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Using soil samples and footwear to improve 
forensic palynology 
A study about where a soil sample could best be taken along a transect from 
parking space to dumping site when investigating a crime scene 
 

 

Abstract 

This study investigates the transfer of soil to shoe soles when a perpetrator disposes of a corpse in a forested 

area. During such an action soil is transferred to the shoe soles, but it is unknown which point(s) along the 

transect transfers the most soil to the shoe soles. This information is needed for taking a soil sample at a 

crime scene to make a comparison between the crime scene and the shoes which are thought to be linked 

with the crime. Previous research has mainly been focused on case studies while experimental data is 

lacking. This study will therefore focus on collecting experimental data by simulating the dumping of a corpse 

at five different locations. The pollen underneath the boots and the pollen along the transect are compared 

with each other to see where the highest similarity between the boots and the transect could be found. The 

similarity indicates where the transfer of soil to the shoe soles is highest and thus where a soil sample during 

investigation of a crime scene should be taken. The point with the highest similarity to the boots varies 

between the locations. This indicates that the transfer of soil to shoe soles does not happen at a set point 

along the transect, but depends on different factors, like moisture, ground coverage and compacted soil. 

The locations Heemskerk, IJsselstein and  Bosrand showed the highest similarity with the points which were 

the muddiest, had the lowest amount of compacted soil or had limited ground coverage. The locations 

Schaapsallee and Utrechtse Heuvelrug showed the highest similarity with the average of the total transect 

because the moisture, ground coverage and compacted soil were comparable throughout the complete 

transect. In addition, the total transect showed a high similarity with the boots at every location. However, 

when the amounts of moisture, ground coverage and compacted soil varied along a transect, there was 

always one point along that transect with a higher similarity to the boots than they had with the total 

transect. In conclusion, the point(s) where soil is transferred to shoes are the muddiest part, the points with 

limited ground coverage or the least compacted soil. However, if the whole transect shows similarities in 

these factors, it is best to take multiple samples along the transect from which the average could be used. 
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1. Introduction 
 

In 2020 alone, 2675 people have been murdered in the Netherlands (Politie, 2021). To find out what has 

happened, evidence is collected. In court, this evidence against a suspect is evaluated to conclude whether or 

not it is legally and convincingly proven that the suspect committed the crime (Strafrechtadvocaten Netwerk, 

2021). This means that a judge does not have reasonable doubt about the guilt of a suspect and that there is 

no plausible room for alternative scenarios. This concept is based upon the idea that society wants to minimize 

the number of innocent suspects that are found guilty and the number of guilty suspects that remain free. 

Forensic scientists help a judgeΩs deciding process whether the suspect is guilty by investigating the traces 

from the crime scene (Bell et al., 2018). The investigation of traces is the domain of forensic science, where 

scientific techniques are studied and used to provide evidence for investigations (Bell et al., 2018; Tilstone et 

al., 2006). 

 Since the late nineteenth and early twentieth centuries, forensic science has improved significantly 

(Bell et al., 2018; Tilstone et al., 2006). Fingerprint recognition, blood-stain pattern analysis and ABO blood 

group recognition were extra forms of evidence that helped judges draw their conclusions about the guilt of 

a suspect (Tilstone et al., 2006). One of the most important improvements of forensic science was the 

invention of DNA typing, which allows experts to identify suspects by comparing the DNA found on an item or 

the victim with the DNA of possible suspects (Butler, 2011). DNA typing is based on the exchange of DNA 

between victims, suspects and items and allows experts to find similarities between these. Another 

improvement of forensic science is the field of forensic palynology which is based on the exchange of pollen 

grains and spores from an area to items (Mildenhall et al., 2006). Forensic palynology can be used to find 

similarities between items and an area, for example between footwear and the crime scene. 

 Forensic palynology entails the use of pollen and spores to solve crimes (Mildenhall et al., 2006). This 

field has been around since the 1950s , but is still underutilized (S. C. A. Uitdehaag, 2021). This is mainly caused 

by some challenges which afflict the field of forensic palynology.  One of these challenges is the lack of 

specialists to identify pollen (Alotaibi et al., 2020; Mildenhall et al., 2006; Tiemens, 2009; Walsh & Horrocks, 

2008; Wiltshire, 2009).  Another challenge is that the determination of pollen types and the comparison 

between the pollen assemblages on an item and at the crime scene is time-consuming (Alotaibi et al., 2020; 

Mildenhall et al., 2006). However, the biggest challenge in this field is the low amount of research that has 

been done (Mildenhall et al., 2006; S. C. A. Uitdehaag, 2021). Information about this field can often be found 

in anecdotes or grey literature, but there is a lack of experimental designs  (S. C. A. Uitdehaag, 2021; Walsh & 

Horrocks, 2008). Although experimental research is lacking, forensic palynology is used in the Netherlands 

since the early 1990s. An example of this is a murder case where the similarity between the pollen assemblage 

of a shovel and the crime scene strengthened evidence against the suspect (de Leeuwe, 2014; S. Uitdehaag et 

al., 2014). This anecdote shows how forensic palynology can be valuable evidence against a suspect. 

