
Introduction 

Workplace drug screening was 
introduced in the United States 
in the 1980’s. President Ronald 
Reagan issued an order 
stipulating mandatory drug 

testing for every safety-sensitive (i.e. transportation), civil service and executive level 
federal employee. In 1988, drug testing legislation was passed to permit private 
employers to introduce policies concerning drug testing. The primary motivation for 
screening in the workplace is safety. Companies with employees running machinery, 
working with consumers, or operating vehicles often perform this procedure to 
comply with the aforementioned legislation. In addition, some federal and state 
regulations require workers in certain industries to undergo drug testing before and 
during employment. In the USA, drug screening is mandated and regulated by the 
Substance Abuse and Mental Health Services Administration (SAMHSA).
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amphetamines, opiates and phencyclidines. The full list of 
compounds with their screening and confirmatory cutoff levels in 
urine (the most widely used sample type) is displayed in Table 11. 
A list of all compounds with their associated acronyms and 
molecular structures is displayed in Table 2.

Drug testing procedures involve collecting samples of hair, blood, 
or urine and submitting for lab testing. Most illegal substances 
remain in the body for at least 24 hours following use. The 
SAMHSA panel (formally referred to as the NIDA panel) classes 
are chosen to represent the most commonly abused drugs in the 
general public; this list includes cocaine, marijuana, 

Initial test analyte Initial test cutoff  Confirmatory test Confirmatory test 
  concentration analyte cutoff concentration

Marijuana metabolites 50 ng/mL THCA1 15 ng/mL

Cocaine metabolites 150 ng/mL Benzoylecgonine 100 ng/mL

Opiate metabolites 2000 ng/mL Codeine 2000 ng/mL 
Codeine/Morphine2  Morphine 2000 ng/mL

6-Acetylmorphine 10 ng/mL 6-Acetylmorphine 10 ng/mL

Phencyclidine 25 ng/mL Phencyclidine 25 ng/mL

Amphetamines3 500 ng/mL Amphetamine 250 ng/mL 
AMP/MAMP4  Methamphetamine5 250 ng/mL

MDMA6  500 ng/mL MDMA 250 ng/mL 
   MDA7  250 ng/mL 
   MDEA8 250 ng/mL

Table 1. List of analytes and their cutoff levels.

1  Delta-9-tetrahydrocannabinol-9-carboxylic acid (THCA). 

2  Morphine is the target analyte for codeine/morphine testing. 

3   Either a single initial test kit or multiple initial test kits may be 
used provided the single test kit detects each target analyte 
independently at the specified cutoff. 

4   Methamphetamine is the target analyte for amphetamine/
methamphetamine testing. 

5   To be reported as positive for methamphetamine, a specimen 
must also contain amphetamine at a concentration equal to or 
greater than 100 ng/mL. 

6  Methylenedioxymethamphetamine (MDMA). 

7  Methylenedioxyamphetamine (MDA). 

8  Methylenedioxyethylamphetamine (MDEA).

Table 2. List of analytes and their molecular structures.

Compound   Structure

\Amphetamine (AMP)

Methamphetamine (MAMP)

3,4-Methylenedioxyamphetamine (MDA)

3,4-Methylenedioxymethamphetamine (MDMA)

3,4-Methylenedioxy-N-ethylamphetamine (MDEA)

Phencyclidine (PCP)

Codeine (COD)

Morphine (MOR)

6-Acteylmorphine (6-AM)

Benzoylecgonine (BZE)

