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About the National Institute 
of Justice 

The National Institute of Justice is the research and development agency of the' 
U.S. Department of Justice establishedlo improve the criminal justice system and 
to prevent and reduce crime. -

Specific mandates established by Congress in the Omnibus Crime Control and 
Safe Streets Act of 1968, as amended, and the Anti-Drug Abuse Act of 1988 
(public Law 100-690) direct the National Institute of Justice to: 

• Sponsor special projects and research and development programs that 
will improve and strengthen the criminal justice system and reduce or 
prevent crime; 

• Conduct national demonstration projects that employ innovative or promising 
approaches for improving criminal justice; 

• Develop new technologies to fight crime and improve criminal justice; 

• Evaluate the effectiveness of criminal justice programs, identify programs that 
promise to be successful if continued or repeated, and recommend actions that 
can be taken by Federal, State, and local governments, and private organiza
tions and individuals to improve criminal justice; 

• Develop new methods for the prevention and reduction of crime and delin
quency, and test and demonstrate new and improved approaches to strengthen 
the justice system; 

• Provide to the Nation's justice agencies information from research, demonstra
tion, evaluations, and special projects; 

• Serve as a domestic and international clearinghouse of justice information for 
Federal, State, and local government; and 

• Deliver training and technical assistance to justice officials about new informa
tion and innovations developed as a result of Institute programs. 

The Director of the Institute is appointed by the President and confirmed by the 
Senate. The Director establishes the objectives of the Institute, guided by the 
priorities of the Department of Justice and the needs of the criminal justice field. 
The Institute actively solicits the views of criminal justice professionals to iden
tify the most critical problems confronting them and to develop projects that can 
help resolve them. Through research and development, the National Institute of 
Justice will search for answers to what works and why in the Nation's war on 
drugs and crime. 
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Foreword 

This report exemplifies how National Institute of Justice (NU) staff research 
complements external research conducted by universities, agencies, and private 
firms. NIJ staff conduct research and evaluation in areas particularly relevant to 
public policy. These studies are timely and responsive to current priorities. 

This unique comparison study of drug-testing technologies measures the accuracy 
of the urinalysis testing methods commonly employed within the criminal justice 
system. The study, which was co-funded by the Bureau of Justice Assistance 
(BJA), reflects NIJ's continuing emphasis on science and technology in providing 
reliable, useful information to criminal justice professionals. Dr. Christy Visher, 
a Senior Research Associate with NIJ, analyzed the data for this study and wrote 
this report. 

With expanded use of drug testing in the criminal justice system, Federal, State, 
and local agencies need comparative information on the use and accuracy of uri
nalysis technologies. Iriformation is needed on the different types of testing tech
nologies available and on the frequency of errors occurring in drug testing. 
Moreover, technologies vary in ease of use, relative costs, and suitability as a 
screening test. 

The primary goal of this study is to give justice agencies and professionals the 
information they need to decide on urinalysis technologies. The author considers 
the following questions: 

• How accurate are the urinalysis testing technologies? 

• Do existing Federal guidelines for drug testing in the workplace meet the needs 
of the criminal justice system? 

• Is anyone technology consistently accurate enough to eliminate the need for 
confirmation by an alternative method? 

• Do technologies exist that can be used by paraprofessionals in a criminal jus
tice operational environment? 

The answers contained here provide criminal justice officials with the information 
they need to make informed decisions about the advantages and shortcomings of 
each of the technologies. 

Charles B. DeWitt, Director 
National Institute of Justice 
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Introduction 

It was once widely believed that drug users engaged primarily in minor property 
crimes to finance their habits. Current research shows that while this link exists, 
drug users also commit serious property offenses and some violent crimes. Not 
surprisingly, 80 to 90 percent of persons charged with drug offenses test positive 
at arrest for one or more illegal substances, as do 50 to 70 percent of arrestees 
charged with property offenses and many violent crimes. I 

In addition, a strong consensus has emerged in the research literature that the most 
frequent serious offenders are also the heaviest drug users. Studies of male of
fenders show that criminal activity tends to increase and decrease with level of 
drug use. Moreover, a 1986 survey of inmates from State correctional facilities 
found that 43 percent of State prison inmates were using illegal drugs on a daily 
or near daily basis in the month before their incarceration.2 

Faced with large numbers of offenders who use illegal drugs, criminal justice 
agencies have found drug testing to be one way to improve decisions and perhaps 
to reduce criminal activity. For example, urine testing can help officials to iden
tify suspected. drug-abusing offenders and evaluate their potential for treatment as 
well as to monitor the drug use of individuals under legal supervision. Periodic 
urine testing may deter drug use, which may also lead to less frequent criminal 
activity. Urine-testing programs are currently being implemented at several 
stages: At arrest, during the pretrial release period, and during probation and 
parole. 

Indeed, the Office of National Drug Control Policy recognized the value of using 
drug testing to identify drug-involved offenders when it wrote: 

Drug testing through urinalysis is the only reliable and practical method 
currently available for determining whether someone in custody or under 
correctional supervision has been using illegal drugs. Testing within the 
criminal justice system can serve as an "early warning system" that pro
vides another method of keeping offenders in check while they are on pre
trial or post-conviction release. (National Drug Control Strategy, 1990, 
p.25.) 

As urinalysis becomes standard procedure in criminal justice agencies, it is impor
tant to understand more about the various drug-testing technologies. Criminal 
justice professionals need comparative information about the use and accuracy of 
urinalysis technologies. For instance, does the chosen technology affect the re
sults? Does the accuracy of the test vary by type of drug? How do the various 
technologies compare in regard to ease of use, suitability for screening, and rela
tive costs? 

1 



These and other questions were addressed in a joint study comparing several 
technologies that could be used in the criminal justice system to screen offenders 
for drug use. This report presents findings of this study, which was funded by the 
Bureau of Justice Assistance (BJA) and the National Institute of Justice (NIJ), 
which are part of the Office of Justice Programs in the U.S. Department of 
Justice. 

The primary objective of the study was to compare four analytical procedures or 
technologies routinely used to detect drugs of abuse in urine. Researchers sought 
to assess the relative accuracy and usefulness of each test within routine criminal 
justice contexts. More than 2,000 urine specimens were gathered from criminal 
justice populations in an actual operational environm~nt. Further, the study fol
lowed testing procedures similar to those of criminal justice agencies in which 
either paraprofessional technicians test offender urine specimens for drugs of 
abuse onsite, or professional laboratory technologists conduct tests at a toxicology 
laboratory. Both procedures were used in this study. 

Four technologies were evaluated: EMITfM, TDXTM FPIA (fluorescence polariza
tion immunoassay), Abuscreen™ RIA (radioimmunoassay), and thin-layer chro
matography (hereafter referred to as EMIT, TDX, RIA, and TLC, respectively). 
These technologies were compared with gas chromatography/mass spectrometry 
(GC/MS), generally accepted as the standard reference technology because it 
combines high specificity, good sensitivity, and accuracy.3 

The intent of the study is to provide information that was not previously available 
through a single study. Comparing analysis and results from each technology will 
provide answers to such questions as: 

• How accurate are the technologies? Does one technology result in more false 
positive or false negative errors than others? 

• Do the existing Federal guidelines for drug testing in the workplace, especially 
for drug concentration cutoff levels, meet the needs of the criminal justice 
system? 

• Is there a technology that, when compared to GC/MS, is consistently accurate 
enough to eliminate the need for routine confirmation by an alternate method? 

• Do technologies exist that can be used by paraprofessionals in a criminal jus
tice operational environment? 

This report also provides the criminal justice professional with comparative infor
mation about the technologies used in the study, including (1) the principles of the 
technologies, (2) the accuracy of results in comparison to the GC/MS standard, 
(3) the adaptability of the technologies to onsite use, and (4) the instrumentation 
required to conduct the tests.4 
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The study findings and their implications for criminal justice policy regarding 
offender urine testing will help criminal justice professionals make informed 
decisions about which technology or technologies are best suited to their opera
tions and requirements. 

Agencies and organizations involved in the study 

The principal agencies and organizations involved in the Drug Testing Technol<r 
gies study were the Bureau of Justice Assistance and the National Institute of 
Justice, both part of the U.S. Department ofJustice; the U.S. Department of De
fense (DOD); the National Institute on Drug Abuse (NIDA) of the U.S. Depart
ment of Health and Human Services; the Public Health Foundation of Los 
Angeles County, Inc.; the State of California Department of Corrections, 
Alhambra Parole Office; and the San Diego Association of Governments 
(SANDAG). Also participating in the study were BPL Toxicology Laboratory; 
Abbott Laboratories; Roche Diagnostic Systems, Inc.; and Syva Company. 

• Bure&u of Justice Assistance and National Institute of Justice. BJA and NIl 
funded, designed, and monitored the study. These agencies were responsible for 
developing and conducting the study, compiling and analyzing study data, and 
formatting and distributing the findings. 

• Department of Defense (DOD). DOD personnel served as advisers to the 
study. For many years, DOD has been actively involved in detecting, treating, and 
eliminating drug abuse among military personnel. Officials provided technical 
assistance in the development and implementation of the study and in the analysis 
and reporting of study data. In addition, the Armed Forces Institute of Pathology 
provided proficiency samples for GC/MS analysis throughout the study as part of 
the study's quality control activities. 

• The Public Health Foundation of Los Angeles County, Inc. Consultants 
from this nonprofit organization received, maintained, and compiled data and 
helped BJA and NIJ track the study's progress. 

