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Introduction

Drug use implications and the role of testing

Drug and alcohol use have been associated with substantial impairments in
functioning in a number of settings including driving [1], the work place [2],
family functioning [3] and military service [4, 5]. In the United States alone it is
estimated that 24.6 million Americans over the age of 12 are current illicit drug
users while approximately 137 million Americans are current alcohol consumers
[6]. Given the association of drug use with negative outcomes and behaviors
including depression [7, 8], criminal offending [9-11], sexual risk [8, 12], poor
parenting [13] and cardiovascular disease and death [14, 15], it is important for
health practitioners to be able to appropriately identify and, when appropriate,
treat problematic substance use. It is within this framework that drug testing
methods (DTM) have been used as a detection tool in settings such as the
workplace, military, athletics, criminal justice system, health care settings, and
drug treatment facilities [16-18]. Drug testing is a complex process that requires
a thorough understanding of the substance use process as well as the metabolic
processes involved in the absorption, distribution, metabolism and elimination
of the used substances. For example, drug testing approaches can vary in terms
of the specimen (e.g., urine, blood, hair, sweat, and saliva), substances tested for,
the identification time-frame and specificity, the cost of the analysis, frequency
of required testing, invasiveness of the drug test, sampling strategy (ex. Random
sampling or all subjects are tested), the extent of testing feedback offered to
patients, and consequences of positive findings [19]. Additionally, self-report
methods as well as physiological testing may be used to screen for drugs. Since
drug use may be underreported on a self-report basis, biological testing may be
necessary for confirmation purposes [18, 20]. Additionally, drug testing is often
used to assess medication compliance within clinical settings that take advantage
of medication assisted treatment (MAT). Research has shown that evaluating
patient compliance using testing methods can be an important tool with potential
for improving outcomes in treatment [21].

Current paucity of standards

Given the importance of drug testing in the prevention, detection and
treatment of substance use problems, it is somewhat surprising that few accepted
standards regarding the application of testing methods seems to currently exist
[22]. The clearest set of standards that exist regarding drug testing are found
in the federal government’s employment-related drug-testing [23]. The same
standards are loosely found in non-governmental employment-based testing
although variations are found in these setting as well. Within the mental health
and substance use disorder (SUD) treatment field, little is standard when it comes
to drug-testing aside from the fact that urine testing is the most commonly
utilized testing method. For instance, while some SUD treatment facilities utilize
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randomized comprehensive urine drug testing other providers
use regular testing intervals for alcohol alone with urine analysis
utilized only when suspicion of use is present. Such variability
in testing practices can lead to variable detection rates and
therefore variable levels of testing effectiveness resulting in
unpredictable reliability of testing methods and practices. It is
our belief that the establishment of clear guidelines regarding
drug testing within the mental health and SUD treatment
contexts would help standardize the practice and therefore
allow for more consistent application and interpretation of
results.

Impact of Testing on Treatment Outcome

Little research has been conducted to assess the impact
of drug testing on actual outcomes in substance abuse
treatment. A French study conducted by Dupouy [24]
evaluated the effectiveness of drug testing for treatment
retention in an outpatient setting involving opiates. In France,
there are guidelines for addiction care and it is advised to
have standardized screening tests throughout treatment. In
this particular study, tests were completed using automated
analyzers in the laboratory or by using drug screening kits.
These tests are reimbursed by the French health insurance
system with no limit on their number or time period. This cost
elimination relieves the burden of drug testing on both the
facility and those in treatment and similar methods to achieve
this costelimination may play a vital role in improving treatment
[24]. Dupouy’s [24] study in the outpatient setting found that
there was significantly improved treatment retention through
the use of drug testing. The possible reasons for this higher
retention rate includes the hypothesis that patients who agree
to drug testing may be more compliant patients in general
and may be self-selected on their motivation. In another
study, researchers witnessed a reduction in drug-related
friendships between a cohort of individuals as a consequence
of instituting urine screens at randomized intervals [25]. In
another hypothesis, it was evaluated that tested patients may
more often be those who have heavier addiction problems and
thus, may have a higher need to be evaluated for their drug
consumption. This improvement in retention rates may also
be contributed to better assessment of drug consumption that
helps practitioners better communicate with their patients.
By eliminating the potential of false information about drug
use by patients, practitioners can better assess what should be
done to help each individual if they are still facing difficulties
of abstinence during treatment [24]. The idea of modifying
treatment based on whether the individual is still abusing or
not creates a dynamic mode of treatment that better adjusts
to the hurdles of drug treatment. Though, because in some
situations the cost of routine testing accumulates quickly,
clinicians must be proactive in adjusting treatment procedures
in response to drug screening and eliminate excessive or
redundant testing [26]. Offering tools such as counseling
that focused on problem- solving, cognitive restructuring, and
functional analysis helps individuals deal with their relapse
in a beneficial manner [27]. When accounting for cost and
adjusting treatment concurrently, drug testing analysis will
ultimately help improve treatment for patients.

As mentioned earlier, drug testing occurs within numerous
settings. While this paper will focus mostly on SUD treatment
settings, we believe that much of the information contained
within this work applies across settings. However, the different
requirements and regulations applicable within many of these
setting would suggest that additional future work should focus
on recommendations specific to these contexts.

Methods and Existing Standards

Types of tests
Urine

Urine is the most common specimen analyzed in
drug testing because of the ease of collection and high
concentrations of drugs and metabolites found in urine
[16]. The three methods of urinalysis include thin layer
chromatography (least sensitive and least expensive), enzyme/
immunoassay and radioimmunoassay (more expensive and
more sensitive), and Liquid chromatography (most expensive
and most reliable). Immunoassay techniques can be divided
into laboratory based or point-of-collection (POC). There are
several types of immunoassay techniques including enzyme-
multiplied immunoassay technique (EMIT; a form of enzyme
immunoassay), fluorescence polarization immunoassay
(FPIA), immunoturbidimetric assay, and radioimmunoassay
(RIA) [16]. The standard in drug testing is to complete an
immunoassay screen and, upon a positive initial screen, to
conduct a Liquid chromatography/mass spectrometry (LC-
MS) as a confirmation [16]. Completing a confirmatory
analysis is important to reduce false-positive screens, which
may result from cross reactivity, and may negatively impact
the tested individual. Cross reactivity may occur if an over-
the-counter drug or a common environmental chemical
shares common chemical properties with the target drug and
therefore influences the results [18]. It is important to note
that screening tests may not be able to differentiate between
different drugs in the same drug-class or between different
drugs that have common metabolites. Validity tests should be
performed in order to determine if the urine sample has been
diluted, substituted, or tampered with [28].

Detection window: Urine analysis offers an intermediate
window of detection period that may depend on the method of
using the drug. For example, when a drug is inhaled or smoked
the drug is almost immediately incorporated into the body’s
systems and is quickly excreted from the body. Conversely,
when the drug is ingested orally, absorption is slower and
excretion is slower as well. In general, a urine specimen will have
the highest concentration of the parent drug and metabolites 6
hours after ingestion of the drug, and the majority of the drug
will be excreted after 48 hours. However, if a large quantity of
the substance has been consumed, the detection period may be
extended due to the drug’s accumulation in the body.

Special considerations: Temperature and appearance of
the urine sample should be noted to maximize validity and
reduce the possibility of tampering. Urine that is not in the
range of 32 - 38 °C or urine that looks very soapy should be
considered to be an altered specimen or replacement substance.
Urinary creatinine should also be recorded and creatinine
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levels lower than 20 mg/dl may suggest an altered specimen or
the addition of another substance [28]. The donor of the urine
specimen may require supervision at the time of collection if
sample tampering is suspected. Additionally, a urine screen
should not be utilized as a sole diagnostic measure, it is a
tool which may strengthen and support a diagnostic claim
but should not be held as infallible marker; clinical and
professional judgment and context should always be presented
in tandem with findings [29].

Advantages and disadvantages: Advantages of urinary
analysis include the ability to collect sufficient quantities
to allow for retesting when needed, the availability of high
concentrations of parent drugs and metabolites making lab
testing easier, and the availability of point-of-collection tests
making onsite screening easier. Some disadvantages include
a shorter detection period when compared to hair analysis,
relatively easy specimen tampering, the high expense of
reliable and valid onsite testing, and the invasive nature of
testing when supervising the donor during collection [28].
Another disadvantage is the ambiguous nature of the utility of
a urinary screen. Dupouy and her colleagues [30], conducted
a literature review assessing the benefits of utilizing drug
screens to manage patients. They concluded that there was
no substantial evidence to warrant the use of drug screens
to manage patients. As such and in line with findings from
Tenenbein [29], testing should be conducted with well and
clearly defined goals not because of routine protocol.

Cost: Urine analyses completed in the clinical setting
vary in price depending on the number of drugs tested for.
A 5-Panel Testing Cup (tests for 5 different drugs) costs
approximately $4. A 14 Panel Testing Cup (tests for 14
different drugs) costs approximately $7. Another common
urine drug testing technique is testing with Dip Cards, a
drug-screening test that is dipped into a urine receptacle. A
Single Panel Dip Card costs about $2 while a 12-Panel Dip
Card costs approximately $6 [31]. Urine Samples sent to a
laboratory vary in cost depending on the amount of drugs
being tested for and the lab performing the testing. Screening
tests range from $69 to $148 and confirmatory tests sent to a
lab to be analyzed, range from $92 to $165 dollars [32].

Oral

Oral fluid analysis is a new technology and is relatively
expensive but non-invasive and easy to collect [18]. This
drug testing method can be used in the workplace, to test
driving impairment, in legal issues, as a diagnostic tool, and
to determine detection times and pharmacokinetics of drugs
[33]. Saliva testing is generally seen as a complimentary
method to other testing methods, such as urinary analysis and
blood due to its shorter detection window and relative novelty.

Detection window: Oral fluid testing can detect drug
use approximately 12-24 hours after drug ingestion [33]. This
makes saliva analysis a useful tool for detecting recent drug
use. In addition, the parent drug is usually present in high
concentrations, making oral fluid testing great for identifying
drugs. However, as with other tests, drug concentration
levels found in saliva may fluctuate based on the individuals

physiology, the type of technique used to collect the fluid, and

other external/environmental factors [33-35]. Due to the high
concentrations of the parent drug in oral samples, the cut off
values are larger in oral devices compared to GC/MS and vary
from substance to substance, for example, cocaine metabolites:
4 ng/mL (GC/MS) v. 20 ng/mL (oral); THC metabolites: 0.2
ng/mL (GC/MS) v. 40 ng/mL (oral) [35].

Special considerations: Collecting saliva can be done
in several ways. Expectoration provides a robust specimen,
but it tends to be contaminated with food and other debris
and may be difficult to work with in the laboratory due to
its viscous nature. Other collecting methods include using an
absorbent pad to collect oral fluid, which can then be added
to a diluent; the diluent is used in the drug analysis. It takes
approximately 1-3 minutes to collect saliva using an absorbent
pad. Another method, Drug Wipe can be used to just wipe
the tongue or skin, and only takes a few seconds to complete.
Unfortunately, this method collects a small amount of saliva
making it near impossible to complete a confirmatory analysis
[36]. Using citric acid candy, chewing gum, or other agents
can stimulate oral fluid, but this will change the properties of
the drug in the saliva such as the pH and concentration. Some
drugs themselves may affect the amount of saliva produced.
Studies have shown that some collection devices are better
suited for certain drugs. For example, the device Salivette is a
poor device to use for THC, but great for codeine, whereas the
Cozart collector is great for THC [37]. A possible difficulty
in collecting saliva, a person may exhibit dry mouth syndrome
because of anxiety of the collection process or dehydration.
This makes collection time longer and may take several
minutes to collect 1 ml of saliva [33].

Advantages and disadvantages: In recent years, many
point-of-collection devices have been created for testing
saliva. These devices include an oral collection apparatus and
technology to detect different drug classes. Examples of these
devices are the Cozart RapiScan, Securtect Drug Wipe, Drager
Drug test, and Brana Oratect. Although these devices may be
useful, it is important to consider that they may have different
specifications and therefore may have different consistencies,
efficiencies, and sensitivities. This may make results across
devices inconsistent and difficult to interpret. For laboratory
testing, there are many enzyme-linked immunosorbent assay
(ELISA) immunoassays available. These methods of screening
are considered reliable in testing oral fluids. As for most
specimens, a confirmatory analysis using LC-MS should be
conducted after initial screening [33, 37].

While collecting saliva, a testing-representative can
completely observe the process, making adulterating or
substitution of specimen difficult. However, as discussed,
there are still factors that can affect the drug concentrations
in saliva and need to be considered. A study conducted using
one specific device, Oratect, showed that drug concentrations
were not affected by foods, toothpaste, and beverages 30 min
after exposure [35].

Hair analysis

Over the past 20 years, drug testing by hair analysis has
become more popular and the method can be an important
complimentary technique to other forms of drug testing in both
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clinical and forensic toxicology [38]. An important to aspect to
administering the appropriate substance abuse treatment is to
obtain accurate accounts of an individual’s drug use history, yet
self-reports are often plague with underreporting of drug use
[39]. Hair testing allows for a wider window of detection and
quantification not possible through traditional means such as
urinary analysis as well as validating patient self-reports [40].

Hair samples can be analyzed using immunological or
chromatographic techniques. Cooper et al. [38] recommend
that laboratories use sensitive enough immunoassay
techniques to detect low concentration levels of the drug, as
hair samples contain lower drug levels than urine or blood.
If laboratories use immunoassay-screening methods, they
must also conduct a confirmation test, such as LC-MS. The
confirmation tests should also be sensitive enough to detect
low drug concentration levels. In general, drug concentration
levels tend to decrease from the root to the end of the hair
strand.

Detection window: Hair analysis allows for the detection
of drugs even months after the initial use [41], depending
on the length of hair available at collection. This makes hair
testing useful in situations where information is needed
regarding the chronicity of the drug use or if a long period
of time has passed since the drug use [38]. In addition, hair
testing is sensitive enough to detect drug use after a single
exposure. While hair testing is a sensitive method with a long
detection window, it has been suggested that this method
has difficulty detecting drug use within the last 7 days [18],
reducing its utility for ongoing substance use detection within
SUD treatment contexts.

Special considerations: Drugs are absorbed into the
hair shaft through capillaries located at the hair root and the
hair shaft itself absorbs sebaceous and sweat gland secretions
that may carry drugs and metabolites [18, 42]. In addition,
hair strands may absorb other drugs or substances present
in the external environment [43]. Once drugs are absorbed
into the hair shaft, their concentration levels may be affected
by differences in hair structure, porosity, hair growth [44],
melanin content [45,46] and may be affected by chemical hair
treatments [18, 47-49]. The consideration of all these factors
and their impact on drug concentration levels is important
when analyzing the results of hair analysis.

Before actual testing, hair samples should be washed
to remove any possible contaminants including cosmetic
products, sebum, sweat, skin cells, lice, bodily fluids, or
other external contaminants. Therefore, it is important that
laboratories have good hair sample washing procedures and
Cooper et al. [38] recommend washing hair samples with
organic solvents and aqueous solutions. It is important to
consider that drug concentrations may be reduced during
washing, and therefore too much washing may do more
harm than good. After washing and drying, the hair sample
should appear homogenous and be ready for incubation and
extraction. When conducting extractions, it is important to
tailor extraction solvents according to the target drugs being
extracted. Some extraction solvents may react with or affect the

drug being extracted. Finally, Cooper et al. [38] recommends

that laboratories conducting hair analyses should join external
proficiency programs to evaluate their hair testing methods [38].

Advantages and disadvantages: Some suggest that
collecting hair specimens is less invasive than collecting
a urine sample [38], especially when said urine collection
requires observing the client, which is uncomfortable and can
be embarrassing for both the donor and observer.

While head hair is preferred, if collecting head hair is
not possible then alternative sites may be used such as pubic
hair, underarm hair, and beard hair. It is important to consider
that collecting hair from intimate sites may be intrusive and
uncomfortable for the donor, therefore making this procedure
more invasive.

Sweat

Sweat testing utilizes transdermal patches comprised
of a membrane that is permeable to water, oxygen, and
carbon dioxide while capturing any ingested drugs and their
metabolites may be used to detect drug use [50]. Certain drugs
and metabolites are transported to the surface of the skin
through passive diffusion from blood vessels to sweat glands
and are then excreted. After the accumulation period is over,
usually one to fourteen days, the patch is removed; the analytes
are washed off the patch with a proper organic solvent (i.e.
methanol) and analyzed using such tests as LC-MS/MS and
GC/MS tests [18].