Tetrahydrocannabinol carboxylic acid (THC-COOH)
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Quantitative analysis of the SAMHSA panel in biological fluids, 
such as serum, is challenging for a number of reasons, including: 
a broad range of chemical and physical properties of the drugs, 
interfering matrices and the potential presence of similar 
compounds. Many of these issues come into play when screening 
of the SAMHSA panel by immunoassays, which is the traditional 
method used. Immunoassays can be challenging since they can 
give both false positive and false negative results. Drug tests 
generally produce false-positive results in 5% to 10% of cases and 
false negatives in 10% to 15% of cases2. Some over the counter 
medications can produce a false positive result, such as 
decongestants, and tricyclic antidepressants. False positives require 
confirmation by other complimentary techniques such as gas 
chromatography (GC)/MS). Immunoassays are not always sensitive 
enough to detect low levels of the drug in challenging matrices 
such as urine and blood and can frequently cannot identify 
specific drugs within drug classes due to their lack of specificity. 
Morphine represents an example of the challenge where the 
immunoassay test cannot be unable to determine whether the 
drug taken was morphine, codeine or heroin.

GC/MS, used extensively in confirmatory analysis, offers its own 
challenges. In the analysis of drugs of abuse, most of the 
compound classes are polar and often thermally labile, thus 
requiring derivatization prior to analysis. Thermally labile 
compounds are often misidentified due to common EI fragments 
with other compounds. Unlike GC/MS, LC/MS does not require 
time-consuming derivatization of samples and is ideally suited 
for the rapid analysis of these compounds. 

In 2011, SAMSHA altered the guidelines to allow LC/MS 
instruments to be used for urine quantitative confirmatory 
analysis. Among the LC techniques, LC/MS/MS is often used to 
quantitate drugs of abuse in biological fluids due to its sensitivity 
and selectivity. However, triple quadrupole techniques can have 
an undesirable high cost and lack the ability to easily identify 
new or unknown compounds. This becomes significant with the 
constant development of drugs, making it harder to identify and 
quantify them as they appear in the samples. High resolution 

mass spectrometry, achieved with technologies such as Time-of-
Flight (TOF), separate and identify drugs and metabolites from 
interferences based on their accurate masses. High mass 
accuracy from a TOF mass spectrometer assures confidence in 
the identification of the drug. We present an alternative 
technique to quantitate drugs of abuse in urine utilizing a rapid 
dilute and shoot with LC separation method in combination with 
time-of-flight mass spectrometry (TOF MS). 

The detection limits of the SAMHSA panel analyzed by the TOF 
were 5-2000 times lower than those required by the SAMHSA 
guidelines for a confirmatory test cutoff level. In addition to the 
wide quantitative dynamic range of the AxION® 2 TOF MS, 
which rivals capabilities of the triple quadrupole instruments, the 
TOF also provides full spectrum information, allowing for 
screening of non-target compounds. Due to the variety of the 
illicit and abused drugs available and high incidence of drug 
abuse, it is vital that labs have an approach that is fast, yet 
generic in nature and not targeted. It is costly and time 
prohibitive to add new drugs to an immunoassay based 
screening panel, TOF MS as it collects all the ions, can be used 
to screen for a ‘new’ drug immediately with little to no extra 
method development or further cost, and with no requirement 
to reanalyze the sample.

Experimental

A workflow for the screening and quantification of the NIDA 
panel is shown in Figure 1.

Sample preparation 
Human serum (0.3 mL) was protein precipitated by adding 0.6 ml 
of acetonitrile. The sample was vortexed for 10 seconds and 
centrifuged at 10000 rpm for 15 minutes. 0.40 ml of supernatant 
was removed and dried with a rotary vacuum dryer for 1 hr at 
room temperature. The dried sample was reconstituted in 0.8 ml 
of water and 20 μl was injected into LC column for analysis.

Calibration Curve(s) 
0.3 ml of human serum sample was spiked with different  
levels of 11 NIDA panel drugs and fixed level of 500 ng/ml of 

Figure 1. Workflow for screening, identification and quantification of the SAMHSA panel in serum. 
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deuterated internal standard of 10 NIDA panel drugs. The 
deuterated MDMA standard was used as an internal standard  
for both MDA and MDMA. 