• State of California Department of Corrections, Alhambra Parole Office. 
The California Slate Department of Corrections requires adult parolees with 
known histories of drug abuse to submit to urine drug testing as a condition of 
parole. Technicians at the Alhambra Parole Office collected specimens from this 
office's parolees and conducted onsite urinalysis for the identification of drugs 
using EMIT and TDX technologies, reported test results to the study's statistical 
consultant, and prepared urine specimens for transport to the BPL Toxicology 
Laboratory . 
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• San Diego Association of Governments. SANDAG coordinates the San Di
ego Drug Use Forecasting Program, which collects voluntary urine specimens 
each quarter from a sample of anonymous arrestees. SANDAG provided urine 
specimens from arrestees tested during one quarter for the study. 

• U.S. Department of Health and Human Services, National Institute on 
Drug Abuse. NIDA is the agency responsible for setting mandatory guidelines 
for Federal workplace drug-testing programs and establishing standards for certi
fication of laboratories engaged in such testing. NIDA staff provided consultation 
on the study and reviewed findings. 

• BPL Toxicology Laboratory. The BPL Toxicology Laboratory in Tarzana, 
California, has extensive experience in conducting urin'a1ysis for the criminal 
justice system as well as other public and private sector clients nationwide. BPL 
received study specimens from the Alhambra Parole Office; analyzed specimens 
for drugs using RIA, TLC, and GC/MS technologies; and reported test results to 
the study's statistical consultant. 

• Abbott Laboratories. Abbott Laboratories in North Chicago, Illinois, is de
voted to the discovery, development, manufacture, and sale of a broad and diverse 
line of human health c~!e products and services. Abbott developed the TDX pro
cedure used by the Alhambra Parole Office. The firm also developed and supplied 
the instruments, reagents, and materials used in the TDX tests. 

• Roche Diagnostic Systems, Inc. Roche Diagnostics of Montclair, New Jersey, 
develops, manufactures, and markets clinical and analytical systems and specialty 
kits that help determine and monitor the medical status and well-being of indi
viduals. Roche developed the RIA procedure used by the BPL Toxicology Labo
ratory. The corporation also developed and supplied the instruments, reagents, 
and materials used in the RIA tests. 

• Syva Company. Syva Company in Palo Alt{), Galifomia, develops, manufac
tures, and markets diagnostic tests and instrument systems for drugs-of-abuse 
testing, therapeutic drug monitoring, and infectious disease diagnosis. Syva devel
oped the EMIT procedure used by the Alhambra Parole Office. They diweloped 
and supplied the instruments, reagents, and materials used in the EMIT tests. 
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Study Procedures 

Technicians used five different analytical procedures-EMIT, TDX, RIA, TLC, 
and GC/MS-to analyze urine specimens and determine whether certain classes 
of drugs were present. Specifically, the specimens were tested for any of the five 
drugs of primary concern to the criminal justice community-opiates, cocaine, 
phencyclidine (PCP), amphetamines, and marijuana (or their metabolites). When 
any of the drugs were present, technicians obtained a measure of the concentra
tion of the drug in nanograms per milliliter. Thus, each specimen was tested 25 
times (5 tests for each of 5 drugs). 

The technologies and analytical procedures chosen for this study have either been 
widely used throughout the criminal justice system or have: been approved by the 
Food and Drug Administration (FDA). When the study began in 1988, all five 
immunoassay technologies tested had been approved by the FDA. New drug 
testing technologies were continually being approved by the FDA and introduced 
into the commercial market, and, as the study progressed, several gained ap
proval. These include (1) ONTRAKTM, a rapid agglutination procedure developed 
by Roche Diagnostic Systems, Inc., for onsite use and (2) accuPinch™, an en
zyme immunoassay, developed by Hycor Biomedical, Inc., that can analyze a 
specimen in 7 minutes. The study did not evaluate these two products. It was also 
unable to test a third technology currt'~tly on the market, Toxi-Lab™, a thin-layer 
chromatography method that uses specialized procedures and prepackaged materi
als. In addition to these three technologies, other procedures not included were 
gas chromatography (without the mass spectrometer), high-performance liquid 
chromatography (HPLC), and high-performance thin-layer chromatography 
(HPTLC). Although some, are based on technologies similar to those used in the 
study (thin-layer chromatography and immunoassay), they involve substantially 
different methods and procedures; thus, the results reported here do not apply to 
these products.s 

Given that each urine specimen was analyzed by 5 procedures for 5 different 
drugs, the volume of urine needed for 25 separate tests was significant. While 
examining other current technologies would have been informative, the sheer 
volume of urine required limited the number of technologies and procedures in
cluded in the study. 

During the course of the study, urine specimens were collected from 2,470 adult 
parolees within the State of California Department of Corrections, Parole Divi
sion, Alhambra Parole Office. Urine specimens were also collected from 198 
arrestees in San Diego, California. As a condition of parole, the California De
partment of Corrections routinely tests adult parolees with known histories of 
identified drug abuse, and the study was incorporated into the Department's regu-
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lar operating procedures. Each urine specimen was analyzed for the presence or 
absence (and concentration, if present) of opiates, cocaine, PCP, amphetamines, 
and marijuana. Part of the analysis was conducted in the Alhambra Parole Office 
laboratory using both EMIT and TDX onsite technologies. (Urine specimens from 
San Diego were shipped to the Alhambra laboratory.) 

Manufacturers trained onsite technicians to conduct tests and interpret test results 
following appropriate package insert instructions. The manufacturers also sup
plied and/or installed instruments, reagent kits, controls, and standards at no cost. 

The Parole Office technicians reserved a sample from each urine specimen, which 
was transported daily to the BPL Toxicology Laboratory. BPL analyzed each 
specimen and reported the absence or presence (and concentration, if present) of 
opiates, cocaine, PCP, amphetamines, and marijuana using the RIA technology 
developed and supplied by Roche Diagnostic Systems, Inc., TLC, and the GC/MS 
analytical procedures. The technologists met the State of California standards for 
toxicology laboratory technologists. 

Roche Diagnostic Systems, Inc., trained the BPL technologists to conduct and 
interpret the RIA tests. Technicians conducted TLC and GC/MS tests according to 
BPL's Standard Operating Procedures manual. Each laboratory forwarded test 
results on an ongoing basis to the study's statistical consultant for review and 
analysis. Neither laboratory had access to or knowledge of the other laboratory's 
findings. 

Urinalysis technologies 

Urinalysis technologies for detecting drugs of abuse are based on two major ana
lytic principles, immunoassay and chromatography. Three of the procedures 
tested in this study-EMIT, TDX, and RIA-are variations of immunoassays. 
Immunoassays are used for initial screening of specimens. The other two study 
procedures-TLC and GC/MS-are based on chromatography principles. Chro
matographic methods can be used for screening or confirmation. The five tech
nologies used in the study are briefly described in this section. Appendix A 
provides a more detailed explanation of these technologies. 

Urinalysis technologies are often described and compared in terms of their sensi
tivity and specificity, and manufacturers may even use these terms when market
ing their products. A procedure's sensitivity refers to its ability to detect a given 
substance in positive specimens. Highly sensitive tests can detect relatively low 
concentrations of drugs. Less sensitive procedures, on the other hand, may fail to 
detect a drug at a given concentration, thus producing more false negative results; 
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for example, a less sensitive procedure may report a negative result when the drug 
or drug metabolite6 is actually present in the specimen. 

A prOCedure's specificity, another measure of the test's validity, refers to the abil~ 
ity to discriminate between the drug or drug metabolites of interest and other 
substances. A highly specific procedure for a particular drug produces few false 
positives; in other words, few specimens test positive that are in fact negative for 
the drug of interest. False positives may occur because a particular procedure 
detects components that mimic the substance of interest 

Immunoassays 

Immunoassays are generally considered to have moderate to good sensitivity, and 
hence can detect small amounts of a drug in urine. The specificity of an immuno
assay is more variable and depends on the procedure used and the drug being 
detected. In principle, an immunoassay test is designed to identify a specific drug 
or drug metabolite. In practice, however, immunoassay tests involve chemical 
reactions that may ml;lke it difficult to distinguish a specific drug from other sub
stances, such as prescription drugs with similar chemical properties; hence, false 
positive test results may occasionally occur. Because of this possibility, manufac- . 
turers of immunoassays recommend a confirmatory procedure that is more spe
cific to a particular drug or its byproducts, generally one of the chromatographic 
methods.? 

The Enzyme Multiplied Immunoassay Test (EMI1) procedure is marketed by 
Syva Company for either commercial laboratories or onsite settings. The onsite 
version can be performed by trained paraprofessionals using inexpensive materi
als and standard urinalysis equipment. Laboratories can also purchase testing 
instruments from the manufacturer; costs vary, depending on thc~ size of the ma
chine and the options purchased. 

Abbott Laboratories' TDX method is relatively inexpensive and sensitive, and can 
be easily adapted to onsite use by paraprofessionals. Instrumentation is available 
only from Abbott, and cost depends on the sophistication of the equipment 
purchased. 

The RIA, marketed by Roche Diagnostic Systems, Inc., is similar to the other 
immunoassays. The product is not readily suited to onsite testing, however, be
cause this procedure uses radioactive materials and requires instruments that are 
generally operated by licensed technicians in commercial laboratories. Further, 
while reagents are inexpensive, the instrumentation costs can be expensive. 
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Chromatography 

Chromatography is a method of chemical analysis that separates, identifies, and 
measures the various substances in a specimen (for instance, drugs in urine). The 
process either extracts these substances or causes them to attach to some other 
type of material or particles. 