Special considerations: One such example of a sweat
patch being used today by clinicians is the PharmChek™, a
patch that was well tolerated for seven days by participants
[51]. While testing various chemical agents on the patch by
injecting them into or directly under the patch while being
worn, it was found that chemicals such as tile-cleaner and
detergents could lead to false-positives in the immunoassay
analysis of the sweat patch analytes while Visine™ eye drops
and Ben Gray ointment cause false-negatives in the same tests

[18].

Advantages and disadvantages: In addition to the
reduction in cost of utilizing this method of testing compared
to urinary analysis, sweat patches are advantageous as a way
of drug testing because of the non-invasive nature of the
patches, with patients reporting this method as being less
embarrassing than other methods of testing [18]. The patches
are tamper resistant so if the client tries to remove the patch at
any point, a clinician should be able to easy identify the patch
had been tampered with. However, during the somewhat
extended period the patch is worn, there is some risk of either
accidental or purposeful removal of the patch [18]. One major
disadvantage relates to the small amounts of analytes that are
collected on the patch when compared to other collection
methods such as urine and blood, which complicates the
process of testing and re-testing for confirmatory purposes.
Finally, the length of time the patches are worn do not allow
for immediate screening results, unlike urine and saliva testing,
which can reduce the utility of sweat for clients participating
in ongoing treatment.

Cost: Sweat testing is a relatively cheap alternative to
urine testing. While urine tests must be conducted multiple
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times a week, the use of a sweat patch reduces the amount of
drug testing that needs to be conducted as it is a cumulative
method of drug testing. The typical cost of such testing is
$10 per drug for on-site testing, $35 for an initial screening
test of the substances collected on the patch, and $65 for
any additional screening to confirm the presence of specific
drugs and rule out false positives. In addition, little training is
required in order to administer the patch to any potential client.

Breathalyzer

Historically, breathalyzers have been used exclusively in
legal and law enforcement settings, by which the police utilize
the technology in order to accurately determine an individual’s
level of intoxication in relation to driving offenses. However, a
large body of evidence has refuted their clinical utility largely
due to the inefficient legislation and regulation surrounding
their use and their association with illicit activities [52]. These
tools have seen a boost in psychiatric and health environments
where breathalyzers are able to quickly assess an individual’s
level of blood alcohol concentration (BAC). This information
allows professionals to accurately and effectively administer
appropriate treatment and as such has recently gained favor as
an important tool in alcohol treatment settings [53]. However,
the accuracy and reliability of breathalyzers must first be
considered to understand their utility in clinical settings.

Detection window: Breathalyzers, currently limited
to the detection of alcohol, can identify Blood Alcohol
Content (BAC) between 20 minutes and 3 hours of ingestion.
Differences in detection window can depend on alcohol
concentration, alcohol metabolism and individual variables
such as weight and gender.

Special considerations: The majority of breathalyzers
implement either fuel cell sensor technology or semiconductor
oxide sensor technology to measure the blood alcohol content
(BAC) in an individual’s blood. Semiconductor oxide sensors
use a tin-oxide substance to measure BAC. While the
lower power requirements and cost of manufacturing of the
semiconductor sensor results in a smaller, more affordable
device, they are often thought to be less reliable compared
to their fuel cell sensor counterparts [54]. Chemicals, mainly
environmental pollutants, have been discovered to effect BAC
accuracy in semiconductor sensor readings. Semiconductor
sensors are also sensitive to acetone secretions, providing
a higher probability of a false positive when testing an
individual with diabetes. Whereas fuel cell breathalyzers are
targeted towards professionals and organizations requiring a
device that can handle higher test volumes, semiconductor
sensors are primarily marketed towards personal consumer use
and should not be considered sufficiently reliable for clinical
settings.

Breathalyzers with fuel cell sensors offer high accuracy and
sensitivity, and employ the same advanced fuel cell technology
that is used by law enforcement for roadside alcohol testing,
as well as in substance abuse centers, clinics, and businesses
[54]. Fuel cell sensors rely on an electrochemical process
that oxidizes the alcohol in a breath sample. The oxidization
produces an electrical current that the breathalyzer measures
to determine the BAC. The strength of the current corresponds

to the volume of alcohol present in the sample. Breathalyzers
employing fuel cell technology are engineered to offer accurate,
long-term reliability over a comprehensive range of blood
alcohol concentrations.

Advantages and disadvantages: A primary disadvantage
of breathalyzers, especially older models, is their tendency
to provide false negatives by incorrectly identifying other
substances, similar in molecular structure or reactivity to
ethanol. A positive test result can be misleading because it can
be positive from extraneous exposure to alcohol from any of
a myriad of products such as food, mouthwash, or over-the-
counter medications [55, 56]. Retesting can be an important
procedure as a short waiting period and an additional test can,
for the most part, resolve the inconsistency.

However, mistakes from instrument errors have been
reported. The alcohol sensor is highly sensitive and will not
function correctly when wet or damaged. Its response can also
be affected by temperature and humidity. Therefore, a margin
of error is ever-present and must be considered [52]. The
breathalyzer must be kept at room temperature in a clean, dry
place and consistent calibration of the unit against standards is
paramount. The most precise BAC can only be acquired from
measurements of blood.

Blood

Like sweat, hair and urinary analysis, blood testing allows
another way for researchers and clinicians to monitor clients
yet, due to the short time many substances are detectable in the
blood, this method may not be the optimum method of testing
in all situations. Blood analysis and detection of analytes is
conducted under the power of mass spectrometry (MS) in

conjunction with either liquid chromatograph (LC-MS) [57].

Blood testing is a powerful tool rooted in forensic
toxicology for cases of criminal investigations but with the
growth and accessibility of mass spectrometry in smaller labs
it is easier for clinical and research professionals to perform
blood assays on clients to gain a clearer understanding of drug

use and habits [57].

Detection window: Blood testing provides a relatively
short testing windows of approximately 1-8 hours [58, 59].
Opiates, due to short half-lives (between 2.5 and 5 hours),
hydromorphone, hydrocodone, and oxycodone quickly
disappear from blood, making opiate detection through blood
samples more difficult. It is presumed that the half-life of
oxymorphone is also quite short [60].

Cost: Cost of testing varies depending on lab and level of
insurance client has.

Advantages and disadvantages: Blood testing is
considered one of the most invasive testing methods and
requires a clean, and preferably sterile, testing environment
[61]. This requirement alone can be considered a major
disadvantage of blood testing methods and render them
impractical for most treatment contexts. Additionally, in order
to be performed appropriately, staff trained in phlebotomy is
typically required for the performance of blood-draws. This
again limits the utility of this method in many clinical, non-
hospital contexts. Finally, the cooling and storage requirements
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for blood are more stringent than those of either urine or
saliva, further complicating the use of this method in non-
hospital treatment settings.

Current Best Practices

As mentioned earlier, there is currently no one agreed-
upon standard procedure for drug testing throughout the
SUD treatment system despite the global prevalence of SUD
treatment centers. Although there are overarching trends, large
variability can be found in the type of drug testing, frequency
and application methods. This section will focus on drug testing
standards that exist in other settings, specifically the federal
government’s employment standards and the Substance Abuse
and Mental Health Services Administration’s primary care
guidelines, which will provide insight into possible standards
to be applied in other settings.

Federal

All federal agencies in the United States must follow
certain drug-testing guidelines provided by the Substance
Abuse and Mental Health Administration. In the federal
workplace, a urinary analysis can be conducted that tests
for amphetamines, cannabinoids, cocaine, opiates and
phencyclidine, often referred to as the SAMHSA-5 [28].
However, if it is a federal agency, the drug test but must be
reviewed by a Medical Review Officer (MRO). Private,
non-unionized workplaces can drug test, but do not have
to follow SAMHSAS’ instructions. Because of privacy laws,
most workplace drug tests do not include drug testing of
prescription drugs as this could be considered an invasion of
privacy. However, when drug testing for therapeutic reasons,
testing for prescription drugs is important to assess both for
abuse and medication adherence [62].

In the 1970 the U.S. Federal Government created a
program to oversee drug testing laboratories The Federal
Government mandated that Substance Use Disorder (SUD)
treatment centers drug test during initial assessment and then
as a preventative screen, as a part of the treatment plan, and as
a way to observe the patient’s use of illegal substances and the
obedience to pharmacotherapy treatment [28]. The Federal
Mandatory Workplace Guidelines for the cutoff concentrations
of drugs is often used as a guide for SUD treatment centers
and they are as follows: 50 ng/mL for marijuana metabolites,
150 ng/mL for cocaine metabolites, 2,000 ng/mL for opiate
metabolites, 10 ng/mL for 6-Acetylmorphine, 500 ng/mL
Amphetamines, 25 ng/mL for Phencyclidine, and 50 ng/
mL for Methylenedioxymethamphetamine [28]. However,
the cutoffs may need to be altered in order to best fit the
needs of the patients and the treatment being offered [23].
'The Mandatory Federal Workplace Guidelines require a urine
sample of 30 mL. This may not be enough if the sample is
positive for multiple drugs, which is often the case in some
addiction treatment centers, so a second specimen may be

needed [23].

Private setting

Private addiction treatment centers have the ability to use

any kind of drug test they want with any frequency, but once
again, they are limited by cost and time. One of the major
issues is insurance. The type and amount of drug testing that
occurs will depend on the patient’s insurance or the ability of
the patient to afford the costs of the drug tests [63]. However,
if expense is not an issue, then various drug testing techniques
could be utilized. Urine is the most widely used drug-testing
technique because it can test for many different types of drugs
on test panels and has a window of detection of 1 to 3 days.
However, the more analytes requested, the more expensive
the test usually is. Oral fluid drug tests are also becoming
more common, but that have a somewhat shorter window of
detection ranging from 12 to 48 hours. Hair and nail testing
are used the least because they are the most expensive as well
as the most invasive, but they can detect drug use for up to
90 days [28]. Private addiction treatment centers have a large
amount of flexibility with their drug testing procedures;
however, they are limited by cost, time, and insurance so they
often end up following the SAMHSA drug testing guidelines.

Drugs of Abuse

Alcohol
Prevalence and route of administration

Alcohol use in individuals aged 12 or older in 2014 is
estimated at 139.7 million users, corresponding to roughly
52.7% of the U.S. population over the age of twelve.
Additionally, an estimated 60.9 million Americans are
current binge drinkers with 16.3 million engaging in heavy
alcohol use, defined as having five drinks or more on five or
more days in the past month [64]. Testing and identifying
the presence of alcohol through its various metabolites is
important in substance use disorder (SUD) treatment settings
as approximately 79% or 17 million of those struggling with
SUD report alcohol as a primary or secondary substance
of abuse [64]. The testing of alcohol use may be conducted
through all traditional testing methods (e.g. hair, urine, sweat,
breath or blood), although some settings may make the use of
certain methods preferable over others.

Metabolites

The majority (>95%) of ethanol that is consumed is
converted by alcohol dehydrogenase into acetaldehyde which
in turn is processed into acetic acid [65, 66]. An estimated
four to five percent of ethanol in its original unprocessed
form is typically excreted through sweat, urine, and breath.
A remaining trace amount is converted by two different

metabolic processes to form ethyl glucuronide (EtG) and ethyl
sulfate (EtS) [65].

Testing window

The use of EtG, EtS, and ethanol as reliable and valid
markers for alcohol has been established though numerous
studies [57, 65, 67]. However, the establishment of the most
valid cutoff points and the establishment of specific detection
windows for each of these markers is still being debated. Recent
research identified metabolite duration for EtG and EtS
detectable up to 48 hours with 500 ng/ml & 250 ng/ml cutoff

rates respectively [57], in direct contrast to industry standards,
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which suggest that EtG and EtS markers are observable for
up to 80 hours. Ethanol is reported to remain detectable for

about two to six hours after alcohol consumption before being
metabolized [65].

Extraneous exposure

High concentration cutoffs are recommended for
commercial testing to eliminate the risk of false positives
through extraneous and incidental exposure, although
increasing cutoff values will invariably reduce the ability to
detect sporadic and minimal alcohol use [57]. Jatlow et al.
[57] also note the possibility of EtOH detection even without
alcohol consumption, for example incidental exposure through
the excessive use of hand sanitizer. In the case of hair testing,
some over the counter hair care products contain EtG and
may result in false positive reports [68].

Special consideration

Breathalyzer monitoring, especially using remote, cellular
photo digital breathalyzers (CPDBs), has been shown to be a
substantially more reliable, and valid, tool for assessing alcohol
use in outpatient settings [53] when compared to EtG testing.
Specifically, among 12 social drinkers, CPBDs were able to
detect 98.8% of self-reported drinking episodes while random
EtG tests detected 1.8% of self-reported drinking episodes.

Marijuana
Prevalence and route of administration

According to the results of the 2013 National Survey on
Drug Use and Health (NSDUH) conducted by SAMHSA,
19.8 million people (6% of the population) were current
users of cannabis. Cannabis use was most common among
respondents aged 18 to 25, and cannabis was more prevalent
in males as compared to females [69]. Due to its common use
and ease of detectability, research regarding THC detection in
users via blood, urine, hair, nail, and saliva analyses is robust
and widely available.

Metabolites

Marijuana, or cannabis, refers to the dried leaves,
stems, flowers, and seeds from the plant Cannabis Sativa.
Cannabis is usually smoked in its dry plant form, in a
concentrated resin called hashish or in a liquid form called
hash oil [69]. THC is the primary psychoactive ingredient
in cannabis. The major metabolites of THC are 11-hydroxy
A°_Tetra hydrocannabinol (11-OH-THC) and 11-nor-9-
carboxy-A’-tetrahydrocannbinol (THCCOOH). In urine,
approximately 20% of consumed cannabis is excreted, with
the primary metabolite present being THCCOOH [70].
THCCOOH reaches peak levels in the body three hours
after the individual has smoked and is detected in both urine
and blood by the presence of its glucuronide conjugate form
after being reacted with glucuronic acid. 11-OH-THC is the
predominant metabolite found in feces and has been found at
higher concentrations in samples after ingestion rather than

inhalation [71].

Testing window

The detection window for THC is highly variable based
on a number of factors including dosage, frequency of use, time

since last use, and metabolism of the individual being tested.
'The biological half-life of THC is 1.3 days for infrequent users
and five (5) to thirteen (13) days for chronic users, depending
on frequency of use. THC and its metabolites are lipid
soluble and thus accumulate in fatty lipid tissues, therefore
individuals with higher body mass generally have a larger
detection window [16]. For blood tests, the detection window
is twelve (12) to twenty-four (24) hours and thus this method
is better used for detecting recent use. For urinalysis, the
detection window is one (1) to seven (7+) days, with a cutoff
concentration of 50 ng/mL [70]. For hair and nail analyses,
the detection window is up to 90 days and is thus more likely
to detect past and regular use. The detection window for saliva
testing is only four (4) to six (6) hours and there has been
debate over the validity of this kind of testing, therefore it is
less commonly used.

Extraneous exposure

Nonsteroidal anti-inflammatory drugs (NSAIDs) have
been reported to cause false-positives in urine screening for
THC possibly due to interference with an enzyme involved
in the EMIT test. False-positives have also been reported
after the use of proton pump inhibitors (PPIs) and the non-
nucleoside reverse transcriptase inhibitor (NNRTT) Efavirenz
that is commonly used in the treatment of HIV. Studies have
concluded that passive or second-hand exposure to marijuana
smoke as well as consumption of hemp-seed tea do not cause
false positives because even trace amounts of THC found in
urine do not meet the cutoff concentration for EMIT or LC-
MS tests [16].

Special considerations

Due to the high prevalence of cannabis use and the
subsequent high testing rate, clinicians should remain vigilant
and aware when testing clients. Eye drops containing the
chemicals benzalkonium chloride and borate buffer have
shown to decrease the concentration of 9-carboxy-THC in
urine without altering the antibodies involved in immunoassay
and can thus cause false-negatives in urine tests, however these
ingredients do not chemically alter 9-carboxy-THC, still
making it detectable by LC-MS [16].

