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USDTL study finds hair, nails identify alcohol use

Letter from the President: celebrating 20 years of innovation
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embarked on a journey to become a superior
hair-testing lab and continue to today.
In 1996, a child abuse investigator asked
if children’s hair could test positive for drugs
in their environment. A recent paper had just
showed that children living with cocaine users
had as much cocaine in their hair as the adult
users. Therefore, we put hair testing to new use.
The ChildGuardSM test has identified thousands
of exposed children that other tests may not
have identified.
USDTL initiated another credit to its success
with our first NIH Small Business Innovative
Research (SBIR) Grant, developing MecStat®
EtOH. Since 1997, USDTL has received seven
more grants with funding exceeding $2.5 million. Some of the tests created by these grants
include CordStat® umbilical cord drug test,
PethStat® blood test for the alcohol biomarker
phosphatidylethanol, and HairStat® EtG and
NailStatSM EtG tests for the alcohol biomarker
ethyl glucuronide.
The past 20 years have been a spectacular
journey for USDTL and its team members. We
founded USDTL on the idea of performing tests
that were not originally available to the medical
and forensic communities. We have continued
our mission and promise to keep developing
better ways of diagnosing drug and alcohol use.
Thank you for your continued support of
USDTL. We appreciate being a part of your organizations for the past 20 years and look forward to more years to come.

by Douglas Lewis
President and Scientific Director
Through two Small
Business Innovation
Research grants from
the National Institute
of Alcohol Abuse and
Alcoholism, USDTL
has developed two
tests detecting alcohol
use over a long-term
period using hair and
nail samples.
Alcohol dependence continues to be
Ethyl glucuronide in hair
difficult to diagnose and nail samples offers
and successfully treat, a long-term biomarker
for alcohol use.
since testing blood
or urine samples has
been problematic. Urine can be easily adulterated and has a short window of detection, while
blood is costly to collect and highly invasive.
To address these limitations, USDTL studied
hair and fingernail samples to find the presence
of ethyl glucuronide (EtG). EtG is a direct metabolic product of alcohol. Enzymatic activity
converts the ethyl alcohol molecule into ethyl
glucuronide primarily in the liver.
The study involved 600 college students providing hair and fingernail specimens and a history of alcohol consumption, using a time-line
follow back instrument.
Data showed that a 1-inch hair sample is
a good specimen in males for a sufficient 100

Sincerely,
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Douglas Lewis
President and Scientific Director

Measuring creatinine levels deciphers drug test avoidance

USDTL introduces new alcohol
biomarker in dried blood spots

by Joseph Jones
Vice President Laboratory Operations

by Heather Sliwinski
Marketing Communications Manager

There are three common methods for urine
drug test avoidance—dilution, substitution and
adulteration. Sample dilution occurs in vivo
and in vitro: donors can dilute pre-and postcollection. Donors will attempt to drink large
amounts of water (water loading) prior to a drug
test to lower drug concentrations below the cutoff, or they will attempt to add fluids to their
urine in the collection cup.
If substituted, the donor submitted another
fluid other than their urine for analysis. The donor will attempt to submit fluids that look like
urine, such as apple juice, citrus-flavored soft
drinks or hidden “clean” urine.
If adulterated, the donor added an agent to
the urine to hide or destroy any drugs present.
The most common adulterants are nitrite, glutaraldehyde, detergent, chromate, bleach, strong
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Methods of avoidance

Three common methods for urine drug test
avoidance are dilution, substitution and adulteration. Measuring creatinine levels categorizes these avoidances.

acids and strong bases.
SAMHSA standardized creatinine levels
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The principle laboratory test for sample validity is measuring creatinine. Creatinine is a
normal breakdown product formed at a steady
rate when the kidneys are functioning properly. The amount of creatinine is proportional to
muscle mass, so men tend to have higher levels
than women do, and levels tend to decline with
age. The College of American Pathologists Forensic Drug Testing (CAP-FDT) program and
the Substance Abuse and Mental Health Ser-

