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ABSTRACT 

This research project will impact the forensic field by providing an insightful 

scientific perspective on the chemical composition of decomposition odors of human 

analogues emitted into the environment. By studying the chemical makeup of 

decomposition odor or the “scent of death”, enhanced understanding of stage-specific 

volatile organic compounds (VOCs) can provide better understanding for better 

detection methods to be developed. This study also achieved a preliminary 

understanding of when a specific area can be cleared of any remaining decomposition 

odor. Not only will this study aid in the potential location of holding sites or 

transportation methods, it will also aid in optimal training of human remains detection 

dogs.  

There has been limited scientific research into how decomposition residual 

volatile organic compounds change over time, with even less scientific research into 

how the compounds change in a dry, arid environment such as west Texas. Emerging 

research has begun to look into the compounds present in soil during decomposition, 

but limited studies are specifically looking at the change of compounds as a 

longitudinal analysis over time, after the removal of the decomposing item. The 

purpose of this study was to monitor and provide abundances of the target 

decomposition odor vapors emanating from the soil after removal of decomposing 

human analogues (sus Scrofa). Pig meat samples and carcasses were placed in an 

outdoor study site to model the decomposition process and VOCs were collected 

intermittently over a one-month period. The odor collection process consisted of 
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allowing pigs to decompose for a period of 14 days, 17 days and 21 days, then 

removing the pigs and sampling the soil once per week for a period of four weeks. 

Instrumental analysis utilized Divinylbenzene/Carbon/Polydimethylsiloxane 

(DVB/CAR/PDMS) coated Solid Phase-Microextraction (SPME) fibers that were 

injected into a Gas Chromatography-mass Spectrometry (GC-MS) system for the 

identification of extracted soil headspace odor profiles of target decomposition odors. 

The soil samples were sampled individually in 15mL glass vials for a period of 24 

hours to allow for headspace extraction time optimization. Weather conditions such as 

temperature and humidity were recorded during each soil sample collection, as well as 

soil pH and moisture content. During each sample extraction, at each of the three 

intervals, both abundance and type of target volatiles were analyzed. The purpose was 

to document the change in both the type of volatiles present and their abundance at 

each of the set intervals. VOCs of interest were identified over the duration of the 

study, showing distinctive trends in compound abundance and disappearance. The 

benefit produced by the study has heightened the understanding of how decomposition 

odor changes over a set period of time. This research will ultimately aid in the 

knowledge and understanding of odor composition and concentration levels of 

residual decomposition odor for given decomposition times, with the generated 

information supporting search and recovery of holding sites and possible modes of 

transportation at various stages of decomposition. 

Key Words: Residual odor, decomposition, solid phase-microextraction 
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CHAPTER I 

INTRODUCTION  

1.1 Research Objectives and Goals 

The area of volatile organic compounds (VOCs) found during decomposition 

is becoming a more understood area in forensic science. However, the subcategory of 

residual odor VOCs is still an under researched field of study. Residual decomposition 

odor can be created due to the alteration of the environment after contact with 

decomposing human remains and the subsequent deposition of chemical residue by a 

body in this putrefactive state. By studying the way VOCs change after a cadaver has 

been moved from a particular environment, better understanding of how long a 

cadaver was at a particular location, or even how long it has been since it was removed 

from a given location can be achieved. 

The novelty of this proposed research project is that, while numerous studies 

have researched the composition of VOCs present during human and pig 

decomposition, no studies to date have researched how decomposition residual odor 

VOCs remain and even change in the soil over time from studying soil beneath the 

remains after the removal of the cadaver, specifically in an arid environment such as in 

the West Texas region. [1-6].   

1.2 Introduction 

Residual decomposition odor detection has many uses in the law enforcement 

and forensic field; this includes locating previous holding sites or transportation 

methods, which can aid in criminal cases, as well as potential training sources for 
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human remains detection dogs. Holding sites are areas were a body has been placed 

for a period of time before moving the body to a new location. The sites, however, 

retain the odor of decomposition remains even after the corpse has been removed. 

Based on the response of Human Remains Detection (HRD) dogs when using scent-

based training aids, it is established that human remains leave behind residual odor on 

items they come in contact with [7]. A prime example of this would be HRD dogs 

alerting on textiles that have come in contact with human remains [8]. This is an area 

of forensic science that is starting to be heavily researched. As better understanding of 

residual decomposition odor develops, it can have a wide range of benefits affecting 

not only the forensic science community but also in the way that law enforcement 

handles criminal case evidence and the training techniques employed by HRD dog 

trainers. Research of this nature can also have a positive benefit on developing 

instrumentation and best practices that have the ability to locate clandestine grave 

sites.  

While numerous studies have researched the composition of VOCs present 

during human and pig decomposition, no studies to date have researched how VOCs 

of decomposition change in the soil over time, and then compared the VOCs with 

those given off by decaying human remains [1-6, 9].  Not only would HRD dogs and 

their handlers benefit from a better understanding of decomposition VOCs but it 

would allow for better development of cadaveric material detection devices as well as 

the ability to determine or narrow-down a post-mortem interval (PMI) based on a 

VOC profile [10]. Better understanding and more in-depth knowledge of 



Texas Tech University, Jennifer L. Raymer, May 2019 

3 

 

decomposition VOCs in the soil could benefit a multitude of disciplines in the forensic 

community, ranging from routine PMI estimation, insect succession, and even disaster 

victim recovery. 

1.3 Decomposition and its Odor 

In order to better understand the odors produced by decomposition one must 

first have a basic understanding of forensic taphonomy, or the interactions of the 

bodily decomposition with the surrounding environment [11]. Decomposition begins, 

approximately 4 minutes, after death occurs, its onset is due to a process referred to as 

autolysis, or self-digestion [12]. When the cells of the body become oxygen deprived, 

carbon dioxide begins to accumulate in the blood, pH tends to decrease and wastes 

start to accumulate which “poisons” the cells [12]. The process of decomposition 

begins and occurs more rapidly in the tissues of the body that have higher enzyme 

concentrations. The decomposition of a body is a very complex biological and 

chemical process which involves not only enzymes and bacteria but also fungi and 

protozoa [13]. It is important to keep in mind the temperature of the environment that 

decomposition is occurring in, as the temperature of the body has a great effect on the 

rate of decomposition and can vastly shift the expected timeline of decomposition. It is 

agreed upon that the temperature, water, acidity, and available oxygen can have a 

significant influence on the internal chemical, as well as biological process of 

decomposition [13]. In fact, most research studies have attributed temperature and 

moisture content as the most significant variables that effect the rate of decomposition 

[13]. However, it has been suggested that there are other important variables such as, 
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insect and scavenger activity, extent of clothing, burial, soil pH, burial depth, trauma, 

body size, and environmental exposure such as sun exposure or rainfall [13]. 

The stages of decomposition can be broken into five stages; fresh, bloat, decay, 

post decay and dry stage. Fresh is generally during the first two days after death, the 

bloated stages typically occur between 2-6 days after death, while the decay stage is 

associated with 5-11 days after death. During the first three stages of decomposition is 

when the biomass drastically decreases and most liquid content has seeped away. The 

last two stages occur during the 10-24 day after death range. During the process of 

decomposition, the large macromolecules of the body break down into organic and 

inorganic matter, which release a very pungent odor [5]. It is this pungent odor that 

HRD dogs are trained to detect. This odor is composed of many volatile organic 

compounds (VOCs) and inorganic gases. The VOCs released after death can be 

attributed to the four major categories of biological molecules present in living 

organisms: proteins, nucleic acids, lipids and carbohydrates [10]. The work of Vass et 

al. was able to narrow the abundant number of VOCs to 30 key compounds, which can 

be found in human decomposition odor [6]. It cannot be guaranteed that one will find 

specific chemicals present during a specific timeframe of decomposition due to the 

effect that numerous taphonomic factors have on decomposition events [14].  

While the exact set of decomposition VOCs has not been validated, there are 

classes of compounds that most agree on. The most widely reported VOCs of 

decomposition are polysulfides, such as dimethyl sulphide (DMS), dimethyl 

disulphide (DMDS) and dimethyl trisulfide (DMTS) [11]. It is also known that these 
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VOCs seep into the soil above and below the remains; Vass et al. proved this by 

sampling the soil above and at corpse level [6]. Several research studies have set out to 

determine the chemical class of VOCs that can be found in during the various stages 

of decomposition. These studies have found that less VOCs are generally identified 

during the fresh stages of decomposition, the majority of the time sulfur-containing 

compounds are found at every stage of decomposition, and alcohols, ketones, and 

acids increase after the bloat stage, however hydrocarbons tend to be seen during the 

later stages of decomposition [15]. Table 1 shows various VOCs that have been 

detected due to decomposition whether it be human or animal analogues.  

Table 1. Commonly Detected Decomposition VOCs 

Compounds Reference 

Alcohol   

1,5-Hexadien-3-ol 8,16,17 

1-Heptanol 8,17-22 

1-Hexanol 2,5,6,8,16-19,21,23-26 

1-Octanol 2,8,17-21,26-28 

1-Octen-3-ol 2,5,8,17,19,21,22 

1-Pentanol 2,5,8,16-21,23-25,29-10 

2-Octanol, (S)- 8 

2-Pentanol 5,8,16,17,20-22,25,28,31,32 

2-Propanol, 2-methyl- 8 

3-Octanol 8 

Isoborneol 8,27 

Aldehyde   

(E)-4-Oxohex-2-enal 8 

2,4-Nonadienal, (E,E)- 2,8,23 

2-Butenal, 2-ethenyl- 8 

2-Butenal, 3-methyl- 8,17,18,21 

2-Heptenal, (Z)- 2,8,16,17,19,23 

2-Nonenal, (E)- 2,8,17,18,23 

2-Octenal, (E)- 2,8,17-19,23 

2-Pentenal, (E)- 5,8 
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Compounds Reference 

2-n-Butylacrolein 8,16,17,33 

Decanal 6,8,17,23,27,34 

Heptanal 8,17-23,26,29,10,14 

Nonanal 2,6,8,16-18,20,21,23,27,28,34,14 

Octanal 2,8,17-19,20,21,23,26,28,14 

Pentanal 8,17,19,21,24,10,33,36 

Aromatic   

2-(5-Methyl-furan-2-yl)-propionaldehyde 8 

2-Ethylhexyl salicylate 8 

2-Heptylfuran 8,20 

3-Phenylpropanol 8 

Acetic acid, 2-phenylethyl ester 8 

Acetophenone 5,8,17,31,36 

Benzaldehyde 2,5,8,17,18-22,25-27,29,30-31,34,36 

Benzene, (1,1-dimethylethoxy)- 8 

Benzene, (1-methylethyl)- 8,18 

Benzene, 1,2,3,4-tetramethyl- 8,27,32 

Benzene, 1,2,3-trimethyl- 8,21,24,27,37 

Benzene, 1,2,4,5-tetramethyl- 8 

Benzene, 1,3,5-trimethoxy- 8 

Benzene, 1,3-dichloro- 8 

Benzene, 1,3-diethyl- 8 

Benzene, 1,3-dimethyl- 8,21,25 

Benzene, 1-ethenyl-4-ethyl- 8 

Benzene, 1-ethyl-2-methyl- 6,8,31,33,14 

Benzene, 1-ethyl-3-methyl- 5,8,32 

Benzene, 1-methoxy-4-methyl- 8,36 

Benzene, 1-methyl-3-(1-methylethyl)- 8,17,21,25,31,32 

Benzene, 1-methyl-3-propyl- 8 

Benzene, 1-methyl-4-(1-methylpropyl)- 8 

Benzene, 1-methyl-4-propyl- 8,32 

Benzene, 2-ethyl-1,3-dimethyl- 8 

Benzene, 4-ethy-1,2-dimethyl- 8 

Benzene, hexyl- 8 

Benzene, pentyl- 8,33 

Benzene, propyl- 5,8,21,24,25,31,33 

Benzeneethanol, à-methyl- 8 

Benzenemethanol, à-methyl-, (R)- 8,18 

Benzenepropanol, à-methyl- 8 

Table 1. Continued. 
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Compounds Reference 

