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Introduction

Forengc paynology isthe gpplication of paynomorph andyssto the law. Paynomorph
assemblagesinclude modern and fossil pollen, spores, and other acid-resistant plant materias (i.e., some
agae, fungd spores) that are abundant, easily preserved, and closely correlated with loca environments.
The discipline of forensic paynology typically encompasses the examination of pollen and spores
recovered from people, objects, and locations associated with acrime. The Trace Evidence Unit of the
FBI Laboratory isassessing the use of pollen analysisto augment soil and minerdogica examinations that
are currently performed. These complementary analyses support a multi-disciplinary approach to trace
evidence examinations in casawork.

This paper provides forensic examiners, law enforcement personnel, and legd professondsa
review of pollen analysis, its potentid use in forensic casawork, and the factors that have limited its
gpplication in the United States. We outline protocols to conduct pollen andlys's, including evidence and
sample collection, processing options, issueswith identification and interpretation, and potential advances.

Finally, acase study is presented from akidnaping that included soil and pollen analysis conducted by the

FBI and US Geologicd Survey (USGS).



Pollen and Forensics

Pollen and spores are idedl forensic trace materials because the grains are small, highly variable,
and found on amost any item that has been exposed to or comesin contact with the air (Milne et d. 2005).
Transfers can occur between people, plants, and objects or a combination of contact between these
things. Ther ubiquity in the environment is due to the pralific production of pollen by plants. Thewals
of pollen grains are composed of compounds that are highly resistant to most forms of decay enabling
recovery from arange of evidentiary items and reference samples. The wide variety of shapes, Szes, and

surface characterigtics of pollen grains ad their identification (Figure 1).
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Figurel. Examplesof thevariationsin palynomorph morphology. These examplesarefrom South Florida (Willard
et al. 2004).




All of these characterigtics can be exploited for a variety of scenarios common in forensic
science—comparison of itemsto assess acommon origin, evauating dibis, assgting investigations by
providing lead vaue, and attempting to identify the source of a sample through provenance studies.
Pollen and Evidence

Pollen can beisolated from mogt items typically submitted for forensc examination Theseinclude
s0il, clothing and fabrics, ropesand twines, air filters, drugs, plant materid, and human and anima materid,
such as hair, fur, and stomach contents (Horrocks 2004; Milne et a. 2005). In addition, samples for
comparison purposes (i.e., dibi and exclusionary samples) and plant samplesfor use asreference materid
should be collected. The FBI Mineraogy group of the Trace Evidence Unit suggests soil reference
samples be collected from the location and depth of interest including samples with any observable
changes in color, texture, or composition. Furthermore, at least one additiona sample set should be
collected from at least 50 to 100 feet away from thelocation of interest. If pollen analyssis desred, loca
vegetation associated with acrime scene or dibi location should be collected for comparison purposes as
wdll.
Pollen Recovery

Specific methods for recovering pollen from items are described in numerous references (Eyring
1996; Horrocks 2004; Traverse 1988). A genera summary of the techniques includes the remova of
mineral and organic matter through a series of acid treatments, Seving to consolidate the sze fraction of
interest, gaining for better visibility and identification, and mounting the remaining pollentrich resdue on
microscope dides for microscopic andyss. Processing protocolsin the USGS Pollen Laboratory follow
standard palynologica techniques outlined in Traverse (1988). However, deviations are appropriate

based on they type of materia submitted for processing. Often, paynologists assess items for processing



and apply the most appropriate approach for recovery.

Although pallen processing and identification are best conducted by an experienced paynologis,
the preparation techniques used to process and recover pollen can be conducted at forensic laboratories
with only afew minor adaptations. For the non-pollen specidist, contamination is the grestest issue, and
it should be mitigated at every stage of the andys's, beginning with collection of samplesin thefidd and
continuing through every processing step in the laboratory. Suggestions for limiting or diminating
contamination include the use of clean, digposable collection equipment and processing supplies and
"clean" roomsand practicesfor |aboratory processng. These suggestions are detailed in Horrocks (2004)
and Milne et d. (2005). Most of the suggested supplies and recommendations are easlly obtained in
forensic science laboratories.

Pollen as Evidence

The type and abundance of pollen present in asample, dso referred to as the pollen assemblage,
isdirectly related to the plant taxapresent at and near agiven sSite. Most pollen in terrestrid Stes originates
from local and regiond wind- pollinated plants, and the relative abundance of each speciesin an
assemblage may be unique for agiven location because different ecologica communities produce different
assemblages (Milne et al. 2005). However, severa factors affect the probative value of pollen evidence
(Milne et d. 2005). These include assessing if the gppropriate questions are being asked, correctly
identifying the pollen and plant types present at the crime scene, knowing the production and dispersa
patterns of each taxon present as well as the spatid distribution of a particular type of pollen assemblage,
and assessing the significance of an association between pollen assemblages. For example, pollen
assemblages from different regions of the continent are clearly distinguishable, but the ability to narrow

