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ABSTRACT 

With the prevalent increase in illicit substance abuse population in the U.S and its direct 

cost to society; different types of drugs of abuse are commonly sampled and detected in 

urine, sweat, blood, hair, and other human biological specimens. However, little or no 

information has ever been available on the physiognomies of drug excretion and 

detection in human hand odor under any controlled or designed drug admission. This 

pilot study was designed to “chemically fingerprint” 7 different hand odor samples from 

human subjects undergoing court-ordered drug treatment programs at the Lubbock 

County Community Corrections Facility/ Court Residential Treatment Center (CRTC). 

They were monitored on a bi-weekly basis to obtain the chemical odor profile as a 

function of rehabilitation time. Detailed histories and subjective reports of chemical 

dependency of the individuals’ substance use patterns were gathered for comparison 

with collected samples. The collection method used was a passive, contact approach 

where target subjects held cotton gauze for odor sampling. This odor sample was 

allowed to sit for 24 hours for headspace volatilization in a glass vial at 21°C and 65% 

humidity for odor volatiles to achieve equilibrium distribution. Head space solid phase 

microextraction (HS-SPME) was performed with a 

divinylbenzene/carbonex/polydimethylsiloxane (DVB/CAR/PDMS) fiber, a 50/30 µm 

film thickness and 2 cm length was employed to extract compounds from the subjects’ 

hands and analyzed via Gas chromatography-mass spectrometry (GC-MS). A total of 

33 different volatile organic compounds (VOCs) were detected and identified as primary 

odor compounds among the subjects. Previously detected human VOCs such as 

benzaldehyde, phenol, octanal, benzyl alcohol, decanal, nonanal, to name a few, were 



Texas Tech University, Silas K Kemboi, May 2018 

vi 

all present in the tested sampling pool. In contrast, novel VOCs detected included 

carbitol, 1H-Indene Trimethyl-1-phenylindan, 1-hexanol-2-ethyl, and acetophenone. 

These compounds were reported for the first time as potential components of human 

odor in this specific sampling group. Principal component analysis (PCA) demonstrated 

clustering across the three phases of sampling intervals, thereby further confirming the 

increase (and change) of volatile odor patterns for all subjects as the rehabilitation 

program advanced. This result suggests a preliminary notion that drug use could imply 

a decrease in normal occurring volatile compounds within a subject.  

Keywords: Human Hand odor, HS-SPME, GC-MS, Volatile organic compounds 

(VOCs) 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Objective/Goals 

With the prevalent increase in illicit substance abuse population in the U.S and its direct 

cost to society; it is estimated that one in ten U.S. adults used illicit drugs in the past 12 months 

[1, 2]. Youthful population in the U.S. is estimated to account for nearly half (48.9%) that have 

tried and more than a third (38.8%) have used drugs within the past 12 months. Moreover, drug 

use costs  the U.S. more than $193 billion per year in criminal related offenses, health and 

decreased human productivity on the economy [2] This creates the need to reliably identify and 

quantify substance use among parole eligible subjects and other suspected individuals by law 

enforcement officials. The use of illicit drugs is a social threat or risk that has previously been 

reported in transport, manufacturing industries and a leading cause of homicides [3].  

Apart from causing economic and social problems, there are also reported significant 

health problems caused by wide spread substance abuse. Greenwell et al [4] describe an example 

of self-reported effects of  methamphetamine use to clearly show the short-term effects on health 

that are consistent with its effects as a stimulant, including increases in heart rate, blood pressure, 

temperature, and rate of breathing; constriction of blood vessels; and cardiac arrhythmia. 

However, a longer use of substance leads to long term health risk situations such as stroke, 

cardiac valve thickening, decreases in lung function (Meth smokers), pulmonary hypertension, 

changes to the brain, poorer cognitive functioning, and poorer overall mental health [4-6]. 
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The underlying issues that could determine whether  substance abuse individuals will 

reach abstinence stage and avoid recidivism depends on the effectiveness of treatment for 

substance use disorders and still remain not fully understood [7]. The success of therapy 

effectiveness depends upon the behavioral treatment employed. Carroll, et al.[8] Believes that 

the cognitive behavioral therapy (CBT) is predominantly based on the ability of the substance 

abuser to learn the processes that lead to addiction. A continued substance abuse leads to 

association of learning to develop a drug-related stimuli thus a stronger ‘impulsivity to consume 

more drugs [9] or wanting to do more drugs due to changes in cellular functioning of the brain 

[10]. Garavan et al [11] depicted that substance-reliant individuals could perform ‘impulsively’ 

on laboratory tasks where they display tremendous functional and structural abnormalities in the 

brain regions that are important in response inhibition.  

One noted area is the different approaches taken by criminal justice to address drug abuse 

and drug-related crime among the nearly 5 million offenders on community supervision centers 

in the United States. These approaches have been tried and evaluated, but questions remain about 

which policies or programs are most effective[12]. It is also important to understand that policy 

makers have constantly responded to these large number of drug related offenders flooding the 

criminal justice system with a varied number of approaches intended to increase the awareness, 

deter, and prevent substance abuse and criminality[12]. 

According to United States Probation and Pretrial Services [13], substance abuse 

treatment is the major tool that has helped U.S probation and pretrial services officers to monitor 

offenders on the community basis. The treatment program entails urine drug testing, alcohol 

blowers as well as services such as counseling and detoxification due to illicit substance use, 
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prescription drugs, or alcohol. The treatment centers offer the officers a direct means of 

addressing individuals’ alcohol or substance abuse. Majority of the offenders are under post-

conviction supervision therefore; these programs provide an avenue for enforcing the regulations 

set by the court or Parole Commission to contain the danger the subjects may pose to the society 

while transitioning them into law-abiding citizens. 

With a growing substance abuse population in modern society, interest in advancing 

general drug testing has been increasing. There have been many years of scientific research, within 

clinical and forensic practices that identify principles for effective drug screening which are 

directly associated with effective substance abuse treatment [14]. The assumptions are that 

developing and implementing new sampling techniques in the field of forensic drug testing will 

lead to improved residents’ treatment outcomes hence more diverse use of treatment resources by 

rehabilitation programs worldwide. 

 It is therefore important to understand the dynamics of substance of abuse, their sampling 

and testing methodologies in forensics. The main purpose of this study is to propose a novel bio-

specimen (hand odor) as a potential forensic drug testing alternative using a criminal justice 

population as the target group of evaluation.  Seminal work in volatolomics with respect to human 

hand odor volatiles has shown the ability of this bio-specimen to differentiate individuals as a 

potential biometric tool. Hence, the usefulness of hand odor is established within forensic contexts 

and therefore merits further analysis to see if other extractable traits are found within a person’s 

hand odor profile. Different types of drugs are routinely sampled and detected from common 

matrices such as urine, sweat, blood, hair, and other biological materials of the human body such 

as saliva. However, little or no information has ever been available on the characteristics of drug 

excretion, collection, and detection in human hand odor under any controlled or designed drug 
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admission. Therefore, this alternative specimen for drug testing in forensic science can play a 

major role in criminal justice.  The over-reliance on traditional bio-specimens is limiting the scope 

of forensic drug screening. Hence, human hand odor can serve for this purpose. 

The objective of this pilot study is to address the gap in the drug sampling literature 

regarding improved and novel sampling techniques and the development of methods that are 

simple, robust, and non-invasive while maximizing a subject’s treatment and maintaining their 

personal privacy. Apart from other biological samples, human hand odor could represent yet 

another alternative, while highlighting its non-invasive character and minimal adulterations and 

thus representing an alternate pathway for monitoring subjects undergoing drug of abuse court 

ordered treatments in criminal justice applications [15]. 

1.2 Why Forensic Toxicology? 

Forensic toxicology entails the analysis of substances and their chemical composition to 

aid in the medico legal investigation of death, poisoning or drug use using optimized 

methodology for the interpretation of concentration results. Traditionally, forensic drug testing 

focused on postmortem investigation, work related drug testing, but with recent increase in 

recidivism among court ordered parole subjects, efficient clinical testing has become a priority in 

forensics with respect to rehabilitation treatment  [16].  

Most importantly, there are increased issues related with urine drug testing when it comes 

to swapping, dilution, and adulteration concerns [17]. Therefore, the need for novel bio-

specimens within the forensic toxicology laboratory is an area of heightened research to find 

alternate ways for efficient substance detection and monitoring. Common matrices such as blood 
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and urine are the main samples in any laboratory; however, in recent years’ alternatives such as 

breath, saliva and hair have been implemented.  

For this study, yet another unconventional bio-specimen is being examined for drug 

detection purposes - human hand odor. [18, 19].  This study not only geared to implement a 

novel bio-specimen such as human hand odor (HHO) as a sample in the field of forensic drug 

testing, but also couples innovation with the use of Solid phase micro-extraction (SPME), a 

solvent less extraction technique, that could potentially result in improved resident’s routine drug 

testing outcomes; hence, a more diverse and non-invasive method of drug use monitoring by 

rehabilitation programs worldwide. It is therefore important to understand the dynamics of 

substances of abuse, their sampling and testing methodologies as it relates to forensic 

applications. These alternative biological specimens offer different detection time windows and, 

at times, provide an important metabolic profile when compared to other traditional specimens 

[16].  

The human skin is known to contain more volatile organic compounds (VOCs) that can 

be predominant in the detection of volatile drugs of abuse due to its ability to sustain a long-

standing emission of potential biomarkers available in humans; however, this biomarker cannot 

be found in routine urine, blood, and saliva samples for a longer period. Moreover, the inability 

to correlate urine drug test results from subject’s with drug impairment and the relationship with 

blood drug concentrations, specimen adulteration by donors, and subject’s privacy issues has 

been another major problem [15, 20]. However, little or no information has ever been available 

on the characteristics of drug excretion, collection, and detection in human hand odor under any 

controlled or designed drug admission.  
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The over-reliance on traditional bio-specimens is limiting the scope at which forensic 

drug screening can reach: the choice of a specimen for drug screening depends on various factors 

such as, its collection, analytical and testing efficiency [15]. Hence, human hand odor can serve 

as a shift from traditional specimens for this purpose.  