Benzenepropanoic acid, methyl ester 8 

Furan, 2-pentyl- 2,8,17,18,20,21,23,25,28,29,31 

Furan, 2-propyl- 8,25,33 

Furfural 8,27 

Indane, 1-methyl- 8 

Indane 8,24 

Naphthalene, 1,2,3,4-tetrahydro- 8 

Oxirane, 2-methyl-2-phenyl 8 

Phenol 5,8,17,19,20-22,25-28,10,36,37 

Phenol, 2,4-bi(1,1-dimethylethyl)- 8 

Phosphonic acid, (p-hydroxyphenyl)- 8 

Propanoic acid, 2-methyl-, 3-phenylpropyl ester 8 

Propanoic acid, 2-phenylethyl ester 8 

o-Cymene 8,17,21 

o-Xylene 5,8,17,18,25,27,33,37 

p-Cresol 8,16,17 

à-Phenylethyl butyrate 8 

Carboxylic Acid   

Acetic acid 5,8,17,19,20,22,26,27,28 

Butanoic acid 2,8,16,17,18,19,20,22,26,28,29,10 

Butanoic acid, 2-methyl- 8,16-20,22,23,27,28,10 

Butanoic acid, 3-methyl- 8,16-20,22,23,28,10 

Hexanoic acid 2,8,17-20,23,26,27,29,10,31 

Propanoic acid 2,8,16,17,19,20,22,23,26,28,29,10 

Propanoic acid, 2-methyl- 8,16-20,26-28,10 

Ester   

1,3-Propanediol, diacetate 8 

1-Butanol, 3-methyl-, propanoate 8 

2(3H)-Furanone, 5-ethyldihydro- 8,33 

2(3H)-Furanone, 5-hexyldihydro- 8 

2(3H)-Furanone, dihydro- 8,26 

2(3H)-Furanone, dihydro-5-methyl- 8,18 

2(3H)-Furanone, dihydro-5-pentyl- 8 

2(3H)-Furanone, dihydro-5-propyl- 8,33 

Acetic acid, methyl ester 8,16,17,20,21,25,31 

Acetic acid, pentyl ester 8,33 

Butanoic acid, 1-methyl-, butyl ester 8 

Butanoic acid, 2-methyl-, hexyl ester 8 

Butanoic acid, 3-methyl-, butyl ester 8 

Table 1. Continued. 
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Compounds Reference 

Butanoic acid, 3-methyl-, hexyl ester 8 

Butanoic acid, 3-methyl-, pentyl ester 8 

Butanoic acid, hexyl ester 8,20 

Butanoic acid, methyl ester 8,17,20,21,23,25,28,31 

Butanoic acid, pentyl ester 8,20 

Decanoic acid, ethyl ester 8 

Heptanoic acid, methyl ester 8,20 

Hexanoic acid, 1-methyl-, ethyl ester 8 

Hexanoic acid, 2-methyl-, propyl ester 8 

Hexanoic acid, ethyl ester 2,8,20,23 

Hexanoic acid, hexyl ester 2,8,23 

Hexanoic acid, ethenyl ester 8 

Hexanoic acid, methyl ester 8,20,23 

Hexanoic acid, pentyl ester 2,8,20,23 

Octanoic acid, methyl ester 8,20,23 

Pentanoic acid, ethyl ester 8,20,28 

Pentanoic acid, methyl ester 8,20 

Propanoic acid, 2,2-dimethyl-, 2-phenyethyl ester 8 

Propanoic acid, 2-methyl-, pentyl ester 8 

Propanoic acid, butyl ester 8,18 

Propanoic acid, heptyl ester 8 

Propanoic acid, hexyl ester 8 

Propanoic acid, methyl ester 8,17,21,25,31 

Ether   

Furan, 2,3-dihydro-2,5-dimethyl- 8,18 

Furan, 2-butyltetrahydro- 8,18,20,21,28 

Oxirane, ethyl- 8 

Oxirane, hexyl- 8 

Halogenated   

Ethane, hexachloro- 8 

Pentane, 3-bromo-3-methyl 8 

Tetrachloroethylene 2,6,8,23,34,14 

Hydrocarbon   

1,3-Heptadiene, 5,5-dimethyl- 8 

5-Undecene, (E)- 8 

5-Undecene, (Z)- 8 

3-Dodecene, (Z)- 8 

1-Nonene 8 

8-Heptadecene 8,17,20,21,28 

Table 1. Continued. 
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Compounds Reference 

Aromandendrene 8,16,21 

Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene-, 

[1R-(1R*,4Z,9S*)]- 8 

Cyclohexane, (2-ethyl-1-methylbutylidene)- 8 

Cyclohexane, butyl- 8 

Cyclohexane, hexyl- 8 

Cyclohexane, propyl- 8,17,32 

Cyclohexene, 1-methyl-4-(1-methylethenyl)-, (S)- 8,17,22 

Cyclohexane, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-

methyethyl)-, (3R-trans)- 8 

Decane 5,8,22,23,31,33,14,37 

Decane, 2,3,5,8-tetramethyl- 8 

Decane, 2,4,6-trimethyl- 8,32 

Decane, 2,6-dimethyl 8 

Decane, 4-methyl- 8 

Decane, 5-methyl- 8 

Dodecane 5,8,17,18,23 

Dodecane, 2,7,10-trimethyl- 8 

Heptadecane 8,17,20-22,27 

Nonane 5,8,17-19,21,22,25,14,38 

Nonane, 2-methyl- 8,32 

Nonane, 3-methyl- 5,8,33 

Octane, 3-ethyl- 8 

Undecane 6,8,17,18,21-23,25,27,32,34,14,37 

Undecane, 2,6-dimethyl- 8,10,32 

Undecane, 2-methyl- 5,8 

Undecane, 3-methyl- 5,8 

Undecane, 4-methyl- 8 

à-Pinene 5,8,16-18,20,21,24,25,28,31 

Ketone   

2,3-Pentanedione 8,16,17,21 

2,5-Hexanedione 18 

2-Decanone 8,17-19,20,23 

2-Tridecanone 8,22,36 

2-Dodecanone 8 

2-Nonadecanone 8,20,28 

2-Nonanone 8,17-23,28,10,36,37 

2-Pentanone, 4-hydroxy-4-methyl- 8,17,32 

2-Tetradecanone 8,17 

3,4-Hexanedione 8 

Table 1. Continued. 
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Compounds Reference 

3,5-Octadien-2-one, (E,E)- 8,20,23 

3-Hepten-2-one, 5-methyl- 8 

3-Nonen-2-one 8 

3-Octen-2-one 8,17,19,20 

3-Penten-2-one, (E)- 8,10 

Ethanone, 1-(3-butyloxiranyl) 8 

4-Penten-2-one, 4-methyl- 8,18 

N-containing   

1-Butanamine 8 

1-Butanamine, 3-methyl-N-(2-phenylethylidene)- 8 

1-Butanamine, 3-methyl-N-(3-methylbutylidene)- 8,17 

1-Butanol, 3-methyl-, nitrate 8 

1H-Indole, 3-methyl- 8,18,19,22 

1H-Pyrrole, 1-methyl- 8,17 

1H-Pyrrole, 2,4-dimethyl- 8 

1H-Pyrrole, 2,5-dimethyl- 8,17,18 

1H-Pyrrole, 2,5-dione, 1-methyl- 8 

1H-Pyrrole, 2-carboxaldehyde, 1-methyl- 8 

2-Piperidinone 8,17,18,20,28,10 

2-Pyrrolidineethanol, 1-methyl- 8 

5H-1-Pyrindine 8,16,21 

8-Azabicyclo[3.2.1]oct-6-en-3-one, 8-methyl- 8 

Acetamide 8,18,10 

Acetamide, 2,2,2-trifluoro- 8 

Acetamide, 2,2,2-trifluoro-N-(2-methylpropyl)- 8 

Acetamide, 2,2,2-trifluoro-N-(2-phenylethyl)- 8 

Acetamide, 2,2,2-trifluoro-N-propyl- 8 

Acetamide, N-(3-methylbutyl)- 8 

Acetamide, N-butyl-2,2,2-trifluoro 8 

Amantadine 8 

Benzonitrile 8,16,17,19,20,21,22,25,27,10,31,34,36,38 

Butanamide 8,17,18,10 

Butanamide, 3-methyl- 8,17,18,10 

Cyclohexanone, 3-methyl- 8,17,21,25,36 

Hexanamide 8,18 

Hexane, 1-nitro- 8 

Indole 2,8,17-23,26,28,10,39 

Methylamine, N-heptylidene- 8 

Methylamine, N,N-dimethyl- 8,16,17,21,32 

Table 1. Continued. 
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Compounds Reference 

Pentanal, oxime 8 

Propanamide 8,10,18 

Propanamide, 2-methyl- 8,18 

Propanamide, N,2-dimethyl- 8,18 

Propanamide, N-hexyl- 8 

Propanamide, N-methyl- 8 

Pyrazine, tetramethyl- 8,18,22,26 

Pyrazine, trimethyl- 8,17,18,23,10 

Pyridine, 2-methyl- 8,17,18,21 

Pyridine, 2-pentyl- 8 

Pyridine, 2-methyl-6-propyl- 8 

Pyridine, 3-butyl- 8 

Pyridine, 3-ethyl- 8 

Pyridine, 3-propyl- 8 

Pyrrole, 1,2,5-trimethyl- 8 

S-containing   

2-Furanmethanethiol, 5-methyl- 8 

3-(Methylthio)propanoic acid methyl ester 8 

Dimethyl sulfone 5,8,16,17,31,33 

Disulfide, methyl pentyl 8,22 

Isothiocyanate, 2,5-dimethylphenyl 8 

Methanethiol 5,8,16,17,21,22,10,32,39 

Pentane, 1-(methylthio)- 8,17 

Sulfurous acid, isobutyl pentyl ester 8 

Thiophene, 2-pentyl- 8,17,21 

 

1.3.1 HRD dogs and decomposition odor 

Canines have been used in the area of forensic investigations since the 1800s, 

most notably when bloodhounds were used to aid in the Jack the Ripper case in 

England [8]. Human remains detection (HRD) dogs are trained to alert to the odors 

released when a body decomposes, this allows HRD dogs the ability to also detect 

areas were remains have been previously decomposing, but are no longer there [1]. 

