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ABSTRACT 

Studies clearly demonstrate that the use of marijuana (Cannabis sativa and other related 
Cannabis species and hybrids) and cannabinoids from other sources have negative impacts on 
an individual’s fitness to perform safety- or security-sensitive functions.  The discovery of the 
endocannabinoid system (i.e., cannabinoid receptors, their location, and function within the 
human body) in the 1980s, and the subsequent characterization of that system provided a 
framework for examining the role and function of cannabinoids.  That framework prompted an 
increase in research on the effects of substances that activate or inhibit the endocannabinoid 
system, including marijuana and synthetic cannabinoids, which led to a greater understanding of 
the potential benefits and adverse effects of such substances.  This new understanding has 
heightened interest in the potential medical uses of cannabinoids, development of 
pharmaceutical cannabinoids, and re-examination of previous research on cannabinoid 
metabolism, elimination, and the relationship of effects to dose and time.  It has also facilitated 
development of unregulated and illicit drug markets for synthetic cannabinoids (e.g., Spice 
and K2).   

The complex biochemical and physiological effects of marijuana use make it difficult to identify 
workplace policy adaptations that would allow marijuana use while also effectively ensuring that 
safety- and security-sensitive workers are fit for duty.  In addition, a number of states have 
passed laws decriminalizing possession and use of marijuana for medical purposes and a 
smaller number have decriminalized recreational use.  Because many State laws are now 
inconsistent with Federal law, and allow use and possession of marijuana, it is unclear whether 
individuals possessing marijuana in those States should be assumed untrustworthy and, 
therefore, unsuited for safety- and security-sensitive work.  This report discusses the evolving 
understanding of the role of cannabinoids in human physiology; changes in State laws 
decriminalizing possession and use of marijuana; and how some Federal agencies are 
proceeding with assessment and clarification of their policies (i.e., in regard to possession, sale, 
and use of marijuana; testing for cannabinoid use; and the use of prescription cannabinoids).  
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SUMMARY 

This report identifies and discusses factors affecting regulation of marijuana and cannabinoids 
in the workplace, with a special focus on programs regulating their use by individuals performing 
safety- or security-sensitive functions.   

Cannabinoids are compounds that activate one or more of the receptors in the human 
endocannabinoid system, potentially producing psychoactive effects.  Cannabinoids can be 
extracted from marijuana (i.e., Cannabis sativa and other species) or can be synthesized 
(e.g., synthetic cannabinoids for pharmaceutical or prescription use and those, such as Spice 
and K2, available in the unregulated and illicit drug markets).  Overwhelming evidence indicates 
that the physiological, psychomotor, and cognitive effects from the consumption1 of marijuana 
and cannabinoids from other sources could cause impairment incompatible with safe and 
reliable work performance.   

As marijuana continues to be persistently available and the variety and availability of 
pharmaceutical and other synthetic cannabinoids continues to grow, it is a persistent and 
increasing challenge to prevent individuals who may be impaired from marijuana or 
cannabinoids from other sources from performing safety- or security-sensitive functions.  In 
addition, implementation of workplace drug-testing programs and fitness-for-duty (FFD) 
regulation is further complicated by the evidence of medical benefits from some cannabinoids, 
the availability of approved prescription cannabinoid pharmaceuticals, and State laws 
decriminalizing possession and use of marijuana.  

An extensive review of the literature identified seven factors setting the scientific and regulatory 
context for decisions about managing marijuana and other cannabinoid use as it affects the 
workplace: 

1. New understanding of the human endocannabinoid system.  Discovery and 
examination of the human endocannabinoid system have reframed understanding of 
cannabinoids and the central role they play in human physiology.  In particular, new 
knowledge about the role and function of cannabinoids has provided additional evidence of 
both the complexity of cannabinoids’ physiological activity and their beneficial and 
harmful/impairing effects.  This reframing has informed interpretation of previous research 
findings and raised questions that are still unanswered about the interactive effects of the 
various biologically active components of marijuana, particularly delta-9-
tetrahydrocannabinol and cannabidiol. 

2. Laboratory and pharmaceutical advances.  Increased knowledge of the endocannabinoid 
system and improved analytical techniques have accelerated the pace of pharmaceutical 
research on cannabinoids.  The U.S. Food and Drug Administration has approved two 
synthetic cannabinoid products for prescription use and others are in the advanced stages 
of clinical trials.  In addition, a rapidly growing number of synthetic cannabinoids are 

                                                
1 Consumption includes all the ways that marijuana and other cannabinoids are introduced into the body 
(e.g., ingestion, inhalation, and absorption through the skin or other tissues). 
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commercially available in the unregulated drug market (e.g., Spice and K2).2  Existing 
workplace urine test panels for marijuana could detect use of some, but not all, of these 
products.   

3. Sustained, pervasive use of marijuana and increasing use of synthetic cannabinoids.  
Marijuana has a complex chemical composition that varies considerably across 
varieties/strains and product forms.  Its use is widespread despite its well-documented 
impairing effects.  Available evidence indicates that it is unlikely that marijuana use would 
cease or significantly decline in the near future, even if prescription cannabinoids or 
synthetic substitutes are available.  In addition, there is increasing use of unregulated and 
illicit synthetic cannabinoids, especially among adolescents and young adults. 

4. Unpredictable dose-response relationships.  The pharmacokinetics of marijuana and 
other cannabinoids are complex and are affected by gender; the intensity and frequency of 
use; and the composition, form, and manner in which the product is consumed.  There is 
high intra- and inter-subject variability in the intensity and duration of impairment from 
cannabinoid consumption.  Impairment patterns are dependent on numerous factors (e.g., 
the marijuana strain or cannabinoid product; drug delivery method and amount; and 
individual metabolic characteristics, including adipose levels, use history and patterns, age, 
and gender).  The relationships among consumption, levels of parent cannabinoids and 
cannabinoid metabolites in bodily fluids, and effects on performance are consequently not 
predictable with precision.  A better understanding of dose-response for cannabinoids 
requires research beyond today’s limited and often inadequately characterized and 
controlled study populations and dose characteristics.   

5. Inadequate Tests for Determining Level of Impairment or Time since Last Dose.  There 
is limited correlation between cannabinoid and metabolite concentration in urine or other test 
matrices with the level of individual impairment or time since last dose.  The variability and 
number of factors that affect the concentration and excretion of cannabinoids and their 
metabolites have stymied efforts to establish tests for biomarkers that reliably indicate level 
of impairment or time since last dose.  Thus, there is no test method suitable for use in the 
workplace to ensure that individuals who have consumed marijuana or cannabinoids from 
other sources during off-work hours are no longer impaired when reporting for duty. 

6. Schedule I Status of Marijuana.  Marijuana is a Schedule I substance, making its use 
illegal under Federal law.  Both the complex and variable composition of marijuana and the 
fact that its mode of consumption is often smoking complicate its management as a 
recreational or medicinal product and are factors in the Federal government’s decision not to 
reschedule marijuana.  These factors, along with ongoing concerns about harmful effects 
and the potential for abuse, are the main reasons Federal government representatives 
provide for retaining marijuana as a Schedule I controlled substance.  

7. Potential for Rescheduling Marijuana.  Despite its Schedule I classification, an increasing 
number of States have passed laws allowing, or reducing the sanctions against, the 
production, sale, possession, and use of small amounts of marijuana for medicinal use. In 

                                                
2 These products receive considerable attention from law-enforcement agencies and their cannabinoid 
ingredients are placed onto Schedule I of the Controlled Substances Act when found to present an 
imminent hazard to public safety.  See, for example, 
https://www.dea.gov/druginfo/drug_data_sheets/K2_Spice.pdf.  

https://www.dea.gov/druginfo/drug_data_sheets/K2_Spice.pdf
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addition, some States have passed laws authorizing recreational use.  This has changed the 
local legal landscape and community-use patterns for workers in a growing number of 
States and communities.   

Together, these factors suggest that regulators of workers performing safety- or security-
sensitive functions may be facing decisions related to the medical use of cannabinoids, 
detection of synthetic cannabinoids, and emerging information about long-term impairing effects 
from heavy cannabinoid use, especially among young adults comprising the future workforce. 
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DHHS U.S. Department of Health and Human Services 
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PHA Public Housing Agency 
PHA Public Housing Agency 
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PTSD post-traumatic stress disorder 
REMS Risk Evaluation and Mitigation Strategy 
SAMHSA Substance Abuse and Mental Health Services Administration 
SC synthetic cannabinoid 
SHA Seattle Housing Authority 
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THCA delta-9-tetrahydrocannabinolic acid 
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USDA U.S. Department of Agriculture 
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GLOSSARY 

Term Definition 

adipose fatty; tissue made up mainly of fat cells  

affinity binding strength of a ligand (chemical) to a receptor; higher affinity 
generally results in a longer residence time at the binding site and 
requires a lower concentration of the ligand to evoke a 
physiological response 

agonist ligand (chemical) that binds to a receptor and activates a 
physiological response 

analyte substance whose chemical constituents are being identified and 
measured 

antagonist chemical that binds to and blocks or dampens an agonist mediated 
response for a receptor 

antiemetic drug that reduces vomiting and nausea 

axons part of a nerve cell or neuron that transfers a nerve impulse from 
the nerve cell body to a synapse with another cell 

behavioral 
pharmacokinetic 
covariations 

relationship between changes in behavioral performance over time 
and changes in plasma concentration of the measured indicator 
over time 

bioactive cannabinoids cannabinoids that have a biological effect; most are not 
psychoactive 

bioavailability extent to which a nutrient or medication can be used by the body, 
often presented as a percentage of the amount consumed 

binding potential the combined measure of the density of available receptors and 
the affinity of an agonist to that receptor 

cannabimimetics and 
cannabimimetic 
cannabinoids 

in the scientific literature, cannabinoids that are synthesized in a 
laboratory; in regulatory space and this report, synthetic 
cannabinoids that have been classified as Schedule I or II 
controlled substances 

cannabinoid compound that activates one or more of the receptors in the 
endocannabinoid system 

cannabis genus of a plant that includes multiple species (e.g., Cannabis 
sativa, Cannabis indica, and Cannabis ruderalis), their hybrids, and 
products containing or made from cannabis plants; the scientific 
name for marijuana 
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Term Definition 

cannabidiol (CBD) CBD is one of more than 80 bioactive cannabinoid chemicals in the 
marijuana plant; unlike the main psychoactive cannabinoid in 
marijuana, delta-9-tetrahydrocannabinol (THC); CBD does not 
produce euphoria or intoxication 

cannabinol (CBN) CBN is a cannabinoid that can be isolated from the plant cannabis 
or is a metabolite of tetrahydrocannabinol (THC), with potential 
immunosuppressive and anti-inflammatory activities 

conformation the spatial arrangements of the atoms in a molecule 

cytokine cell signaling molecules that aid cell to cell communication in 
immune responses and stimulate the movement of cells toward 
sites of inflammation, infection, and trauma 

delta-9- 
tetrahydrocannabinol 
(THC) 

the trans conformation of delta-9-tetrahydrocannabinol is the 
chemical responsible for most of marijuana's psychological effects 

drug product a finished dosage form, for example, tablet, capsule, solution, etc., 
that contains an active drug ingredient generally, but not 
necessarily, in association with inactive ingredients 

efficacy degree to which a ligand activates a receptor and leads to cellular 
response (also called intrinsic activity and intrinsic efficacy) 

endocannabinoid system  a group of neuromodulatory lipids and their receptors that are 
involved in a variety of physiological processes  

endocannabinoids cannabinoids made by the body; neuromodulatory lipid 
neurotransmitters produced in the brain and peripheral tissues that 
act on cannabinoid receptors; ligands that act as agonists in the 
endocannabinoid system 

exogenous originating or produced from outside a cell, tissue, or organism 

G Protein-Coupled 
Receptor 

G protein-coupled receptors (GPCRs), also known as seven-
transmembrane domain receptors, 7TM receptors, heptahelical 
receptors, serpentine receptor, and G protein–linked receptors 
(GPLR), constitute a large protein family of receptors that sense 
molecules outside the cell and activate inside signal transduction 
pathways and, ultimately, cellular responses. The cannabinoid 
receptors CB1 and CB2 are GPCRs 

gamma-aminobutyric acid 
(GABA) 

GABA is the chief inhibitory neurotransmitter in the central nervous 
system 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Membrane_receptor
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Signal_transduction
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Term Definition 

homeostasis regulation of a system such that internal conditions remain stable 
and relatively constant 

intrinsic activity degree to which a ligand/agonist can activate a receptor that leads 
to cellular response (also called intrinsic efficacy); other factors 
(e.g., receptor abundance, agonist concentration) affect actual 
activity 

inverse agonist chemical that binds to a receptor and activates an opposite 
response from that of an agonist 

ligand ion or molecule that binds to another, usually larger, molecule 

lipid hydrophobic organic molecule that includes fats, waxes, sterols, 
glycerides, and others that is soluble in nonpolar solvents such as 
alcohol, ether, and chloroform  

marijuana common term for cannabis plants and products made from 
cannabis plants, especially the species Cannabis sativa, also 
commonly known as marihuana and hashish, and the cannabinoid 
constituents of marijuana 

marijuana strains pure or hybrid varieties from the Cannabis species (C. sativa, 
C. indica, and C. ruderalis) selected and propagated for specific 
properties (e.g., cannabinoid production, growth habit, and rate of 
maturation) 

medical marijuana marijuana used as a therapeutic treatment for a disease or 
symptom 

Medical Review Officer 
(MRO) 

a licensed physician who meets the qualification requirements of 
10 CFR 26.183 and is responsible for receiving and interpreting 
test results generated by a 10 CFR 26 drug-testing program, 
including evaluation of an individual's drug and validity test results, 
his or her medical history, and any other relevant biomedical 
information 

metabolites intermediate products of metabolic reactions catalyzed by various 
enzymes that naturally occur within cells 

neuronal receptors receptors located on neurons 

pharmacology science dealing with the preparation, uses, and effects of drugs 

pharmacokinetics describes how a drug moves in the body (including absorption, 
bioavailability, tissue distribution, metabolism, and excretion); 
typically refers to the onset, duration, and intensity of a drug’s 
effect 
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Term Definition 

pharmacodynamics describes what a drug does to the body (e.g., receptor binding and 
sensitivity, dose-response [the drug’s effects]) 

pharmaceutical 
cannabinoids 

cannabinoids having an approved medical use (or are in the 
process of obtaining approval) in the United States or other 
countries 

phytocannabinoids cannabinoid compounds produced by plants 

psychotropic affecting mental activity, mood, behavior, or perception (e.g., a 
mood-altering drug) 

receptor in biology, a protein molecule embedded in a cell surface 
membrane (e.g., cell wall) or within the cytoplasm that is involved 
in chemical signaling between and within cells; membrane 
receptors receive chemical signals from outside the cell 

retrograde signaling process that regulates chemical neurotransmission in which a 
chemical messenger (agonist) is released by a post-synaptic 
dendrite or cell body and travels backward (i.e., toward the brain) 
across the chemical synapse to bind to a receptor in the axon 
terminal of a pre-synaptic neuron) 

Schedule I pursuant to 21 U.S.C 812 and 21 CFR Part 1308, drugs, 
substances, and certain chemicals used to make drugs are 
classified into five distinct categories or schedules depending upon 
the drug’s acceptable medical use and the drug’s abuse or 
dependency potential; Schedule I drugs are considered dangerous, 
with no currently accepted medical use and a high potential for 
abuse and potentially severe psychological or physical 
dependence 

stereoisomers molecules with the same molecular formula and sequence of 
bonded atoms (constitution) but different three-dimensional 
orientations of their atoms in space; isomers that differ only in the 
spatial orientation of their component atoms within a molecule 

synthetic cannabinoids cannabinoids synthesized in a laboratory as opposed to occurring 
in plant or animal tissues 

well perfused well supplied by blood 
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1.0 INTRODUCTION 

This report presents a review of literature on marijuana, cannabinoids from other sources, drug 
testing, and regulations pertinent to workplace drug-testing and fitness-for-duty (FFD) programs, 
especially those involving individuals who perform safety- or security-sensitive functions.  The 
available literature, which is extensive and rapidly expanding, includes original scientific 
research reports; review articles and books; public health studies; governmental reports, 
websites, and policy statements; laws and regulations; and information provided by private 
sector organizations and the news media.   

The purpose of the report is to provide U.S. Nuclear Regulatory Commission (NRC) staff with an 
overview of the new knowledge and regulatory and scientific issues that are affecting the use 
and management of marijuana and synthetic cannabinoids.  Research has clearly demonstrated 
that consumption1 of cannabinoids could cause impairment incompatible with the safe and 
reliable performance of complex tasks and other duties.  However, changing State and local 
regulations and growing clinical evidence that cannabinoids could provide medical benefits are 
creating a more complicated decision-making framework.  This review identified seven factors 
affecting the regulatory context of marijuana and synthetic cannabinoids in the workplace. 

Rapid advancements in knowledge about the human endocannabinoid system and the evolving, 
yet incomplete, understanding of biological effects of marijuana and synthetic cannabinoids, 
including psychoactive effects, are important when considering what controls may be 
appropriate and prudent for individuals in safety- or security-sensitive functions in the nuclear 
workforce.  Further, the growing public pressure to decriminalize marijuana for medical and 
recreational use has been successful in many State and local jurisdictions.  This knowledge and 
the transformation of State and local laws to a mosaic of varying requirements are adding 
complexity to the scientific and regulatory context in which decisions about marijuana and 
synthetic cannabinoids in the workplace would be made.   

1.1 Background 

Marijuana is the common name for plants of the genus Cannabis, especially the C. sativa plant, 
and may be used to refer to the drug products derived from those plants.  People have and 
continue to use marijuana both as a psychoactive drug and as medicine.  Until early in the 
twentieth century, few restrictions were placed on the sale and use of marijuana in the United 
States.  However, with passage of the Pure Food and Drug Act in 1906 and the 1937 Marihuana 
Tax Act, the Federal government prohibited production of marijuana and criminalized its 
possession.  Subsequently, most States in the United States (U.S.) established laws against the 
cultivation, possession, and transfer of marijuana.  Under the authority of the Controlled 
Substances Act (CSA) of 1970, the Federal government classified marijuana as a “Schedule I” 
controlled substance. Schedule I is reserved for materials having a high potential for abuse and 
for which there is no accepted medical use.  This classification made marijuana a controlled 
substance whose possession or use is illegal.  Despite the persistent efforts of those advocating 

                                                
1 Consumption includes all the ways that marijuana and other cannabinoids are introduced into the body 
(e.g., ingestion, inhalation, and absorption through the skin or other tissues). 
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marijuana’s reclassification into a less restrictive schedule, the Federal government has 
maintained marijuana’s Schedule I status.   

In the late 1980s, using newly developed analytical tools, scientists searching for the 
mechanisms behind marijuana’s effects discovered the existence of human cannabinoid 
receptors.  Leveraging this discovery, scientists then identified naturally occurring cannabinoids 
produced within the body (endocannabinoids) that activated these receptors and began to 
characterize the components and processes of the endocannabinoid system and the effects of 
marijuana on this system.  These studies revealed a complex endocannabinoid system that 
plays a central role in human physiology, including regulation of a wide range of neural and 
behavioral functions.  Scientists and pharmaceutical companies researching cannabinoids and 
the endocannabinoid system recognized that therapeutic use of cannabinoids could affect 
nervous, digestive, reproductive, pulmonary, and immune systems in the human body.  The 
search for ways to accomplish this manipulation motivated extensive research, including 
research on the many cannabinoids derived from marijuana and synthetic cannabinoids not 
found in marijuana.  This research has provided improved understanding of both the impairing 
and beneficial effects of marijuana and other cannabinoids and has led to the development of a 
variety of pharmaceuticals, including synthetic cannabinoids and cannabinoid antagonists.  In 
addition, it has provided the knowledge and techniques that have enabled the rapid production 
of novel, inexpensive drugs with marijuana-like psychoactive effects. 

As understanding of the centrality and function of the endocannabinoid system was being 
developed, marijuana use continued unabated despite its classification as a Schedule I 
substance and accumulating evidence of its impairing effects (DHHS 2014).  Dissemination of 
information about the medical benefits of plant-based and synthetic cannabinoids is changing 
workers’ perception and public opinion about the acceptability of marijuana as evidenced by the 
number of States that have relaxed regulatory restrictions on marijuana, including 
decriminalization and even legalization of its medical use.  In addition, a growing number of 
States, in direct conflict with Federal law, have decriminalized recreational use of marijuana and 
authorized marijuana cultivation, and the sale and possession of marijuana products.  This 
situation poses challenges for those responsible for ensuring that impairment from marijuana 
use or involvement with marijuana does not jeopardize the fitness or trustworthiness and 
reliability of individuals engaged in safety- or security-sensitive functions.  This was further 
confounded by the U.S. Department of Justice (DOJ) announcement that Federal prosecution of 
minor marijuana offenses would no longer be pursued (Cole 2013). 

1.2 Terminology for Marijuana and Cannabinoids 

This report discusses a variety of cannabinoids.  The following terms are used in the report to 
describe them: 

1. Marijuana.  Marijuana is the term used for plants of the genus Cannabis, which includes 
three different species (i.e., C. sativa, C. indica, and C. ruderalis), their hybrid strains, and 
the products containing plant material or derived from them.  The qualifier “botanical” is 
sometimes added in the literature to emphasize that the reference is to the plant or to 
products derived from or containing plant material.  Marijuana contains a large number of 
plant-based cannabinoids (also known as phytocannabinoids) in amounts and ratios that 
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vary considerably across strains/varieties and preparations.  Marijuana also contains a large 
number of other, non-cannabinoid, plant-based compounds that are known to have 
biological effects.  This report does not focus on these non-cannabinoid components.  The 
term marijuana is used for both the marijuana plant and for the products produced from it 
(for smoking, eating, or application to the skin) that contain the entire complex mix of 
components present in the marijuana plant.  Additional qualifiers may be added to clarify the 
purpose for which a marijuana product is used or the activity that is being regulated (e.g., 
“recreational” marijuana or “medical” marijuana).  The term “cannabis” is often used in the 
literature as a term for marijuana. 

2. Cannabinoids.  Cannabinoids are compounds that activate one or more of the receptors in 
the human endocannabinoid system, potentially producing psychoactive effects.  
Cannabinoids can be extracted from marijuana (i.e., C. sativa and other species) or can be 
synthesized (e.g., synthetic cannabinoids for pharmaceutical or prescription use and those, 
such as Spice and K2, available in the unregulated and illicit drug markets). 

3. Phytocannabinoids.  Phytocannabinoids are the cannabinoids contained in, derived from, 
or separated from marijuana.  Individually, they are typically referred to by their chemical 
names (and the common abbreviations of those names).  When pertinent, it may be noted 
that these individual chemicals are derived from the marijuana plant by noting that they are 
phytocannabinoids.  The most commonly referenced phytocannabinoids derived from 
marijuana are delta-9-tetrahydrocannabinol (THC), cannabidiol (CBD), and cannabinol 
(CBN).  A list of these and other selected cannabinoids is provided in Appendix A. 

4. Endocannabinoids.  Endocannabinoids are a group of cannabinoids produced by the body 
that act on cannabinoid receptors. Individually, they are referred to by their chemical names 
(and the common abbreviations of those names).  When pertinent they are noted as 
endocannabinoids. 

5. Synthetic cannabinoids.  Synthetic cannabinoids are manufactured cannabinoids.  
Synthetic cannabinoids can be made to be chemically identical to an endocannabinoid, a 
phytocannabinoid, or can be made to differ from them in specific ways.  Individual synthetic 
cannabinoids are referred to by their chemical names (and the common abbreviation of 
those names).  When pertinent they are noted as synthetic cannabinoids. 

6. Cannabimimetic agents.  Cannabimimetic agents are a subset of synthetic cannabinoids 
that have been classified as Schedule I controlled substances.2 

1.3 Structure of the Report 

The intersection of emerging knowledge about the endocannabinoid system, advances in 
analytical and pharmacological techniques, and changing State and local laws concerning 
marijuana are altering the technical and regulatory landscape of workplace drug-testing and 
FFD programs.  The literature review revealed seven factors affecting these programs: 

1. new understanding of the human endocannabinoid system 
2. laboratory and pharmaceutical advances   
3. sustained, pervasive use of marijuana and rising use of synthetic cannabinoids   
4. unpredictable dose-response relationships   
5. inadequate tests for determining level of impairment or time since last dose   

                                                
2 Note that the term cannabimimetic is sometimes used in the literature as an equivalent of synthetic 
cannabinoid or to refer to compounds that interact with the endocannabinoid system. 
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6. Schedule I status of marijuana   
7. potential for rescheduling marijuana.   

Sections 2 through 8 provide a discussion of each of the seven issues.  Section 9 discusses 
potential strategies for regulating cannabinoid possession and use by workers in safety- or 
security-sensitive functions, and Section 10 summarizes the implications of these issues for the 
regulation of marijuana and synthetic cannabinoids.  Section 11 provides a list of references.  
Appendix A lists selected cannabinoids, their source, whether they are psychoactive, and 
provides illustrations of their chemical structures.  Appendix B presents a comparison of 
Colorado and Washington State marijuana laws.  Appendix C examines the number of medical 
marijuana registrants over time.  Appendix D presents qualifying conditions for which medical 
marijuana may be prescribed in States with medical marijuana laws.  Appendix E presents a 
summary of State primary caregiver regulations. 
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2.0 NEW UNDERSTANDING OF THE HUMAN  
ENDOCANNABINOID SYSTEM 

Discovery and examination of the human endocannabinoid system have reframed 
understanding of cannabinoids and the central role they play in human physiology.  These 
discoveries have led to more extensive research on the role and function of cannabinoids and 
provided additional evidence of both the complexity of cannabinoids’ physiological activity and 
of their beneficial and harmful/impairing effects.  This reframing has required reinterpretation of 
previous research findings and raised questions that are still unanswered about the interactive 
effects of the various biologically active components of marijuana, particularly THC and CBD. 

Growing understanding of the endocannabinoid system has affected how the medical and 
pharmaceutical communities view cannabinoids and is likely to affect how regulators and the 
public view the regulation and use of marijuana.  Knowledge about the location and density of 
cannabinoid receptors has informed research on the effects of marijuana and cannabinoid 
consumption.  The presence of the endocannabinoid system adds complexity to decisions 
concerning the status and management of marijuana and synthetic cannabinoids (Greydanus et 
al. 2013). 

This section provides an overview of the endocannabinoid system and the cannabinoids that 
activate its signaling and control functions.  This information provides a framework for 
understanding ongoing trends in scientific and pharmacological research, and the policy issues 
associated with the growing array of cannabinoid products and the challenges they pose to 
workplace drug-testing and FFD programs. 

2.1 Discovery and Characterization of the Endocannabinoid System 

The discovery and characterization of the endocannabinoid system are relatively recent; 
researchers discovered and characterized the first known receptor for cannabinoids in the brain 
of rats in the late 1980s (Devane et al. 1988; Howlett et al. 2002; Pertwee 2005a,b).  Discovery 
of the cannabinoid receptors followed a research path similar to that which led to the discovery 
of the opiate neurotransmitter system:  both were searching for understanding of how a 
botanical exerted its psychoactive effects (Mechoulam and Parker 2013; Katona and Freund 
2012; Fride 2002; Ashton 2001).1,2  Discovery of these receptors provided the entry point for 
research that identified and characterized these previously unknown complex endogenous 
signaling and control systems (Ashton 2001; Onaivi 2002; Fride 2002).   

Ongoing studies are continuing to reveal the complexity of the endocannabinoid system and the 
centrality of its role in human physiology (Mechoulam et al. 2007).  The endocannabinoid system 
                                                
1 Cannabinoid research has lagged behind that for the opioid systems because modern research is based 
on quantitative evidence, evidence that could not exist until the chemical structures of CBD and THC 
were identified in the early 1960s (Mechoulam and Parker 2013). 
2 Scientists searching for explanation for the effects of opiates first identified the opiate receptor in 1973.  
This led to the discovery of endorphins, the body’s naturally occurring opiates, and articulation of a key 
neurotransmitter system.  The methods and knowledge gained in this process created a breakthrough in 
the understanding of neurotransmitter systems and development of analytical tools that greatly enhanced 
researchers’ ability to analyze physiological processes (Society for Neuroscience 1994).  



PNNL-27050 
 

 2-2  

is now known to be of major biochemical importance, affecting a significant portion of the body’s 
biological systems including the nervous, digestive, reproductive, pulmonary, and immune 
systems and thereby appetite, pain, neuroprotection, cytokine production, memory, and mood 
(Pertwee 2005b:vii, Bostwick 2012:178).3  It is a key signaling system implicated in the regulation 
of energy homeostasis and metabolism (Mazier et al. 2015).  Research has shown that the 
system is ubiquitous across the animal kingdom with the exception of insects (Fride 2002).   

2.2 Components of the Endocannabinoid System 

The endocannabinoid system is a complex, lipid-based signaling system that affects many 
aspects of bodily functions and modulates bodily responses to a variety of stimuli (Goodman 
2011).  The endocannabinoid system consists of the following four components (Mackie 2008; 
Mechoulam and Parker 2013; Goodman 2011; Marzo et al. 2005; Di Marzo 2008; Castillo et al. 
2012; Katona and Freund 2012):   
1. cannabinoid receptors – specific membrane receptors present throughout the body, but 

found in greatest density in the brain and the immune system  
2. endocannabinoids – endogenously produced cannabinoids, i.e., the ligands the body 

manufactures to activate cannabinoid receptors  
3. agonists and antagonists – a suite of ligands that moderate the interactions of 

endocannabinoids and their receptors.4 
4. enzymes and transporters – compounds that synthesize, transport, and metabolize 

endocannabinoids 

The endocannabinoid system is developed and maintained through complex biological 
processes that regulate the synthesis and metabolism/degradation of the system’s components.   

2.2.1 Cannabinoid Receptors 

The first two cannabinoid receptors identified, CB1 and CB2, are located in many parts of the 
body, as illustrated in Figure 2-1.5 

CB1 receptors, which are the major mediators of the psychoactive effects of marijuana, occur in 
highest density in the brain and spinal cord at the central and peripheral nerve terminals on 
axons, where they modulate the release of excitatory and inhibitory neurotransmitters (Pertwee 
2005b; Mackie 2005:300; Svíženská et al. 2008).6  In most cases, when the CB1 receptor is 
activated, it exerts an inhibitory effect on these neurotransmitters (Pertwee 2005b; Howlett et al. 
2002).  CB1 receptor distribution in the brain is particularly dense in the cortex, hippocampus, 
                                                
3 The endocannabinoid system seems to be the enhanced version of an ancestral intercellular 
communication system found in plants—the arachidonic acid system.  In fact, the endocannabinoids in 
mammals are directly related to arachidonic acid.  Arachidonic acid is an omega-6 fatty acid that 
participates in the signaling processes of plants and animals.  It regulates the defenses against infections 
and the signaling of stress in plants.  It also controls animal muscle growth, platelet clumping, 
vasodilatation, and inflammation (Accessed March 23, 2015 at http://www.fundacion-
canna.es/en/endocannabinoid-system). 
4 Note that the endocannabinoids AEA and 2-AG are also types of agonists. 
5 Alternative notation found in scientific and clinical literature for CB1 and CB2 includes CB1 and CB2 and 
CB(1) and CB(2). 
6 They are mostly absent from dendrites and neuronal cell bodies (Iversen 2008). 
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amygdala, basal ganglia, and cerebellum—a distribution that corresponds to the most prominent 
psychological and behavioral effects of cannabis on cognition, mood, movement, learning and 
memory, perception, and foundational functions such as hunger (Bostwick 2012).  Researchers 
generally consider CB1 receptors to be located predominately on the plasma membrane of 
neurons, although there also is evidence of their presence inside cells and on the membrane of 
neuronal mitochondria (Katona and Freund 2012; Snyder 1986; Bénard et al. 2012). 

 
Source: http://normlwomensalliance.org/2013/07/what-are-cannabinoid-receptors/    

Figure 2-1.  Distribution of CB1 and CB2 Receptors 

Less is known about the location and function of the CB2 receptors, which are concentrated 
primarily on cells of the immune system where they are thought to participate in immune 
response regulation (Iversen 2008; Mackie 2005; Pertwee 2005b; Pertwee 2012; Pagotto et al. 
2006; Goodman 2011).  Research indicates that CB2 receptors are the predominant 
cannabinoid receptors affecting the immune system (Katona and Freund 2012).  CB2 receptors 
also occur throughout the nervous system but at levels considerably lower than CB1 receptors.     

Both CB1 and CB2 are members of a broad class of proteins known as G protein-coupled 
receptors (GPCRs) that mediate neurotransmitter signals across cell walls.7  As GPCRs, both 
CB1 and CB2 bind with and react to ligands that suitably fit their conformation or shape in a “lock 
and key” manner (Mackie 2008).  Clarification of this “lock and key” mechanism was key to 

                                                
7 For more information on GPCRs, see, for example, http://www.nature.com/scitable/topicpage/gpcr-
14047471.  

http://normlwomensalliance.org/2013/07/what-are-cannabinoid-receptors/
http://www.nature.com/scitable/topicpage/gpcr-14047471
http://www.nature.com/scitable/topicpage/gpcr-14047471
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breakthroughs in the development of synthetic cannabinoids and of molecules capable of 
blocking cannabinoid action.  This report focuses on the CB1 and CB2 receptors because of the 
effects that result from activation of these receptors by cannabinoids that are in, or have been 
derived from, or modeled on cannabinoids in the marijuana plant.   

Other receptors are known to exist but are less well characterized (Iversen 2008).  Little is 
known about the function of these receptors and whether their activation by cannabinoids 
affects cognition or behavior in a way that would be of concern for workplace safety.   

2.2.2 Endocannabinoids – the Agonists  

The human body synthesizes endocannabinoids, which are ligands that act as agonists in the 
endocannabinoid system (Barana et al. 2009; Fride 2002).  A number of endocannabinoids are 
known to exist; however, two have received by far the most research attention.  These are 
anandamide (arachidonoyl ethanolamide [AEA]), and 2-arachidonoylglycerol (2-AG).8  Both of 
these endocannabinoids are short-lived lipids that bind to the CB1 and CB2 receptors to produce 
a biological response.  Figure 2-2 shows the structures of AEA and 2-AG.  Although AEA binds 
primarily to the CB1 receptor, 2-AG binds to both CB1 and CB2 receptors (Goodman 2011).  

 
 

 Anandamide (AEA) 2-Arachidonoylglycerol (2-AG) 
Source: NIH PubChem library (https://pubchem.ncbi.nlm.nih.gov/) 

Figure 2-2.  Chemical Structures of the Endocannabinoids AEA and 2-AG 

As expected for a system fulfilling fundamental biological functions, regulation of the activity of 
the cannabinoid receptors is complex, affected not only by the location and density of receptors, 
but also by the characteristics, timing, and concentrations of the molecules that activate or 
inhibit them.  Extensive research has been conducted to understand how the two major 
endocannabinoids interact with the CB1 and CB2 receptors, and to identify and characterize 
other components of the system that control or affect this interaction.  The nature of binding 
between a ligand and a receptor is important because it determines the direction and intensity of 
the receptor’s response.  Ligands include agonists, antagonists, and inverse agonists, 
collectively referred to as agonists.  Agonist interaction with receptors is described in Table 2-1 
and receptor response to the different types of agonists is illustrated in Figure 2-3.   

                                                
8 Although the endocannabinoid system was discovered by identifying and cloning the receptor for THC, 
the most important naturally occurring endocannabinoid is anandamide, which was only discovered in 
1992 (Bostwick 2012: 178). 

https://pubchem.ncbi.nlm.nih.gov/
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Table 2-1.  Types of Agonists 

Type Function Attributes 
Full or Partial 
Agonist 

Agonists are ligands that bind to receptors 
to produce a biological effect.  Full agonists 
bind to the receptor and activate them fully.  
There is typically a clear dose-response 
effect with full agonists.  Partial agonists 
bind to the receptor but have a smaller 
activation effect.  Partial agonists produce a 
much smaller dose-response effect than full 
agonists.  Partial agonists can displace or 
block full agonists and prevent their access 
to the binding site of the receptor (Ariens 
1983; Colquhoun 1998). 

Attributes that affect how agonists 
affect receptors include the strength 
of the bond they establish with the 
receptor, binding affinity, and the 
efficacy with which they activate the 
receptor.  Agonists are considered to 
have positive efficacy.  The binding 
potential of an agonist is the 
combined measure of the density of 
available receptors and the affinity of 
an agonist to that receptor 
(Colquhoun 1998; Strange 2008). 

Full or Partial 
Antagonist 

Antagonists are ligands that bind to 
receptors but do not activate them.  They 
block the receptor and prevent agonists 
from activating the receptor.  Antagonists 
can be full or partial. 

Neutral antagonists (i.e., molecules 
functioning only as antagonists) 
have zero efficacy (Colquhoun 1998; 
Strange 2008). 

Full or Partial 
Inverse Agonist 

Inverse agonists bind to receptors and 
activate them in a manner opposite of a full 
or partial agonist.  Inverse agonists can be 
full or partial. 

Inverse agonists have negative 
efficacy (Colquhoun 1998; Strange 
2008). 

 

 
Source:  Mackie 2008 Reprinted with permission from the publisher. 

Figure 2-3.  Illustration of Potential Effect of Receptor Response to Receptor Ligands 

Research on the binding of AEA and 2-AG to CB1 and CB2 receptors has shown that although 
both AEA and 2-AG bind with CB1 and CB2 receptors, 2-AG functions as a full agonist while 
AEA functions as a partial agonist (Katona and Freund 2012).  However, AEA is accompanied 
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by other molecules that increase its potency in activating the cannabinoid receptors in what is 
known as an entourage effect (Katona and Freund 2012; Martin et al. 1999; Marzo et al. 2005).  
In addition, AEA has been found to produce biphasic effects in its interaction with the CB1 
receptor, with one effect seen at low dose and an apparently opposite effect seen at a higher 
dose (Mechoulam and Parker 2013; Marzo et al. 2005).  Thus, the effects of these agonists 
could be attributed to the complex interaction of multiple factors, including: 

• the agonist’s inherent affinity and efficacy with the target receptor 

• the amount of agonist produced 

• the number, density, and proximity of the target receptors 

• the characteristics and timing of other agonists, antagonists, and inverse agonists that are 
present 

• the action of signaling proteins 

• the rate of agonist uptake or metabolism 

• the presence of other molecules that create an entourage effect.   

The complex interaction between cannabinoid agonists and the endocannabinoid system’s 
receptors makes precisely predicting the effects of marijuana or synthetic cannabinoid use 
difficult.  

2.2.3 Biomechanism of Endocannabinoid Production and Degradation 

The receptors CB1 and CB2 are persistent features of the endocannabinoid system, although 
their numbers vary in response to biophysical conditions that are not thoroughly understood.  
The endocannabinoids AEA and 2-AG serve as short-lived messengers that are produced on 
demand by target neurons from lipids by mechanisms that are still being researched (Mackie 
2008; Mechoulam and Parker 2013).  In general, AEA and 2-AG do not remain bound to the 
receptor for long and do not circulate in the blood.  Instead, AEA and 2-AG are rapidly 
inactivated and removed by enzymatic degradation to inactive metabolites (Mechoulam and 
Parker 2013).9  As shown in Figure 2-4, two main families of enzymes regulate the biosynthesis 
and degradation of AEA and 2-AG in a complex system that has multiple biological pathways.  
The effect of both AEA and 2-AG is prolonged or enhanced if their removal and degradation is 
slowed or prevented (Mechoulam and Parker 2013).  For this reason, these enzymes are the 
subject of considerable research.  Figure 2-4 presents the endocannabinoid system and its key 
components.  