Sedatives

Prevalence and route of administration

Benzodiazepines and Z-drugs such as Ambien and
Lunesta are sedative hypnotics prescribed to help patients
suffering from insomnia, anxiety, convulsive disorder, acute
behavioral disturbances, as well as to treat withdrawal from
alcohol and cocaine [71, 72]. Long term use of sedatives can
lead to drug abuse and dependence even among individuals
who are appropriately prescribed these medications.
Benzodiazepines can be administered intravenously, orally
in forms of pills, and less commonly using nasal devices [73].
Across North America and Europe, the prevalence of long-
term use of sedatives, ranges from 0.4-6% of the population
with higher rates seen in patients older than 65. In the US
alone, sedative use has reached upwards of 20% prevalence [71,
74]. Testing for sedatives can be conducted using hair, nail,
urine, saliva and blood collection methods [75-78].
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Metabolites

Benzodiazepines affect the central nervous system (CNS)
by promoting the binding of the neurotransmitter (gamma)-
aminobutyric acid (GABA) to the GABA,, subtype of GABA
receptors in the CNS. Once in the body, benzodiazepines
are extensively metabolized. For example, Diazepam is
broken down into nordiazepam, oxazepam, and temazepam,
and Chlordiazepoxide is broken down into nordiazepam
and oxazepam. These metabolites are detected in drug tests
and can assist in identifying the original target drug. The
metabolites of different benzodiazepines depend on the
original target drug. For example, Alprozolam is detected
by the presence of alpha-hydroxyalprazolam, Triazolam
detected as alpha-hydroxytriazolam, Clonazepam detected
as 7-aminoclonazepam, while the presence of Flunitrazepam
is marked by 7-aminoflunitrazepam and Flurazepam by
hydroxyethyl-flurazepam [79].

Testing window

The detection window for benzodiazepines can range
from 2-10 days depending on whether the specific drug is
a long- or short-acting benzodiazepine with longer-acting
drugs having longer detection windows [16].

Special consideration

It is important to consider that urinary analysis will not
be able to detect between pharmacological use and substance
abuse [16]. Furthermore, assays will not distinguish between
single use and long-term use. Also, cross-reactivity may occur
if the patient ingested Oxaprozin, an anti-inflammatory drug
[16].

Stimulants

Methamphetamine and prescription drugs such as Adderall
(a dextroamphetamine and levoamphetamine salt mixture)
or methylphenidate (Ritalin) are classified as stimulants by
the National Survey on Drug Use and Health conducted by
SAMHSA and will hence be covered here [6, 80]. Cocaine, an
anesthetic, has stimulant-like pharmacological properties and
is frequently used as a stimulant [81, 82].

'The prevalence of methamphetamine for those over 12
years of age was approximately 0.2% or 595,000 users in the
U.S. Routes of administration of methamphetamine are nasal
insufflation, intravenous injection, oral ingestion and smoking
[83]. The prevalence of prescription stimulant use amongst
the general population in the U.S. by those over 12 years of
age in 2013 was approximately 0.3% or 805,000 users [84].
Finally, the prevalence rate for cocaine use has been reported
to be approximately 0.6% or 1.5 million users [6]. Cocaine is
either snorted or injected intravenously in its hydrochloride
salt form or smoked in a rock form commonly referred to as
“crack cocaine” [85, 86].

Methamphetamine

Metabolites: The main metabolites found in the
urine of methamphetamine users are amphetamine and
4-hydroxymethamphetamine, with  some unchanged
methamphetamine as well, depending on the pH level of
the urine being analyzed [28, 87, 88]. More acidic urine will
yield higher concentrations of unchanged methamphetamine

as opposed to urine with more alkaline levels of pH [87].
Methamphetamine is a chiral compound with two different
enantiomers occurring in nature, the levorotary enantiomer
(Fmeth) or the dextrorotary enantiomer (4-meth). While
these compounds, /-meth and 4-meth, may not differ much
in terms of chemistry, they have very distinct pharmacological
effects and are hence used for different purposes [88].

The  testing
methamphetamine use is one (1) to four (4) days depending on
duration of use, weight of the person being tested, metabolism,
the route of administration, and body/fat composition [88].
Finally, the sensitivity, or “cut-off” concentration, of the test
can affect the results as well [87].

Testing window: window  for

Extraneous  exposure:  Some over-the-counter
medications such as Vicks Vapor Inhaler, used as a
decongestant, contain /-meth and can cause false positives
on laboratory tests conducted on urine using standard LC-
MS/MS methods to screen for methamphetamine [88].
Other drugs metabolize into 1-meth, such as selegiline, also
cause false positives. In order to distinguish between the two
during a urine analysis, a chiral analysis must be conducted
on the urine sample to determine the percent composition of
each enantiomer present. This analysis has been determined
to be the most accurate method of determining the proper
source of the methamphetamine being detected [88]. Drug
testing programs at Federal workplaces have determined
that any percent composition of d-meth that is 20% or
higher shows that either illicit methamphetamine, Desoxyn
(d-methamphetamine HCL), or benzphetamine, which
metabolizes into d-meth, is the source of the positive result.
'This can then be compared to the medical history and current
medications of the person being tested to see if the result is
due to either of the medications Desoxyn or benzphetamine,
or if it is due to illicit methamphetamine use [88].

Special considerations: Research has shown a high-
degree of poly-substance use among methamphetamine
users. Methamphetamine users report using benzodiazepines
to help with the methamphetamine “comedown” as well as
prescription opiates such as Vicodin and OxyContin [89].
3-4-methylenedioximethamphetamine (i.e., ecstasy) use is
also common among methamphetamine users as are cannabis,

GHB, alcohol and ketamine [90].

Pharmaceutical stimulants (Amphetamines, Methylphenidate)

Metabolites: The main metabolites of amphetamine-based
pharmaceutical preparations (e.g.,Adderall, Dexedrine, Vyvanse)
include a mix of 4-hydroxyamphetamine and metabolized
amphetamine that depends on the pH level of the urine being
tested [87]. The pH level of the urine sample can have a great
effect on the amount of unchanged amphetamines in the urine
in a manner similar to methamphetamine (see above section
on methamphetamine for more details). Methylphenidate
(e.g., Ritalin, Concerta, Focalin) completely metabolizes in
the body and does not appear as an unchanged drug in urine
samples [91]. In fact, approximately 80% of the ingested dose of

methylphenidate is metabolized into ritalinic acid.

Testing window: The testing window for amphetamine-
related substances is one (1) to four (4) days. Weight,
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dosing levels, body/fat composition, route of administration,
individual differences in metabolism regarding amphetamines,
and sensitivity of the urine analysis being performed all play
a role in the four-day potential detection window [87, 88].
Methylphenidate has a similar detection window [91].

Extraneous exposure: As mentioned previously in the
methamphetamine section, some over-the-counter and
prescribed medications can create a false positive for either
methamphetamineoramphetamines[28].Immunoassaytesting
cannot distinguish methamphetamine and amphetamine from
other medications such as pseudoephedrine. Thus, LC-MS
testing should always be used to determine the exact substance
in the urine, followed by a chiral analysis to determine which
enantiomer is in the sample, d or 1 [28]. Medications that can
trigger a false positive for methamphetamine, amphetamine,
or methylphenidate include the following: Buproprion,
Chlorpromazine, Dimethylamylamine, Labetalol, Metformin,
Ofloxacin, Promethazine, Trazadone [92].

Special considerations: The drugs typically used by
prescription stimulant users differ somewhat from those used
by methamphetamine users. Binge drinking and cannabis use
were the two most commonly reported substances used along
with prescription stimulants in a study of college students [93].

Cocaine

Prevalence and route of administration: Cocaine use is
reported by approximately 0.6%, or 1,785,000 Americans aged
12 or older with 0.1%, or 297,500 individuals reporting the use
of crack cocaine [64]. The diagnosis of cocaine use disorder is
less prevalent, encompassing 913,000 individuals or 0.3% of
the population at 12 or older.

Metabolites and testing window: The major metabolite
for cocaine is benzoylecgonine [82]. A study investigating
cocaine and metabolite elimination patterns reported that
cocaine half-life was longer than previously reported when
sampling from a street using population, increasing from
1.25 h to 3.8 hrs. Additionally, benzoylecgonine’s half-life
remained unchanged with an average elimination of 7.5 hrs
[94]. Conducting blood tests in order to screen for cocaine
is not preferred as the screening window is only one to eight
hours. The urine testing window will vary depending on the
weight, fat/body composition of the individual, the urine pH
of that individual, the sensitivity of the test being performed
on the urine, the route of administration of the cocaine,
and individual differences in metabolism [87, 88]. Average
detection times for benzoylecgonine are approximately 49

hours [95].

Special considerations: A substance commonly used
in conjunction with cocaine is alcohol [96]. Approximately
88% of people diagnosed with cocaine use disorder admitted
to combining their cocaine use with alcohol. Whenever the
two substances are mixed, cocaethylene is formed in the
body, which is thought to contribute to the increased “high”
and increased heart rate than when cocaine is used alone.
While less potent than cocaine, cocaethylene produces effects
so similar to cocaine that research participants could not
discriminate [97-100]. However, cocaethylene can be found
in the urine of only those who combine alcohol and cocaine
together and has a testing window in-line with cocaine: one to

four days [96, 101].

Cocaine use amongst patients undergoing methadone
maintenance for heroin use disorder is also a commonly
observed problem [86]. One study [86] examined the
toxicology reports of eleven methadone maintenance
programs and their 2,414 clients in the Baltimore, Maryland,
area finding that between 5.9% to 33.0% of clients tested
positive for cocaine in the 30 days leading up to the study .
Of all 3,655 incoming methadone maintenance clients, 47.9%
reported having “problems” with cocaine.

Opiates
Prevalence and route of administration

Opiates are used medically as analgesics or antitussives. The
use of opiates may result in euphoria, respiratory depression,
analgesia and physical tolerance [102]. The opiate class of
drugs includes hydromorphone, hydrocodone, morphine,
oxymorphone, oxycodone, codeine, and heroin. Although
heroin is an illicit drug and is not prescribed for medical use,
it is closely metabolically related to several opiates producing
similar effects [60, 103]. In 2002, analgesic opioids accounted
for 9.85% of all drug abuse and 0.0004% of patients prescribed
an opioid for medical use developed a substance use disorder
[104].In 2013, the overall rate of narcotic use other than heroin
for nonmedical purposes in the past year was 7.1%. In 2013,
for those ages 18 - 25, 3.3% were current users of pain relievers
for nonmedical purposes [84]. In 2013, approximately 0.2%
(681,000 individuals) of respondents above the age of 12 were
heroin users. Opiates can be used orally, through inhalation,
intranasal or by injection (subcutaneously, intramuscularly or
intravenously).

Special considerations

The detection of opiates varies greatly depending on the
specific substance used. This is especially true of immunoassay
methods. Since 1995, the Department of Health and
Human services established the opiate concentration cutoff
for immunoassays as 300 ng/mL [60]. However, due to the
relatively high rate of false positive and false negative results, it
should be assumed that immunoassays alone are not sufficient
for accurate detection of opiates and should be followed by
more advanced methods of testing. LC-MS has been shown
to be a more accurate method of analysis than Immunoassay
testing for opiates. Specifically, LC-MS can be used to detect
the presence of opiates for up to 48 hours after administration,
which is similar to the detection times of heroin administration
[60]. In addition, liquid chromatography tandem mass
spectrometry (LC-MS-MS) has been used for detection of
opiates in urine and blood samples [102]. However, due to
short half-lives (between 2.5 and 5 hours), opiate detection
through blood samples is relatively limited compared to other
methods.

Morphine

Route of administration: Morphine is organically
present in Pupuver somniferurn, a poppy plant. Although
morphine is almost totally absorbed from the gastro-intestinal
tract, a thorough first pass metabolism of morphine leads to
a low and varying bioavailability of approximately 19-47%
[105]. The potency of some other opiates can be thought of in
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terms of morphine. For example, oxycodone is thought to be
equivalent to morphine but with a quicker bioavailability [60]
or 2-4 more times effective [106], hydromorphone appears
to be 8.5 times the strength of morphine, and oxymorphone
is 10 times greater than morphine [60]. Approximately 90%
of ingested morphine is converted into metabolites. Some of
these metabolites are analgesics themselves including codeine
and morphine-6-glucuronide will appear [105].

Special considerations: In order to determine the use of
morphine, as opposed to other opiates that metabolize into
morphine, there must be over 200 ng/mL and the proportion
of legal drug to morphine should be less than 0.5. High-
performance liquid chromatography has been shown to be
capable of determining and meeting these two requirements
[107]. When using LC-MS, the cut off concentration for
morphine is 300 ng/ml according to the Department of
Health and Human Services Guidelines [60]. A specific assay
developed for the detection of morphine and its metabolites
showed that after peroral morphine treatment, M6G and M3G
were heavily concentrated and thus the area under the plasma
time-curve was much greater than that of morphine itself. This
finding led to the conclusion that these two metabolites may
have a vital mediating role in the clinical and side-effects of
morphine treatment [105].

Hydromorphone

Route of administration: Hydromorphone is a semi-
synthetic analgesic opioid. It is typically prescribed for pain
management and can be administered through immediate
and slow release oral methods, intravenously, intrathecally,
subcutaneously, and epidurally [108]. When taken orally, the
onset of action generally occurs after 30 minutes with duration
of approximately 4 hours after administration. However,
modified-release preparations can have substantially longer
durations of effect - from 12 to 24 hours. Despite being
structurally similar to morphine the onset of hydromorphone
is faster than that of morphine because it is more fat soluble.
Hydromorphone is no more of a risk of abuse than any other

opioid [104].

Metabolites: Hydromorphone acts on the p opioid
receptors and on the delta receptors, although to a lesser extent,
to help alleviate pain and reduce side eftects. Unlike morphine,
hydromorphone does not have a 6-glucuronide metabolite, but
is actually metabolized into hydromorphone-3-glucuronide
and dihydroisomorphine glucuronide. The 3-glucuronide in
hydromorphone is 2.5 times stronger than that in morphine
as a neuroexcitant. Hydromorphone is not metabolized
into an analgesically active 6-glucronide. Chronic usage of
hydromorphone leads to blood levels of hydromorphone-3-
glucuronide 30 times that of the parent drug, and renal failure
can significantly increase this [104].

Oxycodone

Route of administration: Oxycodone is an opiate created
from thebaine. One of its precursors is Papaver bracteatum
which is highly toxic and not analgesic. Oxycodone can lead
to a decrease in heart rate, increase serum prolactin levels and a
decrease in S-cortisol. Oxycodone can be administered via oral
routes, intramuscularly, intranasally, rectally, epidurally, and

subcutaneously [109]. The drug effects peak at approximately

1 hour after administration and duration is approximately 4.5-

5 hours.

Metabolites: Compared to morphine, the bioavailability
of oxycodone is 40% greater. Its liposolubility is similar to that
of morphine. Oxycodone is also found to be 2-4 times more
effective than morphine. Oxycodone has two main metabolic
pathways; through N-demethylation to noroxycodone
and O-demethylation to oxymorphone. The compound
concentrations vary depending on mode of administration
with noroxycodone concentrations being much greater in
urine and plasma when oxycodone is administered orally; this
may possibly be due to a vital role of N-demethylation in the
initial metabolization of oxycodone [106].

Testing window: The half-life of oxycodone varies based
upon administration and it is excreted in urine as a free
unconjugated form. The half-life is approximately 2 to 3 hours
when administered intravenously, 3 hours in an immediate
release form, and 8 hours in a controlled release form [109].
The maximum concentrations of oxycodone in plasma are
reached are at 25 minutes intravenously, 1.3 hours in an
immediate-release form, and 2.6 hours in a controlled-release
form [106].

Oxymorphone

Route of administration and metabolites: Oxymorphone
is an opiate with greater analgesic properties than morphine
and is estimated to be 10 times stronger than morphine
[60, 110]. Oxymorphone can be administered orally in an
immediate-release and sustained-release form, intravenously,
subcutaneously, and rectally. The oral bioavailability of
oxymorphone is low at 10% and its half-life varies between
7.2 and 9.4 hours. Oxymorphone usually takes 30 minutes to
reach peak concentration. Plasma concentrations show a peak
after 4 hours of administration and after 12 hours decrease
by only 30%. Through an intravenous or subcutaneous routes,
peak action is reached within 5 to 15 minutes, and has a
duration between 3 to 6 hours [110]

Testing window: Oxymorphone is structurally similar
to hydromorphone and is more lipid soluble than morphine
due to a ketone-group substitution. In urine, less than 2% of
the parent drug is excreted. In healthy patients, 33 to 38% of
oxymorphone 3-glucuronide is excreted in urine. After the
first 24 hours of a 10 mg oral administration, 82% of a total
49% in a 5 day period of oxymorphone 3-glucuronide was
excreted via urine [110].

Heroin

Route of administration: Heroin is produced from opium
poppies and is most stable at 0-4 °C and at a pH between 3.5
and 5.2. Heroin is a semi-synthetic morphine derivative which
is lipophilic. In the past, heroin was not typically blended or
abused with other drugs, however among young people and in
certain countries, such as Japan, methamphetamine has been
commonly seen blended with heroin [103].