1.3  Routine Specimen in Toxicology Drug Testing 

 In forensic chemistry, the choice of samples for analysis relies on variables such as 

source of the evidence, storage, availability of samples, and suspected compounds to be analyzed 

[21]. Therefore, in clinical, and forensic samples that are routinely used are traditional sample 

matrices such as urine, sweat, blood, hair, and other biological materials of the human body such 

as saliva [15, 16].  Specimen type furthermore illustrates some advantages as well as limitations 

as demonstrated in (Table 1). In the case of whole blood and its components (plasma or Serum), 

it only represents the dynamic state of drug distribution in the body. Blood is the sample of 

choice in most postmortem cases, as literature data on blood reference concentrations are 

available for therapeutic drugs, and in some cases for drugs of abuse [21]. However, the 

movement of drugs after metabolism involves its circulation in the blood into other biological 

fluids via the membranes in passive diffusion [12, 21]. 

 Chemical profiling of the amount of substance in the blood explains the individual 

pharmacological state that can either determine its therapeutic, impairment, or the cause of death. 

Blood is therefore, not an ideal specimen, to monitor substance abuse over extended periods of 

time.  However, urine the most widely used biological specimen for analysis of substances, it is 

well documented in terms of testing capabilities. Urine does not correlate to current drug use 

rather it demonstrates prior use at high concentration[22]. Even though urine can be easily 
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adultered if collected unsupervised, the substances and their metabolites in urine get eliminated 

quicker (short window of detection) depending on the food or fluids consumed as well as the 

individual’s metabolic activity  [16, 22]. Hair specimen use for forensic toxocology testing 

became predominanly used in the 20th century. Hair became useful in the detection of substances 

due to its wider window of detection due to low metabolic activity in the hair shaft which 

depends on individual hair structure, porosity and growth[22, 23] 

Table 1. Summary of specific problems related to drug screening: Comparion of Hand Odor 

with other traditions Biospecimens[22, 23] 

 

A study by Lin Shin-Yu et al, [17] investigated 21,696 submitted urine drug test samples 

for urine specimen validity test (SVT) from workplace and court settings in Southern Taiwan for 

over 5 years. Gas chromatography/mass spectrometry confirmed all immunoassay screen-

positive urine specimen drug tests. The study found that the mean 5-year prevalence of 

tempering (dilute, substituted, or invalid test) in urine specimens from the court settings are 
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94.8%, 1.4%, and 3.8% respectively. While the workplace was 89.2%, 6.8% and 4.1% as 

depicted in table 2 and 3 [17] and demonstrated shortcomings  urinalysis. 

Table 2. Dilute, substituted, and invalid samples in court urine specimens as demonstrated by 

Lin Shin-Yu et al [17]. Data are presented as n (%). 

Year 1 2 3 4 5 Total 

Dilute 41(93.2) 70 (94.6) 62(96.9) 78(96.3) 26(88.5) 274(94.8) 

Substituted 2(4.5) 2 (2.7) 0(0) 0(0) 0(0) 4(1.4) 

Invalid 1(2.3) 2(2.7) 2(3.1) 3(3.7) 3(11.5) 11(3.8) 

Total 44(100) 74(100) 64(100) 81(100) 81(100) 289(100) 

 

Table 3. Dilute, substituted, and invalid samples in court urine specimens as demonstrated by 

Lin Shin-Yu et al [17]  Data are presented as n (%) 

Year 1 2 3 4 5 Total 

Dilute 28(100) 29 (85.3) 23(85.2) 30(85.7) 22(91.7) 132(89.2) 

Substituted 0(0) 2 (5.9) 3(11.1) 5(14.3) 0(0) 10(6.8) 

Invalid 0(0) 3(8.8) 1(3.7) 0(0) 2(8.3) 6(4.1) 

Total 28(100) 34(100) 27(100) 35(100) 24(100) 148(100) 

Any analytical process with  complex sampling involves several procedural steps that 

include collection, pre-treatment, separation, instrumental analysis, identification and a final 

decision making [24]. Lately, drug testing facilities and institutions have witnessed an increase in 

the use of ‘proposed’ alternative biological sample matrices as it is demonstrated by Bosker and 

Huestis during the study reviews on the importance of oral fluids in the future of forensic science 

[25]. [26]. 

Drug screening tests are often done and obtained via a rapid onsite protocol for the 

identification of drugs prior to admission or releasing the subjects from a treatment program; 

however, due to unavailability of confirmatory tests that comes with expensive instrumentation 

as well as time consuming procedures, alternative testing matrices are largely ignored [22, 27].  

Many years of scientific research within clinical and forensic practices have identified principles 
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for effective drug screening that can directly be associated with effective substance abuse 

detection and subsequent treatment [14]. 

1.4 Origin of Human Odor  

 

Human odor is a result of various combinations of individual volatile organic compounds 

(VOCs) that are secreted from different body cells via metabolic pathways. However, other 

human VOCs sources are though breath, sweat, urine, stool and body fluids secretions as 

demonstrated in Figure 1 [28]. They are considered by several factors which are either genetic 

factors (stable over time) or environmental factors (which changes over time) as demonstrated in 

Figure 2. Several studies have tried to identify and investigate the chemical composition of 

human odor and it has elicited a significant interest in various fields in forensics and in medical 

diagnosis of human diseases and infections [8-10].   

It is essential to understand how human odor originates from the largest external human 

organ-the skin. Other studies have evaluated the genetic factor and its influence on individual 

odor: The study by Hays [29] entails a research on individual identification and gender as an 

intrinsic aspect to the odor transporter. Volatile organic compounds (VOCs) emanate from 

different parts of the human body; with secretions form typically three main glands: Eccrine, 

apocrine, and sebaceous glands [30-32]. With about three to four million all over the human 

body, eccrine glands remain the major sweat gland. They are scattered all over human skin with 

more concentration on the hand palms and feet soles. Eccrine glands have been identified to be 

associated with production of a clear, odorless chemical substance with water, glycoproteins, 

lactic acids, sugars, amino acids, and electrolytes as the major components. It is also associated 

with body temperature regulation. Sebaceous glands, on the other hand, are seldom found on the 
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human hand and feet soles but are typically found on the face and scalp. The sebaceous gland 

secretes sebum said to help in human and mammalian skin and hair lubrication [30, 32] Figure 3.  

 

Fig 1: Sources for human odor volatiles within the body [28] 

 

Fig 2: Origin and classification of human odor [30]  
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Lastly, apocrine glands depicted in (Figure 3) are located on specific sections of the 

human body; mainly the axillae, areola, and the breast nipples, ear canal, eyelids, nostrils, and 

external genital parts[33]. Fatty acids are the major secretions associated with apocrine glands. It 

is however believed that bacterial activities on the fatty acid secretions are the main cause of 

human odor generation [30]. Therefore, the physical and chemical properties of human skin 

enable it to act as a permeable sheath to human body which differs from one individual to 

another [34, 35]. 

 

Fig 3: Human skin structure in cross section and sweat gland [33]. 

Human odor can be further identified and distinguished into different categories; 

“primary odor” which is more stable over time regardless of external factors such as food and 

environmental factors; the “secondary” human odor is said to be endogenous factors however 

diet and environmental conditions influence them. Lastly, tertiary human odor includes all other 

compounds from exogenous origin such as lotion, soaps and perfumes we use [36]. The rate of 

emission of VOCs among individuals solely depends on the genetics, diet, functioning of the 

glands of the skin and the type of cosmetics used by that individual [30]. In some cases, such as 



Texas Tech University, Silas K Kemboi, May 2018 

12 

confined spaces, temperature changes and humidity alter the way an individual can emit odor. 

Other factors associated to odor theory include neuroendocrine, metabolic, and physical 

responses, which can also play a major role in VOCs emission rate [37, 38].  

Studies have depicted that human odor contains different mixtures of short and long 

chain hydrocarbons, alcohols, carboxylic acids, ketones, and aldehydes which are typically 

excreted with sweat [26, 39]. 

Moreover, studies by Dormont et al [40] have tried to identify how the human body can 

produce odorants with distinct characteristics. Their work aimed mainly on sampling different 

parts of the human body for odorants as well as the chemical ecology of human odor that attracts 

insects into sucking blood from humans. They concluded that VOCs emitted by the human body 

are a chemical signature that provides valuable information in the identification of the 

physiological status of an individual.  

1.5 Principles and Applications of Human odor 

 

Analytical work on volatile organic compounds (VOCs) emanating from human hand 

odor has shown the ability of this bio-specimen to differentiate individuals as a potential 

biometric tool [41]. Human scent use within the criminal justice system dates as far back as the 

use of fingerprints as observed with human tracking and identification via canines [19, 42]. 

Human odor is often accessible as a type of trace evidence at crime scenes and profoundly useful 

to forensic investigators when identifying a person of interest [41]. Thanks to 21st century 

improved technology, along with the observed usefulness of human hand odor, this novel bio-

specimen could establish itself within forensic contexts and therefore merits further analysis to 
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see if other extractable traits are found within a person’s hand odor profile. Therefore, chemical 

profiling of human odor VOCs from court ordered parolees, who were substance abusers for a 

longer period prior to their treatment, can provide a snap-shot of how drug use affected their 

natural human odor VOCs 

1.6 Human skin odor and Detection of diseases 

 

Since the 19th century, secretion of VOCs due to bacteria on organic media and biological 

fluids has been studied intensively but, it has never been analyzed scientifically [28, 43] (Table 

3).  Head space gas chromatography-mass spectrometry (GC-MS) analysis of VOCs from breath, 

urine, feces, and sweat has established that microbial organisms produce various odorous 

compounds such as alcohol, aliphatic acids, and terpenes; the amounts depends on the infectious 

organism. For example, in Cholera which is caused by vibro cholerae, the stool samples have 

sweetish odor and ‘rice-water stool’ it is known to produce Dimethyl disulphide and p-menth-1-

en-8-ol[28, 44, 45]. Unpleasant odor is always symptomized from cancer patients notably due to 

chemotherapy medication or odors emanating from the wounds and its VOCs; dimethyl 

trisulphide (DMTS) has been actively identified using GC-MS-Olfactory based methods  [46] as 

demonstrated in Table 4.   

