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Preface

While there are many of textbooks on environmental
chemistry and fate and transport phenomena, and they
each have their place in education, this is the first book
to truly integrate the subjects chemistry, fate and trans-
port modeling, assessment, laws, and environmental
laboratory experiments. The entire text was edited to
ensure a consistent modeling theme that is vital to
the regulatory applications of environmental fate and
transport of contaminant science. These applications are
truly multimedia in scope and encompass modern-day
regulations in successful EPA approaches in the Clean
Air Water and Drinking Water Acts. The related RCRA
and CERCLA (Superfund) programs address hazardous
and toxic materials and ensure that environmental and
human health are equally protected. These laws use
mathematical models to assess contaminant exposure
that contribute to multiple adverse effects in the bio-
sphere. Most books in this genre are conceptual in nature
or require a working knowledge of differential calculus to
effectively derive and use new models. This prerequisite
effectively eliminates many people from working in fate
and transport.

We approach each of these topics initially from a con-
ceptual perspective, and then, we explain the concepts
in terms of the math necessary to model the problem.
The only prerequisites for understanding the concepts
covered in this book are a basic knowledge of algebra
and first-year college chemistry. Mathematic enthusiasts
will find the extensive, step-by-step, end-of-chapter
derivations useful. This last feature is unique to all other
textbooks. For the fate and transport modeling chapters
(Chapters 4-9), we have included a simple, user-friendly
web-based, online simulator, Fate®, which uses basic
step and pulse models to predict the fate and transport of
pollutants in lake, river, groundwater, and atmospheric
systems. Fate® can be an effective teaching and learning
tool, as discussed in the “How to Use Fate” section of the
introductory materials.

This book is the result of a challenge I made to one
of my senior chemistry students. I challenged Elliot
Anders, the coauthor of this book, to create a new ver-

sion of EnviroLand, the precursor to Fate®. If he did
so, I told him, I would write a book to accompany it.
To my surprise, Elliot finished the software in a few
months and to meet my end of the bet, I had to write
the 2006 textbook around the software. We feel that
this textbook provides a very unique instructional tool
for students and environmental professions who lack
the rigorous mathematical backgrounds to be able to
derive the governing fate and transport equations, but
nonetheless require an understanding of the subject.
This book can be used to teach a variety of classes, from
a new type of environmental chemistry course to new
fate and transport courses for support personnel who
want to work in the environmental arena. I use the book
to teach environmental chemistry to undergraduate
students majoring in chemistry, geology, and biology, to
mostly prepare them for work in the environmental con-
sulting arena and government. These students usually
have sufficient background to work in environmental
remediation but lack the basic engineering knowledge to
be truly effective in this area. I have had great success in
expanding the academic horizons of science students to
areas of chemistry, modeling, risk assessment, and envi-
ronmental legislation. In addition, there is no reason that
this book cannot be used in a graduate course in fate and
transport, since it provides an especially extensive and
complete development of fate and transport models. In
this case, the professor can use the book as a conceptual
guide while teaching the derivation portion of the course
in the classroom.

New additions to this book include free software avail-
able at https://sites.google.com/a/whitman.edu/frank-
dunnivant-webpage/environmentalsoftware:

e an Web-based Pollutant Fate and Transport Simulator,
(Fate®)

a pC-pH Simulator

Water and Wastewater Plant Tour Video

EnviroLab

More end-of-chapter problems with answers to the
more complicated problems

xi


https://sites.google.com/a/whitman.edu/frank-dunnivant-webpage/environmentalsoftware
https://sites.google.com/a/whitman.edu/frank-dunnivant-webpage/environmentalsoftware

xii | Preface

e New environmental lab chapters on the United States, We hope you enjoy our approach to environmental
European Union, and China chemistry and pollutant fate and transport modeling.

o Student lab results for suggested experiments

e A supporting discussion-based book entitled Environ- Frank M. Dunnivant

mental Success Stories with Columbia University Press September 2018
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Glossary

Adsorption

Advection

Anaerobic

Anoxic
Abiotic reaction

Basel convention

Biota

Biotic reaction

BOD

Cation exchange
capacity (CEC)

Confined aquifer

Conservative tracer

The process of accumulating an
excess of a chemical on a
surface. As used in this text, it
refers to the concentrating of
pollutant on a mineral or
NOM-coated mineral surface.
The transport of pollution in
the direction of flow.

