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INTRODUCTION TO THE
SECOND EDITION

Since the publication of the first edition of Introduction to Environmental Foren-
sics in 2002, the science of environmental forensics has matured appreciably.
In 2005, Environmental Forensics: A Contaminant Specific Guide was published in
the forensic series by Elsevier with the intent of providing the user with a
means to access the forensic methodologies on a contaminant-specific basis.
In contrast, this edition of Introduction to Environmental Forensics is designed to
provide the reader with a methodological organization of the forensic tools
available and as a complementary reference to the Contaminant Specific Guide.
Additional forensic methods in this second edition include chapters on laser
ablation inductively coupled mass spectrometry (LA-ICPMS), manual- and
computer-controlled scanning electron microscope (SEM) techniques and x-
ray diffraction, pattern recognition methodologies, expanded chapters on
sampling techniques and statistical methods, and a presentation of several
emerging forensic techniques. In this edition and subsequent editions of
Introduction to Environmental Forensics, methods of general applicability will be
emphasized and the Contaminant Specific Guidewill provide forensic approaches
for specific contaminants. We would be grateful to readers for suggestions for
improvement.

“Forensic” is related to “forum” and refers to any public discussion or
debate. In the United States “forensic” most often refers to courtroom or liti-
gation proceedings. However, environmental forensics may also provide the
fact basis for mediated or negotiated transactions or for any public inquiry
related to environmental matters. Questions that environmental forensics

seeks to answer are:

Who caused the contamination?

When did the contamination occur?

How did the contamination occur? (For example, was it an accidental spill or a
series of routine operating releases?)

How extensive is the contamination?

Are the test results valid? Is there evidence of fraud?

What levels of contamination have people been exposed to?

Can environmental forensics assist in allocating remediation costs?
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The contexts of environmental forensic investigations include liability
allocation at hazardous waste sites where multiple parties are involved, site
assessments for property transfers, insurance litigation, toxic torts, and cost
allocation among multiple parties found liable for releasing contaminants into
the environment.

Environmental forensic investigations frequently deal with the historical
release of contaminants. Generally there are two sources of information in

conducting an investigation, namely:

B The documentary record, including statements by witnesses or other
knowledgeable individuals, aerial photographs, insurance maps, and electronic
information copied from computer hard drives, and

B Measurement or sampling data.

Once the historical information has been acquired and evaluated, one can
then identify which forensic technique is most suited for answering the foren-
sic question (s) of concern and how to appropriately use the selected methodol-
ogy. For example, chemical or isotope concentration data can be used in
different ways to answer forensic questions, including

Tracer techniques based on the presence or absence of a particular chemical.
Ratio techniques where the relative amounts of two or more chemicals are
compared.

B Trend techniques where the spatial or temporal variation of a concentration, or a
ratio, is of interest.

B Quantity techniques that depend on the integrated concentration over space or

time, i.e., the mass of a chemical, to provide forensic information.

A forensic investigation may involve multiple forensic techniques and appli-
cations that are evaluated to answer the forensic question of interest. For
example, identifying the source of and age dating a hydrocarbon spill may be
of interest. The presence or absence of lead, methyl tertiary butyl ether
(MTBE), or other additives, for example, may provide this crucial information
that provides insight regarding the source or age of the release. The ratio of
different hydrocarbon componants or octane readings may provide the basis
to distinguish different fuels or brands. The spatial variation of a contaminant
plume or its growth over time may assist in both source identification and age
dating. Finally, the total mass or volume of petroleum hydrocarbons in the
environment may be compared to inventory or leak detection records for
source identification.
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The most successful forensic investigations rely on the approach of selecting
the most applicable techniques from numerous methodologies. An investiga-
tion relying on the results of a single forensic technique, exclusive of other
available tools, is frequently successfully challenged when contrary evidence
based on multiple forensic approaches is introduced. When forensic evidence
is arrayed as multiple, but independent lines of evidence, a stronger scientific
case, less susceptible to scientific challenge, emerges. This book is intended

to provide you with your own toolbox of forensic techniques.

BriaN L. MURPHY

ROBERT D. MORRISON
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co-authored over 340 articles and books and has lectured extensively on petro-
leum and environmental geochemistry in SE Asia, South America, Europe
and Africa.

Scott Ramos, Ph.D. is an analytical chemist with
experience in environmental and trace hydrocar-
bons, natural products and chemometrics. He has
a B.S. degree in chemistry from MIT, an M.S. in
environmental science from Washington State
University, and a Ph.D. in analytical chemistry and
chemometrics from the University of Washington.
Scott has worked for NOAA’s National Marine Fish-
eries Service, in Seattle, at FEEMA, the state pollu-

tion control agency in Rio de Janeiro, and the federal
Amazon Research Institute (INPA) in Manaus, both
in Brazil. During the last 22 years, he has been the chief scientist at Infome-
trix, Inc, in Bothell, WA. Publications include studies on contamination by
polycyclic aromatic hydrocarbons, essential oil characterization, and various
applications of chemometrics.