down the source area further depends on the presence of pollen produced by plants with a restricted



distribution.
Current Status

Although routindly utilized in forendc case work in agrowing number of countries, pollen andyss
has seen extremdy limited use in the United States forensic science community. Over the last three
decades, law enforcement personnd in Gresat Britain, Austraia, and New Zedand have come to
appreciaethefull potentia of pollen analyssin their investigations. Thisis due to the efforts of dedicated
practitioners usng a combined gpproach of educating the law enforcement community and demongtrating
the impact pollen andlys's can make through its gpplication in awide range of cases (Bryant and Jones
2006; Milne et a. 2005). However, despite the efforts of practitionersin the United States to publicize
paynology's potentid in casework, most forensic palynology is till conducted by a handful of academics
and consultants. Although these researchers have gone to great lengths to advertise the usefulness of
pollen in forensic casework, its potentid remains poorly redized in the law-enforcement community.

This limited use can be attributed to severd factors that make this discipline inaccessible to
forensc examiners and laboratories. Theseinclude agenerd lack of awareness of the science within the
law enforcement community, the lack of trained paynologists in the forengc science community, and the
specidized traning necessary for pollen processing, identification, and interpretation. In addition, severd
issues exist from the perspective of the experienced paynologist. Most academic or research scientists
have limited to no experience in the legd setting in which they find themselves when testifying in court
proceedings. Inexperience (or limited previous experiences) with the proceedings of atria may lead to

an unwillingness of experienced paynologiststo testify in court (Bryant and Jones 2006; Milneet a. 2005).

StepsForward



Forensic palynology should become more accepted through increased awareness and
accessibility within the forendc science, law enforcement, and legal communities. Thisincudes educating
membersof these communitiesto thefull potertid of pollen andysisin casework. Conversaly, theforensic
science community must reach out to pollen specidistsin order to fulfill the potentid. Evenif forensc
|aboratories and examiners do not possess the specidized training or experienceto conduct pollen andyss,
thefollowing steps can be taken to make forensic paynology more accessible for use in casework.

Egtablishing and incorporating proper procedures for collecting and processing items for pollen
will ensure this technique does not get overlooked. Interndly, laboratories can establish or incorporate
protocols for pollen analysis into their operating procedures. Externdly, laboratories can educate and
work with responders to ensure they are aware of collection and contamination issues.

Fostering relationships with regiond univerdties and locd, state, or federal agencies that conduct
pollen andysis will make outside assistance more accessible to the forensic science community. For
example, univerdties with botany and agriculture programs are a vauable resource for information on
regiond vegetation and plant reference materids. A relationship with a universty, in turn, can expose
academic programs and students to the forensic gpplications of science disciples.

Pollen data also must be interpreted and placed in an gppropriate context for evauation by
forengc scientigts, law enforcement officids, and, ultimately, the lega community. Datasets containing
modern pollen assemblage and distribution information have been compiled by academic and government
ingtitutions conducting environmenta research and dlergy studies. These datasets cover locd, Sate,
nationa, or even worldwide pollen distributions. The Global Pollen database administered through the
Nationd Climate Data Center (NCDC) serves as arepostory for data generated from environmental

studies conducted around theworld, including Africa, the Americas, and northern Asa. Particularly useful



isthe North American Pollen Database (NAPD), which includes pollen datasets and associated metadata
from modern samples of surface soils and fossil sediments.

Although these datasets are valuable resources, they are not designed for easy navigation by the
non-specidig, thus limiting their ussfulness for the forensc community. This could be remedied by
consolidating existing data thet is of use to law enforcement investigations into a more accessible format
and user-friendly platform. A particularly useful compilation would integrate data on modern pollen
abundance and digtribution with data on plant distribution, minerd associations, soil characteritics, and
other parameters. Thiswould include existing surface sample and reference data, and would integrate new
data acquired through casework and related research asit is generated.

Case Example: New Hampshire vs. Manuel Gehring

This case exampleillugtrates how pollen andys's can greetly enhance the impact of trace evidence
examinations when other forensic capabilities are inconclusve. On 04 July 2003, Manuel Gehring
kidnaped his daughter and son in New Hampshire. Fearing a possible custody fight with his ex-wife,
Gehring shot his children and drove acrossthe country. Six dayslater, Gehring was arrested in Cdifornia.

He confessed to killing his children and told investigators he buried the children's bodies in aremote
location off Interstate 80. Gehring provided detailed descriptions about the gravesite but maintained that
he could not remember where he buried the bodies. Investigators focused search efforts on a 700-mile
dretch of 1-80 west of Grove City, Pennsylvania, where Gehring had purchased digging implements from
aHome Depat, to lowa City, lowa—a diverse geographic area containing dramatic vegetative changes.