Prada and Furton [47] experimental studies have proven various applications of human 

scent in forensic studies. The need to increase the number of trace evidence, has led experts to 

believe that new revelation in utilizing human odor in the field of forensics will lead into a 

comprehensive understanding of novel sources of trace evidence collection and processing that 

can be used and deemed scientifically acceptable in the courts[30].  Human odor like any trace 

evidence such as DNA and fingerprints can be found in crime scenes and with proper methods of 
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quantification and identification, it can become a powerful tool in identification of individuals 

that were present at that scene. [48-50].   

Table 4: Summary of key VOCs associated with infectious disease 

Disease(s)/ 

Disorder 

Source Odor quality Pathogenic 

microbe 

Volatile 

compounds 

Reference 

Cholera Feces Sweetish Vibro cholerae Dimethyl 

disulphide, p-

menth-1-en-8-

ol 

[28, 44, 45] 

Advanced breast 

cancer 

Affected area Rotting Not 

determined 

Dimethyl-

trisulphide, 

fatty acid 

[28, 46] 

Advanced head 

and neck cancer 

Affected area Rotting  Not 

determined 

Dimethyl 

trisulphide, 

fatty acids 

[28, 46] 

Gynecological 

tumors 

Tumor Rotting  Not 

determined 

Volatile fatty 

acids 

[46] 

The correlation of using human scent with canines as a source of trace evidence for 

investigative reasons have shown tremendous usefulness in national defense where human scent 

has been used extensively for the discrimination of human scent and subsequent identification of 

missing persons by detector canines as shown by well-documented literature. Moreover, despite 

the ability of the dogs to discriminate and identify specific odor fingerprint to be associated to a 

specific individual, its admissibility in the court of law is still a contentious issue [51, 52].  

Even though human VOCs have been largely used by law enforcement for canine 

identification purposes and explosive detection, studies have been carried out to give greater 

probative use of the evidence provided by canines whereby the axillary human sweat VOCs from 

hands and body surfaces have been widely used for criminal tracking [26, 52]. However, clinical 

diagnosis, cosmetic manufacturing as well as pharmaceutical companies most recently (Malaria 
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infected mosquitoes enhanced attraction to human odor) also rely on human odor VOCs  [49, 53-

55]. Medical usefulness of human VOCs has been rapidly used in diagnosis of cancer, wound 

care and their value when extracted from the human body for diagnosis purpose solely relies 

upon a baseline determination of the VOCs presence and its quantity of that chemical compound 

from that individual [56].  

A great number of studies conducted to identify common VOCs shared amongst general 

population, demonstrated that different textile materials could hold human scent VOCs for a 

certain period of time: Prada et al [57] focused in comparing both contact and noncontact human 

odor collection procedures across an array of textiles in order to determine the optimum 

sampling method for human scent evidence. Among the six subjects who participated in the 

study, cotton fabric demonstrated the greatest reproducibility when used to collect human scent 

via the contact method. 

1.7  GC-MS coupled with Solid Phase Micro-extraction 

(SPME) 

Gas chromatography is widely used in many scientific branches and technology. As of to 

date, GC-MS with electron ionization (EI) mode is the ultimate instrument used for positive drug 

screens tests confirmation[58]. The samples analyzed are either, liquid, or gaseous molecules 

adsorbed on a surface of SPME fibers. During the sample transfer, the compounds are volatilized 

due to the rapid exposure of high temperature of the inlet (250-300C) and get mixed with a 

stream of carrier gas (Ar, He, N2, Or H2). The mixture enters the (Rtx-5 30m x 0.25mm x 

0.25µm) fused-silica tubular capillary GC-column (Restek technologies) with a thin polymer 

film where separation occurs. After separation, the molecules are detected at the mass 
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spectrometer (MS) due to physical properties or physio-chemical process that gives rise to an 

electric signal that is proportional to the number of molecules of the same identity.  

Evidentially, Gas chromatography-mass spectrometry studies have heavily demonstrated 

that human VOCs can differentiate one person from another and it has been used to play a major 

role in life saving situations in an event of a natural as well as man-made disaster. They are being 

used also in the detection of volatile drugs of abuse substances [37]. 

1.8 SPME Extraction 

SPME is a simple preparation technique invented by Dr. Janusz Pawliszyn, while he was 

a professor at the University of Waterloo, in 1990 constitutes a fundamental development in 

sample preparation techniques. When compared to other methods of separations, SPME 

technique has dominated available approaches in sample preparation for the analysis of volatile 

compounds or substances in biological, environmental, and forensic (arson, explosives residues, 

analysis of drugs in body fluids and tissues and now human odor) sciences.  
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Fig 4: Applications of SPME in forensic science disciplines. 

The SPME extraction occurs by mass transfer of VOCs analytes from the sample to a 

polymer coating over a fused-silica fiber.  It is one solvent-free step, the SPME fiber collects and 

concentrates the sample in the fiber which is then used to transfer the sample to the GC/MS for 

analysis [59]. Other sampling technique requires several time-consuming steps using solvents 

and expensive equipment that increases the potential for sample loss and cross-contamination. In 

many cases, the detection limits with SPME are also lower than with other methods [60]. 

Moreover,  SPME couples the sampling, enhancement, separation, and introduction into a single 

step and thus becomes simple, fast, accurate while providing efficient sampling that is 

environmentally favorable [61]. This has made SPME gain enormous popularity among forensic 

scientists. The SPME fiber coatings are available in different thickness and polarities. It is a 

simple, sensitive, time efficient, cost effective, reliable, easy-to-automate, and portable sample 

preparation technique. Figure 4 illustrates some of the SPME applications in the modern days of 

forensics and environmentalists [19, 62]. The coating difference among the fibers is a variable 
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that modifies the concentration profile of recovered analytes. However, it is not easy to isolate 

this factor due to the lack of commercial fibers with the same thickness and different coating[63]. 

During extraction, SPME fibers are immersed into a liquid sample or exposed to the 

headspace above the solid aqueous sample matrix. This can be direct immersion to the source or 

into a collected sample in a special transport containers/vials or jars in the cases of trace 

evidences. Headspace SPME analysis involves three stages of extraction; fiber coating, 

headspace, and sample matrix. In the headspace extraction, the headspace should be as small as 

possible to increase the VOCs concentration at the headspace hence reducing the extraction 

time[59]. The equilibrium is achieved more rapidly in headspace than in direct immersion since 

SPME partitions only volatiles in gaseous form more than in liquids [19, 49].  

Any VOCs can be extracted from any source in many ways prior to various instrumental 

analyzes [64]. For the purpose of human odor extraction, solid phase micro-extraction (SPME) 

offers quite several advantages as compared to traditional methods of extraction in that all the 

sample extraction, clean up, and pre-concentration of different compounds both in solid, liquid 

and gas can be simplified into one procedure [34].  SPME is a simple, sensitive, solvent-free 

technique originally developed for the monitoring of air pollutants and later extended to the 

sampling of volatiles from living organisms [40, 65].   

Since the inception of SPME, it became apparent that the solvent-free method of 

extraction was easy to use, rapid and portable, representing a sample preparation that was 

compatible to many analytical instruments like Gas Chromatography. It is used extensively in 

environmental, pharmaceutical, food, medicine, aroma analysis as well as material industrial 

manufacturing [66]. SPME became the alternative to traditional liquid-liquid extraction (LLE) 
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and the solid phase extraction.  SPME can be coupled to gas chromatography/mass spectrometry 

(SPME-GC/MS) has proven to be optimal for the extraction of VOCs from the headspace of 

forensic sample that includes drugs and explosives, thus helping in the investigation and 

understanding of target volatiles in odor detection [67] (figure 5). 

Compared to blood, urine, hair and sweat, the headspace of SPME analysis of hand odor 

when combined with GC-MS for the identification of the chemical fingerprint from chemical 

dependent subjects can prove to be useful for law enforcement as the methods is less likely to 

cause any psychological or physical harm to the subjects, while simultaneously respecting 

personal privacy [68, 69]. Moreover, human odor is said to be unique, therefore forensic science 

has extensively used it as a source for criminal evidence especially as it relates to canines that 

can differentiate humans by their scent and match suspects with the scent collected from the 

crime scene [48]. 

 

Fig 5: Sequential steps for SPME sample extraction and the GC-MS analysis results. 

• SPME exposure

• HHO VOCs trapped on the 
SPME fibre

• Chromatogram of 
HHO VOCs
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1.9 Thesis Study objective 

The main purpose of this study is to examine a novel alternative bio-specimen (hand 

odor) for forensic drug testing purposes using a criminal justice population as the target group of 

evaluations. The relationship between hand odor drug testing and urine drug screening tests 

among the probation subjects can be studied, and thus indicate whether the former can be applied 

in the field of forensics. Therefore, validating the novel non-invasive method of a passive contact 

hand odor   sampling approach containing volatile organic compounds under normal conditions 

using Solid Phase Micro-extraction (SPME) as the extraction technique. This study includes two 

research hypotheses: 

1. The use of illicit substance by the subjects will result in an identifiable shift in the 

VOCs concentrations collected from their hands as a function of time during the 

different phases of rehabilitation. 

2. The amount and frequency of volatile organic compounds (VOCs) levels detected 

in human hand odor across the subjects’ rehabilitation period is expected to 

increase exponentially due to detoxification. 
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CHAPTER 2 

EXPERIMENTATION AND DATA ANALYSIS 

1.10  Materials and Methods 

All experiments utilized Dukal© brand, sterile, 2 x 2”, 8-ply, cotton gauze pads for hand 

odor collection procedure (Dukal Corporation, NY). The vials used to hold the cotton gauze pads 

after subject sampling were 10-mL clear glass, screw top septa vials (Sigma Aldrich). The soap 

used by the subjects to wash the hands and forearms will be natural, clear olive oil soap from Life 

of the Party (North Brunswick, NJ). 