HRD dogs are one of the main methods of detecting human remains, along with the 

Table 1. Continued. 
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aid of ground-penetrating radar (GPR), and manual probing techniques [34]. The 

theory that will hopefully be corroborated by this study, is that the odor of 

decomposition seeps into the soil around the corpse, so that even after the corpse is 

removed, the residual odor of decomposition will remain. The way in which HRD 

dogs locate and distinguish human remains is an area that is not fully understood, 

especially the specific chemical odor signature the dogs employ when making their 

detection alert and how the ratios of these chemical odors affect performance over 

time [34]. Residual odor can be defined as “odor that originated from a target 

substance that may or may not be physically recoverable or detectable by other 

means” [39]. Alexander et al. was able to verify this idea by having HRD dogs detect 

soil with a post body removal of 667 days with 85.7% accuracy [40]. While this study 

solidified the notion of residual decomposition odor, the researchers did not actually 

analyze the soil post body removal. They relied on the HRD dogs to be able to detect 

that decomposition odor was still present.  

An HDR dog is typically trained using the entire decomposition spectrum as its 

target odor source, hence they are trained with body parts, soft tissue, decomposition 

fluid (adipocere), blood, teeth, and even bone [8]. Currently these dogs are trained on 

a combination of human remains, individual tissues, and/or synthetic training aids. 

There is a problem with the use of some of these training aids. One of the greatest 

challenges of training HRD canine teams is the availability and acquisition of suitable 

training aids for maintenance training programs. According to SWGDOG guidelines, 

the use of animal remains is not recommended as the canine may give false positives 
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during the search, hence these should only be used as distractors during training 

assessments. There is also a problem with synthetic training aids, they have been 

shown to lack certain compounds that have been reported in the headspace of 

decomposition samples [11]. Studies such as this one can help identify a larger variety 

of compounds found in the VOC profile of decomposition, which would be beneficial 

in the future development of synthetic training aids.  

1.3.2 Residual Decomposition Odor 

Perrault et al. was able to determine that decomposition odor does in fact exist 

after removing remains from the soil surface in a woodland site in Australia [25]. The 

study aimed to observe VOCs for a period of seven months after a replicated 

scavenging event [25]. During her study, four pig (Sus scrofa domesticus) carcasses 

and four control sites were sampled immediately following scavenging (day 0) and on 

days 14, 28, 55, 94, 125, and 214 post-scavenging [25]. The pigs (Sus scrofa 

domesticus) were allowed to decay for a 3-month period, the remains were removed 

leaving the small bones [25]. The VOCs were collected via a soil probe, which was 

inserted into the ground at each decomposition sight. After each probing, samples 

were pumped onto a sorbent tube, the sorbent tube was then used in conjunction with a 

thermal desorber. Once thermally desorbed into the cold trap the sample was then 

analyzed via GCxGC-TOFMS [25]. It was found, that in the case of this study, the 

“VOCs diminished within 6 weeks and hydrocarbons were the most persistent 

compound class” [25]. While this study is similar to the proposed study at hand, the 

samples would be taken more frequently and the carcasses would only reach active 
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decay stage before being fully removed. By approaching a highly frequent-sampling 

scheme, this study aims to evaluate how the VOCs change week by week over the 

course of a 6-week period. For practical forensic purposes, a closer time range mimics 

a real case scenario when a body is moved from location to location within a short 

amount of time after the commission of the crime. Also, this proposed study will take 

the weather conditions into consideration, to see how temperature and humidity, as 

well as soil pH and moisture affect the VOC odor profile. 

Another study that looked at residual decomposition odor in the soil was 

Alexander et al. in 2015. For this study soil was obtained from the Southeast Texas 

Applied Forensic Science Facility (STAFS), which is located in Walker County, 

Texas. Both grave soil from under human cadavers and grave soil from body stains 

were collected. This study did not analyze the soil through instrumentation, the 

purpose of the study was to examine the ability of certified HDR dogs to detect human 

remains odor from the soil as well as residual human remains odor from the soil [40]. 

The HDR dogs were able to correctly identify the soil samples taken from under 

human cadavers as well as the residual odor soil samples with no less than 75% 

accuracy and up to 100% accuracy [40]. This study corroborated the idea that 

decomposition results in a large purge of odor rich nutrients into the soil, or a cadaver 

decomposition island.  Cadaver decomposition islands are areas surrounding a cadaver 

where the decomposition fluids have leached into the environment. By have the HDR 

dogs positively detect residual decomposition odor from the cadaver islands, this 

suggests that residual odor does exist in the soil.  
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1.3.3 Decomposition Odor Analysis Methods 

 In terms of collecting decomposition VOCs there are two main methods 

commonly pursued for this purpose - passive collection and active collection. Passive 

collection can be described as headspace collection from a sealed container, like 

SPME, while active collection is usually in the form of a constant gas flow combined 

with an absorbance and concentration step, such as sorbent tubes [11]. There have 

been several different analytical approaches utilized in efforts of detecting the 

decomposition odor components. These analytical methods include gas 

chromatography – flame ionization detection (GS-FID), gas chromatography – mass 

spectrometry (GC-MS), and thermal desorption/gas chromatography – mass 

spectrometry (TD/GC-MS) and others [10,20,24,41]. 

Statheropoulos et al. used TD/GC-MS in order to analyze the VOCs collected 

in sorbent tubes which were inserted into cadaver bags at different locations [24]. The 

sorbent tubes worked by drawing the air above the cadaver through the tube, which 

was packed with a adsorbent material which trapped the VOCs [41]. The VOCs are 

then removed from the adsorbent material in the tube by thermal desorption (TD), 

samples are usually thermally desorbed from an externa TD device and focused into 

an adsorbent-trap, which is then transferred into the GC with no dilution or solvent 

interference [41]. This analysis process is similar to SPME – GC/MS given that there 

is no dilution or solvent interference with the sample, however once advantage that 

SPME – GC/MS has over TD/GC-MS is that the sample can be reanalyzed, it is not a 

“one-shot method”.  
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Dekeirsschieter et al. also used TD/GC-MS in conjunction with Radiello® 

tubes, which were composed of a sorbent cartridge, diffusive body and the supporting 

plate [10]. The tubes were placed above each of the Sus scrofa carcasses and allowed 

to passively collect VOCs for a period of 7 days [10]. The VOCs were then thermally 

desorbed to a GC coupled with an automatic thermal desorber [10]. The SPME – 

GC/MS method used in the study is more advantageous as the samples are collected 

and taken back to the lab where the SPME fibers are only injected for a period of 24 

hours in a control environment, unlike the Radiello® tubes which were used in the 

field and had to be protected from the elements during the 7-day collection period 

[10]. 

Perrault et al. also studied the soil following the removal of pig carcasses, 

however their study used GC x GC-TOFMS, which is two-dimensional gas 

chromatography – time-of-flight mass spectrometry [20]. This particular study utilized 

a VOC-Mole™ Soil Probe in order to collect the VOCs from the soil, the  

VOCs were then pumped from the probe onto a dual sorbent tube using an ACTI-

VOC low flow sampling pump [20]. The VOCs were then thermally desorbed from 

the sorbent tubes, using a thermal desorber, which was connected to the GC x GC-

TOFMS [20]. One notable advantage to using the SPME – GC/MS method as opposed 

to the GC x GC-TOFMS is that once the SPME fiber absorbs the sample VOCs, the 

fiber is directly injected into the GC inlet. This could possibly help prevent the loss of 

VOCs during the thermal desorbtion process that is necessary when using the GC x 

GC-TOFMS method.  
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1.4 Sus scrofa as Human Analog 

It is difficult for most research studies to use human remains to analyze 

residual odor due to practical and ethical reasons.  Due to these issues, there have been 

numerous studies to find animals that produce similar decomposition results as 

humans. The most widely recognized human analogue is the pig (Sus scrofa), due to 

its internal anatomy, fat distribution, size of chest cavity, lack of heavy fur, as well as 

their omnivorous diet which may lead to similar gut fauna as humans [42]. Rosier et 

al. was able to further confirm the similarities between human and pigs by comparing 

the VOCs detected from decomposition; they were able to confirm 8 VOCs present 

from both human and pig decomposition scent [4]. The 8 VOCs were found to be both 

human and pig specific using principal component analysis (PCA) [9]. The 

compounds consisted of four esters, three sulfur-containing compounds, and a 

nitrogen-containing compound [9]. It is commonly noted that the most distinct 

difference between human and animal decomposition VOCs is that human remains 

tend to produce more esters than animals [15]. The similarities between pigs and 

humans that are most commonly cited are diet, endogenous microbiome, the ratio of 

fat to muscle, body hair distribution, structure and density, and a monogastric 

digestive system [13, 19, 43-51]. While the most notable difference between humans 

and pigs is the microstructure of their bones [52]. Fetal pigs were used for this study 

and it should be noted that fetal pigs have an underdeveloped endocrine system in 

comparison to adult pigs. Pigs are born with no distinct odor, which could cause a low 

VOC pattern emanation when compared to adult pigs. However, for purposes of this 
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study, the age of the animal subject was not a variable for consideration, although it is 

acknowledged that this could be a factor to consider in future applications. 

1.5 West Texas Climate 

 Levelland, Texas, where this study took place, is considered a dry and arid 

environment. Average rainfall per month ranges between 0.67 to 2.83 inches [53]. 

Table 2 shows the average high and low temperatures and precipitation during the 

time of year this study was conducted. According to the National Climatic Data 

Center, Texas is divided into 10 climate division with Levelland falling into what is 

considered semi-arid savanna [54]. According to the Köppen-Geiger climate 

classification, Levelland, Texas is considered to be a BSk, the B is for climate which 

is considered arid, the S is for precipitation which is classified as steppe and the k is 

for temperature which is considered to be cold arid. Part of the novelty of this study is 

the climate in which it is being conducted. It has been discovered in previous studies 

that temperature can have an effect on the decomposition odor profile. Van’t Hoff’s 

rule, or the rule of ten, which details that chemical reactions increase two or more 

times with each temperature rise of 10°C, must be considered when analyzing the 

VOCs found from this study [55]. When comparing VOC profiles of decomposition 

between summer and winter, it was found that sulfur-containing compounds seemed to 

dominate the profile during the summer [11]. This shift in the VOC profile has been 

attributed to changes in insect activity, microbial activity and soft tissue 

decomposition that are a result of warmer temperatures typically seen in the summer 

months [11]. This is something that could have an effect on this study due to the 
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warmer, drier climate that is commonly found in west Texas. However, the 

decomposition part of this study was conducted from December through early March, 

therefore cold temperatures had to be taken into consideration when evaluating the 

stages of decomposition as well as the VOCs found emitted in the environment.  