An aquatic or atmospheric
system that does not contain
oxygen. This term is the same as
anoxic.

Devoid of oxygen.

A chemical reaction that takes
place without the aid or in the
complete absence of
microorganisms.

An international treaty
regulating the reporting,
disposal, and transport of
hazardous waste. The United
States is currently not a
member of this treaty.

Any living organism in an
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due to a microbial process
(enzymes in the microbe cell).
Biochemical oxygen demand,
the amount of dissolved oxygen
required by microorganisms to
oxidize organic matter present
in the water.
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exchanged for other cations.
An underground body of
flowing water that is located
below the layer of strata that is
impermeable to water.

A chemical tracer that does not
degrade and is not sorbed by

Contaminant

Dispersion

DNAPL

DO

DOM

E

Environmental
impact statement

Empirical
Epilimnion

Eutrophication

anything in the water. The
chemical moves freely with the
water.

A chemical that is out of its
proper place. In this text, we
will use the term contaminant
and pollutant interchangeable.
A mixing process resulting from
advection which always dilutes
the concentration of pollutant.
Dense nonaqueous phase
liquid. An example is carbon
tetrachloride.

Dissolved oxygen; the
concentration of dissolved
oxygen in water, usually from

0 to 14 mg/1.

Dissolved organic matter. These
are components of NOM that
are soluble is water.

The longitudinal dispersion
(eddy) coefficient for streams.
A study required by the
National Environmental Policy
Act to attempt to determine if
any adverse effects will occur
from governmental actions
such as the building of a
building, plant, or even a
remediation effort.

A relationship based on
experiment data.

The upper region of a stratified
lake.

An overproductive aquatic
system. Excess alga growth
occurs during the day due to the
presence of excess nutrients,
but during nighttime hours, the
oxygen is depleted below levels
that can support aerobic life.
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Glossary

Explanative modeling

Head
Hypolimnion

LNAPL

Longitudinal
dispersion
Modeling

NAPL

Nitrobenzene

NOM

Nonpoint pollutant
source

A model that attempts to
explain how something
happened. For example
modelers can use mathematical
relationships to explain how a
pollutant moved to where it is,
where it originally came from,
or how much pollutant was
originally released.

The height of a water column.
The lower or bottom region of a
stratified lake.

Light nonaqueous phase liquid.
An example is gasoline.

The mixing of pollution in water
or air in the direction of flow.
An attempt to explain a process
in a simpler form. Models can
take on several forms including
physical models that are usually
small-scale versions of the real
thing. We will limit our
discussions in the text to
mathematical models, which
are very simple mathematical
relations of more complicated
processes. The more the terms
we include in our models, the
more the processes we account
for in our model and
theoretically, the more accurate
our model will predict the real
system.

Nonaqueous phase liquid. An
example would be oil or
gasoline.

A benzene molecule with an
attached nitro (NO,) group.
Nitrobenzenes can also have
other functional groups such as
methyl (CH,), chloro (Cl), and
many other chemical groups
attached to the benzene ring.
Natural organic matter. NOM
results from the accumulation
of degradation products from
plants and animals in soil and
water.

A source of pollutant that
cannot be identified as a
specific location. Examples
would be runoff from a large
area of land such as a parking
lot or agricultural setting and
atmospheric inputs.

Partitioning

pC

pH

Point pollutant source

Predictive modeling

Pulse or
instantaneous

release of
pollutant

Refractory pollutant

Remediate

Residence time

Sensitivity analysis

Partitioning is very similar to
adsorption but does not involve
a site-specific reaction. It is
more of a solvation or dissolving
of a pollutant into NOM.

A way of representing
concentration units on the log
scale. “p” stands for the negative
log of anything. “C” stands for
the concentration (in any units)
of any chemical species.

The negative low of the
hydrogen ion concentration.