1.11 Subject Participants and Methods for Hand Odor Sampling 

The criminal justice population used was from the Lubbock County Community 

Corrections Facility/Court Residential Treatment Center (CRTC), which is a court-ordered 

residential substance treatment facility. Since 1993, the CRTC has been serving adult males on 

community supervision (probation) in the state of Texas. For admission into the facility, offenders 

must be male, at least 18 years of age; be experiencing a drug and/or alcohol use problem 

(determined by their home-county CSO), be court-ordered to the CRTC as a condition of felony 

or misdemeanor community supervision, and be able to “cognitively, physically, and emotionally” 

participate in all program components (Lubbock County Court Residential Treatment Center). Ten 

(10) subjects were recruited during their first week of admission at the facility, and continued 

thereafter on a bi-weekly basis for the hand odor sampling for a period of six months.  However, 

only a total of seven subjects were able to complete the 6-month study in its entirety. The other 
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subjects either refused to continue participation or were removed from the facility program. Texas 

Tech University Institutional Review Board (IRB) approved the study under IRB# IRB2016-719.  

After providing the subjects with both written and oral explanations of the study in 

accordance to IRB protocol, a written consent was obtained from each participating subject.  

Within 24 hours after obtaining written consent, a concurrent psychological screening was 

conducted parallel with the hand odor collection (Dr Thoen). This psychological phase evaluated 

factors such as history of substance use and changes in physical and psychological functioning 

throughout the duration of substance treatment to determine if these assessments offer a correlation 

with the generated chemical information (Table 5).  For further protection of the identity of the 

volunteer subjects, all collected samples and assessment documents were stored in a confidential 

location, and all the subjects were coded using numbers so the data cannot be traced back to any 

subject. 

Table 5: Subjects individual traits and substance abuse history completed by licensed psychologist 
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Table 6: Hand odor collection procedure [57]  

Soap hand washing  30seconds     

Hand rinsing with cool/warm water 

2 Minutes 

Hand air drying 

2 minutes 

Hand and forearm rubbing 5 minutes 

Odor sampling with 2x2 cotton gauze 10 minutes 

Total time 19.5 minutes  

 

The hand odor sampling  was  achieved using a previously developed method (refer to table 

6) [57], where subjects are required to wash their hands and forearms using a fragrance free soap 

for 30 seconds and rinse with cool water for 2 minutes. Thereafter, the subjects air dries their hands 

for 2 minutes and then rubbed the palms of their hands over forearms for a period of 5 minutes, 

and then the subjects held a 2 X 2-inch sterile gauze pad between the palms of the hands for 10 

minutes. Each of the subjects sampled themselves using a 2 X 2 sterile gauze pad as demonstrated 

in Table 4; the subject re-sealed the gauze odor sample back into a 10-mL glass vial that was then 

transported to the institute laboratory for analysis. Each subject participated in sample collection 

in triplicate on every collection day. With 7 subjects in total, 5 of the subjects namely (19,38, 6,30, 

6,12, 37,43 and 10,42) completed a 165 day of sampling. Subject 13,17 completed 150 days and 

subject 13,31 only managed 120 days. All the sampling yielded 219 samples for the period of 165 

days of the research. The independent variable for this study will be the variation of VOCs due to 

substance abuse by the subjects during the treatment and the chromatogram response to VOCs 

during analyses will be the dependent variable.  
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To overcome the problems of interference, each subject was sampled in triplicates while 

recording the room temperature and humidity (refer to table 7 for averages) to obtain an “odor 

baseline” for everyone. All the subjects agreed to adhere into the strict instructions to minimize 

sample contamination and interference from foreign VOCs emanating from deodorants, lotions, 

and any artificial contaminants.  

Table 7: Subjects sampling scheme collection dates, room temperature and humidity. 

 

1.12 Hand Odor Sample Extraction Procedures 

The SPME fibers used are divinylbenzene/carboxen on polydimethylsiloxane with a 

50/30µm film thickness (gray). The samples in the glass vials will thermally equilibrate at room 

temperature for 24 hours. Once the 24 hours were complete, the SPME fiber assembly, 50/30µm 

coated with divinylbenzene/carboxen/ Polydimethylsiloxane (DVB/CAR PDMS) (Supelco, Inc., 
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Bellefonte, PA), is used for headspace analyses of hand odor sample volatiles that has been 

proven for other volatile analyses [70]. 

In preliminary experiments by Prada et al. [57], the DVB/CAR/PDMS demonstrated better 

sensitivity than the PDMS fibers. The fiber is conditioned in the GC inlet at 250 °C in a splitless 

mode for 1 hour and the examination for interference or carryover using the same sample 

programmer before for analyses. 

The steps for collecting the sample is depicted in figure 6 [61]. Just like a syringe, a SPME 

fiber is made up with 1 cm length of fused silica attached to a stainless-steel plunger. The tip is 

coated with a polymer and is shielded inside a hollow needle. By depressing the plunger extends 

and exposes the fiber sheath about 30 mm above the septum of the glass sample vial containing 

the cotton gauze pad, and the sample is collected onto it by absorption or adsorption, depending 

on the type of coating ((DVB/CAR PDMS) as explained by the previous literature.  

After a suitable exposer time (21 hours) in the headspace of the 10ml glass vial containing 

the cotton gauze hand odor sample at room temperature, it allows for sufficient volatile organic 

compounds (VOCs) to adhere into the fiber sorbent. The fiber retracted completely into the SPME 

fiber sheath. Once the VOCs introduced into the fiber, the needle (fiber with sheath) is withdrawn 

and immediately injected into the GC/MS injection port. The fiber is exposed at the 250°C heated 

injection port to allow a thermal release of VOCs from the fiber for 10 minutes which then flow 

into the instrument for qualitative or quantitative analysis and a total run time of 33 minutes per 

sample as it is demonstrated in (table 8). Since the fiber has been “cleaned” by heating in the 

injector, it is ready to be reused. 
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The VOCs identification was based on chromatographic retention time (RT) and the peak 

areas (PA), and the used of standard compounds. MS-ChemStation G1701-DA data system that 

contains NIST and WILEY library spectroscopic interpretation and comparison databases was 

utilized. The spectroscopic and chromatographic data was obtained with gas chromatograph GC 

6890N (Agilent Technologies, Palo Alto, CA, USA) equipped with a mass selective detector 

5973Network [Electron impact ionization, 70 eV; Agilent Technologies] 

Table 8: GC Column and Oven Parameters 

Mobile phase 

Injector temperature 

Helium (99.999%) at 0.7 mL/min flow rate and PSI 

of 7.1 

250 °C 

GC column program 40 °C (hold 5min); (at 10°C/min increment to 

250°C; 2 min hold) 

Split ratio Splitness 

Purge valve Open for 0.5 min; at a flow rate of 50 mL/min. 

Mass  `range 450 

Scan mode Full scan followed by SIM mode in sequential 
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Fig 6: SPME extraction steps [61] 

1.13 Data Analysis: Principal Component Analysis 

The statistical analysis was performed using JMP Pro 2, SAS Institute Inc. 2015, by 

running a multivariate Principal component analysis (PCA). It is a multivariate prediction and a 

measurement reduction procedure. The procedure defines the data set by taking out a tiny series 

of important components that account for data variability. Each factor or the principal component 

will consider a subset of the variable to an important aspect. We obtained the principal 

component by creating a linear combination of dependent variables to maximize any variance in 

the data set [71, 72]. It begins with larger amount of data variation. PCA orthogonal results and 

series of dendrograms demonstrated a tree of cluster arrangement and by hierarchical clustering. 
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A close relationship of the compounds’ relative peak areas was spotted in some cases but not in 

all the three phases due to variation in VOCs production among the seven subjects in three 

phases of sampling. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

1.14 Preliminary Treatment of Hand odor Collection Material 

A common and routinely used substrate for the collection and subsequent analysis of 

human odor is cotton gauze pads. However, previous studies have highlighted that cotton gauze 

materials contain initial volatiles that need to be removed prior to human sampling [49]. This 

step is crucial as the background volatiles innately present in cotton substrates represent 

contamination to the analysis of human odor volatiles. Thus, in this study, all cotton gauzes used 

for human odor collection were pre-treated before human sampling. The process consisted of a 

direct 1 milliliter (mL) methanol injection throughout the cotton pad and subsequent baking in 

the oven at 105°C for 1 hour followed by a headspace solid phase micro-extraction coupled to 

GC/MS analysis.  Thereby, each pad was analyzed similarly to that of a human sample, securing 

that there were no background volatiles on the initial matrix. Figure 7 exemplifies the total ion 

chromatogram of cotton gauze before and after methanol treatment. The peaks that are appearing 

in the treated cotton gauzes are due to VOCs emanating from GC column bleed and SPME fiber 

breakdown due to repeated usage. The Cotton gauze treatment and the SPME-GC/MS analysis 

was specifically meant to prove that the VOCs found during extraction was exclusively 

originating from the hand odor sample.  
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Fig 7: Total Ion chromatograms of untreated and treated cotton gauzes before odor sampling 

1.15 Overview of Targeted Population and Sampling Mechanism 

The subjects used for this study were all males, ages ranging from 18 to 46 years from the 

CRTC as stated in the method analysis section. Five subjects were sampled over a period of 165 

days (6 months’ approximation), and two subjects were sampled for 150 days and 120 days, 

respectively. The shorter sampling time for these last 2 subjects was due to changes in their 

facility schedule, which were beyond the control of the experiment design. This design yielded 

for a total of 36 hand odor samples per individual. No effort was made to control personal 

hygiene and/or diet; however, all subjects shared the same living facility. The average room 

temperature and humidity were 21°C and 65% respectively. The time of day during sampling 

procedures varied due to regular schedule changes of subject’s classes after every two weeks. 

