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Apologies that it has been a long time since
1. FIRMS Approved Practitioners we (The FIRMS Network) distributed a
g gﬂh':{lmgr[\l':g‘g’:’;‘o'rgcgg%’rztr'ggn Exorcise newsletter. Hopefully, you will see that it is
a4 Good Practices Guide 4R not through lazme;s. bup because we have
5. People behind FIRMS been busy. Our mailing lists may be a little
6. 4" FIRMS Network conference out of date so please let us know of any
7. Forensic Isotopes at the EGU changes and pass this newsletter to any
8. Recent Publications colleagues who might be interested.

Jim Carter (chair)

i 2. The FIRMS Network Ltd
1. FIRMS Approve

IRMS Practitioners i In 2009 the FIRMS Network was incorporated and

registered as a not-for-profit organization in the
UK. FIRMS Network was started by a grant from
the UK to a group of government and academic
scientists, let by Sean Doyle (then at DSTL-
Forensic Explosive Laboratory) and Max Coleman
(then at the University of Reading).

Initial work assessed the needs and directions of
the application isotope ratio analysis in forensic
application. A series of international conferences
were held to assess the current status of
research and applications.

By 2010 the combined effort was considered
mature enough to warrant the efforts for
incorporation.

The FIRMS Network now offers an Approval
Procedure for forensic practitioners in the
field of isotope forensics. Approval provides an
assurance of Evidentiary Reliability and
involves assessment against a set of criteria
drawn up by the FIRMS Steering Group. The
procedure followed and the criteria applied
are set out in The FIRMS Network Approval
Procedure and Regulatory = Framework
document.

Approved Practitioners will be listed as
such on the FIRMS Web site.

The service is certified to the standard
ISO9001. The documented Procedure and
Framework will shortly be made available on
the FIRMS Web site. Until that time controlled
copies can be obtained on request.

The FIRMS Network is operated by a Steering
Group made up of scientists from around the
globe. The current membership is listed below.
We will call upon other expertise as needed.

Practitioners who are interested in gaining
FIRMS Approval should, in the first instance,
register that interest by contacting FIRMS. An
Initial Assessment Questionnaire will then be
issued for completion by the candidate.

contact us:
web site www.forensic-isotopes.org
email FIRMS @forensic-isotopes.org

Sarah Benson (AFP, Australia), Jim Carter(MSA
Ltd, UK), Max Coleman (Caltech, USA), Sean
Doyle (Linked Forensic Consultants, NZ)

Philip Dunn (LGC, UK), Russell Frew (University
of Otago, NZ), Jurian Hoogewerff (UEA, UK).
Claire Lock (FEL, UK), Wolfram Meier-Augenstein
(James Hutton Institute, UK), Niamh Nic Daeid
(University of Strathclyde, UK), Helen Salouros
(NMI, Australia), Sabine Schneiders (BKA,
Germany), Libby Stern (FBI, USA), Gerard van
der Peijl (NFI, Netherlands), David Widory
(BRGM, France).

10of10



3. The 6" FIRMS Inter-Laboratory
Comparison Exercise

The FIRMS Network has recently completed
the 6™ Inter-Laboratory Comparison (ILC)
exercise. The final deadline for submission
of results was March 15, 2011 and the
results are now compiled and analysed. The
materials for this study were sodium nitrate,
4-nitroacetanilide, and glycine. The
purposes of conducting these ILC studies are
1. to allow laboratories to assess their
external accuracies

2. help laboratories seeking I1SO certification
to participate in an external ILC, as required
by 1SO; and

3. for the forensic isotope ratio community
to gain consensus on what measurements
may be problematic.

The inclusion of sodium nitrate in this study
was motivated by a previous ILC which
included ammonium nitrate, and for which
there was an unusually high range of
nitrogen isotope variability. The inclusion of
sodium nitrate in the 6™ ILC may identify
the difficulties in “oxidizing” highly oxidized
materials, such as nitrates in an Elemental
Analyzer.

Results have now been sent to individual
laboratories and a summary will appear on
the FIRMS website in due course.