Standard thin-layer chromatography (TLC). This drug test is used frequently 
in treatment programs and some criminal justice agencies because urine speci
mens can be screened for several drugs with one test. One drawback of this tech
nology, however, is that the test is not as sensitive as the immunoassays. Further, 
standard TLC is not typically used onsite because interpreting test results requires 
considerable technical expertise and instrumentation. 

Gas chromatography/mass spectrometry (GCIMS). This is believed to be the 
most conclusive method of confirming the presence of drugs of abuse in urine. 
Manufacturers of the immunoassays often recommend that initial positive results 
be confirmed by GC/MS. The technique is tim~ consuming because it uses two 
procedures to detect a foreign substance. Moreover, separate tests are usually 
needed to identify each targeted drug. GC/MS testing equipment is complex and 
expensive, and operation requires specialized training. 
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Study Design 

Primary objective was to compare leading technologies 

The primary objective of the study was to compare and contrast four urine-testing 
technologies commonly used in situations where authorities must screen many 
people for illegal drugs. Because of its recognized accuracy, GC/MS was used 
as the standard against which results from the four other technologies were 
compared. 

When a specimen indicated the presence of a drug present at or above a specified 
GC/MS concentration level, the specimen was considered positive for that drug. If 
the GC/MS results showed a drug concentration below the cutoff, the specimen 
was considered negative for the drug in question. The specimens were also tested 
using the four other technologies-EMIT, TDX, RIA, and TLC-and were con
sidered positive or negative depending on the concentrations specified for each of 
the respective technologies. 

The results based on the four technologies were then compared individually to the 
GC/MS results to determine the accuracy of the other technologies. Four out
comes were possible:8 

• True positive: Both results, GC/MS and the other technology, are positive. 

• True negative: Both results, GC/MS and the other technology, are negative. 

• False negative: GC/MS is positive, but the other technology is negative. 

• False positive: GCIMS is negative, but the other technology is positive. 

Determining whether a urine specimen is positive or negative for a specific drug 
depends on more than simply the drug's presence or absence. Technicians must 
determine the amount of drug present in the specimen .and whether this amount is 
above a specified cutoff level. Concentrations of drugs in urine are measured in 
nanograms per milliliter of liquid (ng/mL). The nanogram-one-billionth of a 
gram-indicates the amount of the drug or drug metabolite measured in the urine 
specimen. Because urine testing for illegal drugs is a relatively new science, there 
are no accepted scientific standards for determining whether a urine specimen 
should be classified as positive or negative for a particular drug. The cutoff con
centration level is primarily based on the accuracy of the test in measuring a spe
cific amount of a drug.9 

In 1988, the National Institute on Drug Abuse of the U.S. Department of Health 
and Human Services established standards to guide the Federal Government in 
developing procedures for Federal employee drug testing.1O The NIDA guidelines 
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specify all urinalysis testing policies and protocols to be used when testing Fed
eral employees for illegal drugs. The guidelines cover collecting urine specimens; 
preparing, handling, and shipping specimens for analysis; chain of custody re
quirements; screening and confirmation protocols; and reporting results. The 
NIDA guidelines also include specific drug concentration levels and cutoffs that 
determine whether a urine specimen is to be declared positive or negative for five 
drugs (marijuana, cocaine, opiates, PCP, and amphetamines). Only initial screen
ing test levels for immunoassays and confirmatory test levels for GC/MS are 
specified. 

Drug testing in the criminal justice system was specifically exclud.ed from the 
NIDA guidelines. Nonetheless, the criminal justice system-as well as the private 
sector, commercial laboratories, and manufacturers of drug-testing products-has 
relied on the NIDA guidelines for direction in establishing and implem~nting 
drug-testing programs. In effect, these guidelines have become the standard for 
most urine screening of individuals for detection of illegal substances. 

The immunoassays are usually calibrated or preset by their manufacturers to de
tect substances at the screening test concentrations in the NIDA guidelines, with 
some exceptions. II Detecting drugs using TLC is based on a different principle, 
but rough drug concentration levels can be determined by laboratory technicians. 

NIDA's cutoff levels were also evaluated 

Another purpose of the study was to examine the extent to which the NIDA 
guidelines may classify some positive specimens as negative because the drug 
concentration level in the specimen is below the official cutoff; this practice 
yields many false negative test results. Some research suggests that the relatively 
high screening and confirmation cutoffs in the NIDA guidelines may not detect 
the presence of drugs in 20 to 30 percent of positive urine specimens. In fact, 
researchers using blind procedures in one NIDA-sponsored study found that 30 
percent of positive urine samples were falsely identified as negative when using 
the NIDA guidelines.12 

In general, lower screening or confirmation cutoffs lead to more positive test 
results because a urine specimen can contain a smaller amount of the drug (fewer 
nanograms per milliliter) and still be considered positive. 

Because the cutoff levels in the NIDA guidelines are widely accepted, this study's 
primary findings for marijuana, cocaine, and opiates are based on the screening 
and GC/MS confirmation cutoffs approved by NIDA. The results for PCP and 
amphetamines using EMIT are based on different cutoffs because tests using the 
NIDA guidelines were not available at the time of the study. The screening and 
confirmatory cutoffs (GC/MS) approved by NIDA for Federal employee testing 
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Table 1 
NIDA and Study Cutoffs for Immunoassays and GC/MS 
(by ng/mL) 

Drug 

Marijuana 
Cocaine 
Phencyclidine 
Opiates 
Amphetamines 

• for EMIT. 75 ng/mL 
b for EMIT. 300 ng/mL 

Immunoassays 
tJlDA 

100 
300 

258 

300 
1.000b 

GCIMS 
NIDA Alternate 

15 
150 
25 

300 
500 

10 
50 
10 
50 
50 

and the immunoassay cutoffs used in this study are listed in table 1 in nanograms 
per milliliter. Table 1 also includes an alternate set of Ge/MS cutoffs that permit 
the detection of drugs at a level near the limits of the technology. These lower 
cutoffs, selected in consultation with Federal drug-testing experts. will be used to 
explore how much drug use may be undetected in criminal justice populations. 

For example, in this study a screened urine specimen that contains at least 300 
nanograms of cocaine metabolites will be designated as a presumptive positive. It 
will be considered conclusively positive if a second Ge/MS test shows a concen
tration of at least 150 nanograms of cocaine/metabolite. The drug concentration 
levels for Ge/MS are lower than the levels for screening except for opiates and 
PCP, for which they are identical. Ge/MS uses lower cutoff levels because it 
allows a much more specific test of the presence of particular metabolites. 
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Study Findings 

The statistical analysis is based on 2,470 urine specimens from parolees (90 per
cent male). The specimens were provided by the California Department of Cor
rections between May and August 1988. In February 1989, an additional 198 
specimens were collected from males arrested in San Diego and added to the 
initial data base. Thus, the total sample of 2,668 specimens represents a popula
tion of persons at an elevated risk for using illicit drugs. Table 2 shows the per
centage of the study sample found positive for each of the five drugs; findings 
were based on the GC/MS test using the cutoff levels in the NIDA guidelines. 

Table 2 
Percentage of Study Sample Positive for Drugs 
Based on GC/MS Test· 

Drug Type 

Marijuana 
Cocaine 
PCP 
Opiates 
Amphetamines 

Percent Positive 

34.0% 
27.5% 

7.7% 
7.1% 
3.6% 

* Refer to table 1 for the exact NIDA-specified GC/MS cutoff 
levels for each of the drugs. 

Clear accuracy differences between types of tests 

Clear differences exist between the accuracy of the three immunoassays and thin
layer chromatography. (Tables preSJnting the data for all tests and all drugs ap
pear in appendix B.) The 1LC test was inadequate in identifying drug users and 
did not identify the majority of specimens containing drugs. Specifically, the TLC 
technology identified approximately 8 percent of the positive opiate specimens, 
11 percent of the positive cocaine specimens, 19 percent of the positive pcp 
specimens, 48 percent of the positive marijuana specimens, and 12 percent of the 
positive amphetamines specimens (see figures 1 and 2). Positive specimens were 
determined by GC/MS using the cutoff levels in the NIDA guidelines. 
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Figure 1 
Percent of Positive Samples* Correctly Identified as Positive 
by Screening Test 
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• Positive samples determined by GC/MS; see text for details. 

Figure 2 
Percent of Positive Samples* Correctly Identified as Positive 
by Screening Test 

100 

80 

<= 
~ 60 
Cl> 

0.. 

40 

20 

0 
PCP Amphetamine 

Screening Test 
_ RIA I::::::~::I EMIT II1il1!I1I!I TDX _ TLC 

• Positive samples determined by GC/MS; see text for details. 
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Figure 3 
False Positive Rates· by Drug Type 
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• Negative by GC/MS but positive by screening test; see text for details. 

False positive rates 

The most common concern voiced about drug testing-whether in the criminal 
justice system, the military, or the civilian workplace- is the possibility that an 
individual will be fals~ly accused of using drugs because of a positive urine test 
when in fact the individual has not used drugs, These errors are known as false 
positives. Manufacturers of the immunoassays compared in this study are also 
concerned about these errors; hence, their tests are purposely designed to reduce 
false positive errors. 