                                                
9 This “on demand” production at a highly localized site contrasts with messenger molecules that are 
distributed throughout the body via the circulatory system. 
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GPCRs= G-protein-coupled receptors; OEA=N-oleoylethanolamide; PEA= N-palmitoylethanolamide; NAPA-PLD= N-
acylphosphatidylethanolamine-specific phospholipase D; DAG Lipase= diacylglycerol lipase; FAAH= fatty acid amide 
hydrolase; MAG Lipase= monoacylglycerol lipase  

Source:  André and Gonthier 2010. Reprinted with permission from the publisher. 

Figure 2-4.  Key Components of the Endocannabinoid System 

2.2.4 Retrograde Messaging 

One of the surprising discoveries about the endocannabinoid system was that, unlike most 
biomechanisms that control neurotransmission, CB1 receptors are located on pre-synaptic 
neurons and that the endocannabinoid system relies on retrograde messaging to exert its effect 
on the transmission of signals within the nervous system (Mechoulam and Parker 2013).  As 
illustrated in Figure 2-5, in the CB1 neural process, the neurotransmitter signal (e.g., AEA or 
2-AG) is released from a post-synaptic neuron and travels to a pre-synaptic neuron where it 
binds to and activates the receptor (Fride 2002).10  Activation of the CB1 receptor typically 
inhibits the activity of the neurotransmitters in the pre-synaptic neuron.11   

The typical effect of CB1 receptor activation is suppression of other neurotransmitter systems 
(Fride 2002; Mechoulam and Parker 2013).  However, this effect does not always occur 
because other processes sometimes override it.  As an example, although the typical role for 
the endocannabinoid system in the nervous system is to inhibit various excitatory or inhibitory 
neurotransmitters, however, there is also evidence that CB1 receptor agonists could stimulate 
the release of the neurotransmitter dopamine (Mechoulam and Parker 2013).   

                                                
10 The normal mode is for a neurotransmitter to be released from a presynaptic element and travel to the 
postsynaptic element where it can bind to and activate a receptor. 
11 AEA is hydrolyzed to arachidonic acid and ethanolamine by fatty acid amid hydrolase (FAAH).  2-AG is 
hydrolyzed by FAAH and by monoacyl hydrolases (Mechoulam and Parker 2013). 
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Source: Adapted from Gùzman 2013 

Figure 2-5. Endocannabinoids Activate the CB1 Receptor through Retrograde 
Neurotransmission 

The framework provided by the growing knowledge of the endocannabinoid system has served 
as a basis for re-examining previous research findings, particularly those dealing with dose-
response and the time-course distribution of cannabinoids and their metabolites in bodily fluids 
and tissues.12  Information gained from research on the endocannabinoid system has also led to 
greater understanding of some of the fundamental physiological processes, including brain and 
immune system function, and has provided evidence of some of the beneficial effects 
cannabinoids could have.  The knowledge and tools refined through this research have enabled 
the development of a wide variety of synthetic cannabinoids, cannabinoid antagonists, and other 
products designed to affect the endocannabinoid system.   

2.3 The Endocannabinoid System and Exogenous Cannabinoids  

Cannabinoids consumed from external sources, such as those in marijuana, could have 
additive, synergistic, and antagonistic effects in the endocannabinoid system (Ashton 2001).  
Adding to the complexity, these cannabinoids could perform as full, partial, or inverse agonists 
(Mackie 2008; Borgelt et al. 2013).  One of the bioactive cannabinoid chemicals in marijuana is 
CBD.  CBD is primarily an antagonist of CB1- and CB2- receptor agonists (e.g., AEA, 2-AG, and 
THC).  Further, CBD has very low affinity for the receptors themselves (Mechoulam et al. 2007).  
                                                
12 “These discoveries have radically changed the way in which scientists view this field of research.  It has 
changed from a pharmacological study of how the plant-derived psychoactive drug tetrahydrocannabinol 
(THC) works in the brain to a much broader field of biological research on a unique natural control 
system…” (Iversen 2008:69). 
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For this reason, the presence of multiple cannabinoids (e.g., THC and CBD together) could alter 
the effects they would have on the body if they were present alone (McPartland and Russo 
2001; Mechoulam et al. 2007; Wright, Jr. et al. 2013).   

The interactive effects of cannabinoids may provide a biochemical explanation for the frequent 
observation that marijuana has opposite effects at low and high doses or among inexperienced 
and chronic users (Iversen 2008; Fernández-Ruiz 2009).13  Recognition that this type of 
interaction among components of marijuana could alter effects has led researchers to re-
examine earlier studies on marijuana to consider how differences in the timing or composition of 
the consumed product might be confounding results.  Particular attention is being given to 
studies addressing differences in effects from single-ingredient (e.g., THC alone) versus 
combination-ingredient products (e.g., marijuana—combinations of THC and CBD); from acute 
versus chronic use, and from high versus low doses (Riedel and Davies 2005; Howlett 2005; 
Iversen 2008).  However, surprisingly little information is available about how, exactly, the 
consumption of cannabinoids affects the endocannabinoid system and its functioning. 

 

                                                
13 Among these effects are blood pressure, which is often raised in inexperienced users, but lowered in 
chronic users; motility; and posture, in which there is a mixture of depressant and stimulatory effects at 
low doses and depression at higher doses. 
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3.0 LABORATORY AND PHARMACEUTICAL ADVANCES 

Knowledge of the endocannabinoid system and improved analytical techniques have 
accelerated pharmaceutical research on cannabinoids and drawn attention to the importance of 
controlling for potential interactions among components and for timing and sequencing effects.  
A number of synthetic and purified cannabinoid pharmaceutical products have been developed 
and more are likely in the near future.  In addition, a growing number of synthetic cannabinoids 
are appearing in the unregulated and illicit drug markets (e.g., Spice and K2).  The availability of 
these products complicates both regulation and testing.  

Identification of the endocannabinoid system has led to a significant increase in research on the 
substances that activate or inhibit its different elements, including both phyto- and synthetic 
cannabinoids.  A key challenge in the search for pharmaceuticals has been to achieve the 
desired therapeutic objective without causing the psychoactive effects associated with activation 
of the CB1 receptors in the brain, as occurs with consumption of THC.  Pharmaceutical 
companies have developed a number of products composed of purified phytocannabinoids or 
synthetic cannabinoids as prescription drugs, some of which are in or have completed clinical 
trials.  The expectation is that an increasing number of cannabinoid pharmaceuticals would be 
available for use by prescription in the U.S. as these trials are completed.  In addition, 
pharmaceuticals are under development that block the action of cannabinoids or modulate their 
synthesis and metabolism. 

3.1 Identification of Potential Therapeutic Applications for Cannabinoids 

As understanding of the endocannabinoid system has improved and researchers have gained 
appreciation for the potential effects of therapeutic interventions, interest has intensified in 
derivatives, strains of marijuana, purified components, and synthetic cannabinoids for medical 
use.  FDA-approved pharmaceuticals and medical marijuana products that are psychoactive 
and cause impairment are a workplace safety concern.  The inability to avoid these effects has 
resulted in the abandonment of many trial compounds by the pharmaceutical industry (Hudson 
and Ramsey 2011).  

3.2 Marijuana for Medical Use 

Marijuana growers have cultivated particular marijuana strains for their particular combination of 
bioactive components that many believe are effective in ameliorating specific health problems.  
Formal research has been constrained by the Schedule I status of botanical marijuana, which 
has created significant barriers to funding and accessing supplies of marijuana products with the 
desired characteristics (Marijuana Policy Project n.d.; Frood 2009).  Despite this, a growing 
variety of marijuana strains with different levels and proportions of bioactive components are 
being cultivated.  In addition, networks are also being developed with the purpose to educate 
and support healthcare providers about the effectiveness of different strains of botanical 
marijuana for different afflictions and the legal requirements for an individual to obtain a 
physician recommendation for “medical marijuana” (e.g., Marijuana Doctors; Green Doctor 
Network [Canada]; National Organization for the Reform of Marijuana Laws [NORML])).  
Emerging knowledge about the potential to enhance, alter, or moderate the effects of the 
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bioactive components in botanical marijuana developed from research on the endocannabinoid 
system is being used to inform cultivation and selection of marijuana with different levels and 
ratios of components (Fadda et al. 2004; Belendiuk et al. 2015; Bhattacharyya et al. 2010).  As 
discussed in Section 8, a growing number of States and local governments have passed laws 
allowing or reducing the sanctions for the production, sale, possession, and use of small 
amounts of botanical marijuana for medical purposes.  In addition, some States have passed 
laws allowing recreational use.  Appendix E discusses State provisions for primary caregivers. 

One of the key concerns about the use of botanical marijuana as a medicine is that marijuana 
products contain a complex, non-standard variety of active ingredients.  In its unprocessed form, 
marijuana derived from the plant C. sativa is biochemically complex with over 421 chemical 
compounds including over 86 cannabinoids (ElSohly and Slade 2005; Huestis 2007; 
Mechoulam and Parker 2013; Radwan et al. 2008).  The structures of the four main 
cannabinoids in marijuana (i.e., delta-9-THC, delta-8-THC, CBN, and CBD) are shown in 
Figure 3-1. 

 
Source: Ashton 2001. Reproduced with permission of the publisher. 

Figure 3-1.  The Chemical Structure of Selected Marijuana Cannabinoids 
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Marijuana’s typical pharmacological profile encompasses 18 different chemical classes (ElSohly 
and Slade 2005).  As with all natural products, the relative concentrations of constituent 
chemicals vary between marijuana strains, between specimens, and between products due to 
storage and handling conditions.   

Marijuana’s native complexity and variability are further increased by heat processing.  Delta-9-
tetrahydrocannabinolic acid (THCA), a cannabinoid present in botanical marijuana, is readily 
converted into the psychoactive THC by heating and other degradation pathways (Dutch 2011; 
Huestis 2007).  Marijuana pyrolysis (i.e., smoking) increase the number of other chemical 
compounds to over 2,000, although the majority of these have no significant psychoactive 
effects (Sharma 2012). 

3.3 Purified Phytocannabinoid Pharmaceuticals 

Phytocannabinoids are naturally occurring cannabinoids found in plants.  Researchers have 
looked for cannabinoids in plants other than those of the genus Cannabis with limited success.  
The only cannabinoid found in significant amounts in any other plants is ß-caryophyllene, which 
is prevalent in many plants, including Cannabis (Gertsch et al. 2010). 

Among C. sativa’s numerous bioactive compounds, THC, CBD, and the THC metabolite, CBN, 
were recognized early in the research process and have attracted most research interest.  
Figure 3-2 shows the chemical structure of CBD and THC.  These compounds affect the 
functioning and signaling of the endocannabinoid system due to their structural similarity with 
the endocannabinoids, as discussed in Section 2 (i.e., AEA and 2-AG) (Pertwee 2005b; 
Mechoulam and Parker 2013).  Of the phytocannabinoids, THC has the most potent 
psychoactive effect.  Other phytocannabinoids have similar, but less pronounced effects, and 
some may have effects that are additive, synergistic, or antagonistic to those of THC and the 
naturally occurring endocannabinoids (Ashton 2001).  The concentration of THC in cannabis 
plants ranges from less than 0.2 percent in hemp to 30 percent for highly hybridized marijuana 
strains (Bostwick 2012).1  Appendix A includes more information on structures and descriptions 
for selected cannabinoids. 

To examine whether interaction among the phytocannabinoids in marijuana influences the 
effects of THC and CBD so that the effect of a purified phytocannabinoid differs from its effect 
when consumed along with other components, Ryan et al. (2006) conducted an experiment in 
which they compared the effects of the following on two types of brain cells (hippocampal 
neurons and glia): 

1. purified THC 
2. purified CBD 
3. an extract of marijuana with high THC, low CBD 
4. an extract of marijuana with low THC, high CBD 
5. a combination of purified THC + purified CBD in the same ratio as (3) 
6. a combination of purified THC + purified CBD in the same ratio as (4). 
                                                
1 Recreational and medical marijuana packaging typically reports THC concentration as a weight percent 
based on the sum of THC plus THCA multiplied by a factor for decarboxylation.  See, for example, 
http://herb.co/2016/07/17/cannabis-labels/.  

http://herb.co/2016/07/17/cannabis-labels/
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Figure 3-2.  Chemical structures of CBD (left) and THC (right). 

Ryan et al. (2006) found differences in the effects of the extracts of marijuana and the matching 
purified combinations. That is, the effects on brain cells were not the same for 3) and 5), or for 
4) and 6).  Ryan et al. (2006) concluded that this experiment demonstrated that THC and CBD 
act synergistically on these cells and that marijuana extracts contain other unidentified 
constituents that could significantly modulate the effect of THC and CBD, both alone and in 
combination.  This research indicates that studies examining the effects of individual 
components of marijuana may not provide valid information about how these components would 
behave when consumed as marijuana or unknown mixtures.   

To address concerns about the variability and complexity of marijuana, pharmaceutical 
companies have undertaken the development of products that are single- or dual-compound 
phytocannabinoids purified from marijuana.  These efforts have focused on conducting the 
necessary clinical trials and gaining approval as prescription pharmaceuticals for products 
whose active ingredients are the purified phytocannabinoids THC and CBD.  The company GW 
Pharmaceuticals has developed a product that is a 1:1 combination of CBD and THC purified 
from the C. sativa plant.  It is being marketed as the oromucosal mouth spray Sativex®.  As of 
mid-2017, Sativex® had not yet been approved in the U.S.,2 but the drug has been approved in a 
number of other countries, including Canada, as a treatment for multiple sclerosis-related 
neuropathic pain and spasticity (Sharma et al. 2012; Nurmikko et al. 2007; Pryce and Baker 
2005).   

3.4 Synthetic Cannabinoid Pharmaceuticals 

Once the structures of AEA and AG-2 and the major bioactive components of marijuana were 
understood, researchers began systematic exploration of this new frontier in neuroscience to 
identify ways to manipulate the endocannabinoid system and develop compounds that might 
have therapeutic or research value (Reggio 2009; Pertwee 2012; Järbe and Gifford 2014).  This 
has led to the development of a wide array of synthetic cannabinoids and compounds that affect 
the synthesis and metabolism of both endocannabinoids and exogenous cannabinoids. 
                                                
2 According to GW Pharmaceuticals, Sativex® is “not currently approved for use in the United States of 
America.”  https://www.gwpharm.com/products-pipeline/sativex/prescriber-information/information-
obtaining-sativex/sativex-usa   

https://www.gwpharm.com/products-pipeline/sativex/prescriber-information/information-obtaining-sativex/sativex-usa
https://www.gwpharm.com/products-pipeline/sativex/prescriber-information/information-obtaining-sativex/sativex-usa
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Pharmaceutical research on synthetic cannabinoids expanded from an original focus on 
compounds that were chemically close variants of THC to a much wider range of chemical 
classes (Reggio 2009).  The synthesis, structures, and bioactive and psychoactive potential of 
these synthetic compounds have been extensively studied and reported on in the literature 
going back several decades (Reggio 2009; Castaneto 2014; ElSohly et al. 2014; Järbe and 
Gifford 2014).   

When reporting in the literature, researchers or product developers usually describe the 
chemical structure of the synthetic cannabinoid and the results of various tests and analyses 
that have been designed to predict bioactivity with respect to the endocannabinoid system 
(Reggio 2009).  These predictions are based on structural, in vitro, and in vivo analyses.  CB1 
receptor affinity is considered a good indicator of likely psychoactive effects.  The strength of the 
bond some of the synthetic cannabinoids form with the CB1 receptor (binding affinity) is higher 
by several orders of magnitude than that of THC (ElSohly et al. 2014; Reggio 2005).  From a 
pharmaceutical perspective, this is an undesirable attribute.  In an effort to limit psychoactive 
effects, pharmaceutical developers are searching for cannabinoids that bind to the CB1 and CB2 
receptors, but do not cross the blood-brain barrier, (Russo and Hohmann 2013).  

The chemical classification of synthetic cannabinoids is based on the structural groups from 
which they are derived.  Fantegrossi et al. (2014) illustrated the possible structural diversity with 
ten examples of synthetic cannabinoids, as shown in Figure 3-3.  This illustration highlights both 
the structural similarity of these compounds and the potential for creating novel chemicals by 
the substitution, alteration, or addition of a single atom or group. 

As a further complexity, biological molecules can often exist in two or more conformations,3 
called stereoisomers, which differ only in the spatial orientation of their component atoms.  
Where this spatial orientation is not resolvable (i.e., the different isomers are mirror images of 
each other), the stereoisomers often behave very differently in physiological systems.4  This 
property is referred to as chirality and is observed in organic compounds, including the 
cannabinoids, where a carbon atom is bonded to four non-equivalent atoms or groups.  Thus, 
stereoisomers of cannabinoids that are the same except for the spatial arrangement of the 
atoms around a chiral center may have markedly different biological activity.  For example, the 
most psychoactive isomer of marijuana’s cannabinoids, delta-9-trans-tetrahydrocannabinol, has 
been found to be 5 to 100 times as potent as the cis isomer, delta-9-cis-tetrahydrocannabinol 
(Pertwee 2004). 

                                                
3 Conformations refer to the spatial arrangements of atoms in a molecule that could come about through 
free rotation of the atoms about a chemical bond.  They are often referred to as left-handed or right-
handed isomers. 
4 A classic example of a biological difference for chiral isomers is the smell (and taste) of carvone.  In one 
conformation, carvone smells like spearmint while its mirror image smells like caraway.  See 
http://chemwiki.ucdavis.edu/Core/Organic_Chemistry/Chirality/Chirality_and_Stereoisomers for further 
explanation. 

http://chemwiki.ucdavis.edu/Core/Organic_Chemistry/Chirality/Chirality_and_Stereoisomers
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Source: Fantegrossi et al. 2014. Reprinted with permission from the publisher. 

Figure 3-3.  Chemical Structure of Representative Synthetic Cannabinoids 

The FDA has approved three oral medications, Marinol®, Syndros®, and Cesamet® based on 
synthetic cannabinoids.  Marinol® and Syndros® are oral medications and contain dronabinol 
(Figure 3-4).  Cesamet® contains nabilone (Figure 3-4).  Marinol® is a Schedule III controlled 
substance and Syndros® is a Schedule II controlled substance.5  Both medications are approved 
for use as an antiemetic to treat chemotherapy-induced nausea and vomiting and as an appetite 

                                                
5 The different scheduling is due to the different drug formulations and their potential for extraction or 
concentration of dronabinol (82 FR 14815). 
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stimulant for HIV-positive patients.  Cesamet®, or nabilone, is a synthetic cannabinoid approved 
by the FDA in 1985 for use as an antiemetic for chemotherapy-induced nausea and vomiting in 
patients that have not responded to other medications.  It is also used as an analgesic for 
neuropathic pain.   

  

Figure 3-4.  Chemical Structures of Dronabinol (THC) (left) and Nabilone (right).  

Research indicates that dronabinol and nabilone have adverse effects on performance similar to 
those of THC, especially when taken alone (i.e., without CBD) (Issa et al. 2014; Bedi et al. 2013; 
Hanley et al. 2007).6  Known side effects of dronabinol include drowsiness, dizziness, nausea, 
clumsiness, trouble thinking clearly, and trouble concentrating.7  Thus, patients taking 
dronabinol might experience impairment similar to that resulting from marijuana consumption 
and Medical Review Officers (MROs) and employers need to be aware of its potential impact on 
an individual’s ability to perform safety- and security-sensitive functions.  The FDA states that 
“Patients receiving treatment with Marinol® Capsules should be specifically warned not to drive, 
operate machinery, or engage in any hazardous activity until it is established that they are able 
to tolerate the drug and to perform such tasks safely” (FDA 2004).  Similar warnings are in the 
patient information for Syndros® and Cesamet®. 

Insufficient information exists in the literature on how synthetic cannabinoids developed for 
medical pharmaceutical use compare with marijuana in terms of impairing effects.  In general, 
the literature indicates that if the synthetic cannabinoid activates the CB1 receptor and passes 
through the blood-brain barrier, it would have psychoactive effects similar to those observed 
with THC consumption (see Section 4.0).  The intensity of these effects would be influenced by 
the binding affinity and efficacy of the compound as well as the presence of other CB1 agonists 
(see Section 2.2.2). 

                                                
6 Hanley et al. (2007:550) report that “dronabinol produces much lower THC titers than smoked marijuana 
at doses that produce comparable psychoactive effects.  In heavy marijuana smokers, dronabinol (20 mg) 
and marijuana (3.1%) produced identical peak ratings of ‘‘high’’ but marijuana resulted in peak plasma 
THC levels 400-fold higher than dronabinol; thus, it is more clinically relevant to compare the effects of 
dronabinol and marijuana on food intake and mood than on THC titers.” 
7 However, in a study of 10 marijuana smokers, Hanley et al. (2007) found that neither marijuana nor 
dronabinol significantly altered performance on measures of learning, memory, vigilance, or psychomotor 
ability compared to placebo for doses of 2.0 or 3.9 percent THC cigarettes (3 puffs held for 10 seconds) 
or 5 or 10 mg dronabinol capsules.  This small study indicates that low doses of dronabinol may not 
cause significant decrements on these performance dimensions in some users. 
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3.5 Synthetics for the Unregulated and Illicit Drug Markets 

Although synthetic cannabinoids were known for many years, the discovery that they functioned 
as cannabinoids, and therefore had psychoactive effects, was not widely recognized until 
research on the endocannabinoid system provided the scientific basis for understanding this 
relationship.  Consequently, the use of synthetic cannabinoids did not appear in the U.S. until 
late 2008 (ElSohly et al. 2014; Seely et al. 2012).  By 2014, the unregulated and illicit drug 
markets were capitalizing on available research with a wide array of synthetic cannabinoids 
available under names such as Spice, K2, Spike 99, and Aroma.8  These products are typically 
herbal mixtures of dried plant products laced with synthetic cannabinoids that are not on 
Schedule I of the Controlled Substances Act.  They “… have become a popular adjunct or 
alternative to marijuana, especially among adolescents and young adults….” (Harris and Brown 
2013; Fattore and Fratta 2011).  Many of the products also contain a variety of other 
psychoactive drugs in addition to the synthetic cannabinoids.  Marketers often advertise these 
drugs as legal, natural, and harmless products (Fattore and Fratta 2011).   

The synthetic cannabinoids in these products activate the same receptors as does THC with 
similar psychoactive effect.  Although initially using milder forms of the numerous known 
compounds, unregulated drug manufacturers and sellers quickly began selecting and designing 
novel compounds that are high-potency, high-efficacy, full agonists of the CB1 and CB2 

receptors and that bind more strongly to them (Shevyrin et al. 2014; Fantegrossi et al. 2014).  
For these reasons, unlike marijuana, these synthetic cannabinoid drugs can cause overdose 
symptoms that require medical intervention and sometimes lead to death.  

Many of the newly developed compounds used in these synthetic cannabinoids are simple 
variants of a common structure, such as those based on the compound referred to as JWH-
018.9  As can be seen in Figure 3-5, many different compounds can be created by slight 
modification of the initial cannabinoid structure (e.g., adding a hydroxyl group or oxidizing to a 
carboxylic form).  Many additional synthetic cannabinoids have been added to the 
pharmacopeia as they have been found to interact with the endocannabinoid system (Reggio 
2009; Seely et al. 2012).  Those manufacturing and distributing these drugs have capitalized on 
the fact that a slight change to a known cannabinoid creates a different molecule allowing 
development of products that escape legal restrictions and/or detection in drug tests.   

 

                                                
8 A list of over 700 street names for these products is available at https://spiceaddictionsupport.org/street-
names-for-synthetic-marijuana/.  
9 JWH-018 is an analgesic chemical from the naphthoylindole family that acts as a full agonist at both the 
CB1 and CB2 cannabinoid receptors, with some selectivity for CB2 (Every-Palmer 2011; Seely et al. 2012).   

https://spiceaddictionsupport.org/street-names-for-synthetic-marijuana/
https://spiceaddictionsupport.org/street-names-for-synthetic-marijuana/
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a. Carboxylation at the N-alkyl chain  
b. Monohydroxylation at the N-alkyl chain 
c. Monohydroxylation at the indole moiety 
d. Trihydroxylation 
e. Dihydroxylation 
f. Monohydroxylation at the N-alkyl chain 

Source: ElSohly et al. 2014 

Figure 3-5.  Variants of the Synthetic Cannabinoid JWH-018 

The American Association of Poison Control Centers has characterized these synthetic 
cannabinoids as drugs “… made specifically to be abused …” because they are not tested for 
safety and the exact chemicals ingested are unknown to users.10  As shown in Figure 3-6, the 
number of calls to the National Poison Data System related to synthetic cannabinoids increased 
dramatically between 2014 and 2015 (CDC 2015).  These products typically do not contain 
CBD, which moderates the anxiety and paranoia that often accompany consumption of CB1 
agonists (Fattore and Fratta 2011).  Consequently, they often cause severe agitation and 
anxiety, a racing heartbeat, heightened blood pressure, nausea and vomiting, muscle spasms, 
seizures and tremors, hallucinations and psychotic episodes, and suicidal and other harmful 
thoughts and/or actions (Fantegrossi et al. 2014).  The extent of use and adverse effects have 
raised the concern of public health officials, drug enforcement officials, and law-enforcement 
personnel, who now track calls to poison control centers and conduct chemical analyses of 
examples of the products. 

                                                
10 http://www.aapcc.org/alerts/synthetic-cannabinoids/  

http://www.aapcc.org/alerts/synthetic-cannabinoids/
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Source: CDC 2015 

Figure 3-6.  Telephone Calls to Poison Centers for Synthetic Cannabinoid Overdose 

In response to the surge in emergency room cases, the U.S. Drug Enforcement Agency (DEA) 
has placed the most prominent of these synthetic cannabinoids in the Schedule I classification 
of controlled substances as cannabimimetic agents (Fantegrossi et al. 2014; Järbe and Gifford 
2014).11,12,13  When new, problematic synthetic cannabinoids emerge in the marketplace, 21 
U.S.C. 811(c) provides a path to quickly, but temporarily (i.e., for 2 to 3 years), classify these 
products as Schedule I cannabimimetic substances.14  This classification can subsequently be 
made permanent under the CSA.  Despite this expedited process for classifying synthetic 
cannabinoids on Schedule I, the fast-track system is not proactive.  A synthetic cannabinoid 
may also be immediately regulated as a controlled substance analogue if intended for human 
consumption, is structurally substantially similar to a schedule I or schedule II substance, is 
pharmacologically substantially similar to a schedule I or schedule II substance, or is 
represented as being similar to a schedule I or schedule II substance and is not an approved 
medication in the United States under 21 U.S.C. 813.15   
                                                
11 http://www.drugabuse.gov/publications/drugfacts/spice-synthetic-marijuana  
12 DEA’s drug classification system, including designation of compounds as Schedule I substances is 
described in detail in Section 7.0.  The DEA has included marijuana extracts and cannabimimetic agents 
(21 CFR 1308) on Schedule I of the Controlled Substances Act.  Other substances that may not be 
included on the list may be regulated as a controlled substance analogue, “A controlled substance 
analogue is a substance which is intended for human consumption, is structurally substantially similar to a 
schedule I or schedule II substance, is pharmacologically substantially similar to a schedule I or schedule 
II substance, or is represented as being similar to a schedule I or schedule II substance and is not an 
approved medication in the United States.” 
13 Researchers studying the cannabinoid system and properties of cannabinoids have historically used 
the term cannabimimetic interchangeably with the term cannabinoid.  However, as a consequence of 
recent legal action to control abuse of synthetic cannabinoids, pursuant to 21 CFR 1308(g), a more 
precise, legal definition has been established for the term “cannabimimetic agents”.  
14 See, for example:  https://www.deadiversion.usdoj.gov/fed_regs/rules/2015/fr0916_2.htm.  
15 The term “controlled substance analog” is defined at 21 U.S.C 802(32)(A). 

http://www.drugabuse.gov/publications/drugfacts/spice-synthetic-marijuana
https://www.deadiversion.usdoj.gov/fed_regs/rules/2015/fr0916_2.htm
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Pharmaceutical researchers have argued that classification of all synthetic cannabinoids as 
Schedule I substances would be inappropriate and too restrictive, as some (e.g., those that 
activate the CB2 receptors) may be neither dangerous, addictive, nor subject to abuse.  They 
point out that a Schedule I classification makes it much more difficult to conduct research on a 
product and may, therefore, delay development of useful therapeutic pharmaceuticals (Sullum 
2014).  Public health officials, regulatory and enforcement agencies, and educators all 
emphasize the need for more education about the danger of these products, targeted especially 
to adolescents and young adults who are the most frequent users (Every-Palmer 2011).16  

3.6 Existing Drug-Testing Panels Cannot Reliably Identify Users of Synthetic 
Cannabinoids 

As discussed in the Medical Review Officer Manual (DHHS-SAMHSA 2010) and required by 
10 CFR 26.163, laboratories certified by the DHHS to perform drug testing are required to use 
confirmatory testing that specifically identifies the major marijuana metabolite, 11-nor-9-carboxy-
delta-9-tetrahydrocannabinol (THC-COOH),17 as the definitive test for marijuana use.18  The 
existing confirmatory testing panel does not test for other cannabinoids or metabolites.  
Consequently, drug testing does not distinguish between a user of marijuana and a user of a 
synthetic cannabinoid whose metabolites include THC-COOH.19  In addition, testing will fail to 
identify those consuming synthetic cannabinoids whose metabolites do not include THC-COOH.  
For example, prescription drugs containing chemically synthesized dronabinol, which is 
chemically equivalent to THC, metabolize to THC-COOH.  Urine from an individual consuming 
dronabinol would, therefore, yield a confirmatory test result the same as from an individual 
consuming marijuana.  Marinol® and Syndros® were the only pharmaceutical sources of 
dronabinol approved by the FDA as of mid-2017.  However, there is evidence that some 
individuals who are prescribed dronabinol may also consume marijuana, either in addition to or 
as a substitute for, the prescription drug (Bostwick 2012).  The existing confirmatory testing 
panel does not distinguish between the two sources of THC-COOH and, therefore, would not 
identify this dual or substitute use.  One line of investigation is to test for components of 
marijuana that would not be present in the pharmaceutical formulations to detect marijuana 
users with cannabinoid prescriptions (Goodwin et al. 2008; Moore et al. 2007a,b; Huestis 2007). 

                                                
16 http://health.usnews.com/health-news/patient-advice/articles/2015/08/18/the-dangers-of-synthetic-
marijuana; http://www.forbes.com/sites/alicegwalton/2014/08/28/6-reasons-synthetic-marijuana-spice-k2-
is-so-toxic-to-the-brain/; http://www.news-journal.com/news/2015/may/28/texas-teen-speaks-against-
using-synthetic-marijuan/. 
17 Delta-9-tetrahydrocannabinolic acid is commonly abbreviated to THCA, which creates a potential for 
confusion with 11-nor-delta-9-tetrahydrocannabinol-9-carboxylic acid, which is sometimes abbreviated as 
THCA (or, as in this report, THC-COOH).  See Appendix A for more information on cannabinoid 
structures and naming. 
18 Another common designation for this metabolite is delta-9-tetrahydrocannabinol-9-carboxylic acid 
which is the designation used by scientists and clinicians for the non-psychoactive parent cannabinoid 
found in marijuana that decarboxylates to yield THC.  See Appendix A for additional information. 
19 Although some synthetics metabolize to a different stereoisomer than THC-COOH than from THCA-A, 
the existing testing panel does not distinguish between stereoisomers. 

http://health.usnews.com/health-news/patient-advice/articles/2015/08/18/the-dangers-of-synthetic-marijuana
http://health.usnews.com/health-news/patient-advice/articles/2015/08/18/the-dangers-of-synthetic-marijuana
http://www.forbes.com/sites/alicegwalton/2014/08/28/6-reasons-synthetic-marijuana-spice-k2-is-so-toxic-to-the-brain/
http://www.forbes.com/sites/alicegwalton/2014/08/28/6-reasons-synthetic-marijuana-spice-k2-is-so-toxic-to-the-brain/
http://www.news-journal.com/news/2015/may/28/texas-teen-speaks-against-using-synthetic-marijuan/
http://www.news-journal.com/news/2015/may/28/texas-teen-speaks-against-using-synthetic-marijuan/
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Other synthetic cannabinoids that are structurally different than THC do not metabolize to THC-
COOH (e.g., the prescription drug nabilone [Cesamet®]).  Urine from individuals consuming 
these synthetic cannabinoids would not test positive with the existing confirmatory test for 
marijuana.  An Individual’s use of these prescription synthetic cannabinoids would, therefore, go 
undetected by the existing testing panel.20  Similarly, the metabolites of many of the synthetic 
cannabinoids available on the unregulated and illicit markets are sufficiently different from THC-
COOH that they would not be detected by the existing confirmatory test panel, even though the 
impairing effects of these synthetics may be much stronger than those of marijuana (ElSohly et 
al. 2001; DOJ 2010). Use of these unregulated and illicit synthetic cannabinoids would also go 
undetected by drug testing unless an extended synthetic cannabinoid test panel is available 
from the laboratory, requested for use, and includes the cannabinoid used by the donor. 

Research is ongoing to develop tests that would quantitatively detect and distinguish among 
cannabinoids with some success (Castaneto 2014).  Urine test panels for a subset of the 
synthetic cannabinoids are offered by several laboratories.21  Further, a urine immunoassay test 
has been developed and is available from testing laboratories for initial, qualitative screening of 
samples (Barnes 2015).  However, there are limitations to these tests and reservations about 
their capabilities in detecting the use of synthetic cannabinoid use.  These test methods have 
typically been developed for a related, limited set of cannabinoid metabolites (Castaneto 2014; 
Crews 2013).  Because the test methods must target specific cannabinoids, test development 
tends to pursue synthetic cannabinoids that are added to Schedule I or are known to be 
available in the unregulated and illicit markets.  The result is that available synthetic cannabinoid 
testing at different laboratories are for test panels that target different suites of cannabinoids, 
and are for different detection and reporting limits. Therefore, they are unlikely to capture all 
possible synthetic cannabinoids that could be available to users.22  Further, these tests cannot 
resolve the challenges in understanding the relationship between test results and impairment 
effects.  The variety and substitutions seen in the unregulated and illicit synthetic cannabinoid 
markets pose a mostly unresolved testing problem. 

 

                                                
20 MROs will not accept a prescription for nabilone as a legitimate medical explanation for a positive 
confirmed marijuana drug test conducted under DHHS guidelines 
21 See, for example, https://blog.employersolutions.com/quest-diagnostics-tests-for-synthetic-
cannabinoids/ (DHHS certified),  
https://www.redwoodtoxicology.com/services/synthetic_cannabinoid_urine (DHHS certified), 
https://www.ameritox.com/k2-spice-drug-test-synthetic-marijuana-urine-drug-testing/, and 
http://www.nmslabs.com/services-forensic-K2-testing.   
22 See a more detailed discussion on synthetic cannabinoid oversight by the National Drug Court Institute 
at http://www.ndci.org/sites/default/files/nadcp/SpiceQuestionandAnswer.pdf. 

https://blog.employersolutions.com/quest-diagnostics-tests-for-synthetic-cannabinoids/
https://blog.employersolutions.com/quest-diagnostics-tests-for-synthetic-cannabinoids/
https://www.redwoodtoxicology.com/services/synthetic_cannabinoid_urine
https://www.ameritox.com/k2-spice-drug-test-synthetic-marijuana-urine-drug-testing/
http://www.nmslabs.com/services-forensic-K2-testing
http://www.ndci.org/sites/default/files/nadcp/SpiceQuestionandAnswer.pdf
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4.0 SUSTAINED, PERVASIVE USE OF MARIJUANA AND RISING USE 
OF UNREGULATED AND ILLICIT SYNTHETIC CANNABINOIDS 

Marijuana is widely acknowledged as the most commonly used illegal drug of abuse in the U.S. 
and around the world (UNODC 2012).  Despite concerted efforts by Federal and State 
agencies, health care providers, educators, and parents, marijuana use has continued largely 
unabated and there is little evidence that its use would decline substantially in the near future.  
In addition, since the introduction of synthetic cannabinoids, their recreational use has increased 
dramatically.  As discussed in Section 3.5, advanced laboratory capabilities enable producers to 
create slightly modified, but ostensibly legal “new” synthetic molecules quickly, some of which 
produce much more powerful and dangerous effects than marijuana.  As described in 
Section 3.6, the presence of prescription cannabinoids and synthetics are complicating 
interpretation of drug test results and are raising concerns about impaired workers failing to be 
identified by drug-testing programs.  The increasing deregulation and legalization of available 
information and ability to make synthetic cannabinoids support the continued, pervasive use of 
marijuana and rising trends for use of synthetic cannabinoids despite impairing effects. 

4.1 Marijuana Use Is Widespread and Unlikely to Cease or Decline Soon 

In recent years, marijuana use by adults and adolescents has increased in the U.S. and 
worldwide.  The 2013 and 2014 drug use surveys conducted by the Substance Abuse and Mental 
Health Services Administration (SAMHSA) reported an upward trend in marijuana use (DHHS 
2014; 2015) with the number of past-month users aged 12 and older rising every year: 5.8 million 
in 2011; 18.9 million in 2012; 19.8 million in 2013; and 22.2 million in 2014.1  Among the users of 
illicit drugs in 2013, 80.6 percent reported using marijuana.  The survey also revealed an 
escalation in the number of individuals who use marijuana daily or almost daily, which climbed 
from 5.1 million during the 2005-2007 timeframe to 8.1 million in 2013 (DHHS 2014).  According 
to the United Nations Office of Drugs and Crime, in 2012 between 119 million and 224 million 
people worldwide used marijuana, and production has been rising (UNODC 2012).   

Accompanying the growing popularity of marijuana as a recreational drug, an upward trend in 
marijuana product potency has also been observed.  In particular, the concentration of THC 
continues to increase due to the development of specialty and high-potency cultivars.  The 
average THC concentration in seized marijuana increased from 1.5 percent in 1980 to about 3 
percent in the early 1990s, then to more than 4 percent in 1997, and to well over 11 percent in 
2008 (Diplock et al. 2012; Elsohly et al. 2000).  THC concentration has been reported to increase 
substantially in recent years. In 2016, a contest in Colorado to identify the marijuana strains with 
the highest concentration of THC identified strains with up to 32 percent THC (Escondido 2016).  

These trends – increasing numbers of marijuana users and increasing chemical potency of both 
marijuana and synthetic products – have heightened interest in research that clarifies the 
pharmacological properties of marijuana and other cannabinoids, the short- and long-term 
effects of exogenous cannabinoid use on humans, and methods to relate consumption with 
concentrations in bodily fluids and levels of impairment. 