Charles Ramsey is the founder and President of
EnviroStat, Inc., a company that provides training in
sampling and laboratory subsampling for defensible
environmental decisions to federal and state agen-
cies as well as private companies. He has a BA in
Chemistry from the University of Denver and a MS
in Environmental Science from the Colorado School
of Mines. Mr. Ramsey has 20 years sampling experi-
ence including seven years with the National Enforce-
ment Investigations Center (NEIC) of the USEPA.
While with the EPA, Mr. Ramsey provided sampling
and statistical expertise on all major environmental regulations. Mr. Ramsey

is involved with the development of guidance documents for sampling and
statistics.

Scott A. Stout is an organic geochemist with nine-
teen years of petroleum and coal industry experi-
ence. He has extensive knowledge of the chemical
compositions of coal-, petroleum-, gasoline-, and
other fuel-derived sources of contamination in ter-
restrial and marine environments. Dr. Stout has
written interpretive reports on more than 250 site
or incident investigations and has authored or co-
authored nearly 100 papers published in scientific
journals and books. He has conducted environmen-

tal research while employed at Unocal Corporation,
Battelle Memorial Institute, and is currently a
partner at NewFields Environmental Forensics Practice, Rockland,

Massachusetts.

Allen D. Uhler has over 25 years experience in en-
vironmental chemistry. He has developed advanced
analytical methods for petroleum-, coal-derived and
anthropogenic hydrocarbons and other man-made
organic compounds in waters, soils, and sediments,
vapor and air. He has conducted assessments of the
occurrence, sources, and fate of fugitive petroleum at
refineries, offshore oil and gas production platforms,

bulk petroleum storage facilities, along petroleum pipe-
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lines, at varied industrial facilities, and in sedimentary environments. He has
studied coal-derived wastes at former manufactured gas plants, wood-treating
facilities, and in nearby sedimentary environments. His experience includes
expertise in the measurement and environmental chemistry of man-made
industrial chemicals including PCB congeners and Aroclors, persistent pesti-
cides, dioxins and furans, metals, and organometallic compounds.

Dallas Wait, Ph.D. is a chemistry expert at Gradi-
ent Corporation with over 28 years of experience
evaluating the source and fate of chemicals in the
environment, characterizing consumer products,
designing test method and quality assurance
programs, interpreting data, and determining
the reliability of chemistry measurements and
sampling procedures. Dr. Wait’s consultations
often resolve data quality issues, aid in agency
negotiations concerning data usability, and provide

pivotal chemistry testimony. He serves on the edi-

torial board for two peer-reviewed journals and coauthored the second edition
of EPA’s SW 846 Test Method Manual. Dr. Wait is a member of the Scientific
Advisory Board for the International Conference on Soils, Sediments and
Water and for eight years was the Chairperson for either the Risk, Forensic
or Analysis sessions of the conference. He is a member of numerous scien-
tific work groups involved with developing and evaluating test methods and
quality assurance programs, such as ASTM and AOAC. Before joining Gradi-
ent in 1989, he was Technical Director, Vice President and cofounder of
ENSECO’s ERCO Laboratory, a nationally prominent environmental labora-
tory involved, in part, with oil spill research, agency method development
studies, aquatic toxicology GLP testing support, and site investigations.
Dr. Wait received his BS and Ph.D. degrees in Chemistry from the University
of Rhode Island.

John G. Watson, Ph.D. is a Research Professor in the
Desert Research Institute’s (DRI’s) Division of Atmo-
spheric Sciences specializing in the characterization,
source apportionment, and control of suspended parti-
cles that cause adverse health effects and regional haze.
Dr. Watson has developed theoretical and empirical
models that, when coupled with appropriate measure-
ments, quantify contributions for pollution from differ- @

ent sources. With his colleagues, he has applied these



methods in urban and regional aerosol studies to solve problems of excessive
concentrations, visibility impairment, and deposition. Dr. Watson obtained his
Ph.D. degree in Environmental Science from the Oregon Graduate Institute
in 1979 and was awarded the Howard Vollum Prize for Distinguished Achieve-
ment in Science and Technology in 1989, DRI's Alessandro Dandini Medal of
Science in 1992, and the Air & Waste Management Association’s 2000 Frank
A. Chambers Award for major contributions to the science and art of air pol-

lution control.
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