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ABSTRACT 

Solid Phase Microextraction (SPME) is a popular sampling technique that can be paired 

with Gas Chromatography/Mass Spectrometry (GC-MS).  SPME-GC-MS is used in forensic 

chemistry due to its simplification of the sample preparation process. Headspace-Solid Phase 

Microextraction (HS-SPME) is a technique where the sample is heated to generate volatiles in the 

headspace of the vial. A SPME fiber is then inserted into the vial and the compounds in the 

headspace will bind to the fiber. Total Vaporization- Solid Phase Microextraction (TV-SPME) is 

a technique that is derived from the HS-SPME technique.  

In Chapter 1, the critical comparison of HS-SPME and TV-SPME is discussed. Samples 

including marijuana, essential oils, and CBD oil were utilized to compare the two techniques. The 

compounds of interest in marijuana are the three main cannabinoids: cannabinol (CBN), 

cannabidiol (CBD), and tetrahydrocannabinol (THC). The sample preparation and GC-MS 

parameters were kept the same for all samples to determine which SPME technique works best for 

these sample types and yielded the greatest sensitivity. It was found that HS-SPME shows greater 

sensitivity with CBN and equivalent sensitivity with essential oils, THC and CBD.  

In Chapter 2, the detection of synthetic cannabinoids utilizing liquid-liquid injection as 

well as HS-SPME and TV-SPME is discussed. The detection of these compounds is important 

because this type of drug has become more prevalent in the United States because they can be 

chemically altered slightly so they still have the effects of a drug but can evade drug legislation. 

The detection of synthetic cannabinoids using liquid injection was found to be successful but 

detection using HS-SPME and TV-SPME was found to be unsuccessful.  

In Chapter 3, the analyses of real and artificial saliva utilizing HS-SPME and TV-SPME is 

discussed. Determining the compounds present in real saliva and artificial saliva will be of 

importance for future research into determining if the presence of drugs in saliva can be analyzed 

with these techniques. The analyses of real and artificial saliva were found to be successful using 

HS-SPME, without derivatization, and TV-SPME, with and without derivatization. Many of the 

compounds present in the real saliva were detected and were confirmed to be compounds regularly 

found in saliva by other scientific literature.  
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CHAPTER 1. COMPARISON OF TV-SPME VS HS-SPME 

Introduction 

Gas Chromatography-Mass Spectrometry (GC-MS) is considered the “gold standard” of 

analytical instrumentation when it comes to analysis of controlled substances in forensic science 

laboratories.1 However, certain substances can require extended and difficult sample preparation 

before being able to be analyzed using GC-MS. Headspace- Solid Phase Microextraction (HS-

SPME) is a technique where a sample is heated to generate volatiles in the headspace of the vial. 

A SPME fiber which is coated with a polymeric compound, for example polydimethylsiloxane- 

divinylbenzene (PDMS/DVB), and then inserted into the headspace of the sample vial and the 

analytes will bind to the fiber. The fiber will then be placed inside the GC inlet for desorption. In 

TV-SPME, the same technique is utilized but the volume of the sample is much less so that when 

the sample is heated, it is completely vaporized before the fiber is introduced into the vial for 

adsorption onto the fiber.  

 

Figure 1. Depiction of headspace SPME of a liquid sample (A) and of total vaporization SPME 
of a liquid sample after heating (B).  
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Despite HS-SPME being a popular sampling technique, there is a lack of research 

investigating the analysis of marijuana plant materials with this technique. Rather et al. was the 

first study to utilizing the rapid analysis of marijuana plant materials to determine the volatile 

constituents that were present. After the analysis, 17 volatile compounds were identified, making 

up 94.8% of the total identified compounds in the marijuana samples.2 Pellati et al. also studied 

volatile compounds in hemp samples using HS-SPME paired with GC-MS. The analysis of the 

hemp material was able to detect 43 different volatile compounds, most of which were determined 

to be terpenes.3 Calvi et al. validated and applied a technique using HS-SPME coupled with GC-

MS to determine an in-depth profile of all terpenes detected in two varieties of medical grade 

marijuana and its oil. The study began with an optimization study of SPME fibers, where it was 

determined that DVB/CAR/PDMS or PDMS/DVB extracted a higher number of terpenes and an 

optimization study on extraction time, where it was determined that at 60 and 120 minutes had the 

highest extraction yields. The analysis of these marijuana samples leads to the detection of 109 

different terpene compounds. The accurate analysis of terpenes in marijuana is important to 

determine the terpen profile for a better understanding of the synergistic effect the terpenes will 

have with cannabinoids.4 Lachenmeier et al. analyzed a variety of hemp food products for the 

presence of cannabinoids utilizing this technique. They were able to detect THC, CBD, and CBN 

along with other cannabinoids in all of the tested samples. This group was also able to determine 

a limit of detection of 0.01 and 0.17 mg/kg and a precision of 0.4 and 11.8% depending on the 

characteristics of the matrix of the sample. Overall, it was determined that in comparison with 

liquid injection, HS-SPME is substantially faster and easier to perform while maintaining the same 

sensitivity and reproducibility.5   

TV-SPME is a relatively new technique that is being studied and compared with HS-SPME 

to determine the superior technique. Due to TV-SPME completely vaporizing the sample, there 

will be a partitioning of the analyte between only the fiber and the vapor, which will force more 

sample to be adsorbed onto the fiber and relatively large sample volumes can be used (1 µl - 100 

µl).6  There will also be fewer matrix effects when utilizing this technique due to the change from 

a three phase system, which includes the sample, the vapor, and the fiber (HS-SPME), to a two 

phase system, which includes the vapor and the fiber.7 TV-SPME has also been determined to have 

a greater sensitivity for nicotine and cotinine by Rainey et al. Rainey et al. also determined an  
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equation to calculate the amount of sample volume that should be used to ensure total vaporization 

of the sample.  

																																																									𝑉! =
(#!!"