The value of forensic palynology can also be found in the fact that pollen and spores leave invisible 

traces and are therefore useful signs to find similarities between items and a crime scene (S. Uitdehaag et al., 

2014). The pollen assemblages on items are compared to the pollen assemblages at the location of a crime 

scene to find these similarities. However, to be able to find these similarities it is necessary to know how the 

pollen assemblages in the environment look and which pollen assemblages will be transferred to the shoe 

soles while walking in this environment (Mildenhall et al., 2006). This is especially important when a location 

has varying pollen assemblages (see figure 1), because it is possible that the pollen assemblage under the shoe 

sole of the perpetrator shows a mixture of the pollen assemblages throughout the transect (S. C. A. Uitdehaag, 

2021). It is also possible that the shoe soles only present one dominant pollen assemblage depending from 
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which point a shoe sole picks up a soil trace. It is thus unclear which pollen assemblage will be found under a 

shoe sole and where a soil sample should be taken to be able to compare the shoes with the crime scene. 

 

 

  

   

Figure 1. This figure shows an example of a murder case with a dashed line representing the crime scene (S. 

C. A. Uitdehaag, 2021) . The different tints of grey resemble vegetation zones with different pollen 

assemblages. If a perpetrator walked from the road towards the location o f the dead person to dump a body, 

this perpetrator can transfer soil with different pollen assemblages to his shoe soles.  

 

1.1 Research aim and expected results 
 

This research aims to figure out where a soil sample should be taken along a transect from parking space to 

dumping site. Realistic crime scenes with some degree of heterogeneity in plants along the transect were 

chosen to test this. Therefore the following question will be answered: άAt which point along a walked transect 

from a parking space to a dumping site is it best to take a soil sample when investigating a crime scene?έ 

To answer this question, this study investigates the pollen assemblages along the walked transect, the 

pollen assemblage underneath a shoe sole and the similarity between those pollen assemblages. This leads to 

knowledge about which pollen assemblage(s) are transferred to a shoe sole. The point along the transect 

which transfers most of the soil to a shoe sole will show the highest similarity to the shoes with regards to the 

pollen assemblage. This point should therefore be used to investigate the similarities between the soil traces 

underneath a shoe sole and the area of the crime scene. To validate the results a detrended correspondence 

analysis (DCA) will be performed. This will show if the counts were consistent throughout the study. 

It is expected that the results will show that the point with the highest similarity with the shoes has 

less ground coverage of plants and plant material than the rest of the transect, or is a point near the body 

where the perpetrator has spent the most time (van der Wal, 2021). The hypothesis that will be tested is 

therefore: the point along the transect from a parking lot to the dumping site shows the highest similarity with 

the shoes when this point has less ground coverage than the rest of the transect and/or is near to the corpse. 

 

1.2 Theoretical framework 
 

1.2.1 What is forensic palynology? 

The principle of Locard states that if two objects come together they will exchange material (Saferstein, 2015). 

This holds for items, objects and people that have been at a crime scene and were in contact with plants or 

the soil. The pollen in the soil and on the plants can be transferred to the shoes and clothes of the people that 
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have walked over there. Consequently, pollen from plants and the soil are exchanged with items at the crime 

scene. This exchange of pollen is used to find similarities between items and a crime scene by examining the 

pollen and spores found on the items and the crime scene (Mildenhall et al., 2006; Saferstein, 2015). This field 

is called forensic palynology and is used to provide evidence to the court. 

 The variation in distribution of pollen and spores is the essential factor in forensic palynology (Bryant 

et al., 1990; Mildenhall et al., 2006; Walsh & Horrocks, 2008). This variation in distribution, also called the 

pollen rain, is among other things a consequence of different ways of pollen dispersal (Bryant et al., 1990; 

Walsh & Horrocks, 2008). The four ways of dispersal are self-pollination and dispersal by wind, water and 

insects. The ways of dispersal contribute to the distance pollen can travel and thus where those pollen end 

up. However, there are more factors influencing how far pollen can travel, like the density of a forest, the 

rainfall and the size of pollen (Jacobson & Bradshaw, 1981). All these factors together regulate the pollen rain 

and therefore also the pollen assemblage. The variation of pollen assemblages between different locations in 

combination with the rarity of some pollen types at a location are useful as associative evidence: evidence 

that can link an item to a crime scene (Horrocks & Walsh, 1998; Walsh & Horrocks, 2008; Wiltshire, 2009).  

