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Abstract : Over the past few decades, new psychoactive substances (NPS) have become prevailing. With the widespread emer-
gence of NPS, phenethylamines (PEAs) have become one of the groups abused most which PEAs, along with other stimulants,
make up the majority of stimulants. When determining the NPS, the methods for screening and confirmation are crucial which
assesses the reliability of testimony. In this study, a set of GC/MS methods employing two derivatizing agents for determining 76
target PEAs in urine was established and further applied for authentic sample analysis. Five PEAs (N, N-DMA, PMMA, 4-CA,
amphetamine, and methamphetamine) with contents over their LLOQs were detected in thirteen of the twenty tested samples. In
order to compare the result from the GC/MS methods with the previously established LC-MS/MS method, Cohen's kappa coef-
ficient and McNemar's test were applied for statistical analysis. Perfect agreement between GC/MS and LC-MS/MS techniques
for determining target PEAs is demonstrated by the Kappa coefficient for each of the five detected targets.
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Introduction

The analytical methods for screening and confirmatory
test are essential for identifying substances of abuse which
conducts the credibility of testimony. The preliminary test
used to identify the targets from urine samples over their
threshold values is known as screening test.' The confirma-
tory test recognized as secondary test is performed by con-
trasting the positive result from screening test."™

In forensic analysis, immunoassays are used for drug
screening because of their high sensitivity and ease of use.
However, limitations such as constantly changing new psy-
choactive substances (NPS) and the inability to distinguish
between false negative/false positive results limit their
advantages over NPS analysis.”” In contrast, chromato-
graphic techniques such as gas chromatography-mass spec-
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trometry (GC-MS) and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) are efficient tools for
screening or confirmatory tests and are widely used in
forensic science and clinical toxicology applications for
their excellent sensitivity and specificity.

The adoption of analytical methods that are sensitive,
specific, and conclusive is essential for the testing of sub-
stances of abuse, while the methods applied meet strict cri-
teria for sample integrity, legal documentation, validation
of targets identified and confirmation of the results." It
should demonstrate equivalent effectiveness in target iden-
tification no matter what method is used in confirmatory
test. In this context, statistical measures are an efficient tool
to assess the compatibility from analytical methods. When
assessing the degree of agreement/disagreement (indepen-
dence/difference) between assessors of binary variables
(positive/negative or yes/no), Cohen's Kappa Coefficient
and McNemar’s test are two metrics used most often.® '

With the widespread emergence of NPS in recent
decades, phenethylamines (or PEAs for short) have become
one of the groups abused most which PEAs, along with
other stimulants, make up the majority of stimulants. By
2023, PEA and other stimulants account for the majority of
the reported NPS, with 398 items in total.'” Physical and
psychological effects associated with PEAs include high
blood pressure, hyperthermia, hallucinations, agitation,
aggression, dissociation, attention deficit hyperactivity dis-
order, liver and kidney failure, and overdose can lead to
severe poisoning and even death.'®
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Materials and methods

Reagents

Seventy-six standards and four internal standards (IS)
were obtained from six vendors. The detailed information is
shown in Table 1. Among all, the standards obtained from
GreenChem were commission-synthesized products associ-
ated with Taiwan Food and Drug Administration (TFDA)
and have been identically assessed by NMR, HRMS, and
FT-IR, whereas the purity for all items are above 98%.
Ammonium hydroxide and methanol were analytical grade
purchased from J.T. Baker (Phillipsburg, NJ, USA). Ethyl
acetate and isopropanol were analytical grade purchased
from Avantor (Phillipsburg, NJ, USA). Sodium hydroxide,
dipotassium phosphate, monopotassium phosphate, and
glacial acetic acid were analytical grade purchased from E.
Merck (Darmstadt, Germany). The derivatization agents
heptafluorobutyric acid (HFBA) and pentafluoropropionic
anhydride (PFPA) were analytical grade and purchased
from Sigma-Aldrich (St. Louis, MO, USA). Normal human
urine, certified drug negative containing 0.01% sodium
azide, was purchased from UTAK Laboratories, Inc. (Santa
Clarita, CA, USA). The solid-phase extraction (SPE) car-
tridge Bond Elut SPEC DAU cartridge (15 mg, 3 mL) was
purchased from Agilent Technologies (Santa Clara, CA,
USA). A total of 20 authentic urine samples were provided
by 6 different analytical laboratories authorized by local
law enforcement agencies of Taiwan. The authentic urine
samples were stored at -20°C and acclimated to room tem-
perature before analysis. The sampling of urine specimens
in this study followed the regulations of the Ministry of
Health and Welfare, Taiwan.