4. IRMS Good Practices Guide

The FIRMS network is collaborating with LGC, the
UK’s designated National Measurement Institute for
chemical and bioanalytical measurements is to draft
a “Good Practices Guide” for isotope ratio
measurements. This guide is not specifically aimed
at forensic applications, but due to the importance
of traceability of measurements in forensic
applications, FIRMS Network is leading this effort.
Among the topics to be covered in this guide

1. descriptions of common instrument
configurations, both dual inlet and continuous flow
2. instrument quality controls

3. evaluation of data

4, descriptions of a few applications

5. interpretation of data

The guide is not aimed at providing methodologies
for all preparative methods employed in making light
stable isotope ratio measurements. There are
several other resources for that purpose, in
particular the excellent books edited by Pier de
Groot. Instead, this guide is designed to be a first
step for aiding acquisition of high quality isotope
ratio measurements using some of the most
commonly used methods.

Publication is planned for September 2011.

Jim Carter (chair) presents Jenny Hill with an
engraved FIRMS pen in recognition of her
work in organizing the 2010 conference

5. FIRMS People

The FIRMS Network says a fond “farewell” to Jenny
Hill from MSA Ltd (UK). Jenny was involved in the
FIRMS Network for many years and played a key role
in the incorporation and in organizing the 2010
conference. Never someone to rest on her success
she has moved to Canada to take up a career in
Landscape Architecture.

Another big “thank you” goes to Martin van
Breukelen from the NFI for his help in maintaining
the FIRMS website. Martin is moving on to Radboud
University Nijmegen.

Dr lan Bull at Bristol University has agreed to take
on the role of membership secretary. Hopefully, he
will be in contact soon.

Help Wanted

With the departure of some key members, the FIRMS
Network is looking for volunteers to help with the
newsletter, website etc. We would like to hear from
anyone who feels they have something to contribute.
(contact details above)
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6. The 4" International FIRMS Conference
The Carneigie Institute - Washington 2010

The Fourth Forensic Isotope Ratio Mass Spectrometry (FIRMS) Network Conference took
place April 11-14, 2010, in Washington D.C., at the headquarters of the Carnegie Institution for
Science. This venue encouraged lively scientific exchange with its intimate size and inspiring,
scientifically theme murals. This meeting was co-hosted by the Laboratory of the Federal Bureau
of Investigation.

The Fourth FIRMS conference highlighted the forensic use of isotopes of light elements, as
well as the potential applications of isotopes of “heavy” elements such as strontium and lead. The
FIRMS Conference was kicked off with a welcoming address by the FBI Laboratory director , Dr.
Christain Hassell and an introduction to the FIRMS Network by Dr Jim Carter. This was followed by
a plenary talk by Professor James Ehleringer (University of Utah and IsoForensics) describing the
state-of-the-art in the use of isotope composition for forensic applications.

Research and applications in the forensic use of isotope ratios were presented for a wide
variety of topics including: the use of isotope composition to link a reactant to contraband
products (drugs and explosives), geographic attribution of contraband or counterfeit commodities,
authenticating food products, documenting archeological forgeries, and characterizing the origin
and growth conditions of microbial bio-terrorism agents. Additionally, there were numerous
presentations on technical innovations aimed at reducing sample-size requirements as well as
developing novel chromatographic techniques coupled to isotope ratio measurements. The second
plenary talk was presented by Professor Paul Philp of the University of Oklahoma, on the
application of isotope ratios to environmental forensics. This presentation highlighted the
application of isotope analysis for attributing hydrocarbon contaminants in the environment.

Perhaps, more important than the high quality technical presentations at the FIRMS
Conference was a session devoted to incorporating isotope ratio data within a legal system. As this
is a relatively novel technique within a forensic context, these discussions are critical to set this
technique off in the right direction. It is much more fruitful to have critical discussions and
disagreements regarding evidence in a conference to avoid these confrontations in the courtroom.

The dust darkening the skies over this successful conference is that many conference
participants were stranded in Washington D.C. due to the eruption of volcanic ash from Iceland’s
Eyjafjallajokull volcano and the consequent disruption of Trans-Atlantic flights.

Abstracts for this conference and previous conferences are available from the FIRMS
website.