When results for the five drug types were cqmbined, the average false positive 
rate was about 1 to 2 percent (see figure 3).J3 That is, in a hypothetical sample of 
1,000 persons all testing positive for drug use by one of the screening tests, 10 to 
20 may have incorrect positive results. In comparison to other chugs tested, the 
error rate for false positives was somewhat greater for cocaine and slightly less 
for pcp and amphetamines. The TLC test also has a low rate of false positives, 
but this finding is not surprising given the relative overall inability of this technol
ogy to detect drug use. It must be noted that these false positive rates are based on 
the screening test alone; in an actual testing program, confirmation with GC/MS 
would be expected to eliminate virtually all false positive results. 
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False negative rates 

Because of the concern about false positive results, less attention has been paid to 
testing errors that falsely identify a positive specimen as negative. In this study, 
false nega'tive rates were more variable across type of drug and testing method. 
As discussed above, the results of the study show a clear distinction between the 
three immunoassays and TLC in their ability to identify positive urine specimens 
accurately, and thus avoid false negative results. For the three immunoassays, the 
average false negative rate for the five drug types was about 20 percent using the 
cutoff levels in the NIDA guidelines. That is, of a hypothetical 1,000 urine speci
mens that are positive, 200 might actually yield negative test results.14 

The false negative rate was higher than this average for cocaine and especially for 
marijuana, but lower for PCP and amphetamines. Thus, the immunoassay screen
ing technologies failed to detect 29 to 41 percent of the specimens positive for 
marijuana, but only missed 2 to 21 percent of the specimens positive for PCP and 
amphetamines. Overall, this study's data show that using the available immunoas
say techniques as screening tests (and the cutoff levels in the NIDA guidelines) 
may result in about one in five urine specimens that are actually positive for one 
of the five drugs examined here being declared negative. 

However, these false negative results are unlikely to affect the ability of the crimi-. 
nal justice system to detect drug users if tests are performed repeatedly on indi
vidual offenders. The most common use of drug testing in the criminal justice 
system is to monitor an offender's compliance with pretrial, probation ,or parole 
conditions by testing for illegal drugs on a regular basis. With this type of drug 
testing program, the likelihood of repeated negative test results when an indi
vidual is a regular drug user is statistically very 10w.IS 

A final note about error rates 

The study findings on false positive and false negative rates should not be the sole 
criterion for selecting an immunoassay for use in a drug-testing program. Many 
factors contribute to these findings and, in some cases, a simple comparison of the 
percentage of test results found in error may be misleading. For example, analysis 
of data from the RIA test indicates that the 4.1 percent false positive rate for co
caine occurred, in part, because the GC/MS cutoff level used to determine 
whether a specimen was positive or negative (150 ng/mL) was lower than the 
screening cutoff level (300 ng/mL). A majority of the 78 RIA false positive speci
mens did contain cocaine (at a level above 300 ng/mL), but the reported GC/MS 
concentration level for the same specimens was below 150 ng/mL. Thus, the 
specimens were declared negative. This type of test result occurred more fre
quently for RIA than for the other immunoassays.16 
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The amphetamine data offer a further example of why error rates should not be 
the sole criterion for selecting a screening test. The false positive rates for am
phetamines among the thr~ immunoassays are very low and not statistically 
different (0.8, 0.8, 0.1), but the number of false positive test results varies from 2 
(RIA) to 20 (EMIT, TDX). (See data in appendix B.) In this case, the rate is mis
leading because of the small number of specimens in the study sample that were 
positive for amphetamines. 

Overall results by drug type 

As a group, the three immunoassays-EMIT, TDX, and RIA-were much more 
accurate than TLC. In general, there are small differences among the immunoas
says by drug type. In comparing the immunoassays, however, the data indicate 
that no one type of immunoassay was consistently superior to the others in identi
fying positive and negative specimens across the five drug types. 

Cocaine, marijuana, and opiates. Considering the results for cocaine, marijuana, 
and opiates, the three drugs most commonly used by drug-involved offenders, the 
three immunoassays together correctly identified an average of 75 percent of the 
positive specimens and 98 percent of the negative specimens. Stated differently, 
the immunoassay tests resulted in a false negative rate of about 25 percent and a 
false positive rate of about 2 percent (see figures 1 and 3 and table 3). 

The immunoassays were most accurate in detecting opiates, cocaine, and mari
juana, in that order. The tests often missed marijuana, which is discussed later in 
this report. False positive rates were highest for cocaine and lower for opiates and 
marijuana. 

PCP. The study population's use of PCP was c;onsiderably lower than for mari
juana and cocaine, but similar to use of opiates. When technicians used the highly 
accurate GC/MS test at a cutoff level of 25 ng!mL, 200 persons tested positive for 
PCP. As was the case with the other drugs, TLC correctly identified only a minor
ity--19 percent-of these specimens (figure 2). 

In sharp contrast to TLC, the three immunoassays identified more than 75 percent 
of the specimens that were positive for PCP (see figure 2 and table 3). Two of the 
immunoassays (TDX and RIA) recommended or preset a cutoff level of 25 ng! 
mL, the screening cutoff for PCP in the NIDA guidelines. The third immunoassay 
(EMIT) used a preset cutoff of 75 ngimL. These cutoff differences may account 
for the slight variations in detecting PCP. Using a relatively high cutoff level-a 
concentration of 75 ng!mL, for example-would reduce the technology's ability 
to identify positive specimens because more of the drug would have to be present 
before the test could detect it. False positive rates for the immunoassays testing 
for PCP were quite low-less than 2 percent-for all three immunoassays (see 
figure 3). 

17 



Table 3 
False Positive and False Negative Rates for Immunoassay 
Screening Methods by Drug Type* 

EMIT TDX RIA 

False False False False False False 
Drug/Drug Positive Negative Positive Negative Positive Negative 
Class Ratet Rate* Rate Rate Rate Rate 

Cocaine 2.5% 22.8% 2.1% 25.5% 4.1% 17.5% 
Opiates 2.2 17.9 1.7 17.5 1.8 14.7 
Marijuana 2.1 29.0 0.9 40.8 1.2 37.1 
PCP 0.2 21.4 1.6 6.8 1.3 5.8 
Amphet- 0.8 2.4 0.8 4.7 0.1 12.9 
amines 

• These summary results are based on data in appendix S, using the cutoff 
levels for immunoassays and GC/MS stated in the NIDA guidelines, with the 
exceptions noted in table 1. 

t The percentage of negative urine specimens, as determined by GC/MS, 
which are positive (falsely) by the screening test. See text for further discussion. 

:J: The percentage of positive urine specimens, as determined by GC/MS, which 
are negative (falsely) by the screening test. See text for further discussion. 

Amphetamines. Comparing the ability of urinalysis technologies to identify 
illegal amphetamine use posed several problems. At the time the study was con
ducted, illegal use of amphetamines, including methamphetamine, was primarily 
confined to a few metropolitan areas in the West and Southwest regions of the 
United States. 17 Although the study population was drawn from California, initial 
analysis revealed a very low rate of amphetamine use in the specimens Qbtained 
from the parole sample (I8 of 2,470 or 0.7 percent). Thus, researchers expanded 
the study by adding a sample of persons arrested in San Diego, a city known to 
have high rates of illegal amphetamine use. 

With these additions, technicians found that a total of 95 out of 2,668 urine speci
mens were positive for amphetamines or methamphetamine based on Ge/MS 
(using the NIDA cutoff of 500 ng/mL). "Ice" is the street name for an illegal 
substance that has appeared in Hawaii and is reportedly available in some west 
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coast cities; though this substance appears primarily as methamphetamine in 
urine, approximately 4 to 7 percent of methamphetamine is metabolized as 
amphetamine. Screening tests can detect ice if the technology is designed to rec
ognize both amphetamines and methamphetamine. 

Because of the small number of positive specimens, however, the study's results 
for amphetamines are not as conclusive as those for the other four drug types. In 
addition, urine-screening tests for amphetamines have historically been consid
ered less accurate than tests for other drugs. Existing tests for amphetamines are 
continually being revised, and new technologies have appeared since the study 
began. 

The three immunoassays were surprisingly accurate in correctly identifying illegal 
amphetamines or methamphetamine use when it was actually present, based on 
the GC/MS test. 18 The screening tests correctly identified nearly 9 of every 10 
positive specimens. In sharp contrast, TLC only identified 12 percent of the posi
tive amphetamine specimens (see figure 2). False positive rates were less than 1 
percent (see figure 3 and table 3). As was the case with PCP, the slight differences 
in the amphetamine results for the immunoassays may be due to differences in 
screening cutoff levels among the three tests. The NIDA guidelines specify 1,000 
ng/mL as the cutoff level for detection of amphetamines using urine-screening 
tests. At the time of the study, the EMIT test for amphetamines was based on a 
. fixed cutoff of 300 ng/mL, and the RIA test used a cutoff of 1,000 ng/mL. Al
though the TDX amphetamine test may be set lower than 1,000 ng/mL, the 1,000 
ng/mL cutoff was used in the study for TDX, since the cutoffs in the NIDA guide
lines were the basis for the study design. 

