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ABSTRACT 

Canines (K9) are the front line of defense in detecting narcotics by police and 

military working units across the nation. The way canines learn how to detect narcotics 

is by using small amounts of actual narcotics known as training aids or with training aid 

mimics. These mimics are synthetically made and replicate the targeted narcotic scent 

(pseudo). Even though there’re  a number of research studies exploring canine detection 

in terms of olfaction capabilities, identification of target odor volatiles, to name a few, 

there are no existing studies evaluating  the lifespan of narcotic canine training aids, 

defined as the length of time in usage during  training. In this study, two types of training 

aids are be evaluated: real narcotic training aids (cocaine and heroin), that range in age 

from fresh to up to 10 years of age and commercially bought pseudo narcotic scents 

(cocaine and heroin). The main objective is to perform an instrumental evaluation in 

terms of the volatile odors being emitted for any given sample in relation to their 

respective age to see how their lifespan affects K9 detection. To do so, the evaluation 

period included: freshly acquired, 2 week, 4 week, 6 week, and up to 12 week old in 

order to observe the dissipation rate of chemical vapors in a controlled setting. 

Headspace analysis of all training aids was collected with Solid Phase Microextraction 

(SPME) and analyzed with Gas Chromatography-Mass Spectrometry (GC-MS) to 

obtain a chemical odor profile. Simultaneously, field testing with four local police 

department narcotic detection canines teams (all male Belgian Malinois breed of various 

ages) occurred to observe K9 alert performance with respect to training aid age. The 

hypothesis is that over time, training aid vapors decrease in concentration and provide 

less of the chemical odor signature for the canines to detect, which thereby decreases 
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alert performance. The findings include primary Volatile Organic Compounds (VOC)  

(80% in quality abundance and frequency occurrence in narcotic types) for heroin: 

ethanone,1-(2-hydrophenyl) -, phenol, and undecane, 5-methyl-. Primary VOC’s for 

cocaine included: ethanol, 2-butoxy-, benzene, 1,3-dimethyl-, p-xylene. Using multi-

factorial ANOVA modeling there was no statistical difference between the amount of 

these target VOCs in either heroin or cocaine with respect to their age or narcotic 

training aid type. Although no consistent chemical odor profile was found across the 

different types of training aids tested,  canines were able to alert with great accuracy, 

obtaining an average of 96% Positive Predictive Value (PPV) in alerts for heroin and 

100% PPV for cocaine. Average Negative Predictive Values (NPV) for heroin yielded 

91% and 94% for cocaine. The variation of VOC odor vapor highlights how canines, no 

matter the age or narcotic type, are able to learn a distinct odor and follow its odor 

pattern as it changes over time to identify it. This directly impacts biological detection 

of narcotics by presenting scientifically based evidence on the chemical odor profiles of 

various drug types and their effect on efficient and reliable canine detection in the field. 

This research project attends to the need of standardizing forensic canine detection 

practices within the United States national defense at home and abroad. 

Keywords:  Narcotic odor, solid phase microextraction-gas 

chromatography/mass spectrometry (SPME-GC/MS), K9 training aid 
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CHAPTER 1 

INTRODUCTION 

1.1. Research Objectives/ Goals  

Canines (K9) are the front line of defense when it comes to detection of narcotics 

used for criminal acts such as drug trafficking. Drug usage is an epidemic that keeps rising 

in the U.S largely due to drug smuggling along the U.S borders. Since the 1960’s a spike 

in drug smuggling has occurred and K9’s are the best chance to seize the illicit drugs on 

site.  Table 1. shows summary statistics of total drug seizures by the United States (U.S.) 

Customs and Border Protection (CBP) office of field operations and U.S. border patrol for 

seized narcotics heroin and cocaine each past Fiscal Year (FY) [1].  

Table 1. Summary statistics of CBP Office of Field Operations Drug Seizures (to 

November 30, 2017) 

 

Narcotic FY2015 FY2016 FY2017 

Cocaine 49,365 58,276 71,677 

Heroin 6,048 4,789 4,876 

*weights are in pounds (lb) 

K9 Narcotic Detection has become U.S. Homeland Security's best tool available for field 

detection due to their speed and efficiency of narcotic detection in the field. Proper training 

for K9’s is an imperative step in proficient field narcotic detection. However, there has 

been little scientific research into the use of narcotic training aids in relation to K9 

performance which are a pivotal part of the training regimen. The way canines learn how 

to detect narcotics is by using small amounts of actual narcotics known as training aids or 

with training aid scent mimics. Mimics also known as pseudos are synthetically made to 
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replicate the targeted narcotic scent without containing any real narcotics. Many 

associations that certify K9 narcotic detection dogs such as, The National Narcotic Detector 

Dog Association (NNDDA) that have been around since 1978, do not specify the length of 

time (age) to keep re-using or discard the same training aids. Other national organizations, 

suggest different quantities and purity of narcotics should be used as training aids (as well 

as different guidelines for overall certification) but none specify the optimum length of 

time (age) to keep reusing the same training aid or when to discard it. The creation of 

scientific standards for narcotic training aids is vital to the optimal performance in canine 

narcotic detection. 

Even though there are a number of research studies exploring canine detection in terms 

of olfaction capabilities, there are no existing studies evaluating the lifespan of narcotic 

canine training aids, defined as the length of time in usage during training. In using either 

a real or pseudo narcotic training aid, the issue of purity is important. Regardless of the 

type of aid being used, purity is important because it will present the closest and most 

focused odor upon which a dog can be trained [2]. The debate to find out how pure a 

training aid provides for optimum training performance, is still being researched. However, 

the typical narcotic training aid material supplied to law enforcement is generally not pure. 

Substances typically come from the Drug Enforcement Agency (DEA) or state crime labs 

and are generally street drugs that have been stored in property rooms for months or years 

before they are employed for canine training purposes [2]. There is no registered chemical 

analysis as to the purity of these samples, hence, canine handlers typically handle narcotics 

of unknown purity.  Without pure or known materials, dogs may be learning during their 

training process to detect combinations of chemicals that do not necessarily represent the 
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parent or dominant odor of the drug. Therefore, understanding the chemical composition 

of K9 narcotic training aids is essential.  

Studies such as Macias et al. (2008) have explained how canines can respond to 

dominant volatile organic compounds (VOCs) in the headspace above the drug instead of 

the parent compound itself [3]. What K9s are smelling in terms of the parent compound or 

dominant odor compound for making an alert of an illicit drug helps identify how to better 

enhance training. Factors that could affect training aids such as time (age) also must be 

considered when length of usage is not specified.   

There is no ‘one’ canine association that all agencies who use narcotic detector dogs 

are obliged to go through because there is no standardized method. However, for court 

purposes it is vital that agencies have their K9’s certified to show that they have gone 

through rigorous training and the elimination of bias has occurred. Implementing similar 

methods can unify training practices around the world for future training enhancement. 

With growing numbers in drug trafficking and drug abuse in this country utilizing detector 

canines with optimized training is essential to the war on drugs. To do so, factors that could 

affect narcotic training aids such as time must be evaluated. Therefore, the objective of this 

study is to perform an instrumental and field evaluation of the effect of time on narcotic 

(real and pseudo) training aid composition and related canine performance.   

The contribution of this study to the forensic field is by providing foundational 

scientific perspectives, implementing both chemical and behavioral studies, about the 

chemical odor signatures of K9 narcotic training aids over time. Therefore, this study will 

further enhance optimum canine detection procedures for national security purposes. The 

optimal implementation of canine narcotic detection impacts the forensic field by providing 
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a valuable, highly deployable tool in the war against drugs. The goal is enhancement of 

knowledge in the realm of optimal canine detection procedures for national security 

purposes and K9 detection performance. This research aims to ultimately bridge a gap in 

knowledge about the odor concentration levels for canine narcotic training aids at various 

ages and how this age or lifespan impacts practical canine field work, an aspect which had 

never been evaluated before. 

1.2 Training and Certifications for Working Narcotic Detector Dogs  

Canine detector dogs rely on their noses to identify a specified target odor, but 

performance in detection is based on the training they were provided. Depending on the 

type of detector dog (cadaver, explosives, search and rescue etc.) the type of target odor is 

different but common training involves a K9 handler and dog collaboration. For narcotic 

detector dogs, training involves the K9 to detect largely abused controlled substances such 

as marijuana, methamphetamine, heroin, cocaine, and/or other synthetic drugs that are 

delineated as illegal in the corresponding jurisdiction.  

 Training K9’s to detect narcotics involves a range of variables used in general scent 

detection. Different commands, multiple scents, and alert types will vary for each canine 

unit along with levels of performance and reliability. Training variables involve a 

collaboration of: task, cue, stimulus, and response. For example, a single command (cue) 

will be issued by the handler at the start of a search (task), and a single alert (response) will 

be provided by the K9 when identification (stimulus) from any of the learning scent set is 

found [4]. Narcotics are trained as a group alert where multiple scents are identified by a 

single alert type. That way if heroin or cocaine is found the alert type will be the same. A 

reward (toy, praise, treat etc.) is then given when the trained target odor is found for 
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continual motivation. Motivation is key for detector dogs because that is the basis on how 

well they will perform. Police agencies often use scent-identification lineups which is a 

viable training method where the K9 chooses between a number of items in a row or 

specified line up type, in which the training scents are hidden [2, 4]. Figure 1 [5] is an 

example of a typical training by scent line up.  This type of training procedure simulates 

real world situations where dogs will work in open areas like border checkpoints, or 

airports to sniff large amounts of luggage’s, packages, cars, and so on.  

 

Figure 1.  A dog learning how to investigate a scent-identification lineup where one of the 

containers holds the training scent [5].  

 

Canine handlers are designated personnel responsible for training and identifying 

an alert given by their specified detector dog. Relationships to their dogs can affect 

performance due to the communication they relay to each other in the field [4]. A handler 

must know about his or her dog’s behavior such as when they need rest, and the best alert 

that fits the K9. For example, a passive alert would be a dog sitting, or lying down next to 
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the target odor location and an aggressive alert would be growling, biting, or pawing 

directly at the target odor location [2, 4, 5]. Depending on the dog’s personality a handler 

should decide the best alert to train with so he or she will be able to identify the alert 

properly. Handler qualifications are based on their experience, performance record with 

the K9, certifications, and expertise to testify in court [2]. Groups like the Scientific 

Working Group on Dogs and Orthogonal Detector Guidelines have strived to delineate best 

practices in both handler selection and training curricula [7].  

Accuracy of K9 alerts is usually established through testimony by the K9’s handler. 

When trying to understand how accurate an alert is, it’s important to understand the 

complexity of evaluating alert performance. In a detection scenario, a target substance will 

physically be present or absent leading to four possible alert outcomes: true positive, true 

negative, false positive, false negative. Table 2 [4] explains the alert outcomes in more 

depth. For accurate certification purposes, the dog’s alert responses are key to determining 

how efficient they really are in detection. The wrong alert response for narcotic detector 

dogs can mean the difference in allowing an invalid search to occur or letting drugs pass 

by, in which case both can discredit a canine team.   