Metabolites: The bioavailability and metabolization
of heroin is affected by the method of administration. In
heroin inhalation, the bioavailability is limited because the
vaporization procedure leads to a degradation and a portion
of the heroin is lost. Compared to intravenous use, inhalation
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led to elevated levels of morphine-6-glucuronide, and the
level of glucuronides appears similar to that following the oral
administration of morphine possibly because when heroin is
inhaled a portion is absorbed through the digestive tract [101].

Testing window: Due to the way in which heroin is
metabolized, detection in urine samples is rare unless the
sample is given immediately following administration [103].
Heroin has an extremely short half-life which is approximated
to be between only 2 and 5 minutes [111]. One of its main
active metabolites, 6-acetylmorphine (6-MAM), has a half-
life of 5 minutes [103]. Despite the short half-life of heroin,
it appears to have an extended pharmacodynamic action of
multiple hours [111]. Heroin has 3 known main metabolites.
These are an inactive metabolite, normorphine, an active
metabolite, morphine, and an active metabolite which is not
a pharmaceutical opioid, 6-Monoacetylmorphine [112]. Due
to its brief half-life, heroin is quickly metabolized by liver
esterases or serum or suddenly hydrolyzed into MAM which
is then hydrolyzed into morphine [103, 111].

Special considerations: As morphine is a metabolite of
heroin, the use of heroin is often confirmed with immunoassays
by morphine. However, this leads to problems as morphine is
a metabolite of several other opioids. For example, codeine,
often used in cold medicine, metabolizes into morphine, thus
the presence of morphine alone is not a sufficient indicator
for heroin use. Therefore, the presence of MAM is necessary
to confirm the use of heroin. Unfortunately, MAM has a brief
window of detection in urine of 2 - 8 hours [103]. In addition,
urine analysis can lead to different opioids being mistaken for
one another because of overlapping metabolites. However, the
presence of 6-IMIAM is the only definitive proof of heroin use
[113].

Common Hallucinogens (LSD, Mescaline, Psilocybin,
PCP and DMT)

If they are tested for, hallucinogens are typically detected
using blood and urine analysis, although concentrations of the
drugs and/or their metabolites in samples are usually very low
making confirmation difficult.

Lysergic acid diethylamide (LSD)

Prevalence and route of administration: A survey
conducted by the National Survey on Drug Use and Health
revealed that in 2013, about 24.8 million Americans age
twelve and older used LSD (d-lysergic acid diethylamide)
at least once in their lifetime. Furthermore, 1.1 million of
Americans ages twelve and older used LSD at least once in
the year before the survey was conducted [114]. A 2006 study
revealed that LSD is more likely to be used by females than
males. LSD is also more popular among people with low-
income backgrounds. LSD is categorized as a club drug, or
a drug commonly used in raves, parties, concerts, and similar
events. Therefore, the primary users of LSD are attendees
of these events, mainly adolescents and young adults [115].
LSD is primarily administrated orally in the form of a tablet
or capsule. It can also be obtained as a liquid. In that case,
the user can apply the liquid LSD to an absorbent paper and
ingest the drug that way [114].

Metabolites and testing windows: The major metabolite
of LSD (d- lysergic acid diethylamide) is 2-oxo-3-hydroxy-
LSD (O-H-LSD). The half-life of L.SD is three to four hours.
Currently, there is no well-established detection window for
blood testing. The detection window for LSD in urine is 12-22
hours, however the window is larger when O-H-LSD is the
target analyte. Some drug testing labs propose the use of a 24-
72 hour detection window.

Extraneous exposure: There have been some instances
where urine tests for LSD have produced false positive results.
For example, the drug ambroxol in urine samples has been
shown to produce false positives for LSD in CEDIA DAU
assays, a homogenous enzyme immunoassay. When patients
who tested positive were retested with high performance
liquid chromatography, they produced negative results for
LSD [116]. In a separate study, it was found that certain
psychiatric or medical drugs interfered with urine samples that
were tested by EMIT assays, showing positive results for LSD
when multiple other methods showed negative results. Some
of these psychiatric drugs include Doxepin, Fluoxetine, and
Sertraline [117].

Special considerations: The vast majority of LSD users
use multiple drugs from numerous drug classes, including
other club drugs [115]. For example, LSD has been known
to be taken with MDMA, commonly known as ecstasy, and
ketamine [118]. The combination of LSD and MDMA, or
“candy flipping,” is extremely popular. However, scientific
literature on combinations of drugs and their effects is limited.
As a result, some researchers use informal and anecdotal
websites from the Internet to learn more about drug culture
[119].

Psilocybin

Prevalence and route of administration: Psilocybin
prevalence has risen dramatically in the last two decades,
particularly among adults ages 30-34. While only an
estimated 5% of US residents (10.2 million) reported having
tried psilocybin mushrooms in the 1997 National Survey of
Drug Use and Health, data from the 2010 survey revealed that
approximately 21 million US residents had used Psilocybin
in their lifetime. While, outside of laboratory settings,
psilocybin can be prepared synthetically, it is not typically
administered in this form. The psilocybin present in certain
species of mushrooms can be ingested in several ways: by
consuming fresh or dried fruit bodies, by preparing a herbal
tea, or by combining with other foods to mask the bitter taste
[120]. In rare cases, people have injected mushroom extracts
intravenously [121].

Metabolites and testing windows:  Psilocybin
(4-phosphoryloxy-N,N-dimethyltryptamine) is the primary
psychoactive ingredient in psychedelic mushrooms. Its major
metabolite is psilocin, which forms in humans one hour after
ingestion. Psilocybin has a 1.8-4.5 hour half-life. Like other
hallucinogenic drugs, psilocybin is uncommonly tested for
using blood analysis and there has yet to be an established
detection window for this type of testing. The detection window
for urinalysis is less than a day for single use and up to three
days for chronic users. Because psilocybin and its metabolites
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are structurally derived from tryptamine, a monoamine, they
are quickly metabolized by monoamine oxidase making them
difficult to detect after use. An additional difficulty with
urinalysis lays in the fact that psilocin, which is present in
urine after use, rapidly degrades with exposure to light.

Special considerations: In mainstream drug culture,
psilocybin is most commonly combined with MDMA.
'This usage, known as “hippy flipping,” can be most precisely
understood through the chemical relationship of both drugs:
the primary neurotransmitters effected by psilocybin and
MDMA is serotonin. MDMA releases large quantities, or
“dumps,” serotonin throughout the brain while psilocybin
binds to serotonin receptors, inducing intense, disorientating

euphoria unique to the drug [122].

Because most hallucinogenic drugs operate upon
serotonergic systems, a small number of studies have identified
the interaction between psychedelics and antidepressants
in recreational settings. A study conducted by Bonson
and Murphy [123] suggests that chronic use of tricyclic
antidepressants and lithium may increase the subjective effects
of psychedelics whereas chronic use of SSRIs and MAOIs
may reduce the subjective effects of [124].

Dissociative Drugs (PCP, DXM and Ketamine)
Phencyclidine (PCP)

Prevalence and route of administration: The National
Survey on Drug Use and Health indicates that in 2013, the
lifetime prevalence of PCP use in the US was 2.5% for people
above the age of 12, with 0.20% falling in the age category
of 12-17 years [6]. PCP can come in the forms of a tablet or
capsule, liquid, crystal, and powder. It can be snorted, injected,
smoked or ingested. Inhalation is the most popular method of

administration, as users can feel high in only about two to five
minutes [124].

Metabolites and testing windows: The major metabolites
of PCP found in urine are hydroxylate and glucuronide. PCP
has an average half-life of 21 hours with a wide range of
7-46 hours. As a nonpolar substance, PCP is stored in the
body’s fatty lipid tissues for several weeks following use. Thus,
individuals with greater body mass generally have a larger
detection window. For urinalysis, the detection window is
three to seven days for single use, or up to 30 days for regular
use. For blood testing, the detection window is one to three

days, and up to 90 days for hair testing [125].

Special considerations: PCP can be used in conjunction with
cannabis when users dip a marijuana cigarette into liquid PCP
or add in powdered PCP [126].

Dextromethorphan (DXM)

Prevalence and route of administration: As a popular
ingredient in many over the counter cough and cold medicines,
Dextromethorphan is relatively cheap, easy to access, and
legal to obtain. Due to these factors, there is concern over the
recreational use of DXM, especially by adolescents. However,
data gathered within the last decade seem to suggest that the
non-medical use of DXM is on the decline. The Monitoring
the Future (MTF) Survey of the University of Michigan
reported that, in 2014, 2% of eighth graders, 3.7% of tenth

graders, and 4.1% of twelfth graders used DXM to get high
[127]. DXM can be administered orally in the form of a
capsule, tablet, or syrup, the latter being more popular. DXM
can also be obtained and consumed as a pure powder [128].

Metabolites and testing windows: The major metabolites
of DXM are dextrorphan, 3-methoxymorphinan, and
3-hydroxymorphinan. DXM has a biological half-life of two
to four hours. It is primarily excreted as unchanged DXM
and dextrorphan. 24-hours following use, 2.5% of consumed
DXM is excreted in urine unchanged while 30% is excreted
in urine as dextrorphan [129]. DXM is not commonly tested
for during drug tests and there has not been established a
detection window for any mode of tests.

Special considerations: About 5-10% of individuals of
European ethnicity lack an enzyme that efficiently breaks
down DXM, putting them at higher risk of adverse effects
[130]. Additionally, DXM is sometimes taken in combination
with heroin [131].

Ketamine

Prevalence and route of administration: About 1%
(2,720,000 individuals) of Americans reported ever having
used ketamine in 2013, with approximately 0.1% (274,000
individuals) reporting use in the previous year [6]. Ketamine
can be ingested intranasally, smoked with marijuana or tobacco
cigarettes, injected intravenously, or mixed in drinks [132].

Metabolites and testing windows: The major metabolites
of ketamine are norketamine and dehydronorketamine.
Following intravenous use, the biological half-life of ketamine
is about 2.3 hours [133]. The detection window for the
presence of ketamine and norketamine in urine is five to six

days and up to 10 days for dehydronorketamine [134].

Special considerations: Ketamine can be combined
with marijuana & tobacco and possibly ingested
unknowingly; it can also be mixed into drinks to “facilitate
sexual assault” [132]. Users often combine ketamine with
methylenedioxymethamphetamine (MDMA, or Ecstasy),
amphetamine, methamphetamine, cocaine, and marijuana
[135]. Ketamine is not tested for in standard drug tests,
however due to its increasing use as a date-rape drug, testing
for it is becoming of more interest and a more common
practice.
Emerging Drugs (MDMA, GHB,
Cathinones)
3,4-Methylenedioxymethamphetamine (MDMA)

Prevalence and route of administration: About 6.8%
(17.8 million) of Americans reported having used MDMA in
their lifetime in 2013 [6]. MDMA is most commonly taken
as a tablet, but is occasionally crushed and snorted or added to
marijuana; it is rarely injected [132].

and Synthetic

Metabolites and testing windows: The major metabolites
of MDMA (3,4-Methylenedioxymethamphetamine) are
3,4-methylenedioxyamphetamine  (MDA), 4-hydroxy-3-
methoxyamphetamine (HMA), and free and glucuronidated/
sulfated 4-hydroxy-3-methoxymethamphetamine (HMMA)
[136]. MDMA has a half-life of six to nine hours. The

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016

39



Review and Recommendations for Drug Testing in Substance Use Treatment Contexts

Jaffe et al.

detection window of MDMA in urine is one to seven days.
Because MDMA is an amphetamine derivative, many drug
tests will result in false positives for amphetamines in addition
to a true positive result for MDMA.

Special considerations: Asa popular “club drug”, MDMA
is commonly combined with alcohol, cocaine, hallucinogenic
drugs, as well as THC. Some users of MDMA participate
in a common trend of “candy flipping” where MDMA and
LSD are taken together. Often ecstasy tablets consist of
MDMA mixed with other harmful drug combinations such

as methamphetamine, ketamine, cocaine, and caffeine [132].

Gamma-Hydroxybutyrate (GHB)

Prevalence and route of administration: About 0.6%
(1.5 million) of Americans reported having used GHB in
their lifetime in 2013 [6]. GHB is often found in liquid form,
but it is also possible to find GHB in a tablet or powder form
and it can be taken orally or intravenously [132, 137]. Within
the club scene, 21.5% of the sample had ever used GHB in
which 5% of that population used GHB within the past four
months. Men were 6.13 times more likely than women to have
reported recent use of GHB. Frequency of drug use in the last
four months by GHB users was reported to b 1.5 medium
days of use. Gay and bisexual men (34.0%) were more likely
than lesbian and bisexual woman (13.0%) and heterosexual
women (16.0%) to have ever used GHB [138].

Metabolites and testing windows: The major metabolite
of GHB is succinic acid. GHB has an average biological half-
life of 27 minutes, with a range of 20-53 minutes. Due to
the body’s elimination of the drug, GHB is undetectable in
blood after 6-8 hours [139]. In urine, peak concentrations of
GHB are found four hours after ingestion and then is rapidly
eliminated, making it undetectable 10-12 hours after use.
Endogenous GHB has been found in concentrations of up
to 7 mg/L in the urine of non-users, therefore any amount
present in higher concentrations may suggest the consumption

of exogenous GHB.

Special considerations: GHB, along with its precursor
drugs, are frequently used in combination with MDMA,
alcohol, marijuana, cocaine, methamphetamine [57]. A
majority of Australian GHB users reported typically using
GHB with ecstasy [140].

As a metabolite of the major neurotransmitter gamma-
aminobutyric acid (GABA), GHB is naturally present in the
body and can this can lead to false positives when testing
for it. However, endogenous GHB is usually found in small
concentrations in blood, usually below 1mg/L in living people
[139], therefore any amount present in higher concentrations
may suggest the presence of exogenous GHB.

Synthetic cathinones (“Bath Salts”)

Prevalence and route of administration

Cathinone, also referred to as “Cat”, is the parent drug
from which synthetic analogues are developed and sold as
legal high throughout the world [141]. A literature review
concerning the prevalence and route-of-administration of
synthetic cathinones reviewed over 80 articles published
between 2004 and 2012 from western countries, determining

that the prevalence of synthetic cathinones at the time was
about 4% amongst the general population, 1-20% for college
students, and 4-60% for “groups of high drug use” [142].
Hence, synthetic cathinones can be swallowed, insufflated
nasally, injected either directly into the muscle or intravenously
[141].

Metabolites

Analogues are developed in a lab using chemical reactions
to alter the original cathinone compound, usually through
aromatic substitution (replacing a hydrogen atom attached
to the benzene ring of cathinone with a methyl group)
or by altering the primary amine by replacing a hydrogen
bonged to the nitrogen with a methyl group [142]. The most
common synthetic cathinones are methedrone, methylone,
mephedrone, and methylenedioxypyrovalerone (MDPV), but
others exist as well [143]. Due to the similar chemical structure
to amphetamines, cathinones and synthetic cathinones
produce very similar effects to amphetamines, while also
interacting with serotonergic systems well. Some identified
major metabolites for butylone, ethylone, and methylone
are  4'-hydroxy-3'-methoxymethcathinone, 3'-hydroxy-4'-
methoxymethcathinone, and butylone, ethylone, or methylone,
unchanged in urine [141, 143].

Testing windows

Despite the prevalence of synthetic cathinone use,
detection through typical drug screening can be difficult for
these compounds as very few reliable methods of screening
have been made available [144]. Further, the exact amount and
identities of the compounds ingested by anyone who uses “bath
salts” is typically unknown and can contain new chemicals
that have never been tested before, further complicating the
process of drug screening. The list of synthetic cathinones
continues to grow as more synthetic chemicals are created in
order to stay ahead of the changing laws. In one human subject
who ingested a dose of methylone at 5 mg/kg, the unchanged
methylone was detectable in urine for approximately 36 hours
while the metabolites where detectable up to 48 hours.

Special considerations

Users of synthetic cathinones tend to be poly-drug
users, as over 80% of respondents, when asked about the
mephedrone use, reported either mixing other drugs of abuse
with mephedrone or using other drugs at different times [141].
The drugs reported included cannabis, cocaine, MDMA, and
alcohol. Users of MDPV who ended up in the emergency
room also tested positive for ethanol and benzodiazepines
[141].There is no particular drug combination that is preferred
over others for synthetic cathinone users, and not all users
abuse other drugs along with synthetic cathinones, but there
is evidence that poly-substance abuse is of concern with this
classification of drug.

