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Since 1986, Tl has su

pported the Department of Health and Heman Services {HHS) by managing the Mational | aboratory

Certification Program (MLCF). BTl conducts all aspects of the program, including assisting with the development of mandatory

guidefines for federally requlated workplace drug

testing, the review and assessment of laboratory applications; inspections of

apphicant and certified laboratories; design, preparation, and distribution, scoring performance testing samples; identifying problem
areas, and monitaring corrective actions. These activities are designed to identify issues before they impact drug test results,
We operate all aspects of the NLCP, induding the inq:\edjnn pn:rgrm for forensic dru tesﬁ'lg labaratories and the manufacture,

distribution, scoring, and reporting of proficdency testi

has accredited 148 Laboratories across the US, two in mada.an

samples. From the beginning of the program to 2024, the NLCP
one Initial hs'h'urnl:nt Testing Facility (NTF) in Canada and

has performed ower 4000 inspections and shipped more than 200,000 urne, oral fluid, and hair FT samples. The NLCF publishes
a newsletter Drug Testing Matters (OTM) on topics written by subject matter experts that are of interest to the drug testing
community Portions of this article were previously published in the OTM series. More information on the NLCF can be found online
at httpss/ fforensicr ti.org/nlop

This is the second of a two-part sevies on drug testing of urine, oral fluid, ond hoir. This article provides bockground on
specimen validity testing ond identification of adulterated and substituted specimens.

Background

Drug testing is usad for numerous administrative and criminal
justice purposes. In lving subjects, the testing can be performed
using urine, oral fluid, or hair. Although drug testing can be
used to make certain that a patlent or donor i taking a drug
&z prescribed [eg., pain management], the preponderance
of drug vesting is carried out to make certain that none of
a prederermined list of drugsrdrug metabolites is present,
such &= in employment-related, driver license re-granting and
probation testing. In cases where the donor suspects that they
will be positive for a prohibited drug, there is incentive o alier
their specimen so that it will be negative but will also appear
s an authentic specimen that will not arouwse suspicion of
specimen tampering.

The current requirements for certification for employment-
related wrine drug testing under the United States Department
of Health and Human Services Substance Abuse and Mental
Health Services [U.5. DHHS SAMHSA) Mandatory Guidelines
[1, 2] indude specimen wvalidity testing {SWT) in addition o
drugidrug metabolite testing. Under both Urime and Oral
Fluid Mandatory Guidelines, a biomarker & defined as “An
endogenous substance used to validate a biological specimen.”
Biomarkers serve a< a basis for SVT regardless of the biolagical
sample submimed for testing. SWT is the analysis of selected
endobiological paramerers, including biormarkers, of a submitted
donor specimen to ensure that the specimen originated from
the donor and is not diluted, adulterated, or substituted.

The biological matrix (test specdmen) used for estng an
individual for drugsidrug metabolites may be wrine, oral fluid,
or hair. The most commonly used and easiest 1o adulerare
specimen--uring-will be disoussed first using an updared
version of material from Drug Testing Matters, “Drug Testing in
Urine, Oral Fluid, and Hair Part 2: Analysis® [3].

Urine

50 long as unadulverared, undiluted urine for drug testing is
used for drug/drug metabolite testing, the drug testing process
proceeds smoothly from initial testing 1o repodting a negarive
result or through confirmatory testing and reporting a negative:
or confirmed positive. The general process has been descoribed
briefly in Part 2 of the “Drug Testing Matters” series May 2019,
The process will not be repeated here.

Comversaly, if a urine specimen is adulterated or substitured,
the manipulation of the specimen may adwersely affect initial
andfor confirmatory drug tests. To detect manipulation of a
urine specimen to determing whether the wrine is suitable for
drugidrug metabolite testing SVT is performed on the urine
specimen. Usually, S¥T is performed contemporaneously with
initial drug testing o identify specimens where adulteration
or substinution has occurred before procesding further with
the testing process. Table 1 describes general adulteration
and substitution methods presented in a previously published
“Dirug Testing Matters” article on the collection and testing of
gach marrix [3]. & brief, updated description of substitution
methods is presented at the end of this secrion.

