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Background i Workplace drug testing by LC/MS

ANorkplace drug testing has required confirmation of initial drug
tests since the beginning of Federally-regulated and military
drug testing programs.

AGC/MS has been the 'gold standard' for this testing, with well-
developed procedures and criteria for confirmation of a
presumptive positive.

AJS Dept of Health and Human Services (HHS) will allow the
use of other chromatography-mass spectrometry technigues for

confirmation beginning in October 2010: GC/MS/MS, LC/MS,
and LC/MS/MS.

Alriple quadrupole (LC/MS/MS) is a well-accepted technique for
high confidence identification and quantitation.
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Other major changes to federally-regulated
workplace drug testing, effective October 2010

AVDA, MDMA, MDEA added to amphetamines confirmation.
Aamphetamines and BE cutoffs have been lowered.

£6-AM is confirmed after a positive screen result regardless of
morphine concentration.

ASpecific requirements are specified for amphetamines and
opiates for demonstrating lack of interference by structurally-
related compounds.

AAt least 10 data points across a peak are required for all
techniques.

::: Ag“ent Techno]ogies SAMHSA_Oct2010 LCMSMS confirmation ver5.pptx



SAMHSA October 2010 Confirmatory Test Cutoffs

"A specimen is positive when its confirmatory drug test is equal to or
greater than the cutoff." (HHS Guidelines, Nov 2009)

Target analyte Confirmation cutoff
(ng/mL)

Amphetamines 250

Amphetamine

Methamphetamine

MDA

MDMA

MDEA
Cocaine metabolite BE 100
Marijuana metabolite cTHC 15
Phencyclidine (PCP) 25
Opiates

Morphine 2000

Codeine 2000

6-acetylmorphine 10
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SAMHSA-required elements of LC/MS/MS method
validation for drug confirmation

1. Linearity of method across wide dynamic range
-determine LOQ and ULOL

Determination of LOD

3. Method accuracy and precision
- from 40% to >1000% of cutoff concentrations, in multiple batches

Demonstrated absence of carryover from high concentration samples
Measurement of potential interferences from structurally-related compounds

Measurement of matrix effects (ion suppression), recovery and overall
process efficiency

Documented optimization of instrument and method parameters

8. Parallel studies of NLCP PT samples and donor specimens when changing
from GC/MS
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Additional NLCP Validation Requirement

for "New Technologies", September 2010:

"Parallel Studies"” for each drug class

1. Analyze 10 human urine specimens positive for the assay
analyte(s) by GC/MS.

(If positive donor specimens are used, use the previously obtained GC/MS
values for the comparison.)

2. Analyze the same specimens using the new method.

3. Re-analyze PT samples from the 2 most recent NLCP PT cycles.
(request NCLP permission) by GC/MS.

4. Analyze the same specimens using the new method.

5. Compare the results obtained by GC/MS with the results obtained
by the new method, and resolve or explain any values that differ
by more than 20%.
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Agilent contributions to drug testing
("and now a word from our sponsor")

Agilent (then Hewlett-Packard) provided the initial GC/MS
confirmation solution to the drug-testing community.

Agilent is the recognized leader in GC/MS, especially in the
toxicology community.

Adgilent now supplies several types of LC/MS systems to clinical and
forensic toxicology laboratories.

Agilent is the leading supplier of chromatography-mass spectrometry
systems to the WADA doping control laboratories for Olympic and
other international competition.

Aloday's topic: the Agilent applications organization has developed
and validated a set of sample preparation and LC/MS/MS methods for
the HHS (SAMHSA) October 2010 expanded workplace drug testing
program.
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Advantages of LC/MS/MS for Drug Testing

ANo derivitization required for analytes

I Lower reagent costs, lower labor costs = lower cost/sample
I faster turn-around
I Less instrument maintenance (no aggressive reagents injected)

AShorter runs than with GC/MS, using modern UPLC

Motentially better sensitivity for some analytes (MS/MS) still
with high specificity (ion ratios like GC/MS)

A_.C/MS/MS is now widely accepted, can also be used for other
tests to expand business (e.g. pain management, TDM)
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Objectives for LC/MS/MS Confirmation Methods
for Drug Testing

AUtilize existing sample preparation methods already developed
for GC/MS confirmation

Arovide reliable sensitivity and specificity comparable to or
better than corresponding GC/MS methods

AShort cycle times to allow quick turnaround for confirmation
testing

A-ast quantitative data analysis and reporting with GC/MS-like
lon ratios and easy batch review

Anell-documented procedures that can be easily learned by
GC/MS-trained personnel
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Features common to Agilent HHS methods

Sample prep and LC separation

MS/MS methods

Gravity-flow SPE columns from
Biochemical Diagnostics
(Varian SPE methods are available)

Meuterated internal standards from
Cerilliant Corporation

A orbax SB-C18 column, 3.0 x 50 mm
RRHT (1.8u), for speed and capacity

A-low rates and fast gradients
optimized for separation, peakshape,
good retention (separation from void
volume), MS sensitivity

Mobile phase components:

- MeOH/20 mM AmFormate for cTHC
- MeOH/water 0.1% formic acid for all
other methods

AJtilize standard 6410 QQQ LC/MS/MS
model or newer models

AJse high-flow ESI source for simplicity
and robust operation

(can use Agilent Jetstream ESI but not
necessary for HHS cutoffs)