Table 2.  Implications on the different types of detection alert outcome types [4]  

 Detection Alert Outcome Types Implication  

True positive (alert, hit, correct detection) Target odor is physically present and the 

detector dog reports its presence   

True negative (no alert, correct detection, 

correct rejection)  

Target odor is not physically present and 

the detector dog reports it as not present 

False negative (no alert, a miss, incorrect 

detection)  

Target odor is physically present and the 

detector dog reports it as not present 

False positive (alert, false hit, false alarm, 

incorrect detection) 

Target odor is not physically present and 

the detector dog reports it as present 
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To measure accuracy, a proportion can be used known as Positive Predictive Power (PPP) 

and Negative Predictive Power (NPP) [2, 4]:  

Positive Predictive Power (PPP) = True Positive/ (True positive + False Positive)  

Negative Predictive Power (NPP) = True negative/ (True negatives + False 

negatives) 

Both proportion statistics give accurate measures to the alert performance in a detector 

canine to determine how accurate their positive and negative alerts are. Elements of 

uncertainty can influence alert outcomes such as noises, distractors, or even handler bias. 

A study by Lit et al. (2011) evaluates how human beliefs affect working dog outcomes in 

performance where handlers were falsely told where a target was hidden. This experiment’s 

results conveyed that the handler was responsible for why the canine had false detection, 

but in practical applications there are many other factors to consider such as environmental 

setting, type of detection target and how well the canine is trained [6]. That is why continual 

routine training is needed to validate practices as well as implementing proficiency tests 

such as double blind testing. This testing measure can be incorporated in a scent line up 

where neither the experimenter/handler, nor the observer/evaluator, knows where the target 

odor is hidden [7]. Therefore, a double- blind test can further eliminate handler bias since 

the handler does not know the location of target odor. Utilizing the best types of practice 

measures and testing procedures will ultimately lead to optimal field detection for working 

narcotic detector dogs.    

  There are a variety of associations that certify canines as narcotic detector dogs as 

previously mentioned and each association has different guidelines with a specific type of 

passing criteria. Table 3 is a table from the Scientific Working Group on Dog and 
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Orthogonal Detector Guidelines (SWGDOG) whose mission is to enhance the performance 

of working detector dogs used in law enforcement by top scientific standards [7, 8].  

Table 3. Examples of different drug dog certification standards from 2005 [8] 

 

This table shows common certification agencies and their passing guidelines that 

allow for their successful passing of assessments as of 2005 which is still applicable today. 

Training aid standards in all of these certifying agencies are limited to weight restrictions 

and type (real or pseudo) during certification. Most importantly there isn’t a specified 

length of time (age) requirement for narcotic training aids usage. Having a record timeline 

for each narcotic in terms of date obtained, usage, and replacement date can provide 

enhancement with narcotic training aids. Depending on the type of training aid employed, 

different challenges may arise. Handling the training aid involves transportation cost, 

acquisition, and proper chain of custody for controlled target odors such as narcotics and 

human remains. Proper storage of the training aid is a necessity to contain the vapor 
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concentrations for the training aids’ purpose. “Improper storage age could allow 

contamination of source and associated material, thereby rendering the target odor mostly 

useless” [7]. The proper type of storage vessel to contain training aids are followed by the 

SWGDOG restrictions which explain that a proper storage vessel prevents permeation of 

odor either into or out of the storage container [2]. In terms of a training aid’s lifespan, 

some certification associations suggest replacement after 2-3 years but isn’t required, 

therefore some training aids have been kept for much longer periods. Training material 

approved guidelines that should be incorporated/ continue to be incorporated amongst 

narcotic dog certifying agencies can be seen in Table 4. SWGDOG Approved Guidelines.  

Table 4. SWGDOG Approved Guidelines SC8 Substance Dogs: Narcotics training 

materials. [7,8] 

 

4. Training Materials 

4.1. The training materials shall be packaged in a manner safe for the canine 

throughout training. 

4.2. The training materials shall be maintained in a manner to avoid loss or 

destruction. 

4.3. Materials shall be stored in a manner that prevent s odor contamination or 

physical contamination, i.e., the materials shall be stored in separate labeled 

containers. 

4.4. Training materials shall be obtained from a reliable and documented source 

such as the DEA lab. 

4.5. Required security procedures pertaining to the training materials shall be 

followed according to local, state and federal laws. 

4.6. Required substance registrations shall be current and accurate records 

maintained. 

4.7. Training materials shall be replaced every 1-3 years, sooner if contaminated or 

compromised. 

4.8. Disposal/destruction of the training aids shall follow local, state and federal 

guidelines. 

 

Having training aids that are different in ages can explain possible canine alert 

performances when working in the field due to ages ranging from months to years where 
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odor levels fluctuate. Understanding the chemical vapors emanating at different time 

ranges can show what chemicals are present to dictate if a canine will make an alert or not.  

1.3 Canine Scent Detection  

 Canines use their sense of smell to identify narcotics. Odor detection has become 

an area of importance for research in forensic science due to its application on the field and 

legal communities. Odor is the chemical mixture of volatile compounds that stimulate 

neurons in the olfactory system [7]. Understanding what K9s are smelling in terms of 

chemical odor vapors can better help law enforcement to enhance training regimens. To do 

so having a basic understanding of the anatomical aspect of dogs (Canis familiaris) is the 

first step. The canine’s olfactory system is famous due to its physiological capabilities. 

Many biological organisms have strong olfaction (smell) capabilities but none as common 

as dogs when it comes to putting their noses to actual field work with military and police 

agencies.  

A canine’s nose has many functions such as: respiration, water balance, temperature 

regulation, recycling tears and detecting odorant molecules [9]. After many centuries of 

evolutionary and physiological development canines have a powerful way of 

distinguishing chemicals known as chemoreception via the nose (olfaction), taste 

(gustation) and (enteroception) the detection of chemicals inside the body. The overall 

anatomical structure of canines varies from breed to breed with some having larger bones 

of the muzzle (nose area) and some very small. However, the larger the muzzle of the dog 

the more surface area for the tubular cavity (where air passes through toward the lungs) for 

larger amounts of chemicals to be detected. The nostrils and nasal passages (turbinates) are 

the main doorways for how odor from the external environment is introduced into the 
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canine. Odor is made up of multiple chemicals carried by water vapor within the 

surrounding air, so factors such as humidity and temperature have an impact on how 

narcotic odor changes in different environments. Each chemical delivers its own quantity 

of odor and identity within the air. Within the turbinate are olfactory receptor cells (ORC) 

which are specialized cells that have attached olfactory receptors (OR) which act as 

passages for sending messages to the brain. The OR sends an electrical signal toward the 

brain for identification. The electrical signal is then sent to the olfactory bulb in the brain 

via the olfactory nerve (Cranial Nerve I) [2, 9].  

 The number of substances detector dogs are trained to detect vary depending on 

the type of detector dog and the corresponding agency. However, most detector dogs are 

trained to find multiple odors. In odor discriminatory studies such as Williams et al. (2002), 

researchers have shown that previously learned odors did not decrease as the number of 

substances trained increased. Researchers showed this by training dogs to detect a total of 

10 new odors with continuous refresher trainings of previously learned odor. There was a 

10- day gap between learning new odors. Ultimately, the study wanted to see if there were 

any effects of training multiple targets for detection on new targets and retaining old 

targets, significantly there was none [10]. This is important to show that canines have a 

powerful discriminatory sense of smell and can detect and remember multiple types of 

odors consistently. Agencies will train narcotic detector dogs on multiple drugs while still 

obtaining proper reliability.  

Access to training aids is a challenge in itself and very difficult. Other canine 

training aids such as cadaver training aids, have similar difficulties. There are many 

regulations and restrictions that are put in place since the training aids most law 
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enforcement use are real human remains as training aids. In the study of DeGreeff et al. 

(2012) researchers explain that access to appropriate training aids is a common issue among 

human remains detection (HRD) canine handlers, due to overly strict legal restrictions, 

difficulty in access and storage, and the potential biological hazards [11 and 12]. Once 

access has been granted handling the training aids become a challenge. The type of training 

aids HRD are working toward involve a non-contact, dynamic air-flow odor concentration 

onto sorbent materials. The idea of using the same chemical odor from a real training aid 

is a common theme for different types of canine detection.  

Other training aids for detection dogs such as explosives have a different approach 

in research. For explosive training aids, much like narcotics, strict regulations and safety 

precautions must be followed in order to handle them. In emerging research, such as the 

study of Moore et al. (2011) explores how to “establishes a need for non-explosive canine 

training aids with the same volatile component profiles as the explosives that they 

represent” [13]. To do this, researchers use instrumentation in Automated Training Aid 

Simulation using SPME (ATASS) to identify volatile compounds but also monitor changes 

in the headspace profile over time, with respect to time and temperature [13]. Three types 

of explosives were used and headspace vapors collected where results confirmed that with 

the use of ATASS a better understanding of the major volatile components change over 

time. This research can then enhances the creation of canine training aids for explosives 

where odor mimics of hazardous material can be used instead of actual hazardous material. 

This study also shows that change over time does occur in the headspace of the target odor, 

which is why evaluation by the lifespan or age of narcotic training aids must be looked at 

more in depth. 
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1.3.1 Scent evidence in court   

 Narcotic Detector dogs have shown how valuable they are by their record in 

detecting drugs over the years. During the 1980s at the U.S. border patrol station in El Paso, 

Texas, 12 drug sniffing dogs detected over $100 million dollars in narcotics and over $1 

million in drug contaminated cash [14]. Since then the use of drug sniffing dogs has 

continued to be just as successful. Judicial admissibility of scent evidence arises in court 

when probable cause is challenged, mostly with: vehicle searches, reasons for searching, 

the qualifications of the dog, justification of the alert by the dog or the handler, and handler 

bias in cueing the dog to alert [15]. This is when defense lawyers want to know about the 

dog’s training and performance history to show how proficient the canine is. One of the 

first judicial cases that involved acceptance of narcotic dogs was back in 1973 where a 

California case accepted scent evidence for a dog detecting marijuana. The reason the court 

accepted this evidence even though no reported cases involved detector dogs as marijuana 

detectors, was their proven acceptability into the court as tracking/ trailing dogs [16]. 

Today the courts generally view narcotic detector dogs as reliable, however violation to 

the fourth amendment with right to privacy, has recently been challenged. The U.S. 

Supreme court explains that the use of dogs is not a search and provides no bias to examine 

inanimate objects since their only objective is to indicate if an item contains contraband 

[17]. The indications or alert given, may then provide probable cause to issue a warrant, 

open the container etc. to conduct a further search.   

  1.4 The Development of canine narcotic detector dogs   

 For centuries canines have been utilized as man’s best friend with assisting humans 

in basic needs such as hunting and protection. Throughout history canines have continued 
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this pattern in warfare for the Egyptians, Greeks, Assyrians, Persian and Roman armies as 

front line attack [18]. Usage of canines for law enforcement began to appear with cases 

such as Jack the ripper back in the late 1800’s where tracking of humans could be presented 

to a jury.  United States law enforcement canines have come a long way in development 

for court usage and homeland security since the 1900s. World War I influenced the general 

use of dogs during the war on both sides but it wasn’t until the 1970s that canine use for 

narcotic detection officially became of interest when large amounts of drugs started coming 

across the U.S. southern border. This is when the establishment of the Experimental 

narcotic detector dog training program began at Lackland air force base in San Antonio, 

TX [14].  