 

Table 2. Average Climate conditions for Levelland, Texas over an 18-year period 

(Shaded months represent study timeline) [53]. 

 Average High (°C) Average Low (°C) Average Precipitation 

(Inches) 

January 11.67 -3.33 0.71 

February 13.89 -1.67 0.67 

March 18.33 1.67 1.02 

April 23.33 6.67 1.02 

May 28.33 12.22 2.48 

June 32.22 17.22 2.83 

July 33.33 18.89 2.17 

August 32.22 18.33 2.64 

September 28.33 14.44 2.76 

October 23.33 7.78 1.69 

November 16.67 1.67 0.98 

December 11.67 -2.78 0.87 

 

1.6 Soil VOCs 

 Soil composition is known to have an effect on properties such as porosity, 

aeration, drainage, compatibility and many other factors [56]. It has been determined 

that sandy soils, such as those is dry, arid climates, tend to have a lower soil porosity 

with a larger pore size, this allows better draining which in turn allots more pore space 
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to air than water [56]. By having more air than water in the soil pore space 

decomposition gases are held onto better in sandy soils versus clayey soils [56]. 

Another factor than can affect the quality and quantity of VOCs found in the soil is the 

moisture content at the time of sampling. Asensio, Peñuelas, Filella and Llusià found 

that soil VOC uptake does indeed increase as soil moisture increases [57]. There are 

several taphonomic factors that can alter the chemicals found in soil during 

decomposition, one of those being barometric pressure [14]. Barometric pressure has a 

key role in determining what chemicals will be detected at the soil surface, it has been 

shown that high atmospheric pressure will suppress chemicals into the soil column, 

while low pressure environments will draw the chemicals to the surface [14]. 

 It has been proven that VOC profiles released by a decomposing corpse can be 

affected by the environmental biotic and abiotic factors. This was demonstrated by the 

work of Dekeirsschieter et al. with the discovery that decomposing piglets placed in 

three different biotopes, did in fact produce different cadaveric VOC profiles [10]. 

They attributed these differences to environmental factors such as soil composition, 

vegetation, air, microbial communities and insect assemblage [10]. Another factor that 

should be considered when analyzing the soil of decomposition sites is whether the 

cadaver was open or enclosed, the number of VOCs detected changes dramatically 

depending on if the cadaver was buried or left in an open grave. “More than 400 

VOCs have been associated with buried animal remains, with many more VOCs being 

detected from the grave soil than at the soil surface of the grave” [10]. The same 
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concept holds true for surface deposition sites, in previous studies more VOCs have 

been detected from soil samples versus the headspace above the remains [10]. 

1.6.1 Soil Humidity and Moisture Content 

 Soil moisture content and the humidity play a major role in detecting VOCs. It 

has been shown that different moisture levels can significantly affect the abundance as 

well as the richness of VOCs emitted [58]. It is known that soil chemistry and soil 

deposition processes associated with decomposition are heavily dependent on 

environmental factors such as soil moisture content, despite increased research the 

relationship is still not fully understood [59]. Taking humidity and soil moisture 

content into consideration it is easy to understand why there have been so many 

different decomposition VOCs detected in various studies since they are taking place 

in various locations with different average humidity. Figure 1 shows the variation in 

annual humidity across the continental United States. From this figure it is easy to see 

why a study conducted in a drier environment, such as Levelland, Texas might have 

vastly different results than those conducted in a more moisture rich area such as 

Vass’ studies conducted in Tennessee [6,12,14,34].
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Figure 1. Mean annual humidity for the continental United States [60]. 
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1.7 SPME Extraction Method 

 Solid phase microextraction has been widely utilized in many fields of 

chemistry and biology, with its first uses in environmental and food analysis, the 

method is commonly coupled with mass spectrometry [62]. The SPME method was 

developed in the 1989 by Dr. James Pawliszyn. “SPME reduces the time necessary for 

sample preparation, decreases purchase and disposal costs of solvents and can improve 

detection limits” [63]. The extraction method uses a silica fused fiber, coated with a 

thin polymer film, which allows for absorption of the analytes in the sample. The fiber 

is attached to a syringe that allows for injection into the sample vial. The syringe 

protects the SPME fibers when it is not injected into a sample. The components of the 

SPME fiber and syringe can be seen in figure 2. SPME is a method that is commonly 

used when extracting both volatile and semi-volatile samples. SPME is commonly 

used for headspace sampling or solution sampling, this study utilizes the former. 

Meaning the sample will remain in the bottom of the vial while the SPME fiber is 

absorbing VOCs from the airspace above the sample (top portion of the vial). Once the 

SPME fiber has been exposed to the sample for a predetermined amount of time, the 

fiber is then retracted back into the holder, then placed into the GC injector port where 

the analytes are desorbed for detection in the GC-MS.  
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1.7.1 Solid Phase Micro Extraction (SPME) – Gas Chromatography/Mass 

Spectrometry (GC-MS) 

 Gas Chromatography-Mass Spectrometry (GC-MS) is a widely used analytical 

method that utilizes the features of both gas chromatography and mass spectrometry in 

order to identify different substances within a single sample. This analytical method is 

used not only in forensic science laboratories but numerous others scientific 

disciplines. GC-MS coupled with SPME is a widely used method for the detection of 

cadaveric VOCs and their analysis [11]. The gas chromatography aspect consists of an 

injection port followed by a substrate packed column, then a detector. A carrier gas, 

which in this study is helium, pushes the sample through the column. Helium is 

considered a good carrier gas because it is inert, and does not react with the sample 

being analyzed. The column is where the actual separation occurs, this is determined 

by the different characteristics of each molecule. After the molecules are separated, 

Figure 2. Schematic of a SPME fiber inside of a SPME holder [63]. 
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they are sent to the mass spectrometer (MS) detector, it is there that the molecules are 

detected, identified and quantitated based on their mass-to-charge ratio (m/z). A basic 

GC-MS diagram can be visualized in figure 3.  

 

1.8 Thesis Study Objective 

The purpose of this study is to provide a foundation for further research on 

how decomposition VOCs persist in soil after remains have been removed. Knowing 

how long residual decomposition odor remains viable, after the remains have been 

removed, will aid in training techniques for Human Remains Detection (HRD) dogs 

and help formulate a better understanding of volatile uses for PMI determination. This 

information could give HRD dog handler’s an idea of when a site should be clear of 

the scent of decomposition. Currently, when a certified HRD canine gives a trained 

response in a location where no visible remains are present, the handler might 

Figure 3. Diagram of GC-MS instrumentation [61]. 
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inaccurately determine the response as a false alert or mistake when, in reality, it could 

be the presence of residual odor from a decomposing body being at the location 

previously [40]. This study could also aid in the development of possible portable 

analytical field detection instruments, that would allow for the reliable, cost-effective 

detection of clandestine burial sites [14]. 

Both a pig-meat simulation model as well as pig carcasses were used in place 

of human cadavers, allowed to decompose, and then removed from the site. After 

removal, the headspace of soil samples, taken from under the cadaver decomposition 

island (CDI), were analyzed once per week for a period of 4 weeks this will be done 

using SPME-GC/MS as the instrumental analysis method. While there have been 

limited studies for the amount of time residual odor stays viable in the soil, there have 

not been similar studies in this region of the country characterized by arid and colder 

climate conditions nor using the same extraction technique for decomposition VOC 

analysis. SPME “uses a small fused-silica fiber, coated with a suitable polymeric 

phase, mounted in a syringe-like protective holder” [63]. The VOCs of interest will 

absorb or adsorb (depending on the fiber chemistry) onto the fiber in the headspace of 

the sample, after equilibrium is reached “the fiber is withdrawn in the septum-piercing 

needle and introduced into the analytical instrument,” in this case the GC/MS [63].  

The main hypothesis is that the residual odor of decomposition will remain in 

the soil during the extent of the analysis period, however it is hypothesized the odor 

will not only change in composition over time, but that it will become significantly 

weaker during the course of the one-month sampling period. The secondary 
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hypothesis is that the volatile organic compounds found will be substantially more 

prevalent the longer the pig cadaver is left in contact with the soil and allowed to 

decompose before removal. 
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CHAPTER II 

METHODS AND ANALYSIS 

2.1 Field Materials and Study Location 

 All pork meat used in the study was Smithfield Pork Shoulder Picnic Roast 

which was purchased from Walmart. This particular type of pork meat contained no 

added ingredients or preservatives. The pigs used in this study were wild pigs (Sus 

scrofa), which were donated from a ranch in Centerville, Texas (Smith Ranch, 13715 

Co Rd 122, Centerville, TX 75833). The pigs were already deceased when obtained, 

and hence not killed for this study. These particular Sus scrofa were pigs that were 

previously hunted, but were too small for hunters to keep. Since the pigs were donated 

postmortem and never handled while alive, Texas Tech University Institutional 

Animal Care and Use Committee (IACUC) did not require animal ethics approval and 

only needed a memo stating the purpose of the research and how the pigs were 

obtained. A total 3 pigs were employed during this study. The pigs were frozen within 

3 hours of death and remained frozen until ready to be placed for this study. Before 

study placement, the pigs were allowed to thaw after refrigeration and were placed on 

test site once completely thawed. 

 The study site was land located at 850 N State Road 1490, Levelland, Texas 

79336, which can be seen in figure 4. Permission to use this land was obtained by the 

land owner, Shane Grissom, prior to the start of the study. All pork meat models and 

pigs were placed with ample space between each different set of decomposition time 

period. A control area was designated, where no pig or meat model was placed at any 

time, in which blank soil samples were collected from. This control area was enclosed 
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by the same type of cage material that enclosed both the pork meat models and pig 

samples. This control area provided a baseline of VOCs that were present in the soil 

matrix alone, which helped in determining which VOCs should have been determined 

to be a product of decomposition.  The control area, as well as the placement for the 

pork meat model samples and sus Scrofa trials can be seen in figure 4. Furthermore, 

the figure depicts the arid terrain from where the samples were collected as well a map 

highlighting the geographical difference from other common study sites of 

decomposition studies. The cage materials were purchased from a local hardware store 

(The Home Depot) and consisted of EVERBILT ½ inch wire cloth, rebar and zip ties 

(The Home Depot, Atlanta, GA). The ½ inch wire cloth was cut into 3ft sections and 

formed into a circular cage, secured with zip ties. Each cage was secured to the ground 

with the soil exposed and then a rock barrier (found in nearby environment) was built 

around the outside of each cage to deter scavengers from attempting to dig under the 

cages. 
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Legend: 

Blank 

Pork Meat – 14 Day 

Pork Meat – 17 Day 

Pork Meat – 21 Day 

Sus Scrofa – 14 Day 

Sus Scrofa – 17 Day 

Sus Scrofa – 21 Day 

 

Legend: 

Current Study  

Vass et al. Study 

10” 

Figure 4. Map of study location and placement of the cages for the duration 

of the study. 
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2.2 Laboratory Materials 

 All standard laboratory procedures and protocols were followed during the 

duration of this study. Optimization procedures for the SPME methodology included 

initial conditioning of all SPME fibers (Supelco, Inc., Bellefonte, PA). SPME fibers 

used throughout this study were StableFlex Divinylbenzene/Carboxen/PDMS 

(DVB/CAR/PDMS) (Supelco, Inc., Bellefonte, PA). SPME fibers were baked at 

250°C for 30-minute increments until the fiber showed a clean run in the GC-MS. All 

samples were collected in either 10mL or 15mL clear glass vials with screw tops 

containing PTFE/Silicone septa (Supelco, Inc., Bellefonte, PA). The glass sample vials 

were sterilized with acetone and baked for one hour at 105°C. Each fiber was cleaned 

between samples and sample vials were discarded after each use. The temperature and 

humidity at collection time, equilibrium time, and exposure time were recorded for 

each sample collection. Temperature and humidity were collected using a Sparoma 

digital thermometer and hygrometer (China). The soil moisture content and pH were 

also recorded at time of sample collection using a Gain Express ZD-06 soil pH and 

moisture meter (Gain Express, To Kwa Wan, Hong Kong). For this study and Agilent 

6890N gas chromatography (GC) was used in conjunction with a 5973-mass selective 

detector (MSD) to analyze VOCs found in soil samples.  