However, each sampling occurred either at 7am in morning or at 6:30pm in the evening as 

demonstrated in Table 7.  Subjects who volunteered to participate in the study had an initial 

screening that included a self-reported psychological assessment depicted previously in Table 5. 

The table depicts variance and similarities in their age, sex, race, substance abused and how long 
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they have abstained from substance abuse to the date of first hand odor sampling. Subject 19, 38 

self-reported Methamphetamines, Marijuana, Cocaine (powder) and Alcohol. Subject 6, 30 self-

reported Methamphetamines, Xanax (non-prescribed), Marijuana and Alcohol. Subject 6, 12 

self-reported Methamphetamines and Alcohol. Subject 10, 42 had a self-report for Cocaine 

(Powder), Methamphetamines, Pills (Hydrocodone, oxycodone) abuse. Subject 13, 31 had a self-

report for Heroin &Cocaine (powder) abuse while subject 37, 43 had a self-report for abusing 

Marijuana & Alcohol. Subject 13, 17 only said to have abused alcohol before being arrested. 

The shortest time span between reported drug use and sampling time was between 2-3 

months, while the longest timespan was that of 8 months. The other subjects had an abuse 

timespan between 6-7 months. Hence, the study did not have all subjects reporting a similar 

timespan since last use, which can directly affect the detection of volatiles due to the timeframe 

of metabolism of drug analytes that could impact the generated human odor.  

Of 33 VOCs detected,  subject 19,38 had 14 compounds at the beginning and 17 

compounds at the end; subject 6,30 had 6 compounds at initial sampling and 17 at final 

sampling; subject 37, 43 had 9 VOCs at the beginning and 25 VOCs at the final sampling; 

subject 13,17 had 5 VOCs at the beginning and 24 VOCs at the final sampling; subject 10,42 had 

7 VOCs at the initial sampling and 21 VOCs at the end of sampling; subject 6,12 had 5 VOCs at 

the beginning and 20 at the end of sampling; lastly, subject 13,31 had 12 VOCs at the arrival 

sampling and 22 VOCs at the final sampling. This demonstrated that all tested individuals 

depicted an overall increase of detected VOCs as the rehabilitation period progressed.  For this 7-

subject sample group, the average number of volatiles at the beginning month was 8 while an 

average of 21 volatiles were observed at the end of the study period (Table 9) 
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33 major volatiles were determined to be primary odor compounds for the group, 

meaning they were present in all triplicate samples of any given individual. An individual’s 

primary odor has been defined by Curran et al  [56] as those volatile organic compounds that are 

stable over time, regardless of secondary or tertiary factors. Thus, for each triplicate set within an 

individual, a set of primary VOCs is selected to represent the chemical odor profile for that 

subject. Upon arrival, across all 7 subjects these compounds included functional groups such as: 

alcohols, aromatics, aldehydes, acid methyl esters, methyl esters, hydrocarbons (see Table 10). 

Exogenous compounds identified were carbitol, carbitol acetate, cylodocene, and 1H-Indene 

Trimethyl-1-phenylindan not previously reported in human odor.  However, the subjects shared 

some VOCs but with different time of detection across the period studied. 
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Table 9: Frequency of occurrence of primary odor compounds: Comparison between arrival and 

final sample

* Indicates compounds not previously reported as Human Hand Odor VOCs 
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Table 10: Previously identified human odor VOCs that was detected amongst the 7 subjects.  

Retention time (RT) 

in minutes 

Compounds Reference 

10.2 Benzaldehyde [32, 48, 49, 56, 

57, 73] 10.8 Phenol 

11 Octanal 

11.7 1-Hexanol- 

11.8 Benzyl alcohol 

12.9 1,6-Octadien-3-ol, 3,7-dimethyl- 

13 Nonanal 

13.2 Phenyl ethyl alcohol 

13.6 Dimethyl ester Pentane dioic acid 

13.9 Benzyl Acetate 

14 Phenyl methyl ester Acetic acid 

14.1 1-Tridecanol 

14.3 Carbitol acetate 

14.6 Decanal 

14.7 Nonanoic acid, methyl ester 

14.8 Dodecane 

14.9 3,5 dimethyl Benzaldehydes, 

15 2 2, phenoxy- Ethanol, 

15.1 Dimethyl ester, Hexane dioic acid 

15.4 1-Dodecanol 

15.5 Tridecene 

15.7 Bornyl Acetate 

16 Tetradecane 

17 1-Tetradecane 

17.3 Tetradecane 

17.5 3-Octadecene 

18 Decane 

18.4 1-Hexadecane 

19 Pentadecane 

20 Hexadecane 
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1.16 Intra-Subject Analysis 

A total of 7 subjects were analyzed for a period of 165 days, with hand odor collections 

occurring every 2 weeks of this time. In section 3.2, there was an overview of the subjects as 

well a brief glimpse of the initial and final samplings across the study group. In this section, 

there will be a description of each subject’s profile over time. To further understand the changes 

within the chemical odor profile for each subject across the duration of the study, the author has 

separated the time intervals of hand odor sampling as “phases”. To delineate specific “sampling 

snapshots” during the rehabilitation period, the author has coined the beginning phase to consist 

of days 1-60, mid-phase days 60-120 and late phase days 120-165, respectively for the five 

subjects who completed the full cycle of 165 days. However, subjects 13, 17 and 13, 31 had their 

three phases that consist of beginning phase day 1-30, mid phase day 45-day 75 and late phase of 

day 90-120.  

Chromatograms of VOCs obtained from the headspace above the cotton gauze in a glass 

vial containing hand odor samples at each distinctive phase of the study were used to observe the 

volatile odor pattern. The total ion chromatograms depict different quantities of VOCs as shown 

by the varying peak area intensities across all the phases of each subjects’ treatment. To compare 

the primary odor profile across time, principal component analysis (PCA) was utilized to monitor 

the variances in the patterns within the data groups by using a 2-D scatter plot graphing. The 

PCA plots were used to monitor the different rehabilitation phases with respect to the odor 

profile collected at each period. PCA analysis was performed with only the primary odor 

compounds for each subject. As a further statistical technique to observe trends in the acquired 

data, hierarchical clustering was used to visualize the data. Samples across all phases of 
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rehabilitation were measured via Euclidian distances to further identify potential sub-groups. 

These groups are depicted as dendrograms for everyone. The following section describes a 

detailed analysis of the hand odor profile observed for everyone in the study.  

Subject 19,38 

Subject 19,38 a Hispanic male aged 20, had a self-reported combined drug use of 

methamphetamine, marijuana, and alcohol 9 months before first odor sampling. The total 

number of primary odor compounds from day 1 was 5 and increased to 16 by day 90 and 

decreased to 8 compounds upon day 165 of sampling (Table 11). Figure 8 displays the color odor 

charts for subject 19,38 across all sampling intervals. It depicts how various compounds such as 

carbitol and 2-ethyl-1-hexanol, highlight a high peak area at the beginning with a subsequent 

decrease overtime at the end of the study. However, compounds such as phenol, nonanal, decanal 

and 1H-Indene Trimethyl-1-phenylindan demonstrated increased peak areas over the course of 

the study. Other compounds reported insignificant changes in their peak areas to be noticed.  

Common compounds detected consistently across all sampling intervals were Carbitol, 2-ethyl-

1-Hexanol, Nonanal, Decanal, Tetradecane, and 1H-Indene Trimethyl-1-phenylindan. 

However, on day 1 and 15 phenol did not appear but this compound showed up from day 

30 onwards. Octanal only appeared on day 120 and and 135. Benzyl alcohol showed up from day 

90 to day 150. 1-Octanol appeared only on day 90,105 and 150; dimethyl-ester pentane dioic 

acid appeared on days 60,75,90,105,120,135 and 165; phenylmethyl ester Acetic acid showed up 

on day 30, 60,76,90 and 105; 2-Decanone only showed up on day 60, 90 and 105; Benzaldehyde, 

3,5-dimethyl- showed up on day 45,60,75,90, 120 and day 135 of sampling.  The frequency of 

occurrence of all compounds for subject 19, 38 are summarized in Table 10.  
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On subject 19, 38, figure 9 and 10 demonstrated that in all the phases, for instance, 

beginning phase only day 1 and 15 share similar characteristics whereas day 30-60 are 

disjointed.  This indicated that the various endogenous VOCs peak areas changed with treatment 

over time.  A close relationship of the compounds’ relative peak areas was spotted on day 120-

135 and in day 150-165 but not in all the three phases due to variation in VOCs production by 

the subject in the three phases of sampling. 

Moreover, figure 11 shows the total ion chromatograms obtained from the headspace 

above the cotton gauze containing the hand odor sample at each distinctive phase of the study for 

subject 19, 38. The total ion chromatograms depicts different physical quantities of VOCs as 

shown by the varying peak height intensities across all the phases of each subjects’ treatment. 

The beginning phase shows less, and short peaks as compared to the mid phase which had more 

and tall peak areas. However, the late phase demonstrated more peaks but with small peak areas.  

The most notable peaks were of compounds Carbitol at retention time of 11.2 minutes, Nonanal 

at retention time of 13.02 minutes, decanal at retention time of 14.6 minutes, Tetradecane at 

retention time of 17.32 minutes and IH-Indene at 21.03 minutes 
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Fig 8: Subject 19,38 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 165 days.   
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Table 11: Subject 19,38 VOCs frequencies over the 165 days of hand odor sampling
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Fig 9: Subject 19,38 PCA Hierarchical clustering. 