Volcanic ash left members of
the FIRMS Steering Group
waiting for a plane!
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7. Forensic Isotopes @ EGU, Vienna
The following article appeared in Carolyn Gramling’s BLOG for EARTH. Originally Posted: 08 Apr 2011
Cold case files: Light and heavy isotopes forging forensic “isoscapes”

Law enforcement may have a new tool, courtesy of geoscientists. About five years ago,
scientists coined the word “isoscape” to describe a new kind of map: a spatial distribution of
stable isotope ratios (from elements such as carbon, hydrogen, oxygen, nitrogen and strontium)
in different parts of the world, based on known ways that these isotopes behave in the
environment. Different isotopes tell different stories — carbon can help identify diet, while
hydrogen and oxygen can help identify provenance (for example, about 30 percent of the
hydrogen deposited in a human hair comes from the water or water-based beverages the
person drank) — so the combination of different isotopic values into one map creates a far more
powerful tool than a map based on any single element.

The potential usefulness of isoscapes is wide-
ranging and thrilling: By measuring the isotopic
ratios in anything from bones to hair to plants to
gems, and then comparing those values (perhaps
even changing over time, as bones, plants and
teeth grow) with an isoscape, it might be possible
to track human geographic origins, identify the
source of illicit drugs, detect counterfeit food
products and follow the migration of wildlife.

LEFT - Drs Helen Kemp and Meier-Augenstein
prepare human teeth for isotopic analysis.

The potential for using stable isotopes in forensics is certainly of interest to police. One of the
most interesting and unusual presentations in the EGU meeting session was a poster by
geochemist Wolfram Meier-Augenstein (one of the conveners of the session) of the James Hutton
Institute in Dundee, Scotland, geochemist Helen Kemp, also of the James Hutton Institute, and
other colleagues. The police force of Gwent, in South Wales, approached them to do a stable
isotope analysis on the remains of an unidentified Asian man, to see if he could be identified
somehow. Using stable isotopes from a hair on the man’s head — of a length coinciding with about
14.5 months of life — the scientists were able to sketch out the man’s last year of life, which
included several months spent in Eastern Europe, a longer stint in Central Europe, and then
finally arrival in the U.K. about three months before he died. That information — combined, it
should be noted, with additional data from Interpol that began to unfold as the case progressed
— ultimately led to his identification: He was Vietnamese, a victim of human trafficking, and
had been killed by a Vietnamese organized crime gang for not repaying a debt. The gang, it
seems, was in the habit of bringing people in through Eastern Europe, then Central Europe, and
finally depositing them in the U.K.

Although there are many other interesting success stories, the field as a whole is still in the
early stages. The number-one drawback, as was made clear in many of the talks today, is
simply a lack of sufficient data to construct consistently effective maps. Obviously, this method
improves dramatically the more baseline data one has, Kemp says. And for some projects still
in a preliminary phase, a lack of sufficient data just makes it too difficult to say anything
definitive about provenance.

With that problem in mind, a number of scientists are now engaged in constructing large-scale
isotopic ratio maps of Europe, the United States and other regions, using what actual data are
available, as well as GIS and modeling. For example, the other convener of today’s session,
geochemist Julian Hoogewerff of the University of East Anglia in England, announced that his
team had constructed the first low-resolution strontium-isotope geochemical map of all of
Europe. Other isotopic maps are not likely to be far behind.
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8. Recent Publications of interest to FIRMS Network

Temporal variation of oxygen isotope ratios (5'°0) in drinking water:
Implications for specifying location of origin with human scalp hair

Casey D. Kennedy® & &4, Gabriel J. Bowen® " Edand James R. Ehleringer™ ¢ &

Forensic Science International 208 (2011) 156—-166

Ryansville

Albuguergue

B |7 Catidge

R ille

Abstract

Previouswork suggeststhat d1sOvalues of
human hair can be used to constrain the region-
of-origin of unknown individuals, but robust
assessmentsof uncertaintiesin thismethod are
lacking. Here we assess one source of
uncertainty — temporal variation in the d 180
value of drinking water —using a monthly tap
water survey of d1s0Oto develop geospatial
models (i.e., maps) of the intra-annual variation
(seasonality) in tap water d1sOfor the
contiguous USA. Temporal variation in tap water
disOwascorrelated with water-supply type, and
wasrelated to geographic patternsof
precipitation d1sO seasonality and water
residence time. The mapswere applied in a
Bayesian framework to identify the geographic
origin of an unidentified woman found in Utah,
based on measured d 180 of scalp hair. The
resultsare robust in specifying partsof the
western USA asthe most likely region-of-origin.
Incorporation of tap water d 180 seasonality in
the analysisreducesthe precision of geographic
assignments, but other sources of uncertainty
(e.g., spatialinterpolation uncertainty) have an
equal or larger effect.