 Proper personal protection equipment (PPE) was worn when collecting the 

samples. Personal protection Tyvek coveralls (SIRCHIE, Youngsville, NC), Insta-

Gard surgical cone masks (Cardinal Health, Waukegan, IL), and nitrile gloves 

(Kimberly Clark, Irving, TX) were worn during every sample collection to eliminate 
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sample contamination as well as provide protection when handling decomposing 

matter.  

2.3 SPME Fiber Optimization 

 In order to determine which SPME fiber was more suitable for the VOCs 

found in the soil samples five different SPME fibers (Supelco, Inc., Bellefonte, PA) 

were tested for optimization. The tested fibers were red, blue, white, black and grey, 

the stationary phase or coating for each of the five fibers can be seen in Table 3.  

 

Table 3. SPME Fiber color and coordinating stationary phase [64]. 

Type Stationary Phase Film Thickness 

Red Polydimethylsiloxane (PDMS) 100µm 

Blue Polydimethylsiloxane/Divinylbenzene (PDMS/DVB) 65µm 

White Polyacrylate 85µm 

Black Carboxen™/Polydimethylsiloxane (CAR/PDMS) 75µm 

Grey StableFlex Divinylbenzene/Carboxen/PDMS 

(DVB/CAR/PDMS) 

50/30µm 

 

 For the optimization study, approximately 8-10 grams of blank soil was 

collected in a 10mL glass vials. The samples were allowed to sit and equilibrate at 

room temperature for 24 hours, each fiber was then exposed for a period of 24 hours 

while the samples were heated to 40°C. Based on these results it was determined that 

the best fiber for this study would be the 

Divinylbenzene/Carboxen/polydimethylsiloxane (DVB/CAR/PDMS) or grey fiber 

based on number and abundance of detected compounds. This determination was 

based on the number of detected compounds that were above the 80% threshold. The 
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Blue and grey fibers were the only types that had detected compounds with the grey 

have more than the blue.  

 After the grey fiber was determined to be the optimal fiber type, sample 

equilibrium time and fiber exposure time were then optimized. Equilibrium time was 

compared at approximately 30 minutes and 24 hours. It was determined that 24 hours 

was the most beneficial equilibrium time. Fiber exposure time was compared at 12-, 

24- and 32-hour intervals. It was determined that 24 hours was more efficient than 12 

hours, however there was no major significance between 24- and 32-hour fiber 

exposure time. Therefore, a 24-hour fiber exposure time was chosen for the duration 

of the study. Once the equilibrium and fiber exposure time had been set, the 

temperature during fiber exposure was then optimized. It was found that samples 

heated to 40°C provided better VOC results than those heated to 60°C.  

2.4 GC-MS Method and Ramping Determination 

 Cablk, Szelagowski and Sagebiel’s GC-MS method was used as the starting 

point for the method development used in this study [65]. The method was 

manipulated by adjusting the ramping and hold times until the optimal chromatogram 

was observed with individualized peaks and high resolution. The actual GC-MS 

method used had an overall runtime of 25.5 minutes, it started at 40°C and ended at 

250°C. The ramping can be visualized in Table 4. The carrier gas used for the duration 

of the study was Helium (99.999& purity) at a 1.0 mL/min flow rate with a PSI of 7.1 

and the instrument was operated in split-less mode. The results of each sample run 

were compared week to week in order to determine how the VOCs changed over the 
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course of 4 weeks, as well as how they changed due to the initial decomposition 

period after removal.  Compound detection and identification was based on the NIST 

2017 Mass Spectral Library.  

 

Table 4. Ramping table for method utilized throughout course of study. 

 Rate Value (°C) Hold Time (min.) 

Initial  40 5 

Ramp 1 12 250 3 

 

2.5 Decomposition Time Optimization 

 In order to determine the time frame in which viable decomposition VOCs 

were obtainable, pork meat models were placed and analyzed. Wire cages were built 

and one was placed around each meat sample, the cages were secured to the ground 

with rebar in order to eliminate scavenging but allow for invertebrate activity, see 

Figure 5 for visualization.  

Figure 5. Meat model contained in wire mesh cage. 
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A total of four meat models were placed and each sample was allowed to 

decompose for a set amount of time (120, 240, 288, and 336 hours) before being 

removed and having the soil below the meat sampled. All four decomposition periods 

resulted in detection of common decomposition VOCs. This timeframe was used to 

determine the decomposition periods selected for the actual study. This meat model 

study also allowed for verification of the chosen GC-MS method, as well as the 

sample equilibrium time and fiber exposure time. Figure 6 depicts the overall number 

of compounds detected for each set decomposition period, as well as the number of 

ketones detected for each time period. In all four decomposition periods, ketones were 

the most abundant type of compound found. The data indicated that the longer 

decomposition was allowed to occur, before removal of the sample, more ketones 

were able to be detected, as well as overall compounds. It can also be seen that the 

number of ketones detected is proportional to the number of overall compounds 

detected for each of the four decomposition periods.  
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2.6 Pork Meat Model 

 A pork meat model was allowed to decompose and then analyzed for a period 

of 6 weeks in order prove the sampling method worked before placing pig cadavers. 

Three pork meat models were placed for each chosen decomposition time period, for a 

total of nine individual meat models. The decomposition time periods chosen were 14, 

17 and 21 days, due to increasingly cold weather conditions the length of 

decomposition was extended. Nine pork meat models in total were placed in nine 

individual cages. Each decomposition time interval was spaced at a minimum of 6 feet 

apart. The meat models were allowed to decompose for their allotted time frame, then 

the meat was removed and properly discarded. The pork was purchased immediately 

before placement in order to insure it was stored at temperatures that would combat 

the start of decomposition processes. The pork samples were all within 0.5 lbs. of each 

other in order to maintain consistent results in terms of decomposition and odor 
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Figure 6. Chart showing the number of detected compounds as well as the 

number of detected ketones for each decomposition period. 
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production, this also meant that there surface area in contact with the soil was similar 

as well. The weights of each meat model as well as their placement and removal dates 

can be seen in Table 5.  

 

Table 5. Meat model weight, placement and removal dates. 

 Weight (lbs.) Placement Removal 

21 days    

Pork Sample 1 2.13 Dec. 12, 2018 Jan. 2, 2019 

Pork Sample 2 1.93 Dec. 12, 2018 Jan. 2, 2019 

Pork Sample 3 1.98 Dec. 12, 2018 Jan. 2, 2019 

17 Days    

Pork Sample I 1.75 Dec. 14, 2018 Dec. 31, 2018 

Pork Sample II 1.81 Dec. 14, 2018 Dec. 31, 2018 

Pork Sample III 1.87 Dec. 14, 2018 Dec. 31, 2018 

14 Days    

Pork Sample A 1.67 Dec. 18, 2018 Jan. 1, 2019 

Pork Sample B 1.77 Dec. 18, 2018 Jan. 1, 2019 

Pork Sample C 1.75 Dec. 18, 2018 Jan. 1, 2019 

 

Two samples of approximately 8-10 grams of soil each were taken from the 

areas directly underneath the meat models, for a total of six samples for each 

decomposition interval. The area underneath each model was determined to be the 

most fruitful area for collection of decomposition VOCs. The two samples were 

collected in a straight line, with approximately 4 cm between each sample location. 

Each of the meat models were weekly sampled for a total period of six weeks, as well 

as the control area for a total of 21 samples each week. During each sampling period 
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weather conditions such as the temperature and humidity were recorded, as well as the 

soil moisture and pH for that particular sample location. Each individual sample was 

collected in a sterilized 15mL glass vial then wrapped in parafilm in order to prevent 

VOC seepage during the equilibrium period. Samples vials were allowed to equilibrate 

for 24 hours at room temperature in the laboratory and then the SPME fiber was 

exposed for 24 hours at 40°C. After exposure, the SPME fiber was retracted back into 

the SPME holder until the sample was injected into the GC-MS for analysis.  

2.7 Sus scrofa Trial 

 Pig cadavers were then used to replicate the meat model in order to complete 

the study using a more acceptable human analogue. Three pig fetuses were placed at 

the study site for each chosen decomposition time period. The decomposition time 

periods chosen were 14, 17 and 21 days, in order to align with the pork meat model 

study discussed above. The three pig fetuses were each placed into individual cages in 

order to deter scavenging, but still allow for insect activity during the decomposition 

process. Each decomposition time interval was spaced at a minimum of 6 feet apart. 

Each of the pigs were allowed to decompose for their allotted time frame, then the pig 

was removed and properly discarded. The pigs were kept frozen until placement, they 

were then thawed to room temperature and immediately placed in their cage. The 

same type of cages that were constructed for the meat model were used for the three 

pig fetuses as well (wire mesh and rebar). The weights of each pig as well as their 

placement and removal dates can be seen in Table 6. 
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Table 6. Pig weights, placement and removal dates. 

 Weight (lbs.) Placement Removal 

14 Days    

Pig I 2.8 Jan. 22, 2019 Feb. 5, 2019 

17 Days    

Pig II 1.6 Jan. 20, 2019 Feb. 6, 2019 

21 Days    

Pig III 1.9 Jan. 21, 2019 Feb. 11, 2019 

 

Two samples of approximately 8-10 grams of soil each were taken from each 

of the three designated areas of the cadaveric region, located directly underneath the 

pigs, for a total for six samples for each decomposition interval. The diagram of the 

three designated areas, of the cadaveric region can be visualized in figure 7. Two 

samples were taken from each cadaveric region (region a, b and c).  