#
$%&)%'
&'

((
)
)         (1) 

 This equation will determine the volume of sample (V0) that can be completely vaporized 

where A, B, and C are Antoine constants for the specific solvent that is being used, T is the 

temperature of extraction, Vv is the volume of the vial, R is the ideal gas constant, M is the molar 

mass of the solvent, and p is the density of the solvent.8 Some studies that have used TV-SPME as 

their extraction technique to pair with GC-MS was Kranz et al. to determine thee lipid profiles of 

blow flies, Sauzier et al. to analyze double-based smokeless powder residues, and Bors et al. to 

assist in the mapping of smokeless powder residue on PVC pipe bombs.9,10,11  TV-SPME has also 

been used in studies for the detection of illicit drugs in a variety of matrices, such as soft drinks, 

alcoholic drinks and human urine.7 

Essential Oils are mixtures of naturally occurring chemical compounds found in plants that 

are believed to have many health benefits. These compounds are extracted from plants by 

distillation or solvent extraction, separating these lipophilic compounds from the plant 

components.12 Essential Oils have become increasingly popular over the years as people begin 

searching for natural alternatives for things such as pharmaceuticals, cosmetic/hygiene ingredients 

and artificial flavorings.13  Although the most popular uses of essential oils are as alternative 

medicines and flavorings, another use that has been showing promise is the use of essential oils as 

natural pesticides and food preservatives to decrease the harmful effects of the non-

natural/unhealthy pesticides and preservatives that are being used now.14,15 A major ingredient of 

essential oils are the terpene/terpenoid compounds which are the compounds that give the essential 

oils their fragrance and flavors. Terpenes are relatively simple hydrocarbons and terpenoids are 

more complex hydrocarbons containing functional groups.16,17 GC-MS is a commonly used 

method for the analysis of essential oils for the presence of the terpene/terpenoid compounds 

present due to their volatility.  

 Marijuana is the dried leaves, stems, and seeds from the Cannabis indica or Cannabis 

sativa plant. It is a Schedule I drug and the most commonly used illicit drug in the United States.18 

People can take marijuana by smoking, eating, or drinking it. Marijuana is made up of about 544 
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different compounds, 113 of which are cannabinoids and 120 are terpenes.19,20 Cannabinoids are a 

specific class of compounds that have only been found in these cannabis plants. They are the 

compounds that are responsible for the biological activities of the cannabis plant.21 The three most 

abundant cannabinoids in marijuana are cannabinol (CBN), cannabidiol (CBD), and 

tetrahydrocannabinol (THC).22  THC is the main psychoactive substance found in marijuana, 

which can have many effects on the human body with analgesic, anti-inflammatory, appetite 

stimulant, and antiemetic properties.23 CBN has been found to have a sedative effect and CBD has 

been found to balance out the euphoric effects of THC, as well as having its own effects on the 

human body such as anxiety reduction, anti-cancer, anti-diabetic, and antipsychotic effects.24,25 

The terpenes found in marijuana give it a distinct fragrance, but they have also been found to have 

a synergistic effect with the cannabinoids in marijuana to increase its original effects. 26 The 

common sample preparation of marijuana plant material is liquid-liquid extraction and GC-MS is 

the commonly used method in forensic laboratories for the analysis of marijuana plant material for 

the presence of THC. 

 Cannabidiol Oil, also known as CBD Oil, is a product that has become popular throughout 

the world in the past few years. CBD Oil is sold to treat/manage symptoms of many different 

medical conditions, from anxiety to cancer.27 CBD oil is similar to essential oils, in that it is a 

concentrated extract of the cannabis leaves and/or flowers mixed with some type of edible oil.28  

CBD oils can also contain other cannabinoids such as THC or cannabigerol (CBG) as well as 

terpenes depending on the plant it is derived from.29 The legal status of CBD Oil in the United 

States is complicated due to the fact that THC, which an illegal substance, can be extracted into 

the CBD oil due to its presence in the plant. CBD oil is sold legally in all 50 states as long as it has 

less than 0.3% THC.30 GC-MS is a commonly used method for the analysis of CBD oils for the 

presence of CBD, THC, and other cannabinoids.  

 The critical comparison of HS-SPME and TV-SPME is important to determine if there is 

a superior method or to see which method works best with specific samples. Both of these methods 

require little to no sample preparation in comparison to liquid injection, the sample can be put 

straight into the headspace vial rather than having to do a separate extraction technique to the 

sample before being injected into the GC. TV-SPME will have little matrix effects as a result of 

fully vaporizing the analyte and its matrix when compared to HS-SPME where matrix effects will 

result between the two phases.8 TV-SPME also utilizes smaller sample sizes than HS-SPME which 
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can be beneficial when a laboratory only receives a small amount of the sample. TV-SPME will 

utilize about 1 µl - 100 µl of sample whereas HS-SPME utilizes at least 1mL. Using a quantitative 

comparison will help determine which of these techniques is recommended for testing essential 

oil, marijuana, and CBD oil samples.   

 

Experimental 

Materials 

Peppermint Jim Spearmint essential oil, dōTERRA lemongrass essential oil, and young 

living thieves’ essential oil were obtained from Norma Keywan (Healthy Living Massage, 

Zionsville IN). Methanol was purchased from Sigma-Aldrich (Saint Louis, Missouri). Marijuana 

was obtained from The Indiana State Police (DEA License Number: RI0320262, State of Indiana 

License Number: 61100499B) Tetrahydrocannabidiol was purchased from Cayman Chemical 

(Ann Arbor, Michigan). Acetonitrile was purchased from Thermo Fisher Scientific (Waltham, 

Massachusetts). Charlotte’s Web Chocolate Mint CBD Oil was obtained from Donna Roskowski, 

Academic Specialist at IUPUI. Dichloromethane was purchased from Sigma-Aldrich (Saint Louis, 

Missouri). Polydimethylsiloxane- divinylbenzene (PDMS-DVB) SPME fibers, 65 μm film 

thickness, were purchased from Supelco (Bellefonte, Pennsylvania). 

Sample Preparation 

Essential Oils 

Qualitative analysis was carried out by utilizing empty essential oil bottles. These essential 

oils were analyzed by HS-SPME by using a cotton swab to swab the inside of each bottle, 

lemongrass, thieves, or spearmint respectively. The swabs were then placed into 20 mL headspace 

vials. These essential oils were analyzed by TV-SPME by adding 1 mL of methanol to each of the 

empty vials of essential oil, the bottle was vortexed for 1 minute and then extracting the solution 

form the bottle.  86 µl of each of these solutions were added to 20 mL headspace vials. All samples 

were heated to 60 °C inside of a Gerstel agitator. The fiber was exposed to the sample vial for 10 
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minutes before being inserted into the GC inlet for desorption at 250 °C. The samples were 

analyzed with a 15:1 split.  