Some of the many substitution products that have been used
in place of a donor's urine to defeat urine drug testing are
discussed below:

1. Water. This is probably the oldest substitution product.
Water can be added to a donor's urine to dilute it, or a
donor may ingest excessive amounts of water before a
urine drug test. Sufficent dilution with water will produce
2 negative immunoassay test where the drugidrug
metabolite s present in borderline concentrations but
usually will not produce a valid creatinine-specific gravity
combination, resulting in a dilute, invalid or, in extreme
cases, a substituted resuli.
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Deionized and distlled warer usually cannot be used
as substitutes for wring because mMOSC IMMUNOAssay
analyzers sense deionized and distilled water as air or
“n sample.” Before it can be submitted by the donor
as a substitute for wrine, water must be warmed to an
acceptable termperature. Additionally, unlike authentic
urine, water is colorless, which is often remedied by adding
a small amouwnt of yellow food coloring.

2. Sah solutions. Although salt solutions such as normal
saline can resobse analytical issues like low specific gravity,
they do not circwmwent the problem that no creatinine will
be found in the substituied specimen. Furthermore, just
like water, salt solutions must be colored and warmed to
body termperature before being submitted by the donor to
the collector.

3. Household products. Mumerous products such as sodas
and sports drinks can provide the correct color to match
urine, especially when diluted with water. However,
substances such as diluted colored drinks may or may
mot contain creatinine or a substance that reacts like
creatinine. Additonally, these producs usually do not
contain ather naturally ocourring urine components such
as uric acid and stersids common o both sexes. Thus,
cammon household prodwots may or may not provide an
acceptable substitute for urine, even if warmed properly
prior to subrnission to a collector.

4. Homemade formulations. Mumerous wurine substitute
formulations and recipes can be found onthe interner. One
produd encountered by the author was simphy undistilled
winegar, which had the proper color and contained a
substance that reacred like creatinine in the |affé reaction,
the creatinine test method. When the donor's employer
added pH testing to their SVT panel, the donor added a
small amount of baking soda to neutralize the pH. The
dionor, who was a cocaine user, was later caught when he
bragged to his fellow employees about how he “beat the
drug test.”

5. Commercial substiogtion products. Seweral commercial
manufacturers offer both “clean” authentic urine and
synthetic uring products. Early versions of synthetic urine
lacked components of human wrine, enabling laboratory
testing to detect the substitution products. Howewer, some
manufacturers have been able to remedy deficiencies by
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adding missing components, including uric acid, which is
difficult to solubilize. Manufacturers also provide items to
mask substitution produwcts at the collection site. Examples
include heating devices (e.g., handwarmers, heating pads)
that warm the prodwdt 1o an accepiable temperature and
devices to hide and dispense the product {e.g., belts with
bags worn under clothing, syringes, prostheses for use
during observed collections). Substitution prodwos and
their delivery systems appear to be improving with each
iteration of the product since the inital publication of
substitution publications [B].

One laboratory has investigated wric acid and magnesium
testing o derect substituted specimens, screening  all
specimens for wric acid and reflexing positive specimens o
additional testing for both wric acid and magnesium [6]. Using
this 3VT scheme on a random sample of more than 400 wrine
specimens, the laboratory identified 1.5% of specimens with
abnormal uric acidfmagnesiumm results, which were verified as
ynthetic urine.

This subsection does not provide a complete review of urine
adulteration and substinution but demaonstrates that numenous
methods exist to subormn wrine drug testing wia adulteration
amd substitution. Such methods support supplementing or
supplanting urine drug testing with other test matrices.

