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Abstract

This application note describes a robust UHPLC-MS/MS method for the analysis of drugs of abuse in hair to

satisfy the confirmation cut-off values as recommended by the Society of Hair Testing (SoHT)."?

Many common
forensically relevant drugs are included including opiates, amine stimulants, benzodiazepines, fentanyl and other
synthetic opiates, and other common drugs of abuse. Extraction conditions were optimized to address the wide
variety of compounds. The samples were then cleaned up using Oasis™ MCX mixed-mode cation exchange plates
and separated on an ACQUITY™ UPLC™ I-Class Plus System. The Xevo™ TQ Absolute Triple Quadrupole Mass

Spectrometer provided the specificity and sensitivity to meet the detection requirements outlined by the SoHT.
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Benefits
Hair matrix provides long drug detection window and collection is non-invasive
Optimized sample preparation for a wide variety of compounds

Robust method using UHPLC-MS/MS for the sensitive determination of forensically relevant drugs in hair

Introduction

The use of hair as a biological matrix for forensic testing continues to increase in popularity. As a specimen, hair
offers several benefits. In contrast to other matrices such as blood, hair collection is simple and does not require
medically trained staff to collect the sample. Sample collection is not considered intrusive, meaning that

collection can be easily supervised, thus reducing the potential for sample adulteration. Further, once collected,

hair can be easily transported and stored at room temperature prior to analysis.

Drug substances can be incorporated into the hair by various mechanisms including passive diffusion from the
blood supply at the follicle into the growing hair matrix, diffusion into the hair shaft from sweat or sebum or
external contamination such as smoke or contaminated hands. Some key factors that affect the incorporation of

hair include the melanin content of the hair, pKa of the analyte and the degree of lipophilicity of the analyte.

One key benefit of hair is that it provides an extended window of detection for drug exposure. Unlike traditional
matrices such as blood and urine, where drugs may only be detected within hours or days of use, drugs can be
detected in hair months and even years after use. Hair generally grows at a rate of 1 cm per month. Thus, a hair
sample can provide an accumulated specimen which can provide an insight into drug usage over recent months.
This makes analysis of illicit drugs and pharmaceuticals in hair useful for situations where other samples may not
be appropriate or available for analysis such as post-mortem toxicology, drug facilitated sexual assault (DFSE), or

for employment testing in which long-term monitoring is desired.

Hair analysis does have some challenges that must be addressed, however. First, hair must be decontaminated
prior to analysis to remove surface contamination. The pulverization step is also critical. More complete
pulverization leads to more efficient extraction for many common drugs (Hu 2023, JAT; 47; 346-52).2 The initial
extraction conditions are also crucial. Some drugs and metabolites are unstable at either high or low pH, and

solvent composition can affect the efficiency of the extraction for different compounds. All these issues must be
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considered and balanced when extracting a large panel of compounds from hair.

In developing this analytical method, we were able to optimize the initial incubation to efficiently extract a wide
variety of compounds including opiates, amine stimulants, benzodiazepines, synthetic opiates, and other
forensically relevant compounds while meeting the sensitivity requirements of the Society of Hair Testing (SoHT).
Oasis MCX plates enabled a quick and efficient sample clean up. Analyte recoveries were consistent and resulted
in the accuracy and precision needed for this assay. Rapid separation was achieved with the ACQUITY UPLC I-
Class Plus System and ACQUITY BEH™ Column coupled to the Xevo TQ Absolute Triple Quadrupole Mass

Spectrometer which provided the sensitivity required for this analysis.

Experimental

LC/MS grade solvents were either from Fisher or Honeywell. Optima Grade formic acid and ammonium acetate
were from Fisher Scientific. Certified reference materials and internal standards were acquired from Cerilliant

(Round Rock, TX).
Hair samples were sourced from volunteers and analyzed as either single samples or blended.
External positive control samples were purchased from Comedical (Comedical.biz).