The lemongrass essential oil was diluted in methanol with a concentration of 1mg/ml. This 

solution was analyzed using TV-SPME by placing 86 µl of the sample into three 20 mL headspace 

vials. This solution was analyzed using HS-SPME by placing 86 µl of the sample into three 20 mL 

headspace vials and allowing the methanol to evaporate off in the hood for 60 minutes before 

closing the vial. All samples were heated to 60 °C inside of a Gerstel agitator. The fiber was 

exposed to the sample vial for 10 minutes before being inserted into the GC inlet for desorption at 

250 °C. The lemongrass was analyzed with a 15:1 split. 

Marijuana 

Marijuana plant material was grinded using a mortar and pestle and then 3 mg of the 

marijuana was placed into five 20 mL headspace vials. Each sample was heated to 100 °C, 110 °C, 

120 °C, 130 °C, and 140 °C, respectively, inside of a Gerstel agitator. The fiber was exposed to 

the sample for 30 minutes before being inserted into the GC inlet for desorption at 250 °C. The 

plant material was analyzed with a splitless injection. A second 3 mg sample was analyzed at 

140 °C using the same sample preparation and analysis except this sample was analyzed with a 

34.9:1 split.  

Three milligrams of marijuana plant material were put into a scintillation vial with 3 mL 

of methanol, which was then vortexed for 1 minute. The liquid solution was then extracted to be 

separated from any plant material. This solution was analyzed using TV-SPME by placing 86 µl 

of the sample into three 20 mL headspace vials. This solution was analyzed using HS-SPME by 

placing 86 µl of the sample into three 20 mL headspace vials and allowing the methanol to 

evaporate off in the hood for 60 minutes before closing the vial. Both samples were heated to 

140 °C inside of a Gerstel agitator. The fiber was exposed to the sample vial for 30 minutes before 

being inserted into the GC inlet for desorption at 250 °C. The extracted marijuana was analyzed 

with a splitless injection.  

The THC standard was diluted in acetonitrile with a concentration of 1mg/mL. This 

solution was analyzed using TV-SPME by placing 57 ul, 73 ul, 92 ul, 114 ul, or 140 ul into 20 mL 

headspace vials. This solution was analyzed using HS-SPME by placing 57 ul, 73 ul, 92 ul, 114 

ul, or 140 ul into 20 mL headspace vials and allowing the acetonitrile to evaporate off in the hood 
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for 120 minutes before closing the vial. Each sample was heated to 100 °C, 110 °C, 120°C, 130°C, 

and 140°C respectively inside of a Gerstel agitator. The fiber was exposed to the sample vial for 

30 minutes before being inserted into the GC inlet for desorption at 250 °C. The THC standard 

samples were analyzed with a splitless injection. 

Fresher marijuana plant material was obtained, and samples were prepared and analyzed 

the same way as the other plant material analyzed in this chapter.  

Cannabidiol Oil 

 One milliliter of CBD Oil was put into a 20 mL headspace vial. The sample was heated to 

140 °C inside of a Gerstel agitator. The fiber was exposed to the sample vial for 30 minutes before 

being inserted into the GC inlet for desorption at 250 °C. The CBD Oil was analyzed with a 

splitless injection.  

CBD oil was diluted in dichloromethane with a concentration of 1mg/ml. This solution was 

analyzed using TV-SPME by placing 200 µl of the sample into three 20 mL headspace vials. This 

solution was analyzed using HS-SPME by placing 200 µl of the sample into three 20 mL headspace 

vials and allowing the dichloromethane to evaporate off in the hood for 60 minutes before closing 

the vial. All samples were heated to 60 °C inside of a Gerstel agitator. The fiber was exposed to 

the sample vial for 30 minutes before being inserted into the GC inlet for desorption at 250 °C. 

The CBD oil samples were analyzed with a splitless injection.  

GC-MS Parameters 

 An Agilent 6890N gas chromatograph with a Gerstel MPS autosampler coupled to an 

Agilent 5975 mass spectrometer was used for all experiments. The column was an Agilent 

Technologies DB-5MS column that was 30 m long with a 250 µm inner diameter of and a film 

thickness of 0.25 µm.  

 The initial oven temperature was 60 °C, held for 1 minute. The temperature then ramped 

to 250 °C at a 15 °C /min ramp and then held for 1 minute at the final temperature for all essential 

oil samples and ramped to 300 °C at a 15 °C /min ramp and then held for 1 minute at the final 

temperature for all the marijuana and CBD oil samples. The mass transfer line was set to 250 °C  

and the flow rate was 2.5 mL/min for all samples except the HS-SPME essential oil samples in the 
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qualitative analysis which had a flow rate of 3.4 mL/min. The source was held at 230 °C and the 

quadrupoles were held at 150 °C. The mass range scanned was 40 – 550 m/z. Total ion 

chromatograms (TIC) were produced, and all compounds were identified using the NIST and/or 

SWGDRUG libraries. Extracted Ion Chromatograms (EIC) were produced at m/z 231.1 for the 

CBD oil samples to identify cannabidiol.  

Results and Discussion 

Essential Oils 

 The stacked HS-SPME chromatograms for Spearmint oil, Lemongrass oil, and Thieves oil 

are shown in Figure 2 and the stacked TV-SPME chromatograms for these oils are shown in Figure 

3. The quantitative comparison of HS-SPME and TV-SPME for Lemongrass oil chromatograms 

are shown in Figure 4. The corresponding peak area comparison bar graph is shown in Figure 5.  
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Figure 2. Stacked total ion chromatogram (TIC) of Spearmint Oil (red), Lemongrass Oil 

(yellow), and Thieves Oil (blue) ran with HS-SPME. 
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Figure 3. Stacked TIC of Spearmint Oil (red), Lemongrass Oil (yellow), and Thieves Oil (blue) 

ran with TV-SPME. 
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Figure 4. Stacked TIC of Lemongrass Oil ran with HS-SPME (red) and TV-SPME (yellow). 
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Figure 5. Peak area comparison of three main compounds found in lemongrass essential oil with 
standard deviation error bars. 

 

 A statistical analysis was done utilizing the data from Figure 5 to determine the statistical 

significance of the data. The p-value calculated for 2,6-dimethyl-1,5-heptadiene was 0.00003, the 

p-value for citral was calculated to be 0.01, and the p-value for gamma-muurlonene was calculated 

to be 0.006.  

 

Table 1. Names and structures of compounds found in Essential Oil samples. 