2010 Elsevier Ireland Ltd. All rightsreserved.

Stable Isotope Forensics:
An Introduction to the Forensic
Application of Stable Isotope Analysis

Wolfram Meier-Augenstein

ISBN: 978-0-470-51705-5

Hardcover

296 pages

March 2010

£55.00 / €66.00 from all good booksellers

"The book is timely and important, it is pleasantly written, generally with a
positive ‘open' mind to what stable isotope analysis can and cannot contribute to
forensic and scientific investigations. It is well produced and reasonably priced.
The figures, tables, and photographs in the book are generally informative and
this aiding the overall (educational) value of the book." (MassMatters, November

2010)
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Below is a non-comprehensive list of recent publications relevant to the FIRMS Network.

Manufactured Materials

Collins M., Cawley A.T., Heagney A.C., Kissane L., Robertson J., Salouros H., d13C, d®N and d°H isotope ratio mass spectrometry
of ephedrine and pseudoephedrine: application to methylamphetamine profiling. Rapid Commun. Mass Spectrom. 2009,
23, p. 2003.

Collins M., Salouros H., Cawley A.T., Robertson J., Heageny A.C. and Arenas-Queralt A., d“Cand d°H isotope ratios in
amphetamine synthesized from benzaldehyde and nitroethane.Rapid Commun. Mass Spectrom. 2010, 24, p. 1653.

Farmer, N., Curran, J., Lucy, D., Nic Daeid, N., and Meier-Augenstein, W., 2009, Stable isotope profiling of burnt wooden safety matches:
Science & Justice, v. 49, p. 107-113

Farmer, N., Meier-Augenstein, W., and Lucy, D., 2009, Stable isotope analysis of white paints and likelihood ratios, Science & Justice, Volume
49, p. 114-119.

Farmer, N.L., Ruffell, A., Meier-Augenstein, W., Meneely, J., and Kalin, R.M., 2007, Forensic analysis of wooden safety matches a - A case study:
Science & Justice, v. 47, p. 88-98.

Quirk, A.T., Bellerby, J.M., Carter, J.F., Thomas, F.A., and Hill, J.C., 2009, An initial evaluation of stable isotopic characterisation of post-blast
plastic debris from improvised explosive devices, Science & Justice, Volume 49, p. 87-93.

Taylor, E., Carter, J.F., Hill, J.C., Morton, C., Daeid, N.N., and Sleeman, R., 2008, Stable isotope ratio mass spectrometry and physical
comparison for the forensic examination of grip-seal plastic bags: Forensic Science International, v. 177, p. 214-220.

General Forensics

Benson, S.J., Lennard, C.J., Maynard, P., Hill, D.M., Andrew, A.S., Neal, K., Stuart-Williams, H., Hope, J., Walker, G.S., and Roux, C., 2009,
Forensic Analysis of Explosives Using Isotope Ratio Mass Spectrometry (IRMS)-Part 2: Forensic Inter-Laboratory Trial: Bulk Carbon and
Nitrogen Stable Isotopes in a Range of Chemical Compounds (Australia and New Zealand), Journal of Forensic Sciences, Volume 55, p.
205-212.

Carter, J.F., Hill, J.C., Doyle, S., and Lock, C., 2009, Results of four inter-laboratory comparisons provided by the Forensic Isotope Ratio Mass
Spectrometry (FIRMS) network: Science & Justice, v. 49, p. 127-137.

Daeid, N.N., Buchanan, H.A.S., Savage, K.A., Fraser, J.G., and Cresswell, S.L., 2010, Recent Advances in the Application of Stable Isotope Ratio
Analysis in Forensic Chemistry, Australian Journal of Chemistry, Volume 63, p. 3-7.

Doyle, S., 2009, Special issue: Forensic application of isotope ratio mass spectrometry (IRMS), Science & Justice, Volume 49, p. 61-61.
Ehleringer, J.R. and Matheson, S.M. Jr., 2011, Stable Isotopes and Courts, Utah Law Review, Volume 2010 p. 385-442

Meier-Augenstein, W., 2010, Stable Isotope Forensics: An Introduction to the Forensic Application of Stable Isotope Analysis, Wiley.