                                                
1 In 2014, the 22.2 million marijuana users represented 8.4 percent of the population aged 12 or older. 
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4.2 Medical Marijuana Use Is Rising  

Snapshot and time-series data collected by State governments and interest groups suggest a 
general upward trend in the number of medical marijuana users in the U.S. since legalization of 
medical marijuana has taken effect in 25 States and Washington D.C.  On a national scale, in 
2008, an estimated 7,000 American physicians certified and made recommendations2 for medical 
marijuana for a total of approximately 400,000 patients (Aggarwal 2009).  As estimated by 
ProCon, the number of medical marijuana patients in just 21 of the 25 States with medical 
marijuana enabling laws, plus Washington D.C. now exceeds one million.  Further, ProCon 
estimates if medical marijuana were legalized across the U.S., the number of medical marijuana 
patients could be extrapolated to exceed 2.6 million based on March 2016 reporting (ProCon.org 
2016).3  Although nationwide time-series data are not available, a few States’ medical marijuana 
programs have tracked the change in legal medical marijuana use over time.  These data indicate 
that the number of individuals who have gone through the registration process and received 
medical marijuana identification cards, thereby becoming medical marijuana “cardholders” 
(cardholders), increased rapidly once State laws established the registration process and that it is 
remaining steady or increasing.  Appendix C provides information on the registration patterns in 
California and Colorado.  States allowing medical marijuana have generally established a list of 
medical conditions that qualify patients to be certified by a physician for registration and then to 
receive a physician recommendation for medical marijuana.  To become a registered user, 
patients must have been diagnosed with one or more of the State program’s qualifying conditions. 
These qualifying conditions vary between States and have changed over time.  Some of the 
common qualifying conditions include cancer, glaucoma, HIV/AIDS, Parkinson’s disease, multiple 
sclerosis, epilepsy, seizures, wasting syndrome, Crohn’s disease, and post-traumatic stress 
disorder (PTSD).  In many States,4 residents can petition to add qualifying conditions and in some 
States,5 physicians are given the discretion to recommend medical marijuana as a treatment for 
conditions that are not on the qualifying conditions list (NORML n.d.; Thompson and Koenen 
2011; New Jersey Department of Health n.d.; Massachusetts Department of Public Health 2015).  
Some States (e.g., Illinois and Oregon) have established medical marijuana advisory boards or 
committees with responsibility for reviewing petitions to add medical conditions eligible for 
marijuana use, reviewing previously approved qualifying conditions, conducting public meetings to 
review received petitions, and making recommendations to approve or deny petitions.6  The 
dynamic interplay between patients, medical professionals, and government has led to an 

                                                
2 Details for the process and terminology for access to medical marijuana varies between States but the 
general process is consistent.   
3 At the time of this report, the medical marijuana programs in Maryland, New Hampshire, Pennsylvania, 
and Ohio were not open to accept applicants or were unavailable, according to 
http://medicalmarijuana.procon.org/view.resource.php?resourceID=005889.  
4 Arizona, Illinois, Colorado, Connecticut, and Washington 
5 California, Massachusetts, and New Jersey 
6 The State of Illinois Medical Cannabis Advisory Board was abolished on June 30, 2016 in accordance 
with Public Act 099-0519. Petitions to add debilitating conditions are reviewed by the Illinois Department 
of Public Health (http://www.dph.illinois.gov/topics-services/prevention-wellness/medical-
cannabis/petition-to-add-debilitating-conditions).The website for Oregon Advisory Committee on Medical 
Marijuana is 
https://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/ac
mm.aspx.  

http://medicalmarijuana.procon.org/view.resource.php?resourceID=005889
http://www.dph.illinois.gov/topics-services/prevention-wellness/medical-cannabis/petition-to-add-debilitating-conditions
http://www.dph.illinois.gov/topics-services/prevention-wellness/medical-cannabis/petition-to-add-debilitating-conditions
https://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/acmm.aspx
https://public.health.oregon.gov/DiseasesConditions/ChronicDisease/MedicalMarijuanaProgram/Pages/acmm.aspx
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increase in the number of qualifying medical conditions over time, a trend that seems likely to 
continue.  Appendix D provides detailed information about qualifying conditions by State. 

4.3 Medical Marijuana and Pharmaceutical and Synthetic Cannabinoid Users 
Are Also Often Recreational Marijuana Users 

A number of studies have shown that there is significant overlap in those who use marijuana for 
medical or for recreational use.  Some historical evidence indicates that medical use has 
followed recreational use (Bostwick 2012:174; O’Connell and Bou-Matar 2007).  Further, a 
survey of over 4,100 participants in a medical marijuana program found that those using 
marijuana for medical reasons preferred to inhale (i.e., smoke) their medication rather than 
taking it in pill form.  The reasons given for this preference were, in part, the ability to “titrate” the 
amount of medication more effectively with inhalation than ingestion and the greater 
bioavailability of cannabinoids when they are inhaled (Bostwick 2012:174). Consequently, the 
evidence indicates that many of the people who obtain a recommendation for one of the FDA 
approved pharmaceutical cannabinoids would also use marijuana.  Urine testing that 
distinguishes between prescription pharmaceutical cannabinoids and marijuana (see 
Section 3.6) is generally not part of established workforce drug-testing procedures.  
Consequently, it would be increasingly complicated for MROs to obtain a clear idea of what 
(medical or recreational) cannabinoid products the individual is consuming. 

4.4 Marijuana Consumption Causes Impairing Effects of Concern 
Widespread use of marijuana is a workplace concern because of its impairing effects.  There is 
strong evidence that consumption of marijuana, or similar cannabinoid products, affects aspects 
of perception,7 mood, cognition, memory, and psychomotor performance that jeopardize an 
individual’s motivation and ability to perform tasks safely and competently (Ashton 2001; 
Hartman and Huestis 2013).8  Research clarifying the functioning of the endocannabinoid 
system is providing a greater understanding of the specific areas of the brain affected by 
marijuana and of the physiological processes causing these effects.  It has also revealed that 
the signaling functions of cannabinoids are complex and can be significantly affected by 
combination with other cannabinoids. 

The Encyclopedia of the Brain and Brain Disorder (2009) describes the effects of inhaling 
marijuana as follows: 

In low to medium doses, marijuana can cause relaxation, reduced coordination, 
low blood pressure, sleepiness, disruption in attention, and an altered sense of 
time and space.  In high doses, it can cause hallucinations, delusions, impaired 
memory, and disorientation. The effects of marijuana begin in one to 10 minutes 
and can last from three to four hours…Experiments have shown that THC can 
affect two neurotransmitters:  norepinephrine and dopamine.  Serotonin and 
GABA9 levels may also be altered (Turkington 2009).   

                                                
7 For example: taste, smell, hearing, vision, and time sense. 
8 See, for example, Day et al. (2013); Schweinsburg et al. (2005); Downey et al. (2012); Simons et al. 
(2012); Lyons et al. (2004); Liguori et al. (2003); Ramaekers et al. (2006); Jacobus et al. (2009); 
Ranganathan and D’Souza (2006); Schwope et al. (2012); Verdejo-Garcia et al. (2007); Whitlow et al. 
(2004); Yesavage et al. (1985); Yücel et al. (2012); Riedel and Davies (2005). 
9 The chief inhibitory neurotransmitter in the central nervous system. 
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The adverse effects from marijuana consumption may include distorted time sense; anxiety; 
dysphoria and paranoia; cognitive impairment, particularly to vigilance and attention, memory, 
decision-making, and working memory; and psychomotor impairment (Iversen 2008; Hall 2014; 
Diplock et al. 2012; van Winkel and Keupper 2014).  Research has shown a dose-response 
relationship between marijuana exposure and risk of psychosis.  However, a meta-analysis of 
available studies concluded that evidence of a causal relationship (i.e., that marijuana 
consumption causes psychosis) is lacking (Ksir and Hart 2016; Verdoux and Tournier 2004).10  
These effects, especially those related to executive functions (e.g., vigilance and attention, 
critical thinking, and multi-tasking), are reported to be more intense in less experienced users.  
However, in heavy, chronic users who have built up tolerance, impairment may persist through 
the early days, weeks, and possibly longer of an abstinence period (Bolla et al. 2002; Crean et 
al. 2011).11  The increased potency of available strains of marijuana is correlated with 
impairment that can last for many hours.  Impairment from alcohol usage is greatly increased by 
consumption of any level of marijuana (Diplock et al. 2012; Armentano 2011) and the 
presence of alcohol has been shown to significantly increase the concentration of THC and 
11-hydroxy-delta-9-tetrahydrocannabinol (11-OH-THC) in an individual’s blood and plasma 
(Hartman et al. 2015). 

Focused research on the effects of THC on memory, suggests that “cannabinoids impair all 
stages of memory including encoding, consolidation, and retrieval” (Ranganathan and 
D’Souza 2006).  THC also affects motor skills, especially for tasks that require attention to 
multiple dimensions of a cue (Barnett et al. 1985).  In addition, THC may induce unpleasant 
reactions such as disconnected thoughts, panic reactions, and disturbing changes in perception, 
delusions, and hallucinatory experiences (Carlini 2004).  However, although abundant and 
compelling evidence supports the assertion that marijuana use adversely affects a variety 
of cognitive and motor skills, there is not yet consensus regarding the relationship 
between marijuana dosage and the dimension, degree, and duration of impairment effects 
(Diplock et al. 2012). 

Research also suggests that the age of the user plays an important role in the long-term effects 
of marijuana.  Research on the endocannabinoid system has provided insight into the 
differential effects of cannabinoids on the brains of adolescents and young adults compared to 
adults.  There is growing evidence that earlier onset of marijuana use (i.e., before 16 to 18 
years) is associated with long-term deficits in attention, visual search, executive functioning, 
abstract reasoning, overall and verbal IQ, and motivation (Lisdahl et al. 2013; Fontes et al. 
2011; Jacobus and Tapert 2014; Pope et al. 2003; Musty and Kaback 1995; Kouri et al. 1995; 
Lane et al. 2005).  In addition, research has shown that early age of first exposure to marijuana 
is related to a higher rate of psychotic experiences (Konings et al. 2008), higher incidence of 
psychiatric hospitalization (Schubart et al. 2011), higher risk for psychotic disorder (Stowkowy 
and Addington 2013; Henque et al. 2005; Kuepper et al. 2011; Parakh and Basu 2013), 

                                                
10 Ranganathan et al. (2016) found reduced brain cannabinoid receptor availability in the brains of 
individuals with schizophrenia. 
11 Bolla (2002), for example, found that attention impairment persisted through a 28-day abstinence 
period for heavy, chronic users.  Crean et al. (2011) note that earlier studies tended to find impairment of 
executive function persisting through only about 20 days of abstinence but more recent studies have 
found evidence that it may persist much longer, including permanently.  
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degraded cognitive performance (Pope et al. 2003), and reduced motivation (Musty and Kaback 
1995; Kouri et al. 1995; Lane et al. 2005).  For youth even more than for adults, the severity of 
these deficits and problems generally increases with greater duration and frequency of use and 
cumulative dose. 

Findings regarding recovery from cognitive impairment due to chronic use are mixed, with some 
studies showing permanent impairment while others do not (Diplock et al. 2012; Lorenzetti et al. 
2016).  It is not yet clear whether observed cognitive impairment is due to lingering effects or 
changes in brain function (Hall 2014).  Some studies show that long-term marijuana use, 
especially when started during adolescence, results in morphological changes in the brain, while 
other studies have not found evidence of such structural change (Wilson et al. 2000; Battistella 
et al. 2014; Zalesky et al. 2012; Prescot et al. 2011; Volkow et al. 1996; Eldreth et al. 2004; 
Lorenzetti et al. 2016).   
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5.0 UNPREDICTABLE DOSE-RESPONSE RELATIONSHIPS 

The pharmacokinetics of marijuana are complex and are affected by the intensity and frequency 
of use; the composition, form, and manner in which the cannabinoid product is consumed; and 
the presence and effect of active metabolites.  Individuals who consume marijuana by smoking 
experience immediate, adverse effects on concentration, perception, memory, and movement 
that are of legitimate concern for workers performing safety- or security-sensitive job duties.  
Other modes of consumption cause these effects more slowly.  Research has not yet 
established a reliable, empirical basis for predicting the intensity and duration of these effects 
and establishing a clear correlation with the concentrations of THC and its metabolites in bodily 
fluids, especially when consumed as marijuana or a combination of multiple cannabinoids from 
other sources.  The introduction of pharmaceutical cannabinoids and synthetic cannabinoids 
further complicates the interpretation of drug test results and the prevention of impairment in the 
workforce.  Much of the early research on marijuana focused exclusively on THC and its 
metabolites, ignoring the potential effect other cannabinoids in marijuana might be exerting on 
absorption and impairment.  Information gained from research on the endocannabinoid system 
has shown that it is important to pay attention to the composition of the material included in the 
“dose” and that it is not adequate to focus on THC alone.  Research has also identified further 
complicating factors, such as a potential biphasic pattern of effects (in which a low dose has the 
opposite effect of a high dose, see Section 2.2.2)1 (Šulcová et al. 1998) and significant gender 
differences in the effects of cannabinoids (Fattore and Fratta 2010; Wagner 2016; Viveros et al. 
2011; Craft et al. 2013). 

5.1 Previous Research Has Limitations 

Data regarding the relationship between consumption, levels of parent cannabinoids, metabolites 
in bodily fluids, and effects on performance are incomplete and of uncertain generalizability.  A 
clear relationship between plasma or urine concentrations and degree of cannabinoid-related 
impairment has not been established (Hartman and Huestis 2013).  This poses challenges for 
evaluating the likely impairment level of individuals who have consumed marijuana or 
cannabinoid pharmaceuticals.  It has led States that have legalized medical or/and recreational 
marijuana to fall back on per se limits for traffic safety, and it presents a barrier to the 
establishment of an abstinence period that could be used to ensure that individuals who had 
used medical marijuana or prescription cannabinoids would not be impaired when reporting for 
duty.  It also poses challenges for individuals and MROs, or their equivalent, who are responsible 
for understanding how prescription cannabinoids affect the fitness of those taking them. 

Although beneficial effects of cannabinoid consumption are now recognized anecdotally and by 
study, much of the earlier research on marijuana focused on understanding and documenting its 
impairing, dependence-producing, and potentially addictive2 effects.  Even with this focus, 

                                                
1 For example, a high dose inhibited motor activity, pain reception, and aggression, while a low dose 
enhanced these effects.   
2 The research on addiction has been inconsistent and disputed.  Discovery of the endocannabinoid 
system has provided researchers the ability to investigate cannabinoid dependence and the role of the 
endocannabinoid system in drug abuse in greater detail and with much greater sophistication (Maldonado 
and de Fonseca 2002; De Luca and Fattore 2015).   
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research on marijuana faced a variety of challenges that limited the ability of researchers to 
reach definitive conclusions about the relationship between user and use characteristics and 
effects or definitive conclusions about the temporal relationships among dose consumed, 
concentrations in bodily fluids, and effects (Huestis 2007).  In addition to the challenges posed 
by the complexity of the endocannabinoid system, marijuana’s Schedule I status has made 
research on its effects on human mood, cognition, and performance especially challenging by 
limiting funding, the availability of marijuana products, and permission to conduct the research 
(Marijuana Policy Project n.d.).  One consequence has been that many of the studies on the 
effects of marijuana have sample sizes of fewer than ten individuals, which limits the 
generalizability of their results, and therefore must be interpreted with caution (Iversen 2003; 
Curran et al. 2002; Day et al. 2013; Diplock et al. 2012; Downey et al. 2012; Drummer et al. 
2004; Fant et al. 1998; Hartman and Huestis 2013).3  

Marijuana has a wide, and reportedly variable, spectrum of effects on users.  Attempts to 
generalize about these effects based on the available research are limited by the small cohorts 
often used in studies,4 the variable composition of marijuana as a natural product,5 the vagaries 
of use duration and use patterns by individuals, and the frequent failure of studies to clearly 
document the composition of the product used in the study.  Further, the state of knowledge 
about marijuana impacts is based on studies limited in their general applicability due to lack of 
double-blind experimental design and random assignment of individuals to treatment and by 
frequently relying on user self-reports of consumption, especially in establishing user histories.  
In addition, heavy consumers of marijuana, those who use daily or near daily, are also often 
users of tobacco, alcohol, and other substances that could have confounding effects on their 
physiology and behavior and may significantly alter the way marijuana components interact with 
the body and brain (Filbey et al. 2015; Wetherill et al. 2015).  Earlier studies did not have the 
advantage of detailed information about the endocannabinoid system; the location and 
mechanism of the cannabinoid receptors CB1 and CB2; or knowledge that the sequence, timing, 
and composition of the administered doses could significantly affect outcomes.  Consequently, 
most of the available research did not control for or describe these variables and did not 
address them in their research design or data interpretation (DHHS 2014).   

5.2 Dose-Response Relationships Are Complex and Influenced by a Variety of 
Factors 

The endocannabinoid system is the focus of intensive, ongoing research aimed at better 
understanding the system and its susceptibility to the consumption of marijuana or cannabinoids 

                                                
3 There was also a tendency to attribute findings from studies of THC alone to marijuana, in part because 
the moderating/altering effects of other cannabinoids in marijuana, particularly CBD, were not understood. 
4 Cohen (1990) calculated that a sample size of 25 per group is needed to obtain reliable results in these 
types of studies (cited in Riedel and Davies 2005). 
5 Lorenzetti et al. (2016) note that there is growing evidence that THC is neurotoxic to brain areas with 
high concentrations of CB1 receptors and that CBD is neuroprotective, mitigating the neurotoxic effects of 
THC.  Consequently, the changing composition of the marijuana being consumed over the past few 
decades (significantly increased levels of THC and decreasing levels of CBD) has increased “the 
potential for psychological and neurobiological harm in the current generation of cannabis users.”  It also 
complicates interpretation of research conducted on earlier strains of cannabis, whose composition is 
often not specified. 
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from other sources (Pagotto et al. 2006).  There is great research interest in understanding how 
the primary psychoactive compound, THC, and its metabolites (11-OH-THC and THC-COOH) 
interact with CBD and the other bioactive components of marijuana to influence dose-response 
in terms of both impairing behavioral and cognitive effects and biophysical consequences.  
Though it does not cause psychotropic effects as THC does, CBD has also been shown to 
affect the brain as well as the immune system and as an antagonist, modify the effects of other 
cannabinoids (Diplock et al. 2012; Izzo et al. 2009; Hazekamp and Grotenhermen 2010; 
Panikashvili et al. 2001; Pies 2010). 

Marijuana’s effects are dependent on multiple factors (Riedel and Davies 2005; Rabchevsky et 
al. 2011; Robson 2001; Wilsey et al. 2008 and 2012; Wissel et al. 2006; Borgelt et al. 2013).  
Research consistently shows high intra- and inter-subject variability in maximum plasma 
concentrations of cannabinoids and their metabolites from a given dose, in part because of 
variability in both absorption and the speed with which those compounds are eliminated and 
cleared from the individual’s system (Huestis 2007).  Exploring the plausible causes of the 
conflicting research findings on marijuana impairment effects, Crean et al. (2011) argues that 
differences in the published research findings might be attributable to different characteristics of 
the sampled individuals in terms of prior exposure, drug tolerance, and neuro-adaptation to 
chronic use.  Diplock et al. (2012) and Ramesh et al. (2013) point out that most research 
findings are based on small sample sizes with the doses of marijuana administered to the 
research participants subject to a host of endogenous and exogenous factors that lead to 
variability in actual consumed marijuana quantities.   

In addition, the lipophilic nature of cannabinoids, which is unusual among drugs of abuse, adds 
further complexity.  Iversen (2008:47-48) provides a succinct summary of this issue: 

Elimination of the drug [THC] from the body is in fact quite complex and takes 
several days.  This is largely because the fat-soluble THC and some of its fat-
soluble metabolites rapidly leave the blood and enter the fat tissues of the body.  
As the drug and its metabolites are gradually excreted in the urine (about one-
third) and in the feces (about two-thirds), the material in the fat tissues slowly 
leaks back into the bloodstream and is eventually eliminated.  This gives an 
overall elimination half-time of 3 to 5 days, and some drug metabolites may 
persist for several weeks after a single drug exposure (for review see Agurell et 
al., 1986).  Urine or blood tests for one of the major metabolites, 11-nor-carboxy-
THC … use a very sensitive immunoassay and can give positive results for days 
or even weeks after a single drug exposure.  Thus, even after a single dose of 
cannabis [marijuana], the user may test positive several days later, and regular 
cannabis users may remain positive for up to a month after taking the last dose.  
The proportion of the carboxy-metabolite relative to unchanged THC increases 
with time and measurements of this ratio can indicate fairly accurately how long 
ago cannabis was consumed.  What is more relevant for roadside traffic accident 
or workplace drug testing is an indication of recent use or intoxication, and this is 
better provided by the measurement of THC in samples of saliva — which 
accurately reflects cannabis use within the past few hours…. 

The unusually long persistence of THC in the body has given cause for some 
concern, but it is not unique to THC – it is seen also with a number of other fat-
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soluble drugs, including some of the commonly used psychoactive agents (e.g., 
diazepam [Valium]).  The presence of small amounts of THC in fat tissues has no 
observable effects, as the levels are very low.  There is no evidence that THC 
residues persist in the brain, and the slow leakage of THC from fat tissues into 
blood does not give rise to drug levels that are high enough to cause any 
psychological effects….  Smoking a second marijuana cigarette a couple of 
hours after the first generates virtually the same plasma levels of THC as 
previously….  Nevertheless, the drug will tend to accumulate in the body if it is 
used regularly.  While this is not likely to be a problem for occasional or light 
users, there have been few studies of chronic high-dose cannabis users to see 
whether the increasing amounts of drug accumulating in fat tissues could have 
harmful consequences.  Is it possible, for example, that such residual stores of 
drug could sometimes give rise to the "flashback " experience that some 
cannabis users report – the sudden recurrence of a subjective high not 
associated with drug taking? 

Perhaps because of this complexity, research has found high inter- and intra-subject variability 
on many of the factors that influence the level and duration of an individual’s response to the 
consumption of marijuana or cannabinoids from other sources for which no clear explanation 
has been identified (Huestis 2005): 

• absorption and retention 
• metabolism and metabolites 
• elimination 
• accumulation and distribution with the body. 

Such unpredictable variability complicates efforts to establish a reliable standard abstinence 
period that would ensure that the residual effects of cannabinoid consumption were no longer 
impairing.   

5.2.1 Absorption and Retention 

The immediate acute effects of marijuana consumption are dependent, in part, on the levels and 
ratios of the active compounds, which are themselves affected by the amount and means of 
drug administration (Huestis 2007; Ranganathan and D’Souza 2006).  Smoking, vaporization, 
oral ingestion, oromucosal administration, rectal administration, transcutaneous administration, 
and intravenous administration are shown to have different absorption rates and resulting drug 
bioavailability (Moir et al. 2007).  Smoking marijuana cigarettes is the most common means of 
drug administration, which rapidly delivers THC and the other components of marijuana to lungs 
and the brain to provide users with swift onset of desired physiological or neurological effects.  
Drawing on technologies developed for nicotine delivery, vaporization is a growing means of 
marijuana administration (Hartman et al. 2015).  Combining marijuana use with other drugs may 
affect absorption rates.  Prior consumption of alcohol has been shown to significantly increase 
absorption of THC (Hartman et al. 2015). 
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5.2.1.1 Smoking 

With the exception of intravenous injection, smoking offers the quickest rate of absorption and 
the highest peak dose delivery.  Bioavailability from smoking has been found to range between 
2 and 56 percent, with an average of 30 percent (Sharma et al. 2012; Hartman et al. 2015).  The 
noticeable intra- and inter-individual variability in THC absorption rates from smoking could be 
attributed to the number, duration, and spacing of puffs, smoke hold time, and the volume and 
depth of inhalation.  This variability creates uncertainty about the dose and absorption rates 
(Ramesh et al. 2013).  After the first puff, cannabinoids can immediately be detected in blood 
samples and the user experiences cannabinoid-induced behavioral and physiological effects.  
Peak THC blood concentrations are positively correlated to the THC concentration in the 
marijuana sample.  As reported by Huestis (2007) in a study on controlled, pure THC uptake, 
post-drug delivery, THC remained detectable in blood samples from 3 to 12 hours for the low 
dose (1.75 percent THC) sample, and from 6 to 27 hours for the higher dose (3.55 percent 
THC) sample.  The study noted, “The smoking route is preferred by many cannabis users 
because of its rapid drug delivery and resultant fast onset of effects, but also for the ability to 
titrate dose to the desired degree of effect” (Huestis 2007:4). 

A number of studies have found that THC levels peak rapidly after smoking and dissipate 
rapidly but remain detectable for a substantial period after smoking, while 11-OH-THC is 
absorbed much more slowly and reaches a substantially lower peak concentration level than 
THC.  However, 11-OH-THC has a longer dissipation period than THC.  The non-psychoactive 
metabolite THC-COOH is much slower to absorb and reach its peak level than THC or 11-OH-
THC.  However, THC-COOH maintains in its peak range much longer after consumption than 
either THC or 11-OH-THC (Huestis et al. 1992; Joy et al.1999; Toennes et al. 2008 and 2010; 
Hunault et al. 2010).  These findings provide further evidence of the difficulty of estimating the 
effective dose received via the common delivery methods and relating metabolite levels in blood 
or urine to time of last consumption or degree of impairment. 

5.2.1.2 Oral Ingestion 

Oral ingestion is a slower route to drug delivery without the risk of harmful pulmonary effects of 
smoking (Wu et al. 1988).  Oral ingestion has a slower uptake rate and lower peak blood 
concentrations than the same dose consumed via the smoking route (Huestis 2007; Wall et al. 
1976).  This lower peak concentration is offset by the longer duration of cannabinoid-induced 
behavioral and physiological effects the user experiences.  Peak blood concentrations occurred 
about 4 to 6 hours after ingestion of marijuana-based THC in sesame oil and 1 to 5 hours after its 
ingestion in a chocolate cookie.6  Low oral bioavailability is attributed to variable absorption, 
degradation in the stomach, and significant first-pass metabolism to active 11-OH-THC and 
inactive metabolites in the liver (Huestis 2007).  Despite indications that oral delivery results in 
lower bioavailability, synthetic THC (i.e., Marinol®) is approved for drug delivery via oral ingestion. 

                                                
6 As with many studies, the authors did not specify whether the THC was purified from or in combination 
with all the other components of marijuana.  Given the date of the research, it is likely that the 
measurements refer to the amount of THC in the marijuana that was consumed. 



PNNL-27050 
 

 5-6  

THC products that are administered orally include medications, i.e.,  Marinol®, Syndros®,  and 
Cesamet® (see Section 3.4), and THC-containing food such as hemp seeds, oil, and a wide 
range of cannabis edibles (Huestis 2007; Perez-Reyes et al. 1973; Goodwin et al. 2006).  
Studies indicate that differences in formulation of the product, means of delivery, individual 
physiology, variable degrees of drug degradation in the stomach, and differences in first-pass 
metabolism of cannabinoids to 11-OH-THC in the liver add variability to the absorption of orally 
administered cannabinoids (Huestis 2005; Huestis 2007; Sharma 2012).   

5.2.1.3 Other Routes 

Cannabinoids could also be delivered intravenously, via oromucosal (e.g., Sativex) or sublingual 
dosing, transcutaneously, or rectally.  These delivery routes are used to overcome the low 
bioavailability of oral THC formulations. 

Additional research is needed to clarify how dose and delivery interact and affect the 
pharmacological consequences and impairment patterns for the growing diversity of 
cannabinoid products (e.g., suppositories, topical ointments, oromucosal sprays, intravenous 
solutions, vaping, and edibles) (Ohlsson et al. 1980; Huestis 2007; Brenneisen et al. 1996).7   

Brenneisen et al. (1996), for example, found that rectal administration of THC resulted in drug 
bioavailability that was twice as high as that from oral ingestion.  They attributed this to a higher 
rate of absorption and reduced first-pass metabolism.  Brenneisen et al. (1996) emphasize the 
importance of developing a mechanism for standardizing the dosage, purity, and potency of 
these products.   

5.2.2 Metabolism and Metabolites 

A significant limitation in the information about the metabolism of marijuana products is that 
almost all of the research focuses solely on THC.  Before 2000, almost no research attention 
was given to the metabolism of CBD, other cannabinoids, or the numerous other bioactive 
components contained in marijuana; however, it is now known that information about these 
other constituents can be important.  For example, the presence of CBD has been shown to 
inhibit THC metabolism by the liver, significantly increasing brain concentrations of THC, though 
having only a minimal effect on THC plasma concentrations in humans (Grotenhermen 2003).   

Figure 5-1 highlights how the starting cannabinoid in marijuana, THCA-A is changed for 
consumption to THC and is subsequently transformed along THC’s main metabolic pathway 
after consumption.  Marijuana contains THCA-A, which is the non-psychoactive precursor of 
THC.  In a fresh marijuana plant, about 90 percent of the total THC is in the form of THCA.8  
When heated (e.g., baked, smoked, or vaporized), THCA is converted by decarboxylation to 

                                                
7 Huestis (2007) notes that “the availability of cannabinoids-containing foodstuffs, cannabinoids-based 
therapeutics, and continued abuse of oral cannabis require scientific data for the accurate interpretation 
of cannabinoid tests.  These data demonstrate that it is possible, but unlikely, for a urine specimen to test 
positive at the Federally mandated cannabinoid cutoff following manufacturer’s dosing recommendations 
for the ingestion of hemp oils of low THC concentration.”   
8 Total THC in a marijuana plant is the combined total of THC and THCA-A, see Section 3.3. 



PNNL-27050 
 

 5-7  

THC.9  Metabolism of THC occurs mostly in the liver, although some metabolism also occurs in 
other tissues (e.g., heart, lungs, brain, and intestines) (Grotenhermen 2003).  THC is primarily 
oxidized in the liver to 11-OH-THC, which is also psychoactive.  The 11-OH-THC metabolite is 
further oxidized to THC-COOH, which is not psychoactive.  Outside the main metabolic 
pathway, researchers have identified more than 100 THC metabolites (Grotenhermen 2003).  
Together with THC, 11-OH-THC, and THC-COOH are the cannabinoids typically used in 
experimental studies of the pharmacokinetics of marijuana and impairment in animals and 
humans.   

 
Figure 5-1.  The Main Metabolic Pathway of THC 

Gender and duration of use contribute to variability in the metabolism rates of THC and its 
metabolites.  In one study, the average plasma clearance rate for THC was 11.8 L/hr for women 
and 14.9 L/hr for men, although higher doses and/or chronic use could lead to a longer half-life 
of THC in plasma (Grotenhermen 2003).  For new users, the plasma clearance rate was 
reported to be 36 L/hr; however, for regular/chronic users the rate was 60 L/hr, nearly double 
the new user rate (Sharma et al. 2012).  Johansson et al. (1989) reported that it took up to 12.6 
days for half the THC to be cleared from the plasma of a chronic user.  Ashton (2001) reported 
that because of its sequestration in fatty tissues, the tissue elimination half-life of THC was 
about 7 days, with complete elimination of a single dose taking up to 30 days.  Grotenhermen 
(2003) reported that metabolites of THC, particularly THC-COOH, could be detected for up to 77 
days for heavy users.  This variability poses considerable challenges to researchers attempting 
to establish the relationship between time of consumption, dose, concentrations in bodily fluids, 
and impairment effects. 

5.2.3 Elimination 

THC is eliminated from the body mostly through feces (two-thirds) and urine (one-third); THC in 
body fat is slowly released back into the bloodstream and is eventually eliminated (Iversen 
2008:47-48).  Williams and Moffat (1980) report that the majority of THC (i.e., 80 to 90 percent) is 
eliminated within five days.  In this 5-day period, over 65 percent of the THC that was consumed 
is excreted in feces, primarily as 11-OH-THC, and approximately 20 percent is excreted in urine, 

                                                
9 Some THCA, which is itself a cannabinoid receptor agonist with significant physiological effects, is 
typically consumed when marijuana is used; however, it does not appear to be converted to THC in the 
body (Jung et al. 2009). 
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primarily as THC-COOH glucuronide conjugate.  A number of studies have measured the level of 
THC-COOH in subjects’ urine following consumption of varying amounts of THC through a 
variety of delivery mechanisms (primarily smoking) to provide data for setting detection times and 
to develop methods for estimating time of last use.  Huestis et al. (1996) reported that after 
smoking one marijuana cigarette containing 18 mg of THC, mean urine quantity of THC-COOH 
over a 7-day period was 93.8 µg.  When the marijuana cigarette contained 34 mg of THC, the 
mean urine quantity of THC-COOH over 7 days was 197.4 µg.  Huestis (2007) suggests that for 
chronic cannabis users, 11-OH-THC might be present in the urine for a long time after the 
pharmacodynamic effects and impairment have ceased.  More research is needed to establish 
valid time relationships between THC intake and the concentration of 11-OH-THC in urine.  The 
lack of a clear relationship between concentration in bodily fluids and manifestations of 
impairment significantly complicates efforts to establish a reliable way to determine when the 
impairing effects of a marijuana dose have declined to a safe level. 

5.2.4 Distribution and Accumulation within the Body 

As THC and other cannabinoids are circulated in blood, they are initially distributed more quickly 
to highly vascularized (high-perfusion) tissues relative to lower-perfusion tissues.10  However, 
the fat-soluble cannabinoids accumulate and are retained for much longer in adipose tissue (fat) 
relative to other tissues, including the brain, where the blood-brain barrier and high perfusion 
limit accumulation (Kreuz and Axelrod 1973; Johansson et al. 1989; Chiang and Rapaka 1987; 
Nahas 2001).  Cannabinoid accumulations in fatty tissues reach peak concentrations 4 to 5 
days after consumption (single dose), with the adipose tissues subsequently serving as a 
repository from which the cannabinoids are slowly released back throughout the body, including 
to the brain (Ashton 2001).  A study by Nahas (1975) provided pharmacokinetics for the 
distribution of THC in various body tissues, as shown in Figure 5-2 (cited in Atha 2000). 

 
Source:  Nahas 1975 

Figure 5-2.  Pharmacokinetics of THC  

                                                
10 High-perfusion tissues include highly vascularized tissues such as the liver, kidney, lungs, heart, and 
brain; low-perfusion tissues include adipose tissue and bones. 
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Corresponding with the density of cannabinoid receptors, THC and other cannabinoids 
distribute differentially in the brain, with higher concentrations in the neocortical, limbic, sensory, 
and motor areas (Ashton 2001; Iversen 2003).  In a post-mortem analysis of chronic users 
(Mura et al. 2005), researchers detected the presence of THC, 11-OH-THC, and THC-COOH in 
all brain specimens and THC concentration in brain tissue (0.9 to 29.9 ng/g) was higher than in 
blood (0.2 to 11.5 ng/m).  Adams and Martin (1996) hypothesized that residual THC and 11-OH-
THC in the brain might have long-term effects on heavy users but the effect of THC-COOH in 
the brain is not yet known.  An animal study by Brunet et al. (2006) suggests that the retention 
of THC in fatty tissues in heavy users might contribute to the extended presence of THC-COOH 
in urine.   

5.2.5 Detection in Bodily Fluids 

The enforcement of regulations and policies concerning drug use and impairment relies 
primarily on measuring the concentration of the drug and/or its metabolites in a bodily fluid or 
tissue.  To support regulation and policies governing drug use and impairment, considerable 
research has been conducted on the detection of THC and its metabolites in plasma, urine, and 
oral fluids (Toennes et al. 2005; Auwärter et al. 2010; Mercolini et al. 2013; Milman et al. 2010 
and 2012; Molnar et al. 2012a and 2012b; Moore et al. 2007 and 2011).  A goal of this research 
has been to understand how the concentration of these substances varies over time and under 
different conditions (Musshoff and Madea 2006; Strano-Rossi et al. 2012; Teixeira et al. 2007; 
Wong et al. 2005; Zoller et al. 2000; Gustafson et al. 2003).  Similar research has been 
conducted on the detection of pharmaceutical cannabinoids and the cannabimimetics, but 
additional work would be required as new products are introduced (Huestis 2007).   

Despite this extensive literature, further research is needed to provide a sound basis for 
interpreting how drug test results relate to time since last dose and impairment by using larger 
sample sizes and by controlling for some of the factors that studies of the endocannabinoid 
system have shown to be important.   
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6.0 TESTS FOR DETERMINING LEVEL OF IMPAIRMENT OR TIME 
SINCE LAST DOSE ARE NOT AVAILABLE 

As more workers are treated with pharmaceutical cannabinoids, employers and regulators need 
guidance on the relationship between dose and impairment, the duration of impairment, and the 
level of measurable cannabinoid biomarkers below which an individual is deemed fit for duty.  
Employers and workers seek guidance on how long before reporting for duty they must abstain 
from consumption of cannabinoids to meet a specified biomarker level, similar to the guidance 
for alcohol abstinence requirements.  Employers seek definitive State and Federal requirements 
or guidelines upon which they could base driving and workplace drug policy and testing 
programs.  States attempting to establish guidance and rules for safe driving following 
consumption of pharmaceutical cannabinoids or marijuana have already been seeking this 
guidance.  As discussed in the previous sections, the complexity created by differences in mode 
of consumption, composition of active ingredients, and therefore amount consumed (i.e., no 
standard dose) along with variability in metabolism and elimination, and in the response 
variation between chronic/heavy versus occasional/light users have challenged researchers 
attempting to establish this guidance.  The relationships among time since last dose, 
psychoactive effects, and urine, plasma, or oral fluid concentrations of THC and its metabolite(s) 
have been shown to be too variable to provide a reliable basis for either estimating how long an 
individual would remain impaired after consumption or establishing concentrations of THC or its 
metabolites in urine, plasma, or oral fluids that correspond to levels of impairment.  The very 
nature of pharmaceutical cannabinoids and marijuana and the mechanisms by which 
cannabinoids cause impairing effects may mean that it is not possible to establish a bodily fluid 
concentration measure that reliably indicates level of impairment and that a completely different 
approach is needed.  In sum, neither a biomarker level nor abstinence period has been 
established that provides reasonable assurance that an individual is not impaired when he or 
she reports to work or drives a vehicle after marijuana or synthetic cannabinoid consumption. 

6.1 Lack of Test Protocols that Establish Impairment 

Employers and regulators address illegal substances by prohibiting their possession and 
consumption at any time, and use tests that detect the presence of the substance or its 
metabolite in a biological specimen to enforce compliance.  These tests need only to be 
effective and reliable in detecting the presence of specific substances (e.g., parent drugs or 
metabolites) rather than establishing that the level indicates the individual is impaired.  The 
standard workplace testing protocols address marijuana use in this way, on the grounds that 
marijuana is an illegal substance listed under Schedule I of the CSA.   

Preventing worker impairment from consumption of legal substances is more complicated, as 
demonstrated by the regulations associated with alcohol use.  Individuals in safety- and 
security-sensitive positions are prohibited from possessing or consuming alcohol during work 
periods, required to abstain from consumption of alcohol for a specified period prior to reporting 
to work (5 hours under the NRC FFD program),1 and prohibited from reporting to duty while 
impaired by the influence of alcohol (as measured by a blood alcohol concentration, BAC, of 

                                                
1 10 CFR 26.27(b)(4)(i) 
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0.02 percent or greater).2  However, adult individuals are considered to have the right to 
consume alcohol outside of work, within the parameters of prevailing laws.  The availability of a 
test that provides a cost-effective measure of BAC that can be administered on-site via a 
breathalyzer, with real-time, reliable results (i.e., does not require sending a specimen to a 
laboratory) enables enforcement of these requirements. 

As noted by Huestis et al. (2005), unlike alcohol, the mechanisms by which pharmaceutical 
cannabinoids and marijuana cause impairment do not result in a close correlation between 
blood or plasma levels of either THC or its metabolites and degree of impairment.   

Scientists currently evaluate impairment in individual cases by estimating the 
time of drug use and relating these parameters to those found in 
pharmacodynamic studies.  Unlike cases involving use of alcohol, impairment of 
performance from cannabis use is not easily correlated to blood or plasma 
concentrations of THC or its metabolites.  Maximum drug effects may occur later 
than peak blood concentrations of THC or its active metabolites.  Effects on the 
brain continue as blood concentrations of active drug decrease, a process 
termed hysteresis. 