Compound  

 

Structure  

D-limonene  

 

 
Eucalyptol 
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Table 1 continued 
Gamma terpinene 

 

 
L-menthone 

 
Menthol 

 

 
D-Carvone 

 

 
3-p-menthene 

 
Beta bourbonene 

 

 
Caryophyllene 

 

 
Camphene 

 
Sulcatone 
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Table 1 continued 
4-nonanone 

 
Linalool 

 
Beta-Citral  

Beta-myrcene 

 
Alpha-Citral 

 
Neryl-2-methylbutanoate 

 
Gamma muurolene 

 

 
Alloaromadendrene 
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Table 1 continued 

 
Alpha pinene 

 
Beta pinene 

 
Geranyl isobutyrate 

 
Camphor 

 
Alpha-terpineol 

 
Cinnamaldehyde 

 

 
Eugenol 

 
Dihydroeugenol 

 
2,6-dimethyl heptane 

 
 



 
 

26 

Table 1 continued 

 
2,6-dimethyl-1-heptene 

  

 
 

2,6-dimethyl-1,5-heptadiene 

 

 

2,6-dimethyl-2-heptene 

 

 
Citronellol 

 

 
Eugenol Acetate 

 

 
Ethylvanillin 

 

 
Geranyl Acetate 

 

 
 

D-limonene, eucalyptol, gamma terpinene, L-menthone, menthol, D-carvone, 3-p-menthene, 

beta bourbonene, caryophyllene, camphene, sulcatone, linalool, beta-citral, beta-myrcene, alpha-
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citral, Neryl-2-methylbutanoate, gamma murolene, alloaromadendrene, alpha pinene, beta pinene, 

Geranyl isobutyrate, camphor, alpha terpineol, cinnamaldehyde, eugenol, citronellol, and geranyl 

acetate are compounds that are classified as terpenes/terpenoids and found in essential oils due to 

their flavor and/or scent.31,32,33 These compounds are also specifically added to the respective oil 

due to the health claim that is associated with each one. 4-nonanone is a flavoring agent that can 

be found in essential oils because it gives the oil a sweet/earthy taste and aroma.34 Dihyrdoeugenol 

is a naturally occurring methoxyphenol compound that is found in flowers or spices, such as 

carnations and clove.35 This compound can be found in essential oils because it gives the oil a 

sweet aroma and/or taste.36 2,6-dimethylheptane, 2,6-dimethyl-1-heptene, 2,6-dimethyl-2-heptene, 

and 2,6-dimethyl-1,5-heptadiene are naturally occurring compounds found in plants. These 

compounds can be found in essential oils due to the extraction process of the desired terpenes.37 

Eugenyl acetate is a naturally occurring benzoate ester compound that is found in some spices, 

such as allspice and anise. This compound can be found in essential oils because it gives the oil a 

specific aroma and/or taste.38 Ethyl Vanillin is a naturally occurring hydroxybenzaldehyde 

compound. This compound can be found in essential oils because it gives the oil a sweet and 

caramel flavor.39 

Marijuana 

 The stacked HS-SPME chromatograms for marijuana plant material at an extraction 

temperature of 100 °C,120 °C, and 140 °C is shown in Figure 6. The corresponding comparison 

of peak area vs extraction temperature of the three main components CBD, THC, and CBN is 

shown in Figure 7. The stacked chromatograms for HS-SPME of marijuana plant material, HS-

SPME of extracted plant material, and TV-SPME of extracted plant material are shown in Figure 

8. The corresponding peak area comparison bar graph is shown in Figure 9. The stacked HS-SPME 

chromatograms for fresh marijuana plant material at an extraction temperature of 100 °C,120 °C, 

and 140 °C is shown in Figure 10. The corresponding comparison of peak area v. extraction 

temperature of THC and CBN found in the fresh marijuana is shown in Figure 11. The stacked 

HS-SPME chromatograms for the THC standard at an extraction temperature of 100 °C,120 °C, 

and 140 °C is shown in Figure 12. The corresponding comparison of peak area v. extraction 

temperature of THC and CBN found in the THC standard is shown in Figure 13. The stacked TV-

SPME chromatograms for the THC standard at an extraction temperature of 100 °C,120 °C, and 
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140 °C is shown in Figure 14. The corresponding comparison of peak area v. extraction 

temperature of THC and CBN found in the THC standard is shown in Figure 15. A comparison of 

CBN to THC ratios of the THC standard ran with HS-SPME and TV-SPME as well as the fresh 

marijuana is shown in Figure 16.  

 

 
 

 

 

 

 

 
Figure 6. Stacked TIC of marijuana plant material ran at 100 °C (red), 120 °C (yellow) and 

140 °C (yellow). 

 

2 4 6 8 10 12 14 16

Time (min)

Marijuana 100C Marijuana 120C Marijuana 140C

10
1112 13

14 15

16

17

18
19

20
21

22
23

24

25
1112 13

2019
16 17

18

3 5 

6 9 
10 

1 
2 

4 

7 
8 

11 
12 

13 

14 15 
16 

17 18 

19 
20 21 

2 1 
9 

21 
22 
23 

24 

1. Piperitone 
2. Caryophyllene 
3. Alpha-guaiene 
4. Humulene  
5. Beta-bisabolene 
6. Beta-panasinene 
7. Selina-3,7(11)-diene 
8. Caryophyllene oxide 
9. Guaiol 
 

10. 8-epi-gama-eudesmol 
11. Alpha-eudesmol 
12. Alpha-bisabolol  
13. 6,10,14-trimethyl-2-pentadecanone 
14. Methyl ester hexadecenoic acid 
15. Dibutyl phthalate 
16. Cannabichromene 
17. Cannabidiol (CBD) 
18. Tetrahydrocannabinol (THC) 
 

 

19. Cannabinol (CBN) 
20. Hexacosane 
21. Nonacosane 
22. Hexahydrocannabinol 
23. Delta 8-tetrahydrocannabinol 
24. Tricosane 
25. Palmitic acid 
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Figure 7. Peak Area vs. Extraction Temperature of marijuana plant material to compare CBD, 
THC, and CBN. 

 

Table 2. Names and structures of compounds found in marijuana plant samples. 