Later stages of the investigation intersified search efforts in western Ohio and eastern Indiana. Gehring
killed himsdf in his prison cdll in February 2004 before he could stand trid and before the bodies of his

children were located.



Geologigsin the FBI's Minerdogy group received the two shovels and pick axe Gehring
purchased in Grove City, Pennsylvaniaas well as debris recovered from the undercarriage of Gehring's
van. They were tasked with determining the source of the soil recovered from the implements and from
the van. Mineralogica examinations on the limited amount of debris recovered wereinconclusive. The
debris contained common minerds (quartz, cacite, etc.) and road debris, indicative of an urbarvhighway
environment (reflective paint beads, paint chips, asphdt, etc.).

The FBI proceeded with apollen examination with the ass stance of the USGS in Reston, Virginia

Pollen was extracted from the soil recovered from the tools and from debris recovered from the
undercarriage of thevan. USGS paynologists processed, identified, and analyzed the pollen assemblages
from each item. Dominant and diagnostic pollen components were identified with the assemblages
dominated by tree pollen. Severa wetland plant species were aso represented. These assemblages were
referenced against modern pollen digtribution maps. The anadys's concluded that the most likely source for
the pollen assemblages recovered from the items was a region of northeastern Ohio, between Cleveland
and the Pennsylvania border—a geographic area opposite from where previous search efforts were
focused in the date.

In early December, 2005, asearch volunteer from Akronfocused her effortsinan area aong 1-80,
Route 8, and Route 303 in northeastern Ohio. Stephanie Dietrich and her dog Ricco based their search
oninformationfrom investigetive reports, including FBI interviews and documents. On December 1, they
located the Gehring children'sbodiesin graves|ocated in aremote areanear Hudson, Ohio. The gravesite
meatched the physical description Gehring gave investigators. Geographicdly, Hudson islocated in
northeastern Ohio, gpproximately 30 miles southeast of Cleveland and 55 miles west of the

Ohio-Pennsylvania border.



Conclusions
Asdemonstrated with our case example, forensic paynology can be apowerful investigative tool.
Nearly two centuries of research on pollen morphology (see Traverse 1988) has led to description and
illustration of pollen of most plant species, combined with knowledge of the distribution and ecology of the
source plants, pollen analyss provides avauable toal to identify source plant communities, source
environment, and likely source areas for evidentiary materid.

However, without increased efforts by the forensc science, law enforcement, and the legal
communities, the discipline of forensc padynology will remain an afterthought. Fostering relationships
between forensic scientistsand pa ynol ogists can diminate some of the factors that have limited the use of
forensic paynology in the United States. Education, awareness, and accessibility remain the keysto
unlocking forendc paynology’s full potentia in casawork.
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Appendix A: A Pollen Primer

Pollen and spores are ubiquitous in the environment because of the prolific production of pollen
by plants. The wide variety of shapes, szes, and surface characteristics of pollen grainsthat can be used
for identification and the easy transfer of pollen between people, places, and objects makes them ided for
forensctraceandyss. Thewadlsof pollen grains are composed of compoundsthet are highly resstant to
most forms of decay enabling recovery from avariety of evidentiary items and reference samples.
Production and digpersal

Pollen production varies depending on the plant's method of pallination and dispersa, which
indude sdf- pallination and pollination by water, animas, and wind (Faegri et a. 1989). Pollen production
varieswiddy among pollination methods. Sdlf-pollinated plants typicaly produce <100 grains per anther
(the organ at the upper end of the plant's stamen that secretes and discharges pollen);
animal/insect-pollinated plants typically produce less than 1,000 grains per anther and plantswith
wind-dispersed pollen can produce between 10,000 and 100,000 grains per anther (Milne et d. 2005).

Pollen digoersd methods aso play alarge rolein determining distance of pollen dispersd.
Wind-borne pollen typicaly is transported between 25 meters and 2 kilometers from the source (Milne
et a. 2005) with amaximum dispersd limit of 50 to 100 kilometers from the source (Faegri et d. 1989).

Anima- and insect-borne pollen typicaly disperses near the source plant. The presence of this type of
pollen in aforensic assemblage provides more site- gpecific evidence than pollen from wind- dispersed
species because this method relies on contact for dispersal (Eyring 1996).

Pollen Morphology

In the most genera sense, pollen grains are dlipsoids in shape with rotationa symmetry enabling
theidentification of the polar axisand the equatoria plane of thegrain (Kapp et a. 2000). Grain Szesvary
from between 5 um to greater than 200 um, with most grains ranging between 20 um and 50 um (Kapp
et d. 2000). Great variation exists in the morphologica features of grains of different taxa (Fig. 1). In
addition to the size and shape of the grain, palynologists compare the shape, number, and arrangement of
wall gpertures (openings), as well as the surface structures and sculpturing that can vary from smooth
surfacesto rod-, club-, or spine-shaped ornamentation.(Faegri et a. 1989; Kapp et a. 2000).