Instrumentation

The GC/MS analysis was performed on an Agilent 8890
gas chromatograph (GC) system (Agilent Technologies,
Santa Clara, CA, USA) equipped with an Agilent 7693A
autosampler and connected to an Agilent 5977C mass
selective detector (MSD). The chromatographic analysis
was performed using an Agilent HP-5MS capillary column
(30 m x 0.25 mm i.d., 0.25 pm). Helium was used as carrier
gas at a flow rate of 0.9 mL/min. The target PEAs were
divided into two groups (see Table 1) and the parameters of
GC/MS analysis are as follows. Group I analytes: tempera-
ture program of GC started at the initial temperature of
120°C and held for 0.5 min, increased to 180°C at 15°C/
min, increased to 200°C at 3°C/min, and then increased to
285°C at 30°C/min and hold for 3 min, whereas the total run
time was within 17 min; the injector was set at 260°C as the
inlet temperature under splitless mode with injection vol-
ume of 2 uL; the ion source was set at 230°C and interface
temperature of 280°C under electron ionization (EI) mode
at 70 eV. Group II analytes: temperature program of GC
started at the initial temperature of 100°C and held for 1
min, increased to 265°C at 10°C/min, and then increased to
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300°C at 20°C/min and hold for 5 min, whereas the total run
time was within 24.3 min; the injector was set at 285°C as
the inlet temperature under splitless mode with injection
volume of 1.5 uL; the ion source was set at 230°C and inter-
face temperature of 300°C under EI mode at 70 eV. The
data acquisition was carried out under total ion monitoring
mode in the scanning range of 30 to 550 m/z to determine
the retention time and characteristic mass fragments for
each analyte so that the selected ion monitoring (SIM)
mode could be applied for detecting the targets in the sam-
ple. The instrumentation as well the preparation of standard
solutions and urine samples for LC-MS/MS analysis were
in accordance with those published in a previous study and
are presented as Supplementary Material 1 (SM 1)."

Preparation of standard solutions

The 76 PEA standards and 4 IS for GC/MS analysis were
separately dissolved in methanol to the concentration of 1.0
mg/mL as stock solutions, whereas the working solutions
were prepared by diluting the stock solutions with methanol
to the concentration of 10 pg/mL. Before use, all stock and
working solutions were stored at -20°C and allowed to
acclimate to room temperature before use.

Pretreatment of urine samples

The pretreatment of the urine samples was carried out
using a Bond Elut SPEC DAU SPE cartridge on a Biotage
Rapid Trace” SPE Workstation system (Vimpelgatan, Swit-
zerland). The sample solution was prepared by mixing 2
mL of the homogenized urine sample, 20 pL of the IS solu-
tion (equivalent 100 ng/mL), and 1 mL of 0.1 M phosphate
buffer solution (pH 6). The setting of automatic SPE is as
follows: Condition, methanol, 1 mL, 12 mL/min, to waste;
condition, water, 1 mL, 12 mL/min, to waste; load, sample
solution, 2 mL, 1.8 mL/min, to waste; purge-cannula,
water, 5 mL, 42 mL/min, to cannula; rinse, 0.1 M acetic
acid, 1 mL, 3 mL/min, to waste; purge-cannula, water,
5 mL, 42 mL/min, to cannula; rinse, methanol, 1 mL, 3 mL/
min, to waste; dry, nitrogen gas, 2 bar, 4 min; collect, elu-
tion buffer (dichloromethane/isopropanol/25% ammonia,
80:20:2, v/v/v), 2 mL, 4.8 mL/min, to fraction; purge-can-
nula, methanol, 5 mL, 42 mL/min, to cannula. After the
extraction, collect the eluent and transfer to a micro-reac-
tion vial. Evaporate the eluent to dryness by gently flushing
with a steam of nitrogen gas at 40°C and keep the residue.
The residue was then derivatized by the following proce-
dure: dissolve the residue with 50 uL. of HFBA (or PFPA)
and 50 pL of ethyl acetate. Cap the micro-reaction vial, vor-
tex the residue solution to homogeneity, and react at 90°C
for 15 min. Cool the solution to room temperature and
evaporate with nitrogen gas at 40°C until dry. Dissolve the
derivatized residue with 100 pL of ethyl acetate and then
apply to GC/MS analysis. Drug-free urine (DFU) consisted
of urine but without spiking any target analyte was used as
the blank matrix and negative control.