The challenge in establishing test metrics for impairment is clearly articulated by the National 
Highway Transportation Safety Administration (NHTSA n.d.): 

It is difficult to establish a relationship between a person’s THC blood or plasma 
concentration and performance impairing effects.  Concentrations of parent drug 
and metabolite are very dependent on pattern of use as well as dose….  It is 
inadvisable to try and predict effects based on blood THC concentrations alone, 
and currently impossible to predict specific effects based on THC-COOH 
concentrations.  It is possible for a person to be affected by marijuana use with 
concentrations of THC in their blood below the limit of detection of the method.  
Mathematical models have been developed to estimate the time of marijuana 
exposure within a 95 percent confidence interval.  Knowing the elapsed time from 
marijuana exposure can then be used to predict impairment in concurrent 
cognitive and psychomotor effects based on data in the published literature   

Detection of total THC metabolites in urine, primarily THC-COOH-glucuronide, 
only indicates prior THC exposure.  Detection time is well past the window of 
intoxication and impairment.  Published excretion data from controlled clinical 
studies may provide a reference for evaluating urine cannabinoid concentrations; 
however, these data are generally reflective of occasional marijuana use rather 
than heavy, chronic marijuana exposure.  It can take as long as 4 hours for THC-
COOH to appear in the urine at concentrations sufficient to trigger an 
immunoassay (at 50ng/mL) following smoking. Positive test results generally 
indicate use within 1-3 days; however, the detection window could be 
significantly longer following heavy, chronic, use.  Following single doses of 
Marinol®, low levels of dronabinol metabolites have been detected for more than 

                                                
2 The NRC has implemented time-dependent BAC limits within its FFD program, see 10 CFR 26.99, 
26.101, and 26.103.  The relationship between BAC and impairment that serves as the basis for 
establishing the 0.02 percent level was developed through extensive research (Moskowitz 2000). 
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5 weeks in urine.  Low concentrations of THC have also been measured in over-
the-counter hemp oil products – consumption of these products may produce 
positive urine cannabinoid test results. (Accessed March 12, 2015 at 
http://www.nhtsa.gov/people/injury/research/job185drugs/cannabis.htm). 

A large body of research (as illustrated in the references) supports the position that it would be 
difficult to establish a practical drug test (i.e., reliable, noninvasive, and providing very rapid 
results) that could be used to assure that an individual who has used marijuana or other 
cannabinoids outside of work is fit for duty.   

6.2 Lack of Reliable Tests to Establish Time since Last Dose 

Considerable research has focused on developing reliable methods to establish time since last 
dose of marijuana (THC) and time to return to baseline physiological and psychological 
conditions.  As discussed in the previous sections, both pharmacological factors (e.g., dose, 
type of administration, frequency and duration of use, metabolism, and excretion rates) and 
analytical factors (e.g., assay sensitivity, specificity, and accuracy) affect the detection window, 
as does the selection of the analyte being detected (Cary 2006; Huestis 2007).  For example, it 
is widely recognized that urine tests for THC do not correlate well with THC caused effects.  A 
number of methods have been tested (Huestis 2007; Musshoff and Madea 2006).  Huestis 
(2007) reviews two mathematical models for predicting time of THC use from the analysis of a 
single plasma specimen that yield some promising results.  One model is based on the 
concentration of THC, while the other is based on the ratio of THC-COOH to THC in the plasma.  
It is not evident whether this approach would be useful for workplace testing, because it requires 
a blood draw.  As of mid-2016 no reliable biomarker test for determining either impairment from 
measured THC concentration or time from consumption had been developed.3 

 

                                                
3 https://www.drugabuse.gov/publications/drugfacts/drugged-driving  

http://www.nhtsa.gov/people/injury/research/job185drugs/cannabis.htm
https://www.drugabuse.gov/publications/drugfacts/drugged-driving
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7.0 SCHEDULE I STATUS OF MARIJUANA  

The Schedule I classification of marijuana makes its sale, use, and possession illegal according 
to Federal law.  The complex and variable composition of marijuana and the fact that smoking is 
its most common mode of consumption complicate its management as a medical prescription or 
recreational product.  However, as discussed in previous sections, the classification of 
marijuana as a Schedule I substance has not effectively deterred its use (Egelko 2015; NIDA 
2015).   

7.1 Scheduling, Regulation, and Rescheduling of Drugs under the Controlled 
Substances Act 

Prior to 1970, when marijuana was classified as a Schedule I illicit drug, it was recognized in the 
U.S. as an official, licit drug, although the Marihuana Tax Act of 1937 had been implemented to 
thwart its growing recreational use (Svrakic et al. 2012).  Marijuana’s classification as a 
Schedule I drug under the CSA, Title 21 U.S.C. Section 801, et seq. as promulgated in 21 CFR 
1308.11, makes its cultivation, possession, and use illegal.  In the U.S., the CSA governs all 
aspects of the handling of covered substances (“controlled substances”), including 
import/export, manufacturing, distribution, dispensing, individual possession, and research 
(Sabet 2012).   

As shown in Table 7-1, drugs and substances with a recognized medical use and lower 
potential for abuse are classified into Schedules II through V with those having the least 
potential for abuse classified as Schedule V.   

A number of Federal agencies are involved in the regulation, scheduling, and rescheduling of 
controlled substances.  Table 7-2 summarizes their authorities.  In particular, the Attorney 
General has the authority to initiate rescheduling of a controlled substance on his/her own 
motion, at the request of the Secretary of Health and Human Services, or on the petition of any 
interested party.  

The FDA plays a central role in the scheduling, regulation, and rescheduling of controlled 
substances.  It controls the testing of new drugs and reviews applications for authorization to 
market drugs.  Its principal responsibility is to ensure that drugs marketed in the U.S. have been 
shown to be safe and effective for their intended use.  Drug manufacturers or others seeking a 
drug reclassification must provide the FDA with evidence of safety and effectiveness, and the 
FDA’s review is influential in decisions concerning rescheduling.   
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Table 7-1.  Controlled Substance Classifications and Examples 

Classification 
Description of the Drugs, 
Substances, or Chemicals Examples 

Schedule I Dangerous, with no currently accepted 
medical use and a high potential for abuse 
and potentially severe psychological or 
physical dependence. 

heroin, lysergic acid diethylamide 
(LSD), marijuana (cannabis), 3,4-
methylenedioxymethamphetamine 
(ecstasy), methaqualone, and peyote 

Schedule II Dangerous, with a high potential for abuse 
and the potential for use to lead to severe 
psychological or physical dependence.   

cocaine, methamphetamine, 
methadone, hydromorphone 
(Dilaudid), meperidine (Demerol), 
oxycodone (OxyContin), fentanyl, 
Dexedrine, Adderall, and Ritalin 

Schedule III Moderate to low potential for physical and 
psychological dependence.   

Combination products with < 15 mg 
of hydrocodone per dosage unit 
(Vicodin), Products containing 
<90 mg of codeine per dosage unit 
(Tylenol with codeine), ketamine, 
anabolic steroids, testosterone, 
Marinol® 

Schedule IV Low potential for abuse and low risk of 
dependence. 

Xanax, Soma, Darvon, Darvocet, 
Valium, Ativan, Talwin, Ambien 

Schedule V Low potential for abuse, but containing 
limited quantities of certain narcotics.  
Generally used for antidiarrheal, antitussive, 
and analgesic purposes.  

cough preparations with <200 mg of 
codeine or per 100 mL (Robitussin 
AC), Lomotil, Motofen, Lyrica, 
Parepectolin 

Source:  DEA (n.d.) (http://www.dea.gov/druginfo/ds.shtml) (as of 2015) 

Table 7-2. Summary of Federal Authorities for Regulating and Rescheduling Controlled 
Substances 

Agent Authority 
Attorney General Modifies or retains the scheduling of a drug or substance (within the CSA) 
FDA Approves drugs for use in humans, including testing of new drugs 
DEA Regulates controlled substances and enforces the CSA, including the 

cultivation of marijuana for research purposes 
National Institute on 
Drug Abuse (NIDA) 

Supports and coordinates National Institutes of Health (NIH) research on drug 
use and addiction as part of the National Institutes of Health within the DHHS 

SAMHSA of DHHS Establishes guidelines for Federal drug-testing programs and certifies drug-
testing laboratories 

NIH Conducts biomedical and health-related research and provides research 
results as part of the DHHS 

According to the FDA’s website, the role of the FDA in drug scheduling and rescheduling is 
articulated as follows: 

Before conducting testing in humans of a drug that has not been approved by the 
FDA, an investigator submits an investigational new drug (IND) application, 
which is reviewed by the FDA. An IND includes protocols describing proposed 
studies, the qualifications of the investigators who will conduct the clinical 

http://www.dea.gov/druginfo/ds.shtml
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studies, and assurances of informed consent and protection of the rights, safety, 
and welfare of the human subjects. The FDA reviews the IND to ensure that the 
proposed studies, generally referred to as clinical trials, do not place human 
subjects at unreasonable risk of harm. The FDA also verifies that there are 
adequate assurances of informed consent and human subject protection. 

The FDA’s role in the regulation of drugs, including marijuana and marijuana-
derived products, also includes review of applications to market drugs to 
determine whether proposed drug products are safe and effective for their 
intended indications. The FDA’s drug approval process requires that clinical trials 
be designed and conducted in a way that provide the agency with the necessary 
scientific data upon which the FDA can make its approval decisions. Without this 
review, the FDA cannot determine whether a drug product is safe and effective. It 
also cannot ensure that a drug product meets appropriate quality standards. For 
certain drugs that have not been approved by the FDA, such as marijuana, the 
lack of FDA approval and oversight means that the purity and potency of the drug 
may vary considerably (FDA 2016).  

The NIDA provides strategic support and scientific research to improve the prevention and 
treatment of drug abuse and addiction, and inform policy related to these issues.1  In 1984, 
NIDA and the FDA signed a memorandum of understanding (MOU) to ensure “cooperative and 
timely interaction…in expediting the responsibilities…for the domestic scheduling of drugs of 
abuse” (FDA 1984).  The MOU stipulates that NIDA would review the medical and scientific 
assessments and drug scheduling recommendations made by the FDA and provide 
concurrence or nonconcurrence to the FDA regarding such recommendations.  However, the 
MOU further stipulates that NIDA’s nonconcurrence does not compromise the FDA’s authority to 
make drug scheduling recommendations to the DHHS Assistant Secretary for Health.  For 
marijuana research, NIDA oversees the Federal government’s marijuana supply for research 
studies and contracts, through an open solicitation process, with the University of Mississippi to 
grow marijuana for research use.  The marijuana is harvested and processed as bulk marijuana 
or as purified components of marijuana (NIDA 2015).  As of 2014, NIDA had modified its 
definition of marijuana research to include studies of cannabinoids, which are key components 
of the marijuana plant.  As of May 2014, the agency was funding more than 100 grants for 
marijuana studies, 30 of which explored marijuana’s therapeutic effects (Itkowitz 2014).  

The DEA is a Federal law-enforcement agency that plays a key role in the enforcement of the 
CSA to combat “the growing, manufacture, or distribution of controlled substances appearing in 
or destined for illicit traffic in the United States” (DEA n.d.).  The DEA’s Domestic Cannabis 
Eradication/Suppression Program (DCE/SP) is the only program in the nation that focuses 
exclusively on halting cannabis cultivation and trafficking.  The DEA has licensing authority and 
responsibility for establishing annual aggregate production quotas under the CSA, which 
implements the Single Convention.2  In June 2015, the DEA adjusted the previously established 
2015 aggregate production quota for marijuana from 125,000 to 658,000 g for the year (DOJ 
                                                
1 https://www.drugabuse.gov/about-nida/organization  
2 The Single Convention on Narcotic Drugs is an international treaty, established in 1961.  It seeks to limit 
illicit drug-related activities and promote international cooperation to deter drug trafficking.  The United 
States is a signatory. 

https://www.drugabuse.gov/about-nida/organization
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2015).  To date, the DEA had issued only a single license to the University of Mississippi for the 
cultivation of marijuana for research (NIDA 2015). 

The SAMHSA is part of DHHS with the mission to reduce the impact of substance abuse and 
mental illness in the United States (SAMHSA n.d.).  SAMHSA establishes standardized 
procedures and guidelines (i.e., Mandatory Guidelines for Federal Workplace Drug Testing) for 
Federal drug-testing programs, and certifies drug-testing laboratories to test the five substances 
required by the Federal drug-testing programs.  As of May 2015, SAMHSA has proposed 
revisions to the current mandatory guidelines for urine and oral fluid testing (SAMHSA 2015a).  
In addition, SAMSHA leads the effort in understanding and promoting public behavioral health.  
It recently conducted a survey on drug use and health to document current trends in marijuana 
use.  Through its participation on subcommittees of the DHHS Behavioral Health Coordinating 
Council (BHCC), SAMHSA contributes to better coordination of DHHS’s mental health and 
substance use program portfolio with regard to marijuana issues and policy as well as 
prescription drug abuse, underage drinking, severe mental illness, trauma and early 
intervention, primary care/behavioral health integration, and communications (SAMHSA 2015b). 

Drugs could be rescheduled as additional data on their safety and effectiveness are acquired.  
Drug rescheduling is a multi-actor, complex process that could be accomplished by Congress 
through new legislation or amendments to the CSA, or by administration actions involving the 
Attorney General, DHHS, FDA, and other Federal agencies and interested outside parties.  
These diverse parties would have to work collectively to overcome the significant political, public 
health, and scientific barriers preventing changes to marijuana as a Schedule I controlled 
substance (Hudak and Wallack 2015a and 2015b).  Figure 7-1 provides a detailed illustration of 
the rescheduling process.  As discussed below, considerable attention has been given to the 
possibility of rescheduling marijuana. 

7.2 Ramifications of Schedule I Status 

The main ramification of marijuana’s classification as a Schedule I drug stems from its 
continued status as an illegal substance under Federal law.  Although some States and local 
governments have modified their laws to allow the production, sale, possession, and use of 
small quantities of marijuana for medical and recreational purposes, Federal law has not 
changed.  Section 844 of the CSA establishes penalties for “simple possession” of controlled 
substances, including marijuana: 

It shall be unlawful for any person knowingly or intentionally to possess a 
controlled substance unless such substance was obtained directly, or pursuant to 
a valid prescription or order, from a practitioner, while acting in the course of his 
professional practice... 
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Source:  Hudak and Wallack 2015b 

Figure 7-1.  Process for Rescheduling a Controlled Substance 
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Federal penalties for possession,3 sale, and cultivation of marijuana and a prohibition on 
Federal funding for research on potential beneficial uses of marijuana remain in place, despite 
relief under the discretionary enforcement policies laid out in Department of Justice James 
Cole’s (2013) Memorandum for All United States Attorneys—Guidance Regarding Marijuana 
Enforcement.  The penalties for possession of any amount of marijuana are misdemeanors with 
incarceration up to 3 years and fines of $5,000 for repeated offenses.  Penalties for distribution 
or cultivation are significantly more onerous than the penalties for possession.  Penalties for 
distribution are scaled to the amount of marijuana, with the smallest range covering amounts 
less than 50 kg subject to incarceration for not more than 5 years and a fine up to $250,000.4  
Penalties for sale of large amounts include significant fines and incarceration time ranging up to 
life and $10 million for an individual’s first offense.  Punishments increase for repeat offenses 
and offenses combined with other crimes.5,6  While these sanctions remain in place for 
Schedule I substances and marijuana remains a Schedule I controlled substance, it is unlikely 
that Federal agencies would modify their regulations prohibiting the possession, use, or sale of 
marijuana where safety- or security-sensitive work or activities are involved (see Section 2.7.2).

                                                
3 Possession is a legal term.  Possession of a controlled substance occurs if a person has the ability and 
intention to control the item.  Criminal possession of a controlled substance could be determined by the 
police in three different ways (http://www.legalmatch.com/law-library/article/what-is-possession-of-a-
controlled-substance.html): 

• Actual Possession: This is where the person physically has control over the substance. In most 
cases, this means that they are carrying it on their person and have the ability to control it. 

• Constructive Possession: This may occur when the substance is not actually physically on the 
person, but is found on or around the person’s property. In order to prove constructive 
possession, the party must have knowledge of the substance’s presence, and must also have the 
ability to control it.  Note that more than one person could be charged with constructive 
possession of the same substance. 

• Shared Possession: A defendant could be convicted of possessing a controlled substance or 
drug if the prosecution could establish that the accused had partial control of the substance, if the 
substance is being shared with another person. 

4 http://www.dea.gov/druginfo/ftp3.shtml  
5 http://www.fas.org/sgp/crs/misc/RL30722.pdf  
6 In addition to the laws and regulations pertinent to the possession, sale, cultivation, or use of illegal 
substances, other jurisdictions also prohibit those holding safety- or security-sensitive duties from working 
while impaired, including by Schedule I drugs.  For example, the U.S. Department of Transportation 
(DOT) includes testing pursuant to 49 CFR 40.85 for marijuana metabolites even though a number of 
derivative or extract compounds have been studied and approved for medicinal use. 

http://www.legalmatch.com/law-library/article/what-is-possession-of-a-controlled-substance.html
http://www.legalmatch.com/law-library/article/what-is-possession-of-a-controlled-substance.html
http://www.legalmatch.com/law-library/article/constructive-possession-of-a-controlled-substance-those-arent-mine.html
http://www.legalmatch.com/law-library/article/constructive-possession-of-a-controlled-substance-those-arent-mine.html
http://www.dea.gov/druginfo/ftp3.shtml
http://www.fas.org/sgp/crs/misc/RL30722.pdf
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8.0 POTENTIAL FOR RESCHEDULING MARIJUANA 

8.1 A Federal Government Perspective on Schedule I 

The Federal government has been petitioned a number of times to review the classification of 
marijuana and to consider reclassifying it into a less restrictive schedule.  As of the third quarter 
of 2016, such reviews had not resulted in a change in marijuana’s classification as a Schedule I 
substance.  For example, in 2001 and 2006, the DEA requested an analysis of marijuana after 
receiving public petitions requesting the agency to reschedule marijuana to a less restrictive 
classification.  In both these cases, the FDA determined that marijuana should remain a 
Schedule I substance, defending its decision on the grounds that evidence was insufficient to 
demonstrate that marijuana was safe and effective in treating medical conditions, in part 
because of its consumption via smoking and its potential for addiction.  In 2009 and 2011, the 
DOJ issued guidance to Federal prosecutors concerning marijuana enforcement under the 
CSA.  The DOJ updated this guidance again in August 2013, in which it continued to emphasize 
that marijuana was a “dangerous drug” and reiterated the DOJ’s enforcement priorities.1 

In June 2014, in response to public petitions and a request by the DEA, the FDA initiated 
another review of the medical evidence concerning the safety and effectiveness of marijuana 
and its classification as a Schedule I substance (see Figure 7-1).  Although the FDA has publicly 
stated that, “there is considerable interest in (marijuana’s) use to attempt to treat a number of 
medical conditions…the FDA has not approved marijuana as a safe and effective drug for any 
indication.”  Indeed, in his testimony before Congress, the FDA director, Douglas Throckmorton, 
made the following statement (Throckmorton 2014): 

If there is any future for marijuana as a medicine, it lies in its isolated 
components, the cannabinoids and their synthetic derivatives.  Isolated 
cannabinoids will provide more reliable effects than crude plant mixtures.  
Therefore, the purpose of clinical trials of smoked marijuana would not be to 
develop marijuana as a licensed drug but rather to serve as a first step toward 
the development of non-smoked rapid-onset cannabinoid delivery systems.  

The FDA has not given a timeframe for its decision based on this review, but these statements 
and the longstanding approach taken by the FDA toward marijuana and substances that involve 
smoking indicate that the decision is likely to be negative.  Consequently, it does not appear 
likely that the FDA would be prepared to reach a conclusion that marijuana is safe and effective 
for the treatment of medical conditions anytime soon.  As stated on the FDA website (FDA 
2016):  

The FDA has not approved marijuana as a safe and effective drug for any 
indication.  The agency has, however, approved one drug containing a synthetic 
version of a substance that is present in the marijuana plant [Marinol®] and one 
other drug containing a synthetic substance that acts similarly to compounds 

                                                
1 These policies may be evolving under the 45th administration.  Per the DOJ memorandum of April 5, 
2017, the DOJ is reviewing, “… existing policies in the areas of … marijuana to ensure consistency with 
the Department’s overall strategy on reducing violent crime and with Administration goals and priorities.”  
(https://www.justice.gov/opa/press-release/file/955476/download)  

https://www.justice.gov/opa/press-release/file/955476/download
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from marijuana but is not present in botanical marijuana [Cesamet®)].  Although 
the FDA has not approved any drug product containing or derived from botanical 
marijuana, the FDA is aware that there is considerable interest in its use to 
attempt to treat a number of medical conditions, including, for example, 
glaucoma, AIDS wasting syndrome, neuropathic pain, cancer, multiple sclerosis, 
chemotherapy-induced nausea, and certain seizure disorders.   

In addition, in spring 2014, the FDA granted “Fast-Track”2 designation to Sativex® which was 
approved in 2017.  See Section 3.4 for additional discussion on cannabinoid-based 
medications. 

The U.S. Attorney General and the DEA also have not appeared to favor reclassification of 
marijuana.  In August 2016, the DOJ’s DEA denied a petition to initiate proceedings to 
reschedule marijuana (81 FR 53767).  In a January 2015 court filing in Sacramento, CA, the 
U.S. Attorney General’s office argued that marijuana is a “dangerous drug with no medicinal 
value” and stated that it was a “psychoactive, addictive drug, not accepted as safe for medicinal 
use at this time, even with medical supervision.”3  The government’s position and legal 
argument cited the American Psychiatric Associations’ observation that marijuana use can have 
“serious side effects;” and specifically that there are no long-term studies attesting to the 
medicinal value or safety of marijuana.  Assistant U.S. Attorney Gregory Broderick wrote, “There 
is no standard, ‘medical’ marijuana” and argued that neither patients nor their doctors know 
which substances are being ingested.  The Federal government’s position presented in this 
argument is that marijuana must be subjected to the same rigorous clinical trials and scientific 
scrutiny that the FDA applies to all other new medications so that it can ensure the highest 
standards of safety and efficacy before it can be reclassified to a less restrictive schedule. 

In testimony before the U.S. House of Representatives Sub-Committee on Crime, Terrorism, 
Homeland Security and Investigations, the DEA Administrator M. Leonhart made the following 
statement (Leonhart 2014): 

…. DEA’s enforcement responsibility as it pertains to marijuana and other drugs 
are clearly delineated in federal law.  The Administration continues to oppose 
marijuana legalization, and DEA will continue to build cases against individuals 
and organizations that are using state marijuana laws as a pretext to engage in 
large-scale trafficking of marijuana and other illicit drugs to other states; target 
marijuana businesses near schools, parks, and playgrounds; and take action 
against those who cause environmental damage by growing marijuana on our 
public lands.  However, our responsibility and dedication to the American people 
goes further, including educating about the misperceptions and dangers 
associated with drug abuse.  In 2006, the FDA noted that “there is currently 
sound evidence that smoked marijuana is harmful,” and “that no sound scientific 
studies support medical use of marijuana for treatment in the United States, and 

                                                
2 The FDA “Fast Track” process is designed to facilitate the development, and expedite the review of 
drugs to treat serious conditions and fill an unmet medical need.  
http://www.fda.gov/forpatients/approvals/fast/ucm20041766.htm 
3http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php.  
This action came less than two weeks after the President signed legislation prohibiting Federal 
interference with state medical laws.   

http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php.%20%20This%20action%20came%20less%20than%20two%20weeks%20after%20the%20President%20signed%20legislation%20prohibiting%20Federal%20interference%20with%20state%20medical%20laws.
http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php.%20%20This%20action%20came%20less%20than%20two%20weeks%20after%20the%20President%20signed%20legislation%20prohibiting%20Federal%20interference%20with%20state%20medical%20laws.
http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php.%20%20This%20action%20came%20less%20than%20two%20weeks%20after%20the%20President%20signed%20legislation%20prohibiting%20Federal%20interference%20with%20state%20medical%20laws.
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no animal or human data support the safety or efficacy of marijuana for general 
medical use.”4 

However, she also stated: 

…. If there are ways in which marijuana, through the tested, professional 
research protocols used to evaluate all other drugs, can help Americans who can 
benefit from its use, DEA will be supportive of those efforts. DEA has also taken 
steps to increase the amount of marijuana available to researchers in the United 
States. On May 5, 2014, DEA published a notice in the Federal Register 
indicating an increase in the annual aggregate production quota for marijuana to 
allow the NIDA to produce more marijuana for researchers [79 Fed. Reg. 25620 
(2014)]. 

Proponents of rescheduling counter that there have been many small-scale studies 
demonstrating medicinal benefits of marijuana, but that government control over the supply of 
Federally approved marijuana has thwarted efforts to conduct the research and clinical trials 
needed to move forward.  They point out that only marijuana grown by the University of 
Mississippi under contract to the NIDA can be used for Federally-sanctioned studies on 
marijuana.  They assert that NIDA has been influenced by its mission of researching and 
preventing drug abuse and that it has directed funds to research on marijuana’s impairing 
effects and potential for abuse to the exclusion of research on marijuana’s medicinal and 
beneficial effects.  They cite the process NIDA implemented to review and approve marijuana 
research—a process applicable only to marijuana—as an additional way NIDA has made it 
extremely difficult for researchers to obtain supplies for studies on marijuana’s beneficial 
effects5 (Frood 2009; Marijuana Policy Project n.d).   

In 2012, NIDA had approved 69 grants for marijuana research totaling more than $30 million; 
however, only between 5 and 10 of these 69 grants were to examine possible medical 
applications.6  In 2014, NIDA publicized that it was funding 28 “active grants” on the possible 
therapeutic uses of marijuana.7  However, consistent with the FDA’s position concerning 
marijuana, many of these studies were on synthetic cannabinoids, only four of the studies were 

                                                
4 Leonhart cited:  Food and Drug Administration, “Inter-Agency Advisory Regarding Claims That Smoked 
Marijuana Is a Medicine.” (April 20, 2006).  The advisory includes the statement:  “These measures are 
inconsistent with efforts to ensure that medications undergo the rigorous scientific scrutiny of the FDA 
approval process and are proven safe and effective under the standards of the FD&C Act.  Accordingly, 
FDA, as the Federal agency responsible for reviewing the safety and efficacy of drugs, DEA as the 
Federal agency charged with enforcing the CSA, and the Office of National Drug Control Policy, as the 
Federal coordinator of drug control policy, do not support the use of smoked marijuana for medical 
purposes.” The source given was www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2006/ucm/
108643.htm but the link is no longer active. The 2006 FDA press announcement can be found at 
http://medicalmarijuana.procon.org/view.resource.php?resourceID=000174&print=true. 
5 According to NIDA, the 1961 Single Convention on Narcotic Drugs requires each country to designate a 
single official source of marijuana for medicinal research.  In the United States, NIDA contracts with the 
University of Mississippi as the single official source (http://www.drugabuse.gov/drugs-
abuse/marijuana/nidas-role-in-providing-marijuana-research). 
6 http://www.mcclatchydc.com/news/nation-world/national/economy/article24765427. html. 
7 http://ohanagardens.org/nida-research-on-the-therapeutic-benefits-of-cannabis-and-cannabinoids/  

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2006/ucm/108643.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2006/ucm/108643.htm
http://medicalmarijuana.procon.org/view.resource.php?resourceID=000174&print=true
http://www.mcclatchydc.com/news/nation-world/national/economy/article24765427
http://ohanagardens.org/nida-research-on-the-therapeutic-benefits-of-cannabis-and-cannabinoids/
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on marijuana (plant).  By 2015, NIDA had approved and funded 49 studies on the potential 
therapeutic properties of cannabinoids.8   

8.2 State Medical and Recreational Marijuana Laws 

By June of 2016, 26 jurisdictions (25 States and Washington D.C.) had passed legislation 
allowing medical marijuana, many of which had established State medical marijuana programs 
(see Section 4.2 for statistics on State programs).  In addition, 11 States9 allowed the use of 
“low THC, high CBD” products for “medical reasons” in limited situations or as a legal defense 
for possession (National Council of State Legislators (NCSL) 2016).  Four States10 and 
Washington D.C. also allowed recreational marijuana use (i.e., without penalty for personal use 
within a specified quantity).  In addition, many States had also taken action to decriminalize 
marijuana.11 These included California, Minnesota, North Carolina, and much of the Northeast 
(http://statelaws.findlaw.com/).  These States typically decriminalized the possession of small 
amounts of marijuana and reduced penalties for possession to fines rather than criminal 
prosecution.  The possession of larger amounts of marijuana, its distribution, and other activities 
were typically not decriminalized and could still result in significant fines and criminal penalties, 
including prison sentences.   

8.2.1 Medical Marijuana Laws 

California, the first State to legalize medical marijuana, passed its medical marijuana law in 
1995.  In general, comprehensive State medical marijuana programs include the following 
components: 

1. protection from criminal penalties for those using medical marijuana 

2. provision for access to marijuana through home cultivation, dispensaries, or some other 
distribution system that may be implemented at the State or local level 

3. permission to cultivate and sell a variety of strains 

4. permission for smoking or vaporization of some kind of marijuana product (e.g., plant 
material or extract) (NCSL 2015). 

Implementation of medical marijuana programs and associated medical marijuana laws vary by 
State with regard to qualifying medical conditions, locations where patients may obtain medical 
marijuana, restrictions on where medical marijuana patients may use marijuana, and restrictions 
on the activities they could undertake while under the influence of marijuana.  A review of the 
State laws and programs indicates that it remains illegal for a physician to write prescriptions for 
                                                
8 Therapeutic cannabinoids include purified, synthetic, endogenous, phytocannabinoids 
https://www.drugabuse.gov/drugs-abuse/marijuana/nih-research-marijuana-cannabinoids.  
9 Alabama, Florida, Iowa, Kentucky, Mississippi, Missouri, North Carolina, South Carolina, Tennessee, 
Utah, and Wisconsin 
10 Alaska, Colorado, Oregon, and Washington 
11 Decriminalization means that individuals caught with small amounts of marijuana for personal 
consumption won’t be prosecuted and won’t subsequently receive a criminal record or a jail sentence. In 
many States, possession of small amounts of marijuana is treated like a minor traffic violation. - See more 
at: http://criminal.findlaw.com/criminal-charges/marijuana-legalization-and-decriminalization-
overview.html#sthash.ocno9Xn5.dpuf  

http://statelaws.findlaw.com/
https://www.drugabuse.gov/drugs-abuse/marijuana/nih-research-marijuana-cannabinoids
http://criminal.findlaw.com/criminal-charges/marijuana-legalization-and-decriminalization-overview.html#sthash.ocno9Xn5.dpuf
http://criminal.findlaw.com/criminal-charges/marijuana-legalization-and-decriminalization-overview.html#sthash.ocno9Xn5.dpuf


PNNL-27050 
 

 8-5  

marijuana.  Therefore, most States provide no guidance on the specific nature of information the 
physician should provide in their “recommendations” to patients regarding marijuana use, such 
as requirements for strain or dosing, but they do specify how physicians could recommend 
marijuana to patients.  The requirement for certification of patients is typically described in the 
laws and all States’ medical marijuana laws have some standard guidelines on what physicians 
are required to do to certify an individual.  While the details vary, the laws contain many 
common components, such as a requirement for an in-person assessment by a licensed 
physician and identification of the qualifying medical condition being treated.  Restrictions 
include prohibitions on marijuana use in public, near or in schools, or in correctional facilities 
and prohibition against operating a car, boat, or aircraft while under the influence of medical 
marijuana.   

State programs differ somewhat in the role played by the State or local governments in 
regulating medical marijuana supply and distribution.  Some allow patients to rely on home 
cultivation or to designate a caregiver to cultivate plants for them.  This is the case in Alaska 
(Marijuana Policy Project 2014a and Alaska Statute § 17.38.030 (2014)).  Washington D.C. and 
17 States allow for State-regulated dispensing.  These States have established a variety of 
requirements to ensure the safety of the product, such as testing centers to analyze and test the 
components and strains of marijuana or labeling and packaging requirements12  To illustrate, in 
Delaware, where medical marijuana is dispensed through dispensaries and home cultivation is 
not allowed, the dispensary must package and label the product with  

…the name of the strain, batch, and quantity of the medical marijuana; a 
statement providing that “this product is for medical use only, not for resale”, 
details indicating the medical marijuana is free of contaminants; and details 
indicating the levels of active ingredients in the product; the applicant’s plan for 
testing medical marijuana for contaminants and potency of active ingredients 
(Delaware Administrative Code, Title 16, Section 4470) 

8.2.2 State Recreational Marijuana Laws 

By the end of 2014, four States and Washington D.C. had legalized the use and possession of 
marijuana for recreational purposes for individuals over the age of 21.  Other States13 have 
introduced legalization of recreational use on their ballots (Paulson 2015).  Washington 
(Initiative 502) and Colorado passed recreational marijuana laws (Amendment 64) in 2012, 
followed by Alaska (Measure 2), Oregon (Measure 91), and Washington D.C. (Initiative 71) in 
2014.  Colorado’s recreational law became effective when the first retail marijuana business 
opened in January 2014 and Washington’s first retail licenses were issued in July 2014 (Hudak 
and Wallach 2014).  Alaska, Oregon, and Washington D.C. have established State basis for 
recreational marijuana programs under measures that became formal law in late February 2014 
for both Alaska and Washington D.C. (Paulson 2015 and Government of the District of 
Columbia 2015), while Oregon’s law went into effect July 1, 2015 (OLCC 2015).  Alaska expects 
to be issuing licenses beginning in mid-2016.14  Oregon’s recreational marijuana program is up 

                                                
13 Arizona, California, Maine, Massachusetts, and Nevada 
13 Arizona, California, Maine, Massachusetts, and Nevada 
14 https://www.commerce.alaska.gov/web/amco/  

https://www.commerce.alaska.gov/web/amco/
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and running15 with a publicly available list of licensed marijuana businesses.16  Washington 
D.C.’s recreational marijuana laws are in effect allowing those over the age of 21 to possess 
and cultivate small amounts of marijuana, although the Metropolitan Police Department notes 
that, “federal law continues to prohibit the possession or use of any amount of marijuana.”17 

Table B-1, in Appendix B, developed by Hudak and Wallach and posted by the Brookings 
Institute (Hudak and Wallach 2014), provides a detailed, side-by-side comparison of the 
recreational marijuana programs in Colorado and Washington.   

The Oregon and Alaska recreational marijuana laws are similar to those of Colorado and 
Washington in that they also impose taxes on the sale of marijuana, legalize commercial grow 
and retail operations, and allow for home cultivation for personal use.  Both prohibit the sale of 
personally grown marijuana for non-medical use.  The tax rates in Oregon and Alaska differ from 
those in Washington and Colorado in that they each impose a flat rate per ounce.  Oregon’s 
program will be administered by the Oregon Liquor Control Commission (OLCC).  Alaska’s will 
be administered by the Alaska Alcohol Beverage Control Board (OLCC 2015; England 2015).  
Similar to the tracking systems established in the Washington and Colorado programs, Oregon 
will also set up “seed to sale” tracking systems to prevent sale to illegal markets (OLCC 2015).  
Washington D.C.’s law authorizes personal growth of a limited amount (i.e., up to six plants or 
2 oz.) for personal use only (Government of the District of Columbia 2015).   

8.2.3 Marijuana Use in Public Places and the Workplace 

All States prohibit use of marijuana in public places.  Washington and Alaska’s recreational 
marijuana laws specifically address marijuana in the workplace.  The Washington law allows 
employers to dismiss employees who test positive for THC and Alaska’s marijuana law specifies 
that “it is not intended to require employers to permit the consumption, possession, transfer, 
growth, or sale of marijuana at the place of employment, nor is it intended to affect employer 
policies restricting marijuana use” (England 2015).  These States have taken a variety of 
measures to limit and control the production, possession, and use of marijuana, but are 
generally silent regarding cannabinoids from other sources.  

8.2.4 Limits on Motor Vehicle Operators 

Marijuana DUI laws vary across States.  Wong et al. (2014) and the Marijuana Policy Project 
(2014a,b) identify three approaches that States take to regulate DUI:  (1) effect-based;18 (2) per 
se limitations;19 and (3) zero tolerance.  Of the 26 jurisdictions that have legalized medical 

                                                
15 http://www.oregon.gov/olcc/marijuana/pages/default.aspx  
16 http://www.oregon.gov/olcc/marijuana/Documents/MarijuanaLicenses_approved.pdf  
17 http://mpdc.dc.gov/marijuana  
18 In effect-based programs, measurements of impairment are established and drivers are tested to 
determine whether they demonstrate those levels of impairment.  These tests may include assessment of 
behavior, erratic driving, and the elements of the roadside sobriety test. 
19 In per se-based programs, the regulation establishes a fixed limit on the amount of drug/metabolite that 
can be in an individual’s system.  If the individual exceeds this limit, they are considered to have been 
under the influence. 

http://www.oregon.gov/olcc/marijuana/pages/default.aspx
http://www.oregon.gov/olcc/marijuana/Documents/MarijuanaLicenses_approved.pdf
http://mpdc.dc.gov/marijuana
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marijuana, 11 States20 and Washington D.C. apply an effect-based approach.  Five States21 
have a zero-tolerance law and criminalize driving with any amount of THC or marijuana 
metabolite in a person’s system (Marijuana Policy Project 2014b).  Washington and Colorado 
have established a per se limit of 5 ng THC/mL in blood as part of their DUI regulations for 
motor vehicle operators. Ohio has established 2 ng THC/mL (Steiner 2016a) and Pennsylvania 
has established 1 ng THC /mL in blood (Steiner 2016b) as part of their DUI regulations for motor 
vehicle operators. While driving under the influence of marijuana remains illegal, by the end of 
2014, Oregon had not established a specific DUI limit, but Measure 91 requires the Oregon 
Liquor Control Commission “to examine research and present a report to the legislature” (OLCC 
2015).  The Alaska and Washington D.C. recreational marijuana laws do not specify a DUI limit, 
although it is illegal to drive under the influence of marijuana under their existing DUI laws 
(England 2015 and Government of the District of Columbia 2015).  A number of other States 
have established per se limits on marijuana, including Nevada (2 ng THC/ml in blood), Montana 
(5 ng THC/ml in blood), Iowa (50 ng THC-COOH/ml in urine22), Pennsylvania (1.0 ng THC/ml in 
blood), and Ohio (2 ng THC/ml in blood) (Wong et al. 2014). 

8.2.5 Provisions for Primary Caregivers 

In States that have established laws allowing medical marijuana use, State laws also typically 
allow qualifying patients, upon physicians’ written recommendations, to designate primary 
caregivers to assist the patients’ medical use of marijuana.  These laws afford primary 
caregivers certain legal immunity from criminal prosecution or sanction while they carry out 
caregiving activities such as cultivating, acquiring, possessing, transporting, and assisting the 
administration of legally permitted amounts of medical marijuana.  As of early 2016, 26 States 
and Washington D.C. have promulgated such legal provisions.  State laws also regulate primary 
caregiver status through registration requirements, limits on the number of patients for each 
primary caregiver, and personal qualifications in terms of age, criminal history, and in some 
cases, residence requirements.   

The definition of primary caregivers varies across States.  In California, the Compassionate Use 
Act of 1996 designates that “‘Primary caregiver’ means the individual, designated by a qualified 
patient or by a person with an identification card, who has consistently assumed responsibility 
for the housing, health, or safety of that patient or person” (HS 11362.5.(a)).  The California 
Department of Public Health states that a primary caregiver could be an “individual or the 
owner, operator or employee of an appropriately licensed clinic, facility, hospice, or home health 
agency”.23  In some States, the statutory definition of primary caregivers is more specific about 
the nature and type of the patient-caregiver relationship and the medical circumstances 
necessitating the primary caregiver’s involvement in medical marijuana use.  For example, in 
Oregon, a primary caregiver means “a person 18 years of age or older who has ‘significant 
responsibility’ for managing the well-being of a person who has been diagnosed with a 
debilitating medical condition and who is designated as such on the person’s application for a 

                                                
20 Alaska, California, Hawaii, Maine, Massachusetts, Minnesota, New Hampshire, New Jersey, New 
Mexico, Oregon, Vermont, and Washington D.C. 
21 Arizona, Delaware, Illinois, Michigan, and Rhode Island 
22 Urinalysis alone cannot detect THC (Wong et al. 2014) 
23 https://archive.cdph.ca.gov/programs/MMP/Pages/MMPFAQ.aspx#11  

https://archive.cdph.ca.gov/programs/MMP/Pages/MMPFAQ.aspx#11
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registry identification card or in other written notification to the Department of Health.” (Oregon 
Medical Marijuana Act 2015).  In Colorado, primary caregiver means “a natural person, other 
than the patient or the patient's physician, who is 18 years of age or older and has significant 
responsibility for managing the well-being of a patient who has a debilitating medical condition.” 
(Colorado General Assembly 2015).  Further, in Colorado, a primary caregiver could act in one 
or more capacities as:24 

1. Parents of minor patient (parent of patient under the age of 18). 

2. Advising Caregivers (provide advice on medicinal use of marijuana only). 

3. Transporting Caregivers (transport marijuana for homebound patients). 

4. Cultivating Caregivers (grow marijuana on behalf of patient(s). 

Appendix E details the State provisions for primary caregivers, including the qualifications and 
requirements for primary caregivers.  Primary caregivers are typically subject to registration 
requirements, limits on the number of patients each may serve, and personal qualifications in 
terms of age, criminal history, and in some cases residence location.   