The event proved significant because within the same year Los Angeles 

incorporated the first K9 narcotic unit, where many followed. Since then, agencies all over 

the United States utilized K9s within their task force. This is because detector dogs are 

advantageous due to their mobility, self-directing, self-sampling-quick response, real-time 

biosensors that use subtle changes in the concentration of odors to find an odor source 

under difficult field conditions [2, 15, 18]. Today detector dogs have many functions such 

as assisting with locating evidence, intercepting contraband and smuggled items, locating 

missing persons and recovery of remains [15]. Although many practices and handling 

protocols are still much the same as they were 50 years ago within the United States, 

technological advances into the 20th century has allowed for further scientific investigation 

on canine usage regarding scent and drug detection.  
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1.5 Narcotics  

 Throughout history the United States has tried to outlaw the use of addictive and 

abused drugs with many different types of drug laws. However, during the 1960s abuse of 

drugs and drug smuggling began to spike out of control and President Nixon’s war on drugs 

began. The Controlled Substances Act (CSA) enacted as Title II of the Comprehensive 

Drug Abuse Prevention and Control Act of 1970 was created as a single drug law that 

combined all prior laws into one Federal compliance.  The purpose for this law was 

designed to regulate the lawful manufacture, possession, and distribution of select plants, 

drugs, and chemical substances under federal jurisdiction. The CSA places all substances 

in one of five categories, (where category one is considered most harmful) based upon the 

substance’s medical use, potential for abuse, safety, and dependence liability [19]. Table 5 

is a summary explaining the key five drug schedules, their requirements and drug examples 

[19, 20].    
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Table 5. Summary of CSA Schedule 1-5 drugs [19, 20] 

 

 This system of categories is also known as ‘schedules’ which aids state legislatures by 

referring to a drug class rather than listing all substances when creating state drug laws in 

compliance with the CSA. This means that state drug laws can be further be specified by 

each state but may not override or conflict with the CSA standards. If substances need to 

be added, changed, or deleted from their current schedules it must be approved by the Drug 

Enforcement Administration (DEA) [19].  
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The DEA was created to manage the regulation of drugs as a result of the CSA by 

President Nixon in 1973[19]. The DEA along with the Department of Homeland Security 

and other government agencies work with state and local law enforcement in special tasks 

to help stop drug trafficking and gang related drug violence all over the nation. The 

manufacturing of illegal drugs is a felony and during the 1980s the amount of federal drug 

convictions more than doubled. This is when Congress passed the Comprehensive Crime 

Control Act of 1984 which enhanced penalties for CSA violations and amended the CSA 

general felony drug violations. Although each state has their own specific drug laws 

regarding fines and jail time, the common goal of punishment in crime control is to reduce 

drug abuse and drug smuggling all over the U.S.  Major players of drug crime in the past 

and today are heroin and cocaine which are the focus of this study. Regardless of 

implementing severe drug laws they  remain large drugs of abuse in drug trafficking, 

therefore understanding the scientific components of these drugs only enhances canine 

detection training for  real world situations [19, 21]. 

 1.5.1 Cocaine   

 Cocaine, a naturally occurring alkaloid, is derived from the coca plant and other 

plants stemming from the Erythroxylum genus [22].  Central and northern Andean Ridge 

is where the coca plant was cultivated in locations such as Peru, Bolivia, Colombia, Brazil, 

Argentina and other surrounding areas. During the early 19th century German Scientist 

Albert Nieman first isolated cocaine from the plant [23]. There are two different forms of 

cocaine. The first form is in its salt white powder state known as ‘cocaine hydrochloride’ 

where the substance is typically snorted through the nasal passage or dissolved with water 

and injected. The second form is made using the cocaine hydrochloride salt then boiling it 
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with an alkaline solution (sodium hydroxide or ammonia) in water. The solvent is then 

evaporated leaving almost pure white colored cocaine crystals commonly known as ‘crack 

cocaine’ which can be smoked directly. Pharmacodynamics effects include an increase of 

dopamine and norepinephrine production in the Central Nervous System (CNS) resulting 

in psycho stimulation of euphoria, pleasure and awareness [23]. Cocaine is classified as a 

CSA Schedule II drug since it does have medical usage in surgery anesthesia but is largely 

abused leading to addiction and possible death. Cocaine is a major threat and encompasses 

a major area of focus in canine narcotic detection. Figure 2. depicts the chemical structure 

for Cocaine [24].  Figure 3 illustrates the different physical forms between cocaine (HCL) 

and crack cocaine [24] 

 

Figure 2. Chemical structure of cocaine [24] 

 

 

(a) Cocaine (HCL)            (b) Crack Cocaine 

Figure 3. Physical forms of a) Cocaine HCL b) Crack Cocaine [22] 

 

http://www.newworldencyclopedia.org/entry/File:Kokain_-_Cocaine.svg
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1.5.2 Heroin 

 Heroin is man-made by natural based morphine derived from opium poppy seeds 

of Papaver somniferum plants. Morphine was first identified as the main chemical 

substance of opium in 1803 and medically has been used as a pain reliever ever since [23]. 

Opium poppy plants were initially grown in Mexico, Colombia, southeast and southwest 

Asia. Heroin is made by taking the raw opium from the poppy plant seeds where morphine 

is extracted, added with  

acetic anhydride (acetylated) which produces diacetylmorphine (heroin). English Chemist, 

Alder Wright first synthesized heroin’s production in the late 1800s [20]. There are several 

forms of heroin based on the manufacture that can be seen in Table 6. [25] 

Table 6. Characteristics of the different types of Heroin [25] 

Brown Heroin

 

Brown heroin, 

or diamorphine base, is 

the result of the first 

stage of purification of 

impure 

diacetylmorphine. 

 

White Heroin

 

White heroin, or diamorphine 

hydrochloride, is the most 

refined heroin on the market. 

The purification process 

involves ether and 

hydrochloric acid 

Black Tar Heroin 

 

Black tar heroin is 

resulting from the 

incomplete acetylation of 

morphine. It is rarely seen 

on the street today 

 



Texas Tech University, Lauren A. Alejandro, May 2018 

20 

 Heroin can be injected (most common), snorted, or smoked depending on the form chosen. 

Once heroin enters the brain it rapidly binds to opioid brain receptors where it metabolizes 

into morphine. Effects include analgesia, euphoria, respiratory depression, and pinpoint 

pupils. Heroin is CSA Schedule I drug because there is no current accepted medical usage 

where morphine is a CSA Schedule II drug due to its accepted medical use. [23, 25] 

 

Figure 4. Chemical structure of Heroin [26] 

1.6 Principles and Applications of Narcotic VOCs  

Volatile Organic Compounds (VOCs) are chemicals that contain carbon and can 

easily become vapors or gases [28]. Analytical research in VOCs for narcotics has become 

a large area of focus for canine narcotic detection as technology advances. The importance 

of investigating VOCs released from drugs is used in the advancement of detection 

training, safety measures, and validity usage. A large amount of research has discovered 

that the chemical compounds canine are alerting to with illicit drugs are not always the 

parent compound but the most dominant chemical odor. For example, in a study conducted 

by Lorenzo et al. researchers found methyl benzoate to be the active odorant, which is the 

dominant VOC causing canines to alert for cocaine even though it is a by-product and not 

the parent compound [29]. Table 7. illustrates the primary and secondary odors found in 

largely abused drugs [20].   

 



Texas Tech University, Lauren A. Alejandro, May 2018 

21 

 

 

 

Table 7. Primary and secondary odor compounds for drugs [20] 

 

Understanding and identifying the active odor signatures of drugs further adds 

validation for canine detection when challenges arise in court such as with currency. Due 

to the large amount of drug smuggling/trafficking studies have shown approximately 14.5 

micrograms of cocaine is on most USA currency [30]. This led to the question of the 

possibility that narcotic detection canines would alert to currency that contain similar odor 

signatures with drugs. Furton et al [31] conducted field test with drug detector dogs to 

experiment if methyl benzoate would initiate an alert at microgram levels as reported to be 

on currency. His experiment incorporated the use of SPME-GC to evaluate the VOCs 

which concluded that the amount of cocaine reported on US dollars would be insufficient 

to signal an alert from a trained narcotic detector dog. Other studies involving similar odor 
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signatures of narcotics such as flowers that release methyl benzoate have proven narcotic 

detector dogs can distinguish the uniqueness of cocaine’s odor profile [32].  Evaluating 

VOCs of drugs with canine detection further proves their powerful discriminatory abilities 

for court challenges. Other ways VOCs have advanced narcotic detection is with 

investigation for pseudo narcotic training aids.  

 In 2008 Macias et al. compared real versus commercially available pseudos of 

marijuana and heroin by field tests and evaluating VOCs with SPME-GCMS. Researchers 

found none of the pseudo aids were reliably detected. One reasoning for this was that many 

of the commercial aids contain compounds that do not emit or create the same VOCs as 

the parent compounds in the real drugs [3]. In 2010, the same researcher group employed 

the use of Controlled Odor Mimic Permeation systems (COMPS) a technology which 

contains the chosen active odor in a permeable polymer bag. Piperonal, the active odorant 

of 3,4-methylenedioxy-N-methylamphetamine (MDMA or ecstasy) was used; 50g of 

piperonal COMPS and 25-35g of MDMA training aid tablets were tested in canine field 

test and SPME methods to evaluate the VOCs. This study ultimately showed that 100% of 

the canines alerted to the COMPS and 96% alerted to the real MDMA tablets [33]. Studies 

such as these show the importance of continuous research on VOCs released from illicit 

substances. That is why it is necessary to evaluate the VOCs by other factors such as time 

(age) of real and pseudo narcotic training aids to further advance  

The understanding and evaluation of odor signatures from different drug specimens 

is not novel in the analytical chemistry field. However, detecting VOCS in different 

training aids are a challenge. The study done by Rice et al. (2015), explains that there are 

small amounts of highly odorous compounds present in headspace of drugs, with very low 
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odor detection thresholds. This article describes the discrepancies between real and 

surrogate sample compositions when detecting drug odors. However, the only conclusion 

that could be made was, “there were no apparent correlations between concentrations” and 

that “drug quantity, age and adulterants can affect volatile organic compounds (VOC) 

emissions and their odor impact” [27]. Pseudo training aids are made by manufactures so 

the makeup tries to mimic the scent of a particular narcotic but is still a challenge to obtain 

in terms of VOC’s. Illicit street drugs are more complicated because concentrations are 

never the same in how they are produced and the wide range of distributors within the drug 

dealing world yields a multitude of different originating locations.  

 narcotic odor detection.  