Compound  

 

Structure  
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Table 2 continued 

 
Alpha-guaiene  

 

 
Humulene  

 

 
Beta-bisabolene 

 

 
 
Beta-panasinene 

 

 
Selina-3,7(11)-diene 

 

 
Caryophyllene oxide 

 

 

 

 

 

 



 
 

31 

Table 2 continued 
Guaiol 

 

 
 
8-epi-gamma-eudesmol 
 

 
Alpha-eudesmol 
 

 
Alpha-bisabolol  
 

 
6,10,14-trimethyl-2-

pentadecanone 
  
 
Methyl-ester 

hexadecenoic acid 
 

 

Dibutyl phthalate 
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Table 2 continued 
Cannabichromene 
 

 
Cannabidiol (CBD) 

 

 
 
Tetrahydrocannabinol 

(THC) 
 

 

Cannabinol (CBN) 
 

 
Hexacosane 
 

 
 
Nonacosane 
  
Hexahydrocannabinol 
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Table 2 continued 
Delta-8-

tetrahydrocannabinol 
 

 
Tricosane 
 

 
Palmitic acid  
 

 
 

Piperitone, caryophyllene, alpha-guaiene, humulene, beta-bisabolene, beta-panasinene, 

seline-3,7(11)-diene, caryophyllene oxide, guaiol, 8-epi-gamma-eudesmol, alpha-eudesmol, 

alpha-bisabolol, and 6,10,14-trimethyl-2-pentadecanone are compounds that are classified as 

terpenes/terpenoids and found in marijuana.40,41 The methyl ester of hexadecenoic acid was 

identified in marijuana but there is no known reason why it is present. Dibutyl phthalate is a 

compound that is commonly used as a plasticizer.42 This compound could be found in these 

samples due to the marijuana previously being packaged in a plastic, Ziploc type bag. 

Cannabichromene, cannabidiol, tetrahydrocannabinol, cannabinol, hexahydrocannabinol, and 

delta-8-tetrohydrocannabinol are compounds that are classified as cannabinoids and found in the 

cannabis plant.43,44 Hexacosane, Nonacosane, and tricosane are all straight chain alkanes that are 

plant metabolites which is why it can be found in the marijuana plant material.45 Palmitic Acid is 

a naturally occurring long-chain fatty acid that can be found in plants.46  

 



 
 

34 

 

Figure 8. Stacked TIC of plant material ran with HS-SPME (red), extracted plant material ran 
with HS-SPME (yellow) and extracted plant material ran with TV-SPME (blue). 

 

 

Figure 9. Peak area comparison of THC and CBN found in marijuana with standard deviation 
error bars. 
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A statistical analysis was done utilizing the data from Figure 9 to determine the statistical 
significance of the data. The p-value calculated for THC was 0.018 and the p-value for CBN was 

calculated to be 0.34. 

 

Figure 10. Stacked TIC of fresh marijuana plant material ran at 100 °C (red), 120 °C (yellow) 
and 140 °C (yellow). 

 

 
 

Figure 11. Peak Area vs. Extraction Temperature of fresh marijuana plant material utilizing the 
TV-SPME method to compare THC and CBN. 
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Figure 12. Stacked TIC of THC Standard utilizing the HS-SPME method ran at 100 °C (red), 
120 °C (yellow) and 140 °C (yellow). 

 

 

Figure 13. Peak Area vs. Extraction Temperature of THC standard utilizing the HS-SPME 
method to compare THC and CBN. 
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Figure 14. Stacked TIC of THC Standard utilizing the TV-SPME method ran at 100 °C (red), 
120 °C (yellow) and 140 °C (yellow). 

 

 

 

Figure 15. Peak Area vs. Extraction Temperature of THC standard utilizing the TV-SPME 
method to compare THC and CBN. 
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 This THC standard should only have one detected peak, THC, but in all five samples there 

is more than one peak detected. For the sample with a 100 °C extraction temperature only one 

other peak was detected, which was identified as CBN. For the samples ran with 110 °C, 120 °C, 

130 °C, and 140 °C, a second large peak was detected to be CBN, but multiple smaller peaks were 

also detected and identified as other common cannabinoids.  

 

 

Figure 16. CBN:THC ratio comparison of fresh marijuana plant material, HS-SPME of THC 
standard and TV-SPME of THC standard. 

Cannabidiol Oil 
The stacked TIC chromatograms for HS-SPME of CBD Oil, HS-SPME of extracted CBD 

Oil, and TV-SPME of extracted CBD Oil are shown in Figure 17. The stacked EIC chromatograms 

for HS-SPME of extracted CBD Oil, and TV-SPME of extracted CBD Oil are shown in Figure 18. 

The corresponding peak area comparison bar graph is shown in Figure 19. 
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Figure 17. Stacked TIC of CBD Oil ran with HS-SPME (red), extracted CBD Oil ran with HS-
SPME (yellow) and extracted CBD Oil ran with TV-SPME (blue). 
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Figure 18. Stacked extracted ion chromatogram (EIC) of CBD Oil ran with HS-SPME (red) and 
CBD Oil ran with TV-SPME (yellow). 

 

Figure 19. Peak area comparison of CBD found in CBD Oil with standard deviation error bars. 

 

A statistical analysis was done utilizing the data from Figure 12 to determine the statistical 

significance of the data. The p-value calculated for CBD was 0.017. 
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Table 3. Names, structures, and purpose of compounds found in CBD Oil samples. 
 

Compound Structure 

L-menthone 

 

 

Levomenthol 

 

 

Vanillin 

 

 
Glycerol Tricaprylate 

 

 
Cannabidiol 

 

 

L-menthone, levomenthol, and Vanillin are compounds that are classified as terpenes and 

found in essential oils. These compounds give this oil the flavor and aroma it has which is 
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chocolate mint.47 Glycerol tricaprylate is a triglyceride that is used as the oil base for this CBD 

oil.48 Cannabidiol is a cannabinoid that is the main ingredient of this oil. This compound is put 

into this oil to be used to treat certain conditions such as pain, anxiety, and insomnia.49 

Conclusion 

Essential Oils  

 All three essential oils were successfully analyzed with both HS-SPME and TV-SPME 

paired with GC-MS. During the qualitative comparison of spearmint, thieves, and lemongrass  oils 

it was determined that either method is suitable for analyzing these samples. In all three oils, the 

main compounds that makeup the essential oils are seen in both HS-SPME and TV-SPME. There 

are slight differences between HS-SPME and TV-SPME that can be noted for each oil, where some 

compounds are only present in one or the other. Specifically, some compounds that eluted in the 

first few minutes were only present in the HS-SPME samples. Some compounds that eluted in the 

last few minutes were only present in the TV-SPME samples due to their low volatility.  

  During the quantitative comparison of the lemongrass oil, it was determined that there is 

no statistical significance of the differences in peak area between the HS-SPME method and TV-

SPME method. This would conclude that neither technique is more sensitive than the other when 

it comes to the analysis of essential oils.  

Marijuana  

 Marijuana plant material was successfully analyzed with HS-SPME when ran “as is”, 

showing the three main cannabinoids, CBD, THC, and CBN. The marijuana extraction 

temperature study showed that 130 °C was the optimal extraction temperature for marijuana.  