While mephedrone and MDPV are now illegal due to
legislature that was passed in 2012 to permanently ban the
substances, producers of the drugs are expected to continue to
alter the chemicals in order to create new “designer drugs” that
will not be legal to sell as long as producers clearly label the
package with “not for human consumption”in order to comply

with The Federal Analogue Act of 1986, which prohibits the
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manufacture and possession of any analogue of a scheduled I
or IT substance if it is intended for human use [141, 143, 145].
The Federal Analogue Act listed the following substances:
butylone, dimethylcathinone, ethcathinone, ethylone,
3-fluromethcathinone, 4-fluromethcathinone, mephedrone,
methcathinone, methedrone, MDPV, methylone, and
pyrovalerone [143].

Recommendations for Best Practice

Recommendations for drug testing in treatment

The comprehensive review of testing methods, drugs of
abuse, and current standards available in the field is meant as
a preface to the establishment of a standard testing procedure
within SUD treatment settings. The goal of utilizing any
method of drug testing is to assess patient progress and
treatment adherence and to potentially increase treatment
efficacy rates by providing valid assessments of success and
reliable indications of further treatment need. As mentioned
earlier, the current lack of standard protocols for drug testing
is likely negatively impacting the utility of drug testing
within MHSUD settings. Given the research review we have

conducted, we recommend the following standard procedure
for MHSUD settings:

1. At intake, clients should be asked to provide urine for
a comprehensive analysis of their recent substance use.
Additionally, clients should be asked to provide, as is
customary, a complete history of their substance use. The
results of the initial urine screen should be compared
to the self-reported substance use history to assess for
consistency and reliability of the self-reported substance
use. We recommend that any inconsistencies, such as
additional substances identified through urinalysis
or unexpected exclusions in the urinalysis, should be
directly discussed with the patient. Such discussions
should be presented as reviews of standard medical tests
and not as opportunities to confront patients about
misrepresentations. This is especially true when illicit
substance use is involved as illicit drug sources have
been known to provide adulterated substances, which

clients may be unaware of (CITATION).

2. After the initial screening, testing for each client
should consist of urinalysis and/or saliva testing using
a consistent schedule that takes into consideration the
detection window for the testing methods being used
and for the substances being tested for. The most typical
window, which should provide adequate testing validity
for most commonly used substances, is three-days. This
may require some individualization of testing schedules
for specific clients. The change in testing methods
should make specimen adulteration difficult over and
above the standard validity tests as saliva tests are more
easily monitored and more difficult to alter. The use of
consistent testing schedules, rather than randomized
testing, should reduce resistance to testing and increase
the likelihood of testing being considered a standard
treatment process. Additionally, ongoing testing should
provide a more consistent and valid assessment of

ongoing drug-use, avoiding the possibility of identifying
client drug use a considerable time-period after its
initiation. The post-intake screenings should assess the
SAMHSA-5 as well as any additional substances that
were identified in the comprehensive initial screen, as
being recently used through client self-report, and any
psycho-therapeutic medication being administered.

3. We recommend that testing for alcohol take the form
of breathalyzer testing with, or without, urinalysis. The
inconsistent detection-window for alcohol as well as the
relatively high risk for environmental contamination
suggests that more time-sensitive and alcohol-specific
methods should be used particularly for clients who
present for alcohol treatment. While having a client
report regularly for breathalyzer testing at a facility is
not feasible, especially in outpatient setting, the use
of mobile breathalyzers that offer secure portals for
treatment staff reporting are recommended in such
instances. Such testing allows for a more consistent
and valid assessment of alcohol consumption among
individuals in treatment and has been shown to produce
more accurate reporting of alcohol consumption [53].

4. At random intervals, but no less often than once
per month, a comprehensive screening should be
undertaken in order to identify any possible changes in
substance use patterns. This practice should allow for
the detection of the initiation of use of replacement
substance, such as synthetic cannabinoids or stimulants,
post treatment intake while controlling the cost of
ongoing use of comprehensive screens.

5.Clients should be provided information about the
results of their drug testing in all cases — positive
teedback should be provided when testing results
indicate no unexpected substance use while providing
the appropriate treatment intervention when results
reveal problematic substance use. Some research
indicates that the availability, and provision, of testing
results to more than the client alone can result in
greater adherence although this obviously requires the
appropriate medical health information releases to be in
place and all transmission of such information should
adhere to HIPPA regulations.

References
1. Albery IP, Strang J, Gossop M, Griffiths P. 2000. Illicit drugs and
driving: prevalence, beliefs and accident involvement among a cohort
of current out-of-treatment drug users. Drug Alcohol Depend 58(1-2):
197-204. doi: 10.1016/S0376-8716(99)00101-5

2. Bensinger PB. 1985. Drugs in the workplace: a commentary. Behav Sci
Law 3(4): 441-453. doi: 10.1002/bs1.2370030409

3. Magura S, Laudet AB. 1996. Parental substance abuse and child
maltreatment: review and implications for intervention. Child Youth
Serv Rew 18(3): 193-220. doi: 10.1016/0190-7409(96)00001-1

4. Burt MR. 1981. Prevalence and consequences of drug abuse among US
military personnel: 1980. Am J Drug Alcohol Abuse 8(4): 419-439. doi:
10.3109/00952998109016928

5. Willette RE. 1986. Drug testing programs. NIDA Res Monogr 73: 5-12.
doi: 10.1007/0-387-30105-4_10

6. Substance Abuse and Mental Health Services Administration. 2014.

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016

41


http://www.ncbi.nlm.nih.gov/pubmed/10669072
http://www.ncbi.nlm.nih.gov/pubmed/10669072
http://www.ncbi.nlm.nih.gov/pubmed/10669072
http://www.ncbi.nlm.nih.gov/pubmed/10669072
http://onlinelibrary.wiley.com/doi/10.1002/bsl.2370030409/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bsl.2370030409/abstract
http://www.sciencedirect.com/science/article/pii/0190740996000011
http://www.sciencedirect.com/science/article/pii/0190740996000011
http://www.sciencedirect.com/science/article/pii/0190740996000011
http://www.ncbi.nlm.nih.gov/pubmed/6982611
http://www.ncbi.nlm.nih.gov/pubmed/6982611
http://www.ncbi.nlm.nih.gov/pubmed/3127722
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf

Review and Recommendations for Drug Testing in Substance Use Treatment Contexts

Jaffe et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Results from the 2013 National survey on drug use and health:
summary of national findings. U.S. Department of Health and Human
Services, Rockville, MD, USA.

Sher L. 2004. Depression and alcoholism. Q/M 97(4): 237-240. doi:
10.1093/qjmed/hch045

Jaffe A, Shoptaw S, Stein J, Reback CJ, Rotheram-Fuller E.
2007. Depression ratings, reported sexual risk behaviors, and
methamphetamine use: latent growth curve models of positive change
among gay and bisexual men in an outpatient treatment program. Exp
Clin Psychopharmacol 15(3): 301-307. doi: 10.1037/1064-1297.15.3.301

Inciardi JA, Surratt HL. 2001. Drug use, street crime, and sex-trading
among cocaine dependent women: implications for public health
and criminal justice policy. J Psychoactive Drugs 33(4): 379-389. doi:
10.1080/02791072.2001.10399923

Anglin MD, Urada D, Brecht ML, Hawken A, Rawson R, et al. 2007.
Criminal justice treatment admission for methamphetmine use in
California: a focus on proposition 36. J Psychoactive Drugs Suppl(4):
367-381. doi: 10.1080/02791072.2007.10399898

Anglin MD, Nosyk B, Jaffe A, Urada D, Evans E. 2013. Offender
diversion into substance use disorder treatment: the economic impact
of California’s proposition 36. Am J Public Health 103(6): 1096-1102.
doi: 10.2105/AJPH.2012.301168

Fisher DG, Malow R, Rosenberg R, Reynolds GL, Farrell N, et al.
2006. Recreational viagra use and sexual risk among drug abusing men.
Am J Infect Dis 2(2): 107-114.

Knight DK, Logan SM, Simpson DD. 2001. Predictors of program
completion for women in residential substance abuse treatment. Am ]
Drug Alcohol Abuse 27(1): 1-18. doi: 10.1081/ADA-100103116

Whiteford HA, Degenhardt L, Rehm ], Baxter AJ, Ferrari AJ, et al.
2013. Global burden of disease attributable to mental and substance
use disorders: findings from the Global Burden of Disease Study 2010.
Lancet 382(9904): 1575-1586. doi: 10.1016/50140-6736(13)61611-6

Mokdad AH, Marks JS, Stroup DF, Gerberding JL. 2004. Actual causes
of death in the United States, 2000. JAMA 291(10): 1238-1245. doi:
10.1001/jama.291.10.1238

Moeller KE, Lee KC, Kissack JC. 2008. Urine drug screening: practical
guide for clinicians. Mayo Clin Proc 83(1): 213-217.doi: 10.4065/83.1.66

Cone EJ. 2001. Legal, workplace, and treatment drug testing with
alternate biological matrices on a global scale. Forensic Sci Int 121(1):
7-15. doi: 10.1016/50379-0738(01)00446-7

Dolan K, Rouen D, Kimber J. 2004. An overview of the use of urine,
hair, sweat, and saliva to detect drug use. Drug Alcobol Rev 23(2): 213 -
217. doi: 10.1080/09595230410001704208

Crown DA, Rosse JG. 1988. A critical review of the assumptions
underlying drug testing. J Bus Psychol 3(1): 22 - 41. doi: 10.1007/
BF01016746

De Angelis GG. 1972. Testing for drugs-advantages and disadvantages.
Int ] Addict 7(2): 365-385. Doi: 10.3109/10826087209026785

Blum K, Han D, Femino J, Smith DE, Saunders S, et al. 2014. Systematic
evaluation of “compliance” to prescribed treatment medications and
“abstinence” from psychoactive drug abuse in chemical dependence
programs: data from the comprehensive analysis of reported drugs.
PL0S One 9(9): €104275. doi: 10.1371/journal.pone.0104275

McLaren RH. 2007. WADA drug testing standards. Marg Sports L Rev
18(1): 1-24.
Samsha Guidelines — Mandatory Federal Workplace Drug Testing

Guidelines.

Dupouy J, Dassieu L, Bourrel R, Poutrain JC, Bismuth S, et al.
2013. Effectiveness of drug tests in outpatients starting opioid
substitution therapy. J Subst Abuse Treat 44(5): 515-521. doi: 10.1016/j.
jsat.2012.11.006

Milby JB, Clarke C, Toro C, Thornton S, Rickert D. 1980. Effectiveness

of urine surveillance as an adjunct to outpatient psychotherapy for drug

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

abusers. Int J Addict 15(7): 993-1001. doi: 10.3109/10826088009040073

Bast RP, Helmer SD, Henson SR, Rogers MA, Shapiro WM, et al.
2000. Limited utility of routine drug screening in trauma patients. South
Med ] 93(4): 397-399. doi: 10.1097/00007611-200004000-00009

Gruber K, Chutuape MA, Stitzer ML. 2000. Reinforcement-based
intensive outpatient treatment for inner city opiate abusers: a short-
term evaluation. Drug Alcohol Depend 57(3): 211-23. doi: 10.1016/
S0376-8716(99)00054-X

Substance Abuse and Mental Health Services Administration
(SAHMSA). 2012. Clinical drug testing in primary care - TAP 32.
U.S. Department of Health and Human Services, Rockville, Maryland,
USA.

Tenenbein M. 2009. Do you really need that emergency drug screen?
Clin Toxicol (Phila) 47(4): 286-291. doi: 10.1080/15563650902907798

Dupouy J, Mémier V, Catala H, Lavit M, Oustric S, et al. 2014.
Does urine drug abuse screening help for managing patients? a
systematic review. Drug Alcohol Depend 136: 11-20. doi: 10.1016/j.
drugalcdep.2013.12.009

Drug Tests in Bulk. 2015.

Gourlay D, Heit H, Caplan Y. 2002. Urine drug testing in primary care:
dispelling the myths & designing strategies. California Academy of
Family Physicians (CAFP). Stamford, CT, USA: PharmaCom Group,
Inc., USA.

Drummer OH. 2006. Drug testing in oral fluid. C/in Biochem Rev 27(3):
147-159.

Drummer OH. 2008. Introduction and review of collection techniques
and applications of drug testing of oral fluid. Zher Drug Monit 30(2):
203-206. doi: 10.1097/FTD.0b013e3181679015

Wong RC, Tran M, Tung JK. 2005. Oral fluid drug tests: effects of
adulterants and foodstuffs. Forensic Sci Int 150(2): 175-180. doi:
10.1016/j.forsciint.2005.02.023

Kintz P, Bernhard W, Villain M, Gasser M, Aebi B, et al. 2005.
Detection of cannabis use in drivers with the drugwipe device and by
GC-MS after Intercept device collection. J Anal Toxicol 29(7): 724-727.
doi: 10.1093/jat/29.7.724

Langel K, Engblom C, Pehrsson A, Gunnar T, Ariniemi K, et al. 2008.
Drug testing in oral fluid-evaluation of sample collection devices. J Anal
Toxicol 32(6): 393-401. doi: 10.1093/jat/32.6.393

Cooper GA, Kronstrand R, Kintz P, Society of Hair Testing. 2012.
Society of hair testing guidelines for drug testing in hair. Forensic Sci Int
218(1-3): 20-24. doi: 10.1016/j.forsciint.2011.10.024

Fendrich M, Johnson TP, Sudman S, Wislar JS, Spiehler V. 1999.
Validity of drug use reporting in a high-risk community sample: a
comparison of cocaine and heroin survey reports with hair tests. 4m J
Epidemiol 149(10): 955-962.

Gryczynski ], Schwartz RP, Mitchell SG, O’Grady KE, Ondersma
SJ. 2014. Hair drug testing results and self-reported drug use among
primary care patients with moderate-risk illicit drug use. Drug Alcohol
Depend 141: 44-50. doi: 10.1016/j.drugalcdep.2014.05.001

Pragst F, Balikova MA. 2006. State of the art in hair analysis for
detection of drug and alcohol abuse. Clin Chim Acta 370(1-2): 17-49.
doi: 10.1016/j.cca.2006.02.019

Kidwell DA, Blank DI. 1996. Environmental exposure: the stumbling
block of hair testing. In: Kintz P (ed) Drug testing in hair, CRC Press,
Boca Raton, FL, USA, pp 17-68.

Inoue T, Seta S. 1992. Analysis of drugs in unconventional samples.
Forensic Sci Rev 4(2): 89-107.

Sachs H.1995.Theoretical limits of the evaluation of drug concentrations
in hair due to irregular hair growth. Forensic Sci Int 70(1-3): 53-61. doi:
10.1016/0379-0738(94)01611-8

Reid RW, O’Connor FL, Deakin AG, Ivery DM, Crayton JW. 1996.
Cocaine and metabolites in human graying hair: pigmentary relationship.