A source of pollution that can
be pinpointed to a specific
location. For example the
output pipe from an industrial
process or sewage treatment
plant would be a point source.
A model that attempts to
predict what will happen at a
future time. For example, in this
text, we are concerned with
predicting the concentration of
pollutant at some point
(location or time) in the future.
A release of pollutant that
occurs over a very short time
scale and contains a finite
volume or mass of pollutant.
This type of release is in
contrast to a step or continuous
pollutant release.

A pollutant that does not
readily degrade (degrades
slowly or not at all).

To cleanup a waste site to
acceptable pollutant
concentrations.

The average time a chemical
spends in an environmental
compartment. This can be
obtained by dividing the volume
of the compartment or mass of
a chemical in a compartment by
the outflow from the system
(volume / volume per time =
average residence time).

An iterative process of testing a
model where one parameter at a
time (volume, rate constant,
etc.) is systematically increased
or decreased while the result
(pollutant concentration) is
recorded.



Sorption

Stratification

Surface aquifer

Step or continuous
pollutant release

A generic term referring to the
combination of adsorption and
partitioning.

A process that results in two Variable
distinct layers of water in a lake
system.

Stratification results due to
heating of the surface water and
cooling of lower waters by the
Earth that sets up a density
difference in the two bodies of
water. The cool water settles to
the bottom of the lake, while the
warmer water is present at the
surface.

The ground water closest to the
land surface.

A release of a pollutant that
occurs over a long-time scale.
Examples include the constant
release of sulfide from a pulp
mill and the release of nitrate
from a sewage treatment plant.

Watershed

Vadose zone

Glossary | xxi

The portion of the ground that
is unsaturated with respect to
water.

A symbol representing a
mathematical term or the term
of interest in a mathematical
expression. For example,
velocity is an important term in
fate and transport, and it is
represented by the variable, v.
The drainage area of land
surrounding and feeding water
into a lake or river basin.
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To the Instructor

The material in this textbook has been used for 19 years
to teach an undergraduate course in environmental
chemistry to chemistry, biology, and geology students
who have not completed linear algebra or differential
equations. Students from these disciplines tend to have
excellent skills and knowledge in environmental studies
but lack an understanding of how to apply this knowledge
to environmental applications such as fate and transport
modeling and risk assessment. Students feel a strong
sense of empowerment as they come to understand
how to approach an environmental pollution event and
gain an appreciation of the many scientific and political
factors controlling the remediation of contaminated
sites. Software packages are integrated into the textbook,
and we have suggested important technical papers for
class discussion for many of the chapters. In addition,
we have designed laboratory exercises specific to the

topics covered in the lecture material. This textbook
would be ideal for an introductory course in environ-
mental chemistry, pollution science, environmental
science, environmental engineering, or pollutant fate
and transport. One particular useful discussion book
is my popular science book, entitled Environmental
Success Stories: Solving Major Ecological Problems &
Confronting Climate Change.

A set of laboratory exercises have been designed for this
textbook. As with all laboratory experiments, it will be
instrumental that the instructor test the procedures prior
to using them. This will ensure the success of your labo-
ratory class. A complete set of instructions for solution
preparations, suggested level of difficulty, suggested lab
time requirements, apparatus construction guidelines,
hints for success, and detailed example student results
are included in this book.
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To the Student

This is a new type of textbook, in the sense that it com-
bines many disciplines to craft a practical discussion
of environmental pollution and its remediation. We
first start with an overview of the chemistry of fate and
transport processes. Next, we introduce you to how
professionals model a pollution event in the real world
and then present you with a conceptual understanding
of the models that these professionals use. At the end
of each fate and transport chapter, we incorporate our

conceptual ideas into two simple and common models
that can be used to predict the pollutant concentration
in most environmental systems. Next, we use the results
from fate and transport modeling as a basis for our
risk assessment calculations to determine whether a
hazardous situation is present. The final chapters include
environmental legal aspects and case studies of common
pollutants that have been spread around the world.
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To the Environmental Professional

While most environmental engineers will find this book
to be a basic review, many of other environmental profes-
sionals who do not understand the derivation of complex
environmental models will find this book to be a valu-
able asset for developing a conceptual and mathematical
understanding of the problem. Our goal is to bridge the
knowledge gap between the engineers and mathemati-
cians and the many important workers associated with a