Other issues in using screening tests 

One purpose of this study was to determine the extent to which drug use may be 
missed using the standards in the NIDA guidelines. In a second set of analyses for 
this study the confirmation cutoffs for each drug were purposely set at very low 
levels to ensure the detection of a drug if it wao; present at all (see "alternate" 
cutoffs listed in table 1).19 A comparison of the numbers of specimens labeled 
positive using NIDA cutoffs and alternate cutoffs for GC/MS provides some 
information on this question. As shown in table 4 (and as would be expected) a 
lower cutoff results in more specimens being labeled as positive. 
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Table 4 
Number of Positives by GC/MS 

Drug Type 

Opiates 
Cocaine 
Marijuana 
PCP 
Amphetamines 

NIDA 
Cutoff 

190 
733 
906 
206 

95 

Alternate 
Cutoff 

300 
943 
999 
235 
119 

Another way to assess this issue is to examine what would happen if the cutoff 
levels for the screening tests were lowered as well. If the drug concentration level 
at which a specimen is considered positive or negative is too high, the screening 
assay may report a false negative test result for some positive specimens. As 
noted earlier, the immunoassays were more likely to miss the presence of cocaine 
and marijuana in urine specimens than the other three drugs tested. In many of 
these specimens, the drug in question was present in the specimen, but at a con
centration lower than the NIDA cutoff for screening tests. The three immunoas
says, when compared to the Ge/MS test result using the NIDA cutoffs, missed 30 
to 40 percent of the specimens that were positive for marijuana, 18 to 25 percent 
of the positive cocaine specimens, and 15 to 18 percent of the positive opiate 
specimens. 

Two results were reported for each urine specimen analyzed in the study: (1) a 
positive or negative designation (based on the NIDA cutoff levels discussed ear
lier) and (2) a quantitative report of the drug concentration present in nanograms 
per milliliter. These data allow us to' provide a rough and preliminary look at the 
effects of lowering cutoffs for some drugs. 

The appropriate drug concentration level for determining if a urine specimen 
is positive for mruijuana has been the subject of several studies and much debate. 
NIDA guidelines have approved a screening cutoff level for marijuana of 100 ng/ 
mL. However, tests with lower cutoff levels are also being used. An EMIT test 
for marijuana detection is available with cutoff levels of 100, 50, and 20 ng/mL, 
and several TDX tests for detecting marijuana are available with a user-defined 
cutoff range of 10 to 200 ng/mL. Analysis of data gathered in this study indicated 
that if the screening cutoff level for marijuana were lowered to 50 ng/mL, the 
number of specimens positive for marijuana might increase as much as 40 percent 
(see table 5).20 
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Table 5 
Changes In Numbers of Mari!uana Positives 
for Different Screening Cutoff Levels 

Technology 

GC/MS· 
RIA 
TDX 
EMIT 

Drug Concentration 
Cutoff for Screening Tests 

NIDA Suggested 
(100 ng/mL) (50 ng/mL) 

999 
572 
536 
650 

999 
785 
761 
673 

* The GC/MS cutoff is 10 ng/mL. 

Percent 
Change 

+37% 
+42% 
+4%t 

t The EMIT test for marijuana (using a fixed cutoff of 100 ng/mL) does not allow 
a clear determination of the expected change in number of positive test results. 

Table 6 
Changes In Numbers of C~'3ine Positives 
for Different Screening Cutoffs 

Technology 

GC/MS· 
RIA 
TDX 
EMIT 

Drug Concentration 
Cutoff for Screening Tests 

NIDA Suggested 
(300 ng/mL) (200 ng/mL) 

943 
661 
562 
589 

943 
711 
614 
700 

• GC/MS cutoff is 50 ng/mL. 

Percent 
Change 

+6% 
+10% 
+19% 

For cocaine, the potential change in the number of positive test results that would 
resultfrom lowering the screening cutoff level is much smaller. The screening 
cutoff level in the NIDA guidelines for cocaine is 300 ng/mL. The data from this 
study suggest that if this cutoff were lowered to 200 ng/mL, 6 to 19 percent of the 
specimens previously labeled negative for cocaine at the higher cutoff would be 
labeled as positive (table 6), depending on the type of immunoassay used for 
screening. 21 



Table 7 
Changes In Numbers of Opiate Positives 
for Different Screening Cutoffs 

Drug Concentration 
Cutoff for Screening Tests 

NIDA Suggested 
Technology (300 ng/mL) (200 ng/mL) 
------
GC/MS· 
RIA 
TDX 
EMIT 

300 
193 
180 
186 

• GC/MS cutoff is 50 ng/mL. 

300 
217 
200 
212 

Percent 
Change 

+12% 
+11% 
+14% 

For opiates, lowering the cutoff level might raise the number of positive test re
sults, but no more than 15 percent. The screening cutoff level in the NIDA guide
lines for opiates is 300 nglmL. Based on the study data, if this screening cutoff 
were lowered to 200 ng/mL, approximately 11 to 14 percent of the specimens that 
were negative for opiates at the higher cutoff would be labeled as positive (see 
table 7), depending on the type of immunoassay used for screening. 

These findings show that some of the false negative test results might be consid
ered positive for the drug or drug metabolite in question if screening cutoff levels 
were lowered. The impact on drug-testing programs could be substantial in the 
case of marijuana because more of the persons being tested might have positive 
results. Only a small number of additional cocaine or opiate users probably would 
be identified, however, if the cutoff levels for these drugs were lowered. 

The projections for marijuana, cocaine, and opiates are only an approximation of 
what might be expected if screening cutoff levels were lowered. Analyses are 
based on statistical manipulation of data gathered in the study, not on actual com
parison of test results using screening tests with different cutoff levels. The esti
mates depend, in part, on the drug concentration level in the population being 
tested. If, for example, urine specimens from parolees have lower drug concentra
tions on average than arrestees, then a change in the cutoff level would be ex
pected to have a greater effect for parolees than arrestees. A change in cutoff 
levels might not greatly affect the number of positive specimens in a population in 
which drug concentrations levels are high, that is, routinely above the NIDA cut
off levels. 
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Some criminal justice users of urine screening methods may wish to set cutoff 
levels in their testing program lower than the NIDA guidelines. Manufacturers of 
urinalysis technologies for drug testing mayor may not specify a particular cutoff 
level for determining whether a specimen is positive or negative. Some screening 
tests (for example, TDX) anow the operator to select a cutoff level within a speci
fied range, .although the cutoff level may be preset before the test kit is distrib
uted. Other screening tests (EMIT, for instance) have a fixed cutoff level
usually the screening cutoff level recommended by NIDA-at which a specimen 
is to be considered positive or negative. These types of tests perform most accu
rately at the specified cutoff level. 

Several issues should be considered if criminal justice agencies have the option of 
selecting specific cutoff levels or choosing a test with a cutoff lower than the 
NIDA guidelines. Using lower cutoff levels wi1llikely identify more drug users, 
particularly those using marijuana. This may be useful if the purpose of the test is 
to distinguish those who may need drug treatment. Other consequences of select
ing lower cutoffs might include inoreased demand for drug treatment, an in
creased need for additional supervision of drug-using offenders, and a greater 
need for jail and prison space for probation and parole revocations. 

Others might argue, however, that the cutoff levels in the NIDA guidelines are 
appropriate because these levels identify the vast majority of drug-involved of
fenders in pretrial, probation, and parole testing. Moreover, in some jurisdictions, 
criminal justice testing programs are constrained by "scientifically acceptable" 
cutoff levels that may have already been established by either State law or 
regulation.21 

At a minimum, cutoffs should be set at levels that the manufacturer will legally 
defend. Further, the procedures outlined by the manufacturer, such as preparation 
of reagents, should be strictly fonowed to obtain maximum accuracy. Using es
tablished cutoff levels, such as those recommended by NIDA, ensures continuity 
of drug-testing procedures between jurisdictions and uniform testing of all offend
ers. Little research is available to guide the criminal justice community-<>r the 
private sector, for that matter-<>n how much of a given drug should be present in 
a urine Specimen before the specimen should be declared positive. For most pur
poses, the cutoff levels approved by NIDA for screening and confirmation of 
urine specimens will meet the objectives of drug-testing programs in the criminal 
justice system. 

Changes in NIDA guidelines. The NIDA guidelines for establishing cutoff levels 
for workplace drug testing are currently being evaluated. One consideration is 
whether cutoff levels for some illegal substances should be lowered. Modifying 
the NIDA guidelines entails discussion of both scientific concerns about the accu
racy of testing methods at lower cutoff levels and policy implications that might 
result from such changes. Any official change in the NIDA guidelines will likely 
affect further development and marketing of urinalysis technologies for drug 
testing, which may also affect urine-testing programs in criminal justice settings. 
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The issue of confirmation 

It is reasonable to ask if any single urine-screening technology examined in this 
study is sufficiently accurate to make confirmation of positive results unneces
sary. As this study has shown, none of the technologies provides lOO-percent 
correct results when compared to the highly accurate GC/MS technology. Of 
greatest concern to the criminal justice system should be the I to 2 percent of the 
specimens that were falsely identified as positive by the four screening technolo
gies. No single technology emerged as superior in the ability to reduce these 
errors. 

Although the rate of false positives is low, confirmation of screened positives 
using an alternative technology is recommended by the NIDA guidelines to avoid 
testing errors. Because of the expense and time involved in confirmatory testing, 
in many criminal justice settings an individual's admission of drug use after being 
confronted with a positive drug test is considered a "confirmation." If a positive 
drug test is contested, however, a second, confirmatory test is essential, especially 
if one positive drug test will result in serious punitive action. Users of urine tests 
must weigh the costs of confirmation of positive results and the need for a rapid 
test result against the consequences of possible testing errors.22 

Because of the possibility of false results, screening test manufacturers generally 
include instructions stating that all positives designated as such by their product 
should be confirmed by a method based on a different chemical principle. For 
instance, all three manufacturers of the immunoassays examined in this study 
state that GC/MS is the preferred confirmatory method. Other chromatographic 
technologies, such as gas chromatography and high performance thin-layer chro
matography (HPTLC), can also be used for confirmation. 