  

1.2.2 Forensic palynology and footwear 

The challenges of forensic palynology also apply to footwear. Most of the published papers in forensic 

palynology and footwear are based upon case studies (e.g. Bull et al., 2006; Morgan et al., 2009; Wiltshire, 

2016). This means that the results are derived from truly happened murders. Consequently, in these kinds of 

papers the results are based on one situation and therefore lack experimental and statistical power. 

Conclusions drawn from case studies are therefore subject to a certain extent of uncertainty. There are 

however also some studies performed with controlled experiments (Adams-Groom, 2018; Pereira et al., 2019; 

Riding et al., 2007). 

 The studies based upon case studies showed that soil from different areas can be transferred to shoe 

soles (Bull et al., 2006; Morgan et al., 2009; Wiltshire, 2016). The different case studies showed that 

underneath a shoe sole of a perpetrator pollen from the crime scene can be found as well as pollen from 

locations the perpetrator walked before or after visiting the crime scene. Morgan et al. (2009) and Wiltshire 

(2016) see this mixing of different pollen under a shoe sole as a problem for finding similarities between the 

shoes and the area of the crime scene. However, if it is known in which areas a perpetrator has been, this 

knowledge can also be used to see how similar this pollen assemblage is with the combination of pollen 

assemblages of the visited areas. Nevertheless, most people walk on pavements which means that 

combinations of pollen assemblages from different areas are not always a problem.  

 The studies based upon controlled experiments show more uncertainties in the conclusions they draw 

about the origin of soil underneath a shoe (Adams-Groom, 2018; Pereira et al., 2019; Riding et al., 2007). 

Riding et al. (2019) investigated for example the mixing of soil traces under shoes by visiting 6 sites with either 

pristine boots and boots that were worn before. They showed that when mixing occurs, the pollen 

assemblages most of the time had the highest similarity with the last visited site. However, when the boots 

were worn before, the boots and the site became less similar which could affect real forensic investigations. 

Adams-Groom (2018) performed a study where experts were asked to figure out if people walked at a 

designated place. People were allowed to walk at certain places with new or old shoes. Adams-Groom (2018) 

showed that experts could figure out whether or not a shoe has been at a designated area, but that they had 

doubts. This is important information because this was a closed set comparison which means that it is not a 

realistic set up (Adams-Groom, 2018). For real forensic investigations this comparison will thus be even more 

difficult. Pereira et al. (2007) investigated the importance of the timing in the year when soil samples are 

taken. They point out the importance of the timing in the year when soil samples have been taken to compare 
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with the shoe soles. Pollen assemblages vary through the year due to the flowering season with many pollen 

and the degradation of pollen in the soil. If there is a delay between visiting the area with the boots and 

collecting the soil samples in that area, there is a possibility that the pollen assemblages have changed which 

makes it harder to see similarities between the boots and the area. 

 The difference in results between studies based upon case studies and studies based upon controlled 

experiments shows that the latter one needs more research to draw more realistic conclusions about which 

soil traces are transferred to the soles of shoes. This research will therefore use an experiment to draw 

conclusions about the transfer of soil to shoes. 

 

2. Methodology 
 

2.1 Research design 
 

2.1.1 Field work 

To answer the research question, the dumping of a dead body is simulated at five different locations (see 

section 2.2 for more information about the locations). At every location a 50 metre transect was laid out along 

which a person (ca. 75 kg) walked with an extra weight (ca. 60 kg) to simulate the carrying of a corpse (see 

figure 2). This transect was based on the most likely route that a perpetrator would walk from the parking lot 

to a possible dumping location whilst passing through heterogeneous vegetation. The vegetation is an 

important factor for this study as it gives an indication of the pollen in the soil. Without a certain extent of 

heterogeneity in pollen assemblages it will become more complicated to find (significant) differences in the 

similarity between boots and points along the transect. The heterogeneity was even so crucial that variation 

in the vegetation at one location, IJsselstein, was found more important than how realistic the transect to the 

dumping location was. This will be explained in more detail in section 2.2.  