Explosives

Aranda, R, Stern, L.A., Dietz, M.E., McCormick, M.C., Barrow, J.A., and Mothershead, R.F., 2011, Forensic utility of isotope ratio analysis of the
explosive urea nitrate and its precursors: Forensic Science International, v. 206, p. 143-149.

Benson, S.J., Lennard, C.J., Hill, D.M., Maynard, P., and Roux, C., 2010, Forensic Analysis of Explosives Using Isotope Ratio Mass Spectrometry
(IRMS)-Part 1: Instrument Validation of the DELTAplusXP IRMS for Bulk Nitrogen Isotope Ratio Measurements, Journal of Forensic
Sciences, Volume 55, p. 193-204.

Benson, S.J., Lennard, C.J., Maynard, P., Hill, D.M., Andrew, A.S., Neal, K., Stuart-Williams, H., Hope, J., Walker, G.S., and Roux, C., 2009,
Forensic Analysis of Explosives Using Isotope Ratio Mass Spectrometry (IRMS)-Part 2: Forensic Inter-Laboratory Trial: Bulk Carbon and
Nitrogen Stable Isotopes in a Range of Chemical Compounds (Australia and New Zealand), Journal of Forensic Sciences, Volume 55, p.
205-212.

Benson, S.J., Lennard, C.J., Maynard, P., Hill, D.M., Andrew, A.S., and Roux, C., 2009, Forensic analysis of explosives using isotope ratio mass
spectrometry (IRMS) - Discrimination of ammonium nitrate sources, Science & Justice, Volume 49, p. 73-80.

Benson, S.J., Lennard, C.J., Maynard, P., Hill, D.M., Andrew, A.S., and Roux, C.,2009, Forensic analysis of explosives using isotope ratio mass
spectrometry (IRMS)--preliminary study on TATP and PETN, Sci Justice, Volume 49, p. 81-6.

Gentile, N., Siegwolf, R.T.W., and Delemont, O., 2009, Study of isotopic variations in black powder: reflections on the use of stable isotopes in
forensic science for source inference, Rapid Communications in Mass Spectrometry, Volume 23, p. 2559-2567.

Lock, C.M., and Meier-Augenstein, W., 2008, Investigation of isotopic linkage between precursor and product in the synthesis of a high
explosive: Forensic Science International, v. 179, p. 157-162.
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Meier-Augenstein, W., Kemp, H.F., and Lock, C.M., 2009, N-2: a potential pitfall for bulk H-2 isotope analysis of explosives and other nitrogen-
rich compounds by continuous-flow isotope-ratio mass spectrometry, Rapid Communications in Mass Spectrometry, Volume 23, p.
2011-2016.

Pierrini, G., Doyle, S., Champod, C., Taroni, F., Wakelin, D., and Lock, C., 2007, Evaluation of preliminary isotopic analysis 13c/2cand N/MN of
explosives A likelihood ratio approach to assess the links between semtex samples: Forensic Science International, v. 167, p. 43-48.

Environemental Forensics
Blessing, M., Schmidt, T.C., Dinkel, R., and Haderlein, S.B., 2009, Delineation of Multiple Chlorinated Ethene Sources in an Industrialized Area-A
Forensic Field Study Using Compound-Specific Isotope Analysis: Environmental Science & Technology, v. 43, p. 2701-2707.

Coffin, R.B., Pohlman, J.W., Grabowski, K.S., Knies, D.L., Plummer, R.E., Magee, R.W., and Boyd, T.J., 2008, Radiocarbon and Stable Carbon
Isotope Analysis to Confirm Petroleum Natural Attenuation in the Vadose Zone: Environmental Forensics, v. 9, p. 75-84.

Eberts, S.M., Braun, C., and Jones, S., 2008, Compound-Specific Isotope Analysis: Questioning the Origins of a Trichloroethene Plume:
Environmental Forensics, v. 9, p. 85-95.

Li, Y., Xiong, Y.Q., Yang, W.Y., Xie, Y.L,, Li, S.Y., and Sun, Y.G., 2009, Compound-specific stable carbon isotopic composition of petroleum
hydrocarbons as a tool for tracing the source of oil spills, Marine Pollution Bulletin, Volume 58, p. 114-117.