Certified reference standards and mixes were combined to make a nominal 10 ug/mL working stock solution
which was then further diluted to produce working calibrator and quality control standards. 6-acetyl morphine
and norfentanyl had a concentration of 2 yg/mL and fentanyl had a concentration of 1 pg/mL in the working
stock solution. Seven working standards were prepared, ranging from 10-1000 ng/mL in methanol (MeOH).
Quality control working stock solutions were prepared at concentrations of 30, 150, and 300 ng/mL in methanol.
An internal standard (IS) stock solution was prepared at 1000 ng/mL in methanol. Working IS solutions were

prepared daily in methanol at 250 ng/mL.

A volume of 20 pL of each working calibrator or control standard was added to 20 mg of hair, resulting in a
nominal calibration range from 0.01-1.0 ng/mg and QC samples at concentrations of 0.03, 0.15, and 0.30 ng/mg

hair.

Extraction Method
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Hair samples were decontaminated by sequential solvent washes and allowed to fully dry. Bulk hair samples were
pulverized using a Precellys Tissue Homogenizer and 2 mL CKMix Lysing Kits (Bertin Technologies, Montigny-le-

Bretonneux, FR) for 6 x 6400 rpm for 40 seconds each.

An aliquot of blank, pulverized hair (20 + 1 mg) was weighed into 16 x 100 mm round bottomed glass centrifuge
tubes. Working calibrator and QC solutions were added as described above along with 40 pL of working IS
solution. A double blank sample was also prepared with no IS. Next, 1.2 mL of the extraction solution was added
and then the tubes were capped, and samples were incubated for 2 hrs at 95 °C. The samples were then
centrifuged at 3200 rcf for 5 min and the solvent was transferred to a 2 mL 96-well collection plate containing 25
uL of formic acid. Sample extracts were evaporated for approximately 30 minutes to remove most of the solvent.
After evaporation, samples were diluted with 1.5 mL of 4% phosphoric acid and loaded onto the wells of a Waters
MCX 96-well plate (30 mg/well; p/n 186000258). The wells were then washed with 2 x 1 mL 80:20
water:methanol and eluted with 2 x 125 pL of 50:50 ACN:MeOH containing 5% strong ammonia (28-30%) and

diluted with 500 pL of 97:2:1 water:ACN:formic acid. The entire extraction workflow is shown in Figure 1.

l Decontamination |
v

| Pulverization |

!
Hair preparation L | Weighed into glass centrifuge tube (20 mg) |
and incubation

librat iked —>
C(g.logat: :s:g;mZ) “— Internal standard added

| Incubation (120 min at 95 °C) |

Analyte extraction - | OASIS MCX SPE |
UPLC-MS/MS
UPLC-MS/MS analysis e

Figure 1. Workflow used for the extraction of drugs from Hair.

Chromatographic separation was achieved using a gradient of water and acetonitrile, both containing 0.1%
formic acid, on an ACQUITY UPLC BEH Cqg Column, 1.7 um, 2.1 x 100 mm. The UHPLC System conditions are

displayed below.
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LC Conditions

LC system:

Column:

Column temperature:

Sample temperature:

Injection volume:

Flow rate:

Mobile phase A:

Mobile phase B:

Wash solvent:

Gradient Table

ACQUITY UPLC I-Class PLUS System

ACQUITY UPLC BEH C4g 1.7 um, 2.1 x 100 mm

40 °C

10 °C

2 uL

0.6 mL/min

0.1% formic acid in MilliQ water

0.1% formic acid in acetonitrile

25:25:25:25 MeOH:H,O:IPA:ACN

el I A I
0 0.6 98 2 6
3.33 0.6 33 67 6
85 0.6 10 90 6
3.6 0.6 98 6
4 0.6 98 6

MS Conditions
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MS system: Xevo TQ Absolute Triple Quadrupole Mass

Spectrometer

lonization mode: ESI positive

Desolvation temperature: 500 °C

Desolvation gas flow: 1000 L/hr

Cone gas flow: 150 L/hr

Acquisition range: MRM transitions optimized for individual
compounds

Capillary voltage: 1.0 kV

Collision energy: Optimized for individual compounds (See
Appendix 1)