Marijuana plant material was successfully analyzed with both HS-SPME and TV-SPME 

when ran after being extracted using methanol, showing two of the three main cannabinoids THC 

and CBN. During the quantitative comparison of the extracted marijuana, it was determined that 

there is no statistical significance of the difference in peak area of THC between the HS-SPME 

method and TV-SPME method. It was also determined that there is a statistical significance of the 
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difference in peak areas of CBN. This would conclude that neither technique is more sensitive than 

the other when it comes to the analysis of THC but HS-SPME is more sensitive for the analysis of 

CBN. CBD, although an important cannabinoid, was not considered in this critical comparison 

due to the compound not being present after extraction using methanol.  

Fresh marijuana plant material was successfully analyzed with HS-SPME when ran “as 

is”, detecting the two main cannabinoids, THC, and CBN in all samples at all five temperatures 

and detecting CBD at 120 °C, 130 °C, and 140°C. It can be seen that in the fresh marijuana there 

is more THC than CBN unlike the older marijuana plant material. This could be due to the fact 

that THC metabolizes into CBN so in older marijuana there will be a greater concentration of CBN 

than in fresh marijuana. It can be concluded that HS-SPME of marijuana is a technique that can 

be used for a qualitative analysis of marijuana.  

The THC standard was successfully analyzed with both HS-SPME and TV-SPME. THC 

and CBN were identified in all HS-SPME and TV-SPME samples that were analyzed. The CBN 

to THC ratio was then calculated and compared for the HS-SPME of fresh marijuana plant 

material, the HS-SPME of the THC standard and the TV-SPME of the THC standard to see if THC 

is being oxidized during the SPME method. As the temperature increases, the ratio of CBN to THC 

also increases. This would conclude that heating THC will cause it to oxidize and some of it will 

form CBN. This oxidation is shown to occur in this standard as well as in the fresh marijuana plant 

material. This oxidation of THC needs to be taken into consideration when analyzing marijuana 

plant material with these HS-SPME and TV-SPME methods. It will not affect the qualitative 

analysis of marijuana plant material when just looking to determine the presence of THC, but this 

will affect the quantitative analysis of THC in the marijuana plant material. This would conclude 

that these HS-SPME and TV-SPME methods should only be used for a qualitative analysis of 

marijuana plant material.  

Cannabidiol Oil 

 CBD Oil was successfully analyzed with HS-SPME when ran “as is”, showing the presence 

of CBD. CBD Oil was successfully analyzed with both HS-SPME and TV-SPME when ran after 

being extracted using dichloromethane, showing the presence of CBD, but the extracted ion profile 
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had to be used to identify CBD in the sample due to its low abundance. During the quantitative 

comparison of the extracted CBD oil, it was determined that there is no statistical significance of 

the differences in peak area between the HS-SPME method and TV-SPME method. This would 

conclude that neither technique is more sensitive than the other when it comes to the analysis of 

CBD. 
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CHAPTER 2. ANALYSIS OF SYNTHETIC CANNABINOIDS 

Introduction 

 Synthetic cannabinoids are designer drugs that have been synthesized since the 1960’s. 

These compounds were initially synthesized to study the pharmacology of cannabinoids and 

determine any therapeutic effects from these types of drugs. In the past 20 years, synthetic 

cannabinoids have started to be commercially produced and abused.40 Synthetic cannabinoids have 

come into the drug market as packets of herbal mixtures, with many different names such as Spice, 

K2, herbal incense, and Cloud 9. They have been sold over the internet as well as in some retail 

shops under misleading labels. 51 The packets will hold around 3 g of plant material that are laced 

with a synthetic cannabinoid. To make this laced plant material, the synthetic cannabinoid will be 

dissolved in some kind of solvent and then the plant material will be saturated with this drug 

solution and the solvent will be allowed to evaporate off, leaving the synthetic cannabinoid on the 

plant material. It has been found that the amount of synthetic cannabinoid found on this plant 

material is highly variable, which leads to variable potencies.52  

These herbal mixtures will then be smoked, and they will produce marijuana-like effects. 

Synthetic cannabinoids will also have the same or very similar physiological effect in the human 

body as natural cannabinoids such as THC. They both bind to the cannabinoid receptor type 1 

(CB1) and cannabinoid receptor type 2 (CB2) that are mostly found in the central nervous system 

but can also be found in the brain, lungs, and liver. The difference between synthetic cannabinoids 

and THC is that the synthetic cannabinoids have a higher affinity for the CB1 receptor, and their 

metabolites retain a high affinity for the receptor which leads to the conclusion that they are more 

toxic than natural cannabinoids.53 Most synthetic cannabinoids are placed on the Schedule I list 

once they are determined to be these designer drugs. The issue that has arose is that these banned 

drugs will be replaced with another compound that is structurally similar with the same 

pharmacological effects that avoid the regulation of the banned drugs. This has become an 

unending circle of these designer drugs being banned by the drug enforcement administration 

(DEA) and then a new group of them will come out that will then have to be tested and go through 

legislation to also become a banned compound. This has been a constant challenge in the forensic 

toxicology field when an identification needs to be done of new synthetic cannabinoids so that law 
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enforcement and public health agencies can then assess the risks.54 FUB-AMB and 5-fluoro-

MDMB-PICA, seen in Figure 17, are two synthetic cannabinoids that have been recently 

encountered in Indiana. Both of these synthetic cannabinoids are on the Schedule I list. FUB-AMB 

was identified as the second-most common and 5-fluoro-MDMB-PICA was identified as the fifth-

most common synthetic cannabinoid seized synthetic cannabinoids by the  DEA in 2018.55 GC-

MS and LC-MS are the commonly used methods for the analysis of the herbal mixtures for the 

presence of synthetic cannabinoids, which normally include an extraction step to separate the 

synthetic cannabinoids of interest from the plant material.56 Using the TV-SPME and HS-SPME 

methods paired with GC-MS could develop a faster method of testing for these types of drugs 

which could benefit the forensic toxicology field.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 20. Molecular structure for 1. FUB-AMB (383.4 g/mol) and 2. 5-fluoro-
MDMB-PICA (376.5 g/mol) 
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Methods 

Materials 

FUB-AMB was purchased from Cayman Chemical (Ann Arbor, Michigan). 5-fluoro-

MDMB-PICA was purchased from Cayman Chemical (Ann Arbor, Michigan). Dichloromethane 

was purchased from Sigma-Aldrich (Saint Louis, Missouri).  