Repeat testing of urine specimens by the same method or confirmation of 
screened positives using a similar technology (for example, using another type of 
immunoassay if the initial screen was also an immunoassay) probably will not 
eliminate all erroneous results.23 Repeat testing by the same technology may 
eliminate faulty procedural results, but not the errors inherent in the technology; 
hence, this practice should not be considered "confirmatory." 

Criminal justice agencies involved in drug testing may benefit from preparing a 
detailed plan that outlines testing procedures, drug-testing technologies, and 
agency policy. The plan should also specify at what drug concentration levels a 
specimen will be considered positive and how positive results will be confirmed.24 
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Laboratory versus onsite testing 

The study also addressed whether accuracy was significantly greater when speci
mens were analyzed in a full-service laboratory, as compared to analysis using 
onsite technology. The results of the three immunoassays were essentially equiva" 
lent: The one immunoassay technology carried out in a laboratory (RIA) was no 
more accurate than two immunoassays (EMIT and TDX) performe.<i in an onsite 
testing facility.25 

Although the quality of services varies among onsite testing facilities, many of 
these facilities are as professional as full-service laboratories. Onsite facilities 
frequently follow documented chain-of-custody procedures for handling urine 
specimens, provide training for personnel, and design ongoing programs to moni
tor the accuracy of their testing procedures, which are often called "proficiency 
programs." The onsite facility used in this study met these criteria. 

To ensure the quality of on site drug testing, criminal justice agencies must estab
lish procedures and protocols for specimen testing and quality assurance. If these 
procedures and protocols are developed and maintained, the testing results can be 
as accurate as those produced in a commercial laboratory. 
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Study Conclusions and Policy Implications 

This study was designed to provide guidance on urinalysis technologies for drug 
testing in the criminal justice system, including arrestees; those on pretrial release, 
probation, and parole; and incarcerated offenders. Some of the fmdings may be 
dependent upon the higher levels of illegal drug use in these populations than in 
the general population. Results should not be generaiized to other types of popula
tions, including military personnel, Federal employees, pilots, railroad employees, 
job applicants, or other such populations. For many of these groups, drug-testing 
policies are governed by guidelines specific to their needs. 

The study arrived at several principal conclusions and related policy implications 
for using urinalysis technologies for drug testing in the criminal justice system. 
These are summarized below. 

• Standard thin-layer chromatography was found to be seriously deficient in 
detecting the five substances examined in this study. Therefore, TLC is unlikely 
to be useful for screening or confirming urine specimens for illegal drug use 
within criminal justice populations. 

• When using the Federal guidelines for establishing cmoff levels for screening 
tests (or the manufacturer cutoff, if different), none of the immunoassay technolo
gies examined-EMIT, TDX, and RIA-is superior to the others in detecting all 
five drugs. Although there are some small differences by drug type, these differ
ences are unlikely to help agencies choose a technology, because populations are 
usually screened for several drugs. 

• The three immunoassays examined in this study-EMIT, TDX, and RIA-are 
about equally effective in limiting false positives for the substances tested. Over
all, about 1 to 2 percent of screened specimens were falsely identified as positive, 
using the screening cutoff levels in the NIDA guidelines. 

• Although using an immunoassay as a drug-screening technology generates few 
false positive errors, confirmation of screened positives by a method based on a 
different chemical principle, preferably GC/MS, should be required if the indi
vidual contests the positive result, or if one positive drug test will result in serious 
punitive action. 

• Using the three immunoassays examined in this study, approximately 20 per
cent of specimens identified as positive for illegal drugs (based on GC/MS and 
NIDA cutoff levels for screening and confirmation) were actually found to be 
negative. Some of these false negative results, however, resulted from the higher 
screening cutoff levels. Repeated drug testing of an individual-on a weekly or 
monthly basis, for example-will most likely detect illegal substances in a regular 
drug user. 
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• To ensure the highest level of accuracy, users of urine-screening technologies 
should carefully follow manufacturers' instructions for determining whether a 
urine specimen is positive or negative. 

• The choice of cutoff levels for determining positive and negative results in a 
specific jurisdiction should reflect the needs of the testing program, any potential 
legal restrictions, and the capability of the screening test. The screening cutoff 
levels in the NIDA guidelines for the five most prevalent drug types ensure uni
formity in screening criminal justice populations for drug use. If use of the lower 
screening cutoffs is desired, cutoffs should be set at levels which the manufacturer 
will legally defend. 

• Given the number of false negative results in screening urine for marijuana, 
manufacturers of urine-screening technologies should make available screening 
tests that can detect marijuana at a lower concentration level of 50 ng/mL. Lower
ing the cutoff may reduce the rate of false negative results for marijuana. 

• Drug tests performed in an onsite testing facility using technologies designed 
for onsite use can be just as accurate as testing performed in a full-service labora
tory. Accuracy depends on maintaining appropriate procedures and protocols such 
as chain of custody, quality control program, and personnel training. 
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Glossary 

Chromatography: A procedure used to identify substances, such as drugs of 
abuse, in urine. The procedure is based on separating or extracting the substances, 
allowing them to move or migrate along a carrier, and then identifying them based 
on their characteristic locations on the carrier. 

Enzyme Immunoassay (EIA): An immunoassay procedure used to identify 
drugs of abuse in urine by attaching an enzyme tag to the drug in question. 

Confirmation Tests: A second test used to confirm positive results from an ini
tial screening test. A confirmation test uses a method more specific than a screen
ing test and provides a greater margin of certainty. 

Cutoff Level: The concentration of a drug in urine, usually in nanograms per 
milliliter (ng/mL), used to determine whether a specimen is positive (at or above 
the cutoff level) or negative (below the cutoff level) for the drug in question. 

False Positive: A test result indicating positive for a given drug when that drug is 
actually absent or below the designated cutoff level. For this study, a positive test 
result by EMIT, RIA, TDX, or 1LC but negative by GC{MS (evaluated individu
ally for each drug and each test using the cutoff levels in the NIDA guidelines). 

False Positive Rate: The percentage of negative urine specimens, as determined 
by GC{MS, which are positive (falsely) by a specific screening method (computed 
separately for each drug). 

False Negative: A negative test result for a given drug when that drug is present 
in a sample and at a concentration above the cutoff level for the test. For this 
study, a negative test result by EMIT, RIA, TDX, or TLC, but positive by GC{MS 
(evaluated individually for each drug and each test using the cutofflevels in the 
NIDA guidelines). 

False Negative Rate: The percentage of positive urine specimens, as determined 
by GC{MS, that are negative (falsely) by a specific screening method (computed 
separately for each drug). 

Fluorescence Polarization Immunoassay (FPIA): An immunoassay procedure 
used to identify drugs of abuse in urine by attaching a tag that glows or fluoresces 
to the drug in question. 

Gas ChromatographyiMass Spectrometry (GC/MS): A chromatographic pro
cedure used to identify drugs of abuse in urine using a helium or nitrogen carrier 
to move the drug in question to a detector for identification and measurement. The 
detector, a mass spectrometer, identifies the drug by its mass to charge ratio. 
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Immunoassay: A procedure used to identify substances, such as drugs of abuse 
in urine, based on the competition between tagged and un tagged antigens to com
bine with antibodies. The uncombined, tagged antigen is an indicator of the drug 
present in the urine specimen. 

Laboratory Testing: The testing of urine specimens by professional technolo
gists or technicians at a commercial laboratory . 

Onsite Testing: The testing of urine specimens within criminal justice facilities 
using paraprofessional technicians. 

Proficiency Sample: A urine specimen that has a known concentration of a spe
cific drug that is tested by a laboratory to determine the accuracy of its testing 
procedures. 

Proficiency Program: An ongoing process in which a series of proficiency 
samples are sent to a laboratory on a regular basis. The laboratory is rated on its 
accuracy in identifying the presence and concentration of the drug. 

Radioimmunoassay (RIA): An immunoassay procedure used to identify drugs of 
abuse in urine by attaching a radioactive tag to the drug in question. 

Screening Test: An initial test used to 'detect drugs of abuse in urine. Screening 
tests are rapid and less expensive, but generally not as accurate as confirmation 
tests. 

Sensitivity: The ability of a procedure to detect minute amounts of substances. A 
highly sensitive procedure will rarely fail to detecra substance if it is present, thus 
few false negative results will occur. 

Specificity: The ability of a procedure to differentiate between chemically similar 
substances. A highly specific procedure is rarely positive for a given drug if the 
substance is truly absent; thus few false positive results will occur. 

Thin-Layer Chromatography (TLC): A chromatographic procedure used to 
identify drugs of abuse in urine using a thin layer of material such as silicon as a 
carrier. The separated substances are dyed, and the resultant color and migration 
patterns are used to identify the drugs in question. 

Threshold: The lowest levels of a substance detectable by a given test. Cutoff 
levels are usually set above the threshold to balance the resulting false positive 
and false negative errors and maximize the overall accuracy of test results. 