Fig10: Subject 19, 38 dendrogram analysis in three phases of odor sampling.  
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Fig 11: Subject 19, 38 Total Ion Chromatograms in three phases of Sampling 



Texas Tech University, Silas K Kemboi, May 2018 

42 

Subject 6,30 

Subject 6,30 a caucasian male aged 24 had a self-reported drug use of 

Methamphetamines, Xanax (non-prescribed), Marijuana, and Alcohol.  A total of 19 primary 

odor compounds were detected. Day 1 of sampling yielded a total of 6 compounds and increased 

to 13 by the 90th day of sampling and a final detection of 10 compounds by day 165 of sampling 

(table 12). Figure 12 displays the color odor chart for subject 6,30 across all sampling intervals 

(165 days). It demonstrated that compounds such as carbitol had variable peak areas over time 

while compounds such as 2-ethyl-1-hexanol had a peak area that was high at the beginning with 

subsequent decrease overtime. However, compounds such as phenol, nonanal, decanal 

demonstrated increased peak areas over the course of the study. 1H-Indene Trimethyl-1-

phenylindan showed up in all sampling intervals with higher peak areas at the beginning but 

peak areas remained relatively the same after day 45. Other compounds reported insignificant 

change in their peak area to be noticed.  Common compounds detected consistently across all 

sampling times were Carbitol, 1-Hexanol, 2-ethyl-, Nonanal, Decanal and 1H-Indene Trimethyl-

1-phenylindan. 

However, phenol appeared at day 60, 90, 105 and 135 but disappeared afterwards. Benzyl 

alcohol showed on day 30, 90,105,120,135,150 and 165. Pentanedioic acid, dimethyl ester 

appeared on day30,45, 60,105,120,135,150 and 165; Dodecane only showed up on day 45, 90 

and 105; Benzaldehyde, 3,5-dimethyl- showed up on day 105,135 and day 150 of sampling; All 

compound frequencies throughout the study are summarized in Table 11. On subject 6,30, figure 

13 and 14 demonstrates that beginning phase day 1-15 share similar characteristics whereas day 

30,45,60 and 75 have similar characteristics. All other days in each phase are scattered. This 
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indicated that there was more VOCs that shared close relative peak areas during the early phases 

than in the later treatment phases.  Day 165 of the late phase remained isolated. PCA multivariate 

analysis revealed that the first principal component accounted for 53% of the dataset’s variability 

while the second principal component accounted for 22.5% of the variation. (Fig 16). 

Figure 15 illustrates the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 6,30. The total 

ion chromatograms depicts very few and small peaks at the beginning phase of the study as 

compared to the mid phase which had more and tall peak areas. However, the late phase 

demonstrated more peaks but with small peak heights.  The most appearing tall peaks were of 

compounds Carbitol at retention time of 11.2 minutes, Nonanal at retention time of 13.02 

minutes, decanal at retention time of 14.6 minutes, Tetradecane at retention time of 17.32 

minutes and IH-Indene at 21.03 minutes 
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Fig 12: Subject 6,30 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 165 days.  
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Table 12: Subject 6,30 VOCs frequencies over the 165 day of hand odor sampling
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Fig 13: Subject 6,30 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² (53 

and 22.5) for component 1 and component 2. 

Fig 14: Subject 6,30 dendrogram analysis in three phases of odor sampling. 
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Fig 15: Subject 19, 38 Total Ion Chromatograms in three phases of Sampling 
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Subject 6,12 

Subject 6,12 a Hispanic male age of 46 years is another subject with a self-reported 

methamphetamine and Alcohol abuse. A total of 19 primary odor compounds were detected. On 

day 1, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 and 165, the number of compounds present were 

5, 8,16,10,8,9,13,13,15,16,15 and 14 respectively (table 13).  Figure 16 display the color odor 

charts for subject 6,12 across all sampling intervals. In the figure, carbitol’s compound relative 

% peak areas were not the same over time but above 65% in most of the days except day 30 and 

165 where it reported low percentage.  However, compounds such as phenol, nonanal, decanal 

and demonstrated almost the same peak areas over the course of the study. 1H-Indene gave very 

close relative % peak areas in all the sampling intervals. Other compounds reported insignificant 

change in their peak area to be noticed. Common compounds detected consistently across all 

sampling times were Carbitol, 1-Hexanol, 2-ethyl-, Nonanal, Decanal, Tetradecane and 1H-

Indene Trimethyl-1-phenylindan. 

Benzaldehyde showed up in the last two days of sampling while phenol showed up on 

day 30,45,75,90,105,135. Octanal only appeared on day 45 and 120. Benzyl alcohol showed up 

from day 1,15,30,45,60,75,120,135, and day 150. Dimethyl ester, pentanedioic acid, appeared in 

all other days except day 1 and 105; Phenylmethyl ester, Acetic acid, showed up only in three 

intervals day 30,75 and 135; undecane only showered up on day 30,90,105,135 and 150; 3,5-

dimethyl- Benzaldehyde, showed up on day 30, 120,135,150and day 165 of sampling; All the 

compounds frequencies are shown in table 12.   

 The first principal component increases is moderate among all the compounds found on 

the subject 6,12. This suggests that the three phases of treatment vary all together. This 
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component can be viewed as a measure of how the treatment affects the relationship between 

VOCs and their relative % peak areas. Furthermore, we see that the first principal component 

correlates less strongly. PCA multivariate analysis gave a variable Hoteling’s T² of component 1 

of 41.6% (Fig 17-18) which is less than 50%. This shows that variability of this compound over 

time happened but not significantly. The second principal component decreased in almost half 

the value in PCA 1. PCA 2 demonstrates a measure of how the treatment phases have minimal 

effect on the VOCs relative % peak areas. 

Figure 19 shows the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 6, 12. The 

total ion chromatograms depicts very few and small peaks at the beginning phase as compared to 

the mid phase which had more and tall peak areas. However, the late phase demonstrated more 

peaks but with small peak height.  The most appearing tall peaks were of compounds Carbitol at 

retention time of 11.2 minutes, Nonanal at retention time of 13.02 minutes, decanal at retention 

time of 14.6 minutes, Tetradecane at retention time of 17.32 minutes and IH-Indene at 21.03 

minutes. 
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Fig 16: Subject 6,12 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 165 days.    
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Table 13: Subject 6,12 VOCs frequencies over the 165 day of hand odor sampling 
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Fig 17: Subject 6,12 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² 

(41.6 and 20.2) for component 1 and component 2. 

Fig 18: Subject 6,12 dendrogram analysis in three phases of odor sampling. 
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Fig 19: Subject 6,12 Total Ion Chromatograms in three phases of Sampling 
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Subject 37,43 

Subject 37,43 is an African American male age of 22 years is another subject with a self-

reported Marijuana and Alcohol abuse. A total of 22 primary odor compounds was detected. On 

day 1, 15, 30, 45, 60, 75, 90, 105, 120, 135, 150 and 165, the number of compounds present were 

8, 9,7,10,12,12,13,15,17,18,17 and 8 respectively (table 14).  Figure 20 display the color odor 

charts for subject 37,34 across all sampling intervals. In the figure, carbitol’s compound relative 

% peak areas were not the same over time but above 75% in most of the days except day 75 

which was below 30%.  However, compounds such as nonanal, decanal and demonstrated almost 

the same peak areas over the course of the study. 1H-Indene gave a very high relative % peak 

area on day 75 when all other compounds depicted low percentage. Other compounds reported 

insignificant change in their peak area to be noticed. Common compounds detected consistently 

across all sampling times were Carbitol, 1-Hexanol, 2-ethyl-, Nonanal, Decanal, Tetradecane and 

1H-Indene Trimethyl-1-phenylindan. 

Benzaldehyde showed up on day 105,120, 135 and day 150 days of sampling while 

phenol showed up on day 1,15,45, 60,90,105,165. Octanal only appeared on day 105 and 120. 

Benzyl alcohol showed up from day 1,15,30,45,60,75,120,135, and day 150. Dimethyl ester, 

pentanedioic acid, appeared in all the sampling days; Phenylmethyl ester, Acetic acid, showed up 

only in four intervals day 45,60, 105 and 135; 3,5-dimethyl- Benzaldehyde, showed up on day 

90,105,135 and day 150 and of sampling; All other compounds frequencies are shown in table 

13.   

 The first principal component is above average in all the compounds found on the 

subject 37,43. This suggests that the three phases of treatment somehow correlate to the relative 
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% peak areas. This component can be viewed as a measure of how the treatment does affect the 

relationship between VOCs and their relative % peak areas. PCA multivariant analysis gave a 

variable Hotelling's T² of component 1 was 62.6% (Fig 19) which is more than 50%. This shows 

that variability of this compounds over time happened. The second principal component (fig 21-

22) is very low correlation in almost half the value in PCA 1. PCA 2 (17.4%) demonstrates a 

measure of how the treatment phases had close to no effect on the VOCs relative % peak areas. 

Figure 23 illustrates the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 37,43. The 

total ion chromatograms demonstrated that there were no major differences in the number of 

peaks and their heights at the beginning phase as compared to the mid phase. However, the late 

phase demonstrated more peaks which were also relatively tall.  The most appearing tall peaks 

were of compounds Carbitol at retention time of 11.2 minutes, Nonanal at retention time of 13.02 

minutes, decanal at retention time of 14.6 minutes, Tetradecane at retention time of 17.32 

minutes and IH-Indene at 21.03 minutes 
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Fig 20: Subject 37,43 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 165 days. 
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Table 14: Subject 37,43 VOCs frequencies over the 165 day of hand odor sampling 
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Fig 21: Subject 37,43 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² 

(62.6 and 17.4) for component 1 and component 2.

Fig 22: Subject 37, 43 dendrogram analysis in three phases of odor sampling. 
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Fig 23: Total Ion Chromatograms in three phases of Sampling 
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Subject 10, 42  

Subject 10,42 is an African American male age of 18 years had a self-reported Cocaine 

(Powder), Methamphetamines, Pills (Hydrocodone, oxycodone).  Figure 24 display the color 

odor charts for subject 37,34 across all sampling intervals. In the figure, carbitol compound 

relative % peak areas were not the same over time but above 75% in day 1, 15 and 165. Less 

than 55% on day 30 and day 45. Furthermore, it reported less than 50% on day 60, 90, and 135.  