Superfund site. The only prerequisites for understanding
the subjects covered in this book are a working know-
ledge of algebra and college-level general chemistry. We
provide the background and explain everything else. If
you are an engineer or modeler working in the environ-
mental arena, you will find this book to be a must for your
colleagues.
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How to Use the Book with Fate® and Associated Software

This book comes with several online software packages,
Fate®, the pC-pH Simulator®, EnviroLab®, and The
Water and Wastewater Tutorial®available at https://sites.
google.com/a/whitman.edu/frank-dunnivant-webpage/
environmentalsoftware. Fate is certainly the most impor-
tant tool, since it can be used in a variety of ways (https://
educationalsolutions.github.io/fate/). First, Fate can be
used as an in-class tool to illustrate how each of the fate
and transport models work. It enables the instructor
to quickly and easily show how changing model input
parameters affect the resulting pollutant concentration.
Students and instructors will find Fate to be an invalu-
able resource in working homework problems. All these
problems require lengthy, multistep calculations, and
each step can be checked with Fate. This decreases the
need for students to rely on a tutor or their instructors,
who in turn would have to manually examine through the
students’ work to find errors. We suggest the following
approach. First, work the homework problem manually,
consulting Fate only when you do not understand which
calculation step to complete next. Check your manually
calculated answers at each step in the process against

Fate to see if you are correct. If you do not understand
why you are doing a calculation, then certainly consult
your instructor. The pC-pH Diagram Simulator (https://
educationalsolutions.github.io/pCpH//open/) works in
a similar manner to Fate but is used only in Chapters 2
and 3 to understand acid—base equilibrium and buffers.
The Water and Wastewater Tutorial (https://sites.google.
com/a/whitman.edu/frank-dunnivant-webpage/environ-
mentalsoftware) can be viewed on your own time or in
class to illustrate how modern water and wastewater
treatment facilities work. Components of Enviro-
Lab (https://sites.google.com/a/whitman.edu/frank-
dunnivant-webpage/environmentalsoftware) are useful in
understanding details of several laboratory experiments.
Readers will find the Internet sites of EPA, USGS, and
the Army Corps of Engineers useful in acquiring source
code, documentation manuals, and training for most of
those models used in the regulatory domains. Histori-
cally, these agencies have supported these models and
developed new ones when the science dictates. More
importantly, personnel at the state and national levels
may assist in their use by the public.
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Instructor/Student Resources

The following computer resources are available for this
textbook from https://sites.google.com/a/whitman.edu/
frankdunnivant-webpage/environmentalsoftware:

Computational Simulators for Chemistry and Fate and
Transport Calculations:

Fate-2016 ®
pC-pH ®
Dispersion Calculator for groundwater experiments
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Videos:
Global Issues
Water
Laboratory Experiment Simulators:
Alkalinity
Hardness
Dissolved Oxygen — Biochemical Oxygen Demand
Total Suspended Solids
In addition, all lab experiments
Chapter 16 have example student results.

presented in
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Through the history of literature, the guy who poisons the well has been the worst of all villains
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Sources and Types of Pollutants, Why We Need Modeling, and the Need to Study

Historical Pollution Events

1.1 Introduction

A good starting point for our discussions and this book
is to ask, “Is there a common sequence of events leading
to the identification, characterization, and remediation
of an old hazardous waste site?” There are a variety of
answers to this question, but a general order of events
often occurs as follows:

e First, a pollutant is observed to be present or the
potential of a pollutant release from a proposed indus-
trial site is identified. This can result from routine
monitoring of a pollutant’s concentration at the site,
through the known manufacturing of the pollutant at
the site, through research identifying the cause of an
illness or cancer cluster in the community of a site, or
during an environmental planning assessment (also
called an environmental impact statement, EIS).

e Second, the source of the pollutant is identified at the
hazardous waste site or a theoretical release can be
simulated.

e Third, a remedial investigation is conducted to deter-
mine the mass/volume of pollutant released and
responsible parties.