Marijuana is another narcotic that is widely abused and has a known chemical 

profile. In the study of Wiebelhaus et al. (2016) marijuana plants emit volatiles that have 

distinguishing compounds such as α-santalene, valencene, and β-bisabolene. THC and 

cannabinol were also present in the headspace of marijuana [11]. In another study by 

Guerra-Diaz et al 2010, Dynamic Planar Solid Phase Microextraction−Ion Mobility 

Spectrometry was utilized for analysis of illicit drugs and explosives. The results of this 

study found VOCs signatures for : 3,4-methylenedioxymethamphetamine (MDMA) tablets 

resulting in the detection of 12−40 ng of piperonal, high explosives (Pentolite) resulting in 

the detection of 0.6 ng of 2,4,6-trinitrotoluene (TNT), and low explosives (several 

smokeless powders) resulting in the detection of 26−35 ng of 2,4-dinitrotoluene (2,4-DNT) 

and 11−74 ng of diphenylamine (DPA) [41]. 

In an examination study, Vu, D. et al (2001) studied headspace profiles of eleven 

methamphetamine (MA) samples analyzed using (SPME/GC-MS). One sample was 
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synthesized from the Drug Enforcement Administration (DEA) Southwest Laboratory and 

another a pharmaceutical-grade methamphetamine hydrochloride. The rest of the samples 

were illicit MA seizures from the Southwest U.S. border. The results indicated eighty-

seven different compounds identified from all the samples, but only seven occurred 

consistently in all seizure samples, and these are: acetic acid, benzaldehyde, acetophenone, 

P2P, 1-phenyl-1,2-propanedione (P12P), 3-phenyl-3-buten-2-one, 1-chloro-1-phenyl-2-

propanone. These results are important as they show that even though the same type and 

form of drug are evaluated, different compounds are emitted yielding seven compounds as 

key odor signatures. [43] 

In a study conducted by Lit et al (2006) Twenty-three dogs (11 live-only and 12 

cross-trained)  were given commands to search for live scent in four search areas containing 

different combinations of scent: no scent, live scent, cadaver scent, and live/cadaver scent. 

Each dog ran each search area twice. These results indicated that cross-trained dogs run 

into difficulty with live scent when cadaver scent or no scent was present. This means that 

cross trained dogs were able to identify the scent twice , recognizing the VOC’s odor 

pattern[63]. This study enforces the idea that even when odor is left residue odor can be 

present and canines can possibly detect it, through environmental contamination [63.] It is 

therefore important to evaluate VOC’s in drug odor because the same application can be 

applied to cross-trained drug dogs. Understanding how VOC changes over time can help 

identify how the canines are detecting such odors.   

1.7 Gas Chromatography-Mass Spectrometry (GC-MS) coupled with Solid Phase 

Micro Extraction (SPME)  
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 Gas chromatography (GC) is an analytical technique that is used in many broad 

scientific industries such as pharmaceutical, environmental, toxicology, chemical 

engineering, law enforcement and many more.  Samples with volatile molecular 

compounds that can withstand temperatures at or below 400 C in a gas or vapor phase can 

usually be analyzed by GC methods. Samples analyzed via SPME can be in the form of 

liquid or gas to which can be directly injected into the GC without sample preparation. 

Once injected, samples are volatilized at high temperatures between 250C-300C that are 

transferred by a carrier gas (Ar, He, N2 or H2) through a specified column. This study 

utilizes a 30m x 0.25mm x 0.25μm fused-silica tubular capillary GC-column manufactured 

by Restek Technologies. While the sample is continuously flowing through the column it 

will partition between the stationary phase and mobile gas phase until it is separated by a 

thin polymer film (specified in this column). Once separated molecules are directed toward 

the mass spectrometer (MS) detector to be identified by their own unique physio-chemical 

properties. The mass filter scans the fragmented sample through a designated mass range. 

The abundance of each mass is scanned at a particular time producing a mass spectrum 

[35]. A schematic of GC-MS can be seen in Figure 5. 
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Figure 5. Schematic of general GC-MS instrumentation [36] 

 The analytical method of GC-MS is often referred to as the ‘gold standard’ in 

forensic science due to its accuracy, simplicity, sensitivity, and versatility. The use of GC-

MS in testing illicit drugs has proven to be an ideal detection method by its scientific 

acceptance for court evidence and vast amount of published scientific studies [37]. Gas 

chromatography-mass spectrometry studies have identified many VOC’s signature 

chemical components in certain illicit drug odor for enhancement in police and military 

canine detection. Other studies exploring VOC’s by method of SPME-GC/MS in forensic 

applications include human hand odor [2,34,48,49,57] explosives [2,4,13,20,33,41,43,] 

cadavers [12,50-52,57] and storage devices [3,51,56].   

1.8 SPME Extraction Method   

 The solvent free extraction technique, solid phase microextraction (SPME), was 

created by Dr. James Pawliszyn in the 1990s. SPME is a versatile method that is primarily 

used for the extraction of volatiles and semi-volatiles. The simplicity of its framework 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDnuHM5sjYAhUGMyYKHfaABtQQjRwIBw&url=https://www.researchgate.net/figure/221927526_Schematic-of-a-GC-MS-system&psig=AOvVaw1_VdWBmbKuY-R8M8GZuW3B&ust=1515515833420694
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consists of a thin fused silica fiber coated with a polymeric stationary phase mounted in a 

modified syringe. Odor research has advanced significantly by this technique especially in 

forensic disciplines such as explosives, analytical toxicology, human identification, and 

illicit drug profiling. A main advantage of this technique is that it can perform 4 steps 

(sampling, extraction, enhancement, and introduction) into one solvent free step, while 

containing low detection limits (below 1ppb)   accuracy, and sensitivity. SPME is field 

portable for difficult samples to obtain that have strict regulations such as drugs. Samples 

can be in the form of solid, liquid or gas where virtually any source may be used for 

identification of VOCs [38]. When performing extraction with liquid samples SPME can 

be directly immersed in the sample or exposed to the area directly above the sample known 

as the headspace (HS) as seen in Figure 6 [35]. 

 

Figure 6. (a) SPME plunger (b) SPME principle for liquid and headspace application [35]. 

  Headspace extraction can be obtained by enclosing the sample in a vial or jar object 

where the VOC’s can be further concentrated for a faster equilibrium and extraction time.  
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SPME extraction occurs by the mass transfer of VOCs from the sample to the fused-silica 

fiber where it is enhanced and collected.  The fiber is then ready for injection into the GC-

MS for further analysis. The fiber coatings come in many different commercially available 

forms differentiated by polarity and fiber thickness[35-38]. For example a non-polar 

polydimethylsiloxane (PDMS) fiber is ideal for extraction of non-polar compounds where 

Polar Carbowax/divinylbenzene (CW/DVB) is designed for alcohols and other polar 

compounds. Studies have shown the bipolar fibre coated with 

Divinylbenzenecarboxen/polydimethylsiloxane (DVB/CAR/PDMS) to be the optimal 

fiber for  VOCs extraction of drugs where it’s manufacture target design are odors and 

flavors [38,39]. SPME is simple, cost-effective, rapid, field portable, and a solvent-free 

extraction technique that has revolutionized the scientific industry. Its broad applications 

in environmental, pharmaceutical, health, and aroma analysis leads to future advancement 

in odor detection studies. Figure 7. Shows the sequential steps in how VOCs are collected 

by SPME method and then analyzed by GC-MS.  

Figure 7. Sequential steps for SPME extraction and GC-MS results. 
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1.9 Thesis Study Objective  

The main purpose of this study is to evaluate both pseudo and real narcotic training 

aid odor signatures at various ages to see how they affect canine alert performance. 

Understanding how time plays a role in narcotic training aids can further enhance canine 

detection, a concept which had never been evaluated before. 

The hypothesis is that over time, the training aid vapors decrease in concentration 

and provide less of the chemical odor signature for the canines to detect, which thereby 

decreases alert performance. Furthermore, it is hypothesized that regardless of drug class, 

the decreased odor availability over time is a general trend for all training aids tested. In 

the proposed study, the hypothesis was tested both by instrumental and canine field testing. 

Using Solid Phase Microextraction coupled with gas chromatography-mass spectrometry 

(SPME-GC/MS), training aids were measured at the corresponding ageing period. The 

target odors to be tested included cocaine and heroin. Both pseudo and real narcotic training 

aids were used for the collection of headspace to see both the odor signatures and 

concentration levels the training aids were emitting. Concurrent to the instrumental 

evaluation, certified narcotic canine teams from the Lubbock Police Department were 

evaluated at the tested aging periods to observe canine alert performance in the field. Both 

instrumental and field tests were conducted over a 12 week period for both drug classes. 
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CHAPTER 2 

METHODOLOGY AND DATA ANALYSIS 

 

2.1 Materials and Methods  

All standard laboratory precautions are followed for the chemical analysis 

experimentation. The laboratory facility involved was Texas Tech Institute for Forensic 

Sciences. Large glass mason jars used for time optimization procedures and K9 field testing 

were 20 two qt. sized jars with specialized tight sealing aluminum lids (Anchor Hocking 

Co.). Five smaller 16 oz. glass mason jars were used for volatile organic chemical (VOC) 

extraction experiments with specialized tight sealing aluminum lids (Kerr Co.). Lids were 

punctured to create a 2 mm hole for placement of septum (Fisherbrand No.9). Each week 

for canine field testing, newly bought twenty 6 x 6 x 6 inch card board boxes were 

employed. Temperature and humidity measurements were taken from a hand held portable 

monitoring traceable hygrometer (Traceable Products Inc., ID 4040C) 

2.1.2 Real Narcotic Training Aids  

The real (fresh) narcotic training aids used in all experimentation are white powder 

heroin 28g and cocaine (HCL) 28g  made available by the local law enforcement agency- 

Lubbock Police Department (LPD) that are registered and provided by the Drug 

Enforcement Agency (DEA). Ten year (old) real narcotic samples were also made available 

by LPD, samples which were seized and registered for agency usage of the same type and 

weight; white powder heroin approximately 28g and cocaine (HCL) approximately 28g. 

All real narcotic training aids are individually wrapped and tied in clear plastic bags 

produced by unknown manufactures. Storage of all real narcotics include individual glass 

mason jars (different varieties of unknown manufactures) which are placed in individual 
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pelican cases. All narcotic pelican cases are then placed together in a large cloth zipper bag 

placed in a lock up safe at LPD. All real LPD narcotic training aids remain with LPD canine 

unit at all times due to strict DEA regulations. Therefore, SPME extraction experimentation 

for all real narcotics took place at LPD as explained in section 2.3.Table 8 shows extraction 

collection dates, and temperature, humidity factors of LPD environment during extraction 

time.    

 2.1.3 Pseudo Narcotic Training Aids   

Pseudo narcotic training aids of heroin, cocaine and blank were purchased from 

commercially available ScentLogix™ Narcotic K9 Scent Imprint Training Aids (Polymath 

Interscience LLC, Annapolis, MD). Heroin and Cocaine were bought as SLK-COKE-C 

(cocaine) and SLK-HERO-C (heroin) double aid kits. The blank was bought as SLK1-

BLANK (zero component blank) single aid kit. All ScentLogix™ Narcotics K9 Scent 

Imprint Training Aids are non-hazardous, non-explosive, non-narcotic and non-spillable 

thus safe to handle, transport and store. ScentLogix™ K9 Scent Kits are currently used by 

various federal police, military, state and private security firms in many countries [40]. 