LC conditions:
Pump:  PerkinElmer Flexar™ FX-15 UHPLC pump 
Flow:  0.25 mL/min 
Mobile phase A:   100 % Water with 10 mM Ammonium 

Formate adjusted to pH 5.5
Mobile phase B:   95 % ACN/5% Water with 0.05 %  

Formic Acid
Gradient conditions: 
  Time (min) %A  %B Curve
 1.0 96 4
 5.5 0 100 1 
 7.5 0 100 1
Injection volume:  20 μL in partial loop mode 
Column:   PerkinElmer Brownlee™ SPP C-18,  

2.1x50 mm, 2.7 μm (part number N9308402), 
SPP C18 guard column 2.1 mm x 5 mm,  
2.7 μm (Guard column cartridge part number 
N9308513, Guard column holder part  
number N9308534).

Column Temprature: 30 °C
Diverter Valve:   LC effluent was diverted to waste during 

initial 1.0 min of LC run

MS conditions:
Mass spectrometer:  PerkinElmer AxION® 2 TOF MS 
Ionization source:  PerkinElmer Ultraspray™ 2 (Dual ESI source) 
Ionization mode:  Positive
m/z range:  100-650 Da
Capillary exit voltage: 80 V
Flight tube voltage: 8000 V
Acquisition Rate : 2 Spectra/s
Acquisition Mode: Trap Pulse Mode
Drying gas temp  300˚C and 12 L/min 
and flow:  

Internal calibration was performed using m/z 118.0863 and 
622.02896 as lock mass ions.

Results

Screening
Rapid confirmation of the presence or absence of drugs in large 
batches of samples was accomplished by using AxION Solo™ 
software, which provides quick visualization of the presence or 
absence of analytes in the samples (Figure 2). The presence of 
individual drugs can be custom coded with a specific color for 
ease of identification. The software identifies the presence of a 
drug based on accurate mass and isotope profile ratio as shown in 
Figure 3. The isotope ratios allow further assurance of the identity 
of detected compound, lowering the risk of false positives. In 
addition to searching against spectral information, the software 
also searches for target analytes based on user defined retention 
time windows which further improves the specificity of detection. 

Confirmation/Quantification
The overall assay sensitivity was determined to be in the 1.0-10 
ng/mL range for all of the drugs spiked into serum, (Table 3). The 
limit of quantification (LOQs) measured by the TOF instrument 
were 5-2000 times more sensitive than what is currently required 
by the SAMHSA guidelines for confirmatory analysis. When 
analyzing such low levels of compound carryover must be 

The list of target analytes can be quickly and easily added to as 
previously unknown analytes are detected in samples. 

The analysis of the SAMHSA panel was completed in < 7.5 
minutes (Figure 4) with all peaks eluting before 7 minutes. The 
acquisition rate of the AxION TOF 2 is sufficient to provide a total 
of at least 10 spectra across each chromatographic peak, as 
required by regulations. The use of the divert valve, removes the 
first minute of the LC run, as morphine the first peak to elute 
does not appear until 1.5 minutes.

Figure 2. AxION Solo screen shot for blank serum and 100 ng/ml levels of SAMHSA  
drugs in serum. 

Figure 3. Mass accuracy and isotope profile of MDEA.

Figure 4. AEIC for 300 ng/ml of 11 SAMHSA panel drugs standard in serum.
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Analyte Concentration range (ng/mL) r2

AMP   10-10000  0.9971

MAMP   3-3000  0.9975

MDA   10-10000  0.9987

MDMA   1-1000  0.9971

MDEA   1-1000  0.9985

PCP   1-1000  0.9992

BZE   10-10000  0.9942

6-AM   1-1000  0.9997

Morphine  1-10000  0.9975

Codeine  1-3000  0.9983

THC-COOH  10-10000  0.9971

Table 4. SAMHSA linearity in serum

assessed to ensure that the assay is suitable for use. In spite of the 
low LOQs provided by the TOF MS, 0% carryover was observed 
for the majority of the analytes and levels were negligible in others 
were detected, after an injection of 1000 ng/ml, the upper limit of 
quantification (ULOQ) mixture of the drugs tested. 

