering impacts on the floral and faunal species that are part
of the environment.

Briefly, inorganic chemistry deals with the synthesis and behavior of
inorganic and organometallic compounds. The exception to the sub-
discipline is the multitude of chemical compounds that fall within the sub-
discipline of organic chemistry that covers the multitude of organic
compounds (carbon-based compounds, usually containing C—H bonds).
The distinction between the two subdisciplines is far from absolute, as there
is much overlap within the subdiscipline of organometallic chemistry. Nev-
ertheless, the principles of inorganic chemistry have application in every
aspect of the chemical industry, including materials science, catalysis, surfac-
tants, pigments, coatings, medications, fuels, and agriculture.