Handling procedures include wearing non-latex gloves and carefully opening the top of the 

sealable odor-barrier pouch. All pseudos have their chemically engineered scent enclosed 

within a permeable canvas bag that is sewn closed. When not in use storage parameters for 

pseudos’ include keeping them in their individual reusable seal pouches in the fridge at the 

TTU Laboratory at 5°C.  As soon as the pack is opened, it is recorded as ‘week (0)’ for 

start time in collecting VOCs for the chemical analysis experimentation. In a controlled 

laboratory, humidity and temperature measurements are taken along with weight (g) 

measurements of the pseudos’. VOC extraction procedures are explained in section 2.3. 



Texas Tech University, Lauren A. Alejandro, May 2018 

32 

All compiled temperature and humidity data are depicted in Table 8 for each corresponding 

week of analysis. Table 8 includes the environmental conditions for all types of training 

aids in the study. 

 

Table. 8 Environmental conditions for all types of training aids 

 

WEEK (#) 

 

NARCOTIC 

TESTED 

PSEUDO 

MEASUREMENTS 

(IN LAB) 

REAL MEASUREMENTS 

(AT LPD SITE) 

WEEK 0 

 
COCAINE 

Humidity :70% 

Temp:17°C.   

Weight: 38.8g 

Humidity 27% 

Temp20.0°C.   

 

WEEK 0 

 
HEROIN 

Humidity 70% 

Temp 17°C.   

Weight: 49.01g 

Humidity 26% 

Temp20.9°C.   

 

WEEK 2 

 
COCAINE 

Humidity :70% 

Temp:17°C.   

Weight:38.4g 

Humidity 27% 

Temp20°C.   

 

WEEK 3 HEROIN 

Humidity 70% 

Temp 17°C.   

Weight:42.13g 

Humidity 26% 

Temp20.9°C.   

 

WEEK 5 COCAINE 

Humidity :70% 

Temp:16°C.   

Weight:37.34g 

Humidity 26% 

Temp19°C.   

 

WEEK 6 HEROIN 

Humidity 70% 

Temp:16°C.   

Weight:36.16g 

Humidity 24% 

Temp21.3°C.   

 

WEEK 10 COCAINE 

Humidity 70% 

Temp:16°C.   

Weight:37.3g 

Humidity 25% 

Temp19°C.   

 

WEEK 10 HEROIN 

Humidity 70% 

Temp:16°C.   

Weight:35.35g 

Humidity25% 

Temp19.5°C.   

 

WEEK12 COCAINE 

Humidity: 70% 

Temp:16°C.   

Weight:37.02g 

Humidity 27% 

Temp19.5°C.   

 

WEEK 12 HEROIN 

Humidity 70% 

Temp:16°C.   

Weight:34.89g 

Humidity 27% 

Temp19°C.   
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2.2 Participants and Experimental Procedure  

LPD has a total of 6 active canine teams. After an oral explanation of the study was 

given to the Sargent (Sgt.) LPD K9 officer in charge of the division, voluntary permission 

for their full assistance was granted. Texas Tech University (TTU) Institutional Animal 

Care and Use Committees (IACUC) approved the study as an observational study and 

therefore did not require a protocol number since no actual experimentation on the canines 

themselves will occur, only observations. Only 4 of the canine teams were able to 

consistently participate throughout the field observation tests. The other subjects could not 

participate due to temporary health reasons. The four canine teams that did participate 

throughout the entire study were all certified narcotic detector dogs under the National 

Narcotic Detector Dog Association (NNDDA) and handlers certified as LPD officers with 

extensive training.  More characteristic information about the four canine teams involved 

can be seen in Table 9.  For identification purposes the canines and handlers are assigned 

a random identification number or letter so that the data cannot be traced back to any 

particular team.  
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Table 9.  Canine Team Information 

   

For further protection of the identity of the canine teams, all field testing 

information collected were stored in a confidential location. The dogs are considered dual-

purpose dogs meaning they are qualified to perform more than one task, finding narcotics 

and acting as apprehension dogs. All dogs are weekly tested for proficiency of narcotics in 

real world locations, meaning there training takes place all over the city of Lubbock, 

inside/outside at random locations. All experimental field tests conducted in this study were 

at their normal proficiency training sites at random locations to simulate routine 

maintenance training conditions.  The field testing procedure can be seen in section 2.4 

tested to see which narcotic training aids (real fresh, real old, or pseudo) when hidden in a 

scent line up, would canines alert more to. Each week of field testing only one narcotic 

type (heroin or cocaine) was evaluated so proper focus of each narcotic training aid 

according to their age would be concentrated.  

The chemical analysis part of the study occurred first with determining the best 

SPME extraction time for the aged (real old narcotics) method in collecting Volatile 

K9 

(ID) 
F/M 

Age 

(yr.) 

Training 

(yr.) 

Length of 

training with 

old aids (yr.) 

Length of 

training with 

fresh aids 

Length of 

training with 

pseudo 

1 M 7 6 6 6 MONTHS N/A 

2 M 2 6 MONTHS 6 MONTHS 6 MONTHS N/A 

3 M 8.6 5 5 6 MONTHS N/A 

4 M 4 2 2 6 MONTHS N/A 
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Organic Compounds (VOCs). The best SPME extraction time was determined to be one 

hour and all SPME extraction methods for the rest of the experiment followed as explained 

in section 2.3. Within each week of field testing, chemical analysis for the target narcotic 

was evaluated via SPME. For example, within one day of week (0)-cocaine field testing, 

SPME extraction of real narcotic training aids (old and fresh) were obtained at LPD while 

pseudo (cocaine and blank) were obtained at the IFS TTU laboratory. Then all collected 

samples were ran through the GC-MS on the same day, within two days of sample 

collection to observe what volatiles were being emitted from the training aids during the 

field testing.  A schematic of a basic overview of the experiment can be seen in Figure 8. 
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Figure 8. Schematic of experiment methodology 

2.3 Instrumentation and Chemical Analysis Procedures   

The SPME fiber assembly, 50/30μm coated with divinylbenzene/carboxen/ 

polydimethylsiloxane (DVB/CAR PDMS) (Supelco, Inc., Bellefonte, PA), is used for 

headspace analyses of narcotic odor sample volatiles that has been proven for other volatile 

analyses [3,31,34]. Preliminary studies such as Cerreta, Rice, and Lorenzo utilized the 

PDMS  SPME fibers while studies such as Prada et al. have shown the (DVB/CAR PDMS) 

fibers to demonstrate better sensitivity then the PDMS alone [34]. General steps for 

collecting headspace of samples throughout this experiment can be seen in Figure 9.  The 

1. Determine 
SPME Extraction 

Time Optimization 

2. Collect VOCs of 
Training aids 

~ Simultanously ~ 

3. Conduct Field 
Test

4. Analyze data 

15 min. 

30 min. 

1 hr. 



Texas Tech University, Lauren A. Alejandro, May 2018 

37 

SPME fiber is 1 cm in length made up of fused silica attached to stainless-steel plunger 

known as a SPME holder (Supelco, Inc., Bellefonte, PA). The SPME holder shields the 

fiber inside its hollow needle until depressed where the plunger extends the fiber exposing 

it to the headspace of the sample. This allows for volatile organic compounds (VOCs) to 

adhere onto the fiber sorbent. Once the samples have been collected for the desired 

extraction time the fiber is retracted and then injected into the GC-MS for further analysis.    

 

 

Figure 9 Diagram of analysis with solid phase microextraction-gas chromatography 

(SPME-GC-MS) [39] 

 

Conditioning and cleaning of fibers were done to make sure they were free of 

contaminants prior to any sampling. Initial conditioning occurs by injection into the GC 

for 1 hour at 250 degrees C. On the day of or prior to the day which the fibers are to be 

sampled, the fibers will then be cleaned of contaminants. After cleaning the SPME fiber, it 

was placed in a small medicine bag enclosed with pre-baked aluminum foil for extra 

preservation.  

While the fibers were cleaning, the mason jars, lids, and septums were wiped with 

approximately 1mL of acetone and air dried. For one hour the Mason jars were put into the 

Scientific HERAThermo oven at 105 C. The lids were put in the oven for 30 min and the 
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septa were put in for 5 min. The lids are placed on the mason jars immediately after being 

taken out of the oven along with the septa. Table 10. shows each item’s sterilization times.  

After cool down, the jars, lids and septua, they are sealed with parafilm and placed into a 

bin to be taken to LPD. Other laboratory items also taken to LPD for instrumental 

evaluation included: gloves, parafilm, chemwipes, a sharpie, thermometer and the cleaned 

SPME fibers wrapped in aluminum foil. Weekly internal instrument inspections of the GC-

MS were conducted to make sure the instrument was working properly.  

Table 10. Mason jar, lid and septa sterilization process prior to training aid headspace 

sampling. 

 

Item Time in oven Temperature ◦C 

Mason Jars 1 hr. 105 

Mason jar lids 30 min. 105 

Septums 5 min 105 

 

2.3.2 Determination for Optimal time procedure  

  Determination for SPME extraction time selection occurred to determine the 

optimal parameter for method reproducibility, sensitivity, and ease of use.  After the 30 min 

equilibration time for each narcotic under analysis, three different extraction times were 

evaluated:   15 min, 30 min and one hour. After exposure time for each time increment of 

sampling, the SPME fiber is retracted back into the SPME holder and taken back to the 

laboratory. This method was used on the old samples of LPD narcotic training aids to detect 

the odor activity level emitting into the headspace. Based on abundance of chemicals, their 

retention times (RT) and peak areas (PA) the exposure time of 1hr. was determined to be 

the SPME optimal extraction time and used for all further chemical experimentation.  
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2.3.3 Narcotic (Real and Pseudo) Training Aid Extraction Procedures 

Divinylbenzene/carboxen on polydimethylsiloxane (DVB/CAR on PDMS) 50-/30-

mm Fibers (Supelco) were used to extract the volatile organic compounds from the 

Headspace in the small glass mason jars containing the narcotic training aids. Samples were 

allowed to equilibrate at room temperature for 30 min before extraction procedures. The 

extraction time was conducted at room temperature for 1 hr., which was previously 

determined to be the optimal extraction time. This method was used at LPD site for real 

narcotic (both fresh and old) training aids and the Pseudos’ were collected in the laboratory. 

All samples were collected on the same day. An Agilent 6890N gas chromatograph (GC) 

was used with a 5973 mass selective detector (MSD) to analyze the VOCs. The analytes 

were desorbed in the injection port of the GC with an inlet temperature of 250-C. GC 

Column and oven parameters for analysis of collected narcotic samples can be seen in 

Table 11.  

Table 11. GC Column and Oven Parameters. 

GC Column and Oven Parameters 

Carrier gas phase Helium (99.999%) at 1.0 mL /min flow rate and PSI 7.1 

Injector/ 

Temperature  250℃  with a 30 sec. injection time 

GCColumn program  

40 ℃  (hold 5 min) Ramp 10℃  up to 290℃  (1 min hold) Total analysis time 

31 min. 