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016

42


http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15028854
http://www.ncbi.nlm.nih.gov/pubmed/17563217
http://www.ncbi.nlm.nih.gov/pubmed/17563217
http://www.ncbi.nlm.nih.gov/pubmed/17563217
http://www.ncbi.nlm.nih.gov/pubmed/17563217
http://www.ncbi.nlm.nih.gov/pubmed/17563217
http://www.ncbi.nlm.nih.gov/pubmed/11824697
http://www.ncbi.nlm.nih.gov/pubmed/11824697
http://www.ncbi.nlm.nih.gov/pubmed/11824697
http://www.ncbi.nlm.nih.gov/pubmed/18284103
http://www.ncbi.nlm.nih.gov/pubmed/18284103
http://www.ncbi.nlm.nih.gov/pubmed/18284103
http://www.ncbi.nlm.nih.gov/pubmed/18284103
http://www.ncbi.nlm.nih.gov/pubmed/23597352
http://www.ncbi.nlm.nih.gov/pubmed/23597352
http://www.ncbi.nlm.nih.gov/pubmed/23597352
http://www.ncbi.nlm.nih.gov/pubmed/17191089
http://www.ncbi.nlm.nih.gov/pubmed/17191089
http://www.ncbi.nlm.nih.gov/pubmed/17191089
http://www.ncbi.nlm.nih.gov/pubmed/11373028
http://www.ncbi.nlm.nih.gov/pubmed/11373028
http://www.ncbi.nlm.nih.gov/pubmed/11373028
http://www.ncbi.nlm.nih.gov/pubmed/23993280
http://www.ncbi.nlm.nih.gov/pubmed/23993280
http://www.ncbi.nlm.nih.gov/pubmed/23993280
http://www.ncbi.nlm.nih.gov/pubmed/23993280
http://www.ncbi.nlm.nih.gov/pubmed/15010446
http://www.ncbi.nlm.nih.gov/pubmed/15010446
http://www.ncbi.nlm.nih.gov/pubmed/18174009
http://www.ncbi.nlm.nih.gov/pubmed/18174009
http://www.ncbi.nlm.nih.gov/pubmed/11516881
http://www.ncbi.nlm.nih.gov/pubmed/11516881
http://www.ncbi.nlm.nih.gov/pubmed/11516881
http://www.ncbi.nlm.nih.gov/pubmed/15370028
http://www.ncbi.nlm.nih.gov/pubmed/15370028
http://www.ncbi.nlm.nih.gov/pubmed/15370028
http://link.springer.com/article/10.1007/BF01016746
http://link.springer.com/article/10.1007/BF01016746
http://www.tandfonline.com/doi/abs/10.3109/10826087209026785?journalCode=isum19
http://www.tandfonline.com/doi/abs/10.3109/10826087209026785?journalCode=isum19
http://www.ncbi.nlm.nih.gov/pubmed/25247439
http://www.ncbi.nlm.nih.gov/pubmed/25247439
http://www.ncbi.nlm.nih.gov/pubmed/25247439
http://www.ncbi.nlm.nih.gov/pubmed/25247439
http://www.ncbi.nlm.nih.gov/pubmed/25247439
http://scholarship.law.marquette.edu/cgi/viewcontent.cgi?article=1359&context=sportslaw
http://scholarship.law.marquette.edu/cgi/viewcontent.cgi?article=1359&context=sportslaw
https://aadrugtesting.com/questions/samhsaguidelines/
https://aadrugtesting.com/questions/samhsaguidelines/
http://www.ncbi.nlm.nih.gov/pubmed/23337248
http://www.ncbi.nlm.nih.gov/pubmed/23337248
http://www.ncbi.nlm.nih.gov/pubmed/23337248
http://www.ncbi.nlm.nih.gov/pubmed/7450954
http://www.ncbi.nlm.nih.gov/pubmed/7450954
http://www.ncbi.nlm.nih.gov/pubmed/7450954
http://www.ncbi.nlm.nih.gov/pubmed/10798509
http://www.ncbi.nlm.nih.gov/pubmed/10798509
http://www.ncbi.nlm.nih.gov/pubmed/10798509
http://www.ncbi.nlm.nih.gov/pubmed/10661672
http://www.ncbi.nlm.nih.gov/pubmed/10661672
http://www.ncbi.nlm.nih.gov/pubmed/10661672
https://store.samhsa.gov/shin/content/SMA12-4668/SMA12-4668.pdf
https://store.samhsa.gov/shin/content/SMA12-4668/SMA12-4668.pdf
https://store.samhsa.gov/shin/content/SMA12-4668/SMA12-4668.pdf
https://store.samhsa.gov/shin/content/SMA12-4668/SMA12-4668.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19514875
http://www.ncbi.nlm.nih.gov/pubmed/19514875
http://www.ncbi.nlm.nih.gov/pubmed/24417964
http://www.ncbi.nlm.nih.gov/pubmed/24417964
http://www.ncbi.nlm.nih.gov/pubmed/24417964
http://www.alaskaafp.org/udt.pdf
http://www.alaskaafp.org/udt.pdf
http://www.alaskaafp.org/udt.pdf
http://www.alaskaafp.org/udt.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1579288/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1579288/
http://www.ncbi.nlm.nih.gov/pubmed/18367981
http://www.ncbi.nlm.nih.gov/pubmed/18367981
http://www.ncbi.nlm.nih.gov/pubmed/18367981
http://www.ncbi.nlm.nih.gov/pubmed/15944057
http://www.ncbi.nlm.nih.gov/pubmed/15944057
http://www.ncbi.nlm.nih.gov/pubmed/16419408
http://www.ncbi.nlm.nih.gov/pubmed/16419408
http://www.ncbi.nlm.nih.gov/pubmed/16419408
http://www.ncbi.nlm.nih.gov/pubmed/18652744
http://www.ncbi.nlm.nih.gov/pubmed/18652744
http://www.ncbi.nlm.nih.gov/pubmed/18652744
http://www.ncbi.nlm.nih.gov/pubmed/22088946
http://www.ncbi.nlm.nih.gov/pubmed/22088946
http://www.ncbi.nlm.nih.gov/pubmed/22088946
http://www.ncbi.nlm.nih.gov/pubmed/10342805
http://www.ncbi.nlm.nih.gov/pubmed/10342805
http://www.ncbi.nlm.nih.gov/pubmed/10342805
http://www.ncbi.nlm.nih.gov/pubmed/10342805
http://www.ncbi.nlm.nih.gov/pubmed/24932945
http://www.ncbi.nlm.nih.gov/pubmed/24932945
http://www.ncbi.nlm.nih.gov/pubmed/24932945
http://www.ncbi.nlm.nih.gov/pubmed/24932945
http://www.ncbi.nlm.nih.gov/pubmed/16624267
http://www.ncbi.nlm.nih.gov/pubmed/16624267
https://www.crcpress.com/Drug-Testing-in-Hair/Kintz/p/book/9780849381126
https://www.crcpress.com/Drug-Testing-in-Hair/Kintz/p/book/9780849381126
https://www.crcpress.com/Drug-Testing-in-Hair/Kintz/p/book/9780849381126
http://www.ncbi.nlm.nih.gov/pubmed/26267372
http://www.ncbi.nlm.nih.gov/pubmed/26267372
http://www.ncbi.nlm.nih.gov/pubmed/7860036
http://www.ncbi.nlm.nih.gov/pubmed/7860036
http://www.ncbi.nlm.nih.gov/pubmed/8941197
http://www.ncbi.nlm.nih.gov/pubmed/8941197

Review and Recommendations for Drug Testing in Substance Use Treatment Contexts

Jaffe et al.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

J Toxicol Clin Toxicol 34(6): 685-690. doi: 10.3109/15563659609013829

Kidwell DA, Lee EH, DeLauder SF. 2000. Evidence for bias in hair
testing and procedures to correct bias. Forensic Sci Int 107(1-3): 39-61.
doi: 10.1016/50379-0738(99)00148-6

Yegles M, Marson Y, Wennig R. 2000. Influence of bleaching on
stability of benzodiazepines in hair. Forensic Sci Int 107(1-3): 87-92.
doi: 10.1016/50379-0738(99)00152-8

Potsch L, Skopp G. 1996. Stability of opiates in hair fibers after
exposure to cosmetic treatment. Forensic Sci Int 81(2-3): 95-102. doi:
10.1016/S0379-0738(96)01974-3

Skopp G, Potsch L, Moeller MR. 1997. On cosmetically treated hair-
-aspects and pitfalls of interpretation. Forensic Sci Int 84(1-3): 43-52.
doi:10.1016/50379-0738(96)02047-6

Rouen D, Dolan KA, Kimber J. 2001. A review of drug detection testing
and an examination of urine, hair, saliva and sweat. National Drug and

Alcohol Research Centre, University of New South Wales, Australia.

Cone EJ, Hillsgrove MJ, Jenkins AJ, Keenan RM, Darwin WD. 1994.
Sweat testing for heroin, cocaine, and metabolites. J Anal Toxicol 18(6):
298-305. doi: 10.1093/jat/18.6.298

Hoffmann E, Davis AK, Ashrafioun L, Kraus SW, Rosenberg H, et al.
2013. Evaluation of the criterion and predictive validity of the Alcohol
Reduction Strategies - Current Confidence (ARS-CC) in a natural
drinking environment. Addict Behav 38(4): 1940-1943. doi: 10.1016/j.
addbeh.2012.12.021

Skipper GE, Thon N, DuPont RL, Campbell MD, Weinmann W, et
al. 2014. Cellular photo digital breathalyzer for monitoring alcohol use:
a pilot study. Eur Addict Res 20(3): 137-142. doi: 10.1159/000355834

Win DT. 2006. Breath alcohol testers-prevents road accidents. AU
Journal Technology 10(2): 75-80.

Musshoft F, Albermann E, Madea B. 2010. Ethyl glucuronide and
ethyl sulfate in urine after consumption of various beverages and foods
- misleading results? In¢ J Legal Med 124(6): 623-630. doi: 10.1007/
s00414-010-0511-z

Constatino A, DiGregorio EJ, Korn W. 2005. The effect of incidental
alcohol exposure due to the use of mouthwash on ethylglucuronide
concentrations in urine. Therapeutic Drug Monitoring 27(2): 215.

Jatlow PI, Agro A, Wu R, Nadim H, Toll BA, et al. 2014. Ethyl
glucuronide and ethyl sulfate assays in clinical trials, interpretation,
and limitations: results of a dose ranging alcohol challenge study and 2
clinical trials. Akcobol Clin Exp Res 38(7): 2056-2065.

Oiestad EL, Johansen U, Oiestad AM, Christophersen AS.2011. Drug
screening of whole blood by ultra-performance liquid chromatography-
tandem mass spectrometry. J Anal Toxicol 35(5): 280-293. doi: 10.1093/
anatox/35.5.280

Kriger S, Gunn J, Terrell AR. 2010. Identification and quantitation of
cocaine, benzoylecgonine, and cocaethylene in blood serum, and plasma
using ultra-performance liquid chromatography coupled to tandem
mass spectrometry (UPLC-MS/MS). Methods Mol Biol 603: 157-164.
doi: 10.1007/978-1-60761-459-3_15

Smith ML, Hughes RO, Levine B, Dickerson S, Darwin WD, et al. 1995.
forensic drug testing for opiates. VI. Urine testing for hydromorphone,
hydrocodone, oxymorphone, and oxycodone with commercial opiate

immunoassays and gas chromatography-mass spectrometry. J Anal
Toxicol 19(1): 18-26. doi: 10.1093/jat/19.1.18

Laurence CO, Gialamas A, Bubner T, Yelland L, Willson K, et al. 2010.
Patient satisfaction with point-of-care testing in general practice. Br J
Gen Pract 60(572): ¢98-¢104. doi: 10.3399/bjgp10X483508

DuPont RL, Shea CL, Barthwell AG, Baxter LE, Beaubler A, et al.
2013. Drug testing: a white paper of the American Society of Addiction
Medicine (ASAM). Chevy Chase, MD, USA.

The Good Drugs Guide. Information on Drug Use.

Hedden SL, Kennet J, Lipari R, Medley G, Tice P. 2015. Behavioral
health trends in the United States: Results from the 2014 National
Survey on Drug Use and Health Substance Abuse and Mental Health

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Services Administration (SAMHSA), Rockville, MD, USA.

Helander A, Beck O. 2005. Ethyl sulfate: a metabolite of ethanol in
humans and a potential biomarker of acute alcohol intake. J Anal Toxicol
29(5): 270-274. doi: 10.1093/jat/29.5.270

Borucki K, Schreiner R, Dierkes J, Jachau K, Krause D, et al. 2005.
Detection of recent ethanol intake with new markers: comparison of
fatty acid ethyl esters in serum and of ethyl glucuronide and the ratio of
5-hydroxytryptophol to 5-hydroxyindole acetic acid in urine. Akcohol Clin
Exp Res 29(5): 781-787. doi: 10.1097/01.ALC.0000164372.67018. EA

Hastedt M, Biichner M, Rothe M, Gapert R, Herre S, et al. 2013.
Detecting alcohol abuse: traditional blood alcohol markers compared
to ethyl glucuronide (EtG) and fatty acid ethyl esters (FAEEs)
measurement in hair. Forensic Sci Med Pathol 9(4): 471-477. doi:
10.1007/s12024-013-9416-8

Sporkert F, Kharbouche H, Augsburger MP, Klemm C, Baumgartner
MR. 2012. Positive EtG findings in hair as a result of a cosmetic
treatment. Forensic Sci Int 218(1-3): 97-100. doi: 10.1016/j.
forsciint.2011.10.009

Substance Abuse and Mental Health Services Administration —
Marijuana (Cannabis).

Sharma P, Murthy P, Bharath MM. 2012. Chemistry, metabolism, and
toxicology of cannabis: clinical implications. Iran J Psychiatry 7(4): 149-
156.

Charlson F, Degenhardt L, McLaren J, Hall W, Lynskey M. 2009.
A systematic review of research examining benzodiazepine-related
mortality. Pharmacoepidemiol Drug Saf 18(2): 93-103. doi: 10.1002/
pds.1694

O’brien CP. 2005. Benzodiazepine use, abuse, and dependence. J Clin
Psychiatry 66(Suppl 2): 28-33.

Goldberg AH. 2000. International Patent: International Publication
Number US4950664 A, Title: Nasal administration of benzodiazepine
hypnotics.

Pollmann AS, Murphy AL, Bergman JC, Gardner DM. 2015.
Deprescribing benzodiazepines and Z-drugs in community-dwelling
adults: a scoping review. BMC Pharmacol Toxicol 16: 19. doi: 10.1186/
s40360-015-0019-8

Irving RC, Dickson S]J. 2007. The detection of sedatives in hair and nail
samples using tandem LC-MS-MS. Forensic Sci Int 166(1): 58-67. doi:
10.1016/j.forsciint.2006.03.027

Villain M, Concheiro M, Cirimele V, Kintz P. 2005. Screening method
for benzodiazepines and hypnotics in hair at pg/mg level by liquid
chromatography—mass spectrometry/mass spectrometry. J Cbromatogr
B Analyt Technol Biomed Life Sci 825(1): 72-78. doi: 10.1016/.
jchromb.2004.12.036

Kintz P, Villain M, Concheiro M, Cirimele V. 2005. Screening and
confirmatory method for benzodiazepines and hypnotics in oral fluid
by LC-MS/MS. Forensic Sci Int 150(2-3): 213-220. doi: 10.1016/.
forsciint.2004.12.040

Klette KL, Wiegand RF, Horn CK, Stout PR, Magluilo J Jr.
2005. Urine benzodiazepine screening using Roche Online KIMS
immunoassay with f-Glucuronidase hydrolysis and confirmation by
gas-chromatography-mass spectrometry. ] Anal Toxicol 29(3): 193-200.
doi: 10.1093/jat/29.3.193

Smink BE, Brandsma JE, Dijkhuizen A, Lusthof KJ, de Gier JJ, et
al. 2004. Quantitative analysis of 33 benzodiazepines, metabolites
and benzodiazepine-like substances in whole blood by liquid
chromatography-(tandem) mass spectrometry. [ Chromatogr B
Analyt Technol Biomed Life Sci 811(1): 13-20. doi: 10.1016/.
jchromb.2004.03.079

Sherzada A. 2012. An analysis of ADHD drugs: Ritalin and Adderall.
JCCC Honors Journal 3(1): 2.

Bruns AD, Zieske LA, Jacobs AJ. 1994. Analysis of the cocaine
metabolite in the urine of patients and physicians during clinical use.
Otolaryngol Head Neck Surg 111(6): 722-726.