e Fourth, pollutant fate and transport modeling is com-
pleted to determine what pollutant concentrations will
result at specific points at the site over time (referred
to as receptor sites where humans are the receptors of
the pollutants).

e Fifth, the results of the pollutant fate and transport
modeling are used in risk assessment calculations to
estimate health or environmental/ecological risks.
A common use of modeling in the twentieth and
twenty-first centuries is in air and water quality envi-
ronmental management and related to compliance
with ambient air or water quality standards (EPA
2017a). Essentially, the model purports the allowable
discharge or emission rates to maintain acceptable air
or water quality.

e And finally, a decision or plan of remediation is nego-
tiated between the local citizens, local and federal gov-
ernments, and the party responsible for the hazardous
waste site.

Today, new pollutant releases from regulated indus-
tries take on a slightly different approach. In the Global
North, previously referred to as developed countries,
most industries act responsibly, but all human-designed,
engineered, and operated systems are prone to failures
and accidents. In general, a slightly modified sequence
of events occur: a spill or accident occurs, emergency
response systems respond, and remediation (when possi-
ble) occurs. Responsible parties usually pay the incurred
expenses, and appropriate fines if regulations have been
broken.

These steps also outline our approach in this book. In
this chapter, we will look at several historical hazardous
waste release events, as well as recent ones, and describe
types and sources of potential pollutant releases. In
Chapters 2 and 3, we will look in-depth at the chemistry
associated with fate and transport phenomena in envi-
ronmental media. In Chapters 4—10, we will develop and
learn to use pulse and step fate and transport models
for rivers, lakes, groundwater, and the atmosphere. In
Chapter 11, we will introduce basic chemical toxicology
and use pollutant concentrations from the fate and
transport modeling to perform basic risk assessment
calculations to estimate risk to human health, look
briefly at cost—benefit analysis, and the relatively new
field of environmental life cycle assessment. In Chapters
12-14, we will look at the development and evolution
of environmental laws in the United States and Europe.
In Chapter 15, we will look at the history of several
“world class” pollutants that are present at undesirable
concentrations across the globe. In the last Chapter 16,
laboratory experiments that support key chemical and
modeling concepts will be presented, with actual student
results.
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1 Sources and Types of Pollutants, Why We Need Modeling, and the Need to Study Historical Pollution Events

1.2 Need for Modeling of Pollutants
in Environmental Media

Many pollutants have been found to be ubiquitous
in nature; that is every environmental compartment
that has been tested has shown some level of contam-
ination. Note that presently ambient monitoring of
water bodies and the atmosphere are both part of the
missions of both state and federal government agen-
cies. Historically, two of the chemicals that fall into
this category and receiving much public attention are
PCBs (polychlorinated biphenyls) and DDT (1,1’-(2,2,2-
trichloroethylidene)bis[4-chloro-benzene]). These com-
pounds accumulate especially well in the environment
due to their refractory behavior (they are not easily
chemically or biologically degraded). More importantly,
their chemical and physical properties are such that they
bioaccumulate in fatty tissue in many organisms. Model-
ers like to divide nature into more easily mathematically
described boxes, such as the atmosphere, rivers, lakes,
groundwater, and biota (living organisms). In this book,
we simplify this further by only considering one section
of a river, a small portion of a groundwater aquifer or a
small portion of the atmosphere.

There are two basic goals in pollutant modeling: to
explain how a pollutant arrived where it is (a form
of thermodynamic equilibrium) and to predict how
fast a pollutant will move through an environmental
compartment in the future (a form of kinetics). Some
engineers call this all-compassing field “chemodynamics”
to reflect its transport, phase transfer, and equilibrium
components. There are several excellent textbooks based
on these principles (Thibodeauz 1996; Hemond and
Fechner 2000). Later in this chapter, we will look at
several examples of major pollutant release events; the
approach taken to these reflects the first goal of modeling
(an explanation of how a pollutant arrived where it is).
Although this approach is very important to understand
how pollutants move in the environment, a more com-
mon use of modeling today is to predict if and/or how
fast a pollutant will move once it is accidentally released.
In the United States, this is included in an EIS. Most
Global North countries require a variety of industries to
perform some type of environmental impact modeling
in the unlikely and unfortunate event of an accidental
pollutant release, which again is inevitable with most
human-engineered systems. This book will concentrate
on predictive modeling, but by understanding the pro-
cesses involved in the predictive modeling approach, it
is relatively easy to appreciate how the explanation type
of modeling is completed.