Urinalysis: The chemical analysis of urine to determine the presence or absence 
of substances. In the criminal justice setting, the substances being determined are 
drugs of abuse. 
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Appendix A 

Immunoassay technologies 

Immunoassays use antibodies to detect the presence of drugs. An antibody is a pro
tein that will react only when combined with a specific substance or group of very 
similar substances. The substance with which the antibodies react is called the anti
gen. In using immunoassays for drug testing, the targeted drug acts as the antigen. A 
label or "tag" is mixed with a specific amount of the drug being tested. The tag is a 
substance that can be identified and measured after. the antigen/antibody reaction 
takes place. The drug containing the tag is called the "tagged antigen." Commonly 
used immunoassay tags include radioactive material, enzymes, or fluorescent mate
rial (i.e., material that glows). In immunoassays, tagged antigen, urine that may . 
contain the drug in question (un tagged antigen), and antibodies that react specifically 
against the drug being tested are mixed together. The tagged antigen and the 
un tagged antigen compete to react with the antibodies. The amount of unbonded tag 
that remains after the reaction is complete indicates the presence or absence of the 
drug. 

The immunoassay procedures used in the study differ primarily by the type of tag 
used and the method of detecting unused, tagged antigens. The onsite testing facility 
at the Alhambra Parole Office and the BPL Toxicology Laboratory were instructed 
to provide both a designation of whether the specimen was positive or negative (us
ing the cutoffs in the NlDA guidelines) for the specific drug in question and a quanti
tative result of the drug concentration level in the specimen in nanograms per 
milliliter (nglmL). 

Syva's EMITfM is an enzyme immunoassay t.echnology in which an enzyme (a pro
tein that helps chemical reactions take place both within and outside of the body) is 
used as the tag. The change in enzyme activity in the tagged antigen, antibody, and 
urine mixture serves as an indicator of the amount of drug present in the urine 
sample. An estimate of the drug concenlration level in the specimen was determined 
by following the manufacturer's instructions for obtaining. quantitative results. 

Abbott's TDXTM is a fluorescence polarization immunoassay (FPIA).1t uses a sub
stance, fluorescein, that "glows" or fluoresces as its tag. The tag is subjected to polar
ized light, and the degree of polarization of the tagged drug is measured to indicate 
the presence of the drug in the urine specimen being tested. Samples with low con
centtations of drug or drug metabolite will produce a high degree of polarization. 
The test results are reported in qualitative terms (above or below the selected cutoff) 
as well as semiquantitative terms of numerical concentration of the drug in the 
specimen. 
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Roche's Abuscreen™ is a radioimmunoassay. The antigen is tagged with a radioac
tive substance. Drug presence is indicated by measuring the amount of radioactivity 
present after the antibody, tagged antigen, and urine sample react with one another.. 
A gamma counter must be used to measure the level of radioactivity in the specimen. 
Procedures outlined in the manufacturer's package inserts allow laboratory techni
cians to determine the drug concentration level in the specimen. 

In many cases, drug use is inferred by measuring metabolites rather than the sub
stance itself. For some substances, the body produces similar metabolites from use of 
legal as well as illegal substan~es. The screening assays may detect many different 
types of metabolites, some of which may be metabolites of legal substances, or the 
screening assay may "cross-react" with another substance, giving a false positive 
result This raises the problem of ensuring that a urine specimen screened as positive 
for a substance results from using an illegal substance rather than a legal substance. 
For instance, some over-the-counter cold remedies may be detected as illegal am
phetamine by some screening assays. ConfIrmation of presumptive positives by an 
alternate technology that can distinguish between these metabolites, principally Gel 
MS, is the preferred method of resolving these problems. A positive result by GCI 
MS is highly unlikely to be erroneous. 

The reagents, instruments, and materials used in the three immunoassay proce
dures-TDXTM FPIA, Abuscreen RIA TM, and EMITTM-were developed and/or 
supplied by Abbott Laboratories, Roche Diagnostic Systems, Inc., and Syva Com
pany, respectively. The location of each manufacturer, a menu of drugs of abuse that 
can be identified by each technology, and the instruments used by each technology 
are presented in table A.I. The materials and equipment used in thin-layer chroma
tography are available through major chemical and laboratory supply companies 
throughout the country. Each manufacturer supplies a variety of support services to 
its customers including training, technical assistance, problem resolution, and expert 
witness assistance. 

Thin-layer chromatography 

In thin-layer chromatography, a measured amount of an extract of the urine speci
men is put onto a glass plate that has been coated with a thin layer of silica or similar 
material to which components can become attached. The coated plate is put into a 
container that has a special chemical solution in it. The chemical solution moves up 
the plate taking the urine components with it, and the urine components are separated 
according to their different abilities to migrate. The separated components can then 
be identified by spraying the plate with a solution that causes the components to 
develop a color. The technician interprets color and migration patterns to determine 
the presence of specifIc drugs. 

34 



Gas chromatography/mass spectrometry (GC/MS) 

GC/MS is a two-part process. In the first part, a gas such as helium or nitrogen trans
ports the urine extract to a column where the chemical components in the materials 
to be measured are separated. The gas then transports the separated components onto 
a detector for identification and measurement. The detector in the Ge/MS procedure 
is known as a mass spectrometer. It identifies a substance by its mass-to-charge ratio. 
The mass spectrum pattern or signature of a substance is specific for that particular 
substance. 

Preparation of the specimen for analysis is also important. Depending on the drug 
being identified, extraction and hydrolysis procedures are used to extract the drug 
from the urine specimen. The sample volume, extraction solvent, hydrolysis reagent 
(whenever needed), internal standard, and derivatjzation reagent differ from drug to 
drug. 

In this study, the GC/MS test performed by BPL Toxicology Laboratory identified 
and quantitated the following five drugs (or classes of drugs): 9 tetrahydrocannabinol 
(THC-marijuana); benzoylecgonine (cor.aine); morphine, codeine (opiates); 
phencyclidine (PCP); and amphetamine, methamphetamine (amphetamines). Com
mercial control specimens were also included in daily analysis to establish the quan
tity of the unknown drug and to ensure that the control was within ± 20 percent of its 
established target value, which is the industry standard for determining the accept
ability of GC/MS test results. 

Laboratories also use two other procedures, both of which are classified as chroma
tography procedures. These are gas chromatography as a stand-alone procedure 
(without the mass spectrometer) and high performance liquid chromatography 
(HPLC). Either of these procedures may be used by a laboratory as a screening or 
confirmation technology. Because they require sophisticated equipment and profes
sionally trained technicians, these tests are not adaptable to onsite use. They were not 
included in this study. 

The body metabolizes and excretes different drugs at different rates. Thus, the maxi
mum amount of time (in hours or days) after ingestion that a substance can be de
tected in urine varies by the type of drug ingested and, in some instances, the amount 
and frequency of use. The approximate duration of detectability of selected drugs in 
urine is shown in table A.2. Almost all drugs of abuse can be detected for 48 hours 
after ingestion. Some drugs, including PCP and marijuana, are stored in the body's 
fatty tissues and can be detected in urine for several days or weeks, depending on the 
amount and frequency of use. 
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Appendix A 
Table A.1 

Technologyl Drug-of-Abuse 
Manufacturer Procedure Menu Instrumentation 

Abbott Laboratories TDXTh! FPIA Amphetamine/ TDX analyzer manufactured 
Abbott.Park, Methamphetamine by Abbott. 
IL 60064 Amphetamine Class 
1-800-323-9100 Barbiturates 

Benzodiazepines 
Cannabinoids 
Cocaine 
Methadone 
Opiates 
PCP 

Roche Diagnostic AbuscreenTh! Amphetamines Abuscreen RIA uses standard 
Systems, Inc. RIA Barbiturates equipment found in most labs: 
One Sunset Aven.ue Benzodiazepines pipetting equipment (automated 
Montclair, NJ 07042 Cannabinoids or manual); centrifuge; gamma 
1-800-526-1247 Cocaine counter. These instruments 

LSD are marketed by many 
Methaqualone manufacturers. 
Morphine 
PCP 

Syva Company EMIT1M Amphetamines EMIT assays can be run 
900 Arastradero Road Barbiturates on various chemistry analyzers 
Palo Alto, CA 94303 Benzodiazepines including all HitachiIBMD 
1-800-227-8994 Cocaine metabolite analyzers; high volume 

Methadone models; Olympus series; 
Methaqualone Technicon analyzers; and Roche 
Opiates analyzers. EMIT assays 
PCP can also be run on the 
Cannabinoids ETS system marketed by 
Propoxyphene Syva Company. 



TableA.2 
Approximate Duration of Detectablllty of 
Selected Drugs in Urine 

Substance 

Amphetamines 
Methamphetamine 
Barbiturates 

Short-acting 
Intermediate-acting 
Long-acting 

Benzodiazepines 
Cocaine metabolites 
Methadone 
Codeine/Morphine 
Propoxyphene/Norpropoxyphene 
Cannabinoids (marijuana) 

Single use 
Moderate use (4 times per week) 
Heavy use (daily) 
Chronic heavy use 

Methaqualone 
Phencyclidine (PCP) 

Duration of Detectablllty· 

48 hours 
48 hours 

24 hours 
48-72 hours 
7 days or more 
3 days (therapeutic dose) 
2-3 days 
3 days (approximate) 
48 hours 
6-48 hours 

3 days 
4 days 
10 days 
21-27 days 
7 days or more 
8 days (approxirnate) 

Source: Adapted from the Journal of the American Medical Association'S 
Council on Scientific Affairs, 1987, p. 3112. 