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016

43


http://www.ncbi.nlm.nih.gov/pubmed/8941197
http://www.ncbi.nlm.nih.gov/pubmed/10689561
http://www.ncbi.nlm.nih.gov/pubmed/10689561
http://www.ncbi.nlm.nih.gov/pubmed/10689563
http://www.ncbi.nlm.nih.gov/pubmed/10689563
http://www.ncbi.nlm.nih.gov/pubmed/8837484
http://www.ncbi.nlm.nih.gov/pubmed/8837484
http://www.ncbi.nlm.nih.gov/pubmed/9042709
http://www.ncbi.nlm.nih.gov/pubmed/9042709
https://ndarc.med.unsw.edu.au/sites/default/files/ndarc/resources/TR.120.PDF
https://ndarc.med.unsw.edu.au/sites/default/files/ndarc/resources/TR.120.PDF
https://ndarc.med.unsw.edu.au/sites/default/files/ndarc/resources/TR.120.PDF
http://www.ncbi.nlm.nih.gov/pubmed/7823536
http://www.ncbi.nlm.nih.gov/pubmed/7823536
http://www.ncbi.nlm.nih.gov/pubmed/7823536
http://www.ncbi.nlm.nih.gov/pubmed/23380498
http://www.ncbi.nlm.nih.gov/pubmed/23380498
http://www.ncbi.nlm.nih.gov/pubmed/23380498
http://www.ncbi.nlm.nih.gov/pubmed/23380498
http://www.ncbi.nlm.nih.gov/pubmed/24335415
http://www.ncbi.nlm.nih.gov/pubmed/24335415
http://www.ncbi.nlm.nih.gov/pubmed/24335415
http://www.journal.au.edu/au_techno/2006/oct06/journalTechV10N2_aticle01.pdf
http://www.journal.au.edu/au_techno/2006/oct06/journalTechV10N2_aticle01.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20838803
http://www.ncbi.nlm.nih.gov/pubmed/20838803
http://www.ncbi.nlm.nih.gov/pubmed/20838803
http://journals.lww.com/drug-monitoring/Citation/2005/04000/The_Effect_of_Incidental_Alcohol_Exposure_Due_to.34.aspx
http://journals.lww.com/drug-monitoring/Citation/2005/04000/The_Effect_of_Incidental_Alcohol_Exposure_Due_to.34.aspx
http://journals.lww.com/drug-monitoring/Citation/2005/04000/The_Effect_of_Incidental_Alcohol_Exposure_Due_to.34.aspx
http://www.ncbi.nlm.nih.gov/pubmed/24773137
http://www.ncbi.nlm.nih.gov/pubmed/24773137
http://www.ncbi.nlm.nih.gov/pubmed/24773137
http://www.ncbi.nlm.nih.gov/pubmed/24773137
http://www.ncbi.nlm.nih.gov/pubmed/21619723
http://www.ncbi.nlm.nih.gov/pubmed/21619723
http://www.ncbi.nlm.nih.gov/pubmed/21619723
http://www.ncbi.nlm.nih.gov/pubmed/20077068
http://www.ncbi.nlm.nih.gov/pubmed/20077068
http://www.ncbi.nlm.nih.gov/pubmed/20077068
http://www.ncbi.nlm.nih.gov/pubmed/20077068
http://www.ncbi.nlm.nih.gov/pubmed/7536861
http://www.ncbi.nlm.nih.gov/pubmed/7536861
http://www.ncbi.nlm.nih.gov/pubmed/7536861
http://www.ncbi.nlm.nih.gov/pubmed/7536861
http://www.ncbi.nlm.nih.gov/pubmed/7536861
http://www.ncbi.nlm.nih.gov/pubmed/20202351
http://www.ncbi.nlm.nih.gov/pubmed/20202351
http://www.ncbi.nlm.nih.gov/pubmed/20202351
http://www.asam.org/docs/default-source/public-policy-statements/drug-testing-a-white-paper-by-asam.pdf
http://www.asam.org/docs/default-source/public-policy-statements/drug-testing-a-white-paper-by-asam.pdf
http://www.asam.org/docs/default-source/public-policy-statements/drug-testing-a-white-paper-by-asam.pdf
http://community.thegooddrugsguide.com/
http://www.samhsa.gov/data/sites/default/files/NSDUH-FRR1-2014/NSDUH-FRR1-2014.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUH-FRR1-2014/NSDUH-FRR1-2014.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUH-FRR1-2014/NSDUH-FRR1-2014.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUH-FRR1-2014/NSDUH-FRR1-2014.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16105250
http://www.ncbi.nlm.nih.gov/pubmed/16105250
http://www.ncbi.nlm.nih.gov/pubmed/16105250
http://www.ncbi.nlm.nih.gov/pubmed/15897723
http://www.ncbi.nlm.nih.gov/pubmed/15897723
http://www.ncbi.nlm.nih.gov/pubmed/15897723
http://www.ncbi.nlm.nih.gov/pubmed/15897723
http://www.ncbi.nlm.nih.gov/pubmed/15897723
http://www.ncbi.nlm.nih.gov/pubmed/23504201
http://www.ncbi.nlm.nih.gov/pubmed/23504201
http://www.ncbi.nlm.nih.gov/pubmed/23504201
http://www.ncbi.nlm.nih.gov/pubmed/23504201
http://www.ncbi.nlm.nih.gov/pubmed/22018742
http://www.ncbi.nlm.nih.gov/pubmed/22018742
http://www.ncbi.nlm.nih.gov/pubmed/22018742
http://www.samhsa.gov/atod/marijuana
http://www.samhsa.gov/atod/marijuana
http://www.ncbi.nlm.nih.gov/pubmed/23408483
http://www.ncbi.nlm.nih.gov/pubmed/23408483
http://www.ncbi.nlm.nih.gov/pubmed/23408483
http://www.ncbi.nlm.nih.gov/pubmed/19125401
http://www.ncbi.nlm.nih.gov/pubmed/19125401
http://www.ncbi.nlm.nih.gov/pubmed/19125401
http://www.ncbi.nlm.nih.gov/pubmed/15762817
http://www.ncbi.nlm.nih.gov/pubmed/15762817
http://www.google.ch/patents/US4950664
http://www.google.ch/patents/US4950664
http://www.google.ch/patents/US4950664
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/s40360-015-0019-8
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/s40360-015-0019-8
https://bmcpharmacoltoxicol.biomedcentral.com/articles/10.1186/s40360-015-0019-8
http://www.ncbi.nlm.nih.gov/pubmed/16707239
http://www.ncbi.nlm.nih.gov/pubmed/16707239
http://www.ncbi.nlm.nih.gov/pubmed/16154525
http://www.ncbi.nlm.nih.gov/pubmed/16154525
http://www.ncbi.nlm.nih.gov/pubmed/16154525
http://www.ncbi.nlm.nih.gov/pubmed/16154525
http://www.ncbi.nlm.nih.gov/pubmed/15944062
http://www.ncbi.nlm.nih.gov/pubmed/15944062
http://www.ncbi.nlm.nih.gov/pubmed/15944062
http://www.ncbi.nlm.nih.gov/pubmed/15842763
http://www.ncbi.nlm.nih.gov/pubmed/15842763
http://www.ncbi.nlm.nih.gov/pubmed/15842763
http://www.ncbi.nlm.nih.gov/pubmed/15842763
http://www.ncbi.nlm.nih.gov/pubmed/15458716
http://www.ncbi.nlm.nih.gov/pubmed/15458716
http://www.ncbi.nlm.nih.gov/pubmed/15458716
http://www.ncbi.nlm.nih.gov/pubmed/15458716
http://www.ncbi.nlm.nih.gov/pubmed/15458716
http://scholarspace.jccc.edu/cgi/viewcontent.cgi?article=1021&context=honors_journal
http://scholarspace.jccc.edu/cgi/viewcontent.cgi?article=1021&context=honors_journal
http://www.ncbi.nlm.nih.gov/pubmed/7991250
http://www.ncbi.nlm.nih.gov/pubmed/7991250
http://www.ncbi.nlm.nih.gov/pubmed/7991250

Review and Recommendations for Drug Testing in Substance Use Treatment Contexts

Jaffe et al.

82. Hart CL, Jatlow P, Sevarino KA, McCance-Katz EF. 2000. Comparison
of intravenous cocaethylene and cocaine in humans. Psychopharmacology
(Berl) 149(2): 153-162. doi: 10.1007/5002139900363

83. Shrem MT, Halkitis PN. 2008. Methamphetamine abuse in the United
States contextual, psychological and sociological considerations. [
Health Psychol 13(5): 669-679. doi: 10.1177/1359105307082461

84. Substance Abuse and Mental Health Services Administration. 2013.
Results from the 2012 National Survey on Drug Use and Health:
Summary of National Findings (No. NSDUH Series H-46, HHS
Publication No.(SMA) 13-4795). Rockville, MD, USA.

85. Fleming SW, Dasgupta A, Garg U. 2010. Quantitation of cocaine,
benzoylecgonine, ecgonine methyl ester, and cocaethylene in urine
and blood using gas chromatography-mass spectrometry (GC-MS).
Methods Mol Biol 603: 145-156. doi: 10.1007/978-1-60761-459-3_14

86. Kolar AF, Brown BS, Weddington WW, Ball JC. 1990. A treatment
crisis: cocaine use by clients in methadone maintenance programs. J
Subst Abuse Treat 7(2): 101-107. doi: 10.1016/0740-5472(90)90005-B

87. Opyler JM, Cone EJ, Joseph RE Jr, Moolchan ET, Huestis MA. 2002.
Duration of detectable methamphetamine and amphetamine excretion
in urine after controlled oral administration of methamphetamine to
humans. Clin Chem 48(10): 1703-1714.

88. West R, Pesce A, West C, Mikel C, Velasco ], et al. 2013. Differentiating
medicinal from illicit use in positive methamphetamine results in a pain

population. J Anal Toxicol 37(2): 83-89. doi: 10.1093/jat/bks096

89. Lamonica AK, Boeri M. 2012. An exploration of the relationship
between the use of methamphetamine and prescription drugs. J Ethnogr
Qual Res 6(3): 160.

90. Degenhardt L, Topp L. 2003. ‘Crystal meth’ use among polydrug users
in Sydney’s dance party subculture: characteristics, use patterns and
associated harms. International Journal of Drug Policy 14(1): 17-24. doi:
10.1016/50955-3959(02)00200-1

91. Faraj BA, Israili ZH, Perel JM, Jenkins ML, Holtzman SG, et al. 1974.
Metabolism and disposition of methylphenidate-14C: studies in man
and animals. ] Pharmacol Exp Ther 191(3): 535-547.

92. Saitman A, Park HD, Fitzgerald RL. 2014. False-positive interferences
of common urine drug screen immunoassays: a review. J Anal Toxicol

38(7): 387-396. doi: 10.1093/jat/bku075

93. Arria AM, DuPont RL. 2010. Nonmedical prescription stimulant use
among college students: why we need to do something and what we need
to do. J Addict Dis 29(4): 417-426. doi: 10.1080/10550887.2010.509273

94. Moolchan ET, Cone EJ, Wstadik A, Huestis MA, Preston KL. 2000.
Cocaine and metabolite elimination patterns in chronic cocaine users
during cessation: plasma and saliva analysis. J Anal Toxicol 24(7): 458-
466. doi: 10.1093/jat/24.7.458

95. Huestis MA, Darwin WD, Shimomura E, Lalani SA, Trinidad DV,
et al. 2007. Cocaine and metabolites urinary excretion after controlled
smoked administration. J Anal Toxicol 31(8): 462-468. doi: 10.1093/
jat/31.8.462

96. Pennings EJ, Leccese AP, Wolff FA. 2002. Effects of concurrent use
of alcohol and cocaine. Addiction 97(7): 773-783. doi: 10.1046/j.1360-
0443.2002.00158.x

97. Cami J, Farré M, Gonzilez ML, Segura J, de la Torre R. 1998. Cocaine
metabolism in humans after use of alcohol. Clinical and research
implications. Recent Dev Alcohol 14: 437-455.

98. Jatlow P, McCance EF, Bradberry CW, Elsworth JD, Taylor JR, et al.
1996. Alcohol plus cocaine: the whole is more than the sum of its parts.
Ther Drug Monit 18(4): 460-464.

99. Landry MJ. 1992. An overview of cocaethylene, an alcohol-derived,
psychoactive, cocaine metabolite. J Psychoactive Drugs 24(3): 273-276.
doi: 10.1080/02791072.1992.10471648

100.Jatlow P, Elsworth JD, Bradberry CW, Winger G, Taylor JR, et al. 1991.
Cocaethylene: a neuropharmacologically active metabolite associated
with concurrent cocaine-ethanol ingestion. Life Sci 48(18): 1787-1794.

doi: 10.1016/0024-3205(91)90217-Y

101.Hearn WL, Flynn DD, Hime GW, Rose S, Cofino JC, et al. 1991.
Cocaethylene: a unique cocaine metabolite displays high affinity for
the dopamine transporter. J Neurochem 56(2): 698-701. doi: 10.1111/
j.1471-4159.1991.tb08205 x

102.Dahn T, Gunn J, Kriger S, Terrell AR. 2010. Quantitation of morphine,
codeine, hydrocodone, hydromorphone, oxycodone, oxymorphone, and
6-monoacetylmorphine (6-MAM) in urine, blood, serum, or plasma
using liquid chromatography with tandem mass spectrometry detection.
Methods Mol Biol 603: 411 - 422. doi: 10.1007/978-1-60761-459-3_40

103.Katagi M, Nishikawa M, Tatsuno M, Miki A, Tsuchihashi H. 2001.
Column-switching  high-performance  liquid  chromatography-
electrospray ionization mass spectrometry for identification of heroin
metabolites in human urine. | Chromatogr B Biomed Sci Appl 751(1):
177-185. doi: 10.1016/50378-4347(00)00469-2

104.Murray A, Hagen NA. 2005. Hydromorphone. J Pain Symptom Manage
29(5 Suppl): S57-66. doi: 10.1016/j.jpainsymman.2005.01.007

105.Christrup LL. 1997. Morphine metabolites. Acta Anaesthesiol Scand
41(1 Pt 2): 116-122.

106.Kalso E. 2005. Oxycodone. J Pain Symptom Manage 29(5 Suppl): S47-
56. doi: 10.1016/j.jpainsymman.2005.01.010

107.Low AS, Taylor RB. 1995. Analysis of common opiates and heroin
metabolites in urine by high-performance liquid-chromatography.
J Chromatogr B Biomed Appl 663(2): 225-233. doi: 10.1016/0378-
4347(94)00459-i

108.Quigley C. 2002. Hydromorphone for acute and chronic pain. Cochrane
Database Syst Rev (1): CD003447. doi: 10.1002/14651858.CD003447

109.Takala A, Kaasalainen V, Seppilid T, Kalso E, Olkkola KT. 1997.
Pharmacokinetic ~comparison of intravenous and intranasal
administration of oxycodone. Acta Anaesthesiol Scand 41(2): 309-312.
doi: 10.1111/j.1399-6576.1997.tb04684.x

110.Prommer E. 2006. Oxymorphone: a review. Support Care Cancer 14(2):
109-115. doi: 10.1007/s00520-005-0917-1

111.Rook EJ, Hillebrand M], Rosing H, van Ree JM, Beijnen JH. 2005. The
quantitative analysis of heroin, methadone and their metabolites and the
simultaneous detection of cocaine, acetylcodeine and their metabolites
in human plasma by high-performance liquid-chromatography coupled
with tandem mass spectrometry. /| Chromatogr B Analyt Technol Biomed
Life Sci 824(1-2): 213-221. doi: 10.1016/j.jchromb.2005.05.048

112.Smith HS. 2009. Opioid metabolism. Mayo Clin Proc 84(7): 613-624.
doi: 10.1016/50025-6196(11)60750-7

113.Heit HA, Gourlay DL. 2004. Urine drug testing in pain
medicine. J Pain Symptom Manage 27(3): 260-267. doi: 10.1016/j.
jpainsymman.2003.07.008

114.Hallucinogens.

115.Wu LT, Schlenger WE, Galvin DM. 2006. Concurrent use of
methamphetamine, MDMA, LSD, ketamine, GHB, and flunitrazepam
among American youths. Drug Alcohol Depend 84(1): 102-113.

116.Réhrich J, Zorntlein S, Lotz J, Becker J, Kern T, et al. 1998. False-
positive LSD testing in urine samples from intensive care patients. J
Anal Toxicol 22(5): 393-395. doi: 10.1093/jat/22.5.393

117.Ritter D, Cortese CM, Edwards LC, Barr JL, Chung HD, et al. 1997.
Interference with testing for lysergic acid diethylamide. Clin Chem
43(4): 635-637.

