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The goal of this presentation is to discuss the latest methodologies currently in use in the creation of isotope-based
databases for identification. Using examples from a Mexican population, this presentation will identify when and where
each database methodology can be practically and successfully applied. This presentation will investigate identification
databases consisting of “authentic known samples” and discuss the statistical success of political/state groupings versus
geochemical separations. In addition, this presentation will compare databases consisting of “authentic known samples”
with those based on predictive models. After attending this presentation attendees will, understand the two major types of
isotope databases currently in use (authentic sample, and predicative model), and be able to identify when and where these
database types will be most successful.

The use of isotopic analysis for the purposes of forensic identification has become a focus in recent years. As more
isotope databases are constructed it is critical to understand the pitfalls and limitations of different types of databases and
to recognize the influence that country of origin may have on successful identification. This presentation will impact the
forensic science community by opening a dialog on isotope databases to maximize the creation of successful isotopic
identification and encourage the increased use of this powerful identification tool.

Isotope ratios in teeth, bones, hair and nails have been analyzed by archaeologist and forensic scientists to investigate
patterns of residential mobility and region of origin. Much of the isotope work coming out of the forensic anthropology
community has utilized samples of known origin for identification comparison (Juarez, Regan).'? In 2011, a comparative
isotope database documenting (6180, 013C, 87/86Sr) for 10 states in Mexico was completed. In its initial form, this
database focused on political separations for samples of known origin as a comparative method.

Recently, the focus on isotope identifications has begun to turn towards predictive modeling (Ehleringer).?
Ehleringer initiated the development of a model to predict the geographic region of origin for humans living in the United
States based on the 8180 and 02H values of scalp hair.** The most recent results from this research suggest that database
comparison studies have limited predictive power when compared to predictive model studies (Ehleringer).® In principle,
this claim has significant merit when the robustness of available models are analyzed and compared. The Ehleringer et al.
predictive model achieved an overall 86% correct success rate between observed and predicted region of origin locations
for training samples.* This is compared to a variable rate of success for the comparative model of modern Mexican
populations, which achieved 46-86%. In practice, the difference in robusticity between the predictive and the comparative
models and the sample regions suggests some interesting trends that merit further analysis. First, the predictive model
based on U.S. populations suggests that oxygen and hydrogen isotopes alone have the power to discriminate between
different regions of origin even for contiguous areas. This is in contrast to the results from the comparative Mexican data
set, where d180 values alone separate the Mexican states involved into only two major groups, with d180 values
contributing only minimally to the discriminant function. Individuals that had a close relationship to the local water
mainly represented the samples in predictive model. This relationship was not naturally occurring in the Mexican
population studied, and it is clearly documented that Mexican populations have the highest bottled water consumption in
the world. In addition, the possible range of tap water 6180 values in the predictive model was much larger (-5 to -20%o)
than the range of precipitation values in the Mexico sample (-2.9 to -10). This suggests that the sample areas themselves
may not be of equal quality and that Mexico may not be an ideal location for region of origin discrimination on the basis of
oxygen.

Second, the Mexican comparative model had a more significant problem with misclassifications than the predictive
model. The Ehleringer model is a predictive isoscape model. Isoscapes provide expected isotope values for a given
geographic coordinate. This method is useful for studying processes that lead to changes in isotope values over space.
Essentially this model type can provide a sense of the extent to which distributions of isotope values from different
locations are the same. This is something that does not happen with a comparative model.

This presentation will impact the forensic science community by opening a dialog on isotope databases to maximize
the creation of successful isotopic identification and encourage the increased use of this powerful identification tool. As
more isotope databases are constructed it is critical to understand the pitfalls and limitations of different types of databases
and to recognize the influence that country of origin may have on successful identification. In certain locations like
Mexico were the relationship between local food and water intake is complicated by the pervasive use of bottle water
comparative models offer valuable insight. The study comparison suggests that the best models take into consideration the
unique limiting factors in each given situation and push for careful analysis of a given situation and the creation of a
flexible hybrid database when and where appropriate.
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