• Interpretation of the duration of detectability must take into account many 
variables, such as drug metabolism and half-life, subjectJs physical condition, 
fluid balance and state of hydration, and route and frequency of ingestion. 
These are general guidelines only. 

37 



Appendix 8 

Opiates· 

Positives by GCIMS Negatives by GCIMS 
Percent Percent 

Missed False Missed False 
Test GC/MS by Test Negatives GS/MS by Test Positives 

RIA 190 28 14.7 2,454 45 1.8 

TLC 189 173 91.5 2,452 8 0.3 

EMIT 190 34 17.9 2,454 54 2.2 

TDX 189 33 17.5 2,455 42 1.7 

* Screening test cutoff = 300 ng/mL; GCIMS cutoff = 300 ng/mL. 

Cocaine* 

Positives by GCIMS Negatives by GCIMS 
Percent Percent 

Missed False Missed False 
Test GC/MS by Test Negatives GC/MS by Test Positives 

RIA 733 128 17.5 1,913 78 4.1 

TLC 730 650 89.0 1,913 20 1.9 

EMIT 732 167 22.8 1,916 48 2.5 

TDX 732 187 25.5 1,917 40 2.1 

• Screening test cutoff = 300 ng/mL; GC/MS cutoff = 150 ng/mL. 
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MarlJuana* 

Positives by GCIMS Negatives by GCIMS 
Percent Percent 

Missed False Missed False 
Test GC/MS by Test Negatives GC/MS by Test Positives 

RIA 906 336 37.1 1,729 20 1.2 

TLC 907 474 52.3 1,729 54 3.1 

EMIT 906 263 29.0 1,727 37 2.1 

TDX 904 369 40.8 1,726 15 0.9 

• Screening test cutoff = 100 ng/mL; GC/MS cutoff = 15 ng/mL. 

PCP* 

Positives by GCIMS Negatives by GCIMS 
Percent Percent 

Missed False Missed False 
Test GC/MS by Test Negatives GC/MS by Test Positives 

RIA 206 12 5.8 2,442 31 1.3 

TLC 206 166 80.6 2,446 8 0.3 

EMIT 206 44 21.4 2,450 5 0.2 

TDX 205 14 6.8 2,449 39 1.6 

• Screening test cutoff = 25 ng/mL (for EMIT. 75 ng/mL); GC/MS cutoff = 25 ng/mL. 
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Amphetamines· 

Positives by GCIMS Negatives by GCIMS 
Percent 

Missed False Missed 
Test GC/MS by Test Negatives GC/MS by Test 

RIA 85 11 12.9 2,515 2 

TlC 83 73 88.0 2,513 7 

EMIT 85 2 2.4 2,515 20 

TDX 85 4 4.7 2.515 20 

• Screening test cutoff = 1,000 ng/ml (for EMIT, 300 ng/ml); GC/MS 
cutoff = 500 ng/mL. 

Percent 
False 

Positives 

0.1 

0.3 

0.8 

0.8 
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Notes 

1. National Institute of Justice, DUF 1989 Annual Report, 1990. 

2. Bureau of Justice Statistics, Drug Use and Crime, 1988. 

3. For example, see National Institute on Drug Abuse, Technical, Scientific and 
Procedural Issues of Employee Drug Testing: Consensus Report, 1990, p. 16. 

4. Detailed information regarding the current costs of various testing systems is 
not presented because costs often vary depending on the quantity being supplied. 
Also, new testing methods are continually being introduced. Interested readers 
should contact the vendors of the various testing systems to receive the most up
to-date description of features and costs (addresses and phone numbers appear in 
table A.l in appendix A). However, GC/MS is the most expensive of the methods 
used in this study, and it is likely to remain so in the foreseeable future. 

5. Since the study began, Abbott Laboratories has modified some of its assays for 
marijuana, PCP, and amphetamine, and the products used in this study are, in 
some cases, no longer marketed by the company. In addition, Syva Company has 
recently marketed a specialized assay for detecting amphetamines which is sup
posed to be less reactive to over-the-counter drugs. It is not known how these new 
or modified products would compare to those used in the study. 

6. A drug metabolite is a chemical byproduct of a drug that is formed in the body 
after ingestion of a specific drug. 

7. This study was not designed to investigate the identification of substances other 
than illegal drugs (e.g., prescription and over-the-counter drugs, specific foods or 
liquids, etc.), which may produce a positive result on a urine-screening test. The 
specific cross-reactive elements are known to vary by drug and type of immuno
assay being perfonned. Manufacturers of urine screening assays should be con
sulted about issues of cross-reactivity that may arise in using their product. 

8. The GC/MS technology can be set to detect a wide or narrow range of metabo
lites for a specific drug. In this study, for opiates, GC/MS identified the presence 
or absence of codeine or morphine, and for amphetamines, either amphetamine or 
methamphetamine. These are the most common metabolites of these two drugs in 
offender populations. It is possible that the immunoassays could detect a metabo
lite of a specific drug for which GC/MS was not "programmed." Thus, a small 
number of specimens that we have called "false positive" could be positive for the 
drug in question, but fora different metabolite than those GC/MS detected. 

9. See National Institute on Drug Abuse, "Urine Testing for Drugs of Abuse," 
Re~earch Mono graph #73, 1986. 
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10. "Mandatory Guidelines for Federal Workplace Drug Testing Programs," Fed
eral Register, Vol. 53, No. 69 (April 11, 1988): 1970-i989, issued by the U.S. 
Department of Health and Human Services. These guidelines are commonly re
ferred to as the NIDA guidelines, and this usage has been adopted for this report. 

11. The TDX fluorescence polarization immunoassay marketed by Abbott Labo
ratories has preset cutoffs. but the user may select a different cutoff level within a 
wide range. The preset cutoffs are generally lower than those in the NIDA 
guidelines. 

12. Davis, K.H .• Hawks, R.L.. and Blanke, R.V. (1988). "Assessment of labora
tory quality in urine drug testing: A proficiency testing pilot study." Journal of the 
American Medical Association. Vol. 260, No. 12, pp. 1749-1754. 

13. As a result of the study design, some of the false positive test results may have 
occurred because of a mismatch between specific metabolites detected by confir
mation and screening methods or the use of a confinnation cutoff that does not 
match the capabilities of the screening method. In an actual testing program, the 
false positive rates of the screening methods may be slightly lower. 

14. The magnitude of the false negative rate is detennined by the screening and 
confinnation cutoff levels, which followed the NIDA guidelines. A close exami
nation of the data reveals that the failure of the immunoassays to identify the 
specimens designated as positive by Ge/MS is due partly to the immunoassay 
cutoffs. Many of the false negative specimens contained some amount of the drug 
but not at a high enough concentration to call the specimen positive by the immu
noassay. Accordingly, the false negative rate would be reduced by lowering the 
immunoassay cutoffs. 

15. Given that the probability of testing positive by the screening test after taking 
a detectable level of a drug is 0.8 (false negative rate is 0.2), the probability of two 
independent, consecutive negatives is 0.04 (might occur 4 times in 1(0); the prob
ability of three consecutive negatives is 0.008 (might occur 8 times in 1,(00). 

16. Another explanation for these results may be degradation of the urine speci
mens that could make cocaine metabolites more difficult to detect and measure 
precisely with screening tests (Robert Dupont, personal communication). Degra
dation can occur because of inadequate refrigeration or other conditions that can 
alter the physical properties of the specimen. 

17. National Institute of Justice, Drug Use Forecasting Annual Report, 1989, 
1990. 

18. Initial analyses separated results for amphetamines and methamphetamine, but 
no substantive differences were found; hence, the results are reported for total 
amphetamines. 
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19. Table 1 lists the specific cutoff level for each drug. 

20. In addition, preliminary fmdings from a separate National Institute of Justice 
study show that lowering the screening cutoff level for marijuana from 100 ng/mL 
to 50 ng/mL (using TDX) might increase the number of positive test results by 
about 30 percent (Mieczkowski, 1990, Presentation at the Drug Use Forecasting 
Project Meeting, June 27-29, New Orleans, Louisiana). 

21. A discussion of legal issues surrounding drug testing is beyond the scope of 
this report. A thorough discussion of many of the relevant issues can be found in 
American Probation and Parole Association's Drug Testing Guidelines and Prac
tices/or Adult Probation and Parole Agencies, Bureau of Justice Assistance, U.S. 
DepanunentofJustice, 1991. 

22. Any jurisdiction considering the implementation of a drug-testing program 
should review the most recent case law on the need for confirmation. 

23. Although this study was unable to examine the issue of confinnation in detail, 
analysis was carried out to see if one immunoassay would confirm the results 
generated by another. For example, we compared the EMIT results to those using 
TDX and RIA to determine whether the other immunoassays might reveal er
rors-primarily false positive results-using EMIT. All combinations of immuno
assays were examined. Analysis revealed that a second immunoassay does not 
discover all false positive results from the first test. Moreover, the second immu
noassay may produce different errors than the initial screen. 

24. For additional infonnation about standards for drug testing in criminal justice 
agencies and relevant legal issues, see the reference section of this report. 

25. However, this issue cannot be resolved fully by this study because none of 
technologies were carried out in both a laboratory and an onsite testing facility. 
(The RIA can only be perfonned in a full-service laboratory.) 
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