In order to predict where a pollutant will go we use a set
of fate equations that describe the chemical and physical
processes occurring in the environmental compartment

under evaluation, such as mixing, outflow through the
effluent of the system, evaporation, volatilization, and
chemical or biological degradation. Transport of chem-
icals is part of its fate. The same modeling equations and
concepts are used for the explanation type of modeling
(where pollution already exists) but a reverse process is
used. In explanation modeling, the modeling equation
is fit to pollutant concentration data from field mea-
surements in order to obtain estimates of mixing and
degradation rates in the specific system. Both modeling
approaches will become clearer when we reach the
modeling chapters in this text, especially beginning in
Chapter 4.

1.3 Pollution versus Contamination;
Pollutant versus Contaminant

Is there really a difference between the terms pollutant
and contaminant? Some would argue no, while others
will argue vehemently yes. In the United States, envi-
ronmentalists and those working for US Environmental
Protection Agency (US EPA) prefer the terms pollution
and pollutant. But what makes a chemical a pollutant?
Basically this distinction is determined by where the
chemical is located and how much of the chemical is
present. For example, a bottle of mercury chloride is
typically not considered a pollutant when it is sitting on
the shelf in a chemical storeroom. But pour that same
chemical down the drain, and it immediately becomes
a pollutant, even at extremely low concentrations. This
is the logic behind usage preferred by other branches of
the US government, such as the Department of Energy
(DOE). The DOE prefers to use the terms contamination
and contaminant. If a chemical is in its proper place it is
not considered a problem and is thus not a contaminant.
Likewise, if a chemical is present in an environmental
media below the concentration deemed to be a problem
(which is subject to a variety of views and laws), then the
chemical is not a problem and contamination is not nec-
essary present. Thus, the legal definition usually specifies
two factors, where the pollutant is and its concentration.
For example, the first author of this book (Dunnivant)
worked on a project for the Idaho National Engineering
and Environmental Laboratory (INEEL), one of many
US DOE sites, in which we intentionally placed a rapidly
degrading radioactive substance in a water-filled lagoon
in order to characterize the movement of water and
radionuclides in the subsurface media. As long as the
chemicals stayed within the controlled boundaries of
the lagoon (the approved experimental area) they were
not considered a contaminant. But one day a violent
storm blew a small amount of the water and sediment
a few feet out of the lagoon. The DOE safety officials



overreacted and suspended all operations at the site
for a time period that jeopardized a multimillion dollar
field experiment! Although the vast majority (we would
speculate over 99.99%) of the chemical was still present
in the lagoon, the extremely small amount of chemical
“released” (amounting to a few specks of dirt) was offi-
cially classified as a contamination event. Similarly, in
the 1980s chlorinated dioxins and furans were attributed
to wood pulp bleaching to achieve acceptable brightness
attributes. In these cases, concentrations in the parts
per trillion (107!2) and parts per quadrillion (107'°) were
routinely part of the technical conversation, and they
were termed “pollution” in most cases by technical and
lay personnel (EPA 2017b). Today, wood pulp and paper
processing plants have replace chlorine with peroxide
to achieve the product with less pollution. So, when you
use the terms pollution versus contaminant be aware
who you talking to. In this book, we will use the more
common terms pollutant and pollution.