In October 2010,
USDTL released a
new assay testing
dried blood spots for
adult alcohol consumption after considering prior concerns
with other matrices on
the market.
Healthcare professionals have found
testing for alcohol use
using whole blood or Blood spots are easier
urine samples trou- to collect than whole
blesome. As a samblood and do not
ple matrix, urine can require a trained phlebe easily diluted, botomist. PEth can detect alcohol use during
adulterated or substi- the last three weeks.
tuted and has a small
window of detection.
Whole blood is costly to collect and causes discomfort for the donor. With these obstacles in
mind, USDTL developed the dried blood spot
assay.
The assay screens dried blood spots for the
direct alcohol biomarker phosphatidylethanol
(PEth), an abnormal phospholipid formed in

With serious matters such as employment,
licensure, rehabilitation program compliance
or child custody based on results, drug users
attempt to avoid detection when taking a urine
drug test. Therefore, it is important that laboratories use creatinine levels to determine each
specimen is a valid sample.
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It is hard to believe
that 20 years have
passed since my wife,
Veronica Lewis, and I
started United States
Drug Testing Laboratories (USDTL). We
founded the lab on the
principles of bringing
two technologies to
the reference laboratory market that only
research laboratories
or Olympic doping laboratories had done. Our
intent was to perform forensic meconium drug
analyses, all GC/MS confirmations and perform
anabolic steroid testing on urine specimens. In
1991, these tests were new territory for reference laboratories.
We succeeded in developing the MecStat®
testing procedure for meconium, which has
grown to become the standard for newborn drug
exposure testing. Over the years, the MecStat®
panels have grown from an initial 5-drug panel
to 12-drug panels with several add-on drugs. In
1998, USDTL introduced the first test for fetal
alcohol exposure, MecStat® EtOH. MecStat®
EtOH tests for a panel of fatty acid ethyl esters
in meconium that correlates well with fetal alcohol exposure.
Anabolic steroids proved to be a technical
success. The testing was challenging and demanding, but highly satisfying for the analysts.
Fate intervened in 1994. USDTL put in a bid
for pre-employment hair drug testing for a newly built casino. Our GC/MS resources only allowed us capacity to do either anabolic steroids
or hair testing, and hair testing won out. We
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Creatinine (cont.)
vices Administration (SAMHSA) require that
creatinine levels be determined for each urine
specimen. Furthermore, SAMHSA standardized the levels for categorizing dilute, invalid
and substituted specimens.
The average creatinine level is approximately
100 mg/dL, with men being approximately 120
mg/dL and women being approximately 80 mg/
dL. Clinical creatinine levels tend to be higher than forensic testing levels because donors
tend to drink larger amounts of water to ensure
provision of a sample on demand. SAMHSA
has determined that normal human urine should
have a creatinine level greater than 20 mg/dL.
You can confirm a creatinine level less than
20 mg/dL by determining the specific gravity
(a measure of the relative density) of the urine
specimen.
SAMHSA standardized a decision grid (Table 1) by combining the creatinine levels and
the specific gravity result. SAMHSA defined
three categories reflecting the outcome of the
creatinine and specific gravity test. They are
diluted, substituted and invalid.
The term dilute is applied to specimens
whose creatinine and specific gravity are lower
than usual but still physiologically possible.

The term substituted
means that the donor switched their
urine with another
fluid because the creatinine and specific
gravity are outside
physiological ranges
of human urine. The
term invalid means
the creatinine result is
inconsistent with the
specific gravity determination.
low creatinine result. Medical conditions, such
as glomerulonephrititis or renal failure, may result in low creatinine, as well as working in the
sun while consuming a lot of fluids. Use of diuretics dilutes the urine.
If the donor can provide a legitimate reason
for low creatinine, allowing the donor to produce a urine specimen under direct observation
with the same outcome may be warranted. If
not, most cases consider the result as a refusal
to test.

After the results
These findings may accompany a positive or
negative drug test. The validity result of dilute,
invalid or substituted may be ignored when accompanying an unexplained drug positive specimen.
The donor of a negative specimen found to
be dilute, invalid or substituted should be contacted and asked to explain why their creatinine
appeared low. A number of medical conditions,
medications and circumstances may explain a

Blood spots (cont.)