Cone voltage: Optimized for individual compounds (See
Appendix 1)

Data Mangement

MS software: MassLynx™ Mass Spectrometry Software

Quantification software: TargetLynx™ XS / QUAN Review

Results and Discussion

Figure 2 shows the resulting chromatography using the UPLC BEH Cyg Column. Individual retention times are
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listed in Appendix 1. These chromatographic conditions were the same as those used previously for a multi-
analyte panel in urine (Danaceau, 2017; 720006187 <
https://www.waters.com/nextgen/global/library/application-notes/2019/comprehensive-method-for-the-
analysis-of-pain-management-drugs-and-drugs-of-abuse.html> ). All compounds were baseline separated from
any potentially interfering compounds and internal standards as shown previously. All compounds were eluted

by 3.2 minutes with a total LC cycle time of 4.0 minutes.

The sample preparation procedure was rapid, clean and robust. Figure 3 shows the recovery and matrix effects
for all the compounds. Recoveries averaged 58% with 49/58 >40%. Some compounds such as the amine
stimulants and EDDP demonstrated lower than average recovery. However, it was consistent and enabled the
accurate and precise quantification of all compounds even at the lowest concentration levels. Matrix effects
averaged 20% with only 6 compounds exceeding 40% ion suppression. The use of deuterated internal standards
corrected for this, allowing accurate analyte quantification. As shown in Figure 3, matrix effects were consistent,

with standard deviations all under 10%.
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Figure 2. Chromatography of the forensic toxicology panel extracted from
hair samples. The column was a Waters BEH Cyg 1.7 um, 2.1 x 100 mm

Column. Several key compounds are labelled.
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Figure 3. Recoveries and matrix effects from the incubation and solid
phase extraction procedure. Recoveries averaged 58% with 49/58 >40%
and matrix effects averaged 20% with only 6 compounds exceeding 40%
ion suppression. All %RSDs were <10% for the recovery data and standard

deviations were <10% for the matrix effects data.

Several factors proved to be critical when optimizing the sample preparation procedure. For example, optmizing
the incubation solution significantly improved recoveries for oxazepam and lorazepam. Additionally, the use of
formic acid vs. HCI during in the evaporation step was necessary to prevent the acid catalyzed degradation of
alprazolam, triazolam, and midazolam. Enzymatic digestion was also initially investigated as a sample
pretreatment method. However, it needed an overnight digestion, many compounds demonstrated substantial
ion suppression (>80%), and we saw significant chromatographic interferences, so it was not investigated

further,

Calibration curves ranged from 0.01-1.0 ng/mg, encompassing the cutoff values of the Society of Hair Testing for
drugs of abuse. As mentioned above, 6-acetyl morphine (6-AM) and norfentanyl had calibration ranges from
0.002-0.2 ng/mg and fentanyl had a calibration range from 0.001-0.1 ng/mg. All compounds had R? values of
0.99 or better, apart from phentermine and metadesnitazine. Neither of these compounds had a stable labelled
internal standard and phentermine was also subject to significant matrix-based interference. Figure 4 shows

calibration curves for morphine, methamphetamine, fentanyl, and alprazolam.

Accuracy and precision were evaluated by extraction of 5 individual batches. The results are shown in
Appendices 2 and 3. All compounds had within-run and between-run accuracies within 15% of target values
(20% for low QC samples) and %CVs <15% (20% for the low QC samples), apart from phentermine and

metadesnitazine. The remainder of the compounds demonstrated accuracy and precision values that met the
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validation requirements of ASB Standard-036.

Functional sensitivity was assessed by extracting 10 replicates at nominal concentrations of 0.01 and 0.02 ng/mg.
Lower limits of quantification (LLOQ) were those at which accuracy was within 20% and %CVs were also less
than 20%. The results of these experiments are shown in Table 1. For those analytes that did not meet the
requirements at 0.01 or 0.02 ng/mg, the low QC was used as a LLOQ. This included MDA, a-OH midazolam and
clonazepam. All compounds met the SoHT requirements for sensitivity except for phentermine, which lacked a
labelled internal standard and was subject to endogenous interferences. LLOQ values for fentanyl, 6-AM and

norfentanyl were correspondingly lower due to their lower calibration ranges.