A number of notable legal cases have challenged State medical marijuana laws regarding the 
meaning of primary caregiver, and the legality of marijuana transfer and sales by caregivers to 
non-designated qualifying patients.  In People v. Mentch (2008), Mentch, owner of Hemporium 
based in California, was charged with illegal marijuana cultivation and possession for sale. In his 
defense, Mentch argued that supplying marijuana to people with valid marijuana 
recommendations, offering consultancy on its use, and occasionally taking patients to their 
medical appointments made him a de facto primary caregiver for these qualifying patients.  
Therefore, under the California Compassionate Use Act of 1996, the legal immunity from 
criminal prosecution for possession and cultivation should be extended to him.  The California 
Supreme Court ruled against his defense and interpreted the meaning of primary caregiver as 
someone who: “(1) consistently provided caregiving; (2) independent of any assistance in taking 
medical marijuana; and (3) at or before the time he or she assumed responsibility for assisting 
with medical marijuana” (People v. Mentch 2008).  The court stipulated that designated primary 
caregivers must have “consistently assumed responsibility for the housing, health, or safety of 
the patient” to help the patient meet the “core survival needs” rather than a particular 
pharmaceutical need.  The caregiver-patient relationship must be “a necessary antecedent” 
under State law to immunize caregivers for possessing or cultivating medical marijuana.  Thus, 
legal protection for primary caregivers under the Californian State law does not cover those 
individuals who purchase and sell marijuana for medical purposes on an ad hoc basis, who 
attempt to establish a caregiving relationship after-the-fact, and those individuals whose sole 
caregiving function is growing and supplying medical marijuana to qualifying patients.   

In a 2003 case, State of Michigan v. Brandon McQueen and Matthew Taylor, the Michigan State 
Supreme Court provided clarification concerning the extent to which primary caregivers’ transfer 
or sale of medical marijuana to registered qualifying patients constitutes medical use of 
marijuana, and whether or not primary caregivers’ role in facilitating patient-to-patient medical 

                                                
24 https://www.colorado.gov/pacific/cdphe/medical-marijuana-online-registration-system-frequently-asked-
questions-faq#cul2  

https://www.colorado.gov/pacific/cdphe/medical-marijuana-online-registration-system-frequently-asked-questions-faq#cul2
https://www.colorado.gov/pacific/cdphe/medical-marijuana-online-registration-system-frequently-asked-questions-faq#cul2
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marijuana sale should be insulated from criminalization in accordance with the Michigan Medical 
Marihuana Act (MMMA).  Brandon McQueen and Mathew Taylor were owners of 
Compassionate Apothecary LLC, a membership-based organization.  Under the MMMA, 
McQueen was a registered qualifying patient and a registered primary caregiver for three 
qualifying patients.  Taylor was also a registered primary caregiver for two qualifying patients.  
Through their business, they facilitated patient-to-patient marijuana transfer by charging service 
fees for lockers rented by members to enable sale of excess medical marijuana from one 
registered qualifying patient to another.  While the Michigan State Supreme Court concluded 
that the sale of marijuana for medical purposes to registered qualifying patients to treat 
debilitating illnesses could be construed as “medical use” of marijuana under the MMMA, the 
transfer of medical marijuana from one registered qualifying patient to another registered 
qualifying patient or from a registered primary caregiver to a patient who is not formally 
designated to be under the care of the caregiver violates the MMMA, and thus is not immune 
from State prosecution.  The Court pointed out that the MMMA recognizes “a personal right and 
protection for a registered qualifying patient’s medical use of marijuana, but that right is limited 
to medical use that has the purpose of alleviating that patient’s own debilitating medical 
condition or symptoms…similarly…immunity does not extend to a registered primary caregiver 
who transfers marijuana for any purpose other than to alleviate the condition or symptoms of a 
specific patient with whom the caregiver is connected through the MDCH’s [Michigan 
Department of Community Health’s] registration process” (State of Michigan v. McQueen 2013).  
Thus, the Court rejected the claim of the owners of Compassionate Apothecary to legal 
immunity from public nuisance charges filed by a county prosecuting attorney.  

8.2.6 Actual and Potential Litigation Regarding Medical Marijuana-Related to State 
Law Changes 

According to Brady and Rush (2011) and Hudak (2015), the courts and State laws currently do 
not provide much protection for medical marijuana patients in the workplace.  The Drug-Free 
Work Place Act of 1988 sets forth requirements for a drug-free workplace for some Federal 
contractors and all Federal grantees.  Together, with its Schedule I status, they pre-empt State 
marijuana laws that might otherwise protect medical marijuana patients in the workplace.  
Specifically, marijuana’s Schedule I status has also proven to be “insurmountable” in the case of 
anti-discrimination laws such of the Americans with Disabilities Act (ADA) and similar State anti-
discrimination laws (Garvey and Doyle 2014; Mello 2013; Macy 2012).  If marijuana is 
rescheduled and legalized under the CSA, this trend might be reversed and begin to favor civil 
protection.   

Of the 26 jurisdictions with medical marijuana laws, most are either silent on the protection of 
the rights of medical marijuana patients in the workplace or state that employers have the right 
to maintain a drug-free workplace (Orr 2013; Garvey and Doyle 2014).  Connecticut, Rhode 
Island, Maine, and Illinois are among the States that have laws affording medical marijuana 
patients some protection, stating that these patients may not be discriminated against on the 
basis of their status as a medical marijuana patient.  These States all provide exceptions for 
employers if allowing medical marijuana use puts them at risk for losing Federal funds or 
contracts or for being in conflict with Federal law (Orr 2013).  The Arizona and Delaware State 
medical marijuana laws provide the most protection to medical marijuana patients by explicitly 
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stating that off-duty medical marijuana use is protected (Garvey and Doyle 2014; Mello 2013; 
Orr 2013).  The Arizona State law reads:   

No school, employer or landlord may refuse to enroll, employ or lease to or 
otherwise penalize a person solely for his or her status as a [registered medical 
marijuana] cardholder…Unless a failure to do so would cause an employer to 
lose a monetary or licensing related benefit under federal law or regulations, an 
employer may not discriminate against a person in hiring, termination or imposing 
any term or condition of employment or otherwise penalize a person based upon 
either:  

1. The person’s status as a cardholder.  
2. A registered qualified patient’s positive drug test for marijuana 

components or metabolites, unless the patient used, possessed or 
was impaired by marijuana on the premises of the place of 
employment or during the hours of employment (Arizona Medical 
Marijuana Act, 36-2813). 

Delaware and Minnesota State laws offer similar protections, prohibiting an employer from 
terminating an employee on the basis of a positive drug test.  Employers are required to prove 
that the employee used, possessed, or was impaired by marijuana in the workplace (Orr 2013 
Minnesota State Law Chapter 311 S.F. No 2470).  The Minnesota State law states that 
employers cannot penalize a medical marijuana patient who has a positive drug test result 
unless the patient used or was impaired on the job25.  As described in Section 6.1, establishing 
impairment through drug testing is not a straightforward process.  A positive drug test indicating 
the presence of THC does not provide definitive indication of impairment or current usage; it 
may be showing recent to not-so-recent use (i.e., use days or even a month before the test) 
(Mello 2013).  Adding to that is uncertainty about the effects of long-term marijuana use on 
impairment (e.g., cognitive and memory function) and a lack of sufficient quality research data 
demonstrating under what circumstances off-job marijuana use causes on-the-job impairment.  
The courts have yet to address the problem of establishing impairment.  

The inability to establish the level of impairment through drug testing has not been helpful for 
medical marijuana patients in the workplace (see discussion in Section 2.4).  Several medical 
marijuana patients who challenged termination of employment due to a positive marijuana drug 
test (or upon revealing themselves as a medical marijuana patient) while living in States with 

                                                

25 Illinois State law outlines the physical attributes of impairment [Note that this is unusual]:  An employer 
may consider a registered qualifying patient to be impaired when he or she manifests specific, articulable 
symptoms while working that decrease or lessen his or her performance of the duties or tasks of the 
employee's job position, including symptoms of the employee's speech, physical dexterity, agility, 
coordination, demeanor, irrational or unusual behavior, negligence or carelessness in operating 
equipment or machinery, disregard for the safety of the employee or others, or involvement in an accident 
that results in serious damage to equipment or property, disruption of a production or manufacturing 
process, or carelessness that results in any injury to the employee or others. If an employer elects to 
discipline a qualifying patient under this subsection, it must afford the employee a reasonable opportunity 
to contest the basis of the determination. 
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medical marijuana laws that did not offer explicit protection to medical marijuana patients lost in 
State and Federal courts (Orr 2013; Mello 2013).  Cases of interest include one in California in 
2008, Ross v. Raging Wire Telecom.  In this case, the California Supreme Court found that the 
California Compassionate Use Act (i.e., the State medical marijuana law) did not provide 
protection in the workplace and it did not require employers to allow use of medical marijuana.  
Also in 2009, in Montana, in the Johnson v. Columbia Falls Aluminum Co. case, the court 
concluded that the Montana State medical marijuana law and State and Federal disability laws 
do not “accommodate an employee’s use of medical marijuana” (Mello 2013:662).  Another 
case of interest includes a 2010 Oregon case with claims associated with non-compliance with 
the ADA:  Emerald Steel Fabricators, Inc. v. Bureau of Labor and Industries.  In this case, 
Emerald Steel was charged with disability discrimination for terminating an employee for 
medical marijuana use.  The Oregon Supreme Court upheld the termination decision based on 
preemption of the CSA over Oregon State marijuana laws (Garvey and Doyle 2014; Mello 
2013).  In 2010 the Washington Supreme Court held that the Washington State Medical Use of 
Marijuana Act does not require accommodation of any medical use of marijuana in the 
workplace and that employers have the right to continue to enforce drug-free policies (Roe v. 
Teletech Customer Care Management, LLC; Mello 2013).  This ruling was similar to the 2008 
California ruling.  In 2011, Michigan courts found that the MMMA is preempted by the CSA and 
that the MMMA does not oversee private employment and does not protect medical marijuana 
patients (Casias v. Wal-Mart Stores; Mello 2013).  

More recently, in the Colorado 2013 Coats v. Dish Network, LLC lawsuit, an employee, fired for 
using medical marijuana outside the workplace, claimed that the employer’s action violated the 
Colorado State’s “lawful activities” statute, called the Colorado Lawful Off-Duty Activities 
Statute.  This statute prohibits employers from penalizing or terminating an employee for using 
lawful products or participating in lawful activities outside of the workplace.  The Colorado 
District Court and Court of Appeals ruled that the State’s “lawful activities” statute did not 
impede the employer from terminating an employee.  “In a split decision, the majority of the 
Court of Appeals held that Coats did not state a claim for relief because medical marijuana use, 
which is prohibited by Federal law, is not a “lawful activity” for purposes of section 24-34-402.5. 
…Given that the federal CSA prohibits all marijuana use, the majority concluded that Coats’s 
conduct was not “lawful activity” protected by the statute.”  The reasoning was that the Colorado 
statute did not specify whether “lawfulness” was determined by State or Federal law; thus, 
because Federal law prohibits the use of marijuana, employees who use medical marijuana are 
not protected from termination (Orr 2013).  The case was elevated to the Colorado Supreme 
Court.  In June 2015, the Colorado Supreme Court upheld the two lower court decisions and 
ruled unanimously that employers could fire employees shown to have used marijuana outside 
the workplace, on the grounds that marijuana remained illegal at the Federal level, even if the 
marijuana was being used in a manner consistent with State law (Hudak 2015).  This ruling is 
seen by many to have widespread implications for both employers and medical marijuana 
patients (Ingold 2014; Wallace 2015).   

If marijuana is rescheduled, future drug-free workplace policies regarding medical marijuana 
would likely focus on prohibiting impairment, possession, sale, and use on the job; examine 
ways to establish and/or protect against impairment on the job; and establish mechanisms to 
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accommodate medical marijuana patients provided they do not pose a safety risk to the public, 
the employer, other staff, or to themselves.   

8.3 Federal Agency Response to State Decriminalization 

The 2013 DOJ’s Guidance on Marijuana Enforcement makes clear that marijuana remains an 
illegal drug under the CSA and that Federal prosecutors would continue to aggressively enforce 
this statute.  Outside of these enforcement priorities, however, the guidance reiterates that the 
Federal government has traditionally relied on State and local authorities to address marijuana 
activity through enforcement of their own narcotics laws and states that (Cole 2013:3): 

…the Department of Justice has not historically devoted resources to prosecuting 
individuals whose conduct is limited to possession of small amounts of marijuana 
for personal use on private property.  Instead, the Department has left such 
lower-level or localized activity to state and local authorities and has stepped in 
to enforce the CSA only when the use, possession, cultivation, or distribution of 
marijuana has threatened to cause one of the harms identified above [i.e., the 
eight priority areas]….In jurisdictions that have enacted laws legalizing marijuana 
in some form and that have also implemented strong and effective regulatory and 
enforcement systems to control the cultivation, distribution, sale, and possession 
of marijuana, conduct in compliance with those laws and regulations is less likely 
to threaten the federal priorities set forth above.  Indeed, a robust system may 
affirmatively address those priorities by, for example, implementing effective 
measures to prevent diversion of marijuana outside of the regulated system and 
to other states, prohibiting access to marijuana to minors, and replacing an illicit 
marijuana trade that funds criminal enterprises with a tightly regulated market in 
which revenues are tracked and accounted for.  In those circumstances, 
consistent with the traditional allocation of Federal-State efforts in this area, 
enforcement of state law by state and local law-enforcement and regulatory 
bodies should remain the primary means of addressing marijuana-related 
activity…. 

As a growing number of States have passed medical marijuana and recreational use laws, 
several Federal agencies have taken the initiative to clarify their policy regarding marijuana use.  
Although the Federal government has recognized the need to conduct research on marijuana 
for medical uses,26 Federal agencies have uniformly declined to change their policies 
concerning prohibition of marijuana use for safety-sensitive workers.   

8.3.1 Other Federal Agencies Are Maintaining Their Policies Prohibiting Marijuana 
Use by Individuals Performing Safety- or Security-Sensitive Functions 

The DOT issued two policies (2009 and 2012) for individuals performing safety-sensitive 
functions.  The 2009 policy states that the “DOT’s Drug and Alcohol Testing Regulation 49 CFR 
40.15(e), does not authorize ‘medical marijuana’ under a State law to be a valid explanation for 
a transportation employee’s positive drug test result” (Swart 2009).  The 2012 policy states that 
recreational use of marijuana is still considered unacceptable by personnel performing safety-
                                                
26 NIDA has funded the Multidisciplinary Association for Psychedelic Studies (MAPS) to look at the 
effectiveness of smoked or vaporized marijuana to treat PTSD (NIDA 2014; MAPS 2014). 
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sensitive functions who are drug tested as it is illegal under the CSA and is not authorized by 
DOT’s Drug and Alcohol Testing Regulation (i.e., 49 CFR Part 40) (Swart 2012).  Both policies 
specifically state that MROs “… will not verify a drug test as negative” based on learning that an 
employee used recreational marijuana or that a physician recommended medical marijuana in 
the States where either recreational or medical marijuana are legal (Swart 2009 and 2012). 

The U.S. Department of Agriculture (USDA) issued their policy on marijuana in 2014.  Almost 50 
percent of USDA staff have and use a commercial driver’s license to carry out USDA related 
work and are subject to the restrictions of the DOT medical and recreational policy described 
above (Milton 2014).  The policy refers to the DHHS-SAMHSA Division of Workplace programs 
for overarching guidance.  It states that “despite recent state law changes, marijuana continues 
to be defined as a Schedule I drug under the CSA…” and that employees… “will continue to be 
tested for marijuana at the established cutoff levels noted in the Mandatory Guidelines” (Milton 
2014: 2).  It provides guidance to MROs similar to that provided in the DOT policy.  

8.3.2 Some Federal Agencies Are Evaluating Their (Non-Work Force) Policies 
Concerning Marijuana Use and Possession 

The Housing and Work Responsibility Act of 1998 (42 U.S.C. 13661) prohibits users of medical 
marijuana from admission to Public Housing and Housing Choice Voucher programs, given 
marijuana’s listing as a Schedule I drug.  In 2011, the U.S. Department of Housing and Urban 
Development (HUD) took a slightly different approach with its marijuana policy as it applies to 
individuals currently residing in public housing administered under the Public Housing Agencies 
(PHA) and Housing Choice Voucher Programs (Section 8) (Henriquez 2011; Kanovsky 2011).  
Although HUD advised that medical marijuana users are prohibited from admission into the 
Public Housing or Housing Choice Voucher programs because CSA preempts State law where 
Federal programs and assistance are involved (Henriquez 2011), it gave each individual PHA 
the discretion to decide to accommodate or terminate assistance to medical marijuana users 
who are already residents.  HUD required States to develop a written policy for existing 
residents (Henriquez 2011).  Local PHAs have responded with policies that either accommodate 
existing residents who are medical marijuana users (e.g., the Seattle Housing Authority’s 
Statement of Policies [SHA 2013]) or do not accommodate existing residents who are medical 
marijuana users (e.g., the Colorado Springs Policy, which articulates strict adherence to the 
CSA for new and existing applications [Colorado Springs Housing Authority 2011]). 

In 2013, the U.S. Department of Defense (DOD) issued a memorandum (commonly referred to 
as “the Marijuana Memo”), reiterating that military personnel and DOD civilian employees “are 
subject to prosecution and administrative action for marijuana use, possession, or distribution 
under the Uniform Code of Military Justice” (Vollrath 2014).  Federal restrictions on medical 
marijuana use have resulted in a dilemma for both veterans suffering from PTSD, and medical 
staff who work at various U.S. Department of Veteran’s Affairs (VA) medical facilities because 
many veterans are using medical marijuana to treat their PTSD and many States have 
approved the use of marijuana for PTSD (Bonn-Miller and Rousseau 2016).  Recent studies 
have shown that cannabinoids could extinguish fear memories and reduce anxiety, which is 
consistent with this anecdotal evidence (Chhatwal et al. 2005; Papini et al. 2015; de Bitencourt 
et al. 2013)  Although the VA acknowledges the (anecdotal) effectiveness, as of February 2016, 
the formal advice from its National Center for PTSD for researchers, health care providers, and 
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helpers of veterans emphasized the lack of clinical studies showing marijuana’s effectiveness 
for PTSD and recommended attention to marijuana use and drug-abuse treatment for veterans 
using marijuana (Bonn-Miller and Rousseau 2016).   

The VA has expressed concern about the safety of using marijuana to treat PTSD, in part 
because of the high incidence of marijuana dependence among veterans seeking care from the 
VA and emerging evidence of cannabinoid’s exacerbating effect on nicotine and some other 
drug addictions (Bonn-Miller and Rousanni 2016; Parolaro et al. 2007; De Luca and Fattore 
2015).  Marijuana dependence in veterans increased by 50 percent between 2002 and 2009 
(Bonn-Miller and Rousseau 2016).  This concern about long-term dependence on marijuana, 
particularly among veterans suffering from PTSD, has led the military to conclude that the costs 
associated with its adverse consequences outweigh the benefits of marijuana use (Bonn-Miller 
and Rousseau 2016).  Concurrently, the VA is also very concerned about the use of opiates to 
treat PTSD, given that opiates are more addictive and more likely to result in overdosing than 
marijuana (Wax-Thibodeaux 2014a,b).  Consequently, according to Wax-Thibodeaux (2014a,b), 
many veterans and those treating them view marijuana as the less dangerous option.  As stated 
in its Veterans Health Administration (VHA) 2011-004 directive (Petzel 2011), the VA does not 
prohibit veterans who are participating in State medical marijuana programs from also 
participating in VA substance-abuse programs, pain control programs, or other clinical 
programs, “… even where the VA may consider marijuana use to be inconsistent with treatment 
goals.”  It also does not deny VA services to those using marijuana, although it prohibits VA 
health care providers from completing “forms seeking recommendations or opinions regarding a 
veteran’s participation in a State marijuana program” (Petzel 2011).   

Multiple efforts have been made to enable veterans suffering from PTSD to receive treatment 
with marijuana.  A bill was introduced in the U.S. House of Representatives, H.R.5762 – 
Veterans Equal Access Act of 2014 (VEAA), in November 2014, to allow VA physicians to 
provide recommendations and opinions to veterans using medical marijuana (Wax-Thibodeaux 
2014a,b; U.S. Congress 2014).  In April 2016, the U.S. Senate Appropriations Committee, in a 
bipartisan vote, passed an amendment that would allow VA doctors to “discuss and recommend 
marijuana as a potential medical treatment in states where it is legal…” and prohibits the VA 
from using funds to “…interfere with the ability of veterans to participate in medicinal marijuana 
programs approved by states or deny services to such veterans” (Kime 2016).  In May 2016, the 
U.S. House of Representatives voted to approve VEAA (Green 2016).  Despite being set to 
expire on January 31, 2016, the VHA had indicated that the VHA Directive 2011-004 will remain 
in effect as the VA “anticipates potential legislative changes which would clarify VA providers’ 
roles to assist Veterans who wish to participate in state approved programs” (Americans for 
Safe Access 2016 [citing e-mail from Rebecca Mimnall, Management Analyst at the Department 
of Veterans Affairs]).   
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9.0 POTENTIAL STRATEGIES FOR REGULATING MARIJUANA AND 
CANNABINOID POSSESSION AND USE BY WORKERS PERFORMING 

SAFETY- OR SECURITY-SENSITIVE FUNCTIONS 

The changing legal status of marijuana at the State and local levels and the growing recognition 
and use of cannabinoids as legitimate pharmaceuticals are raising interest in policy options for 
organizations charged with responsibility for ensuring that individuals performing safety- or 
security-sensitive functions are trustworthy and reliable and not impaired, taking into account 
that marijuana remains a Schedule I substance.   

As discussed in Section 8.2, a number of States have taken action to decriminalize marijuana 
and authorize its medical and recreational use.  Faced with these changes, some organizations, 
including Federal agencies, have reviewed their policies as they pertain to marijuana and other 
cannabinoid possession as well as worker and public health and safety, see Section 8.3.2.  
Some of these organizations have taken the step of moderating their absolute prohibition of 
possession or use of marijuana and the sanctions imposed on individuals for such possession 
or use.  In general, this moderation has occurred only for possession or use that is consistent 
with State and local laws, occurs outside of the workplace, and does not involve use by workers 
performing safety- or security-sensitive functions.  Federal agencies, both as employers and as 
regulators, are constrained in their moderation of policies concerning marijuana, given its 
Schedule I status, which makes its possession or use a violation of Federal law.  Despite this, 
although no Federal agencies have modified their zero-tolerance positions concerning 
marijuana use by individuals performing safety-sensitive functions or excluded marijuana 
metabolites from mandatory drug-testing panels, a few Federal agencies have revised their 
positions with regard to medical use of marijuana by some individuals subject to their 
regulations or receiving their services.   

This combination of circumstances poses a challenge for those responsible for workplace FFD 
and drug-testing programs, who are concerned not only about workers’ abilities to safely and 
competently perform their duties as measured by an absence of impairment, but also about 
worker trustworthiness and reliability.  The requirements the NRC places on its licensees and 
other entities, as exemplified by the NRC’s FFD program performance objectives stated in 
10 CFR 26.23, provide an illustration of the multiple dimensions that regulators and program 
managers are taking into consideration when evaluating whether and how to modify FFD and 
drug-testing programs to meet changing circumstances.  The FFD programs that licensees and 
other entities are required to establish and maintain must, among other requirements:   
1. provide reasonable assurance that individuals are trustworthy and reliable as demonstrated 

by the avoidance of substance abuse 
2. provide reasonable assurance that individuals are not under the influence of any substance, 

legal or illegal, or mentally or physically impaired from any cause, which in any way 
adversely affects their ability to safely and competently perform their duties 

3. provide reasonable measures for the early detection of individuals who are not fit to perform 
the duties that require them to be subject to the fitness-for-duty program 

4. provide reasonable assurance that workplaces are free from the presence and effects of 
illegal drugs and alcohol. 
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For organizations whose workers’ performance affects public safety and security and for 
workers who hold positions of public trust, core themes for workplace FFD and drug-testing 
programs include trustworthiness and reliability, lack of impairment, early detection of 
individuals who are not fit for duty, and assurance that the workplace is free from the presence 
and effects of illegal drugs and alcohol.  These programs are challenged by evolving regulation 
of marijuana and availability of synthetic cannabinoids.  As more States pass medical marijuana 
laws and establish primary caregiver roles, more individuals might be called upon to serve this 
function leading to possession of marijuana with no intent to use while others could become 
“inadvertent” possessors of marijuana as a consequence of living in a household with a medical 
or recreational marijuana user.  A further concern is the perception that illicit and unregulated 
synthetic cannabinoids are legal and harmless, potentially leading to individuals with legal 
problems and inaccurate understanding of potential impairment.   

Given these trends, means for assuring workers performing safety- and security-sensitive 
functions are not impaired on the job may also need to evolve.  Assuming that marijuana 
remains a Schedule I controlled substance, six possible alternative workplace strategies, 
including a “no action” alternative, are considered in Section 9.1 through Section 9.6.  The 
varying prohibitions for marijuana and synthetic cannabinoids use and possession discussed in 
these strategies are noted in Table 9-1. 

Table 9-1.  Alternative Workplace Strategies Considered for Marijuana and Cannabinoids 

Strategy for Safety- or Security-
Sensitive Workers 

Marijuana Possession Marijuana Use 
Synthetic Cannabinoid 

Possession or Use 

Medical 
Recrea-
tional Medical 

Recrea-
tional 

Pharma-
ceutical 

Schedule I 
or Analogue Other(a) 

1.  Maintain Policies and Requirements 
As Is (No Change) Prohibited Prohibited Prohibited Prohibited Allowed Prohibited Prohibited if 

impairing 

2.  Maintain Policies and Requirements 
Concerning Marijuana Use and 
Possession, but Expand Drug Testing 
to Detect Synthetic Cannabinoids 

Prohibited Prohibited Prohibited Prohibited Allowed Prohibited Prohibited if 
impairing 

3.  Prohibit the Use of Any Cannabinoids 
by Individuals Subject to Fitness-for-
Duty Trustworthiness and Reliability 
and Drug-Testing Requirements 

Prohibited Prohibited Prohibited Prohibited Prohibited Prohibited Prohibited 

4.  Prohibit Consumption of Marijuana 
and Non-Prescription Cannabinoids, 
but Relax Sanctions on Possession of 
Marijuana by Registered Primary 
Caregivers 

Allowed for 
Caregivers Prohibited Prohibited Prohibited Allowed Prohibited Prohibited 

5.  Do Not Allow Consumption of 
Marijuana or Non-Prescription 
Cannabinoids, but Relax Sanctions 
on Possession of Marijuana that is 
Consistent with Extant State Laws 

Allowed 
Where 

Locally Legal 

Allowed 
Where 

Locally Legal 
Prohibited Prohibited Allowed Prohibited Prohibited if 

impairing 

6.  Allow Medical Marijuana Use in 
States Where It Is Legal, and Treat It 
as Any Potentially Impairing 
Prescription Drug 

Allowed 
Where 

Locally Legal 
Prohibited 

Allowed 
Where 

Locally Legal 
Prohibited Allowed Prohibited Prohibited 

(a)  The ‘Other’ category includes all synthetic cannabinoids that are neither on CSA’s Schedule I nor an FDA-approved pharmaceutical.  
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In these strategies, marijuana refers to the plant and its products (e.g., hashish, CBD oil).  
Synthetic cannabinoids are covered in three categories: 

• Pharmaceutical: FDA-approved synthetic cannabinoids used in prescription drugs (e.g., 
dronabinol), 

• Schedule I or Analogue: cannabimimetics listed on Schedule I or recognized as a controlled 
substance analogue (see Section 3.5), and 

• Other: all other synthetic cannabinoids, including those that are neither on CSA’s Schedule 
I, recognized as a controlled substance analogue, nor FDA-approved pharmaceuticals. 

Note that the illegal and unregulated synthetic cannabinoid products (e.g., K2, Spice) will 
contain cannabimimetic or synthetic cannabinoids depending on what is being used in the 
current formulation.  Additional detail regarding marijuana and synthetic cannabinoid definitions 
are provided in the Glossary and Section 1.2 while a selected set of cannabinoids are presented 
in Appendix A. 

9.1 Maintain Policies and Requirements As Is (No Change) 

Action:  No policy change actions taken; requirements, including the requirement to self-report 
legal actions and drug-testing programs would continue without modification.  Organizations 
would continue to monitor Federal and State regulations regarding workplace drug and alcohol 
testing, marijuana, prescription cannabinoids, and synthetics. 

Discussion:  Federal agencies may decide that there is insufficient data upon which to base 
regulatory modification and that watchful waiting is the most prudent strategy.  Federal agencies 
have demonstrated reluctance to take actions that would be interpreted as contrary to existing, 
established Federal law, such as the CSA.  Therefore, they have limited leeway in modifying 
their policies concerning the unacceptability of marijuana use and its status as a Federally listed 
Schedule I illegal drug.  However, given the importance of confidence in the fairness and 
scientific basis of fitness for duty, trustworthiness and reliability, drug testing, and sanctions 
requirements, agencies are likely to be concerned about the growing mismatch between the 
Federal and State positions on these issues.  In addition, taking no policy action limits the ability 
of Federal agencies to address what appears to be a growing epidemic of synthetic cannabinoid 
use, especially among young adults.  Making no changes maintains a status quo challenged by 
known and evolving problems that could be addressed by new measures (e.g., by implementing 
an expanded drug-testing panel).  It is also likely that an increasing number of individuals who 
have a personal need to serve as primary caregivers for individuals with prescriptions for 
medical marijuana would make the case that they should be allowed to provide this caregiving 
function without fear of violating the prohibition on possession of marijuana. 

Effort:  Although limited, a minimal effort by Federal agencies would be required to monitor 
ongoing changes in State laws and the response by the Attorney General and other agencies 
with responsibility for scheduling drugs and other substances; enforcing Federal drug laws; 
responding to queries about current positions and future plans; and reiterating existing policies 
and requirements. 
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9.2 Maintain Policies and Requirements Concerning Marijuana Use and 
Possession, but Expand Drug Testing to Detect Synthetic Cannabinoids 

Action:  Expand the mandatory drug-testing panel for individuals performing safety- or security-
sensitive functions to detect synthetic cannabinoids.  Note that dronabinol (synthetic THC) 
based pharmaceutical drugs (Marinol® and Syndros®) will be identified with existing drug panels. 

Discussion:  Synthetic cannabinoid use appears to be a growing concern in many locales.  
Research is just starting to be available documenting the impairing effects of the various 
synthetic cannabinoids entering the marketplace, but existing evidence indicates that they are at 
least as impairing as marijuana.  The diversity and rapid evolution of these substances poses a 
significant challenge for both regulators and policymakers, given the need to specify the 
chemicals being regulated and have available drug testing capability. 

Effort:  Drug-testing laboratories have developed procedures that would support expanded 
drug-testing panels to include synthetic cannabinoids classified as controlled substances or as 
controlled substance analogues.  However, the cannabinoids detected by the available drug-
testing panels vary between laboratories.1  Thus, if implemented before standard testing 
protocols were established across laboratories, synthetic cannabinoid detection would be 
inconsistent between laboratories.  Ensuring the same suite of cannabinoids is available for 
testing at all laboratories would be challenging, particularly as the purveyors of synthetic 
cannabinoids change the cannabinoid(s) used in their products in response to regulation and 
enforcement activities and the laboratories must have time to develop and gain approval to add 
to existing or new test panels.   

9.3 Prohibit the Use of Any Cannabinoids by Individuals Subject to Fitness-for-
Duty Trustworthiness and Reliability and Drug-Testing Requirements 

Action:  Extend the prohibition on possession, sale, or use to all cannabinoids for individuals 
performing safety- or security-sensitive functions, including FDA approved prescription drugs, 
phytocannabinoid preparations, and synthetic cannabinoids. 

Discussion:  The rationale for this action would be the lack of sufficient data to understand the 
impairing effects, in terms of dose-response and duration of impairment, of any cannabinoids or 
cannabinoid combinations.  There are sufficient data for the cannabinoid pharmaceuticals to be 
identified as potentially impairing, and to include guidance for MROs that the employers of 
individuals taking these medications may require a warning that the individual may experience 
impairment.  There is anecdotal evidence that synthetic cannabinoids (especially those on 
Schedule I as cannabimimetic agents) could have acute impairing effects, but insufficient data 
are available to quantify those effects.  The problem is aggravated by the introduction of novel 
variants, about which almost nothing is known.  Among the challenges in implementing this 
option would be the difficulty of establishing cost-effective and reliable tests for the many 
different cannabinoids available for consumption, keeping clear written policy statements that 

                                                
1 See, for example:  http://www.questdiagnostics.com/testcenter/TestDetail.action?ntc=93027 and 
https://www.redwoodtoxicology.com/resources/cutoffs_methods/synthetic_cannabinoid.  

http://www.questdiagnostics.com/testcenter/TestDetail.action?ntc=93027
https://www.redwoodtoxicology.com/resources/cutoffs_methods/synthetic_cannabinoid
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list the substances that are prohibited and included in the drug-testing panel, and prohibiting use 
of approved pharmaceuticals without a strong base of impairment data to support that action. 

Effort:  Marijuana and some cannabimimetic agents are already illegal drugs by virtue of their 
inclusion in Schedule I or regulation as analogues.  However, to make the prohibition effective 
for individuals performing safety- or security-sensitive functions, all of the cannabinoids in 
frequent use would need to be included in the mandatory drug-testing panel.  It is not obvious 
that the policy framework is available to implement this option in the near future.  Laboratories 
are offering test panels that include varying suites of synthetic cannabinoids.  However, it is not 
clear that these are keeping pace with the unregulated and illicit sources for synthetic 
cannabinoids.  The challenge is whether the laboratories can keep up with the development and 
marketing of new synthetic cannabinoids and whether drug-testing requirements can be 
established that support use of evolving drug-testing panels.  Workers who may be prescribed 
approved pharmaceuticals may need to work with their physician to identify alternatives or be 
assigned alternative work duties. 

9.4 Prohibit Consumption of Marijuana and Non-Prescription Cannabinoids, but 
Relax Sanctions on Possession of Marijuana by Registered Primary 
Caregivers 

Action:  Maintain the prohibition on any consumption of marijuana and non-prescription 
synthetic cannabinoids, but establish a mechanism by which the FFD program personnel and/or 
the Reviewing Official could determine that an individual who was a registered caregiver was 
neither in violation of policy nor untrustworthy due to possession of medical marijuana to fulfill 
his or her caregiver responsibilities. 

Discussion:  Individuals performing safety- or security-sensitive functions should not be 
consuming marijuana or non-prescription cannabinoids, even outside of work hours, due to the 
unpredictability of dose-response, duration of impairment, and lack of an adequate basis for 
establishing a safe abstinence period.  However, as discussed above, it is increasingly likely 
that workers in jobs subject to fitness for duty, trustworthiness, and reliability, and drug-testing 
requirements would find themselves called upon to serve as primary caregivers of medical 
marijuana patients.  Given that these individuals would have to register with the State as a 
primary caregiver and follow the possession limits established by the State, there is an 
argument that the behaviors approved for primary caregivers should not be interpreted as an 
indication of untrustworthiness or unreliability.  If this alternative were adopted, regulators and 
employers who prohibit workers from buying or possessing marijuana would need to revise their 
regulations and policies to waive or dismiss sanctions against possession of authorized 
amounts of marijuana for individuals serving this function.  In addition, procedures would need 
to be established to validate an individual’s primary caregiver status.   

Effort:  Relaxation of sanctions on the possession of marijuana by registered caregivers that 
perform safety- or security-sensitive functions would require 1) specification of the conditions 
under which an individual would be qualified for this relaxation and 2) guidance that would 
clarify procedures to be followed by the caregiver, their supervisor, and FFD program personnel.  
See 9.2 and 9.3 for discussion on synthetic cannabinoids. 
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9.5 Do Not Allow Consumption of Marijuana or Non-Prescription Cannabinoids, 
but Relax Sanctions on Possession of Marijuana that is Consistent with 
Extant State Laws 

Action:  Maintain the prohibition on any consumption of marijuana or non-prescription synthetic 
cannabinoids, but remove sanctions on the possession of marijuana in quantities consistent with 
State and local laws. 

Discussion:  Individuals performing safety- or security-sensitive functions should not be 
consuming marijuana, even outside of work hours, due to the unpredictability of dose-response, 
duration of impairment, and lack of an adequate basis for establishing a safe abstinence period.  
To assure compliance with the prohibition on consumption by individuals allowed to buy and 
possess marijuana consistent with extant State laws, those individuals could be subject to an 
enhanced testing schedule.  As more States decriminalize marijuana possession, the product is 
likely to be more easily available and more socially acceptable to use.  In addition, 
decriminalization of marijuana possession and implementation of policies not to arrest or charge 
individuals possessing small quantities of marijuana would make the requirement to self-report 
legal actions involving marijuana less effective in identifying users of marijuana.  This is 
because arrests/stops, which have been one way that marijuana users have been identified and 
their behavior brought to the FFD or drug-testing program’s attention (via required self-reporting 
of legal actions), would cease or decline significantly.  It would prove more difficult to enforce a 
no-consumption requirement if possession is allowed.  Moreover, despite continued prohibition 
on consumption of non-prescription synthetic cannabinoids, it will remain difficult to identify 
users of such substances, given the challenge facing the HHS certified laboratories for keeping 
pace with the illicit and unregulated synthetic cannabinoid markets. 

Effort:  The removal of sanctions for possession would be similar to those discussed above in 
Section 9.4, but would require addressing recreational marijuana as well as medical marijuana.  
The efforts needed to effectively deter and detect marijuana use would likely increase as local 
regulatory and social sanctions against marijuana possession and use diminish in the 
communities in which the workers live and work.  Similar to the required effort discussed in 
Sections 9.2 and 9.3, laboratories would be challenged to maintain effective drug-testing panels 
that can be quickly updated to detect new synthetic cannabinoids as they are introduced into the 
market. 

9.6 Allow Medical Marijuana Use in States Where It Is Legal, and Treat It as Any 
Potentially Impairing Prescription Drug 

Action:  Consistent with each State’s laws, allow individuals with legitimate prescriptions for 
medical marijuana to possess and consume marijuana and their registered primary caretakers 
to possess and administer marijuana use to their designated patients, with appropriate 
notification to designated FFD program personnel. 

Discussion:  Although Federal agencies have made it clear that they would not implement 
policies that are counter to the Federal government’s official policy with regard to marijuana and 
its inappropriateness as a medicine, it may be worthwhile for organizations to consider how they 
would respond should the Federal position change.  All of the States that have legalized medical 
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marijuana require patients and caretakers to register with the State/County and obtain an 
identification card to be protected from legal action against them for possession and use.  
Because of the lack of precise control over dosing, along with the unpredictability of the dose-
response and time-duration of impairment, it would be necessary to require medical marijuana 
patients who perform safety- or security-sensitive functions to inform the MRO that they are 
taking marijuana.  Because of the dispensation offered to primary caretakers and medical 
marijuana patients concerning their possession of marijuana, it would also be necessary to 
establish policies and procedures concerning the documentation needed to demonstrate this 
status and procedures for informing the MRO or the Reviewing Official about their status as 
medical marijuana patients and/or qualified primary caregivers, as appropriate.   