Featured FAQ of the quarter
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cell tissues following alcohol consumption.
Collecting blood spots offers several advantages over whole blood collection. Blood spot collection does not require a trained phlebotomist,
and is therefore cheaper than the blood venipuncture assay. Collecting blood spots causes
less discomfort for the donor and requires less
stringent shipping requirements than whole
blood. Collectors ship blood spots in a standard
size envelope with no refrigeration necessary.
Blood spots have many advantages over the
urine alcohol screen. Blood spot samples cannot be compromised by water-loading (self dilute). Healthcare professionals directly observe
dried blood spot collection, therefore reducing
the risk of adulteration or substitution compared
to a urine test, which is rarely directly observed
free of additional costs. Dried blood spot collection also offers the convenience of being
gender neutral.
PEth in blood provides a longer window
of detection than ethyl glucuronide (EtG) and
ethyl sulfate (EtS) in urine.
PEth in blood exists as a component of the
red cell membrane. PEth is a mid- to long-term
biomarker measurable after consumption of approximately six to 14 drinks in a week. PEth

Phosphatidylethanol in blood spots can identify alcohol consumption of approximately six
to 14 drinks in a six- to seven-day period. USDTL
requests five dried blood spots on filter paper.

can be measured in dried blood spots for two to
three weeks following the most recent alcohol
consumption. USDTL requests five dried blood
spots on filter paper provided by USDTL for
sufficient sample quantity.
The PEthStat® dried blood spot assay is an
additional tool for healthcare practitioners concerned with monitoring alcohol abstinence or
consumption. To order the dried blood spot
PEth test, contact Client Services at (800) 2352367 or at customer.service@usdtl.com.

Q: Can cosmetic treatments affect hair
sample results?
A: Absolutely, they can. The peroxide
in bleach and common hair dye destroys
the drugs in the hair sample, especially
methamphetamine and marijuana. Also,
the reducing agents in perms and chemical
straighteners have similar effects on drugs
in hair.
If you are concerned about your donor
cosmetically treating their hair, USDTL
recommends using our NailStatSM drug test
instead. Nail polish and removers do not
affect the stability of drugs in nail samples,
yet nails are made of the same proteins
as hair and may have a longer window of
detection.
Contact Client Services at (800) 2352367 for more information on NailStatSM.
-Heather Sliwinski
Marketing Communications Manager

Hair and nails (cont.)
mg collection. Not all male subjects had hair
1-inch long. In females, hair does not have a
good relationship with alcohol use. Since a majority has cosmetically treated hair, they have
destroyed EtG in the hair shaft.
Conversely, the data from fingernails showed
no gender differences, and the alcohol consumption histories of both males and females
correlated with the levels of EtG found in the

fingernails. Fingernails appear to be the best
specimen for providing a long-term history of
alcohol use.
The NIAAA study is nearly complete. USDTL is currently collecting hair and fingernail
specimens from a cohort of alcohol rehab subjects in an in-patient setting. Specimens are collected upon admission, at 45 days and 90 days
post-admission. This data will give an estimate

of the washout rate of EtG from hair and fingernails following the end of drinking. This washout rate paired with the dose-response data from
the college students allows for an estimate of
drinking history from a valid fingernail or hair
specimen. Since nails are harder to adulterate,
they are the current specimen of choice for EtG
analysis.

References
-J. Cook, Y. Caplan, C. LoDico, and D. Bush. The Characterization of Human Urine for Specimen Validity Determination in Workplace Drug Testing:
A Review. Journal of Analytical Toxicology. 24 (2000) 579-588.
-J. Ropero-Miller. Creatinine Provides Validity Measure in Urine Drug Tests. Clinical & Forensic Toxicology News. September (2002).
-Program Document (PD) 37 issued July 28, 1999. Notice to HHS Certified Laboratories and Inspectors, “Specimen Validity Testing”.

1700 S. Mount Prospect Rd. | Des Plaines, IL 60018 | (800) 235-2367 | www.usdtl.com

© 2011 United States Drug Testing Laboratories