 

 Each of the decomposition sites were weekly sampled for a period of four 

weeks. A control area was also sampled from each week, for a total of 21 samples 

each week, and 84 samples overall. Control samples were taken each week in order to 

Figure 7. Cadaveric regions that will be sampled after removal from 

sampling site. 
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prove that the compounds in the soil were not greatly fluctuating over time. During 

each sampling period weather conditions such as the temperature and humidity were 

recorded, as well as the soil moisture and pH for that particular sample location. Each 

individual sample was collected in a sterilized 15mL glass vial then wrapped in 

parafilm in order to prevent VOC seepage during the equilibrium period. Samples 

vials were allowed to equilibrate for 24 hours at room temperature in the laboratory 

and then the SPME fiber was exposed for 24 hours for a heated extraction at 40°C. 

After exposure the SPME fiber was retracted back into the SPME holder until the 

sample was manually injected into the GC-MS for analysis. The samples were run on 

the GC-MS immediately following the 24 hours fiber exposure period.  
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CHAPTER III 

RESULTS AND DISCUSSION 

3.1 Optimization Results 

3.1.1 Fiber Selection and Exposure Time 

 In order to determine which fiber coating was optimal for the types of sample 

that would be analyzed in this study five blank soil samples were collected and 

allowed to equilibrate for 24 hours. The fibers were injected into the sample for a 

period of 24 hours while the samples were heated to 60°C. Zero compounds within the 

threshold were detected for the black, red and white fibers. Only two compounds were 

within the threshold for the blue fiber, while the grey fiber had five compounds 

detected that were within the threshold. Due to having the greatest number of 

compounds within the detection threshold the grey fiber, which is coated with 

Divinylbenzene/Carboxen/PDMS (DVB/CAR/PDMS), was chosen for the study.  

 Once it was determined that the grey fiber would be used eight blank samples 

were collected in order to determine the optimal sample equilibration time as well as 

the fiber exposure time. Sample were analyzed in duplicate for each of the set 

parameters. Samples were analyzed with an immediate equilibrium time and a 12-hour 

fiber exposure, an immediate equilibrium time and a 24-hour fiber exposure, a 24-hour 

equilibrium time and a 12-hour fiber exposure and a 24-hour equilibrium time with a 

24-hours fiber exposure time. All samples were allowed to equilibrate at room 

temperature and the fiber exposure was conducted at 30°C. The temperature during 

fiber exposure was changed from 60°C, during the fiber selection, to 30°C due to the 

dryness of the soil when heated to 60°C. The soil being sampled is already extremely 
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dry therefore it was determined that 60°C was drying out the soil. Table 7 shows the 

number of compounds within the set threshold that were detected for each of the 

analyzed parameters. An equilibrium time of 24 hours with a fiber exposure time of 24 

hours was selected as optimal parameters based on the results of the optimization.  

 

Table 7. Equilibrium and Fiber Exposure Time for Blank Soil Samples Heated to 

30°C 

        

   Equilibrium   

   Immediate 24 Hour   

Fiber 
Exposure 

12 Hour 3 3   

24 Hour 2 4   

          
 

 In order to verify that the selected optimization parameters would yield 

detectable compounds when sampling soil containing decomposition odor, a pork 

meat sample was placed in one of the metal cages, in an area of the lot not being used 

for the actual trials, and allowed to decompose for 84 hours. The pork was removed 

and then two sample vials of approximately 8 grams of soil were sampled. The 

samples were allowed to equilibrate for 24 hours at room temperature and then heated 

to 40°C for a fiber exposure of 24 hours. The temperature during fiber exposure was 

changed from 30°C to 40°C because it seemed as if 30°C was not warm enough for 

optimal VOC detection. The first sample vial had six compounds detected within the 

threshold, while the duplicate sample vial had 21 compounds. From these samples it 

was determined that the optimization parameters selected were able to detect 
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decomposition VOCs and thus these parameters were used throughout the study: 

DVB/CAR/PDMS fibers, sample equilibration of 24 hours at room temperature, and 

fiber exposure for 24 hours at a heated extraction temperature of 40°C. 

3.1.2 Decomposing Tissue Contact Selection 

 For optimization purposes, pork meat was placed and removed at the 

decomposition time intervals of 120, 240, 288, and 336 hours. One sample was taken 

from under each of the meat samples. The average temperature during this collection 

period was 21.95°C, the average humidity was 31%, the average soil pH was 6.8 and 

the average soil moisture was 5. The purpose of this section was to determine the 

optimal contact time for decomposing tissue to leave an instrumental detectable odor 

trace in the soil environment. All four tissue contact times resulted in detection of 

VOCs of various functional groups as seen in figure 8.  

 



Texas Tech University, Jennifer L. Raymer, May 2019 

44 

 

These results were used to determine the three selected decomposing tissue 

contact times that would be used in both the pork meat model and the sus Scrofa trial, 

with adjustments made due to the decreasing temperature when the sampling of the 

pork meat model and the sus Scrofa trial occurred. Hence, the 336 hours (~14 days) 

was used as a starting point for the decomposition timeline as it yielded 25 compounds 

and with the dropping temperature of the season, it represented a viable start time to 

monitor decomposition VOCs after contact. 

3.2 Results of Pork Meat Model 

 Samples were collected weekly for each contact time (14, 17, and 21 days) 

after removal of the meat and a blank, collection times included 0, 168, 336, 504, 672 

and 840 hours post removal. During each sample collection temperature, humidity, 

soil pH and moisture were recorded. A total of 108 samples were collected during the 
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Figure 8. Tissue contact time optimization results of sample collections at 0 

hours post-removal at 120-, 240-, 288-, and 336-hours of decomposition. 



Texas Tech University, Jennifer L. Raymer, May 2019 

45 

 

six- week sampling period yielding a total of 118 different compounds being detected 

among the 3 decomposition contact periods.  

 A compiled chemical odor ratio of detected compounds across the 

decomposition intervals studies revealed that the highest number of ketones were 

detected in the samples collected immediately following removal of the decomposing 

meat. As the presence of ketones faded, the presence of alkanes increased as the post 

removal time increased. Figure 9 shows the number of compounds detected in each 

functional group over the six-week sampling period. 

 

 
Figure 9. Number of compounds detected per functional group for meat model. 

 

 As discussed previously environmental conditions such as humidity and soil 

moisture can have an effect on the number of VOCs detected in the sample. Figure 10 
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shows the average temperature, humidity, pH and moisture during the set sampling 

times. While the pH and moisture content of the soil did not fluctuate significantly, it 

can be seen that the average temperature and humidity did fluctuate each week. The 

increase in humidity during hours 0, 336, and 504 could be responsible for the 

increase in number of VOCs found in those samples. Figure 11 shows the number of 

VOCs detected during each set sampling time frame, along with the recorded 

temperature and humidity at the time of sample collection.  

 

 

Figure 10. Graph showing the varying weather and environmental conditions during 

the six-week sampling period. 
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Figure 11. Total number of compounds detected during each sampling period and 

corresponding weather conditions. 

 

 The sampling period post-removal with the most abundant VOC detection was 

those collected immediately after removal (0 hours). This was to be expected as the 

residual decomposition odor was at its highest, as these samples were taken closest to 

being in contact with the decomposing tissue models. As expected, the number of 

compounds diminished during each sampling period. A table showing the number of 

compounds from each different functional group found during the 0-hour sampling 

period can be seen in Table 8. Both ketones and alkenes increased as the 

decomposition period increased. The presence of alcohols, dienes, and nitrogen 

containing compounds decreased as the decomposition period increased. There was a 

decrease in alkenes and alkanes during the 17-day decomposition contact but then 

increased again at the 21-day decomposition contact period.  
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Table 8. Number of Compounds Detected During 0 Hour Post-Removal Sampling per 

Functional Group. 

  

14 Day 

Decomposition 

17 Day 

Decomposition 

21 Day 

Decomposition 

Alcohols 5 3 3 

Sulfides 6 6 7 

Dienes 4 1 0 

Alkene 10 4 8 

Ketones 25 26 28 

Aldehyde 0 0 1 

Alkane 5 2 13 

Carboxylic acid 2 5 5 

Aromatic 3 1 3 

Nitrogen containing 4 3 2 

Carboxyl 1 0 0 

Other 6 0 3 

  

Medium to high frequency compounds were selected by identifying those who 

appeared 5 or more times for each decomposition contact period. Medium frequency 

were compounds that appeared 5 to 8 times, while high frequency compounds were 

those that appeared over 9 times. There was a total of 16 high frequency compounds 

for all decomposition times. The high frequency compounds included two sulfides 

(disulfide, dimethyl and dimethyl trisulfide), six ketones (benzyl methyl ketone, 2-

decanone, 2-undecanone, 2-dodecanone, 2-tetradecanone and 2-nonanone), two 

aldehydes (nonanal and octanal), five alkenes (decane, 3,6-dimethyl-, dodecane, 

pentacosane, tetradecane, 1-iodo-,  and undecane, 5-methyl-), and one aromatic 

compound (furan, 2-pentyl-). The only two high frequency compounds found in the 

blank sample that were analyzed each week were two alkanes (decane, 3,6-dimethyl- 

and dodecane). Decane, 3,6-dimethyl was found in 6 of the 18 blank samples, while 

dodecane was found in 10 of the 18 blank samples. These are two compounds that 
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could possibly be from the soil, however they were not present in all of the soil 

samples. Table 9 depicts the medium to high frequency compounds found in each 

decomposition contact time. 

Table 9. Medium and high frequency compounds found in each decomposition 

contact time.  

14 Days 17 Days 21 Days Compound Frequency 

X X X Disulfide, dimethyl High 

X X X Dimethyl trisulfide High 

X X X Benzyl methyl ketone Medium 

X X X 2-Decanone Medium 

X X X 2-Undecanone Medium 

X X  2-Dodecanone Medium 

X X X 2-Tetradecanone Medium 

 X X 2-Nonanone Medium 

X X X Nonanal High 

X   Octanal Medium 

X  X Decane, 3,6-dimethyl- High 

X X X Dodecane High 

 X  Pentacosane Medium 

  X Tetradecane, 1-iodo- Medium 

  X Undecane, 5-methyl- Medium 

X X X Furan, 2-pentyl- High 

 

Ketones were found in large quantities in the immediate post-contact sampling 

period (0 hours) but quickly diminished by the 504-hour sampling time, this was seen 

for all three decomposition contact time periods. Figure 12 shows the average 



Texas Tech University, Jennifer L. Raymer, May 2019 

50 

 

abundances of the detected ketones for all three decomposition contact periods and 

sampling periods 0 through 504 hours post removal.  

 

Figure 12. Ketone abundance over time in pork meat model, collection time of 672 

hours and 840 hours excluded due to no detected ketones.  

 

2-Nonanone and benzyl methyl ketone are the only two ketones that persisted 

after the immediate post-removal sampling time (0 hours). All of the other ketones 

were not present in the remaining sample for any of the allotted decomposition contact 

periods studied. The majority of the ketones detected in all three decomposition 

contact periods had higher detected abundances for the 14- and 21-day decomposition 

contact periods. However, 2-Nonanone had a higher average abundance detected in 

the 17-day decomposition contact period.  