/8 MRM transitions for target analytes
(except 2 for AMP and METH), 2
gualifier ion ratios like GC/MS

2 MRM transitions, 1 ion ratio for IS's
for additional confidence in results

ACustomizable quantitation report with
GC/MS-like content
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Summaries and Performance of Methods
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Amphetamines

Low calibrator, 25 ng/mL (10% of cutoff)
Dynamic MRM used for this method for optimum sensitivity
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Potential amphetamine interferences* |
method developed for separation from targets
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Amphetamines T typical calibration curves

257 10,000 ng/mL, r¢'s 0.999 or better
Quadratic fit required for wide dynamic range found in real samples
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Amphetamines 1 typical figures of merit from first
of 5 validation batches

Evaluation parameter Accuracy Precision

Instrument accuracy, precision AMP 100.4 1.0
(average % of target value, %0RSD) METH 102.9 1.0
n=5 injections MDA 98.7 1.4
cutoff calib 250ng/mL MDMA 104.0 0.8

MDEA 101.0 1.8
Linearity (accuracy across dynamic 102.3 0.9
range) (average of all 5 cpds)

2571 10,000 ng/mL, 7 levels 10-
4000% of cutoff

Carryover: solvent blank and NegQC None detected (< 0.05%)
injections after 10,000 ng/mL
calibration and linearity samples
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Amphetamines | interference studies

HHS guidelines require demonstrated absence of interference with
detection and quantitation of amphetamines from the following
compounds:

Interferent Level spiked

Ephedrine 1 mg/mL
Pseudoephedrine 1 mg/mL
Phenylpropanolamine 1 mg/mL
Phentermine 50,000 ng/mL

Potential interferents are added to samples containing 0 and
100 ng/mL (40% of cutoff) of the target compounds.

No positives resulted from spiking drug-free urine with interferents.

100 ng/mL QCs with interferents added measured within 10% of
target values.
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lon suppression/matrix effects

Use of deuterated internal standards helps compensate for matrix effects,
however:

HHS guidelines and sound LC/MS method validation practices require the
measurement of matrix effects on identification and quantitation.

A widely-accepted method is that of Matuszewski et. al, Anal. Chem.
75:3019-3030 (2003).

Measurements compare responses (peak area of quant ion)
for three samples:

1. Reconstitution solvent fortified with targets ('mobilephase’)
2. Negative urine spiked pre-extraction, then extracted (‘pre’)
3. Negative urine extract spiked post-extraction (‘post’)

Method also measures recovery and overall process efficiency.
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lon suppression/matrix effects measurements:
expressed as ratio of responses

Calculations Results for amphetamines
using 10 different blank urines

Matrix Eff ProcessEff
AMP 103 72 74

Matrix effect = post/mobilephase

<100% Y ion suppression

>100% Y ion enhancement METH e ag o6
MDA 100 74 74
Recovery effect = pre/post MDMA 102 88 90
MDEA 104 87 90

ANo measurable ion suppression
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Benzoylecgonine, low calibrator, 10 ng/mL
3 transitions for BE, 2 for BE-d8 internal standard
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Benzoylecgonine (BE) LC separation showing BE, cocaine,
and other metabolites
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Interference studies not required for this analyte, but LC separation developed for potential analysis
of other metabolites for cocaine use confirmation
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Benzoylecgonine i typical calibration curve

107 4,000 ng/mL, r#'s 0.999 or better
Linear fit; 1/x weighting needed for best accuracy at low concentrations
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Benzoylecgonine i typical figures of merit

Evaluation parameter - Accuracy Precision

Accuracy, precision 104.9
(avg % of target value,

%RSD)

n=5 injections, Batch 1 of 5

cutoff calib 100 ng/mL

Linearity (accuracy across 1 102.7 3.5

dyn range) 2 100.5 3.6

107 4,000 ng/mL, 7 levels 3 105.5 2.6

10-4000% of cutoff 4 104.7 7.4
5 102.2 3.5

5 separate batches, each Avg 103.1 4.1

with own curve and QCs

Carryover: solvent blank None detected

and NegQC injections after (< 0.01%)

4,000 ng/mL calibration and
linearity samples

Page 23 ::: Agllﬂﬂt Techno]ogies SAMHSA_Oct2010 LCMSMS confirmation ver5.pptx



Benzoylecgonine lon suppression/matrix effects

Calculations Results for BE

Matrix effect = post/mobilephase (10 different blank urines)

. _ - Matrix Eff ProcessEff
<100% Y 1Ion suppression

. Average 97.0 62.1 60.1

>100% Y ion enhancement
StdDev 4.0 11.0 10.4
Recovery effect = pre/post Range 90-102 55-72 53-70

o _ A ittle/no ion suppression apparent
Process efficiency = pre/mobilephase _
ARecovery not as high as for Amps
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Carboxy-THC (cTHC), 15 ng/mL cutoff calibrator
3 transitions for cTHC, 2 for cTHC-d9 internal standard

cTHC quant ion

cTHC qualifier 1

Negative ion detection
gave better sensitivity CTHC qualifier 2
than positive ion method.
Urine is base-hydrolyzed
before SPE to cleave any

cTHC-glucuronide. cTHC-d9 quant ion

cTHC-d9 qualifier
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