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ABSTRACT: Currently, hair can be reliably tested for the presence of drugs. However, one major drawback 
to the use of parent drugs is the question of potential external or environmental contamination. The analysis of 
metabolites to confi rm the use of the parent drugs was proposed in this short review. The development of hair as a 
test matrix and the incorporation of xenobiotics, in general, into the hair matrix were discussed. What constitutes 
an appropriate metabolite for drug testing to mirror the use of a parent drug was proposed and discussed. The 
use of metabolites rather than parent drugs to indicate unequivocal use rather than external exposure was also 
discussed for amphetamines, cannabinoids, cocaine, opiates (codeine, morphine, 6-acetylmorphine, hydrocodone, 
hydromorphone, oxycodone, oxymorphone), phencyclidine, fentanyl, benzodiazepines, and ethanol. This, however, 
was discussed in terms of class and/or individual drug. In addition, selection or potential selection of appropriate 
metabolites was reviewed. The actual incorporation of drug metabolites into hair versus the metabolism of drugs 
which was incorporated into hair were also considered.
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INTRODUCTION

 One of the fundamental requirements in clinical and 
forensic toxicology is to demonstrate the presence or 
absence of a xenobiotic such as a drug. The mere presence 
of a controlled substance like benzoylecgonine (BZE) in 
urine may be suffi cient to precipitate discharge from a 
clinical treatment program or an adverse civil action such 
as violation of probation. Conversely, the absence of a drug 
in a patient’s random urine may be suffi cient grounds to 
discharge a patient from a clinical rehabilitation program. 
In addition to their presence in blood/blood products, 
urine and oral fl uid, many drugs and their metabolites 
are also incorporated in hair; thus they can be detected 
reliably [171,178]. Thus, hair is a useful matrix for the 
demonstration of the presence or absence of drugs and/
or their metabolites.
 Even though the receipt of a fi nal report may be read 
as absolute, the presence or absence of a substance in 
toxicology should be linked to a cutoff or limit of detection 
(LOD) for the report to be forensically or clinically 
meaningful. An example of hair testing cutoffs taken from 
the 2004 Proposed Mandatory Guidelines [214] is given 
below in Table 1.
 Presence or absence are also toxicologic terms that 
need to be considered within established timeframes. 
The whole blood taken from a motor vehicle driver by 
EMS, 10 minutes post-accident, has an extremely high 
probability of indicating that the driver was intoxicated 
by ethyl alcohol if the laboratory result on the whole 
blood was 0.18 mg/dL [126]. In an entirely different set 

of circumstances, the fi nding of cocaine metabolite in 
an employee’s urine using a cutoff of 150 ng/mL [213] 
cannot be rationalized with a statement such as “I tried 
some coke in college 5 years ago.” For blood and blood 
products, oral fl uid, and urine, other numerous short-
term xenobiotic level-timeframe permutations exist. For 
a timeframe within which an individual may have used 
a drug, the hair provides a unique “long look-back” or 
extended window of detection as described below.

Table 1. 2004 proposed hair testing cutoffs (pg/mg) [214]

 Initial Test Confi rmatory Test
Analyte Cutoff Analyte Cutoff

Marijuana metabolites   1 THCAa 0.05

Cocaine metabolites 500 Cocaine  500
  Cocaine metabolites   50

Opiate metabolites 200 Codeine  200
  Morphine  200
  6-Acetylmorphineb  200

Phencyclidine 300 Phencyclidine  300

Amphetamines 500 Amphetamine  300
  Methamphetaminec  300

MDMA 500 MDMA  300
  MDA  300
  MDEA  300

a  11-Nor-Δ9-tetrahydrocannabinol-9-carboxylic acid.
b  Specimen must also contain morphine at a concentration greater than 

or equal to 200 pg/mg.
c  Specimen must also contain amphetamine at a concentration greater 

than or equal to 50 pg/mg.
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