True accuracy was assessed using external positive control samples from Comedical. These samples had known
concentrations of drugs incorporated into the hair matrix as well as established acceptance windows. The results
are shown in Table 2. Coefficients of variance were excellent, with all under 10%. Of the compounds included,
18/24 (75%) were within the acceptance criteria established by the manufacturer. The values in the EQA samples
were beyond the calibration range of 6-AM and fentanyl, which had upper quantitation limits of 0.2 and 0.1
ng/mg, respectively. Excluding those two, 18/22 (82%) of the compounds met the acceptance criteria. These
samples had been prepared by spiking bulk hair with analytes followed by extensive mixing, versus actual hair

samples with incorporated drugs. Nevertheless, the comparison is quite favorable.

Extraction and Analysis of a Definitive Drug Panel in Hair Samples by UHPLC-MS/MS for Forensic Toxicology

9



4a

Codeine R®=0.8996 Y =-17.3"X"2 + 224'X + 0.193

250

Response Ratio

88

Quality Gontrols

40
30
3

20
- t//

0
& & o
o o o

g
ég L % & x ] x %
ik

Deviation(%6)
Siskaozes
3
x
004

00300 0180 0750

Goncentration

MDEA R*=0.9994 Y =-23.2*X"2 + 395X - 0.302

2 30
250
g 200
£ 150
g 100
] 50
2 3
01 02 03 04 05 08 07 08 08 1
Concentration

Quality Controls
g
<
g - x X & X x X X
& 3

® © » N

@*" QQ@ & “@ Qm@ 06@ A8

Goncentration
g
8 x
< £ ¥ ¥
&
0.0300 0.150 0750

Concentration

Figure 4a. Calibration curves and quality control results for codeine and

MDEA generated by Waters Quan Review software. The upper panels

show the calibration curves and the lower panels show the percent

deviations and acceptable values for the calibration points and the quality

control (QC) samples.
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Figure 4b. Calibration curves and quality control results for fentanyl and

nordiazepam generated by Waters Quan Review software. The upper
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control (QC) samples.
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LLOQ

LLOQ SoHT Cut-off

LLOQ SoHT Cut-off

Morphine 0.01 0.20 | Meperidine 0.01 0.20
Oxymorphone 0.01 0.20 Norbuprenorphine 0.01 0.01
Hydromorphone 0.01 0.20 ‘ Chloriazepoxide 0.01 0.05
Dihydrocodeine 0.01 0.20 Trazodone 0.01 0.20
Naloxone 0.01 0.20 ‘ Cocaethylene 0.01 0.05
Codeine 0.01 0.20 Phencyclidine 0.01 -

Noroxycodone 0.01 0.20 ‘ N-Pyrrolidino Etonitazine 0.01 -

Amphetamine 0.01 0.20 Fentanyl 0.001 0.20
Naltrexone 0.01 0.20 ‘ a-Hydroxymidazolam 0.03 0.05
Oxycodone 0.01 0.20 Midazolam 0.01 0.05
6-acetyl morphine 0.002 0.20 | Etonitazine 0.01 -

MDA 0.03 0.20 Flurazepam 0.01 0.05
Metadesnitazine — n/a | Buprenorphine 0.01 0.01
Hydrocodone 0.01 0.20 EDDP 0.01 0.05
O-desmethyl Tramadol 0.01 0.20 | Methadone 0.01 0.20
Methamphetamine 0.01 0.20 a-Hydroxyalprazolam 0.01 0.05
MDMA 0.01 0.20 | a-Hydroxytriazolam 0.01 0.05
Phentermine - 0.20 Nitrazepam 0.01 0.05
MDEA 0.01 0.20 | Oxazepam 0.02 0.05
Ritalinic acid 0.01 n/a Lorazepam 0.02 0.05
Norfentanyl 0.002 0.20 ‘ Clonazepam 0.03 0.05
Benzoylecgonine 0.01 0.05 | Alprazolam 0.01 0.05
7-aminoclonazepam 0.01 0.05 | 2-hydroxyethylflurazepam 0.01 0.05
Tramadol 0.01 0.20 Nordiazepam 0.01 0.05
N-desmethyltramadol 0.01 0.20 | Triazolam 0.01 0.05
Methylphenidate 0.01 — [ Desalkylflurazepam 0.01 0.05
7-aminoflunitrazepam 0.01 0.05 | Flunitrazepam 0.01 0.05
Cocaine 0.01 0.50 Temazepam 0.01 0.05
Normeperidine 0.01 0.01 | Diazepam 0.01 0.05