Sample Preparation 

 1 mg of FUB-AMB was diluted in dichloromethane with a concentration of 1 mg/ml and 

1 mg of 5-fluoro- MDMB-PICA was diluted in dichloromethane with a concentration of 1 mg/mL. 

These solutions were analyzed using liquid-liquid injection by placing 1 mL of the sample into the 

respective GC vial. These samples were analyzed with a 50:1 split.  

  10 mg of potpourri was placed into three 20 mL headspace vial with 100 ul of 

dichloromethane or 100 ul of the 1mg/mL solution of FUB-AMB or 5-fluoro-MDMB-PICA and 

the dichloromethane was then allowed to evaporate off in the hood for 60 minutes. 1 mL of 

methanol was then added to the vials, vortexed for 1 minute and the solvent was extracted from 

the vial and placed into a GC vial for analysis by liquid-liquid injection. These samples were ran 

using a splitless injection.  

GC-MS Parameters 

 The same instrumentation and column that were used in Chapter one was also used for 

these experiments.   

The initial oven temperature was 60 °C, held for 1 minute. The temperature then ramped to 300 °C 

at a 15 °C /min ramp and then held for 1 minute at the final temperature. The mass transfer line 

was set to 250 °C and the flow rate was 2.5 mL/min. The source was held at 230 °C and the 

quadrupoles were held at 150 °C. The mass range scanned was 40 – 550 m/z. Total ion 

chromatograms (TIC) were produced, and all compounds were identified using the NIST and/or 

SWGDRUG libraries. 
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Results 

The stacked TIC chromatograms for the FUB-AMB standard and FUB-AMB on potpourri 

are shown in Figure 21. The stacked TIC chromatograms for the 5-fluoro-MDMB-PICA standard 

and 5-fluoro-MDMB-PICA on potpourri are shown in Figure 22. These cannabinoids standards 

were analyzed with HS-SPME on potpourri at 100 °C and analyzed with TV-SPME on potpourri 

at 100 °C, 120 °C, 140 °C, 160 °C, and 180 °C but neither of the drugs were detected using either 

method.    

 

 

 
 

Figure 21. Stacked TIC of FUB-AMB standard (red) and FUB-AMB on potpourri (yellow). 
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Figure 22. Stacked TIC of 5-fluoro-MDMB-PICA standard (red) and 5-fluoro-MDMB-PICA on 
potpourri (yellow). 

Conclusions 
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GC-MS method to determine the elution time of the synthetic cannabinoids. FUB-AMB and 5-

fluoro-MDMB-PICA were spiked onto potpourri and analyzed using a liquid injection GC-MS 

method. The synthetic cannabinoid samples had a final concentration of 100 ppm, which are 

realistic concentrations for synthetic cannabinoids found on potpourri. The compounds detected 

in the FUB-AMB sample were diethyl phthalate, which is a plasticizer that could have come from 

the bag the potpourri was held in, and FUB-AMB, the synthetic cannabinoid of interest. The 

compounds detected in the 5-fluoro-MDMB-PICA sample were diethyl phthalate and 5-fluoro-

MDMB-PICA, the synthetic cannabinoid of interest. 
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FUB-AMB or 5-fluoro-MDMB-PICA, this is likely due to their high molecular weight making it 

difficult to vaporize these compounds.   
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CHAPTER 3. ANALYSIS OF SALIVA 

Introduction 

 Saliva is an oral fluid that is produced by the discharge of fluids from many different glands 

in the mouth of a human or animal. Saliva is about 99% water and 1% all other compounds such 

as electrolytes, proteins, enzymes, mucus, and antibacterial compounds.57 A typical human can 

produce between 500 and 1500 mL of saliva every day, and the flow rate can vary from 0 to several 

mL per minute. This flow rate will vary depending on specific conditions of the individual, 

including emotional state, health, and hunger.58,59 In recent year, saliva has become a popularly 

researched alternative for drug testing. Some potential applications for this type of testing would 

include, on site testing of suspected drivers under the influence, forensic investigations, and 

monitoring patients that are going through drug detoxification. Saliva is an advantageous testing 

matrix because it is readily available due to the large production of it in the human body, it is a 

non-invasive collection technique, and it can be collected under supervision, if necessary, and is 

comparatively free of interfering substances with a much lower protein content than other bodily 

fluids.60,61 

 Saliva is a blood filtrate, so drugs are transferred into the saliva from blood by passive 

diffusion and active transport. Being a blood filtrate would mean that the concentration of drug in 

saliva should reflect the concentration of drug in the blood. There are some factors that could affect 

this salivary concentration, contamination of the mouth from smoking or ingesting the drug will 

increase the concentration of the drug in the saliva, and changes in the pH or flow rate of the saliva 

could either increase or decrease the drugs concentration.62 Even if these factors apply, the 

presence of the drug can still be detected to indicate that there was recent use of the drug. The 

drugs that will be present in saliva are going to be the “parent drug”, not a metabolite since it will 

not have gone through the metabolism phase before being introduced to the saliva. This may cause 

problems during the analysis with GC-MS because many drugs of abuse are nonvolatile.63 When 

the analysis of these kinds of drugs needs to be done, the drug can be derivatized to increase the 

thermal stability and make the compound more volatile.  

 Derivatization is the process in which a derivatization agent is introduced to the compound 

of interest and a reaction will occur that will chemically change the compound of interest making 
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it more volatile. Specifically, an active hydrogen on the analyte will be replaced by a functional 

group that will allow better separation in the column.64 There are three different forms of 

derivatization, alkylation, silylation, and acylation, only silylation will be performed in these saliva 

analyses.65 The silylation derivatization agent used in this experimentation was N,O-bis 

(trimethylsilyl)trifluoroacetamide (BSTFA) + 1% trimethylchlorosilane (TMCS). For TV-SPME 

and HS-SPME methods, an on-fiber derivatization was done. This is performed by exposing the 

SPME fiber to a vial containing the derivatization agent for a fixed amount of time, determined 

depending on the analyte. In these experiments, direct immersion derivatization was used so the 

SPME fiber was fully immersed in the derivatization agent. The fiber was then exposed to the vial 

containing the analyte of interest. The normal process of SPME will then occur so the vial is heated 

inside the agitator, so the analyte vaporizes and is adsorbed onto the fiber with the derivatization 

agent. The derivatization will then take place on the fiber until the fiber is moved to the inlet for 

desorption. This type of on-fiber derivatization is advantageous because this will reduce sample 

analysis time.7   

GC-MS and LC-MS are the commonly used methods for the analysis of saliva for the 

presence of drugs as well as the volatile organic compounds that are naturally present in salive.66,58 

These analyses normally include a detailed sample preparation, including an extraction to remove 

the saliva components as well as a derivatization process but there have been some studies utilizing 

HS-SPME paired with GC-MS to reduce the sample preparation time.61,62 Using the TV-SPME  

method paired with GC-MS and utilizing an on-fiber derivatization could develop a faster method 

with less matrix effects of testing for these types of drugs.  