As discussed previously, there was a large number of ketones detected in all 

three decomposition contact times at 0 hours post-removal. Ketones persisted longer 
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in the 17- and 21-day decomposition contact periods, as some ketones were still being 

detected at the 336 hours post-removal sampling time. However, for the 14-day 

decomposition contact period ketones were only detected at the 0 hours post-removal 

sampling interval. Dienes and nitrogen containing compounds were only seen in the 0-

hour post-removal sampling interval for all three decomposition periods (14-, 17-, and 

21 days). For the 14-day decomposition contact period, the presence of alkanes 

increased until plateauing at the 504 hours post-removal sampling period then 

declined. For the 17-day decomposition period the highest number of alkanes was seen 

in the 840 hours post-removal samples. In the 21-day decomposition, the highest 

number of alkanes detected were present in both the 0 hours post-removal and the 336 

hours post-removal samples. The number of sulfides peaked for the 21-day 

decomposition sample at 168 hours post-removal, but peaked for the 14- and 17-day 

decomposition samples at 336 hours post-removal. These peaks in certain functional 

groups can be visualized in figure 13, which shows a comparison of each 

decomposition contact period at the different post-contact sampling intervals.  
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Figure 13. Average number of compounds detected per sampling period, arranged by 

functional groups. 
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3.2.1 Analysis of Variance (ANOVA) as a Function of Collection Time and 

Contact Time  

 Analysis of variance (ANOVA) was the statistical method chosen to test the 

significance of the high frequency compounds highlighted in table 9 as a function of 

chosen targeted variables. This specific statistical analysis was able to determine if 

there was a link between the abundances of the compounds and the time of collection 

after cadaver removal, as well as the link between the abundance and the time of 

contact between the cadaver and the soil. This test determined how the mean of the 

peak area for the target decomposition VOC depended on both the collection time and 

the contact time. A multi-factor analysis of variance (ANOVA) was used for all five 

high frequency compounds. Means were used to compare the differences, and Tukey’s 

honestly significant difference (HSD) test was applied to compare the mean values. 

The significance level for the ANOVA analyses was p <0.05. For dimethyl disulfide a 

p-value of 0.0001 was found for peak area by collection time, the p-values for peak 

area by contact and the interaction between collection time and contact time were not 

found to be significant, this plot can be visualized in figure 14.  For dimethyl trisulfide 

a p-value of <0.0001 was found for peak area by contact time and a p-value of 

<0.0001 was found for peak area by collection time, the resulting plots can be seen in 

figure 15. The analysis using the compound nonanal produced a p-value of 0.0115 for 

peak area by contact time and a p-value of 0.0022 for peak area by collection time, the 

plot for this analysis can be seen in figure 16. Furan, 2-pentyl was only found to have 

a significance for the peak area by contact time with a p-value of 0.0015, with the plot 

being visualized in figure 17. There was no statistical significance from the ANOVA 
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analysis for dodecane. The results reinforce the notion that the amount of time a 

decomposing tissue is allowed to come into contact with the soil environment directly 

affects the amount of compound abundance detected. Furthermore, for previously 

reported decomposition compounds such as dimethyl trisulfide and nonanal, the post-

contact collection time also highlighted a strong relationship with the amount of 

compound detected [2,6,8,14,16-18,20,21,23,27,28,34]. 

 

Figure 14. Results of the multi-factorial ANOVA for dimethyl 

disulfide, p-value 0.0001 

Figure 15. Results of multi-factorial ANOVA for dimethyl 

trisulfide. Collection by peak area p-value <0.0001 (top) and 

contact by peak area p-value <0.0001 (bottom). 



Texas Tech University, Jennifer L. Raymer, May 2019 

55 

 

 

 

Figure 17. Results of multi-factorial ANOVA for furan, 2-

pentyl. Contact by peak area p-value 0.0015 

Figure 16. Results of multi-factorial ANOVA for nonanal. 

Collection by peak area p-value 0.0022 (top) and contact by 

peak area p-value 0.0115 (bottom). 
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3.3 Results of Sus Scrofa Trial 

 Pig cadavers were used in order to replicate the meat model with a more 

acceptable human analogue. Samples were collected weekly for each decomposition 

contact time (14, 17, and 21 days) after removal of the pig carcass and a blank, 

collection times included 0, 168, 336, and 504 hours post removal. During each 

sample collection temperature, humidity, soil pH and moisture were recorded. A total 

of 84 samples were collected during the four-week sampling period yielding a total of 

90 different compounds being detected among the 3 decomposition contact periods. 

Images depicting the pigs at time of placement and time of post-contact removal can 

be seen in figure 18 and 19. The pigs were mummified due to the decreasing 

temperatures during the various decomposition contact times. The pigs appeared to 

have reached the bloated stage of decomposition before becoming mummified.  
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A compiled chemical odor ratio of detected compounds across the 

decomposition intervals studies revealed that the highest number of ketones were 

detected in the samples collected immediately following removal of the decomposing 

meat. Sulfides were present only within the 0-hour post-removal samples, while the 

level of alkanes increased after the 0-hour post-removal time period. Alkanes are 

I II III 

III II I 

Figure 18. Images depicting placement of pig cadavers. I is 14 day contact, II is 17 

day contact and III is 21 day contact. 

Figure 19. Images depicting state of cadavers before removal. I is 14 day contact, II 

is 17 day contact and III is 21 day contact.  
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typically observed in higher abundance in soil from under the body rather than along 

the cadaver’s edge [66].  Figure 20 shows the number of compounds detected in each 

functional group over the four-week sampling period. As can be observed, the alkane 

functionality is prevalent across the post-contact sampling period, thereby confirming 

already established literature results with regards to decomposing tissue contact in soil 

terrain.  

Figure 21 shows the average temperature, humidity, pH and moisture during 

the set sampling times. During the collection period the average temperature was 

17.6°C for 0 hours collection, 12.5°C for 168 hours collection, 15.8°C for 336 hours 

collection and 13.4°C for 504 hours collection. The average humidity during the 0-

hour collection was 25%, it was 22.3% for the 168 hours collection, 24% for the 336 
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Figure 20. Graph showing the number of compounds detected during each 

sample collection, arranged by functional groups. 
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hours collection and 32.7 for the 504 hours collection. The soil pH had an average of 7 

for the 0 hours collection, 6.8 for the 168 hours collection, 6.9 for the 336 hours 

collection and 5.8 for the 504 hours collection. The average soil moisture was 4.8 for 

the 0 hours collection, 5.2 for the 168 hours collection, 4.8 for the 336 hours collection 

and 3.7 for the 504 hours collection. While the pH and moisture content of the soil did 

not fluctuate significantly, it can be seen that the average temperature and humidity 

did very each week. The increase in humidity during hours 0 and 504 could be 

responsible for the increase in number of VOCs found in those two samples. Figure 22 

also shows the number of VOCs detected during each set sampling time frame, along 

with the recorded temperature and humidity at the time of sample collection.  
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Figure 21. Total number of compounds detected in relation to the 

temperature and humidity. 
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After the 0 hours post-removal sampling period for all three decomposition 

contact times the presence of sulfides had completely diminished in the sus Scrofa 

trials. Alkanes dominated all four sampling periods for all three decomposition 

periods. The presence of alkane compounds peaked for the 21-day decomposition 

period at the 168 hours post-removal collection. Perhaps, the most notorious increment 

of the alkane functionality can be observed in the 336 hours post-removal period, 

where this functional group was the most commonly detected across all contact times. 

These trends can be seen in Figure 23.  

 

 

 

 

 

Figure 22. Total number of compounds detected in relation to average 

temperature and humidity. 
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Using the same approach as for the meat model, a total of ten medium to high  

frequency compounds seen across the three different decomposition time periods were 

selected. This includes dodecane, naphthalene, 5-ethyl-1,2,3,4-tetrahydro-, limonene, 

undecane, tridecane, decane, 3,6-dimethyl-, tetradecane, D-limonene, docosane, and 

dodecane, 2,6,11-trimethyl-. Table 10 depicts the medium to high frequency 

compounds found in each decomposition contact time. 

 

 

 

Figure 23. Frequency of detected compound by functional group for each 

collection period. 
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Table 10. Medium and high frequency compounds found in each decomposition 

period 

14 Days 17 Days 21 Days Compound Frequency 

X X X Dodecane High 

X   Naphthalene, 5-ethyl-1,2,3,4-

tetrahydro- 

Medium 

 X  Limonene Medium 

 X  Undecane High 

 X X Tridecane High 

 X X Decane, 3,6-dimethyl- High 

 X X Tetradecane Medium 

  X D-Limonene Medium 

  X Docosane Medium 

  X Dodecane, 2,6,11-trimethyl- Medium 
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3.3.1 Analysis of Variance (ANOVA) as a Function of Contact Time 

 Using the same type of multi-factor analysis of variance (ANOVA) as used 

with the meat model results, the high frequency compounds seen across all three 

decomposition contact times was analyzed for peak area by both variables: collection 

time and contact time with the soil. However, no statistical significance was seen in 

the one high frequency compound, dodecane. The resulting plots and p-values can be 

seen in figure 24.  The results imply that with the pig carcass study, the time of contact 

of decomposing tissue of the collection time post-removal have no effect on the peak 

abundance of the selected frequently occurring alkane compounds. This could be a 

direct effect of another external variable such as temperature, which can ultimately 

have a stronger drive on the abundance of decomposition odor residue found within 

the environment.  
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Figure 24. Results of multi-factorial ANOVA for dodecane. Collection p-

value 0.1125 (top), contact p-value 0.5833 (middle), contact by collection p-

value 0.9649 (bottom). 
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3.4 Meat Model and Sus Scrofa Trial Comparison 

 One of the main differences between the meat model and the sus Scrofa trial 

was the duration of the study. The meat model sampling lasted a total of six weeks, 

while the sus Scrofa trail only lasted four weeks due to time constraints. Three 

duplicates of each decomposition contact time were utilized for the meat model, 

whereas there was only one pig used for each decomposition contact time for the sus 

Scrofa trial due to limitation on obtaining fetal pigs. When comparing the results of 

the meat model to the sus Scrofa trial only the first four weeks of the meat model will 

be compared. Overall, there were more compounds found during each sampling period 

in the meat model than during the sus Scrofa trial. This could be attributed to a higher 

ambient temperature when the meat model was being conducted versus when the pig 

carcasses where left to decompose. As it is readily known in decomposition processes, 

lower temperatures slow down the putrefaction process sometimes even leading to 

mummification, yielding to lower delivery of fluids to the surrounding environment.  