Split ratio Split less  

Purge valve 1 min open, at a flow rate of 50 mL/min 

Detector  MS with mass scan range 40-500mu 

Scan mode  Full scan mode followed by SIM mode in sequential  
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2.4 Canine Field Testing Procedures   

LPD training aids were already in custody of LPD and ready for use. The pseudo 

and the pseudo blanks, were taken from the laboratory facility to the weekly designated 

training site in sealable pouches. The training aids were presented to the canines via an 

odor lineup consisting of four rows of five boxes by placing each sample on the floor, 

approximately 3m apart length and 4m width. The samples are placed in 6x6x6 inch 

cardboard boxes that hold the large 2qt mason jars without lids. The jars are sterilized in 

the Scientific HERAThermo oven at 105 C (for one hour) at the lab before being inserted 

into their individual box and taken to the training site. Each box was then cut with a small 

hole 1 inch by 3 inches so the canines could smell the samples within. All boxes without 

target odors contained blank sample mimics (which was a rolled up paper towel stuffed in 

a similar bag to the LPD drugs) so as to replicate any visual representation of the target 

containing boxes and reduce any visual cues to canines.  

The purpose was solely to see which narcotic age the k9 would alert more too (fresh, 

old, or pseudo) in field testing of each narcotic type (heroin/cocaine) that were tested 

separately.  All training aids were hidden approximately 30 min before the start of canine 

runs at designated LPD training sites. Each field test evaluated only one narcotic age group, 

for each of the tested canines. For example, one canine test will be for: LPD heroin old, 

LPD heroin fresh, pseudo heroin and pseudo blank training aids and the next field test day 

will be with cocaine training aids age group. The locations in which the samples are hidden 

within the odor lineup are randomized by computer software (Research Randomizer 

version 4.0) prior to training so that samples are switched positions (remaining in their 

initial placement box) between each canine test. The orders in which the canines enter each 
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test are randomized as well. The handlers were instructed to detail each sample in the lineup 

using their routine search patterns so that each of the 20 boxes is checked. The test was run 

double-blind, meaning that both the handler and evaluator did not know the correct 

outcome of the test. The total time given per test was 3 minutes. An example of the data 

collection form is seen in Figure 10. for both the observer and the experimenter as well as 

the layout for the scent lineup. The observer chart is filled out by the observer during the 

canine test to mark where the canine alerts, if there is no alert or if the canine is interested 

in a box. The master chart is filled out by the experimenter who hides the training aids 

beforehand. The evaluator then records other variables such as the humidity, temperature, 

start/end time of the canine test. Both data sheets are compared after all the canine testing 

is completed. Field testing continued every week upon LPDs availability throughout the 

12 weeks rotating between cocaine and heroin every week, as the training sample aged.  

 

(a) 

 



Texas Tech University, Lauren A. Alejandro, May 2018 

42 

 

 

 

(b) 

Figure 10. (a) Observer chart filled out during canine test (b) Master chart filled out before 

each canine test 

 

2.5 Data analysis   

 A multi-factorial ANOVA analysis was conducted using JMP Pro 13.2.1 (2016 

SAS Institute Inc.) to determine if there is any interaction effect between multiple 

independent variables on continuous dependent variable(s). All models were run with an 

alpha of p <0.05 as the cut-off for significance, meaning likelihood that a relationship 

between two or more variables is caused by something other than random chance. The 

independent variables in this study are age (time) and narcotic type (fresh, old and pseudo) 

and dependent variable the VOCs relative peak areas [64]. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

 
3.1 Optimal SPME extraction time method  

The main objective of this study is to evaluate both pseudo and real narcotic training 

aid odor signatures at various ages to see how they affect canine alert performance. 

Therefore, before conducting the aging study among the training aid types, determining an 

optimal SPME extraction time was crucial in the instrumental optimization methods.  

Divinylbenzene/Carbon/ Polydimethylsiloxane (DVB/CAR/PDMS) coated Solid Phase-

Microextraction (SPME) fibers were used to extract the narcotic headspace and sterilized 

prior to use by GC-MS. Sterilized fibers had chromatograms with no peaks present to show 

that all VOC peaks after extraction were solely from the extracted narcotic headspace. After 

the 30 min equilibration, different extraction times of 15 min, 30 min and 1hr. were 

evaluated of the old and fresh real Lubbock Police Department (LPD) heroin and cocaine 

training aids at LPD site (as explained before in the methods section 2.3.2.). Figure 11. 

shows the total ion chromatograms for an old cocaine sample at each evaluated extraction 

time. an example of how time optimization was determined.  
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Figure 11. Total Ion Chromatogram (TIC) in time increments of 15 min, 30 min. and 1hr. 

collection 10 yr. old cocaine (HCL) 28g. 

 

Figure 11 shows all three extraction times evaluated for old cocaine, depicting 

optimal extraction time as one (1) hour for odor collection as depicted by both number of 

compounds detected as well as chemical abundance. 1 hour was the longest time made 

available for onsite VOC extraction with LPD and therefore kept constant with lab 

parameters. This extraction result was seen in all narcotic drug types and ages (old/fresh) 

evaluated to determine the optimal extraction time.  Chemicals that had a minimum quality 

of over 80 % in abundance were considered optimal VOC’s detected at the one hour. 

Optimal VOC’s present for both age groups of narcotic types can be seen in in Fig 12.  

15 min. 

30 min. 

1hr. 
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(a) Cocaine      (b) Heroin 

Figure 12. Optimal VOC’s for fresh and old (a) cocaine and (b) heroin  

 A major difference was observed in the overall compounds present as shown from 

the Total Ion Chromatograms between the ages in both narcotic classes. The findings 

include odor volatiles from various functional groups in each narcotic class exhibiting 

different odor profiles as a factor of age, considering only compounds with detection 

threshold over 80% in abundance. High abundance chemicals that were present in both 

aged and fresh narcotic samples of heroin: 4-cyanocyclohexene and limonene. High 

abundance chemicals that were present in both aged and fresh narcotic samples of cocaine 

were: benzaldehyde and 1,3-dimethyl benzene. Cocaine or heroin chemical parent 

compounds were not directly detected by the GC/MS in the optimal extraction testing. 

(a) 
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However their derivatives were detected. There are many reasons why the actual drug itself 

was not detected which will be discussed further in this section.    

 

(a) fresh        (b) old 

Figure 13.  TIC of (a) Fresh narcotics at 1hr. compared to TIC of (b) 10 year old 

narcotics at optimal time (1hr.) 

 

  

Cocaine  

Heroin  

Cocaine  

Heroin  
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3.2 Instrumental Evaluation of Real and Pseudo VOC 

 

3.2.1 Cocaine  

Cocaine training aids were evaluated for up to 12 weeks. The Total Ion 

Chromatograms (TIC) of can be seen Figures 14-18 where optimal volatile organic 

compounds (VOC), over 80% in quality, are identified. Each TIC figure displays 

cocaine’s pseudo, old, and fresh narcotic training aid type for each evaluated week.  

 

  

 

 

 

 

 

 

 

Figure 14. Week 0 VOC collection (a) pseudo (b) old (c) fresh 

Figure 15. Week 2 VOC collection (a) pseudo (b) old (c) fresh 

(a) 

(c) 

(b) 

(c) 

(a) 

(b)  
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 Figure 18. Week 12 VOC collection (a) pseudo (b) old (c) fresh 

Figure 16. Week 5 VOC collection (a) pseudo (b) old (c) fresh 

Figure 17. Week 10 VOC collection (a) pseudo (b) old (c) fresh 

(a) 

(b) 

(c) 

(c) 

(b) 

(a) 

(b) 

(a) 

(c) 
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Figure 14 highlights multiple odor volatiles present with 8 VOC’s for the fresh, 6 

VOC’s for the pseudo and 3 VOC for the old cocaine training aids at Week 0. The fresh 

demonstrates the highest number of VOCs for that week. Benzoic acid first appears in 

Week 0 and occurs frequently in the pseudo (only) as the weeks continue. Ethanol, 2-

butoxy-, benzene, 1,3-dimethyl-, and p-xylene begin to occur in the fresh here. Figure 15 

shows 5 VOC’s for the fresh, 8 VOC’s for the pseudo and 0 VOC for the old cocaine 

training aids at Week 2. The VOCs that showed up in week 2 for the pseudo are all different 

from the VOCs from week 0. Ethanol, 2-butoxy-, benzene, 1,3-dimethyl-, and p-xylene are 

present in pseudo for week 2. Figure 16 shows 5 VOC’s for the fresh, 3 VOC’s for the 

pseudo and 0 VOC for the old cocaine training aids at Week 5. The old cocaine type 

continues to show no optimal VOCs in week 5 and the fresh stays consistent with ethanol, 

2-butoxy- present. The pseudo decreases from 8 to 3 VOCs between weeks. Figure 17 

shows fresh increased to 15 VOC present, old with 1 VOC and pseudo with 3 VOCs. 

Ethanol, 2-butoxy-, and benzene, 1,3-dimethyl-, continue to frequently occur in fresh and 

pseudo Figure 18 shows old cocaine emitting very low peaks. Fresh and pseudo show 

consistent peaks and T.I.C throughout all the 12 weeks. The amount of VOCs increase and 

decrease throughout all narcotic types throughout the weeks. The collection technique with 

the real and pseudo stayed the same throughout all 12 weeks. The number of VOCs present 

each week can be seen in Figure 19.  
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Figure 19 demonstrates the fluctuation of VOCs seen in the headspace of all cocaine 

types in relation to their week. There were no direct sampling issues during the 12 weeks 

but there is always a possibility for contamination in transferring SPME fibers from lab to 

an onsite collection, especially when the collection site is constantly changing.  The VOCs 

decreased between weeks 0 and 5 for fresh cocaine, with one large increase at week 10. 

The pseudo cocaine fluctuated in the number of volatiles detected between above/below 5 

VOCs throughout the 12 weeks. The old training aid never had above 3 VOCs present. 

Table 12 shows the specific VOC’s present over the 12 week period and how frequent they 

occurred throughout the narcotic types. Average Retention times are shown for each 

chemical compound throughout the 12 weeks.   In cocaine’s VOC evaluation, fresh training 

aid had the following volatiles occur multiple times: ethanol, 2-butoxy-, benzene, 1,3-

dimethyl-, p-xylene, and benzene, 1,2-dichloro-. Pseudo and fresh shared the following 

VOCs: ethylbenzene, p-xylene, benzene, 1,3- dimethyl-,ethanol, 2-butoxy-, benzaldehyde 

and 2-propenoic acid, 3-phenyl-, benzoic acid, methyl ester-, Phenol was detected in both 

fresh and old training aid types. Due to the high frequency of occurrence across multiple 

Figure 19. VOC’s seen in cocaine’s headspace odor profile over 12 weeks.  
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cocaine types: ethanol, 2-butoxy-, benzene, 1,3-dimethyl-, p-xylene are considered primary 

VOCs in this study and were selected for further statistical evaluation.     

As mentioned above, for all types of cocaine training aids, high frequency 

occurrence compounds were selected for further analysis. This was performed in order to 

evaluate how the abundance of these volatile organic compounds were affected by 

variables such as type of aid and age. The following compounds were selected for this 

multi-factorial ANOVA modeling: 2-butoxy ethanol, benzene, 1,3-dimenthyl, and p-

xylene. They can be seen in the following figures 20-22 that follow All models were run 

with an alpha of p <0.05 as the cut-off for significance.  