Effort:  Because existing FFD requirements for safety- or security- sensitive workers prohibit 
possession and use of marijuana, modification of these requirements would require 
considerable effort, and would be dependent for its timing on actions by the Federal government 
should it decide to modify its official position concerning medical marijuana.  No effort to allow 
medical marijuana use and possession in advance of a change by the FDA and DEA is likely to 
be taken by the organizations responsible for regulating safety- or security-significant workers. 
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10.0 IMPLICATIONS FOR THE REGULATION OF MARIJUANA AND 
CANNABINOIDS IN THE WORKPLACE 

Preventing workers who are impaired by consumption of marijuana or other cannabinoids from 
performing safety- and security-sensitive tasks is an ongoing challenge for regulators and 
employers as the availability and variety of pharmaceutical and synthetic cannabinoid products 
increases and some States relax restrictions on medical and recreational marijuana possession 
and use.  There is overwhelming evidence that consumption of marijuana (and cannabinoids 
from other sources) causes impairment that is incompatible with the safe and reliable 
performance of complex safety- or security-sensitive tasks.  Consequently, it would continue to 
be important to ensure effective policies and procedures are in place to prevent impaired 
individuals from performing safety- or security-sensitive functions.  This would likely require 
ensuring that policies concerning the identification and management of individuals’ use of 
pharmaceutical cannabinoids under prescription are updated and appropriate and that MROs 
are knowledgeable about these substances.  

Despite advances in cannabinoid testing, there does not seem to be a practical, scientifically 
sound basis for establishing an abstinence period and test procedure that would ensure that 
workers who consume marijuana or synthetic cannabinoids while off work would be free of 
impairing effects when reporting to duty.  Consequently, without significant breakthroughs that 
would lead to the availability of accurate, rapid, reliable, and practical methods to detect 
impaired individuals, it is unlikely that regulators and employers of workers performing safety- 
and security-sensitive functions would find a workable way to relax the prohibition on any use of 
cannabinoids. 

However, the legal and social context within which regulators and employers are operating is 
changing.  Discovery of the endocannabinoid system and its central role in human physiology, 
along with growing appreciation of the medical benefits of cannabinoids is changing the 
opinions of workers and the general public about the acceptability of marijuana and other 
cannabinoid use.  States are increasingly implementing laws and policies that decriminalize 
possession and use of small quantities of marijuana.  It is likely that an increasing number of 
workers in safety- or security-sensitive functions would be living in communities in which the 
possession and use of marijuana for medical purposes have been legalized.  Given this, it is 
likely that an increasing number of these workers would be in a family or household in which 
someone qualifies for medical marijuana or be a caregiver for an individual with a prescription 
for medical marijuana.  This situation may pose a dilemma for Federal regulators responsible for 
ensuring that individuals performing safety- and security-sensitive functions are fit for duty by 
being both unimpaired and trustworthy, if marijuana’s status as a Schedule I substance and 
Federal illegal drug possession laws remain unchanged.  

In summary, based on the scientific evidence and socio-political discussions presented above, 
this report offers the following takeaway observations and considerations for decision-makers 
and stakeholders:  

1. Understanding of the endocannabinoid system is still in its nascent stages.  The ability to 
make relevant and accurate predictions about effects of cannabinoid use continues to be a 
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challenge.  Even when the system is better understood, the ability to predict cannabinoid 
drug effects may remain difficult due to the bi-phasic impairment effects observed from 
cannabinoids. 

2. There is an extensive pharmacopeia (dictionary) of synthetic cannabinoids that is readily 
available in the literature.  This knowledge is being mined by the producers of synthetic 
cannabinoids that are marketed as “legal” products that are “not for human consumption,” 
but may be used by the end consumer for a cannabinoid-type high.  It is neither pragmatic 
nor possible to include all of the known synthetic cannabinoids on the Schedule I list.  The 
DEA has the authority to quickly place individual compounds on Schedule I but this is a 
responsive tactic; immediate enforcement is available as controlled analogues.   

3. Individuals who are fit for duty to perform safety- or security-sensitive functions may be more 
likely to abstain from consuming synthetic cannabinoids if they had better knowledge about 
the significant potential for serious, even life-threatening, adverse effects from these 
products. 

4. Current Federal, State, and local laws and regulations are clear, but often inconsistent with 
each other. These inconsistencies confirm the importance of the existing requirement for 
licensees to establish a clear, written drug policy. 

5. There are sources of cannabinoids (e.g., dronabinol) that, when prescribed by a physician, 
are legal at the Federal level, but may be impairing.  Federal workplace drug policy 
requirements already have provisions to address prescription medications that can result in 
impairment.  However, as discussed above, marijuana and other cannabinoids pose special 
challenges for those having to make decisions about an individual’s fitness for duty, due to 
the lack of clear and reliable dose-response relationships and uncertain durations of 
impairment.  Consequently, the emergence of cannabinoid pharmaceuticals is likely to 
require training for those responsible for assessing the fitness of prescription drug users that 
perform safety- or security-sensitive functions and may warrant the addition of information to 
MROs and substance-abuse experts about the effects of cannabinoid consumption from any 
source. 

 



PNNL-27050 
 

 11-1  

11.0 REFERENCES 

10 CFR 26.  Code of Federal Regulations. Title 10, Energy, Part 26, “Fitness for Duty 
Programs” Federal Register, Nuclear Regulatory Commission, Washington D.C.   

21 CFR Part 1308. Code of Federal Regulations. Title 21, Food and Drugs, Part 1308, 
“Schedules of Controlled Substances.” Department of Justice Drug Enforcement Administration, 
Washington D.C.  

21 U.S.C. 355. Title 21, United States Code. (USC) Food and Drugs, Chapter 9, Federal Food, 
Drug, and Cosmetic Act, Subchapter V, Drugs and Devices, Par A Drugs and Devices, Section 
355 “New Drugs.” January 7, 2011.  

21 U.S.C. 811. (c)  1970.  Controlled Substances Act.  Title 21, United States Code (USC) 
Controlled Substances Act, Subchapter I, Control and Enforcement, Section 811. Authority and 
criteria for classification of substances, subsection 811 (c) “Factors determinative of control or 
removal from schedules.” 

21 U.S.C. 812. (c)  1970.  Controlled Substances Act.  Title 21, United States Code (USC), 
Chapter 13, Drug Abuse Prevention and Control, Subchapter I, Control and Enforcement, Part 
B, “Authority to Control; Standards and Schedules, Section 812 (c) “Initial schedules of 
controlled substances.” 

49 CFR Part 40.  Code of Federal Regulations.  Title 49, Transportation, Part 40, “Procedures 
for Transportation Workplace Drug and Alcohol Testing Programs.”  Department of 
Transportation, Drug and Alcohol Policy and Compliance Office, Washington D.C. 

81 FR 53767. Denial of Petition to Initiate Proceedings to Reschedule Marijuana.  Federal 
Register Volume 81, Issue 156 (August 12, 2016) Department of Justice Drug Enforcement 
Administration, Washington D.C. 

Adams, I.B., and Martin, B.R.  1996.  Cannabis: Pharmacology and Toxicology in Animals and 
Humans.  Addiction 91: 1585-614. 

Aggarwal, S.K.  2009.  Cannabis is Here to Stay—Regulatory Update.  NYU Department of 
Rehabilitation Medicine.  Accessed August 2015 at 
https://www.nabp.net/system/rich/rich_files/rich_files/000/000/334/original/aggarwal.pdf.  

Agurell, W., Halldin, M., Lindgren, J.E., Ohlsson, A., Widman, M., Gillespie, H., and Hollister, L.  
1986.  Pharmacokinetics and Metabolism of Delta-1-Tetrahydrocannabinol and other 
Cannabinoids with Emphasis on Man.  Pharmacology Review 38(1):21-43. 

Alaska Statutes.  2014.  Title 17, Food and Drugs. Chapter 17.38 The Regulation of Marijuana, 
Section 17.38.030 Restrictions on personal cultivation, penalty. Effective February 24, 2015.   

https://www.nabp.net/system/rich/rich_files/rich_files/000/000/334/original/aggarwal.pdf


PNNL-27050 
 

 11-2  

Americans for Safe Access.  2016.  Support for the Blumenauer Veterans Equal Access 
Amendment to FY2017 MilConVA Appropriations Bill.  Accessed on June 15, 2016 at 
https://american-safe-
access.s3.amazonaws.com/documents/house_veterans_equal_access_amendment_2016.pdf.  

André, A. and Gonthier, M.  2010.  The Endocannabinoid System:  Its Roles in Energy Balance 
and Potential as a Target for Obesity Treatment.  The International Journal of Biochemistry and 
Cell Biology 42:1788-801. 

Ariens, E.J.  1983.  Intrinsic Activity:  Partial Agonists and Partial Antagonists.  Journal of 
Cardiovascular Pharmacology 5S:S8-S15. 

Arizona State Legislature.  Title 36 - Public Health and Safety, Chapter 28.1 Arizona Medical 
Marijuana Act, Section 13 Discrimination prohibited. 

Armentano, P.  2011.  Cannabis and Driving: A Scientific and Rational Review.  NORML.  
Accessed December 11, 2014 at http://norml.org/library/item/cannabis-and-driving-a-scientific-
and-rational-review. 

Ashton, C.H.  2001.  Pharmacology and Effects of Cannabis:  A Brief Review.  The British 
Journal of Psychiatry 178(2):101-106. 

Atha, M.  2000.  Blood and Urine Drug Testing for Cannabinoids.  Independent Drug Monitoring 
Unit.  Accessed February 17, 2015 at http://www.idmu.co.uk/pdfs/drugtest.pdf. 

Auwärter, V., Wohlfarth, A., Traber, J., Thieme, D., and Weinmann, W.  2010.  Hair Analysis for 
Δ9-Tetrahydrocannabinolic Acid a—New Insights into the Mechanism of Drug Incorporation of 
Cannabinoids into Hair.  Forensic Science International 196:10-13. 

Barana, A., Amoros, I., Caballero, R., Gomez, R., Osuna, L., Pilar Lillo, M., Blàzquez, C., 
Gùzman, M., Delpòn, E, and Tamargo, J.  2009.  Endocannabinoids and Cannabinoid Analogs 
Block Cardiac hKv1.5 Channels in a Cannabinoid Receptor-independent Manner.  
Cardiovascular Research 85:56-67. 

Barnes, Allan J., Eliani Spinelli, Sheena Young, Thomas M. Martin, Kevin L. Klette, and Marilyn 
A. Huestis. “Validation of an ELISA Synthetic Cannabinoids Urine Assay.” Therapeutic drug 
monitoring 37.5 (2015): 661–669. PMC. Web. 6 Sept. 2017. 

Barnett, G., Licko, V., and Thompson, T.  1985.  Behavioral Pharmacokinetics of Marijuana.  
Psychopharmacology 85:51-56. 

Battistella, G., Fornari, E., Annoni, J-M., Chtioui, H., Dao, K.,Fabritius, M, Favrat B., Mall, J.F., 
Maeder, P., and Giroud, C.  2014.  Long-Term Effects of Cannabis on Brain Structure.  
Neuropsychopharmacology 39:2041-2048. 

Bedi, G., Cooper, Z.D., and Haney, M.  2013.  Subjective, Cognitive, and Cardiovascular Dose-
Effect Profile of Nabilone and Dronabinol in Marijuana Smokers.  Addiction Biology 18(5):872-
881. 

https://american-safe-access.s3.amazonaws.com/documents/house_veterans_equal_access_amendment_2016.pdf
https://american-safe-access.s3.amazonaws.com/documents/house_veterans_equal_access_amendment_2016.pdf
http://norml.org/library/item/cannabis-and-driving-a-scientific-and-rational-review
http://norml.org/library/item/cannabis-and-driving-a-scientific-and-rational-review
http://www.idmu.co.uk/pdfs/drugtest.pdf


PNNL-27050 
 

 11-3  

Belendiuk, K.A., Babson, K.A., Vandrey, R., and Bonn-Miller, M.O.  2015.  Cannabis Species 
and Cannabinoid Concentration Preference among Sleep-Disturbed Medicinal Cannabis Users.  
Addictive Behaviors 50:178-181. 

Bénard, G., Massa, F., Puente, N., Lourenço, J., Bellocchio, L., Soria-Gómez, E., Matias, I., 
Delamarre, A., Metna-Laurent, M., Cannich, A., Hebert-Chatelain, E., Mulle, C., Ortega-
Gutiérrez, S., Martín-Fontecha, M., Klugmann, M., Guggenhuber, S., Lutz, B., Gertsch, J., 
Chaouloff, F., López-Rodríguez, M.L., Grandes, P., Rossignol, R., and Marsicano, G.  2012.  
Mitochondrial CB1 Receptors Regulate Neuronal Energy Metabolism.  Nature Neuroscience 
15(4):558-568. 

Bhattacharyya, S., Morrison, P.D., Fusar-Poli, P., Martin-Santos, R., Borgwardt, S., Winton-
Brown, T., Nosarti, C., O’Carroll, C.M., Seal, M., Allen, P., Mehta, M.A., Stone, J.M., Tunstall, 
N., Giampietro, V., Kapur, S., Murray, R.M., Zuardi, A.W., Crippa, J.A., Atakan, Z., and 
McGuire, P.K.  2010.  Opposite Effects of Delta-9-Tetrahydrocannabinol and Cannabidiol on 
Human Brain Function and Psychopathology.  Neuropsychopharmacology 35:764-774. 

Bolla, K., Brown, K., Eldreth, D., Tate, K., and Cadet, J.L.  2002.  Dose-Related Neurocognitive 
Effects of Marijuana Use.  Neurology 9(9):1337-43. 

Bonn-Miller, M. and Rousseau, G.S.  2016.  Marijuana Use and PTSD among Veterans.  U.S. 
Department of Veteran’s Affairs.  Last updated February 23, 2016.  Accessed June 8, 2016 at 
http://www.ptsd.va.gov/professional/co-occurring/marijuana_use_ptsd_veterans.asp. 

Borgelt, L, Franson, K., and Nussbaum, M.  2013.  The Pharmacologic and Clinical Effects of 
Medical Cannabis.  Pharmacotherapy 2013:33(2):195-209.   

Bostwick, J.M.  2012.  Blurred Boundaries:  The Therapeutic and Politics of Medical Marijuana.  
Mayo Clinic Proceedings 87:172-186. 

Brady, J.G. and Rush, M.B.  2011.  Employment Protections under Medical Marijuana Laws:  
The Changing Landscape.  Bloomberg Law.  Accessed February 18, 2015 at 
http://www.bna.com/employment-protections-under-medical-marijuana-laws-the-changing-
landscape-contributed-by-jennifer-gimler-brady-and-michael-b-rush-potter-anderson-corroon-
llp/. 

Brenneisen, R., Egli, A., Elsohly, M.A., Henn, V., and Spiess, Y.  1996.  The Effect of Orally and 
Rectally Administered Delta 9-Tetrahydrocannabinol on Spasticity:  A Pilot Study with 2 
Patients.  International Journal of Clinical Pharmacology and Therapy 34:446-52. 

Brunet, B., Doucet, C., Venisse, N., Hauet, T., Hebrard, W., Papet, Y., Mauco, G., and Mura, P.  
2006.  Validation of Large White Pig as an Animal Model for the Study of Cannabinoids 
Metabolism: Application to the Study of THC Distribution in Tissues.  Forensic Science 
International 161:169-74. 

California Compassionate Use Act of 1996. 1996. Section 11362.5. Effective November 5, 
1996.   

http://www.ptsd.va.gov/professional/co-occurring/marijuana_use_ptsd_veterans.asp
http://www.bna.com/employment-protections-under-medical-marijuana-laws-the-changing-landscape-contributed-by-jennifer-gimler-brady-and-michael-b-rush-potter-anderson-corroon-llp/
http://www.bna.com/employment-protections-under-medical-marijuana-laws-the-changing-landscape-contributed-by-jennifer-gimler-brady-and-michael-b-rush-potter-anderson-corroon-llp/
http://www.bna.com/employment-protections-under-medical-marijuana-laws-the-changing-landscape-contributed-by-jennifer-gimler-brady-and-michael-b-rush-potter-anderson-corroon-llp/


PNNL-27050 
 

 11-4  

Castaneto, M.S., K.B. Scheidweiler, A. Gandhi, A. Wohlfarth, K.L. Klette, T.M. Martin, and M.A. 
Huestis.  2014.  Quantitative urine confirmatory testing for synthetic cannabinoids in randomly 
collected urine specimens.  Drug Testing and Analysis DOE 10.1002/dta.1709 

Carlini, E.A.  2004.  The Good and the Bad Effects of (--) trans-delta-9-tetrahydrocannabinol 
(Δ9-THC) on Humans.  Toxicon 44:461-467. 

Cary, P.L.  2006.  The Marijuana Detection Window:  Determining the Length of Time 
Cannabinoids Will Remain Detectable in Urine Following Smoking.  National Drug Court 
Institute IV:1-16. 

Casias v Wal-Mart Stores, Inc., 764 F. Supp. 2d 914, 926 (W.D. Mich. 2011). 

Castillo, P.E., Younts, T.J., and Chaves, A.E.  2012.  Endocannabinoid Signaling and Synaptic 
Function.  Neuron 76:70-81. 

CDC (Centers for Disease Control and Prevention).  2015.  Heu. Notes from the Field: Increase 
in Reported Adverse Health Effects Related to Synthetic Cannabinoid Use — United States, 
January–May 2015. Weekly June 12, 2015 / 64(22): 618-619.  

Chhatwal, J.P., Davis, M., Maguschak, K.A., and Ressler, K.J. 2005.  Enhancing Cannabinoid 
Neurotransmission Augments the Extinction of Conditioned Fear.  Neuropsychopharmacology 
30:516–524 

Chiang, C.N., and Rapaka, R.S.  1987.  Pharmacokinetics and Disposition of Cannabinoids.  In 
R.S. Rapaka and A. Makriyannis (eds).  NIDA Research Monograph—Structure-Activity 
Relationships of the Cannabinoids.  Rockville, MD:  National Institute on Drug Abuse.  Pp. 173-
188. 

Coats v. Dish Network, LLC, 350 P.3d 849 (Colo. 2015). 

Code of Colorado Regulations.  2014.  Medical Use of Marijuana. Board of Health Regulations, 
5 CCR 1006-2.  Department of Public Health and Environment.  Health and Environmental 
Information and Statistics Division  

Cohen, J.  1990.  Statistical Power Analysis for the Behavioral Sciences.  Hillsdale, NJ:  
Lawrence Earlbaum Publishers. 

Cole, J.  2013.  Memorandum for All United States Attorneys.  Guidance Regarding Marijuana 
Enforcement.  August 29, 2013.  Deputy Attorney General, U.S. Department of Justice, Office of 
the Deputy Attorney General.  Accessed February 12, 2015 at 
http://www.justice.gov/iso/opa/resources/3052013829132756857467.pdf. 

Colorado Revised Statutes.  2014.  Medical Use of Marijuana by Persons Diagnosed with 
Debilitating Medical Conditions – Unlawful Acts – Penalty – Medical Marijuana Program Cash 
Fund.  Title 18 Article 18.406.3. 

http://www.justice.gov/iso/opa/resources/3052013829132756857467.pdf


PNNL-27050 
 

 11-5  

Colorado General Assembly.  2015.  An Act Concerning Marijuana Issues that Are Not 
Regulated by the Department of Revenue, and in Connection Herewith Making Appropriations. 
Senate Bill 15-140. Effective May 88, 2015.  

Colorado Revised Statutes.  2014.  Colorado Medical Marijuana Code Title 12, Article 43.3-101.  

Colorado Springs Housing Authority.  2011.  Colorado Springs Housing Authority Medical 
Marijuana (Cannabis) Policy.  Accessed February 14, 2015 at 
http://www.csha.us/Our%20Programs/default.html. 

Colquhoun, D.  1998.  Binding, Gating, Affinity, and Efficacy-The Interaction of Structure-Activity 
Relationships for Agonists and Other Effects of Mutating Receptors.  British Journal of 
Pharmacology 125:923-947. 

Connecticut General Statute.  2013.  Palliative Use of Marijuana.  Chapter 420f, Section 21a-
408. 

Craft R.M., Marusich J.A., Wiley, J.L.  2013.  Sex Differences in Cannabinoid Pharmacology:  A 
Reflection of Differences in the Endocannabinoid System?  Life Sciences 92(8):476-481. 

Crean, R.D., Crane, N.A., and Mason, B.J.  2011.  An Evidence Based Review of Acute and 
Long-Term Effects of Cannabis Use on Executive Cognitive Functions.  Journal of Addiction 
Medicine 5:1-8. 

Crews, B.O.  2013.  Synthetic Cannabinoids The Challenges of Testing for Designer Drugs.  
Clinical Laboratory News.  
https://www.aacc.org/publications/cln/articles/2013/february/cannabinoids  

Curran, H.V., Brignell, C., Fletcher, S., Middleton, P., and Henry, J.  2002.  Cognitive and 
Subjective Dose-Response Effects of Acute Oral Delta-9-Tetrahydrocannabinol (THC) in 
Infrequent Cannabis Users.  Psychopharmacology 164:61-70. 

Day, A.M., J. Metrik, N. S.J., Spillane, N.S., and C.W. Kahler, C.W.  2013.  Working Memory 
and Impulsivity Predict Marijuana-Related Problems among Frequent Users.  Drug and Alcohol 
Dependence 131:171-74. 

de Bitencourt, R.M., Pamplona, F.A., and Takahashi, R.N.  2013.  A Current Overview of 
Cannabinoids and Glucocorticoids in Facilitating Extinction of Aversive Memories:  Potential 
Extinction Enhancers.  Neuropharmacology 64:389-395. 

De Luca, M.A., and Fattore, L.  2015.  Chapter 12:  Cannabinoids and Drug Addiction.  In 
Cannabinoids in Neurologic and Mental Disease, edited by L. Fattore.  New York:  Elsevier 
Academic Press.  Pp. 289-313.   

DEA (U.S. Drug Enforcement Administration).  n.d.  DEA Mission Statement. Access October 
15, 2015 at http://www.dea.gov/about/mission.shtml.  

http://www.csha.us/Our%20Programs/default.html
https://www.aacc.org/publications/cln/articles/2013/february/cannabinoids
http://www.dea.gov/about/mission.shtml


PNNL-27050 
 

 11-6  

Delaware Administrative Code.  2014.  Health and Safety Delaware Medical Marijuana Code.  
Title 16, Section 4470. 

Delaware Administrative Code.  2011.  The Delaware Medical Marijuana Act.  Title 16, Chapter 
49A.  

Devane, W.A., Dysarz, F.A., Johnson, M.R., Melvin, L.S., and Howlett, A.C.  1988.  
Determination and Characterization of a Cannabinoid Receptor in Rat Brain.  Molecular 
Pharmacology 34:605-613. 

DHHS (U.S. Department of Health and Human Services).  2015.  Results from the 2014 
National Survey on Drug Use and Health:  Summary of National Findings.  Washington, D.C.  
Substance Abuse and Mental Health Services Administration (SAMHSA). 

DHHS (U.S. Department of Health and Human Services).  2014.  Results from the 2013 
National Survey on Drug Use and Health:  Summary of National Findings.  Washington, D.C.  
Substance Abuse and Mental Health Services Administration (SAMHSA). 

DHHS-SAMHSA (U.S. Department of Health and Human Services-Substance Abuse and 
Mental Health Services Administration).  2010.  Medical Review Officer Manual.  Accessed 
December 15, 2014 at 
https://www.samhsa.gov/sites/default/files/workplace/MRO_Manual_2010_100908.doc. 

Di Marzo, V.  2008.  Endocannabinoids:  Synthesis and Degradation.  Reviews of Physiology, 
Biochemistry and Pharmacology 160:1-24. 

Diplock, J., Plecas, D., and Garis, L.  2012.  An Updated Review of the Research on the Risks 
and Harms Associated to the Use of Marijuana.  Journal of Global Drug Policy and Practice 6:1-
60. 

DOJ (U.S. Department of Justice), Drug Enforcement Administration (DEA).  2010.  75 FR 
71635-71638.  21 CFR Part 1308 Schedules of Controlled Substances:  Temporary Placement 
of Five Synthetic Cannabinoids into Schedule I. 

DOJ (U.S. Department of Justice), Office of Diversion Control. 2015. Quotas – 2015. Adjusted 
Aggregate Production Quotas for Difenoxin, Diphenoxylate (for Conversion), and Marijuana. 
Drug Enforcement Administration, Department of Justice.  Accessed on October 15, 2015 at 
http://www.deadiversion.usdoj.gov/fed_regs/quotas/2015/fr0617.htm.  

Downey, L.A, King, R., Papafotiou, K., Swann, P., Ogden, E., Boorman, M., and Stough,C.  
2012.  Detecting Impairment Associated with Cannabis with and without Alcohol on the 
Standardized Field Sobriety Tests.  Psychopharmacology 224:581-89. 

Drummer, O.H., Gerostamoulos, J., Batziris, H., Chu, M., Caplehorn, J., Robertson, M.D., and 
Swann, P.  2004.  The Involvement of Drugs in Drivers of Motor Vehicles Killed in Australian 
Road Traffic Crashes.  Accident Analysis & Prevention 36:239-48. 

https://www.samhsa.gov/sites/default/files/workplace/MRO_Manual_2010_100908.doc
http://www.deadiversion.usdoj.gov/fed_regs/quotas/2015/fr0617.htm


PNNL-27050 
 

 11-7  

Egelko, B.  2015.  Feds Stick to Court Argument That Marijuana Is Dangerous.  San Francisco 
Chronicle.  Accessed February 16, 2015 at http://www.sfchronicle.com/nation/article/Feds-stick-
to-court-argument-that-marijuana-is-5990798.php.  

Eldreth, D.A., Matochik, J.A., Cadet, J.L., and Bolla, K.I.  2004.  Abnormal Brain Activity in 
Prefrontal Brain Regions in Abstinent Marijuana Users.  NeuroImage 23:914-20. 

ElSohly, M.A. and Slade, D.  2005.  Chemical Constituents of Marijuana:  The Complex Mixture 
of Natural Cannabinoids.  Life Sciences 78:539–548. 

ElSohly, M.A., deWitt, H., Wachtel, S.R., Feng, S., and Murphy, T.P.  2001.  Delta-9-
Tetrahydrocannabivarin as a Marker for the Ingestion of Marijuana versus Marinol®:  Results of 
a Clinical Study.  Journal of Analytical Toxicology 25:565-571. 

ElSohly, M.A., Gul, W., Wanas, A.S., and Radwan, M.M.  2014.  Synthetic Cannabinoids:  
Analysis and Metabolites.  Life Sciences 97:78-90. 

ElSohly, M.A., Ross, S.A., Mehmedic, A., Arafat, R., Yi. B., Banahan, BF.  2000.  Potency 
Trends of Delta-9-THC and other Cannabinoids in Confiscated Marijuana from 1980-1997.  
Journal of Forensic Science 45(1):24-30. 

England, D.C.  2015.  Alaska Marijuana Laws.  Criminal Defense Lawyer.  Accessed March 27, 
2015 at http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/alaska.htm.   

Escondido, N.  2016.  The Strongest Strains on Earth 2016.  High Times.  Accessed June 28, 
2016 at http://hightimes.com/strains/the-strongest-strains-on-earth-2016/.   

Every-Palmer, S.  2011.  Synthetic Cannabinoid JWH-018 and Psychosis:  An Explorative 
Study.  Drug and Alcohol Dependence 17:152-157. 

Fadda, P., Robinson, L., Fratta, W., Pertwee, R.G., and Riedel, G.  2004.  Differential Effects of 
THC- or CBD-rich Cannabis Extracts on Working Memory in Rats.  Neuropharmacology 
47:1170-1179. 

Fant, R.V., Heishman, S.J., Bunker, E.B., and Pickworth. W.B.  1998.  Acute and Residual 
Effects of Marijuana in Humans.  Pharmacology Biochemistry and Behavior 60:777-84. 

Fantegrossi, W.E., Moran, J.H., Radominska-Pandya, A., and Prather, P.L.  2014.  Distinct 
Pharmacology and Metabolism of K2 Synthetic Cannabinoids Compared to Delta-9-THC:  
Mechanism Underlying Greater Toxicity?  Life Sciences 97:45-54. 

Fattore, L., and Fratta, W.  2010.  How Important Are Sex Differences in Cannabinoid Action?  
British Pharmacological Society 160:544-548 

Fattore, L., and Fratta, W.  2011.  Beyond THC:  The New Generation of Cannabinoid Designer 
Drugs. Frontiers in Behavioral Neuroscience 5:60. 

http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php
http://www.sfchronicle.com/nation/article/Feds-stick-to-court-argument-that-marijuana-is-5990798.php
http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/alaska.htm
http://hightimes.com/strains/the-strongest-strains-on-earth-2016/


PNNL-27050 
 

 11-8  

FDA (U.S. Federal Food and Drug Administration). 2016. FDA and Marijuana. Accessed June 
10, 2016 at http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421163.htm  

FDA (U.S. Food and Drug Administration).  2004.  MARINOL®. Accessed on September 26, 
2016 at http://www.fda.gov/ohrms/dockets/dockets/05n0479/05N-0479-emc0004-04.pdf. 

FDA (U.S. Food and Drug Administration).  1984. Memorandum of Understanding between the 
National Institute on Drug Abuse and the Food and Drug Administration (MOU 225-85-8251). 
Accessed October 15, 2015 at 
http://www.fda.gov/AboutFDA/PartnershipsCollaborations/MemorandaofUnderstandingMOUs/D
omesticMOUs/ucm116365.htm.  

Fernández-Ruiz, J.  2009.  The Endocannabinoid System as a Target for the Treatment of 
Motor Dysfunction.  British Journal of Pharmacology 156:1029-1040. 

Filbey, F.M., McQueeny, T., Kadamangudi, S., and Bice, C.  2015.  Combined Effects of 
Marijuana and Nicotine on Memory Performance and Hippocampal Volume.  Behavioural Brain 
Research 293:46-53. 

Fontes, M.A., Bolla, K.I., Cunha, P.J., Almeida, P.P., Jungerman, F., Laranjeira, R.R. et al.  
2011.  Cannabis Use before Age 15 and Subsequent Executive Functioning.  British Journal of 
Psychiatry 198:442-447. 

Fride, E.  2002.  Endocannabinoids in the Central Nervous System-an Overview.  
Prostaglandins, Leukotrienes and Essential Fatty Acids 66:221-33. 

Frood, A.  2009.  U.S. Drug Agency Blunts Supply of Marijuana.  Nature Medicine 15(3):223. 

Garvey, T. and Doyle, C.  2014.  Marijuana Medical and Retail – Selected Legal Issues.  
Congressional Research Service.  March 25, 2014.  Prepared for Members and Committees of 
Congress.  

Gertsch, J., Pertwee, R.C., and Di Marzon, V. 2010. Phytocannabinoids Beyond the Cannabis 
Plant – Do They Exist?  British Journal of Pharmacology 160(3):523–529. 

Goodman, N.  2011.  An Overview of the Endogenous Cannabinoid System:  Its Components 
and Possible Roles of this Recently Discovered Regulatory System.  Version 1.3.  Accessed 
December 4, 2014 at Erowid.org (previous versions v1.1 May 2003, v1.2 Feb 2005).Feb 2005.  
Erowid.org/plants/cannabis/cannabis_pharmacology2.shtml. 

Goodwin, R.S., Darwin, W.D., Chiang, C.N., Shih, M., Li, S-H., and Huestis, M.A.  2008.  
Urinary Elimination of 11-=Nor-9-carboxyl-9-tetrahydrocannabinol in Cannabis Users during 
Continuously Monitored Abstinence.  Journal of Analytical Toxicology 32(8):562-569. 

Goodwin, R.S., Gustafson, R.A., Barnes, A., Nebro, W., Moolchan, E.T., and Huestis, M.A.  
2006.  Delta(9)-Tetrahydrocannabinol, 11-Hydroxy-Delta(9)-Tetrahydrocannabinol and 11-nor-9-
Carboxy-Delta(9)-Tetrahydrocannabinol in Human Plasma after Controlled Oral Administration 
of Cannabinoids.  Therapeutic Drug Monitoring 28:545-51. 

http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm421163.htm
http://www.fda.gov/ohrms/dockets/dockets/05n0479/05N-0479-emc0004-04.pdf
http://www.fda.gov/AboutFDA/PartnershipsCollaborations/MemorandaofUnderstandingMOUs/DomesticMOUs/ucm116365.htm
http://www.fda.gov/AboutFDA/PartnershipsCollaborations/MemorandaofUnderstandingMOUs/DomesticMOUs/ucm116365.htm


PNNL-27050 
 

 11-9  

Government of the District of Columbia.  2015.  Initiative 71 and D.C.’s Marijuana Laws:  
Questions and Answers.  Executive Office of the Mayor.  Accessed March 27, 2015 at 
http://mayor.dc.gov/sites/default/files/dc/sites/mayormb/release_content/attachments/I71QA.pdf. 

Green, J.  2016.  Activists React to Congressional Vote to Allow VA Doctors to Recommend 
Medical Marijuana.  Accessed on June 15, 2016 at http://www.theweedblog.com/activists-react-
to-congressional-vote-to-allow-va-doctors-to-recommend-medical-marijuana/. 

Greydanus, D.E., Hawver, E.K., Greydanus, M.M., and Memik, J.  2013.  Marijuana:  Current 
Concepts.  Frontiers in Public Health 1(42):1-17. 

Grotenhermen, F.  2003.  Pharmacokinetics and Pharmacodynamics of Cannabinoids.  Clinical 
Pharmacokinetics 42:327-60. 

Gustafson, R.A., Levine, B., Stout, P.R., Klette, K.L. George, M.P., Moolchan, E.T., and Huestis, 
M.A.  2003.  Urinary Cannabinoid Detection Times after Controlled Oral Administration of 
Delta9-Tetrahydrocannabinol to Humans.  Clinical Chemistry 49:1114-24. 

Hall, W.  2014.  What Has Research Over the Past Two Decades Revealed About the Adverse 
Health Effects of Recreational Cannabis Use?  Addiction 110:19–35 

Hanley, M., Gundeerson, E.W., Rabkin, J., Hart, C.I., Vosburg, S.K., Comer, S.D., and Foltin, 
R.W.  2007.  Dronabinol and Marijuana in HIV-Positive Marijuana Smokers:  Caloric Intake, 
Mood, and Sleep.  Journal of Acquired Immune Deficiency Syndrome 45(5):545-554.  

Harris, C.R., and A. Brown. 2013. Synthetic Cannabinoid Intoxication.  Journal of Emergency 
Medicine 44(2):360-366. 

Hartman, R.L. and Huestis, M.A.  2013.  Cannabis Effects on Driving Skills.  Clinical Chemistry 
59(3):478-492. 

Hartman, R.L., Brown, T.L., Milavetz, G., Spurgin, A., Gorelick, D., Gaffney, G., and Huestis, 
M.A.  2015.  Controlled Cannabis Vaporizer Administration:  Blood and Plasma Cannabinoids 
with and without Alcohol.  Clinical Chemistry 61:850-869. 

Hazekamp, A. and Grotenhermen, F.  2010.  Review on Clinical Studies with Cannabis and 
Cannabinoids 2005-2009.  Accessed June 2015 at 
www.canorml.org/prop/ClinicalXstudiesX1.pdf. 

Henriquez, S.  2011.  Medical Marijuana Use in Public Housing and Housing Choice Voucher 
Programs.  U.S. Department of Housing and Urban Development.  Washington, D.C. 

Howlett, A.C.  2005.  Cannabinoid Receptor Signaling.  In Cannabinoids:  Handbook of 
Experimental Pharmacology.  Vol. 168.  Edited by R.G. Pertwee.  New York:  Springer-Verlag.  
Pp. 53-80. 

http://mayor.dc.gov/sites/default/files/dc/sites/mayormb/release_content/attachments/I71QA.pdf
http://www.theweedblog.com/activists-react-to-congressional-vote-to-allow-va-doctors-to-recommend-medical-marijuana/
http://www.theweedblog.com/activists-react-to-congressional-vote-to-allow-va-doctors-to-recommend-medical-marijuana/
http://www.theweedblog.com/activists-react-to-congressional-vote-to-allow-va-doctors-to-recommend-medical-marijuana/
http://www.theweedblog.com/activists-react-to-congressional-vote-to-allow-va-doctors-to-recommend-medical-marijuana/


PNNL-27050 
 

 11-10  

Howlett, A.C. Barth, F., Bonner, T.I., Cabral, G., Casellas, P. et al.  2002.  International Union of 
Pharmacology. XXVII. Classification of Cannabinoid Receptors.  Pharmacological Reviews 
54:161-202. 

Hudak, J.  2015.  In Coats v. Dish Network, Don’t Blame the Colorado Supreme Court, Blame 
Congress.  Brookings Institution.  Accessed June 9, 2016 at 
http://www.brookings.edu/blogs/fixgov/posts/2015/06/18-coats-v-dish-network-right-on-colorado-
marijuana-law-hudak. 

Hudak, J. and Wallach, P.A., 2014.  Legal Marijuana: Comparing Washington and Colorado.  
Brookings Institute.  Table updated July 10, 2014.  Brookings Institution.  Accessed March 31, 
2015 at http://www.brookings.edu/blogs/fixgov/posts/2014/07/08-washington-colorado-legal-
marijuana-comparison-wallack-hudak. 

Hudak, J., and Wallack, G.  2015a. Ending the U.S. Government’s War on Medical Marijuana.  
B:  Center for Effective Public Management at Brookings.  Pp. 1-20. 

Hudak, J. and Wallack, G.  2015b. How to Reschedule Marijuana, and Why it’s Unlikely Anytime 
Soon. Brookings Institution. Accessed February 17, 2015 at 
http://www.brookings.edu/blogs/fixgov.  

Hudson, S. and Ramsey, J.  2011.  The Emergence and Analysis of Synthetic Cannabinoids.  
Drug Testing and Analysis.  Pp.1-13. 

Huestis, M.A.  2005.  Pharmacokinetics and Metabolism of the Plant Cannabinoids, Δ9-
Tetrahydrocannabinol, Cannabidiol and Cannabinol.  In Cannabinoids:  Handbook of 
Experimental Pharmacology.  Vol 168.  New York:  Springer-Verlag.  Pp. 657-690. 

Huestis, M.A.  2007.  Human Cannabinoid Pharmacokinetics.  Chemistry and Biodiversity 
4:1770-1804. 

Huestis, M.A., Barnes, A., and Smith, M.L.  2005.  Estimating the Time of Last Cannabis Use 
from Plasma Δ9-Tetrahydrocannabinol and 11-nor-9-Carboxy- Δ9-Tetrahydrocannabinol 
Concentrations.  Clinical Chemistry 51(12):2289-2295. 

Huestis, M.A., Henningfield, J.E., and Cone, E.J.  1992.  Blood Cannabinoids.  I. Absorption of 
THC and Formation of 11-Oh-THC and THC-COOH During and After Smoking Marijuana.  
Journal of Analytical Toxicology 16:276-82. 

Huestis, M.A., Mitchell, J.M., and Cone, E.J.  1996.  Urinary Excretion Profiles of 11-nor-9-
carboxy-9-tetrahydrocannabinol in Humans after Single Smoked Doses of Marijuana.  Journal of 
Analytical Toxicology 20:441–452. 