Mancini, S.A., Lacrampe-Couloume, G., and Lollar, B.S., 2008, Source Differentiation for Benzene and Chlorobenzene Groundwater
Contamination: A Field Application of Stable Carbon and Hydrogen Isotope Analyses: Environmental Forensics, v. 9, p. 177-186.

Mariappan, S., Exner, M.E., Martin, G.E., and Spalding, R.F., 2009, Variability of Anaerobic Animal Waste Lagoon deltal5N Source Signatures:
Environmental Forensics, v. 10, p. 19-26.

Michalski, G., Earman, S., Dahman, C., Hershey, R.L., and Mihevc, T., 2010, Multiple isotope forensics of nitrate in a wild horse poisoning
incident: Forensic Science International, v. 198, p. 103-109.

Mudge S.M., Eadsforth C., DeLeo P. and MEIER-AUGENSTEIN W., 2010, What contribution do detergent fatty alcohols make to sewage discharges
and the marine environment?, Journal of Environmental Monitoring, 12, p. 1846-1856; DOI: 10.1039/COEMO00079E.

Mudge S. M. and MEIER-AUGENSTEIN W. 2010, Tracking Sewage Wastes, in Environmental Forensics — Proceedings of the 2009 Annual
Conference by Morrison R.D. & O’Sullivan G. [eds.], Royal Society of Chemistry, p. 164-175, ISBN 1-84755-258-7.

O'Sullivan, G., and Kalin, R.M., 2008, Investigation of the Range of Carbon and Hydrogen Isotopes Within a Global Set of Gasolines:
Environmental Forensics, v. 9, p. 166-176.

Oudijk, G., 2008, Compound-Specific Stable Carbon Isotope Analysis of MTBE in Groundwater Contamination Fingerprinting Studies: The Use of
Hydrogeologic Principles to Assess Its Validity: Environmental Forensics, v. 9, p. 40-54.

Palau, J., Soler, A., Canals, A.n., and Aravena, R.n., 2010, Use of Environmental Isotopes (13C, 15N, and 180) for Evaluating Sources and Fate of
Nitrate and Tetrachloroethene in an Alluvial Aquifer: Environmental Forensics, v. 11, p. 237-247.

Parker, D.R., 2009, Perchlorate in the environment: the emerging emphasis on natural occurrence, Environmental Chemistry, Volume 6, p. 10-
27.

Shouakar-Stash, O., Frape, S.K., Aravena, R., Gargini, A., Pasini, M., and Drimmie, R.J., 2009, Analysis of Compound-Specific Chlorine Stable
Isotopes of Vinyl Chloride by Continuous Flow-Isotope Ratio Mass Spectrometry (FC-IRMS): Environmental Forensics, v. 10, p. 299-306.

Geographic Isotope Distributions

Bowen, G.J., 2010, Isoscapes: Spatial Pattern in Isotopic Biogeochemistry, Annual Review of Earth and Planetary Sciences, Vol 38, Volume 38,
p. 161-187.

Bowen, G.J., Hoogewerff, J., and West, J.B., 2009, Isoscapes: Isotope mapping and its applications, Journal of Geochemical Exploration, Volume
102, p. V-VIL.

Hobson, K.A., Lormee, H., Van Wilgenburg, S.L., Wassenaar, L.I., and Boutin, J.M., 2009, Stable isotopes (delta D) delineate the origins and
migratory connectivity of harvested animals: the case of European woodpigeons, Journal of Applied Ecology, Volume 46, p. 572-581.

Hobson, K.A., Van Wilgenburg, S.L., Larson, K., and Wassenaar, L.I., 2009, A feather hydrogen isoscape for Mexico, Journal of Geochemical
Exploration, Volume 102, p. 167-174.

Macdonald, R.W., Forsland, V., Withler, R.E., Patterson, D.A., and Demsky, A., 2009, The Use of Stable Oxygen Isotope (delta O-18)
Composition in Sockeye Salmon Body Fluid to Determine whether a Fish Has Been Caught in Freshwater, North American Journal of
Fisheries Management, Volume 29, p. 560-569.

van der Veer, G., Voerkelius, S., Lorentz, G., Heiss, G., and Hoogewerff, J.A., 2009, Spatial interpolation of the deuterium and oxygen-18
composition of global precipitation using temperature as ancillary variable, Journal of Geochemical Exploration, Volume 101, p. 175-184.