Table 1. Lower limits of quantification (LLOQ) Limits of quantification for

each compound. Established LLOQs and SoHT cutoffs are listed for each

compound. For those without cutoffs, only the established LLOQ is listed.
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Positive
control result

Mean %CV Nominal L?w.er UPp_er Within Commants
conc. limit limit range
Morphine 0.473 3.31 0.48 0.310 0.650 y
Dihydrocodeine 0.583 4.35 0.47 0.310 0.630 y
Codeine 0.253 3.41 0.27 0.180 0.360 y
Amphetamine 0.464 4.07 0.51 0.330 0.690 y
Oxycodone 0.532 5.51 0.47 | 0.300 0.630 y
6-acetyl morphine | 0.841 | 2.68 057 0.370 | 0770 n " Beyond
calibration range
MDA 0.394 6.58 0.42 0.270 0.570 y
Methamphetamine 0.516 2.57 0.60 0.390 0.810 y
MDMA 0.661 9.37 0.74 0.480 1.000 y
MDEA 0.653 7.35 0.63 0.410 0.850 y
Benzoylecgonine 0.500 4.07 0.36 0.230 0.490 n
Tramadol 0.434 2.18 0.52 0.340 0.700 y
Cocaine 0.862 3.61 0.90 0.590 1.220 y
Norbuprenorphine 0.091 9.17 0.06 0.039 0.081 n
Cocaethylene 0.876 3.80 0.58 0.380 0.780 n
Fentanyl 0.224 | 317 014 0.090 | 0.190 n *Bajurd
calibration range
Buprenorphine 0.065 | 478 | 0.05 0.033 | 0.068 y
EDDP 0.546 417 0.41 0.270 0.550 y
Methadone 0.866 8.91 0.58 0.380 0.780 n
Lorazepam 0.198 3.18 0.27 0.180 0.360 y
Alprazolam 0.255 4.23 0.23 0.150 0.310 y
Nordiazepam 0.230 2.83 0.33 0.210 0.450 y
Temazepam 0177 3.27 0.25 0.160 0.340 y
Diazepam 0224 | 189 0.27 0180 | 0.360 y

Table 2. Results from external quality control (EQA) samples. 18/22
compounds were within the acceptable concentration ranges. The
concentrations or 6-acetyl morphine and fentanyl were beyond the

calibration range of this analytical method.

Conclusion

We have developed an optimized procedure for the analysis of a comprehensive drug panel in hair samples that
meets the requirements of SoHT for sensitivity. The extraction was optimized to accommodate a wide variety of
compounds including amine stimulants, natural and synthetic opioids, benzodiazepines and other common drugs
of abuse. The Oasis MCX 96-well plates resulted in consistent recoveries and well controlled matrix effects. The
chromatographic method was rapid, with all peaks eluting by 3.1 minutes while achieving baseline separation

from potential interfering isomers. The Xevo TQ Absolute Triple Quadrupole Mass Spectrometer resulted in
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quantitative results that were accurate and precise over the entire calibration range, meeting the SoHT sensitivity
requirements for all the analytes, with only a couple of exceptions. External positive control samples confirmed the
accuracy of the method with all compounds identified and >80% of compounds within the reference ranges. The

combination of efficient sample preparation, rapid chromatography and accurate and precise quantification result

in a method that can be used to accurately quantitate a variety of drugs in hair samples.
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Appendix 1

Cone volt.