The linearity of a representative drug, 6-AM is shown in Figure 5. 
The assay showed linearity over three orders with an r2 value of 
0.9997. The majority of the drugs of abuse analyzed showed 
linearity of three orders of dynamic range where all data was 
processed without weighting and did not require a quadratic fit, 
with r2 values of 0.99 demonstrating that the assay was linear 
and valid over the clinically relevant range required (Table 4). 
Multiple injections (n=5) of each calibration level showed 
excellent reproducibility (RSDs< 18%) for each of the drugs.  
The presence of a given drug in a urine sample can be confirmed 
by accurate mass and isotope profile provided by TOF MS. As 
shown in Table 5, the accurate masses of the majority of the 
drugs of abuse are < 3.3 ppm. The cannabinoid metabolite 
(delta-9-tetrahydrocannabinol-9-carboxylic acid/THC-COOH), a 
difficult analyte to ionize, was detected with LOQ of 10 ng/mL 
which is below the confirmatory cutoff level required. Morphine, a 
difficult analyte to retain and remove potential interferences 
simultaneously, was detected with LOQ of 1 ng/mL.

Analyte LOQ (ng /mL)

AMP   10

MAMP   3

MDA   10

MDMA   1

MDEA   1

PCP   1

BZE   10

6-AM   1

Morphine  1

Codeine  1

THC-COOH  10

Table 3. SAMHSA panel drugs of abuse LOQ in serum.

Figure 5. 6-AM calibration curve-3 orders of magnitude 1 - 1000 ng/mL.

Compound MH+  Formula Measured Mass Mass Error/Da Mass Error/ppm

AMP   136.1120  C9H13N 136.1124  0.0004  2.94

MAMP   150.1277  C10H15N  150.1282  0.0005  3.33

MDA   180.1019  C10H13NO2  180.1021  0.0002  1.11

MDMA   194.1176  C11H15NO2  194.1180  0.0004  2.06

MDEA   208.1332  C12H17NO2  208.1335  0.0003  1.44

PCP   244.2059  C17H25N  244.2060  0.0006  2.46

Morphine  286.1438  C17H19NO3  286.1435  0.0003  1.05

BZE   290.1387  C16H19NO4  290.1390  0.0003  1.03

Codeine  300.1594  C18H21NO3  300.1588  0.0006  2.00

6-AM   328.1543  C19H21NO4  328.1542  0.0001  0.30

THC-COOH  345.2060  C21H28O4  345.2058  0.0002  0.58

Table 5. Exact mass and measured mass for 11 SAMHSA panel drugs in serum.
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Conclusions

The method required minimal sample preparation or method 
development, saving hours of time and the use of costly reagents 
and consumables. This equates to a much lower cost per sample. 
The AxION 2 TOF was easily able to screen and confirm 1.0- 10 
ng/mL concentrations of 11 drugs of abuse spiked in serum using 
a fast 7.5 minute LC-TOF method. The detection limits of these 
drugs were as much as 2,000 times lower than that required by 
the SAMHSA guidelines. 

The AxION 2 TOF provides wide dynamic range capabilities similar 
to that of a triple quadrupole mass spectrometer and although 
not required by the federal regulations, offers the screening of 
untargeted compounds and allows for subsequent re-interrogation 
of data. The AxION 2 TOF MS is much easier to set up and adjust 
current methods for new or unknown compounds in comparison 
to triple quadrupole mass spectrometers which are more 
demanding in terms of method development and modification. 
For rapid large scale screening of batches of samples AxION Solo 
software provides a quick and easy platform to detect the 
presence or absence of drugs of abuse. 

Conclusions

1.   http://www.workplace.samhsa.gov/DrugTesting/pdf/2010Guide
linesAnalytesCutoffs.pdf

2.  163rd Annual Meeting of the American Psychiatric Association, 
New Orleans, May 22-26, 2010.