Based on SVT resulis, a laboratory may report @ specimen as
negathee, negatiwe-dilute, invalid, adulterated, or substituted. If
a specimen is also positive for a drug. the laboratory reparts all
non-negative results incuding positive-dilute) [1]. Examples of
substances used to adulterate or substinure a urine specimen
wiene enumerated in Part 2 of the “Drug Testing Matmers" serias
and are briefly repearted with some updating below.

Flease see Table 2 for updated reporiing examples when a
primary specimen [Bottle A) is reported as invalid, adulterated,
or substituted. HHS-certified laboratories report specimens
as invalid when abnormal physical characteristics or est
results (e, drug test or SVT) indicate adulteration, but a
specific adulterant cannot be identified. As an example, one
laboratory modified SAMHSA of an isolated group of urine
specimens which were reported as invalid due to abnormal
physical characteristics (i.e., a large amouwnt of gray sediment
and an odor of decaying wegetation). SAMHSA authorized
the laboratory to submit the specimens o ATl International
for additional testing. Although it was obvious that specimen
tampering had occwrred, none of the original or additional
tests could determning the adulterants) in another exarmple,
a separare group of specimens was reported as invalid based
on a similar abnormally low pH (approximarsly pH 4.5).
Thiz appeared 1 be a failed subversion product where the
manufaciurer did not adjust pH back to the acceprtable range
affter urine pH was modified with an adulterating agent. A few
years |ater, many laboratories repored an increased number
of invalid specimens with an abnormally high pH (pH =10,
wihich appeared due to another failed substimution product.
While an invalid report usually requires that the donor provide
angther specimen under direct observation, conseguences for
invalid reports are less severe than a repor of substinution
or adulteration, which constitutes a refusal to test and leads
to adwerse employment actions against the donor. Table 2
surnmarizes SVT regorting requirements fior federally regulated
urine specimens [1].

The federal program requires the collection of both an A" and a
"B bottle. The B bottle is primarily reserved for instances when
the two botiles hawe 1o be redesignated (e.g., Botile A seal
inadvertently broken) or the donor conests the results of the
A bottle. For urine, the Mandatory Guidelines reguire testing
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TABLE 2. REQUIRED REPORTIMG FOR FEDERALLY REGULATED URIME SPECIMENS
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ufine in the A Botte for creatinine, pH, and oxidants, When SVT
retesting of a B bottle s requested through the medical review
afficer (MRIO), only those substances for which the initial testing
i= confirmed positive can be performed.

& considerable amouwnt of time and effort has been invested in
wrine SWT to eliminate aduleration or substitution as a souwrce
of a false negative testng result. It i well worth reviewing
whether substitution and adulieration methods commondy
used in wrine drug testing are worth employing when a
posithee result is anticipated and adulieration or substitution
must be used in an attempt to obtain a negative drug test
result. From a market survey, 3 adulterants and 32 synthetic
urine preparations were identified [8]. Samples underwent
preliminary testing including appearance and the Adultacheck
10 dipstick and Synthetic UrineCheck dipstick. When present,
an adulterant was usually detecred by routine SWT. Comersely,
im this study, synthetic urines were difficult to identify using
raditional SVT and the synthetic urine dipstick. In direct
contrast to the vikingsson study, an earlier soudy by Kim et al
[8] demonstrated good performance from the synthetic urine
dipsticks. It was further noted in the Vikingsson paper that
novel immunoassay reagents targeting urinary tract proteins
as second-generation uring SWT are becoming available.

Using a technique known as grounded theory and anline posts
from both public and dark websites, urine was determined
e be the most commonly discussed testing marrix [9). The
conclusion for substituted urines is that further study at the
peoint of collection andfor in the laboratony & warranted.

Oral Fluld

Recently updated U5 DHHS SAMHSA Mandatory Guidelines
an oral fluid employment-related drug testing allow SVT but
do not require it [Z]. Because all oral fluid collections showld
be witnessed in their entirety, the topic of SWT is considerakbly
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less imporant for oral fluid than it is for wrine. Adulterating or
substituting a collected osal fluid sample is difficult. Only the
following methods, which hawve limived possibility of success,
could be identified [10]:

1. A donor coercing or compensating a collecor 1o allow the
donor ta dilute a specimen of add chemicals deleterious to
the testing process.