Analyte . v Parent | MRM-
Morphine 0.86 25 286.1 2011 25 165.1 35
Oxymorphone 0.91 25 3021 227.0 25 242, 25
Hydromorphone 0.97 25 286.1 185.0 30 157.0 40
Dihydrocodeine | s 25 302.2 199.0 30 128.1 60
Naloxone 115 10 328.2 212.0 38 253.0 28
Codeine 117 25 300.2 215.1 25 165.1 40
Noroxycodone 1.25 12 302.2 187.1 26 2271 30
Naltrexone | 12 6 3423 | 3242 18 2702 | 26
Amphetamine D 25 13611 19.0 10 91.0 10
Oxycodone 1.28 25 316.1 2411 25 256.2 25
6-acetyl morphine 1.20 5 328.3 165.1 35 21.2 25
MDA | 130 22 180.1 163.1 8 105.0 20
Metadesnitazine 137 25 338.4 100.2 25 1211 25
Hydrocodone 1.34 [ 300.3 199.1 28 1711 36
0O-desmethyl Tramadol 1.33 25 250.2 581 | 15 - -
Methamphetamine 1.36 24 1501 191 9 91.0 15
MDMA 137 | 28 194.1 183.0 10 105.0 22
Phentermine 143 24 150.0 1331 B 91.0 15
MDEA 1.48 26 208.1 831 | 10 105.0 24
Ritalinic Acid | 148 25 2201 | 840 20 56.0 40
‘Norfentanyl | 154 25 233.2 84.0 15 7.2 15
Benzoylecgonine 1.53 36 290.1 168.1 18 105.0 32
7-aminoclonazepam 1.53 50 286.1 1210 30 2221 26
Tramadol 1.68 25 264.2 58.1 15 " -
N-desmethyl Tramadol | 170 | 25 25011 440 10 232.2 7
Methylphenidate | 170 | 25 234.2 84.0 15 910 40
7-aminoflunitrazepam | v | aa 284, 135.0 26 226.9 22
Cocaine 1.81 42 304.2 182.2 34 821 20
Normeperidine 1.82 25 2342 160.1 15 131.0 28
Meperidine | 183 25 248.2 174.1 20 220.2 20
Norbuprenorphine 1.91 25 414.4 101.3 48 571 43
Chlordiazepoxide 1.94 34 300.0 283.0 12 227.0 20
Trazodone | 198 25 arz.2 1761 20 148.0 35
Cocaethylene 2.01 42 318.2 196.2 20 105.0 38
Phencyclidine 2.08 25 244.2 86.1 12 159.1 12
N-Pyrrolidino Etonitazine 219 25 3954 98.2 20 1071 40
Fentanyl 214 25 337.2 188.1 22 105.0 35
a-hydroxymidazolam 213 2 3421 168.1 40 2031 24
Midazolam [ zr | e 326.1 2231 36 2911 24
Etonitazine 223 | 25 3974 | 100.2 25 107 30
Flurazepam 2.23 40 | 3882 | 3151 | 26 | 1000 | 28 |
Buprenorphine 2.27 5 468.4 55.1 50 101.2 40
EDDP 2.37 26 278.2 234.1 30 249.2 26
Methadone | 28 25 310.2 266.2 15 105.0 25
a-hydrexyalprazolam 2.55 50 325.1 2971 25 243.1 30
a-hydrexytriazolam 2.55 28 359.1 176.1 24 141.0 38
Nitrazepam 2.56 50 282, 236.1 20 180.1 36
Oxazepam 2.63 50 289.1 24311 20 104.1 30
Lorazepam 2.70 50 323.0 277.0 20 2291 0 |
Clenazepam 269 50 318.0 2704 25 241.1 35
Alprazolam | 272 50 3091 205, 40 2811 26
2-hydroxyethyl Flurazepam | 2.72 25 33zl | 109.0 25 184.0 20
Nordiazepam 272 50 2711 140.0 30 165.0 28
Triazolam 2.78 28 3431 239.1 38 308.1 24
Desalkylflurazepam 2.82 25 2891 1400 30 2261 25
Flunitrazepam 2.83 50 3141 268.1 25 2301 30
Temazepam 2.01 50 3011 255.1 20 77 45
Diazepam 3.08 50 285.1 154.0 26 1931 30