However, compounds such as nonanal, decanal and demonstrated mixed peak areas over the 

course of the study. 1H-Indene gave a low relative % peak area on the beginning phase and 

stayed almost the same on the remaining days. Other compounds were present but not taking any 

noticeable area of the chart. Common compounds detected consistently across all sampling times 

were Carbitol, 1-Hexanol, 2-ethyl-, Nonanal, Decanal, Tetradecane and 1H-Indene Trimethyl-1-

phenylindan. 

A total 27 of primary odor compounds was detected. On day 1, 15, 30, 45, 60, 75, 90, 

105, 120, 135, 150 and 165, the number of compounds present were 

7,8,19,9,12,15,17,17,17,19,14 and 15 respectively. Benzaldehyde showed up on day 90, 105, and 

day 165 days of sampling while phenol showed up on day 30,60, 75,90,105,135,150, and 165. 

Octanal only appeared on day 75. Benzyl alcohol showed up from day 1,60,105,75,120,135,150 

and day 165. Dimethyl ester, pentanedioic acid, appeared in all the sampling days; Phenylmethyl 

ester, Acetic acid, showed up in all sampling days; 3,5-dimethyl- Benzaldehyde, showed up on 

day 30,75,90,105 and 135; All other compounds frequencies are shown in table 15.   

 The first principal component was below average in all the compounds found on the 

subject 10,42. This suggests that the three phases of treatment shows to correlate to the relative 
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% peak areas during the 1,2 and 4 sampling days. This component can be viewed as a measure of 

how the treatment had a little effect the relationship between VOCs and their relative % peak 

areas. PCA multivariant analysis gave a variable Hoteling’s T² of component 1 was 46.4% (Fig 

25) which is below 50%. This shows low variability of this compounds over time happened. The 

second principal component (Fig 26) is very low correlation. PCA 2 (17.7%) demonstrates a 

measure of how the treatment phases had close to no effect on the VOCs relative % peak areas. 

Day 1,15,60 and 165 demonstrated close correlation. 

Figure 27 illustrates the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 10, 42. The 

total ion chromatograms demonstrated beginning phase had a decent number of peaks that were 

not as tall and sharp as compared to the mid phase and the late phase which depicted more peaks 

which were also relatively tall.  Important peaks (as it refers to observed high abundance) were 

of compounds Carbitol at retention time of 11.2 minutes, Nonanal at retention time of 13.02 

minutes, decanal at retention time of 14.6 minutes, Tetradecane at retention time of 17.32 

minutes and IH-Indene at 21.03 minutes. 

 



Texas Tech University, Silas K Kemboi, May 2018 

62 

Fig 24: Subject 10, 42 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 165 days. 
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Table 15: Subject 10,42 VOCs frequencies over the 165 day of hand odor sampling 
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Fig 25: Subject 10,42 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² 

(46.4 and 17.7) for component 1 and component 2. 

 

Fig 26: Subject 10, 42 dendrogram analysis in three phases of odor sampling 
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Fig 27: Total Ion Chromatograms in three phases of sampling 



Texas Tech University, Silas K Kemboi, May 2018 

66 

Subject 13, 31 

Subject 13,31 is a Caucasian male aged 27 years had a self-reported heroin and cocaine 

abuse.  Figure 28 display the color odor charts for subject 13,31 across all sampling intervals. In 

the figure, carbitol compound relative low % peak areas on day 1. Day 15,30,45,60 and 75 was at 

the range of above 65%.  Furthermore, carbitol reported less than 30% in day 90.  However, 

compounds such as nonanal, decanal, tetradecane demonstrated even peak areas over the course 

of the study with an exception of 1-Hexanol, 2-ethyl- which was high on day 1 and did not 

appear on day 30, 90 and 105. 1H-Indene gave relative % peak area of 35% on the first day and 

stayed almost the same on days 15, 30, 45, 60, 75, 90 and 120. It depicted a higher peak area on 

day 105 compared to all other days. Common compounds detected consistently across all 

sampling times were Carbitol, 1-Hexanol, 2-ethyl-, Nonanal, Decanal, Tetradecane and 1H-

Indene Trimethyl-1-phenylindan. 

A total 26 of primary odor compounds was detected. On day 1, 15, 30, 45, 60, 75, 90, 

105, and day 120 the number of compounds present were 11,17,14,19,15,15,14,16 and 13 

respectively. Benzaldehyde a commonly known human odor VOC showed up on day 45, 75, 

105, and day 120 of sampling. Phenol showed up on day 1,15,30,60 and day 90. Octanal only 

appeared on day 1,15 and day 45. Benzyl alcohol showed up from day 30,45,60,75,90,105 and 

day 120. Dimethyl ester, pentanedioic acid, appeared in all the sampling days except day 120; 

Phenylmethyl ester, Acetic acid, did not appear at all for this subject; 3,5-dimethyl- 

Benzaldehyde, showed up on day 15,30,90, and 105; All other compounds frequencies are 

shown in table 16.   
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 The first principal component showed a very low correlation between the treatment 

phases and compounds found on the subject 13,31. This suggests that the three phases of 

treatment did not correlate well with the relative % peak areas in the late phase but the close 

clustering in phase beginning phase and mid phase show some close relationships. This 

component can be viewed as a measure of how the treatment had a little effect the relationship 

between VOCs and their relative % peak areas. PCA multivariant analysis gave a 

variable Hotelling's T² of component 1 was 32.8 (Fig 29) which is below 50%. This shows low 

variability of this compounds over time. The second principal component (Fig 29-30) is very low 

correlation. PCA 2 (22.4) demonstrates a measure of how the treatment phases had close to no 

effect on the VOCs relative % peak areas. 

Figure 31 illustrates the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 13, 31. The 

beginning phase had a few peaks that were not as tall and sharp as compared to the mid phase. 

However, late phase depicted more peaks which were smaller as compared to the mid phase.  

The most appearing tall peaks were of compounds Carbitol at retention time of 11.2 minutes, 

Nonanal at retention time of 13.02 minutes, decanal at retention time of 14.6 minutes, 

Tetradecane at retention time of 17.32 minutes and IH-Indene at 21.03 minutes 
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Fig 28: Subject 13, 31 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 120 days. 
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Table 16: Subject 13, 31 VOCs frequencies over the 120 day of hand odor sampling
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Fig 29: Subject 13, 31 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² 

(32.8 and 22.4) for component 1 and component 2. 

Fig 30: Subject 13, 31 dendrogram analysis in three phases of odor sampling. 
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Fig 31: Total Ion Chromatograms in three phases of Sampling 
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Subject 13, 17 

Subject 13,17 is a 35 years old white male. He self-reported only alcohol abuse.  Figure 

32 display the color odor charts for subject 13,17 across all 150 days sampling intervals. In the 

figure, carbitol compound relative % peak areas on day 1, 15 and day 30 was more that 50%. On 

day 45 it was less than 50%. Day 60,75,90,105 and 120 was at the range of above 50%.  

Furthermore, carbitol reported more than 75% on day 120 and 150.  However, compounds such 

as nonanal, decanal, tetradecane and 1-Hexanol, 2-ethyl- demonstrated relatively the same peak 

areas even though some like 1-Hexanol, 2-ethyl- did not appear on days 60,75 and 150. 1H-

Indene gave relative % peak area of less than 25% in almost the days except 135. Commonly 

detected compounds that was consistent across all sampling times were Carbitol, 1-Hexanol, 2-

ethyl-, Nonanal, Decanal, Tetradecane and 1H-Indene Trimethyl-1-phenylindan. 

A total 26 of primary odor compounds was detected. On day 1, 15, 30, 45, 60, 75, 90, 

105,120,135 and day 150 the number of compounds present were 10,12,12,14,18,11,19,17,16,12 

and 10 respectively. 1,2 dichloro, Benzene was a new compound that randomly appeared on day 

135. Benzaldehyde a commonly known human odor VOC showed up on day 90, 105, and day 

120 of sampling. Phenol showed up on day 1,15,30, 90,105, 120 and on day 150. Octanal only 

appeared on day 60,75,150. Benzyl alcohol showed in all the sampling days except on day75. 

Dimethyl ester, pentanedioic acid, appeared in all the sampling days; Phenylmethyl ester, Acetic 

acid showed up on day 1, 60 and 90; 3,5-dimethyl- Benzaldehyde, showed up on day 90, and 

105; All other compounds frequencies are illustrated in table 17.   

 The first principal component showed a 37.5% correlation between the treatment phases 

and compounds found on the subject 13,17. This suggests that the three phases of treatment had a 
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minimal variation with the relative % peak areas. This component can be viewed as a measure of 

how the treatment had a little effect the relationship between VOCs and their relative % peak 

areas. The second principal component (Fig 33-34) is very low correlation. PCA 2 (21.1%) 

demonstrated another measure of how the treatment phases had close to no effect on the VOCs 

relative % peak areas. 

Figure 35 illustrates the total ion chromatograms obtained from the headspace above the 

cotton gauze containing the hand odor sample at each distinctive phase for subject 13, 17. The 

beginning phase showed few peaks that were not as tall and sharp as compared to the mid phase. 

Tetradecane displayed same tall peak in all the three phases. Late phase which depicted more 

peaks which were smaller as compared to the mid phase.  The most appearing tall peaks were of 

compounds Carbitol at retention time of 11.2 minutes, Nonanal at retention time of 13.02 

minutes, decanal at retention time of 14.6 minutes, Tetradecane at retention time of 17.32 

minutes and IH-Indene at 21.03 minutes 
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Fig 32: Subject 13, 17 Relative peak area ratios of volatile organic compounds extracted from 

hand odor over a period of 150 days. 
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Table 17: Subject 13,17 VOCs frequencies over the 150 day of hand odor sampling. 
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Fig 33: Subject 13, 17 PCA Hierarchical clustering and the ellipse was given by Hotelling’s T² 

(37.5 and 21.1) for component 1 and component 2 respectively. 