Hunault, C.C., van Eijkeren, J.C.H., Mensinga, T.T., de Vries, I., Leenders, M.E.C.,and 
Meulenbelt,J.  2010.   Disposition of Smoked Cannabis with High Δ9-Tetrahydrocannabinol 
Content:  A Kinetic Model.  Toxicology and Applied Pharmacology 246:148-53. 

http://www.brookings.edu/blogs/fixgov/posts/2015/06/18-coats-v-dish-network-right-on-colorado-marijuana-law-hudak
http://www.brookings.edu/blogs/fixgov/posts/2015/06/18-coats-v-dish-network-right-on-colorado-marijuana-law-hudak
http://www.brookings.edu/blogs/fixgov/posts/2014/07/08-washington-colorado-legal-marijuana-comparison-wallach-hudak
http://www.brookings.edu/blogs/fixgov/posts/2014/07/08-washington-colorado-legal-marijuana-comparison-wallack-hudak
http://www.brookings.edu/blogs/fixgov/posts/2014/07/08-washington-colorado-legal-marijuana-comparison-wallack-hudak
http://www.brookings.edu/blogs/fixgov


PNNL-27050 
 

 11-11  

Ingold, J.  2014.  Confusion Abounds as Colorado Supreme Court Considers Workers’ Pot Use. 
October 1, 2014.  Denver Post.  Accessed February 13, 2015 at 
http://www.denverpost.com/2014/09/30/confusion-abounds-as-colorado-supreme-court-
considers-workers-pot-use/.  

Issa, M.A., Narang, S., Jamison, R.N., Michna, E., Edwards, R.R., Penetar, D.M., and Wasan, 
A.D.  2014.  The Subjective Psychoactive Effects of Oral Dronabinol Studies in a Randomized, 
Controlled Crossover Clinical Trial for Pain.  30(6):472-478. 

Itkowitz, C.  2014.  With demand for research marijuana high, federal government agrees to 
grow more.  May 6, 2014.  Washington Post. Accessed October 15, 2015 at 
http://www.washingtonpost.com/blogs/in-the-loop/wp/2014/05/06/with-demand-for-research-
marijuana-high-federal-government-agrees-to-grow-more/  

Iversen, L.L.  2003.  Cannabis and the Brain.  Brain 126:1252-1270. 

Iversen, L.L.  2008.  The Science of Marijuana.  2nd Edition.  New York:  Oxford University 
Press. Kindle Edition. 

Izzo, A.A., Borrelli, F., Capasso, R., Di Marzo, V., and Mechoulam, R.  2009.  Non-Psychotropic 
Plant Cannabinoids: New Therapeutic Opportunities from an Ancient Herb.  Trends in 
Pharmacological Sciences 30:515-27. 

Jacobus, J. and Tapert, S.F.  2014.  Effects of Cannabis on the Adolescent Brain.  Current 
Pharmaceutical Design 20(13):2186-2193. 

Jacobus, J., Bava, S. Cohen-Zion, M.,Mahmood, O., and Tapert, S.F.  2009.  Functional 
Consequences of Marijuana Use in Adolescents.  Pharmacology, Biochemistry, and Behavior 
92:559-65. 

Järbe, T. and Gifford, R.  2014.  Herbal Incense:  Designer Drug Blends as Cannabimimetics 
and Their Assessment by Drug Discrimination and Other in Vivo Bioassays.  Life Sciences 
97(1):64-71.  

Johansson, E., Noren, K., Sjovall, N.J., and Halldin, M.M.  1989.  Determination of Delta 1-
Tetrahydrocannabinol in Human Fat Biopsies from Marihuana Users by Gas Chromatography–
Mass Spectrometry.  Biomedical Chromatography 3:35-8. 

Joy, J.E., Watson, Jr., S.J., and Benson, Jr., J.A. (ed). 1999.  Marijuana and Medicine:  
Assessing the Science Base.  Washington, DC:  National Academy of Press. 

Jung, J., Meyer, M.R., Maurer, H.H., Neusüss, C., Weinmann, W., and Auwärter, V.  2009.  
Studies on the Metabolism of the Delta9-tetrahydrocannabinol Precursor Delta 9-
tetrahydrocannabinolic Acid A (Delta9-THCA-A) in Rat using LC–MS/MS, LC-QTOF MS, and 
GS-MS Techniques.  Journal of Mass Spectrometry 44(10):1423-1433. 

http://www.denverpost.com/2014/09/30/confusion-abounds-as-colorado-supreme-court-considers-workers-pot-use/
http://www.denverpost.com/2014/09/30/confusion-abounds-as-colorado-supreme-court-considers-workers-pot-use/
http://www.washingtonpost.com/blogs/in-the-loop/wp/2014/05/06/with-demand-for-research-marijuana-high-federal-government-agrees-to-grow-more/
http://www.washingtonpost.com/blogs/in-the-loop/wp/2014/05/06/with-demand-for-research-marijuana-high-federal-government-agrees-to-grow-more/


PNNL-27050 
 

 11-12  

Kanovsky, H. (General Counsel for the U.S. Department of Housing and Urban Development).  
2011.  Memorandum from Helen R. Kanovsky for John Trasvina, David Stevens, and Sandra 
Henriquez.  Medical Use of Marijuana and Reasonable Accommodation in Federal Public and 
Assisted Housing. 

Katona, I. and Freund, T.F.  2012.  Multiple Functions of Endocannabinoid Signaling in the 
Brain.  Annual Review of Neuroscience 35:529-558. 

Kime, P.  2016.  Senators Move to Give Veterans Access to Medical Marijuana.  Military Times.  
April 14.  Accessed June 8, 2016 at 
http://www.militarytimes.com/story/veterans/2016/04/14/senator-appropriators-move-give-
veterans-access-medical-marijuana/83045074/. 

Konings, M., Henquet, C., Maharajh, H.D., Hutchinson, G., and van Os, G.  2008.  Early 
Exposure to Cannabis and Risk for Psychosis in Young Adolescents in Trinidad.  Acta 
Psychiatrica Scandinavica 118:209-13. 

Kouri, E., Pope Jr., H.G., Yurgelun-Todd, D., Gruber, S.  1995.  Attributes of Heavy vs. 
Occasional Marijuana Smokers in a College Population.  Biological Psychiatry 38:475-481.  
 
Ksir, C., and Hart, C.L.  2016.  Cannabis and Psychosis:  A Critical Overview of the 
Relationship.  Current Psychiatry Report 18(12):1-11. 

Kuepper, R., van Os, J., Lieb, R., Wittchen, H., Höfler, M., and Henquet, C.  2011.  Continued 
Cannabis Use and Risk of Incidence and Persistence of Psychotic Symptoms:  10 Year Follow-
up Cohort Study.  The BMJ 342:1-8. 

Lane, S.D., Cherek, D.R., Pietras, C.J, and Steinberg, J.L.  2005.  Performance of Heavy 
Marijuana-Smoking Adolescents on a Laboratory Measure of Motivation.  Addictive Behaviors 
30:815-828. 

Leonhart, M.  2014.  Testimony of Michele M. Leonhart Administration, Drug Enforcement 
Administration before the Sub-Committee on Crime, Terrorism, Homeland Security and 
Investigations of the U.S. House of Representatives.  Accessed March 28, 2015 at 
http://www.dea.gov/pr/speeches-testimony/2014t/091814t.pdf.  

Liguori, A., Gatto, C.P., Jarrett, D.P., McCall, W.V., and Brown, T.W.  2003.  Behavioral and 
Subjective Effects of Marijuana Following Partial Sleep Deprivation.  Drug and Alcohol 
Dependence 70:233-40. 

Lisdahl, K.M., Gilbart, E.R., Wright, N.E., and Sollenbarger, S.  2013.  Dare to Delay?  The 
Impact of Adolescent Alcohol and Marijuana Use Onset on Cognition, Brain Structure, and 
Function.  Frontiers of Psychiatry 4:53 

Lorenzetti, V., Solowij, N., and Yücel, M.  2016.  The Role of Cannabinoids in Neuroanatomic 
Alterations in Cannabis Users.  Biological Psychiatry 72:e17-e31. 

http://www.militarytimes.com/story/veterans/2016/04/14/senator-appropriators-move-give-veterans-access-medical-marijuana/83045074/
http://www.militarytimes.com/story/veterans/2016/04/14/senator-appropriators-move-give-veterans-access-medical-marijuana/83045074/
http://www.dea.gov/pr/speeches-testimony/2014t/091814t.pdf


PNNL-27050 
 

 11-13  

Lyons M.J., Bar J.L., Panizzon M.S., Toomey R., Eisen S., Xian H., and Tsuang M.T.  2004.  
Neuropsychological Consequences of Regular Marijuana Use: a Twin Study.  Psychological 
Medicine 34:1239-1250. 

Mackie, K.  2005.  Distribution of Cannabinoid Receptors in the Central and Peripheral Nervous 
System.  In Cannabinoids:  Handbook of Experimental Pharmacology.  Vol 168.  New York:  
Springer-Verlag.  Pp. 299-325. 

Mackie, K.  2008.  Cannabinoid Receptors:  Where They Are and What They Do.  Journal of 
Neuroendocrinology 20:10-14. 

Macy, M.D.  2012.  Employment Law and Medical Marijuana, an Uncertain Relationship.  The 
Colorado Lawyer 41(1):57-62 

Maldonado, R. and de Fonseca, F. 2002. Cannabinoid Addiction: Behavioral Models and Neural 
Correlates. Journal of Neuroscience 22(9):3326-3331. 

MAPS (Multidisciplinary Association for Psychedelic Studies).  2014.  Medical Marijuana.  
Accessed February 14, 2015 at http://www.maps.org/research/mmj.   

Marijuana Policy Project.  2014a.  The Twenty-Three States and One Federal District with 
Effective Medical Marijuana Laws.  July 25, 2014.  Washington D.C.  

Marijuana Policy Project.  2014b.  Driving Under the Influence Laws and Medical Marijuana 
Patients:  Zero Room for “Zero Tolerance”.  DUID and Medical Marijuana.  Accessed March 31, 
2015 at http://www.mpp.org/assets/documents/duid-and-medical-marijuana.html. 

Marijuana Policy Project.  n.d.  Federal Obstruction of Medical Marijuana Research.  Accessed 
December 15, 2014 at https://www.mpp.org/issues/medical-marijuana/federal-obstruction-of-
medical-marijuana-research/  

Martin, B.R., Mechoulam, R., and Razdanh, R.K.  1999.  Discovery and Characterization of 
Endogenous Cannabinoids.  Life Sciences 65(6/7):573-595. 

Marzo, V.D., Petrocellis, L.D., and Bisogno, T.  2005.  The Biosynthesis, Fate and 
Pharmacological Properties of Endocannabinoids.  Handbook of Experimental Pharmacology 
168:147-186.  

Massachusetts Department of Public Health. 2015. Guidance for Physicians Regarding the 
Medical Use of Marijuana: Information for Physicians.  State Executive Office of Health and 
Human Services Information for Physicians.  Accessed October 15, 2015 at 
http://www.mass.gov/eohhs/docs/dph/quality/medical-marijuana/physician-guidance-2015-06-
09.pdf.  

Mazier, W., Saucisse, M., Gatta-Cherifi, B., and Cota, D.  2015.  The Endocannabinoid System:  
Pivotal Orchestrator of Obesity and Metabolic Disease.  Trends in Endocrinology and 
Metabolism 26(10):524-537. 

http://www.maps.org/research/mmj
http://www.mpp.org/assets/documents/duid-and-medical-marijuana.html
https://www.mpp.org/issues/medical-marijuana/federal-obstruction-of-medical-marijuana-research/
https://www.mpp.org/issues/medical-marijuana/federal-obstruction-of-medical-marijuana-research/
http://www.mass.gov/eohhs/docs/dph/quality/medical-marijuana/physician-guidance-2015-06-09.pdf
http://www.mass.gov/eohhs/docs/dph/quality/medical-marijuana/physician-guidance-2015-06-09.pdf


PNNL-27050 
 

 11-14  

McPartland, J.M. and Russo, E.B.  2001.  Cannabis and Cannabis Extracts:  Greater than the 
Sum of Their Parts?  Journal of Cannabis Therapeutics 1(3/4):103-132. 

Mechoulam, R. and Parker, L.A.  2013.  The Endocannabinoid System and the Brain.  Annual 
Review of Psychology 64:21-47. 

Mechoulam, R., Peters, M., Munillo-Rodriguez, E., and Hanus, L.O.  2007.  Cannabidiol – 
Recent Advances.  In Chemistry and Biodiversity.  Vol 4.  Zurich:  Verlag Helvetica Chimica 
Acta.  Pp. 1678-1692. 

Mello, J.A.  2013.  Employment and Public Policy Issues Surrounding Medical Marijuana in the 
Workplace.  Journal of Business Ethics 117:659-66. 

Mercolini, L., Mandrioli, R., Protti, M., Conti, M., Serpelloni, G., and Raggi, M.A.  2013.  
Monitoring of Chronic Cannabis Abuse: An LC–MS/MS Method for Hair Analysis.  Journal of 
Pharmaceutical and Biomedical Analysis 76:119-25. 

Milman, G., Barnes, A.J., Schwope, D.M., Schwilke, E.W., Darwin, W.D., Goodwin, R.S., Kelly, 
D.L., Gorelick, D.A., Huestis, M.A.  2010.  Disposition of Cannabinoids in Oral Fluid after 
Controlled around-the-Clock Oral THC Administration.  Clinical Chemistry 56:1261-1269. 

Milman, G., Schwope, D.M., Gorelick, D.A., and Huestis, M.A.  2012.  Cannabinoids and 
Metabolites in Expectorated Oral Fluid Following Controlled Smoked Cannabis.  Clinica Chimica 
Acta; International Journal of Clinical Chemistry 413:765-70. 

Milton, Jr., W.P.  2014. USDA’s Drug-Free Work Place Program and Marijuana. May 29, 2014.  
United States Department of Agriculture.  Washington D.C. 

Minnesota State Law Chapter 311 S.F. No 2470 

Moir, D., Rickert, W.S., Levasseur, Y.G., Larose, R.Y., Maertens, P.R., White, P., and S. 
Desjardins, S.  2007.  A Comparison of Mainstream and Sidestream Marijuana and Tobacco 
Cigarette Smoke Produced under Two Machine Smoking Conditions.  Chemical Research in 
Toxicology 21:494-502. 

Molnar, A., Lewis J., Doble, P., Hansen, G., Prolov, T., and Fu, S.  2012a.  A Rapid and 
Sensitive Method for the Identification of Delta-9-Tetrahydrocannabinol in Oral Fluid by Liquid 
Chromatography–Tandem Mass Spectrometry.  Forensic Science International 215:92-96. 

Molnar, A., Lewis, J., and Fu, S.  2012b. Recovery of Spiked Δ9-Tetrahydrocannabinol in Oral 
Fluid from Polypropylene Containers.  Forensic Science International 227:69-73. 

Moore, C., Coulter, C., Uges, D., Tuyay, J., van der Linde, S., van Leeuwen, A., Garnier M., 
Orbita J., Jr.  2011.  Cannabinoids in Oral Fluid Following Passive Exposure to Marijuana 
Smoke.  Forensic Science International 212:227-30. 



PNNL-27050 
 

 11-15  

Moore, C., Rana, S., Coulter, C., Day, D., Vincent, M., and Soares, J.  2007a.  Detection of 
Conjugated 11-nor-Δ9-Tetrahydrocannabinol-9-carboxylic Acid in Oral Fluid.  Journal of 
Analytical Toxicology 31:187-194. 

Moore, C., S. Rana, S., and Coulter, C.  2007b.  Simultaneous Identification of 2-Carboxy-
Tetrahydrocannabinol, Tetrahydrocannabinol, Cannabinol and Cannabidiol in Oral Fluid.  
Journal of Chromatography B 852:459-64. 

Moskowitz, H.  2000.  A Review of the Literature on the Effects of Low Doses of Alcohol on 
Driving-Related Skills.  Washington, D.C.:  U.S. Department of Transportation, National 
Highway Traffic Safety Administration.  DOT HS 809 029. 

Mura, P., Kintz, P., Dumestre, V., Raul, S., and Hauet, T.  2005.  THC Can Be Detected in Brain 
While Absent in Blood.  Journal Analytical Toxicology 29:842–843. 

Musshoff, F., and Madea, B.  2006.  Review of Biologic Matrices (Urine, Blood, Hair) as 
Indicators of Recent or Ongoing Cannabis Use.  Therapeutic Drug Monitoring 28(2):155 

Musty, R.E. and Kaback, L.  1995.  Relationship between Motivation and Depression in Chronic 
Marijuana Users.  Life Sciences 56:2151-2158. 

Nahas, G.G.  2001.  The Pharmacokinetics of THC in Fat and Brain:  Resulting Functional 
Responses to Marijuana Smoking.  Human Psychopharmacology 16(3):247-255. 

Nahas GG. 1975. “Marijuana: toxicity and tolerance.” In Medical Aspects of Drug Abuse. Ed. R. 
W. Richter, pp. 16-36. Baltimore, MD: Harper & Row. 

National Conference of State Legislatures.  2015.  State Medical Marijuana Laws.  January 29, 
2015.  Accessed February 17, 2015 at http://www.ncsl.org/research/health/state-medical-
marijuana-laws.aspx.   

New Jersey Department of Health. nd. Medicinal Marijuana Program Frequently Asked 
Questions. Accessed on October 15, 2015 at 
http://www.state.nj.us/health/medicalmarijuana/pat_faqs.shtml#7.  

NHTSA (National Highway Traffic Safety Administration).  n.d.  Drugs and Human Performance 
Fact Sheets: Cannabis / Marijuana (Δ 9 -Tetrahydrocannabinol, THC).  Accessed January 15, 
2015 at http://www.nhtsa.gov/people/injury/research/job185drugs/cannabis.htm.   

NIDA (National Institute on Drug Abuse).  2014. Independently Funded Studies Receiving 
Research Grade Marijuana - 1999 to the Present.  Accessed February 14, 2015 
http://www.drugabuse.gov/drugs-abuse/marijuana/independently-funded-studies-receving-
research-grade-marijuana-1999-to-present.  

NIDA (National Institute on Drug Abuse).  2015.  NIDA’s Role in Providing Marijuana for 
Research.  Accessed October 15, 2015 at https://www.drugabuse.gov/drugs-
abuse/marijuana/nidas-role-in-providing-marijuana-research.  

http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx
http://www.ncsl.org/research/health/state-medical-marijuana-laws.aspx
http://www.state.nj.us/health/medicalmarijuana/pat_faqs.shtml#7
http://www.nhtsa.gov/people/injury/research/job185drugs/cannabis.htm
http://www.drugabuse.gov/drugs-abuse/marijuana/independently-funded-studies-receving-research-grade-marijuana-1999-to-present
http://www.drugabuse.gov/drugs-abuse/marijuana/independently-funded-studies-receving-research-grade-marijuana-1999-to-present
https://www.drugabuse.gov/drugs-abuse/marijuana/nidas-role-in-providing-marijuana-research
https://www.drugabuse.gov/drugs-abuse/marijuana/nidas-role-in-providing-marijuana-research


PNNL-27050 
 

 11-16  

NORML.  n.d.  Active State Medical Marijuana Programs. Accessed on October 15, 2015 at 
http://norml.org/marijuana/medical.  

NORML Women’s Alliance. What Are Cannabinoid Receptors? Accessed on August 30, 2017 at 
http://normlwomensalliance.org/2013/07/what-are-cannabinoid-receptors/.  

Nurmikko, T.J., Serpell, M.G., Hoggart, B., Toomey, P.J., Morlion, B.J., Haines D.  2007.  
Sativex Successfully Treats Neuropathic Pain Characterized by Allodynia:  A Randomized, 
Double-Blind, Placebo-Controlled Clinical Trial.  Pain 133:210-20. 

O’Connell, T.J. and Bou-Matar, C.B.  2007.  Long-Term Marijuana Users Seeking Medical 
Cannabis in California (2001-2007), Demographics, Social Characteristics, Patterns of 
Cannabis, and Other Drug Use of 4117 Applicants.  Harm Reduction Journal 4:16-XX/ 

Ohlsson, A., Lindgren, J.E., Wahlen, A., Agurell, S., Hollister, L.E., and Gillespie, H.K.  1980.  
Plasma Delta-9 Tetrahydrocannabinol Concentrations and Clinical Effects after Oral and 
Intravenous Administration and Smoking.  Clinical Pharmacology and Therapy 28:409-16. 

OLCC (Oregon Liquor Control Commission).  2015.  Recreational Marijuana Frequently Asked 
Questions.  Accessed March 27, 2015 at 
http://www.oregon.gov/olcc/marijuana/Documents/MJ_FAQS.pdf.  

Onaivi, E.S. (edit). 2002. Biology of Marijuana: From Gene to Behavior. New York, NY: Taylor & 
Francis.  

Oregon Medical Marijuana Act (OMMA).  Oregon Revised Statute (ORS) 475B:  2015 edition. 
Cannabis Regulation.  Section 475B.410 Definitions for ORS 475B.400 to 475B.525.  

Orr, C.D. 2013.  Employer Liability under State Medical Marijuana Laws.  National Law Review.  
August 15, 2013.  Accessed February 10, 2015 at 
https://www.natlawreview.com/print/article/employer-liability-under-state-medical-marijuana-
laws.  

Pagotto, U., Marsicano, G., Cota, D., Lutz, B. and Pasquali, R.  2006.  The Emerging Role of 
the Endocannabinoid System in Endocrine Regulation and Energy Balance.  Endocrinology 
Review 27:73-100. 

Panikashvili, D., Simeonidou, C., Ben-Shabat, S., Hanus, L., Breuer, A., Mechoulam, R., and 
Shohami, E.  2001.  An Endogenous Cannabinoid (2-Ag) Is Neuroprotective after Brain Injury.  
Nature 413:527-31. 

Papini, S., Sullivan, G.M., Hien, D.A.l, Shvil, E., and Neria, Y.  2015.  Toward a Translational 
Approach to Targeting the Endocannabinoid System in Post-Traumatic Stress Disorder:  A 
Critical Review of Preclinical Research.  Biological Psychology 104:8-18. 

Parakh, P., and Basu, D.  2013.  Cannabis and Psychosis:  Have We Found the Missing Links?  
Asian Journal of Psychiatry 6:281-287. 

http://norml.org/marijuana/medical
http://normlwomensalliance.org/2013/07/what-are-cannabinoid-receptors/
http://www.oregon.gov/olcc/marijuana/Documents/MJ_FAQS.pdf
https://www.natlawreview.com/print/article/employer-liability-under-state-medical-marijuana-laws
https://www.natlawreview.com/print/article/employer-liability-under-state-medical-marijuana-laws


PNNL-27050 
 

 11-17  

Parolaro, D., Vigano, D., Realini, N., and Rubino, T.  2007.  Role of Endocannabinoids in 
Regulating Drug Dependence.  Neuropsychiatric Disease and Treatment 3(6):711-721. 

Paulson, A.  2015.  Legal marijuana: How Alaska's New Measure Compares with Other States' 
Laws (+video).  The Christian Science Monitor.  February 24, 2015.  Accessed March 28, 2015 
at https://www.csmonitor.com/USA/2015/0224/Legal-marijuana-how-Alaska-s-new-measure-
compares-with-other-states-laws-video.  

People v. Mentch (2008) 45 C.4th 274, 85 C.R.3d 480, 195 P.3d 1061 

Perez-Reyes, M., Lipton, M.A. Timmons, M.C., Wall, M.E., Brine, D.R., and Davis, K.H.  1973.  
Pharmacology of Orally Administered 9-Tetrahydrocannabinol.  Clinical Pharmacology and 
Therapy 14:48-55. 

Pertwee, R.G.  2004.  Handbook of Experimental Pharmacology.  Volume 168.  Cannabinoids. 
New York:  Springer.  P. 235 

Pertwee, R.G.  2005a.  The Therapeutic Potential of Drugs that Target Cannabinoid Receptors 
or Modulate the Tissue Levels or Actions of Endocannabinoids.  AAPS Journal 7:E625–E654. 

Pertwee, R.G. 2005b.  Pharmacological Actions of Cannabinoids.  Handbook of Experimental 
Pharmacology 168:1-52.  Special Issue on Cannabinoids. 

Pertwee, R.G.  2012.  Targeting the Endocannabinoid System with Cannabinoid Receptor 
Agonists: Pharmacological Strategies and Therapeutic Possibilities.  Philosophical Transactions 
of the Royal Society B: Biological Sciences 367(1607):3353-63. 

Petzel, R.A.  2011.  Access to Clinical Programs for Veteran’s Participating in State-Approved 
Marijuana Programs.  VA Directive 2011-004.  January 31, 2011.  Department of Veteran’s 
Affairs.  Washington D.C. 

Pies, R.  2010.  Medical Marijuana:  The Institute of Medicine Report.  Psychiatric Times.  
Accessed January 26, 2015 at http://www.psychiatrictimes.com/articles/medical-marijuana-
institute-medicine-report.   

Pope, H.G., Gruber, A.J., Hudson, J.I., Cohane, G., Huestis, M.A., and Yurgelun-Todd, D.  
2003.  Early-Onset Cannabis Use and Cognitive Deficits:  What is the Nature of the 
Association?  Drug and Alcohol Dependence 69(3):303-10. 

Prescot, A.P., Locatelli, A.E., Renshaw, P.F., and Yurgelun-Todd, D.A.  2011.  Neurochemical 
Alterations in Adolescent Chronic Marijuana Smokers:  A Proton MRS Study.  NeuroImage 
57:69-75. 

ProCon.org, "Number of Legal Medical Marijuana Patients," ProCon.org. Last modified March 3, 
2016. http://medicalmarijuana.procon.org/view.resource.php?resourceID=005889.  Accessed 
May 1, 2016  

https://www.csmonitor.com/USA/2015/0224/Legal-marijuana-how-Alaska-s-new-measure-compares-with-other-states-laws-video
https://www.csmonitor.com/USA/2015/0224/Legal-marijuana-how-Alaska-s-new-measure-compares-with-other-states-laws-video
http://www.psychiatrictimes.com/articles/medical-marijuana-institute-medicine-report
http://www.psychiatrictimes.com/articles/medical-marijuana-institute-medicine-report


PNNL-27050 
 

 11-18  

Pryce, G. and Baker, D.  2005.  Emerging Properties of Cannabinoid Medicines in Management 
of Multiple Sclerosis.  Trends in Neurosciences 28:272-76. 

Rabchevsky, A.G., Patel, S.P., and Springer, J.E.  2011.  Pharmacological Interventions for 
Spinal Cord Injury:  Where Do We Stand?  How Might We Step Forward?  Pharmacology & 
Therapeutics 132:15-29. 

Ranganathan, M., Cortes-Briones, J., Radhakrishnan, R., Thurnauer, H., Planeta, B., Skosnik, 
P., Gao, H., Labaree, D., Neumeister, A., Pittman, B., Surti, T., Huang, Y., Carson, R.E., 
D'Souza, D.C.  2016.  Reduced Brain Cannabinoid Receptor Availability in Schizophrenia.  
Biological Psychiatry 79(12):997-1005. 

Radwan, M.M., El Sohly, M.A., Slade, D., Ahmed, S.A., Wilson, L., El-Alfy, A.T., Khan, I.A., and 
Ross, S.A.  2008.  Non-Cannabinoid Constituents from a High Potency Cannabis Sativa Variety.  
Phytochemistry 69:2627-2633. 

Ramaekers, J.G., Moeller, M.R., van Ruitenbeek, P., Theunissen, E.L., Schneider, E., and 
Kauert, G.  2006.  Cognition and Motor Control as a Function of Δ9-THC Concentration in 
Serum and Oral Fluid:  Limits of Impairment.  Drug and Alcohol Dependence 85:114-122. 

Ramesh, D., Haney, M., and Cooper, Z.D.  2013.  Marijuana’s Dose-Dependent Effects in Daily 
Marijuana Smokers.  Experimental Clinical Psychopharmacology 21(4):287-293. 

Ranganathan, M, and D'Souza, D.C.  2006.  The Acute Effects of Cannabinoids on Memory in 
Humans:  A Review.  Psychopharmacology 188(4):425-44. 

Reggio, P.H.  2005.  Cannabinoid Receptors and Their Ligands:  Ligand-Ligand and Ligand-
Receptor Modeling Approaches.  Handbook of Experimental Pharmacology:  168:247-282. 

Reggio, P.H. (ed).  2009.  The Cannabinoid Receptors.  New York:  Humana Press. 

Riedel, G. and Davies, S.N.  2005.  Cannabinoid Function in Learning, Memory, and Plasticity.  
In Cannabinoids:  Handbook of Experimental Pharmacology.  Vol 168.  Edited by R.G. Pertwee.  
New York:  Springer-Verlag.  Pp. 445-478. 

Robson, P.  2001.  Therapeutic Aspects of Cannabis and Cannabinoids.  British Journal of 
Psychiatry 178:107-115. 

Roe v. TeleTech Customer Care Management (Colorado) LLC, 171 Wn.2d 736, 257 P.3d 586 
(2011) 

Russo, E.B. and Hohmann, A.G.  2013.  Role of Cannabinoids in Pain Management.  Chapter 
18 in T.R. Deer et al. (eds).  Comprehensive Treatment of Chronic Pain by Medical, 
Interventional, and Integrative Approaches.  American Academy of Pain Medicine.  Pp. 181-197. 

Ryan, D., Drysdale, A., Pertwee, R.G., and Platt, B.  2006.  Differential Effects of Cannabis 
Extracts and Pure Plant Cannabinoids on Hippocampal Neurones and Glia.  Neuroscience 
Letters 408:216-241. 



PNNL-27050 
 

 11-19  

Sabet, K.A.  2012.  Much Ado About Nothing:  Why Rescheduling Won’t Solve Advocates’ 
Medical Marijuana Problem.  Wayne State Law Review 81:82-83. 

SAMSHA (Substance Abuse and Mental Health Services Administration).  n.d.  SAMHSA About 
Us.  Accessed on October 15, 2015 at http://www.samhsa.gov/about-us.  

SAMSHA (Substance Abuse and Mental Health Services Administration). 2015a. DHHS 
Proposed Mandatory Guidelines. Accessed on October 15, 2015 at 
https://www.federalregister.gov/articles/2015/05/15/2015-11523/mandatory-guidelines-for-
federal-workplace-drug-testing-programs.  

SAMSHA (Substance Abuse and Mental Health Services Administration). 2015b. Interagency 
Activities: Behavioral Health Coordinating Council (BHCC). Access on October 15, 2015 at 
http://www.samhsa.gov/about-us/interagency.  

Schubart, C.D., Boks, M.P., Breetvelt, E.J., van Gastel, W.A., Groenwold, R.H., Ophoff, R.A., 
Sommer, I.E., and Kahn, R.S.  2011.  Association between Cannabis and Psychiatric 
Hospitalization.  Acta Psychiatrica Scandinavica 123:368-375. 

Schweinsburg, A.D., Schweinsburg, B.C., Cheung, E.H., Brown, G.G., Brown, S.A., and Tapert, 
S.A.  2005.  fMRI Response to Spatial Working Memory in Adolescents with Comorbid 
Marijuana and Alcohol Use Disorders.  Drug and Alcohol Dependence 79:201-10. 

Schwope, D.M., Bosker, W.M., Ramaekers, J.G., Gorelick, D.A., and Huestis, M.A.  2012.  
Psychomotor Performance, Subjective and Physiological Effects and Whole Blood Delta (9)-
tetrahydrocannabinol Concentrations in Heavy, Chronic Cannabis Smokers Following Acute 
Smoked Cannabis.  Journal of Analytical Toxicology 36(6):405-12.  

Seely, K.A., Lapoint, J., Moran, J.H., and Fattore, L.  2012.  Spice Drugs Are More Than 
Harmless Herbal Blends:  A Review of the Pharmacology and Toxicology of Synthetic 
Cannabinoids.  Progress in Neuro-Psychopharmacology and Biological Psychiatry 39:234-243. 

SHA (Seattle Housing Authority).  2013.  Housing Choice Vouchers Administrative Plan, 
Statement of Policies.  

Sharma, P., Murthy, P., and Bharath, M.M.S.  2012.  Chemistry, Metabolism, and Toxicology of 
Cannabis:  Clinical Implications.  Iranian Journal of Psychiatry 7:149-156. 

Shevyrin, V., Melkozerov, V., Nevero, A., Eltsov, O, Morzherin, Y., and Shafran, Y.  2014.  3-
Naphthoylindazoles and 2-naphthoylbenzoimidazoles as Novel Chemical Groups of Synthetic 
Cannabinoids: Chemical Structure Elucidation, Analytical Characteristics and Identification of 
the First Representatives in Smoke Mixtures. Forensic Science International 242:72-80.  

Simons, J.S., Dvorak, R.D., Merrill, J.E., and Read, J.P.  2012.  Dimensions and Severity of 
Marijuana Consequences:  Development and Validation of the Marijuana Consequences 
Questionnaire (MACQ).  Addictive Behaviors 37:613-21. 

Snyder, S.H.  1986.  Neuronal Receptors.  Annual Review of Physiology 48:461-471. 

http://www.samhsa.gov/about-us
https://www.federalregister.gov/articles/2015/05/15/2015-11523/mandatory-guidelines-for-federal-workplace-drug-testing-programs
https://www.federalregister.gov/articles/2015/05/15/2015-11523/mandatory-guidelines-for-federal-workplace-drug-testing-programs
http://www.samhsa.gov/about-us/interagency


PNNL-27050 
 

 11-20  

Society for Neuroscience. 1994. The Opiate Receptor. Brain Briefings, July 1994. 

State of Connecticut Regulation.  2013.  State of Connecticut Regulation of the Department of 
Consumer Protection concerning Palliative Use of Marijuana.  Section 21a-408-1 to 21a-408-70. 

State v. McQueen, 493 Mich 135, 142; 828 NW2d 644 (2013) 

Steiner, M.  2016a.  Driving Under the Influence of Marijuana in Ohio. Accessed on June 14, 
2016 at http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/dui/ohio.htm. 

Steiner, M.  2016b.  Driving Under the Influence of Marijuana in Pennsylvania.  Accessed on 
June 14, 2016 at http://www.criminaldefenselawyer.com/marijuana-laws-and-
penalties/dui/pennsylvania.htm. 

Stowkowy, J., and Addington, J.  2013.  Predictors of a Clinical High Risk Status among 
Individuals with a Family History of Psychosis.  Schizophrenia Research 281-286. 

Strange, P.G.  2008.  Agonist Binding, Agonist Affinity and Agonist Efficacy at G Protein-
Coupled Receptors.  British Journal of Pharmacology 153:1353-1363. 

Strano-Rossi, S., Castrignanò, E., Anzillotti, L., Serpelloni, G., Mollica, R.  2012.  Evaluation of 
Four Oral Fluid Devices (DDS®, Drugtest 5000®, Drugwipe 5+® and Rapidstat®) for on-Site 
Monitoring Drugged Driving in Comparison with UHPLC–MS/MS Analysis.  Forensic Science 
International 221:70-76. 

Šulcová, E., Mechoulam, R., and Fride, E.  1998.  Biphasic Effects of Anandamide.  
Pharmacology Biochemistry and Behavior 59(7):347-352. 

Sullum, J.  2014.  More Than Zero:  Reclassifying Marijuana Could Have a Significant Impact on 
Drug Policy.  Forbes:  Opinion.  Accessed January 16, 2015 at 
http://www.forbes.com/sites/jacobsullum/2014/02/07/more-than-zero-reclassifying-marijuana-
would-have-a-significant-impact-on-drug-policy/.   

Svíženská, I., Dubový, P., and Šulcová, A.  2008.  Cannabinoid Receptors 1 and 2 (CB1 and 
CB2), their Distribution, Ligands and Functional Involvement in Nervous System Structures – a 
Short Review.  Pharmacology Biochemistry and Behavior 90:501-11. 

Svrakic, D.M., Lustman, P.J., Mallya, A., Lynn, T.A., Finney, R., and Svrakic, N.M.  2012.  
Legalization, Decriminalization, and Medicinal Use of Cannabis:  A Scientific and Public Health 
Perspective.  Missouri Medicine 109:90-98. 

Swart, J.L.  2009.  DOT Office of Drugs and Alcohol Policy and Compliance Notice.  October 22, 
2009.  Department of Transportation.  Washington D.C. 

Swart, J.L.  2012.  DOT Office of Drugs and Alcohol Policy and Compliance Notice.  December 
3, 2012.  Department of Transportation.  Washington D.C. 

http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/dui/ohio.htm
http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/dui/pennsylvania.htm
http://www.criminaldefenselawyer.com/marijuana-laws-and-penalties/dui/pennsylvania.htm
http://www.forbes.com/sites/jacobsullum/2014/02/07/more-than-zero-reclassifying-marijuana-would-have-a-significant-impact-on-drug-policy/
http://www.forbes.com/sites/jacobsullum/2014/02/07/more-than-zero-reclassifying-marijuana-would-have-a-significant-impact-on-drug-policy/


PNNL-27050 
 

 11-21  

Teixeira, H., Verstraete, A., Proença, P., Corte-Real, F., Monsanto, P., and Vieira, D.N.  2007.  
Validated Method for the Simultaneous Determination of Δ9-THC and Δ9-THC-COOH in Oral 
Fluid, Urine, and Whole Blood Using Solid-Phase Extraction and Liquid Chromatography–Mass 
Spectrometry with Electrospray Ionization.  Forensic Science International 170:148-55. 

Thompson, J. Jr and Koenen, M.  2011.  Physicians as Gatekeepers in the Use of Medical 
Marijuana. Journal of American Academy of Psychiatry and the Law 39:460-464 

Throckmorton, D.C.  2014.  Mixed Signals:  The Administration’s Policy on Marijuana—Part 
Four—the Health Effects and Science.  Testimony before the Subcommittee on Government 
Operations, Committee on Oversight and Government Reform, U.S. House of Representatives.  
Washington, D.C.: U.S. FDA. 

Toennes, S.W., Kauert, G.F., Steinmeyer, S., and Moeller, M.R.  2005.  Driving under the 
Influence of Drugs – Evaluation of Analytical Data of Drugs in Oral Fluid, Serum and Urine, and 
Correlation with Impairment Symptoms.  Forensic Science International 152:149-55. 

Toennes, S.W., Ramaekers, J.G., Theunissen, E.L., Moeller, M.R., and Kauert, G.F.  2010.  
Pharmacokinetic Properties of Delta9-Tetrahydrocannabinol in Oral Fluid of Occasional and 
Chronic Users.  Journal of Analytical Toxicology 34:216-221. 

Toennes, S.W., Ramaekers, J.G., Theunissen, E.L., Moeller, M.R., and Kauert, G.F.  2008.  
Comparison of Cannabinoid Pharmacokinetic Properties in Occasional and Heavy Users 
Smoking a Marijuana or Placebo Joint.  Journal of Analytical Toxicology 32:470-477. 

Turkington, C.  2009.  The Encyclopedia of the Brain and Brain Disorders.  New York, NY:  
Facts on File.  

U.S. Congress.  2014.  H.R. 5762.  The Veteran’s Equal Access Act.  November 20, 2014.  
Accessed February 14, 2015 at https://www.congress.gov/bill/113th-congress/house-bill/5762.   

UNODC (United Nations Office on Drugs and Crime).  2012.  World Drug Report 2012.  United 
Nations, New York.  

van Winkel, R. and Kuepper, R.  2014.  Epidemiological, Neurobiological, and Genetic Clues to 
the Mechanisms Linking Cannabis Use to Risk for Nonaffective Psychosis.  Annual Review of 
Clinical Psychology 10:767-791. 

Verdejo-Garcia, A., Benbrook, A., Funderburk, David, P., Cadet, J., and Bolla, K.I.  2007.  The 
Differential Relationship between Cocaine Use and Marijuana Use on Decision-Making 
Performance over Repeat Testing with the Iowa Gambling Task.  Drug and Alcohol 
Dependence 90:2-11. 

Verdoux, H. and Tournier, M.  2004.  Cannabis Use and Risk of Psychosis:  An Etiological Link?  
Presse Medicine 33((8):551-554. 

https://www.congress.gov/bill/113th-congress/house-bill/5762


PNNL-27050 
 

 11-22  

Viveros, M-P, Marco, E.M., Lopez-Gallardo, M., Garcia-Secura, L.M., Wagner, E.J.  2011.  
Framework for Sex Differences in Adolescent Neurobiology:  A Focus on Cannabinoids.  
Neuroscience and Biobehavioral Reviews 35(8):1740-1751. 