Methods 

Materials 

Saliva was collected from myself, Alexandra Train. Artificial Saliva was obtained from Dr. 

Frederique Deiss’s Lab, Department of Chemistry at IUPUI. BSTFA +1% TMCS was purchased 

from Thermo Fisher Scientific (Waltham, Massachusetts).  
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Sample Preparation 

 Saliva was analyzed using TV-SPME by placing 2.6 ul of saliva into all 20 mL headspace 

vials. For the derivatized samples the PDMS/DVB fiber was first immersed in BSTFA + 1% 

TMCS for 10 minutes before being inserted into the sample vials. All samples were heated to 60 °C 

inside of a Gerstel agitator. The fiber was exposed to the sample vial for 10 minutes before being 

inserted into the GC inlet for desorption at 250 °C. All saliva samples were analyzed using a 

splitless injection.  

 Artificial saliva was analyzed using HS-SPME by placing 1 mL of the artificial saliva into 

a 20 mL headspace vial. Artificial saliva was analyzed using TV-SPME by placing 2.6 ul of the 

artificial saliva into each 20 mL headspace vial. For the derivatized samples the PDMS/DVB fiber 

was first exposed to the vial containing BSTFA + 1% TMCS for 10 minutes before being inserted 

in the sample vials. The fiber was exposed to the sample vial for 10 minutes before being inserted 

into the GC inlet for desorption at 250 °C. The saliva was analyzed using a splitless injection.  

GC-MS Parameters 

The same instrumentation and column that were used in Chapter one was also used for 

these experiments.  

The initial oven temperature was 60 °C, held for 1 minute. The temperature then ramped to 

250 °C at a 15 °C /min ramp and then held for 1 minute at the final temperature. The mass transfer 

line was set to 250 °C and the flow rate was 3.4 mL/min. The source was held at 230 °C and the 

quadrupoles were held at 150 °C. The mass range scanned was 40 – 550 m/z. Total ion 

chromatograms (TIC) were produced, and all compounds were identified using the NIST and/or 

SWGDRUG libraries. 

Results 

The stacked TIC chromatograms for TV-SPME of saliva underivatized and derivatized are 

shown in Figure 23. The TIC chromatogram for HS-SPME of artificial saliva is shown in Figure 

24. The stacked TIC chromatograms for TV-SPME of artificial saliva underivatized and 

derivatized are shown in Figure 25. Saliva was spiked with a standard solution of 



 
 

54 

methamphetamine and THC and analyzed with TV-SPME but neither of the drugs were detected 

using this method. 

 
 

 

 
Figure 23. Stacked TIC of real saliva ran with TV-SPME underivatized(red) and real saliva ran 
with TV-SPME derivatized (yellow). 
 

 

 

 

 

 

 

 

 

 

2 4 6 8 10 12 14
Time (min)

TV-SPME Real Saliva Underivitized TV-SPME Real Saliva Derivitized

2

3

4

5 6 7 8

9 10
11 2

5 7

8

1. Phenol 
2. Nonanoic Acid  
3. Indole 
4. Pentanoic Acid 
5. Isopropyl Myristate 
6. Phthalic Acid 

 

7. Hexadcanoic Acid methyl ester 
8. Dibutyl Phthalate 
9. 2,4-dimethyl-pyridine 
10. 4-methylvaleric acid trimethylsilyl ester 
11. 2-pipridinone 

 

1 



 
 

55 

 

 

 

 

 

 

 

 
 

 
Figure 24. TIC of artificial saliva ran with HS-SPME. 
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Figure 25. Stacked TIC of artificial saliva ran with TV-SPME underivatized(red) and artificial 
saliva ran with TV-SPME derivatized (yellow). 
 

Table 4. Names, structures, and purpose of compounds found in Real Saliva samples using TV-
SPME GC-MS. 

Compound Structure 

Phenol 

 

 

Nonanoic Acid  
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Time (min)
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1. 2,4,6-trimethyl-pyridine 
2. Nonanoic acid 

 

1 2 
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Table 4 continued 

Indole 

 

 

Pentanoic Acid 

 

 
Isopropyl Myristate 

 

 

Phthalic Acid 

 

 
Hexadcanoic Acid methyl 

ester 

  

Dibutyl Phthalate 

 

 

2,4-dimethyl-pyridine 
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Table 4 continued 

4-methylvaleric  

acid trimethylsilyl ester 

 

 

2-piperidinone 

 

 
 

Phenol and indole are both naturally occurring compounds that can be found in saliva due 

to the metabolism of tyrosine, phenylalanine and tryptophan by bacteria.67 Nonanoic acid, 

pentanoic acid, Hexadcanoic Acid methyl ester, 4-methylvaleric acid trimethylsilyl ester are 

naturally occurring fatty acids that can be found in saliva due to eating foods that contain these 

compounds.68 Isopropyl Myristate is composed of isopropyl alcohol and myristic acid that can be 

found in saliva due to its presence in mouth wash.69 Phthalic acid and dibutyl phthalate are 

metabolites of phthalate, which is a plasticizer. Phthalic acid and dibutyl phthalate can be found in 

saliva due to environmental contaminations such as plastic toothbrushes and/or straws being inside 

the mouth or personal care products getting into the mouth.70 2,4-dimethyl-pyridine is an organic 

compound that has not been identified in saliva before but can be found in soil or coal so could be 

present due to environmental pollution.71 2-piperidinone is an organic compound which has been 

found in saliva but the reason has not been determined. It is speculated that it is due to the 

metabolism of cadaverine which is a diamine formed by the degradation of lysine in the body from 

exercise.72   

Conclusions 

Saliva was successfully analyzed using TV-SPME with and without derivatization, showing 

the presence of phenol, nonanoic acid, indole, pentanoic acid, isopropyl myristate, phthalic acid, 

dibutyl phthalate, and 2-piperidinone which corresponds with the literature on saliva. Artificial 
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saliva was successfully analyzed using HS-SPME without derivatization and successfully 

analyzed using TV-SPME with and without derivatization.  
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