Fig 34: Subject 13, 17 dendrogram analysis in three phases of odor sampling. 
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Fig 35: Total Ion Chromatograms in all three phases of Sampling. 
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Inter- Subject VOC Evaluation 

In the intra-subject VOC evaluation, there was a description of the overall results for each 

individual subject. In this section, there will be a comparison of the results across the sampling 

population.  The potential of using hand odor as an effective drug screening tool, can only be 

advanced if useful volatile odor biomarkers can be subsequently identified. Using this pilot study 

of 7 subjects as a foundational perspective, a total of 7 targeted volatiles that were consistently 

detected across all sampling times were used to monitor abundance patterns across the 3 

sampling phases. The data was analyzed as a function of peak area amounts in relation to 

rehabilitation phases in terms of intervals (days). Some of the compounds (nonanal, decanal, 

tetradecane and phenol) have been previously reported as important human scent compounds, 

therefore the reasoning for their selection. However, carbitol, 1-hexanol-2-ethyl, and 1H-Indene 

Trimethyl have never been reported as human hand odor originating, giving the reasoning for 

their potential as unique markers of drug use among the target population.  
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Fig 36: Phenol VOC present among the subjects in all the phases. 

Phenol displayed a close range of peak areas during the first 45 days among all the seven 

subjects. At day 60 phenol peak areas increased exponentially until day 120.  By day 135 which 

is part of late phase of treatment, the amount of VOC peak area had dropped compared to the 

mid phase as observed in figure 38. Carbitol which is a novel VOC compound among this target 

population demonstrated that over time, each subject had an increase on the peak area of this 

compound. The maximum increment was during the mid-phase of the sampling period as 

observed in figure 39, thereby providing a time marker for carbitol excretion via hand odor by 

these subjects. However, there was a decline in the peak areas after day 135 onwards.  2-ethyl-

1hexanol, another VOC not previously identified in human odor, demonstrated a mixture of 
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alternating results. 2-ethyl-1hexanol showed a zigzag display of results during the sampling 

intervals as shown in figure 40. 

 

Fig 37: Carbitol VOC present among the subjects in all the phases. 

 

Fig 38: 2-ethyl-1hexanol VOC present among the subjects in all the phases. 
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Nonanal, also called nonanaldehyde or pelargonaldehyde, is an alkyl aldehyde. Is a well-

documented human odor volatile that has a strong fruity or floral odor and is used in flavors and 

perfume as well as research on mosquito ovipositional behavior (luring mosquitos) [74]. Since it 

is a well-known human odor VOC, its comparison among all the subjects undergoing drug 

treatment program was critical. Figure 41 shows a coherent increase of nonanal relative peak 

areas amongst all the subjects. The peak areas were at low levels at the beginning of the study 

and there was substantial increment by mid-phase and a huge change in peak areas by the late 

phase.  Decanal a natural occurring compound is also a previously identified as in human odor 

showed up consistently among all the subjects across all the sampling intervals (days) as 

depicted in figure 42[73]. Tetradecane, a previously identified human odor VOC was 

consistently reported among all the seven subjects. The peak area increased coherently across all 

the sampling intervals as shown in figure 43. 

1H-Indene Trimethyl-1-phenylindan is a noval VOC that has never been identified before 

in human odor volatiles. In the present study, 1H-Indene Trimethyl-1-phenylindan demonstrated 

a unique characteristic when compared to other VOCs identified. The compound remained 

relatively the same in the beginning phase and mid-phase and a slight increment at the late phase 

of sampling except on subject 13,31 which demonstrated an increase at the mid-phase and a drop 

in the late phase. Subject 13,31 was the only individual with a self-reported consumption of 

heroin, thereby the high increase of this compound could potentially be related to the drug class 

consumed and its metabolic decomposition in the body after time.  
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Fig 39: Nonanal VOC present among the subjects in all the phases. 

 

 

Fig 40: Decanal VOC present among the subjects in all the phases. 
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Fig 41: Tetradecane VOC present among the subjects in all the phases. 

 

Fig 42: 1H-Indene Trimethyl-1-phenylindan VOC present among the subjects in all the phases 
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CHAPTER 4 

Conclusion 

The headspace SPME method developed by Prada et al[57] was optimized to demonstrate 

variability of hand odor VOCs among the targeted substance abuse population .. While previous 

studies have generally looked at individual odor VOCs profiles as a unique fingerprint, the 

current pilot study has been the only one reported to date that has used a criminal justice 

population to monitor hand odor volatiles with respect to rehabilitation progress. This study can 

become a stepping stone that will prove to be a direct comparison between the drug abuse 

population and those from the public domain.  

The basis of human odor volatiles is that they emanate from different body parts which 

has been linked to diverse organisms in the microbiota [73, 75].  This high degree of variation 

plays a key role to their use in forensic identification and discrimination of subjects via their 

body odor.  

In the present study, SPME-GC/MS demonstrated to be an efficient method for obtaining 

hand odor profiles from court ordered rehabilitation treatment subjects. This study was a 

qualitative study (what compounds were present) and a semi-quantitative perspective (based on 

the peak area of the compounds) to observe volatile odor patterns across tested subjects. 

Previously detected compounds such as Benzaldehyde, phenol, Octanal, Benzyl alcohol, decanal, 

nonanal, phenols, tetradecane, 2,6-dimethyl-2,6 octadien, phenyl ethyl alcohol, dodecane, 

hexadecane, tridecene, Tetradecane, decane, pentadecane etc. were all present in the tested 

sampling pool. However, aldehydes, organic fatty acids, ketones and alkanes were also present 
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as demonstrated previously  [48]. In contrast, compounds that include carbitol, 1H-Indene 

Trimethyl-1-phenylindan, 1-hexanol-2-ethyl, was reported for the first time as the components of 

human odor. These compounds were all present in different ratio patterns among the subjects. 

Therefore, all the subjects shared the similarities in qualitative measure but different quantitative 

measure of the VOCs [48, 73, 76].  

The presented headspace SPME technique has demonstrated to be viable, fast, simple, 

cost-effective, non-invasive, and reliable while maintaining subjects’ privacy. The forensic 

samples utilized in this pilot study can be easily sampled by a forensic technicians or criminal 

investigator within few minutes of straight forward training. Using the current method hand odor 

profiles can be obtained and used for individual identifications among the substance abuse 

subjects. Moreover, using HS-SPME-GC/MS it is now apparent not only that disease cause’s 

metabolic change of VOCs is detectable via skin surface, but we can now also see how substance 

abuse subjects have an instrumentally noticeable odor profile change over time. 

 Even though many studies have looked at VOCs from blood, urine, breath, saliva, and 

urine, for either clinical or forensic toxicological purposes, the study demonstrated that this 

sample preparation, separation, and detection method approach might be extended to detect the 

potential effects of substance abuse on common VOCs among the parolee population. This study 

has showed that across the subjects evaluated, the odor volatile pattern increases in the number 

of compounds detected over time since the subject begins the rehabilitation program. There are 

no specific compounds related to everyone, however, the main difference is the ratio of the 

detected primary odor compounds for example nonanol. Regardless of the variation in the time 

since the self-reported drug consumption and the first sample of the study, all subjects showed a 
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steady increase of the number of volatiles as depicted in the samples in the late phase of the 

study.  

The cotton gauze and SPME fiber conditioning method before sample collection was 

pivotal to allow the removal of the presumed contaminant VOCs from the sampling prior to 

sampling, extraction, and analysis. The triplicate sampling method allowed creating a baseline 

for available VOCs for everyone. The results from this study represent the opportunity for 

differentiating, discriminating, and profiling human odors VOCs of subjects who recently abused 

various substances and allow for future studies to target more hand odor sampling from this 

target population and ultimate comparison from none drug abusers.  

 Even though every effort was made to make the instrumental analysis as reliable and 

accurate as possible, it is important to highlight several limitations within this pilot study. The 

data presented remains preliminary, since most hand odor are influenced by several influencing 

factors of ambient conditions (i.e., temperature, humidity) which can be achieved in a controlled 

laboratory setting. Furthermore, there may be supplementary variances depending on the type of 

diet provided by the CRTC which might not be the same if the same experiment was to be 

conducted in a different facility offering the same treatment services. Perhaps, one of the most 

crucial drawbacks is that each subject reported a substance use of at least 2-3 months prior to the 

first-hand odor sampling. Therefore, this time gap between ingestion of drug and sampling may 

influence the results of the odor samples. Theoretically, it would be preferred to sample subjects 

as soon as they ingest the drug to monitor the detection window via hand odor excretion. 

However, logistically this study did not lend itself to provide subjects with a fresh drug 

consumption.  Nevertheless, the opportunity to sample a criminal justice population was a 
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foundational step in evaluating hand odor as a viable option for forensic drug screening. We thus 

expect that the collected VOCs in our study would be informative for further progress in 

distinguishing this targeted group of human population from control groups in addition with 

other aspects of forensic odor profiling. Due to the rehabilitation center being a male-only 

facility, this study did not examine hand odor VOCs among women subjects for sampling, but 

relied on male subjects for this pilot study. Therefore, it is important to use the same principle of 

measures to compare the variation of human hand odor VOCs among women undergoing court-

ordered substance abuse treatment program to further provide more definitive information on 

HHO as an alternative and feasible sample in the field of forensic science and criminal justice. 

Future studies on effects of substance abuse using this novel bio-specimen can be applied 

focusing on specific drug classes and more reliable time since ingestion on sample subjects. 

Furthermore, validation studies comparing traditional urine and blood samples with hand odor 

results would provide a definitive assessment of this evaluated method.  

In summary, Principal component analysis (PCA) demonstrated clustering across the 

three phases of sampling intervals, thereby further confirming the increase (and change) of 

volatile odor patterns for all subjects as the rehabilitation program advanced. This result suggests 

a preliminary notion that previous drug use could imply a decrease in normal occurring human 

volatile compounds within a subject. Moreover, the novel compounds that include carbitol, 1H-

Indene Trimethyl-1-phenylindan, 1-hexanol-2-ethyl, that were reported for the first time as the 

components of human odor could be studied further to ascertain if they occurred as human odor 

due to substance abuse that are manufactured using a mixture of chemicals from paint, ink, etc. 
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