Appendix 1. Retention times (RT) cone voltages,

precursor and product ions, and collision energies

used for the compounds in this application.
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Appendix 2

Within batch statistics

Low Medium High
Mean %CV Mean %CV. Mean %CV
Morphine w0t | 42 105.1 58 YT
Oxymorphane 986 27 100.4 1 6.4 33
Hydromorphone 982 | 26 1015 12 o3 a2
Dihydrocodeine 981 25 1015 18 a72 48
Naloxone s 51 1008 as siz a4
Codsine 920 85 8.4 07 545 43
Noroxycodone 947 77 895 58 4.0 a3
Amphetamine nze | w08 | 10us 25 a8 21
Naltrexone 1025 a7 sss 33 a6 s
Oxycodons 6.4 25 1038 ) ara a6
6-acetyl morphine. 933 54 1031 56 548 24
MDA 992 00 | 1027 33 6.4 53
Metadssnitazine 95.9 41 976 23 860 34
Hydrocodone 982 4 103.5 16 045 6
O-desmethyl Tramadol %68 | 41 1031 08 62 s
Methamphetamine 965 20 1087 a5 16 57
MoMA 96.2 61 102.0 51 ara s
Phentermine ND ND 440 855 523 72
MDEA 967 80 1018 38 ara as
fitalinic acid 27 90 947 7 843 51
Norfentany! 915 43 1014 28 105.2 51
Benzoylecgonine 1005 32 100.9 15 845 28
7-aminoclonazepam 1008 | 30 o5 28 020 27
Tramadol o7 15 103.2 24 8.3 26
N-desmethyltramadol 965 55 105.2 34 6.0 30
Methylphenidate 993 7 1010 6 55 27
7-aminoflunitrazepam 96.4 4z 1008 8 953 a1
Cocaine 997 32 1013 23 6.0 42
Normeperidine 072 4 102.4 0 %67 32

Appendix 2. Within batch accuracy and precision data for all compounds.

All compounds met validation criteria except for phentermine and

[— Within batch statistics

Low Medium High

Mean %BCV Mean %CV Mean %CV
Meperidine ora 27 1017 1 5.2 39
Norbuprenorphine: 102.8 7 o3 43 7.6 e
Chioriazepoxide 999 a 139 06 102.3 24
Trazodone 1002 25 1052 22 2.3 36
Cocaethylene 290 23 1014 19 9.5 33
Phencyclidine 28,0 21 1015 10 95.7 a7
N-Pyrrolidino Etonitazine %86 a7 1001 29 0.5 32
Fentany! %05 28 1015 23 0.2 26
a-Hydroxymidazolam 108.7 79 105.8 3z 930 33
Midazolam 245 43 1020 7 6.6 19
Etonitazine %64 58 1003 a a8 4z
Flurazepam 986 36 1035 25 998 21

266 5 974 48 934 43
EDDF 100.7 40 w22 19 9.5 35
Methadone 2.3 £ 1037 21 073 20
a-Hydroxyalprazolam 029 a1 1017 26 2l 21
a-Hydroxytriazolam s4n 9 1018 22 003 a1
Nitrazepam %65 43 1013 21 100.2 38
Oxazepam 1087 n2 1076 50 941 50
Lorazepam 9758 101 1036 21 959 | 49
Clonazepam 1046 54 106.0 44 9.3 33
Alprazolam o8 59 100.3 12 957 35
2-hydroxyethylflurazepam | 1018 85 1026 73 9.7 40
Nordiaze pam 087 27 1018 28 9.5 4.0
Triazolam 1025 e 103.0 29 941 22
Desalkylflurazepam 047 25 103.0 30 96,0 28
Flunitrazepam s39 7 1018 21 o2 £}
Temazepam %6.0 40 1018 23 7.2 09
Diazepam 6.0 21 85 | 23 %2 | 28

metadesnitazine, as mentioned previously. N=4 replicates.
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Appendix 3