1.4 Pollution Classifications

There are perhaps as many ways to categorize types of
pollution as there are pollutants. One broad way to by
physical phase: solid, liquid, or gaseous. This catego-
rization is useful from a standpoint of treatment and
disposal. Many treatment technologies are based on
the physical phase of the pollutant, such as bag filtra-
tion houses for atmospheric particulates or filtration of
particles in liquids. Another general but more chemical
means of categorization is the inorganic, organic, and
radioactive nature of the waste. Mixed waste, a very
difficult, if not impossible waste to treat, usually refers
to organic and radioactive waste being present in the
same waste product. Inorganic waste can be further bro-
ken down into non-toxic and toxic metals, metalloids,
and non-metals. Metal waste can be subdivided into
heavy metals and transition metals. Toxic wastes can
be grouped as carcinogens, teratogens, and mutagens
(discussed in Chapters 11 and 12). Compounds that are
subjects of heightened public awareness, such as PCBs,
are divided out even further. Other wastes are listed as
hazardous based solely on their origin from a specific
industrial process (for example, metal plating wastes) or
when a specific chemical is present in the waste stream
(for example, the presence of PCBs). As you see there are
many ways to categorize or list a waste and each country
will have their own system for classifying pollutants.
In the modern era, some compounds are known to
accumulate in organism tissue with high lipid content
that further increases the human health risk associated
with their presence.

1.5 Sources of Pollution

Another interesting way to categorize waste is by the
risk it poses. For example, say you have a hazardous
waste site that needs to be remediated and there are 20
pollutants of interest. But, from a risk standpoint, 5 of
the 20 pose a significantly higher hazard based on risk
assessment calculations (Chapter 11). In some countries,
it is customary to focus the remediation effort on these
5 chemicals and disregard the other 15 “less hazardous
pollutants.” Such an approach is used by the US EPA to
calculate health risk based on source and an overview of
the approach is shown in Figure 1.1.

1.5 Sources of Pollution

As with types of waste, there are many ways of catego-
rizing sources of waste (or potential pollutants). We will
only mention a few of the more useful approaches and
give examples of generated volumes from major industri-
alized countries. First, we will discuss point and nonpoint
sources.

Sources of pollutants are commonly divided into one
of two types, point or nonpoint sources. Point sources
are well-defined sources, such as the end of a pipe, smoke
stack, or drain. Nonpoint sources are less well defined,
but contain all sources where you cannot directly pin-
point the emission. The distinction becomes a bit more
vague depending on physical scale. For example, if you
are studying a large watershed (the land surface that
drains into a stream or lake), a cattle holding lot could
be considered a point source. Obviously, the farm is the
source of the cattle waste. But on a smaller scale, what is
the point source? The answer is possibly each cow, or the
entire holding lot, since the pollution will be spread over
its entirety. But, in general the terms point and nonpoint
are used to describe sources.

Table 1.1 lists sources of waste by 10 categories: agri-
cultural, chemical industry, mining industry, energy
industry, municipal and hazardous landfills, medical
industry, food processing, domestic waste, municipal
government, and federal government. General wastes
for each source are also listed in the right-hand column.
This list is certainly not complete, but contains the major
sources of waste generated and provides a starting point
for discussion of waste sources.

The terminology of wet and dry deposition applies to
ambient air and the mode of transport in the atmosphere.
Rain and snow can act to “scrub” some contaminants
from the air and deposit them on trees, plants, and
the soil where erosion and runoff infiltration further
distribute them across the surface and subsurface
environments.

Since this book deals mostly with the transport of
toxins, we will be especially concerned with hazardous
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Figure 1.1 An overview of the approach to access human risk used in the United States. Source: DOE.

waste. A summary of the amounts of hazardous waste
generated by country members of the Basel Conven-
tion (an international treaty regulating the reporting,
disposal, and transport of hazardous waste) is given in
Table 1.2 for the year 2000. Unfortunately this dataset is
no longer available on the Internet, nor is updated total
generation data available since data are now reported on
an import—export basis. One would only speculate that
the magnitudes of these values have increased and, in
general, the more developed the country, still the more
hazardous waste it generates. This correlation of waste to

economical level is a homework exercise that you should
conduct and, by the way, it would make an excellent
examination question. You will undoubtedly note the
lack of data on two highly industrialized countries: Japan
and Germany. Even without these two countries the
total amount of hazardous waste annually generated is
an obscene 93 992 999 metric tons in year 2000. Another
country you will note absence from the list is the United
States, since it has not signed the Basel Convention
(UN 2000). For comparison purposes, the United States
generated 40 821481 tons in the year 2001 (EPA 2001),