 

 
 

Figure 2. Schematic (a) and realistic (b) overview of the fieldwork set -up.  
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At the start of the transect a person of about 75 kilograms, the ΨǇŜǊǇŜǘǊŀǘƻǊΩΣ put on rubber rain boots 

(size 45, no brand). Another person of about 60 kilogramsΣ ǘƘŜ ΨŎƻǊǇǎŜΩΣ ǿŀǎ ǘŀƪŜƴ ƻƴ ǘƘŜ ōŀŎƪ ƻŦ ǘƘŜ 

perpetrator as extra weight, simulating the carrying of a corpse. The perpetrator walked along the transect 

until the 50 metre point where the person on the back would be put down, simulating the dumping of a corpse. 

The perpetrator walked back along the transect to the 0 metre point next to the car. There the boots were 

changed for normal shoes and the boots were put in a clean trash bag. This act has been repeated five times 

with five different pairs of boots.  

 Hereafter, soil samples were taken every 10 metres along the transect (0m, 10m, 20m, 30m, 40m and 

50m). The first was to remove any ground coverage, e.g. leaves, grasses, etc., from the top of the soil if present. 

With a small shovel a square of roughly 10 by 10 centimetres was carved out. The top layer of 1 centimetre of 

this square was put in a plastic sample bag and taken to the laboratory. The shovel was cleaned between the 

sample points by wiping off the soil with a bare hand. This was always done at the point where the sample 

was taken to prevent cross contamination between the different sample points. 

 The boots and the soil samples were taken home to the researcherΩs house where the soil samples 

were kept in the refrigerator (± 5 °C) or freezer (± -18 °C) depending on how long it would take to bring the 

samples to the laboratory. If it would take less than seven days after sampling the samples would be kept in 

the refrigerator. If it would be longer than seven days the samples were kept in the freezer. The exact dates 

of freezing and unfreezing can be found in table 1. 

The boots were stored at room temperature for one day. The soil was then taken from the soles of 

the boots by scraping the soil with a scalpel. This was always done on a clean board. With a spoon and a dough 

scraper the soil per pair of boots was put in a sample bag. The samples were put in the refrigerator or freezer 

depending on how long it would take to bring the samples to the laboratory. This was done for every pair of 

boots. After putting the soil in a sample bag, all the materials used were cleaned with dish soap and hot water 

before starting with the next boots. The boots were also cleaned with dish soap and hot water (± 60 °C) before 

going to a new location. 
 

Table 1.  Shows the dates of sampling, freezing and unfreezing per location. The ï sign indicates that the samples 

were not frozen, but kept in the fridge.  

Location Sampling date Date of freezing Date of unfreezing 

Bosrand 22-06-2021 23-06-2021 30-07-2021 

Utrechtse Heuvelrug 30-06-2021 01-07-2021 30-07-2021 

IJsselstein 06-07-2021 07-07-2021 30-07-2021 

Schaapsallee 10-08-2021 - - 

Heemskerk 07-11-2021 - - 

 

2.1.2 Lab work  

Before the samples were taken to the laboratory, all the samples which were in the freezer, were taken out 

and put in the refrigerator for one day. In the laboratory the samples were prepared by mixing the samples 

while in the sample bag by kneading the soil. The mixing was done to homogenise the sample. With a density 

ring 1 cubic centimetre of soil was taken out of every sample to be able to calculate the concentration of pollen 

in each sample. Rocks and plant material were not transferred to a new sample bag, because they are not 

transferred to the boots. The density ring was cleaned with cold water and a brush before moving on to the 

next sample. A lab technician from the University of Amsterdam, A.L. (Annemarie) Philip, subsequently 

extracted the pollen from the soil following the procedure shown in Appendix A. She also added 18407 
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Lycopodium sp. spores (Lundt University, batch: 050220211, sd: 592) to use as a reference for calculating the 

concentration of pollen and spores in the samples. 

 The prepared samples were used to count a minimum of 300 pollen in the samples (microscope: Zeiss 

Axioscope 5). This was done for statistical power. Lycopodium sp. spores are not included in this total count. 

The count sheets used can be found in Appendix B. 

 

2.2 Locations 
 

The locations visited for this study were based upon how suitable they are for dumping a dead body and on 

the rate of variation in vegetation (see figure 3 and table 2 for more information about the locations). The 

factors which therefore influenced the decision for a location were: the reachability by car, the coverage from 

roads and houses and how heterogenous the vegetation was along the walked transect. Besides these factors, 

there were two factors which affected whether or not enough soil traces were picked up along the transect 

by the boots: time since the last rainfall and the amount of ground coverage (van der Wal, 2021). The locations 

were therefore visited within a maximum of 1 day after the last rainfall and locations with a high level of 

ground coverage were avoided. 

 

 
Figure 3.  Map of the visited site s. 

 

 

 

 

 

 