 One major difference between the two models is seen during the 0-hour post 

removal samples for all three decomposition contact periods. The presence of ketones 

is only observed in the meat model. Pie charts were used to compare the abundance of 

each functional group present for the meat model and sus scrofa trial at each sampling 

time. These pie charts represent the absolute abundance of each functional group. The 

meat model samples for the 0-hour post removal also had a higher number of 

functional groups detected than the sus Scrofa trial samples. However, for both the 

meat model and the sus Scrofa trial, aldehydes are only detected in the 21-day 
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decomposition contact period for the 0 hours post removal samples. These differences 

and similarities of the 0-hour post removal samples can be seen in figure 25.  
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Figure 25. Comparison of the functional groups found in meat model and the sus 

Scrofa trial for the 0-hour post removal samples. 
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 During the 168 hours post removal sample the sus Scrofa sample again did not 

show ketones while the meat model did. The presence of sulfides had completely 

diminished in the 168 hours post removal samples for the sus Scrofa trial however, the 

sulfides remained in the meat model samples. Aldehydes were present in the 14-day 

decomposition period for the 168 hours post removal sample for the sus Scrofa trial 

but they were not detected in the meat model for the same decomposition period. For 

the meat model, sulfides and alcohols made up the majority of the detected 

compounds at this sampling hour, while for the sus Scrofa trial the more abundant 

compounds were found to be alkanes and alkenes. Previous literature has shown that 

alkanes have been shown to dominate the VOC profile in soils collected from burials 

[25, 35]. This abundance of alkanes and alkenes was seen in the work of Perrault et al. 

in 2015 as well [25].  These comparisons can be visualized in figure 26.  
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Figure 26. Comparison of the functional groups found in meat model and the sus 

Scrofa trial for the 168 hours post removal samples. 
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 During the 336 and 504 hours post removal sample collections the only 

similarity between the meat model and the sus Scrofa trial was the presence of alkanes 

dominated the samples during this collection time for all three decomposition periods. 

As previously stated, the high number of alkanes has been linked to soil samples 

collected from burial sites [25, 35]. Brasseur et al 2012 found that the main reason for 

this prevalence of alkanes beneath the carcass is the “leaching and percolation of 

degradation fluids die to gravity [35]. This comparison can be seen in figure 27 and 

figure 28.  
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Figure 27  Comparison of the functional groups found in meat model and the sus 

Scrofa trial for the 336 hours post removal samples 
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Figure 28. Comparison of the functional groups found in meat model and the 

sus Scrofa trial for the 336 hours post removal samples 
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The total abundances of each detected compound were added together for each 

collection time in order to determine if the abundance of the VOCs present did in fact 

decrease as the post-contact time increased. The total abundance detected in each 

collection period can be visualized for both the meat model and sus Scrofa trial in 

figure 28. For all three decomposition contact times, in both the meat model and the 

sus Scrofa trial a decrease in the total abundance can be seen from the first post-

contact collection to the last post-contact collection time. This further corroborates the 

idea that residual odor diminishes over time. However, the trend observed does not 

equate what would be expected in terms of abundance for the 0-hour collection time. 

Hypothetically, the longer a decomposing tissue contaminates a surface, a higher 

abundance of VOCs should be observed. However, as can be seen in figure 29, the 

meat model had a higher abundance of overall compounds for the 17-day contact time 

as opposed to the longer 21-day contact. This can be explained by the environmental 

conditions at the site of collection, where the 17-day contact time had a higher 

reported ambient temperature of 10.8°C versus the 21-day contact time, which has a 

drop in temperature to 4.1°C. For the sus Scrofa trial, the contact time with the higher 

abundance of VOCs during the 0-hour collection was the 14-day contact time, while 

the 17-day contact time and the 21-day contact time were very similar in abundance 

for this collection period. This could be attributed to both temperature and humidity. 

The 14-day contact period collection had an ambient temperature of 18.1°C and a 

humidity of 30%, while the 17-day contact collection had an ambient temperature of 
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19.5°C and humidity of 25%. The 21-day contact collection had an ambient 

temperature of 15.2°C and a humidity of 20%. While the temperature during the 14-

day contact and 17-day contact collection was very similar there was also a noticeable 

decrease in humidity between the two sample collections.  

 

 

Figure 29. Total abundance detected over course of study for both the 

meat model and the sus Scrofa trial. 
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3.5 Discussion 

 While the results of the meat model and the sus Scrofa trial have vast 

differences between them, they both provided proof that previously established 

decomposition odor compounds can be detected in the soil post-removal of both a 

porcine meat model and a pig carcass. This concept had been proven by Alexander et 

al. in 2015 by having HRD dogs produce positive alerts to soil sample taken from both 

under decaying cadavers, as well as residual odor soil samples. These certified HRD 

dogs were able to positively alert on soil samples that had post-cadaver removal 

periods of up to 667 days with 85.7% accuracy. However, this study did not utilize 

instrumental analysis of the soil samples in order to determine the VOCs that were 

present. While the positive alerts from the HRD dogs does prove that there is 

detectable residual decomposition odor in the soil, it did not provide any knowledge as 

to the compounds being detected by the HRD dogs. This study not only corroborates 

the findings of Alexander et al., it provides a basis for the types of compounds seen at 

various times of post-cadaver contact with the environment.  

 The findings of this study also corroborate the work of Perrault et al. who 

conducted a similar study in Australia. However, the environment for her study differs 

vastly from the one in which this study was conducted. The VOCs in the Perrault el al. 

study was collected via soil probes, while the VOCs in this study were taken from the 

headspace of soil using solid phase microextraction as the sampling approach. As with 

her study, the presence of VOCs greatly diminished after the initial collection period 

and hydrocarbons or alkanes were the most prevalently observed compounds 

throughout the time frame under evaluation.  
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 This study collected the ambient temperature at the time of collection in order 

to monitor the environmental temperature. However, the use of accumulated thermal 

units would have been more advantageous in order monitor the effect of temperature 

on abundance at collection time. Accumulated thermal units (ATU) measured the 

effect of temperature over time, versus the ambient temperature at the exact moment 

the sample was collected.   
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CHAPTER IV 

CONCLUSION 

 
The complexity of the decomposition odor profile has been identified by many 

past researchers and this complexity is further increased in soil environments. The 

interaction between decomposition VOCs and soil is a largely underrepresented area 

in forensic science, yet it is a critical tool that cannot be ignored. Determination of a 

reliable set of VOCs present during decomposition is a vital step in understanding if a 

decomposition odor database is a viable way to determine whether a body has been 

held in a specific location. By determining how these decomposition VOCs persist 

after a body has been removed will allow for not only better development of HRD dog 

training aids but also in the detection of holdings site or transportation methods. While 

there are numerous studies developing the specific VOCs present during 

decomposition, there are limited findings on the VOCs detected from residual 

decomposition odor. 

For the present study, both a pork meat model and a sus scrofa trial were 

utilized to determine how residual decomposition odor VOCs persisted and changed in 

the soil after removal of the cadaver analogue. In both studies samples were collected 

weekly starting at 0 hours post-removal. Environmental conditions such as 

temperature, humidity, soil pH and moisture content were recorded. The study was a 

qualitative approach to determining what compounds were present and their relative 

abundance at set decomposition contact intervals and sample collections periods post 

cadaver removal.  
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As hypothesized the detected compounds decreased in abundance as the 

sampling time post removal increased. This corroborates the idea of residual odor 

diminishing over time.  The meat model also coincided with the originally hypothesis, 

showing that the VOCs present in the soil after the contact period, indeed change in 

the composition over time. A key example of this would be the presence and 

abundance of ketones in all three contact time and how they diminished by the 504 

hour post-contact time. The secondary hypothesis of VOCs being more abundant 

initially due to the length the cadaver was left in contact with the soil was found to be 

true for some of the compounds. In the meat model, the ANOVA analysis for dimethyl 

trisulfide of peak area by contact time had a significant p-value of <0.0001, showing 

that there was a statistically significant correlation between the peak abundance and 

contact time. This was also found to be true with nonanal whose p-value for peak area 

by contact time was 0.0115, and furan, 2-pentyl who has a significant p-value of 

0.0015. Not only does this show that cadaver contact-time had a direct effect on peak 

abundance, these compounds that were found to be statistically significant are also 

commonly detected decomposition compounds [2,6,8,14,16-18,20,21,23,27,28,34].  

However, one of the main unexpected outcomes was that theoretically, there 

should have been a higher cumulative abundance seen in the initial collection time for 

the longer contact time (21-days), however this was not seen in either the meat model 

or the sus Scrofa trial. This is due to a lower temperature and humidity during the 21-

day contact collection versus the 14-day and 17-day contact collection during the 0-

hour post-contact samples. This reinforces the idea that temperature and humidity 
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have a stronger effect on residual odor traces than the time a decomposing tissue is 

allowed to come in contact with a surface [13]. 

One major drawback of this study was the way in which the soil samples were 

collected. Due to a limited number of cadavers as well as land, samples were taken 

from the same three spots, in duplicate, for both the meat model and the sus Scrofa 

trial. While this could result in the depletion of VOCs over the course of sampling, 

samples were collected this way due to the surface area of the contact with the 

cadavers. VOC depletion should be taken into consideration, however cadaveric 

decomposition islands have been shown to result in a large purge of odor rich nutrient 

into the soil, which spreads due to rain and runoff [40].  

This study served as a foundation to determine how residual odor persists in a 

soil matrix in a cold arid environment. While this study did find statistically 

significant trends linking the decomposition contact time with the soil and peak area of 

distinct VOCs, more research needs to be carried out in order to extend both the 

decomposition contact time and the collection times in order to build upon the 

foundation of this study. Ideally a larger number of cadaver models should be used, 

along with both shorter and longer decomposition contact times. In order to avoid 

depleting the VOCs, ideally one cadaver should be used only for one sample 

collection time. It is important to continue this research in a similar arid environment, 

in order to better understand the environmental relationship between VOC detection in 

the soil. Future research should also be conducted across multiple seasons and 

replicated throughout the course multiple years as the temperature fluctuations in this 
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region are so profound within a single day of analysis. This resulted in one of the 

major complications of this study as observed by the drastic change in temperature 

between optimization and the sus Scrofa trial. By conducting this study in one season 

the results would be more comparable across trials. The analysis of residual odor via 

longitudinal analyses depicts the need for further testing of the entire decomposition 

time spectrum rather than a small subset of the entire process. Testing multiple 

collection methods and building a database of odor compounds is an excellent 

approach to improving the knowledge for investigations relying on decomposition 

odor identification. Residual decomposition odor is an underdeveloped area of 

forensic science and only through further research will this area expand and become 

more useful in forensic applications.  
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APPENDIX A 

MEAT MODEL PHOTOGRAPHS 
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A. Pork meat placement of samples 1, 2 and 3 on December 12, 

2018 for 21-day decomposition period. 

1 

I II II

I 

B. Pork meat placement of samples I, II and III on December 14, 

2018 for 17-day decomposition period. 

A B C 

C. Pork meat placement of samples A, B and C on December 18, 

2018 for 14-day decomposition period. 
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1 2 3 

A. Pork meat removal of samples 1, 2 and 3 on January 2, 2019 for 

21-day decomposition period. 

I II III 

B. Pork meat removal of samples I, II and III on December 31, 2018 

for 17-day decomposition period. 

A B C 

C. Pork meat removal of samples A, B and C on January 1, 2019 for 

14-day decomposition period. 