2. A donor coercing or compensating a collecior to allow the
donor to substitute the donor's specimen with a drug-free
specimen that appears 1o be oral fluid.

% A donor pladng into their oral cavity a substance or
substances that will interfere with the laboratory analysis.

4. A donor placing into their oral cavity a substance or
substances that will dilure the specimen so that the drueg!
drug metabalites will be below the cutaff for a positive.
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TABLE 3. GRADING SYSTEM FOR POTENTIAL ORAL FLUID 5VT MARKERS
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If given the opportunity, the donor can modify the oral fuid
collection kit numerous ways of suborning the drug test such
&= substituting water for oral fluid exist. However, numerous
oral fluid markers b catch such tricks also exist. When SVT is
required for employment-related oral fluid drug testing, there
exists a plethora of biomarkers suitable to determine the
acceptability of a submitted oral fluid specimen and usaful in
the production of large batches of oral fluid initial drug testing
&= currently is performed for urine submited specimens.

As discussed in Part 1 of this series, 126 and alburmin are fownd in
measurable amounts in oral fluid. Inthe current Cral Fluid Pilot
Proficiency Testing Program, at least one laboratory used 1gG
but no longer does and one laboratory previously used allwmin
&= an SWT marker for ane collection device and transitioned to
total protein in 2023 for another device [11].

In @ pre-study [approved by both the Wake Forest University
and RTl international institutional Review Boards) conducted
to identify potential oral fluid SWT markers, Friesen et al. [12]
collected neat oral fluid in salinized Biophor (RapidEASEE]
collectors and three different pad-iype colleciors ([first-

Ely with oral fluid drugs an.an immunodicssy anashr ) and

nibita of h } atie and dridie stited reedi b be provir noan

generation  Intercept®, Quantisal™, and Oral-Eze®) A
ConNteMporaneous urine specimen was collected only o
determine if donors were potentially over- or underhydrated.
Mo drug testing was performed on the urine or the oral fluid
samples [12. 13]. Essentially, samples were collected and
rransported to the testing laboratory on the same day. Testing
for routine biomarkers (microalbumnin, amylase, alkaline
phosphatase or ALF, aspariate transaminase or AST, creatine
kinase or CK, inorganic phosphate, lactate dehydrogenasse or
LD, lipase, potassium, tofal protein, wrea, and wric acid) was
performed using a high-throughput analyzer (Beckman DXC
8001 Immunoglobulin analysis (1gG, 1gA, and Igh] and wrine
creatininge was performed using ELISA on a Zepto Metric. Any
required specific grawity measurements were made using
the Siemens Clinitek. An aliquot of each collected oral fluid
was diluted 1:3 with 0.9% saline and held in reserve in case
of technical problems with any collected oral fluid. Inorganic
phosphate, total protein, and potassium were ruled out as
potential markers because of their presence in either the Oral-
Eze buffer/preservative or the Quantisal® buffers/presarvative.
Although wrc acid was eliminated as a candidate marker
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hecause it was below detection in two of the five neat oral fluid
samples, it was reconsidered as a marker if a lower cutoff could
be realized. although amylase did not appear 1o demonstrace
stability in one neat sample upon refrigeration, amylase
appeared to be present in high acthity in both neat oral fluid
and oral fluid collected in a “pad device,” as anticipated. |gA was
also present abundantly and appeared to demonstrate stability.
Table 3 details a grading system developed by Friesen et al. [12]
and Wong and White [13] to evaluate porential biomarkers. it
is well worth noting that even though amylase receved a low
rating because of the need o dilute the zample o bring the
activity of most samples into a measurable range, mast clinical
assays for drugsfdrug metabolites require a dilution that may
be sufficient to use amylase as an SVT marker. Furthermore, the
only interest would be in low amylase activities, not elevated
activities. Uric acid probably should be considered further if
a lower cutoff can be attained methodologically. Flease see
the use of uric ackd and Magnesium for wrine SVT, discussed
presiously.