Volkow, N., H.D., Gillespie, N.H., Mullani, L.N., Tancredi, C.L., Grant, A.C., Valentine, A., and L. 
Hollister, L.  1996.  Brain Glucose Metabolism in Chronic Marijuana Users at Baseline and 
During Marijuana Intoxication.  Psychiatry Research:  Neuroimaging 67:29-38. 

Vollrath, F.E.  2014.  Memorandum for the Assistant Secretary of the Army for Manpower 
Reserve Affairs, Assistant Secretary of the Navy for Manpower Reserve Affairs, Assistant 
Secretary of the Air Force for Manpower Reserve Affairs, Assistant Secretary of Defense, for 
Reserve Affairs Chief, National Guard Bureau.  Prohibition on the Use of Marijuana by Military 
Service Members and Department of Defense Civilian Employees.  February 4, 2013.  Office of 
the Assistant Secretary of Defense. Washington D.C. 

Wagner, E.J.  2016.  Sex Differences in Cannabinoid-Regulated Biology:  A Focus on Energy 
Homeostasis.  Frontiers of Neuroendocrinology 40:101-109. 

Wall, M.E., Brine, D.R., and Perez-Reyes, M.  1976.  The Pharmacology of Marihuana.  Edited 
by M.C. Braude and S. Szara.  New York, NY:  Raven Press. 

Wallace, A.  2015.  MMJ Patients Await Decision in Coats.  January 12, 2015.  Accessed 
February 13, 2015 at http://www.mjinews.com/mmj-patients-await-decision-coats/.   

Wax-Thibodeaux, E.  2014a.  More Veteran’s Press VA to Recognize Medical Marijuana as a 
Treatment Option. November 15, 2014.  The Washington Post.  Accessed February 14, 2015 at 
http://www.washingtonpost.com/politics/more-veterans-press-va-to-recognize-medical-
marijuana-as-treatment-option/2014/11/15/51666986-6a7b-11e4-b053-
65cea7903f2e_story.html.   

Wax-Thibodeaux, E.  2014b.  New Bill Would Allow the VA to Recommend Marijuana for 
Patients. November 25, 2014.  The Washington Post.  Accessed February 14, 2015 at 
http://www.washingtonpost.com/blogs/federal-eye/wp/2014/11/25/new-bill-would-allow-the-va-
to-recommend-medical-marijuana-for-patients/.   

Wetherill, R.R., Jagannathan, K., Hager, N., Childress, A.R., Rao, H., Franklin, T.R.  2015.  
Cannabis, Cigarettes, and Their Co-Occurring Use:  Disentangling Differences in Gray Matter 
Volume.  International Journal of Neuropsychopharmacology 18(10):1-8.  

Whitlow, C.T., Liguori, A., Livengood, L.B., Hart, S.L., Mussat-Whitlow, B.J., Lamborn, C.M., 
Laurienti, P.J., and Porrino.L.J.  2004.  Long-Term Heavy Marijuana Users Make Costly 
Decisions on a Gambling Task.  Drug and Alcohol Dependence 76:107-11. 

Williams, P. L. and Moffat, A.C.  1980.  Identification in Human Urine of Delta 9-
Tetrahydrocannabinol-11-Oic Acid Glucuronide:  A Tetrahydrocannabinol Metabolite.  Journal of 
Pharmacy and Pharmacology 32:445-448. 

http://www.mjinews.com/mmj-patients-await-decision-coats/
http://www.washingtonpost.com/politics/more-veterans-press-va-to-recognize-medical-marijuana-as-treatment-option/2014/11/15/51666986-6a7b-11e4-b053-65cea7903f2e_story.html
http://www.washingtonpost.com/politics/more-veterans-press-va-to-recognize-medical-marijuana-as-treatment-option/2014/11/15/51666986-6a7b-11e4-b053-65cea7903f2e_story.html
http://www.washingtonpost.com/politics/more-veterans-press-va-to-recognize-medical-marijuana-as-treatment-option/2014/11/15/51666986-6a7b-11e4-b053-65cea7903f2e_story.html
http://www.washingtonpost.com/blogs/federal-eye/wp/2014/11/25/new-bill-would-allow-the-va-to-recommend-medical-marijuana-for-patients/
http://www.washingtonpost.com/blogs/federal-eye/wp/2014/11/25/new-bill-would-allow-the-va-to-recommend-medical-marijuana-for-patients/


PNNL-27050 
 

 11-23  

Wilsey, B., Marcotte, A.T., Tsodikov, J.A., Millman, H.J., Bentley, B.H., Gouaux, B., and 
Fishman, S.  2008.  A Randomized, Placebo-Controlled, Crossover Trial of Cannabis Cigarettes 
in Neuropathic Pain.  The Journal of Pain 9:506-521. 

Wilsey, B., Marcotte, R.T., Deutsch, B.R., Gouaux, S.B., Sakai, S., and Donaghe, H.  2012.  
Low-Dose Vaporized Cannabis Significantly Improves Neuropathic Pain.  The Journal of Pain 
14:136-148. 

Wilson, W., Mathew, T.R., Turkington, T., Hawk, E.T., Coleman, R.E., and Provenzale, J.  2000.  
Brain Morphological Changes and Early Marijuana Use.  Journal of Addictive Diseases 19:1-22. 

Wissel, J., Haydn, J.T., Müller, C.J., Brenneis, T.C., Berger, W.T., Poewe, W., and Schelosky, 
L.D.  2006.  Low Dose Treatment with the Synthetic Cannabinoid Nabilone Significantly 
Reduces Spasticity-Related Pain.  Journal of Neurology 253:1337-1341. 

Wong, K., Brady, J.E., and Li, G.  2014.  Establishing Legal Limits for Driving under the 
Influence of Marijuana.  Injury Epidemiology 1:1-8. 

Wong, R.C., Tran, M., and Tung, J.K.  2005.  Oral Fluid Drug Tests: Effects of Adulterants and 
Foodstuffs.  Forensic Science International 150:175-180. 

Wright, Jr., M.J., Vandewater, S.A., and Taffe, M.A.  2013.  Cannabidiol attenuates deficits of 
visuospatial associative memory induced by Δ9tetrahydrocannabinol.  British Journal of 
Pharmacology 170:1365-1365. 

Wu, T.C., Tashkin, D.P., Djahed, B., and Rose, J.E.  1998.  Pulmonary Hazards of Smoking 
Marijuana as Compared with Tobacco.  New England Journal of Medicine 318(6):347-351. 

Yesavage, J.A., Leirer, V.O., Denari, M., and Hollister, L.E.  1985.  Carry-Over Effects of 
Marijuana Intoxication on Aircraft Pilot Performance:  A Preliminary Report.  American Journal 
of Psychiatry 142(11):1325-1329. 

Yücel, M., Bora, E., Lubman, D., Solowij, N., Brewer, W.J., Cotton, S.M.  2012.  The Impact of 
Cannabis Use on Cognitive Functioning in Patients with Schizophrenia:  A Meta-Analysis of 
Existing Finds and New Data in a First-Episode Sample.  Schizophrenia Bulletin 38(2):316-330. 

Zalesky, A., Solowij, N., Yücel, M., Lubman, D., Tagaki, D., et al.  2012.  Effect of Long-Term 
Cannabis Use on Axonal Fiber Connectivity.  Brain-A Journal of Neurology 35:2245-2255. 

Zoller, O., Rhyn, P., and Zimmerli, B.  2000.  High-Performance Liquid Chromatographic 
Determination of ∆9-Tetrahydrocannabinol and the Corresponding Acid in Hemp Containing 
Foods with Special Regard to the fluorescence Properties of ∆9 -Tetrahydrocannabinol.  Journal 
of Chromatography A 872:101-110. 





PNNL-27050 
 

   

APPENDIX A  
– 

STRUCTURES AND DESCRIPTIONS FOR SELECTED CANNABINOIDS 
 





PNNL-27050 
 

 A-1  

APPENDIX A 
 

STRUCTURES AND DESCRIPTIONS FOR SELECTED CANNABINOIDS 

The following table lists selected cannabinoids discussed in this report along with an illustration 
of the cannabinoid’s structure,1 a short description, and alternative acronyms and names (not 
exhaustive).  The cannabinoids are a diverse set of organic molecules whose makeup and 
conformation are important to their biological activity.  The location of a cannabinoid isomer’s 
double bonds, conformation at chiral centers, and presence or absence of various functional 
groups drive its biological effects.  As discussed in Section 5.2, the relative concentration 
between biologically derived cannabinoid mixtures and their isomers vary between plant strains 
and samples (Grotenhermen 2003; Pertwee 2004). 

Cannabinoid names following consensus standards for naming organic chemicals are long (see 
IUPAC names below).2  For convenience, these are shortened and made into acronyms; the 
name and acronym used in this report for these cannabinoids are bolded in the following table. 
 

Structure Cannabinoid Description(a) 

 

Generic dibenzopyran structure. 
Cannabinoid naming in this report generally follows the dibenzopyran 
numbering system illustrated at left.   

 

11-hydroxy-delta-9-tetrahydrocannabinol (11-OH-THC) 

11-OH-THC is a metabolic product of THC that is psychoactive  

Alternative names:  11-hydroxy-THC, 11-hydroxytetrahydrocannabinol, 
11-hydroxy-∆9-tetrahydrocannabinol 

IUPAC name:  (6aR,10aR)-9-(hydroxymethyl)-6,6-dimethyl-3-pentyl-
6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol 

 

11-nor-9-carboxy-delta-9-tetrahydrocannabinol (THC-COOH) 

THC-COOH is a metabolic product of THC that is not psychoactive 

Alternative acronym:  11-COOH-THC, THCA(b) 

Alternative name:  11-nor-carboxy-THC, 11-nor-9-carboxy-THC, 11-
nor-delta-9-tetrahydrocannabinol-9-carboxylic acid, delta-9-
tetrahydrocannabinol-9-carboxylic acid 

IUPAC name:  1-hydroxy-6,6-dimethyl-3-pentyl-6a,7,8,10a-
tetrahydrobenzo[c]chromene-9-carboxylic acid 

                                                
1 Drawings are based on figures from NIH PubChem library (https://pubchem.ncbi.nlm.nih.gov/). 
2 The International Union of Pure and Applied Chemistry (IUPAC) is the universally-recognized authority 
on chemical nomenclature and terminology.  See https://iupac.org/ for more information.  

https://iupac.org/
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Structure Cannabinoid Description(a) 

 

anandamide (AEA) 

AEA is an endocannabinoid that binds primarily to CB1 

Alternative name:  arachidonoyl ethanolamide 

IUPAC name:  (5Z,8Z,11Z,14Z)-N-(2-hydroxyethyl)-icosa-5,8,11,14-
tetraenamide 

 

2-arachidonoylglycerol (2-AG) 

2-AG is an endocannabinoid that binds to both CB1 and CB2  

IUPAC name:  1,3-dihydroxypropan-2-yl (5Z,8Z,11Z,14Z)-icosa-
5,8,11,14-tetraenoate 

 

cannabidiol (CBD) 

CBD is a non-psychoactive cannabinoid found in marijuana  

IUPAC name:  2-(3-methyl-6-prop-1-en-2-ylcyclohex-2-en-1-yl)-5-
pentylbenzene-1,3-diol 

 

cannabinol (CBN) 

CBN is a non-psychoactive cannabinoid found in marijuana or is 
produced from the degradation of THC  

IUPAC name:  6,6,9-trimethyl-3-pentylbenzo[c]chromen-1-ol 

 

delta-8-tetrahydrocannabinol (delta-8-THC) 

Delta-8-THC is a cannabinoid from marijuana and stereoisomer of 
delta-9-THC but with lower psychoactivity 

Alternative acronym:  ∆8-THC 

Alternative names:  ∆8-tetrahydrocannabinol  

IUPAC name:  6,6,9-trimethyl-3-pentyl-6a,7,10,10a-
tetrahydrobenzo[c]chromen-1-ol 
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Structure Cannabinoid Description(a) 

 

delta-9-tetrahydrocannabinol (THC)  

The trans isomer (illustrated) of THC is the primary psychoactive 
cannabinoid from marijuana; synthetic THC (dronabinol) is used in 
two FDA approved drugs 

Alternative acronym:  delta-9-THC, ∆9-THC 

Alternative names:  ∆9-tetrahydrocannabinol, ∆9-trans-
tetrahydrocannabinol, delta-9-trans-tetrahydrocannabinol, (–)-trans-
Δ⁹-tetrahydrocannabinol, dronabinol  

IUPAC name:  6,6,9-trimethyl-3-pentyl-6a,7,8,10a-
tetrahydrobenzo[c]chromen-1-ol 

IUPAC name (dronabinol; trans isomer):  (6aR,10aR)-6,6,9-trimethyl-
3-pentyl-6a,7,8,10a-tetrahydrobenzo[c]chromen-1-ol 

 

delta-9-tetrahydrocannabinolic acid (THCA) 

THCA is a cannabinoid in marijuana that is not psychoactive; 
decarboxylation yields THC 

Alternative acronyms:  Δ9-THCA, THCA-A(b),(c)  

Alternative names:  tetrahydrocannabinolic acid, delta-9-
tetrahydrocannabinol-9-carboxylic acid 

IUPAC name:  (6aR,10aR)-1-hydroxy-6,6,9-trimethyl-3-pentyl-
6a,7,8,10a-tetrahydrobenzo[c]chromene-2-carboxylic acid 

 

nabilone 

nabilone is a synthetic cannabinoid used in an FDA approved drug 

IUPAC name:  (6aR,10aR)-1-hydroxy-6,6-dimethyl-3-(2-methyloctan-
2-yl)-7,8,10,10a-tetrahydro-6aH-benzo[c]chromen-9-one 

NA – not applicable 
(a) Images adapted from:  https://www.ncbi.nlm.nih.gov/pccompound. 
(b) An acronym may be in use to refer to more than one cannabinoid; THCA is in use for both THCA 

(from delta-9-tetrahydrocannabinolic acid) and THC-COOH (from alternative name delta-9-
tetrahydrocannabinol-9-carboxylic acid). 

(c) THCA-A specifically indicates the trans isomer; this is the form that is most prevalent in 
marijuana and decarboxylates to yield psychoactive delta-9-trans-tetrahydrocannabinol. 

 

https://www.ncbi.nlm.nih.gov/pccompound
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Table B-1.  Comparison of Colorado and Washington 

 Colorado Washington 

Legalization Vehicle Amendment 64 Initiative 502 

Passed 55.3 – 44.7, November 6, 2012 55.7 – 44.3, November 6, 2012 

Timing Rules required by July 2013, delivered on time 
(Emergency rules promulgated on June 28, 2013; 
Permanent rules promulgated Sept. 9, 2014), first 
stores opened January 2014. 

Rules due December 2013, Promulgated October 2013, 
but licensing process slower than anticipated; first grower 
licenses issued in March 2014, first stores licensed and 
opening in July 2014. 

Means of Legal 
Change 

Only by another constitutional amendment. Can be amended by normal legislative action. 

Administering 
Agency 

Department of Revenue, Marijuana Enforcement 
Division (MED). 

Liquor Control Board. 

Age Requirement for 
Legal Possession 

21 and over. 21 and over. 

Home Grows 
Permitted? 

Up to six plants, with three flowering at any time. Prohibited. 

DUI 5 nanogram per milliliter limit for driving. 5 nanogram per milliliter limit for driving. 

Tax Structure 15% excise tax on cultivator; 10% special sales tax; 
2.9% standard sales tax; additional local taxes can be 
levied. 

25% excise tax on sales from grower to processor, 
processor to retailer, and retailer to customer; plus, 
normal local taxes apply. 

After-Tax Price of 
Legal Marijuana 

Average Market rate for Flower: $1,876/lb.  After-tax 
cost depends on the locality. 

Yet to be seen, expected to be much higher than still-
unregulated medical marijuana prices in the state. 

Where Does Tax 
Revenue Go? 

Marijuana tax Cash Fund; Marijuana Cash Fund.  
Monies used to fund Colorado Marijuana Enforcement 
Division (CO MED), school construction, expanded 
education and prevention efforts, law-enforcement. 
Revenue sharing with local governments that allow 
marijuana sales. 

Complicated allocation: first money goes to fund 
administrative costs, various research projects and 
prevention or substance abuse programs; later money 
split between more marijuana-specific programs, general 
healthcare spending, and the state’s general fund. 

Licensing Regime Vertical Integration for first 9 months – 2 years 
(depending on locality). Grower/processor/retailer 
licensed by CO MED. Medical users must register 
through Department of Public Health and Environment. 

Growers, processors, and retailers must be licensed.  No 
vertical integration allowed: growers and processors 
cannot be retailers, though joint grower-processor 
licensed issued. 
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Table B-1.  (contd) 

 Colorado Washington 

Treatment of Pre-
existing Medical MJ 
system 

Builds on top of existing system, which began to be 
regulated beginning in 2009 and which remains in 
place; privileges incumbents of the old system, who get 
first access to new recreational market. 

Unregulated, largely untaxed medical dispensaries 
remain in unresolved legal limbo, for now enjoy non-
enforcement; legislature expected to provide some 
resolution or merger with i-502 system in coming months. 

Diversion prevention Seed to sale tracking system; limits on quantities 
purchased/possessed; education campaigns; video 
surveillance requirements. 

Has same measures as Colorado, and high hopes that 
tight control over licensing and rather deliberate (i.e., 
slow) roll-out will allow more effective prevention of 
cross-state diversion. 

Local Control Counties, municipalities can opt out. Local 
governments can regulate the number of grow 
operations and dispensaries. Local governments can 
assess additional taxes. Local governments can issue 
zoning and other ordinances regulating production and 
consumption. 

Controversial: preemption of local drug laws, but some 
localities seeking to use zoning laws to effectively 
exclude stores were encouraged by non-binding state 
attorney general opinion.  Legal battle to follow. As of 
now, there is no revenue sharing with local governments, 
so many cities may feel incentives are to opt out. 

Regulatory Features Extensive criminal background checks for all licensees; 
seed to sale tracking system; Vertical integration 
(initially); increasing product & potency testing. 

Extensive criminal background checks of all licensees; 
extensive product safety testing. 

Total Size of Legal 
Market 

As of January 1, 2014, there were licenses distributed 
for 178 marijuana cultivation facilities and 136 retail 
dispensaries. 

Yet to be seen, but only projected to be about a quarter 
of the total market for marijuana in Washington after a 
year of full-scale operation. 

Official Analysis State commissioned a survey of market demand. 
Separate revenue analyses/ projections conducted by 
the Department of Revenue, Governor’s Office of State 
Planning and Budgeting, and the Colorado legislative 
Council. 

502 mandates cost-benefit analysis conducted by 
Washington State Institute for Public Policy, with 
preliminary report in 2015 and subsequent reports in 
2017, 2022, and 2032. 

Common Complaints Public use rules vague; homegrown creating additional 
local problems; paperwork delays at MED. 

Slow implementation; low projected legal supply when 
stores do open; frustration that medical dispensaries get 
no ability to make transition to legal recreational system; 
continued legal ambiguity for medical marijuana. 

Source:  Hudak and Wallach 2014 
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APPENDIX C 
 

MEDICAL MARIJUANA REGISTRANTS OVER TIME 

The California Department of Public Health documented the number of medical marijuana 
identification cards issued during each fiscal year since FY 2004.  By FY 2015, the State of 
California had issued a total 83,573 identification cards.  

 
Data Source: California Department of Public Health 

Figure C-1. Number of Medical Marijuana Identification Cards Issued by Fiscal Year in 
California 

Data compiled by the Colorado Department of Public Health and Environment show that since 
Calendar Year 2009, the total number of patients in legal possession of valid medical marijuana 
registration identification cards at the time of reporting (i.e., active card holders) has been 
steadily growing, rapidly escalating from 5,059 in January 2009, peaking at 128,698 in June 
2011, and staying well above 100,000 since July 2012.  

 
Data Source: Colorado Department of Public Health and Environment 

Figure C-2.  Active Medical Marijuana Card Holders in Colorado 
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APPENDIX D 
 

MEDICAL MARIJUANA QUALIFYING CONDITIONS 

Table D-1.  Conditions that Qualify for Medical Marijuana by State (2017) 

State 
Qualifying Conditions for Receiving  

Medical Marijuana as of 2017 
1. Alaska cachexia, cancer, chronic pain, glaucoma, HIV/AIDS, multiple 

sclerosis, nausea, or seizures 
2. Arizona Alzheimer's disease, amyotrophic lateral sclerosis (Lou Gehrig's 

disease), cachexia or wasting syndrome, cancer, chronic pain, 
glaucoma, hepatitis C, HIV/AIDs, nausea, persistent muscle spasms, 
PTSD, or seizures 

3. Arkansas ALS, Alzheimer's disease, cachexia or wasting syndrome, cancer, 
chronic or debilitating disease, Crohn's disease, fibromyalgia, 
glaucoma, Hepatitis C, HIV/AIDS, intractable pain, multiple sclerosis, 
peripheral neuropathy, PTSD, seizures, severe arthritis, severe 
nausea, severe and persistent muscle spasms, Tourette's syndrome, 
ulcerative colitis, or any medical condition or its treatment approved by 
the Arkansas Department of Health 

4. California anorexia, arthritis, cachexia, cancer, chronic pain, glaucoma, 
HIV/AIDS, migraine, persistent muscle spasms, severe nausea, 
seizures, or any debilitating illness where the medical use of marijuana 
has been "deemed appropriate and has been recommended by a 
physician" 

5. Colorado cachexia, cancer, chronic pain, chronic nervous system disorders, 
glaucoma, HIV/AIDS, nausea, persistent muscle spasms, or seizures 

6. Connecticut  cancer, glaucoma, HIV/AIDS, Parkinson's disease, multiple sclerosis, 
spinal cord damage with intractable spasticity, epilepsy, wasting 
syndrome, Crohn's disease, or PTSD 

7. Delaware Alzheimer's disease, amyotrophic lateral sclerosis, cachexia, cancer, 
chronic pain, HIV/AIDS, intractable epilepsy, nausea, PTSD, seizures, 
or severe and persistent muscle spasms 

8. District of Columbia Any debilitating condition as recommended by a D.C. licensed doctor 
9. Florida  
(to be implemented in 2018) 

ALS, cancer, Crohn's disease, chronic nonmalignant pain, epilepsy, 
glaucoma, HIV/AIDS, MS, Parkinson’s disease, PTSD, seizures, 
terminal illness (patients diagnosed with no more than 12-months to 
live), or other debilitating medical conditions comparable to those 
enumerated.  

10. Hawaii Cachexia, cancer, chronic pain, Crohn's disease, glaucoma, 
HIV/AIDS, nausea, persistent muscle spasms, post-traumatic stress, 
or seizures 
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Table D-1.  (contd) 

State 
Qualifying Conditions for Receiving  

Medical Marijuana as of 2017 
11. Illinois Alzheimer's disease, ALS, Arnold Chiari malformation, 

cachexia/wasting syndrome, cancer, causalgia, chronic inflammatory 
demyelinating polyneuropathy, complex regional pain syndrome 
type 2, Crohn’s disease, dystonia, fibromyalgia, fibrous dysplasia, 
glaucoma, Hepatitis C, HIV/AIDS, hydrocephalus, hydromyelia, 
interstitial cystitis, lupus, MS, muscular dystrophy, myasthenia gravis, 
myoclonus, nail-patella syndrome, neurofibromatosis, Parkinson’s 
disease, post-traumatic stress, RSD, rheumatoid arthritis, Sjogren’s 
syndrome, spinal cord disease, SCA, syringomyelia, Tarlov cysts, 
Tourette’s syndrome, traumatic brain injury, or post-concussion 
syndrome 

12. Louisiana  Cachexia or wasting syndrome, cancer, Crohn's disease,  epilepsy, 
HIV/AIDS, muscular dystrophy, MS, or seizure disorders/spasticity 

13. Maine Alzheimer's disease, amyotrophic lateral sclerosis, cachexia/wasting 
syndrome, cancer, chronic pain, Crohn's disease, epilepsy, glaucoma, 
hepatitis C, HIV/AIDS, Huntington's disease, inflammatory bowel 
disease, multiple sclerosis, nausea, nail-patella syndrome, Parkinson's 
disease, or PTSD 

14. Maryland cachexia, anorexia, or wasting syndrome, chronic pain, nausea, 
seizures, or severe or persistent muscle spasms 

15. Massachusetts amyotrophic lateral sclerosis, cancer, Crohn's disease, glaucoma, 
HIV/AIDS, hepatitis C, multiple sclerosis, Parkinson's disease, or other 
conditions as determined in writing by a qualifying patient's physician 

16. Michigan Alzheimer's Disease, amyotrophic lateral sclerosis, cachexia or 
wasting syndrome, cancer, chronic pain, Crohn's disease, glaucoma, 
HIV/AIDS, hepatitis C, nail-patella syndrome, nausea, PTSD, seizures, 
or severe and persistent muscle spasms 

17. Minnesota amyotrophic lateral Sclerosis, cachexia/ cancer, Crohn's disease, 
glaucoma, HIV/AIDS, seizures, severe and persistent muscle spasms, 
terminal illness, or Tourette's syndrome 

18. Montana cachexia or wasting syndrome, cancer, chronic pain, glaucoma, 
HIV/AIDS, nausea, seizures, or severe and persistent muscle spasms 

19. Nevada AIDS, cachexia, cancer, glaucoma, PTSD, persistent muscle spasms 
or seizures, severe nausea or pain, or other conditions subject to 
approval 

20. New Hampshire Amyotrophic lateral sclerosis (ALS), Alzheimer's disease, cachexia, 
cancer, chemotherapy-induced anorexia, chronic pain, chronic 
pancreatitis, Crohn's disease, Ehlers-Danlos syndrome, elevated 
intraocular pressure, epilepsy, glaucoma, hepatitis C (currently 
receiving antiviral treatment), HIV/AIDS, lupus, moderate to severe 
vomiting, multiple sclerosis, muscular dystrophy, nausea, Parkinson's 
disease, persistent muscle spasms, PTSD, seizures, severe pain (that 
has not responded to previously prescribed medication), spinal cord 
injury or disease, traumatic brain injury, or wasting syndrome 
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Table D-1.  (contd) 

State 
Qualifying Conditions for Receiving  

Medical Marijuana as of 2017 
21. New Jersey ALS, cancer (includes associated chronic pain and/or severe nausea), 

Crohn's disease, glaucoma, HIV/AIDS (includes associated chronic 
pain and/or severe nausea), inflammatory bowel disease (IBD), 
multiple sclerosis, muscular dystrophy, seizure and/or spasticity 
disorders, or any terminal illness if a doctor has determined the patient 
will die within a year 

22. New Mexico ALS (Lou Gehrig's disease), anorexia/cachexia, arthritis, cancer, 
cervical dystonia, chronic pain, Crohn's disease, epilepsy, glaucoma, 
hepatitis C, HIV/AIDS, hospice patients, Huntington's disease, 
intractable nausea/vomiting, multiple sclerosis, painful peripheral 
neuropathy, Parkinson's disease, PTSD, or spinal cord damage  

23. New York ALS, cancer, epilepsy, HIV/AIDS, Huntington's disease, IBD, 
Parkinson's disease, multiple sclerosis, neuropathies, or spinal cord 
damage 

24. North Dakota Agitation from Alzheimer's disease or related dementia, ALS, cachexia 
or wasting syndrome, cancer, chronic or debilitating disease, Crohn’s 
disease, epilepsy, fibromyalgia, glaucoma, Hepatitis C, HIV/AIDS, 
intractable nausea, MS, PTSD, seizures, severe and persistent 
muscle spasms, severe debilitating pain, or spinal stenosis 

25. Ohio AIDS, Alzheimer's disease, ALS(Lou Gehrig's disease), cancer, 
chronic traumatic encephalopathy, Crohn's disease, epilepsy or other 
seizure disorders, fibromyalgia, glaucoma, Hepatitis C, inflammatory 
bowel disease, MS, pain that is chronic and severe or intractable, 
Parkinson’s disease, HIV, PTSD, sickle cell anemia, spinal cord 
disease or injury, Tourette’s syndrome, traumatic brain injury, or 
ulcerative colitis 

26. Oregon Alzheimer's disease, cachexia, cancer, chronic pain, glaucoma, 
HIV/AIDS, nausea, persistent muscle spasms, post-traumatic stress, 
seizures, or other conditions subject to approval 

27. Pennsylvania ALS (Lou Gehrig’s disease), autism, cancer, Crohn’s disease, 
epilepsy, glaucoma, HIV/AIDS, Huntington’s disease, IBD, intractable 
seizures, intractable spasticity, Multiple Sclerosis, neuropathies, 
Parkinson’s disease, post-traumatic stress disorder, Sickle cell 
anemia, severe chronic or intractable pain, or terminal illness  

28. Rhode Island Alzheimer's disease, cachexia, cancer, chronic pain, Crohn's disease, 
glaucoma, hepatitis C, HIV/AIDS, nausea, persistent muscle spasms, 
seizures, or other conditions subject to approval 

29. Vermont cachexia or wasting syndrome, cancer, HIV/AIDS, multiple sclerosis, 
seizures, severe pain, or severe nausea 
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Table D-1.  (contd) 

State 
Qualifying Conditions for Receiving  

Medical Marijuana as of 2017 
30. Washington cachexia, cancer, Crohn's disease, glaucoma, hepatitis C, HIV/AIDS, 

intractable pain, persistent muscle spasms and/or spasticity, nausea, 
PTSD, seizures, traumatic brain injury, or any "terminal or debilitating 
condition" 

31. West Virginia ALS, cancer, Crohn’s disease, HIV/AIDS, epilepsy, Huntington’s 
disease, intractable seizures, MS, neuropathies (chronic nerve pain), 
Parkinson’s disease, PTSD, severe chronic or intractable pain, spinal 
cord damage, sickle cell anemia, or terminal illness 

Note: CBD-specific marijuana laws with associated qualifying conditions are in effect in the following 
states: Alabama, Florida, Georgia, Indiana, Iowa, Kentucky, Mississippi, Missouri, North Carolina, 
Oklahoma, South Carolina, Tennessee, Texas, Utah, Virginia, Wisconsin, and Wyoming.   
Source: NORML (available at http://norml.org/legal/medical-marijuana-2) 

http://norml.org/legal/medical-marijuana-2
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APPENDIX E 
 

STATE PROVISIONS FOR PRIMARY CAREGIVERS 

Table E-1.  State Legal Provisions for Primary Caregivers 

State 

Medical 
Marijuana 
Laws in 
Place? Legal Provisions for Primary Caregivers 

AK Yes The caregiver must be 21 years of age or older. The caregiver can never have 
been convicted of a felony controlled substances offense. The caregiver must 
be listed by the patient as either the primary caregiver or an alternate caregiver. 
Only one primary caregiver and one alternate caregiver may be listed in the 
registry for a patient. A person may be a primary caregiver or alternate 
caregiver for only one patient at a time, unless the primary caregiver or 
alternate caregiver is simultaneously caring for two or more patients who are 
related to the caregiver by at least the fourth degree of kinship by blood or 
marriage. 

AZ Yes A Designated Caregiver registered with the State of Arizona as a Medical 
Marijuana Caregiver is a person that can legally provide medicinal marijuana for 
up to five (5) patients in Arizona. Designated caregivers are allowed by law to 
purchase, transport or cultivate medical marijuana in limited quantities for their 
patients legally as long as they are registered with the State. Arizona's medical 
marijuana caregiver law allows Patients to appoint a Primary Caregiver and 
they may legally possess up to two and one-half (2 1/2) ounces of useable 
medical marijuana and may cultivate up to twelve (12) marijuana plants, as long 
as they are grown in an "enclosed, locked facility."  The designated caregiver 
must be over 21 years old without any felony offense and agrees to assist the 
qualifying patient with the medical use of marijuana. A patient may designate 
only one caregiver at a time.  

CA Yes Primary caregiver is the individual, designated by a qualified patient or by a 
person with an identification card, who has consistently assumed responsibility 
for the housing, health, or safety of that patient or person. The caregiver must 
be 18 years of age or older (unless the primary caregiver is the parent of a 
minor child who is a qualified patient or a person with an identification card).  

CO Yes Primary caregiver is a person other than the patient or the patient's physician. 
The caregiver must be 18 years of age or older. A patient can only have one 
primary caregiver at a time. A patient who has designated a primary caregiver 
for himself or herself may not be designated as a primary caregiver for another 
patient. A primary caregiver may be listed on the medical marijuana registry for 
no more than 5 patients.  
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Table E-1.  (contd) 

State 

Medical 
Marijuana 
Laws in 
place? Legal Provisions for Primary Caregivers 

CT Yes Be 18 years old or older; 
Agree to undertake responsibility for managing the well-being of the 
qualifying patient with respect to the palliative use of marijuana; 
Have not been convicted of a violation of any law pertaining to the illegal 
manufacture, sale or distribution of a controlled substance; and 
Not be the qualifying patient’s physician.  
A qualifying patient shall have not more than one primary caregiver at any 
time. 

D.C. Yes A caregiver is a person designated by a qualifying patient as the person 
authorized to possess, obtain from a dispensary, dispense, and assist in the 
administration of medical marijuana. The caregiver must be 18 years of age 
or older. The caregiver must be registered with the Department as the 
qualifying patient's caregiver. A caregiver may only serve one qualifying 
patient at a time. 

DE Yes Designated caregiver” means a person who: 
(a) is at least 21 years of age unless the person is the parent or legal 
guardian of a minor who is a qualifying patient, 
(b) has agreed to assist with a patient's medical use of marijuana 
(c) has not been convicted of an excluded felony offense; and 
(d) assists no more than five qualifying patients with their medical use of 
marijuana. 

HI Yes Yes, primary caregiver is a person who has the responsibility for managing 
the well-being of the qualifying patient with respect to the medical use of 
marijuana. Primary caregiver is a person other than the qualifying patient, or 
the patient's physician. The caregiver must be 18 years of age or older. 
Qualifying patients shall have only one primary caregiver an any given time. 
Primary caregiver shall be responsible for the care of only one qualifying 
patient at any given time.  

IL Yes Caregivers, who may serve only one patient, are permitted to pick up 
medicine for very ill, homebound patients and are also subject to 
possession limit. 

MA Yes Individual patients will be permitted to designate a "personal caregiver" at 
least 21 years old to cultivate for them if they are unable to access a state-
authorized dispensary or if they can verify "financial hardship." 

MD Yes Caregivers must be 21 years older or older, can be a family member of a 
qualifying patient, cannot cultivate marijuana plants, a patient can designate 
up to two caregivers; caregivers cannot care for more than five qualifying 
patients.  
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Table E-1.  (contd) 

State 

Medical 
Marijuana 
Laws in 
place? Legal Provisions for Primary Caregivers 

ME Yes Primary caregiver is a person providing care for the registered patient. The 
caregiver must be 21 years of age or older. The caregiver can never have 
been convicted of a disqualifying drug offense. Patients can name one or 
two primary caregivers. (Only one person may be allowed to cultivate 
marijuana for a registered patient).  

MI Yes Primary caregiver is a person who has agreed to assist with a patient's 
medical use of marijuana. The caregiver must be 21 years of age or older. 
The caregiver can never have been convicted of a felony involving illegal 
drugs, or must not have been convicted of any felony within the last ten 
years, or any violent felony ever. Each patient can only have one primary 
caregiver. The primary caregiver may assist no more than 5 qualifying 
patients with their medical use of marijuana. State-qualified caregivers must 
not have been convicted of any felony within the last ten years, or any 
violent felony ever. 

MN Yes Be at least 21 years of age; agree to only possess any medical cannabis for 
purposes of assisting the patient; and agree that if the application is 
approved, the person will not be a registered designated caregiver for more 
than one patient, unless the patients reside in the same residence. 

MT Yes Caregivers may accept no monetary compensation for providing cannabis to 
qualified patients. 

NE Yes Designated primary caregiver is a person who has significant responsibility 
for managing the well-being of a person diagnosed with a chronic or 
debilitating medical condition. Caregiver does not include the attending 
physician. The caregiver must be 18 years of age or older. Patients may 
only have one designated primary caregiver. 

NH Yes a) Is at least 21 years of age; (b) Has agreed to assist with one or more (not 
to exceed 5) qualifying patient’s therapeutic use of cannabis, except if the 
qualifying patient and designated caregiver each live greater than 50 miles 
from the nearest alternative treatment center, in which case the designated 
caregiver may assist with the therapeutic use of cannabis for up to 9 
qualifying patients; (c) Has never been convicted of a felony or any felony 
drug-related offense; and (d) Possesses a valid registry identification card 
issued pursuant to RSA 126-W:4. 

NJ Yes Yes, primary caregiver is a person who has agreed to assist with a 
registered qualifying patient's medical use of marijuana. Primary caregiver 
cannot be the patient's physician. Primary caregiver must be a resident of 
New Jersey. The primary caregiver can never have been convicted of a 
felony drug offense. The caregiver must be 18 years of age or older. The 
caregiver may only have one qualifying patient at any one time. 
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Table E-1.  (contd) 

State 

Medical 
Marijuana 
Laws in 
place? Legal Provisions for Primary Caregivers 

NM Yes Yes, primary caregiver is designated by patient's practitioner as necessary 
to take responsibility for managing the well-being of a qualified patient with 
respect to the medical use of cannabis. Primary caregiver must be a 
resident of New Mexico. The caregiver must be 18 years of age or older. 

NV Yes Designated primary caregiver” means a person who:(a) Is 18 years of age 
or older; (b) Has significant responsibility for managing the well-being of a 
person diagnosed with a chronic or debilitating medical condition; and (c) Is 
designated as such in the manner required pursuant to NRS 453A.250. The 
term does not include the attending physician of a person diagnosed with a 
chronic or debilitating medical condition. (Added to NRS by 2001, 3054) 

NY Yes Yes, each certified patient may have up to two caregivers, and each 
caregiver may serve no more than five certified patients. 

OH Yes Gov. John Kasich signed House Bill 523 into law on June 8, 2016. Requires 
primary caregivers to register; registered primary caregiver can possess 
marijuana and related paraphernalia or accessories on behalf of the patient 
under the caregiver’s care, assist the patient in use or administration of 
medical marijuana. More details are being developed.  

OR Yes Yes, designated primary caregiver is the person that has significant 
responsibility for managing the well-being of a person who has been 
diagnosed with a debilitating medical condition. Primary caregiver does not 
include the patient's physician. The caregiver must be 18 years of age or 
older. A patient may only have one primary caregiver. 

PA Yes Yes. When a patient applies to the department for an identification card, he 
or she can designate up to two caregivers. A caregiver can assist up to five 
patients. Before obtaining medical marijuana for a patient, a caregiver must 
also apply for a medical marijuana identification card.  

RI Yes The caregiver must be 21 years of age or older. Primary caregiver may 
assist no more than 5 qualifying patients with their medical use of 
marijuana. 

VT Yes Registered caregiver is a person who has agreed to undertake responsibility 
for managing the well-being of a registered patient with respect to the use of 
marijuana for symptom relief. The registered caregiver can never have been 
convicted of a drug-related crime. The caregiver must be 21 years of age or 
older. Patients may only have one registered caregiver at a time. Registered 
caregiver may serve only one registered patient at a time. 
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Table E-1.  (contd) 

State 

Medical 
Marijuana 
Laws in 
place? Legal Provisions for Primary Caregivers 

WA Yes Yes, designated provider is a person who has been designated in writing by 
a patient to serve as a designated provider. The caregiver must be 21 years 
of age or older. The provider must also possess either authorization from 
the qualifying patient's health care professional or has been entered into an 
authorized database. The provider must only provide cannabis to the 
expressed patient. 

Source: NORML http://norml.org/laws as well as websites of various State governments. 

http://norml.org/laws
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