118.Maxwell JC. 2005. Party drugs: properties, prevalence, patterns, and

problems. Subst Use Misuse 40(9-10): 1203-1240. doi: 10.1081/JA-
200066736

119.Schechter MD. 1998. ‘Candyflipping’: synergistic discriminative effect
of LSD and MDMA. Eur ] Pharmacol 341(2-3): 131-134. doi: 10.1016/
50014-2999(97)01473-8

120.Hillebrand ], Olszewski D, Sedefov R. 2006. Hallucinogenic
mushrooms: an emerging trend case study. European Monitoring

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016 44


http://www.ncbi.nlm.nih.gov/pubmed/10805610
http://www.ncbi.nlm.nih.gov/pubmed/10805610
http://www.ncbi.nlm.nih.gov/pubmed/10805610
http://www.ncbi.nlm.nih.gov/pubmed/18519440
http://www.ncbi.nlm.nih.gov/pubmed/18519440
http://www.ncbi.nlm.nih.gov/pubmed/18519440
http://www.samhsa.gov/data/sites/default/files/NSDUHresults2012/NSDUHresults2012.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresults2012/NSDUHresults2012.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresults2012/NSDUHresults2012.pdf
http://www.samhsa.gov/data/sites/default/files/NSDUHresults2012/NSDUHresults2012.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20077067
http://www.ncbi.nlm.nih.gov/pubmed/20077067
http://www.ncbi.nlm.nih.gov/pubmed/20077067
http://www.ncbi.nlm.nih.gov/pubmed/20077067
http://www.ncbi.nlm.nih.gov/pubmed/2388310
http://www.ncbi.nlm.nih.gov/pubmed/2388310
http://www.ncbi.nlm.nih.gov/pubmed/2388310
http://www.ncbi.nlm.nih.gov/pubmed/12324487
http://www.ncbi.nlm.nih.gov/pubmed/12324487
http://www.ncbi.nlm.nih.gov/pubmed/12324487
http://www.ncbi.nlm.nih.gov/pubmed/12324487
http://www.ncbi.nlm.nih.gov/pubmed/23316029
http://www.ncbi.nlm.nih.gov/pubmed/23316029
http://www.ncbi.nlm.nih.gov/pubmed/23316029
http://www.ncbi.nlm.nih.gov/pubmed/23285312
http://www.ncbi.nlm.nih.gov/pubmed/23285312
http://www.ncbi.nlm.nih.gov/pubmed/23285312
http://www.ijdp.org/article/S0955-3959(02)00200-1/abstract
http://www.ijdp.org/article/S0955-3959(02)00200-1/abstract
http://www.ijdp.org/article/S0955-3959(02)00200-1/abstract
http://www.ncbi.nlm.nih.gov/pubmed/4473537
http://www.ncbi.nlm.nih.gov/pubmed/4473537
http://www.ncbi.nlm.nih.gov/pubmed/4473537
http://www.ncbi.nlm.nih.gov/pubmed/24986836
http://www.ncbi.nlm.nih.gov/pubmed/24986836
http://www.ncbi.nlm.nih.gov/pubmed/24986836
http://www.ncbi.nlm.nih.gov/pubmed/20924877
http://www.ncbi.nlm.nih.gov/pubmed/20924877
http://www.ncbi.nlm.nih.gov/pubmed/20924877
http://www.ncbi.nlm.nih.gov/pubmed/11043647
http://www.ncbi.nlm.nih.gov/pubmed/11043647
http://www.ncbi.nlm.nih.gov/pubmed/11043647
http://www.ncbi.nlm.nih.gov/pubmed/11043647
http://www.ncbi.nlm.nih.gov/pubmed/17988460
http://www.ncbi.nlm.nih.gov/pubmed/17988460
http://www.ncbi.nlm.nih.gov/pubmed/17988460
http://www.ncbi.nlm.nih.gov/pubmed/12133112
http://www.ncbi.nlm.nih.gov/pubmed/12133112
http://www.ncbi.nlm.nih.gov/pubmed/9751958
http://www.ncbi.nlm.nih.gov/pubmed/9751958
http://www.ncbi.nlm.nih.gov/pubmed/9751958
http://www.ncbi.nlm.nih.gov/pubmed/8857569
http://www.ncbi.nlm.nih.gov/pubmed/8857569
http://www.ncbi.nlm.nih.gov/pubmed/8857569
http://www.ncbi.nlm.nih.gov/pubmed/1432406
http://www.ncbi.nlm.nih.gov/pubmed/1432406
http://www.ncbi.nlm.nih.gov/pubmed/2020260
http://www.ncbi.nlm.nih.gov/pubmed/2020260
http://www.ncbi.nlm.nih.gov/pubmed/2020260
http://www.ncbi.nlm.nih.gov/pubmed/1988563
http://www.ncbi.nlm.nih.gov/pubmed/1988563
http://www.ncbi.nlm.nih.gov/pubmed/1988563
http://www.ncbi.nlm.nih.gov/pubmed/20077093
http://www.ncbi.nlm.nih.gov/pubmed/20077093
http://www.ncbi.nlm.nih.gov/pubmed/20077093
http://www.ncbi.nlm.nih.gov/pubmed/20077093
http://www.ncbi.nlm.nih.gov/pubmed/20077093
http://www.ncbi.nlm.nih.gov/pubmed/11232848
http://www.ncbi.nlm.nih.gov/pubmed/11232848
http://www.ncbi.nlm.nih.gov/pubmed/11232848
http://www.ncbi.nlm.nih.gov/pubmed/11232848
http://www.ncbi.nlm.nih.gov/pubmed/11232848
http://www.ncbi.nlm.nih.gov/pubmed/15907647
http://www.ncbi.nlm.nih.gov/pubmed/15907647
http://www.ncbi.nlm.nih.gov/pubmed/9061094
http://www.ncbi.nlm.nih.gov/pubmed/9061094
http://www.ncbi.nlm.nih.gov/pubmed/15907646
http://www.ncbi.nlm.nih.gov/pubmed/15907646
http://www.ncbi.nlm.nih.gov/pubmed/7735470
http://www.ncbi.nlm.nih.gov/pubmed/7735470
http://www.ncbi.nlm.nih.gov/pubmed/7735470
http://www.ncbi.nlm.nih.gov/pubmed/11869661
http://www.ncbi.nlm.nih.gov/pubmed/11869661
http://www.ncbi.nlm.nih.gov/pubmed/9062618
http://www.ncbi.nlm.nih.gov/pubmed/9062618
http://www.ncbi.nlm.nih.gov/pubmed/9062618
http://www.ncbi.nlm.nih.gov/pubmed/16317569
http://www.ncbi.nlm.nih.gov/pubmed/16317569
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/16103023
http://www.ncbi.nlm.nih.gov/pubmed/19567715
http://www.ncbi.nlm.nih.gov/pubmed/15010104
http://www.ncbi.nlm.nih.gov/pubmed/15010104
http://www.drugabuse.gov/drugs-abuse/hallucinogens
http://www.ncbi.nlm.nih.gov/pubmed/16483730
http://www.ncbi.nlm.nih.gov/pubmed/16483730
http://www.ncbi.nlm.nih.gov/pubmed/16483730
http://www.ncbi.nlm.nih.gov/pubmed/9737335
http://www.ncbi.nlm.nih.gov/pubmed/9737335
http://www.ncbi.nlm.nih.gov/pubmed/9737335
http://www.ncbi.nlm.nih.gov/pubmed/9105265
http://www.ncbi.nlm.nih.gov/pubmed/9105265
http://www.ncbi.nlm.nih.gov/pubmed/9105265
http://www.ncbi.nlm.nih.gov/pubmed/16048814
http://www.ncbi.nlm.nih.gov/pubmed/16048814
http://www.ncbi.nlm.nih.gov/pubmed/9543229
http://www.ncbi.nlm.nih.gov/pubmed/9543229
http://www.drugs.ie/resourcesfiles/ResearchDocs/Europe/Research/2006/EMCDDA_Thematic_paper_mushrooms_.pdf
http://www.drugs.ie/resourcesfiles/ResearchDocs/Europe/Research/2006/EMCDDA_Thematic_paper_mushrooms_.pdf

Review and Recommendations for Drug Testing in Substance Use Treatment Contexts

Jaffe et al.

Centre for Drugs and Drug Addiction (EMCDDA), Lisbon, Portugal.
121.van Amsterdam ], Opperhuizen A, van den Brink W. 2011. Harm

potential of magic mushroom use: a review. Regul Toxicol Pharmacol

59(3): 423-429. doi: 10.1016/j.yrtph.2011.01.006

122.McCaughan JA, Carlson RG, Falck RS, Siegal HA. 2005. From “Candy
Kids” to “Chemi-Kids”: a typology of young adults who attend raves in
the midwestern United States. Subst Use Misuse 40(9-10): 1503-1523.
doi: 10.1081/JA-200066830

123.Bonson KR, Murphy DL. 1995. Alterations in responses to LSD
in humans associated with chronic administration of tricyclic
antidepressants, monoamine oxidase inhibitors or lithium. Bebav Brain
Res 73(1-2): 229-233. doi: 10.1016/0166-4328(96)00102-7

124.Bey T, Patel A. 2007. Phencyclidine intoxication and adverse effects: a
clinical and pharmacological review of an illicit drug. Ca/ ] Emerg Med
8(1): 9-14.

125.The Vaults of EROWID - PCP Drug Testing.

126.PCP Fast Facts. National Drug Intelligence Center, USA

127 Johnston LD, O’Malle PM, Bachman JG, Schulenberg JE, Miech RA.
Monitoring the future national survey results on drug abuse, 1975-
2015: volume 2, college students and adults ages 19-55. Ann Arbor:
Institute for Social Research, The University of Michigan, USA.

128.Lessenger JE, Feinberg SD. 2008. Abuse of prescription and over-the-
counter medications. J Am Board Fam Med 21(1): 45-54. doi: 10.3122/
jabfm.2008.01.070071

129.Couper FJ, Logan BK. 2004. Drugs and human performance fact sheets
- dextromethorphan.

130.Schwartz RH. 2005. Adolescent abuse of dextromethorphan. Clin
Pediatr (Phila) 44(7): 565-568. doi: 10.1177/000992280504400702

131.Cranston JW, Yoast R. 1999. Abuse of dextromethorphan. Arch Fam
Med 8(2): 99-100.

132.Freese TE, Miotto K, Reback CJ. 2002. The effects and consequences

of selected club drugs. J Subst Abuse Treat 23(2): 151-156. doi: 10.1016/
S0740-5472(02)00267-2

133.Couper FJ, Logan BK. 2004. Drugs and human performance fact sheets

— ketamine.

134.Parkin MC, Turfus SC, Smith NW, Halket JM, Braithwaite RA, et
al. 2008. Detection of ketamine and its metabolites in urine by ultra

high pressure liquid chromatography-tandem mass spectrometry. J
Chromatogr B Analyt Technol Biomed Life Sci 876(1): 137-142. doi:
10.1016/j.jchromb.2008.09.036

135.Dillon P, Copeland ], Jansen K. 2003. Patterns of use and harms
associated with non-medical ketamine use. Drug Alcohol Depend 69(1):
23-28. doi: 10.1016/50376-8716(02)00243-0

136.Abraham T'T, Barnes AJ, Lowe RH, Kolbrich Spargo EA, Milman G,
et al. 2009. Urinary MDMA, MDA, HMMA, and HMA excretion
following controlled MDMA administration to humans. J Anal Toxicol
33(8): 439-446. doi: 10.1093/jat/33.8.439

137.Schifano F, Tedeschi D. 2008. Recreational drugs’ scenario and
compulsory treatment in the United Kingdom. In¢.] Ment Health 37(3):
22-56.

138.Parsons JT, Grov C, Kelly BC. 2009. Club drug use and dependence
among young adults recruited through time-space sampling. Public
Health Rep 124(2): 246-254.

139.Couper FJ, Logan BK. 2004. Drugs and human performance fact sheets
- gamma-hydroxybutyrate (GHB, GBL, And 1,4-BD).

140.Degenhardt L, Darke S, Dillon P. 2003. The prevalence and correlates
of gamma-hydroxybutyrate (GHB) overdose among Australian users.
Addiction 98(2): 199-204. doi: 10.1046/j.1360-0443.2003.00265 .x

141.Spiller HA, Ryan ML, Weston RG, Jansen J. 2011. Clinical experience
with and analytical confirmation of “bath salts” and “legal highs”
(synthetic cathinones) in the United States. Clin Toxicol (Phila) 49(6):
499-505. doi: 10.3109/15563650.2011.590812

142 Bretteville-Jensen AL, Tuv SS, Bilgrei OR, Fjeld B, Bachs L. 2013.
Synthetic cannabinoids and cathinones: prevalence and markets.

Forensic Sci Rev 25(1-2): 7-26.

143.Prosser JM, Nelson LS. 2012. The toxicology of bath salts: a review of
synthetic cathinones. J Med Toxicol 8(1): 33-42. doi: 10.1007/s13181-
011-0193-z

144.Swortwood MJ, Boland DM, DeCaprio AP. 2013. Determination
of 32 cathinone derivatives and other designer drugs in serum by
comprehensive LC-QQQ-MS/MS analysis. Anal Bioanal Chem
405(4): 1383-1397. doi: 10.1007/s00216-012-6548-8

145.Fass JA, Fass AD, Garcia AS. 2012. Synthetic cathinones (bath salts):
legal status and patterns of abuse. 4nn Pharmacother 46(3): 436-441.
doi: 10.1345/aph.1Q628

Journal of Reward Deficiency Syndrome and Addiction Science | Volume 2 Issue 1,2016 45


http://www.drugs.ie/resourcesfiles/ResearchDocs/Europe/Research/2006/EMCDDA_Thematic_paper_mushrooms_.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21256914
http://www.ncbi.nlm.nih.gov/pubmed/21256914
http://www.ncbi.nlm.nih.gov/pubmed/21256914
http://www.ncbi.nlm.nih.gov/pubmed/16048830
http://www.ncbi.nlm.nih.gov/pubmed/16048830
http://www.ncbi.nlm.nih.gov/pubmed/16048830
http://www.ncbi.nlm.nih.gov/pubmed/8788508
http://www.ncbi.nlm.nih.gov/pubmed/8788508
http://www.ncbi.nlm.nih.gov/pubmed/8788508
http://www.ncbi.nlm.nih.gov/pubmed/8788508
http://www.ncbi.nlm.nih.gov/pubmed/20440387
http://www.ncbi.nlm.nih.gov/pubmed/20440387
http://www.ncbi.nlm.nih.gov/pubmed/20440387
https://www.erowid.org/chemicals/pcp/pcp_testing.shtml
http://www.justice.gov/archive/ndic/pubs4/4440/
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2015.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2015.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2015.pdf
http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2015.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18178702
http://www.ncbi.nlm.nih.gov/pubmed/18178702
http://www.nhtsa.gov/people/injury/research/job185drugs/dextromethorphan.htm
http://www.nhtsa.gov/people/injury/research/job185drugs/dextromethorphan.htm
http://www.ncbi.nlm.nih.gov/pubmed/16151560
http://www.ncbi.nlm.nih.gov/pubmed/16151560
http://www.ncbi.nlm.nih.gov/pubmed/10101977
http://www.ncbi.nlm.nih.gov/pubmed/10101977
http://www.ncbi.nlm.nih.gov/pubmed/12220613
http://www.ncbi.nlm.nih.gov/pubmed/12220613
http://www.nhtsa.gov/people/injury/research/job185drugs/ketamine.htm.
http://www.nhtsa.gov/people/injury/research/job185drugs/ketamine.htm.
http://www.ncbi.nlm.nih.gov/pubmed/18976970
http://www.ncbi.nlm.nih.gov/pubmed/18976970
http://www.ncbi.nlm.nih.gov/pubmed/18976970
http://www.ncbi.nlm.nih.gov/pubmed/18976970
http://www.ncbi.nlm.nih.gov/pubmed/12536063
http://www.ncbi.nlm.nih.gov/pubmed/12536063
http://www.ncbi.nlm.nih.gov/pubmed/12536063
http://www.ncbi.nlm.nih.gov/pubmed/19874650
http://www.ncbi.nlm.nih.gov/pubmed/19874650
http://www.ncbi.nlm.nih.gov/pubmed/19874650
http://www.ncbi.nlm.nih.gov/pubmed/19874650
http://www.tandfonline.com/doi/abs/10.2753/IMH0020-7411370302
http://www.tandfonline.com/doi/abs/10.2753/IMH0020-7411370302
http://www.tandfonline.com/doi/abs/10.2753/IMH0020-7411370302
http://www.ncbi.nlm.nih.gov/pubmed/19320366
http://www.ncbi.nlm.nih.gov/pubmed/19320366
http://www.ncbi.nlm.nih.gov/pubmed/19320366
http://www.nhtsa.gov/people/injury/research/job185drugs/gamma-hydroxybutyrate.htm
http://www.nhtsa.gov/people/injury/research/job185drugs/gamma-hydroxybutyrate.htm
http://www.ncbi.nlm.nih.gov/pubmed/12534425
http://www.ncbi.nlm.nih.gov/pubmed/12534425
http://www.ncbi.nlm.nih.gov/pubmed/12534425
http://www.ncbi.nlm.nih.gov/pubmed/21824061
http://www.ncbi.nlm.nih.gov/pubmed/21824061
http://www.ncbi.nlm.nih.gov/pubmed/21824061
http://www.ncbi.nlm.nih.gov/pubmed/21824061
http://www.ncbi.nlm.nih.gov/pubmed/26226848
http://www.ncbi.nlm.nih.gov/pubmed/26226848
http://www.ncbi.nlm.nih.gov/pubmed/26226848
http://www.ncbi.nlm.nih.gov/pubmed/22108839
http://www.ncbi.nlm.nih.gov/pubmed/22108839
http://www.ncbi.nlm.nih.gov/pubmed/23180084
http://www.ncbi.nlm.nih.gov/pubmed/23180084
http://www.ncbi.nlm.nih.gov/pubmed/23180084
http://www.ncbi.nlm.nih.gov/pubmed/23180084
http://www.ncbi.nlm.nih.gov/pubmed/22388331
http://www.ncbi.nlm.nih.gov/pubmed/22388331

	Review and Recommendations for Drug testing in Substance Use Treatment Contexts
	_GoBack
	_GoBack

