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ABSTRACT: The analysis of dust allows inference of exposures to geographical areas, environments, activities,
and processes. This activity of inferential source attribution is distinguished from that of comparative source at-
tribution, where the focus is on the degree of correspondence between two sources in relation to other possible
sources. Review of source attribution efforts in the forensic and broader scientific literature shows that most efforts
are limited in one or more of four principal ways, which are classified as: (a) methods based on attribution by
direct comparison; (b) methods based on closed-set item classification; (c) analysis using restricted methods and
characteristics, and (d) requirement of a large sample size. These limitations provide the context for the require-
ments of more generalized inferential source attribution. Occurring much more rarely, and almost exclusively in
the forensic literature, are individual source attribution case reports that have a microscopical, multidisciplinary
perspective. Collectively these are an excellent illustration of potential and their common features demonstrate
that (a) a diversity of laboratory expertise and methodology is required in order for source attribution to be suc-
cessful; (b) different tools need to be applied in different cases, and (c) a process must be in place that allows a
facile choice among this diversity of tools, in response to the particular investigative problem and the specifics
of the samples that are available. Alternative collaborative mechanisms are considered and recommendations are
made for related research and programmatic application.
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INTRODUCTION

Fine dust particles, adhering to virtually any object
and within virtually any product, are the result of a history
of exposure. Routinely, such dusts contain a tremendous
variety of particles, including those of mineral, botani-
cal, zoological, microbial, and anthropogenic character
[240-242]. The large numbers of particles in dusts, as
well as their variety, provide an extremely rich source
of potential information — translating into a powerful
inferential tool — when the particles are appropriately
analyzed and appropriately interpreted.

Inferential source attribution is the ability to use dusts
to infer the geographical areas, environments, and human
activities or processes to which an object or individual
has been exposed. This capability supports the systematic
search for (and identification of) the associated locations,
or provides evidence of association with activities and
processes of forensic or investigative interest.

Inferential source attribution is distinct from compara-
tive source attribution. Comparative source attribution
uses the results of analyses on two specimens to infer the
strength of association that follows from the degree of cor-
respondence, relative to their degree of correspondence to
other possible sources. Both inferential and comparative
source attribution are important in forensic science and

comparative source attribution has the more prominent
role. In forensic science it is routine to be faced with
specimens from crime scenes and specimens from suspects,
and to be tasked with the performance and evaluation of
tests for correspondence. But before potential sources are
identified, the task is one of inferential source attribution:
determining source characteristics, suggesting possible
suspects, and linking cases or materials such as weapons
and contraband.

Inferential source attribution methods begin with
collection, evaluation, and identification of trace mate-
rials and particles. The geographical or environmental
origin of these particles and traces is determined based
on characteristics of the individual particles [305], their
joint occurrence, and the geographical distributions of
these particles. In cases where the geographical distribu-
tion of a specific particle type is not known, its potential
geographical distribution can be estimated based on (for
example) the geological, ecological, or climatic conditions
necessary for its occurrence. Prior geographical history
of the object or individual is inferred, within the context
of other investigative information and taking into account
transfer characteristics such as particle transport, adhesion,
andretention. The value of an inferential source attribution
capability is determined by its ability to address questions
of forensic concern in a specific application. Two aspects
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