Between batch statistics Between batch statistics

Low | Medium High Low Medium High
Mean %CV ‘ Mean %CV Mean %CV Mean %CV Mean %GV | Mean %CV
Morphine 1041 3s | 1037 34 1029 66 Meperidine 1027 33 w28 | 23 | 1019 57
Oxymorphone 1026 0 1027 17 1027 50 Norbuprenorphine 99.4 80 100.1 38 | tou 62
Hydromorphone 1027 a1 1026 18 1029 04 Chloriazeporide 0.7 39 4.4 a5 0.0 a6
Dihydrocodeine 103.0 47 1018 a7 1027 53 Trazodone 104.2 a7 103.9 16 103.0 50
Naloxone 103.0 oo 9.8 a5 a9 72 1032 28 102.0 22 1016 52
Codsine 100.4 o7 1018 23 1031 60 Phencyclidine 103.0 a0 1026 5 10258 57
102.4 52 1009 34 103.4 68 N-Pyrrol dino Etonitazine 105.8 1o 100.8 27 6.3 na
Amphetamine 1056 80 102.2 35 908 41 Fentanyl 105.8 7 1057 6 1015 83
1035 a2 1041 30 1029 73 a-Hydroxymidazolam 1033 s 1039 64 a7 56
1023 48 1049 1 1048 52 Midaz 102.4 aa 1041 26 1018 )
1053 n 1031 30 1041 72 Etonitazine 104.7 103 1015 106 955 104
1049 65 103.2 34 1021 47 Flurazepam 103.2 30 105.4 30 1056 Bl
Metadesnitazine o7 e | w42 | 23 %24 | 168 Buprenorphine 104.0 54 | 996 40 1006 66
Hydrocodone 1055 47 103.8 18 1023 63 EDDP 102.4 21 1025 13 1020 a4
0-desmethyl Tramadol 103.0 41 102.8 15 1017 50 Methadone 1033 | 32 1024 22 1031 46
Metham phetamine 1003 39 998 46 1025 66 a-Hydroxyalprazolam 1035 | 60 1021 | 20 | 1038 64
MDMA 100.4 40 9.3 54 1070 133 a-Hydroxytriazolam 1015 ar 1035 s2 | w28 51
Phentermine %05 19.6 a1 %23 o2 04 Nitrazepam 1031 78 w2 | 12 | 1035 43
MDEA 1027 52 100.7 10 102.4 04 Oxazepam 1042 25 1015 a7 1016 52
Fitalinic acid 1026 4 9.8 49 105.0 75 Lorazepam 1020 a3 106.2 36 1045 57
Norfentany| 99.6 60 | 1011 4.0 1061 57 Clonazepam 102.8 a7 106.2 4.6 104.0 6.5
Benzoylecgonine 103.4 26 w02.8 24 1015 58 Alprazolam 1032 39 1028 26 1027 63
7-aminoclonazepam 102.9 53 015 34 1016 67 2-hydroxyethylflurazepam 103.8 a1 103.4 33 | 1028 60
Tramadol 1036 38 038 22 103.4 a5 Nordiazepam 1035 31 102.7 14 1024 s
N-desmethyltramadol 1035 a8 | w2 24 1045 92 Triazolam 1033 21 1033 13 1026 57
1041 a6 1019 16 1019 56 Desalkylflurazepam 104.0 54 1059 55 1016 5.0
7-aminoflunitrazepam 1020 36 102.4 25 102.3 56 1026 62 102.8 33 1021 55
Cocaine 103.4 N 102.0 09 1019 50 | Temazepam 102, a2 1ot 13 1021 49
Normeperidine 1035 a4 102.0 05 | 1017 | a5 Diazepam 1041 a9 102.4 3 1017 61

Appendix 3. Between batch accuracy and precision data for all
compounds. All compounds met validation criteria except for

phentermine and metadesnitazine, as mentioned previously. N=5 batches.
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