If tampering with an oral fluld specimen can aoour, two Types of
specimen containers must be considered—direct expectoration
and a “pad-type” collector. For a direct expectoration collector,
oral fluid may simply be substituted with water or a saling
solution. Unless an error s detected by the instrument (e.g.,
dejonized or distilled water was used and detected as air by
the immuncassay analyzer]) or an oral fluid S¥T marker is
included in the initial testing, a colorless fluid such as water or
saline will produce a negative result. For a pad-type collector,
the pad can simply be immersed in water or a saline solution
yielding & negative result unless an SWT marker is included in
the laboratory's initial tesr.

If properly applied, the use of an SVT marker in oral fluid drug
testing can be quite useful in the small number of instances
when an individual is successful in suborning an oral fluid drug
test. Mot surprisingly, the number of oral fluid tests discussed
with respect to attemgts to suborn the test is less than urine or
hair due to the low number of oral fluid tests performed relative
to urine and hair and the difficulty involsad in tampering with
the collection process [3).

Like oral fluid, hair for drug testing is extremely difficult to
adulterate if collected properly. Howewver, there are methods
such as weawes where one persons hair s woven into
anothers. Synthetic hair may also be combined with real hair.
In both of these cases, an observant collector can notice either
and cut the hair for testing from a different area or the weave
can be noted during the hair weighing process at the laboratony
[14]. In the web maonitoring study examining adulteration and
subpstitution methods, hair drug test subversion strategies fell
inmo three categories: substitution as discussed abowve, hair
treatments such as bleaching, and hair removal [9]. By far,
the most comman method discussed in the study was hair
treatments such as bleaching or perming.

Perhaps of greatest concern is the porosity of the hair cut for
testing [15]. Increased hair porosity affects contaminants (such
s exrernal drug) entering the hair and compounds present from
actual ingestion being lost from the hair. Studies examining the
effect of cosmetic treatments on drug concentrations in hair
are limited but, in general, shivw that thess processes result in
|ower drug concentrations [16, 17

Although the actual laboratory protocol and chemistry i
complicated, several methods have been identified to determing
hair porosity. Methods for determining the porosity of hair
subsmitted fior drug testing include staining with methylens blue,

observing the dissolution of hair in @ non-proteolytic system
containing dithiothreitol (OTT), observing the rate of dissclution
in & solution containing OTT and proteinase K, and measuring
protein leakage from hair samples when expeosed for 2 howrs
in a mon-protealytic systermn containing OTT. A hair integrity
testing system (scale of 0-8, with 8 being untampered hair)
and a wash system to determine categories such as “Megativel
Comtaminated” and “Megative”™ has been developed [15].
Recenitly, nowel methods for detecting potential biomarkers
for cosmetically aliered hair samples using untargeted hair
metabalomics have been proposed [18].

Again, due to the difficulty involved in tampering with the
collection process and the loweer number of hair tests performed
relative to urine tests, the number of disoussions invobsang the
possibilicy of subarning the hair test is less than that for wrine

1.

Mumerpus SyT methods currently exist for urine that is o be
tested for drugs/drug metabolites. If synthetic urine can be
smuggled inte a collection site and successfully substituted
for @ donor's real uring, they are becoming more and more
difficult to detect without specialized testing as synthetic urine
manufaciurers become more and more astute in produding a
useful product.  Improvements in the collection site process
and in laboratory testing for spnthetic urine may be necessary.

Oral fluld and hair for employment-related drug testing are
collected as observed specimens. Thus, SVT is less likely 1o be
required for either oral fluid or hair, However, if SVT is required
for a hair or oral fluid specimen, effective SWT methods for both

types of specimens exist and can be employed in a dnug testing
laboratory.
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