Wassenaar, L.I., Van Wilgenburg, S.L., Larson, K., and Hobson, K.A., 2009, A groundwater isoscape (delta D, delta O-18) for Mexico, Journal of
Geochemical Exploration, Volume 102, p. 123-136.
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West, J.B., Bowen, G.J., Dawson, T.E., and Tu, K.P., 2010, Isoscapes: Understanding movement, pattern, and process on Earth through isotope
mapping, Springer.

West, J.B., Sobek, A., and Ehleringer, J.R., 2008, A Simplified GIS Approach to Modeling Global Leaf Water Isoscapes, Plos One, Volume 3.

Zbinden, J.A., Bearhop, S., Bradshaw, P., Gill, B., Margaritoulis, D., Newton, J., and Godley, B.J., 2011, Migratory dichotomy and associated
phenotypic variation in marine turtles revealed by satellite tracking and stable isotope analysis, Marine Ecology-Progress Series, Volume
421, p. 291-302.

Pharmceuticals and Narcotics

Buchanan, H.A.S., Daeid, N.N., Meier-Augenstein, W., Kemp, H.F., Kerr, W.J., and Middleditch, M., 2008, Emerging Use of Isotope Ratio Mass
Spectrometry as a Tool for Discrimination of 3,4-Methylenedioxymethamphetamine by Synthetic Route: Analytical Chemistry, v. 80, p.
3350-3356.

Buchanan, H.A.S., Daeid, N.N., Kerr, W.J., Carter, J.F., and Hill, J.C., 2010, Role of Five Synthetic Reaction Conditions on the Stable Isotopic
Composition of 3,4-Methylenedioxymethamphetamine, Analytical Chemistry, Volume 82, p. 5484-5489.

David, G.E., Coxon, A., Frew, R.D., and Hayman, A.R., 2010, Isotope fractionation during precipitation of methamphetamine HCl and
discrimination of seized forensic samples: Forensic Science International, v. 200, p. 123-129.

Hurley, J.M., West, J.B., and Ehleringer, J.R., 2010, Stable isotope models to predict geographic origin and cultivation conditions of marijuana,
Science & Justice, Volume 50, p. 86-93.

Kawashima, H., and Katayama, Y., 2010, Source Evaluation of Diazinon Using Stable Carbon Isotope Ratio, Environmental Forensics, Volume 11,
p. 363-371.

Kurashima, N., Makino, Y., Urano, Y., Sanuki, K., Ikehara, Y., and Nagano, T., 2009, Use of stable isotope ratios for profiling of industrial
ephedrine samples: Application of hydrogen isotope ratios in combination with carbon and nitrogen: Forensic Science International, v.
189, p. 14-18.

Marclay, F., Pazos, D., Delmont, O., Esseiva, P., and Saudan, C., 2010, Potential of IRMS technology for tracing gamma-butyrolactone (GBL):
Forensic Science International, v. 198, p. 46-52.

Meier-Augenstein, W., and NicDaeid, N., 2008, Feasibility of source identification of seized street drug samples by exploiting differences in
isotopic composition at natural abundance level by GC/MS as compared to isotope ratio mass spectrometry (IRMS), Forensic Science
International, Volume 174, p. 259-261.

Muccio, Z., and Jackson, G.P., 2010, Simultaneous Identification and 613C Classification of Drugs Using GC with Concurrent Single Quadrupole
and Isotope Ratio Mass Spectrometers, Journal of Forensic Sciences, Volume 56, p. $203-5209.

Santamaria-Fernandez, R., Hearn, R., and Wolff, J.-C., 2009, Detection of counterfeit antiviral drug Heptodin and classification of counterfeits
using isotope amount ratio measurements by multicollector inductively coupled plasma mass spectrometry (MC-ICPMS) and isotope ratio
mass spectrometry (IRMS), Sci Justice, Volume 49, p. 102-6.

Santamaria-Fernandez, R., and Le Goff, T., 2010, Isotopic characterisation of in-house purified progesterone for C-13/C-12 isotope ratios by
multicollector ICP-MS, Journal of Analytical Atomic Spectrometry, Volume 25, p. 378-383.

Saudan, C., Baume, N., Emery, C., Strahm, E., and Saugy, M., 2008, Short term impact of Tribulus terrestris intake on doping control analysis of
endogenous steroids: Forensic Science International, v. 178, p. e7-e10.
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