For 2-butoxy ethanol, there was no significant difference for either type of training 

aid (p= 0.1049) or age (p = 0.5292). The linear square plots for both age and type can be 

seen in Figure 20. As can be observed, there was a slight increase in abundance for this 

compound in the pseudo training aid type, however, not enough for statistical significance. 

As far as age is concerned, week 12 had the highest average abundance across all types, 

but again, not yielding any statistical significant results as per the ANOVA modeling 

conducted.  

For benzene, 1,3-dimethyl-., there was no significant difference for either type of 

training aid (p= 0.1812) or age (p = 0.4637). The linear square plots for both age and type 

can be seen in Figure 21. As can be observed, there was a decrease in abundance for this 

compound in the fresh training aid type, however, not enough for statistical significance. 

As far as age is concerned, week 0 had the highest average abundance across all types, but 

again, not yielding any statistical significant results as per the ANOVA modeling 

conducted.  
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For p-xylene there was statistical significant for the type of training aid (p= 0.0266) 

but no statistical significance for the age (p = 0.4617). As can be observed in Figure 22, 

there was an increase in abundance for this compound in the fresh training aid type. Thus 

indicating a difference in chemical odor profile which could therefore impact the odor 

picture being presented to the canine. P-xylene has never been identified as a target odor 

signature for cocaine, however, this could represent a foundational perspective for further 

study in the concentration of this compound above cocaine samples. As far as age is 

concerned, week 12 had the highest average abundance across all types, but again, not 

yielding any statistical significant results as per the ANOVA modeling conducted. 

  



Texas Tech University, Lauren A. Alejandro, May 2018 

53 

 

 

Table 12. Frequency of Cocaine’s optimal VOC’s Overtime. 

 

 Avg.  RT VOCs Freq.  

(min.) Chemical Compound pseudo fresh old pseudo fresh old pseudo fresh old pseudo fresh old pseudo fresh old #

3.42 Acetic acid, propyl ester X 1

9.91 4-Piperidinepropanoic acid X 1

15.11 3-Phenyl-2-propyn-1-ol X 1

15.55 Methyl cinnamate                    X 1

16.77 3-Methyl-benzofuran X 1

13.93 Benzoic acid X X X X 4

5.11 1,5-Heptadien-3-yne X X 2

5.19 Toluene  X X 2

8.42 Ethylbenzene X X X 3

8.20 p-Xylene X X X X X 5

9.72 Benzene, 1,2-dimethyl- X X X 3

8.59 Benzene, 1,3-dimethyl- X X X X X 5

15.76 Pyridine, 2-ethyl-4,6-dimethyl- X X 2

7.07 Ethanol, 2-butoxy- X X X X X X X 7

12.11 2-Butoxyethyl acetate X X 2

14.67 2-Propenoic acid, 3-phenyl-, methyl ester X X X 3

13.04 Phosphonic acid X 1

11.70 Phenol X X X 3

8.41 Benzene, 1,2-dichloro- X X 2

13.17 Triethyl phosphate X 1

17.48 Cyclodecane, methyl- X  1

8.53  Benzaldehyde X X X 3

10.93 Benzoic acid, methyl ester X X X X 4

11.93 2-Bromocycloheptatrienone X 1

12.02 Benzene, methyl- X 1

4.56 1,5-Hexadien-3-yne, 2-methyl- X 1

10.66 Benzene, 1,3-dichloro- X 1

10.77 Pyridine, 2,3,5-trimethyl- X 1

12.04 Decane, 3,6-dimethyl- X 1

14.75 Pentadecane X 1

13.47 Benzoic acid, ethyl ester  X 1

7.92 1,3-Cyclopentadiene,5(1methylethylidene) X 1

Week 0 Week 2 Week 5 Week 10 Week 12 
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Figure 20: Least Square Mean Plot Results for 2-butoxy ethanol 

 

Figure 21: Least Square Mean Plot Results for 1,3-dimethyl benzene, 

 

Figure 22: Least Square Mean Plot Results for p-xylene 
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Figure 23.  Relative peak areas in % ratio of VOCs overtime. 
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3.2.2 Heroin   

Heroin training aids were evaluated for up to 12 weeks at optimal headspace 

extraction time of 1 hr . The Total Ion Chromatograms (TIC) of can be seen in the following 

Figure 24-28. Each TIC figure displays heroin’s pseudo, old, and fresh training aids 

evaluated per specified week.  

 

 

  

Figure 24. Week 0 VOC collection (a) pseudo (b) old (c) fresh 

 Figure 25. Week 3 VOC collection (a) pseudo (b) old (c) fresh 

(a) 

(b) 

(c) 

(c) 

(b) 

(a) 
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Figure 26. Week 6 VOC collection (a) pseudo (b) old (c) fresh 

Figure 27. Week 10 VOC collection (a) pseudo (b) old (c) fresh 

Figure 28. Week 12 VOC collection (a) pseudo (b) old (c) fresh 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 
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Figure 24 highlights multiple odor volatiles present with 3 VOC’s for the fresh, 3 

VOC’s for the pseudo and 3 VOC for the old heroin training aids at Week 0. Phenol begins 

to appear in the in the fresh and the old types at the beginning and occurs frequently 

throughout the weeks. The old also consist of ethanol, 2-(2-ethoxyethoxy) and 5-decane 

which only occur this week. Figure 25 shows 1 VOC’s for the fresh, 3 VOC’s for the 

pseudo and 0 VOC for the old heroin training aids at Week 3. Benzaldehyde is only seen 

here in week 3 in pseudo and fresh types throughout the study.  Phenol occurs in the pseudo. 

Figure 26 shows 1 VOC’s for the fresh, 4 VOC’s for the pseudo and 0 VOC for the old 

cocaine training aids at Week 6. Undecane, 3-methyl- is the only VOC seen in fresh this 

week. Phenol continues to occur in pseudo along with ethanone,1-(2-hydroxyphenyl)- for 

this week.  Figure 27 shows 3 VOC’s for the fresh, 4 VOC’s for the pseudo and 2 VOC for 

the old heroin training aids at Week 10 phenol continues to occur in the pseudo and in the 

old for this week. Figure 28 shows 8 VOC for the pseudo, 3 VOCs for the fresh and 3 for 

the old heroin types at the last week 12.  Pseudo heroin had consistent peaks with similar 

T.I.C throughout all 12 weeks where fresh and old fluctuated.  The specific number of 

optimal VOCs present each week can be seen in Figure 29. 
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Figure 29. Demonstrates the fluctuation of VOCs seen in the headspace of all heroin types 

in relation to their week. VOCs decreased between weeks 0 and 6 for fresh heroin, with an 

increase at week 10. The Pseudo heroin fluctuated in abundance above and below 4 VOCs 

throughout the 12 weeks. At week 12 the pseudo had the highest VOCs. The old never had 

above 3 VOCs present. Table 13. shows what specific VOC’s are present over the 12 week 

period and how frequent they occur throughout the narcotic types. Average retention times 

are shown for each chemical compound throughout the 12 weeks in table 13 as well. In 

heroin’s VOC evaluation: all narcotic types shared and repeated: ethanone,1-(2-

hydrophenyl)-. Pseudo and old shared: phenol. Fresh and old shared: undecane 5-methyl.  

Due to the frequency and variation between the heroin types: ethanone,1-(2-hydrophenyl) 

-, phenol, and undecane 5-methyl are considered primary VOCs in this study and must be 

looked at further.  
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Figure 29 VOC’s seen in Heroin’s headspace odor profile over 12 weeks. 
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Table 13.  Frequency of Heroin’s optimal VOC’s Overtime. 

 

 

Avg.  RT VOCs Freq.  

(min.) Chemical Compound pseudo fresh old pseudo fresh old pseudo fresh old pseudo fresh old pseudo fresh old #

10.56 Phenol X X X X X X X 7

3.65 Phenol, 2-ethyl- X 1

11.18 Paroxypropione X X X 3

3.75 3',4'-(Methylenedioxy)acetophenone X 1

3.60 Nonadecane X 1

11.25 Benzaldehyde X X X 3

10.59 Benzenesulfonic acid, 4-hydroxy- X X 1

13.93 Ethanone, 1-(2-hydroxyphenyl)- X X X X 4

14.86 Benzenemethanol X 1

5.71 Heptane, 2,4-dimethyl- X 1

10.69 Benzene, 1,3-dichloro-   X 1

11.27 Undecane, 5-methyl- X X X 3

11.27 Undecane, 3-methyl- X 1

10.78 Ethanol, 2-(2-ethoxyethoxy)- X 1

17.48 5-Decene, (E)- X 1

12.05 Heptadecane, 2-methyl X 1

12.24 Nonanal X 1

13.47 Benzoic acid, ethyl ester X 1

11.27 Undecane, 4-methyl- X 1

7.17 Benzene, 1-chloro-4-(trifluoromethyl)- X 1

14.47 Benzothiazole X 1

14.85 Phenol, 4-ethyl- X X 2

13.95 Ethanone, 1-(4-hydroxyphenyl)- X 1

14.37  Phenol, 3-(1-methylethyl)- X 1

15.15 Acetophenone, 4'-methoxy- X 1

16.34 Tetradecane X 1

11.69 Acetic acid, phenyl ester X X 2

Week 0 Week 3 Week 6 Week 10 Week 12 
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As mentioned above, for all types of heroin training aids, high frequency 

occurrence compounds were selected for further analysis. This was performed in order to 

evaluate how the abundance of these volatile organic compounds were affected by 

variables such as type of aid and age. The following compounds were selected for this 

multi-factorial ANOVA modeling: ethanone,1-(2-hydroxphenyl) -, phenol, and undecane 

5-methyl. They can be seen in the following figures 30-32 that follow. All models were 

run with an alpha of p <0.05 as the cut-off for significance.  

For Phenol, there was no significant difference for either type of training aid (p= 

0.0599) or age (p = 0.6343). The linear square plots for both age and type can be seen in 

Figure 30. As can be observed, there was a slight increase in abundance for this compound 

in the pseudo training aid type, however, not enough for statistical significance. As far as 

age is concerned, week 3 had the highest average abundance across all types, but again, 

not yielding any statistical significant results as per the ANOVA modeling conducted.  

For ethanone,1-(2-hydroxphenyl) – there was no significant difference for either 

type of training aid (p= 0.1917) or age (p = 0.1326). The linear square plots for both age 

and type can be seen in Figure 31. As can be observed, there was a slight increase in 

abundance for this compound in the pseudo training aid type, however, not enough for 

statistical significance. As far as age is concerned, week 12 had the highest average 

abundance across all types, but again, not yielding any statistical significant results as per 

the ANOVA modeling conducted.  

For undecane, 5-methyl there was no significant difference for either type of 

training aid (p= 0.4321) or age (p = 0.5091). The linear square plots for both age and type 
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can be seen in Figure 32. As can be observed, there was a little increase in abundance for 

this compound in the fresh training aid type, however, not enough for statistical 

significance. As far as age is concerned, week 0 had the highest average abundance across 

all types, but again, not yielding any statistical significant results as per the ANOVA 

modeling conducted. 
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Figure 30: Least Square Mean Plot Results for Phenol 

 

 

Figure 31: Least Square Mean Plot Results for ethanone, 1-(2-hydroxphenyl) – 

 

 

 

Figure 32: Least Square Mean Plot Results for 5-methyl undecane 
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Figure 33.  Relative peak areas in heroin % ratio of VOCs overtime. 
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3.3 K9 Field testing 

  

3.3.1 Cocaine  

Canine field testing was conducted for all cocaine training aid types across a 12-

week aging period. This included fresh, old (10year old) and pseudo cocaine training aid 

types. Table 14 displays the field measures taken for cocaine. Temperature averages for 

the indoor locations during the cocaine field tests were 22.5 C temperature and 41.9% 

humidity. Outdoor temperatures averaged 6.3 C and 38.3% humidity for cocaine trials. 

Figure 34 displays the alert performance to the type of cocaine training aid (in the first 

graph) and the PPV and NPV (in the second graph). Each graph are mathematically 

independent of one another. For example, in the alert performance graph of figure 34: week 

0 shows that 4:4 dogs alerted to the old cocaine training aid type of (100% response), 3:4 

alerted to the fresh (75% response) and 0:4 toward the pseudos’ (0% response). The 

proportions were adjusted when only 3 dogs were present. This alert performance graph 

displayed an overall higher alert response to the old cocaine type compared to the fresh and 

pseudo throughout the 12 weeks. Week 5 and 12 tested only 3 canines where the other 

weeks tested 4, where n= the number of canines participated that week.  

The second graph of Figure 34. Displays the PPV and NPV where anything other 

than 100% PPV means the k9 gave a false alert. However 100% PPV doesn’t mean that 

the k9 alerted to all three drug types hidden in each trial, but that the alerts they did give 

were correct. The NPV % response rate is the correct rejection rate toward the boxes that 

didn’t have any target drugs or how many the K9 did not alert to, a false negative. Canines 

had an average of 100 % positive predictive value and above 90% Negative predictive 

values throughout the 12 weeks.  
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When examining the indoor and outdoor environments no change in alert is seen 

when comparing weeks 0 and 2 suggesting that the different environments didn’t affect 

alert performance in how drug odor vapor was identified. A shift however is seen from 

week 0 to week 12 in that the dominant training aid was the old cocaine form and by week 

12 the canines were detecting both types with the same alert performance.  This suggest 

that the canines are learning and adapting to the odor recognition pattern to the new training 

aids just as they had adapted to the old in training regimen. The pseudos’ were rarely given 

an alert and only one alert can be seen at week 5 suggesting that the manufacture of this 

needs to have alternative chemical scents to gain a canine alerts. Methyl benzoate was not 

seen in the headspace of the pseudo cocaine but wasn’t seen in the real narcotic types 

suggesting other chemicals that are present to offer the alert. Canines gave 100% accuracy 

with no false positives throughout the 12 weeks.  

 

 

Table 14. Cocaine field measures 

 

 

 

 

 

 

 

 

 

  
Indoor/Outdoor 

Avg. Temp (°C) Avg. Humid % 

Week 0 Indoor 22.5 52.75 

Week 2 Outdoor 8.5 35 

Week 5 Indoor 22.63 31.1 

Week 10 Outdoor 8.1 28 

Week 12 Outdoor  2.3 52 
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Figure 34. Field data for cocaine 
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3.3.2 Heroin 

 

Canine field testing was conducted for all heroin training aid types across a 12-

week aging period. This included fresh, old (10year old) and pseudo heroin training aid 

types. Table 15 displays the field measures for heroin. Indoor temperature average was 18 

C and humidity 31% humidity for heroin field trials. Outdoor temperatures ranged from 

12.95 C and 35.4% humidity. Figure 35 displays the field data collection for heroin in the 

same way as cocaine. The alert performance graph and PPV/NPPV were calculated in the 

same manner Figure 34 of cocaine field data.  Average alert performance shows that the 

old training aid had an overall higher alert response compared to the fresh and pseudo 

throughout the 12 weeks similar to cocaine’s results. Week 12 tested only 3 canines where 

the other weeks tested 4, where n= the number of canines participated that week. Canines 

had an average of 96% positive predictive value throughout the weeks since in week 10 

one canine presented a false positive alert in an outdoor location. Negative predictive 

values were above 91% throughout the 12 weeks.  

When examining the indoor and outdoor environments inconsistent change in alert 

is seen when comparing the weeks suggesting that no particular environment produced 

more or less of an alert in terms of alert performance in how drug odor vapor was identified. 

A shift however is seen from week 0 to week 12 in that the dominant training aid was the 

old heroin, but an increase of the new form would increase in alerts. This suggests that the 

canines are learning and  
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adapting to the odor recognition pattern to the new training aids just as they had adapted to 

the old in training regimen. The learning odor pattern is specifically seen in one dog who 

repeatedly alerted to the pseudo heroin when the other dogs would not. 

The pseudos’ were rarely given an alert as a whole and only one dog gave repeated 

results at week 0 and again at week 10.  Acetic acid was not seen in the headspace of the 

pseudo heroin however phenol was a repeated volatile seen seven times between the old 

and pseudo. This suggests that other chemicals present in the headspace can also be 

categorized as possible odor markers resulting to a positive alert. Canines gave 96% 

accuracy within the 12 week time span suggesting precise accuracy even with one false 

positive at week 10.  The outdoor conditions that day were windy and cold and the canine 

who gave the false alert seem unmotivated that day in their field trial. This is important to 

note since these dogs are dual-purpose apprehension bite dogs where they have more of an 

aggressive personality then perhaps a solely trained drug dog.  

 

 

Table 15. Heroin Field Measures 

 

 

 

 

 

 

  
Indoor/Outdoor 

Avg. Temp (°C) Avg. Humid % 

Week 0 Outdoor 12.2 31.75 

Week 3 Indoor 17.25 29 

Week 6 Indoor 20.3 24 

Week 10 Outdoor 13.7 39 

Week 12 Indoor 17.6 40 
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Figure 35. Field data for heroin  
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CHAPTER 4 

CONCLUSION 

 Proper training for K9’s is an imperative step in proficient field narcotic detection 

since they are the front line of defense in detecting narcotic drug trafficking on site.  Even 

though there are  a number of research studies exploring canine detection in terms of 

olfaction capabilities, identification of target odor volatiles, there are no existing studies 

evaluating the lifespan of narcotic canine training aids, defined as the length of time in 

usage during training.  

In the present study, the optimized headspace extraction time in order to collect the 

most amount of compounds was determined to be one hour allotted time with LPD 

availability. It was used weekly when collecting the volatile organic compounds (VOC’s) 

on site at LPD along with the pseudos’ in the controlled laboratory. This study was a 

qualitative study (what compounds were present) and a semi-quantitative perspective 

(based on the peak area or chemical abundance existing of the compounds) to observe how 

the volatile odor patterns fluctuated in time with respect to the type of training aid studied 

(i.e. old, fresh, or pseudo).  

 Previously detected compounds designated as key odor signatures for cocaine HCL 

such as methyl benzoate were not detected in any of the 12 week headspace collected for 

any of the training aids [3]. However similar chemical derivatives (byproducts) were seen 

such as acetic acid phenyl ester for heroin. This could be due to storage / contamination by 

masking of  environmental factors, dominant compounds overlaying in GC, how these drug 

forms were manufactured, and/ or SPME collection methods (longer time needed for 
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headspace collection with prolonged age) or SPME fiber type.  For cocaine, key volatiles 

identified were over 80% in quality abundance and a frequency of occurrence above 2  

included: benzoic acid, 1,5 Heptadien-3-yne,toluene, ethylbenzene, p-Xylene, Benzene, 

1,2-dimethyl-, Benzene, 1,3-dimethyl-, Pyridine, 2-ethyl-4,6-dimethyl-, Ethanol, 2-

butoxy-, 2-Propenoic acid, 3-phenyl-, methyl ester, Phenol, Benzene, 1,2-dichloro-, 

Benzaldehyde, and  Benzoic acid, methyl ester. Odor volatiles with an occurrence 

frequency greater than 3 across all cocaine age forms (old, fresh and pseudo) included: , p-

xylene,  benzene, 1,3-dimethyl, and Ethanol, 2-butoxy-.  

For heroin, key odor volatiles identified over 80% in quality abundance and 

frequency above 2 included: phenol, paroxypropione, benzaldehyde, ethanone, 1-(2-

hydroxyphenyl), undecane,5-methyl, phenol, 4-ethyl and acetic acid, phenyl ester.  Odor 

volatiles with an occurrence frequency greater than 3 times across all heroin age forms 

(old, fresh and pseudo) include: phenol, ethanone, 1-(2-hydroxyphenyl), and undecane,5-

methyl. Both the primary VOCs of heroin and cocaine in this study were looked at more in 

depth utilizing the multi-factorial ANOVA modeling to show a correlation to how their 

peak areas were in relation to time. All models were run with an alpha of p <0.05 as the 

cut-off for significance, however no major statistical significant results as per the ANOVA 

modeling were reported. Only one of the cocaine primary VOC’s fell below the alpha level, 

p-xylene in relation to narcotic type having a (p= 0.0266). However, due to the sample size 

this difference would not be considered practical or meaningful enough to be deemed 

completely statistically significant. This merely means that in cocaine, this VOC was 

statistically abundant in the fresh narcotic type.  
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The major conclusions that this study presents is that the age of the training aid 

does not hinder canine alert performance. There was no distinct pattern in how the VOC’s 

in any of the fresh, new, or pseudo drug classes emitted their volatiles over time from the 

primary VOCs evaluated by ANOVA analysis. Yet the canines were still able to give with 

great accuracy, correct alerts as seen in the PPV charts averaging 96% in alerts for heroin 

and 100% PPV for cocaine. Average (NPV) for heroin yielded 91% and 94% for cocaine 

(Figure 34 and 35).  This fluctuation of chemical odor emitting over time highlights that 

the canines, no matter the age or narcotic type, are able to learn a distinct odor and follow 

its distinct odor pattern over time to identify it. This concept is reinforced by previous 

research in how canines are able to learn and consistently remember patterns over time, 

while learning new odors [10].  

As far as a recommendation as to the adequate training aid age before disposal, this 

study emphasized that using old training aids as a routine practice, prevents the canine from 

being introduced to fresh chemical odor profiles which are distinctive as highlighted by the 

different volatile organic compounds detected for each age group. Hence, in order for the 

canine to be on par with current street threats, training aids should be refreshed as 

frequently as agency restrictions allow (author suggests every other year) so as to introduce 

novel compounds to the canine which may be encountered in operational settings.  By 

establishing a designated lifespan range for k9 narcotic training aid use(such as 2-5 years), 

standardization of canine training practices can be established while  allowing for odor 

recognition assessments using  up to date, drug odor patterns . As far as the pseudo training 

aids there must be enhancement for creation of narcotic training aids as seen by the lack of 

alerts in this study. However, research such as this can further lead to enhancement of 
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pseudo creation in looking at other possible optimal chemical compounds. This concept 

can then be applied and extended to any detection dog type with respect to the use of 

training aids of any kind such as explosives, cadavers, where age restrictions are currently 

not specified in training regimens.  Future research should examine how other agencies 

with older training aids and their canines compare to this study.  
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