©Korean Society for Mass Spectrometry
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The carryover was assessed by injecting DFU (n = 3)
immediately after analysis of the urine samples spiked with
the concentration of the highest calibrator (800/1000/2000
ng/mL) and the response ratio of residual to LLOQ was
then calculated. The limit of carryover is 20% which is con-
sidered ignorable on target analysis. To evaluate the selec-
tivity, different DFU samples (n = 20) were analyzed and
no interfering peaks appeared during the target analysis i.e.
the absence of evident interfering signals from the matrix at
retention times nearby the characteristic ions.

Validation of GC/MS method

In the practice of forensic analysis, the validation is
assessed to ensure the reliability and feasibility of the pro-
posed method. In this study, the validation was performed
in accordance with the guidelines “Working Group for
Forensic Toxicology Standard Practices (SWGTOX) for
Method Validation in Forensic Toxicology” and “Guidance
for the Validation of Analytical Methodology and Calibra-
tion of Equipment used for Testing of Illicit Drugs in Seized
Materials and Biological Specimens”.?**' The methods
were validated in terms of carryover, selectivity, linearity,
sensitivity, extraction recovery, accuracy, and precision. To
assess the linearity, the standard solutions of 76 PEAs (n =
3) were analyzed at six concentration levels ranging from
50 to 2000 ng/mL (IS of 100 ng/mL included). The calibra-
tion curve was plotted from the peak area ratio of standard/
IS versus the concentration of standard using the least-
square method, and the acceptable correlation coefficient
(r) value was greater than 0.995. Quantification of target

[ Preparation of standard ]
solutions of 76 PEAs PFPA
1 MSTFA

[ Test and selection of ] MIBSTEA

derivatization agent

GroupI Group II
PEAs PEAs
Determination of
monitored ions
[ GroupI } {GroupH ]
Establishment of PEAs PEAs
GC methods I—;—'
Establishment of
SPE procedure
Establishment of
SIM mode

Preparation of urine
sample of 76 PEAs

Validation of
proposed methods

Application

Figure 1. Flowchart for the development of the proposed
methods.
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analytes was determined using a calibration curve based on
the IS method within an established linear range. The
acceptable ranges for qualitative and quantitative determi-
nation were as follows: relative ion ratio > 50%, RSD +
20%; relative ion ratio 20—50%, RSD =+ 25%; relative ion
ratio 10-20%, RSD =+ 30%; relative ion ratio < 10%, RSD +
50%. The acceptable retention time deviation of target was
+ 0.2 min. Sensitivity was evaluated in terms of the LOD
and LLOQ (lower limit of qualification) defined by the esti-
mated signal-to-noise ratios (S/N) of 3 and 10, respectively.
Six replicates (n = 6) were used for each analyte. The qual-
ity control (QC) was performed on analyte spiked urine
samples. The SPE recovery, intra-day and inter-day preci-
sion (% CV) and accuracy (%) were evaluated in triplicate
over five different runs at three concentration levels from
low to high (100-1000 ng/mL). The acceptable range of
recovery, precision and accuracy are 80%—-120% and +
20%, respectively. To extract the detailed explanation
above, a flowchart was drawn to express it as shown in Fig-
ure 1.

Experimental

Determination of target analyte

Twenty authentic urine samples were analyzed applying
the presented GC/MS methods. The established LC-MS/
MS is also applied as a comparison. The cutoffs for positiv-
ity of target analyte were based on the legal threshold or
lower limit of quantification (LLOQ) of each item. Specifi-
cally, the legal thresholds for five items in Taiwan are as
follows: 500 ng/mL for amphetamine; 500 ng/mL for meth-
amphetamine while amphetamine is detected of above
100 ng/mL; 500 ng/mL for MDMA. Meanwhile, it is iden-
tified as MDMA positive when MDMA and MDA are
detected simultaneously with individual amount less than
500 ng/mL while the total amount is above 500 ng/mL;
500 ng/mL for MDA; 500 ng/mL for MDEA. The overall
identification of a sample is defined as positive if one or
more target analytes are detected above their cutoff concen-
tration. Conversely, a negative is defined as long as the tar-
get is not detected or is below the cutoff concentration. The
above identification must meet the acceptance criteria for
relative ion intensity (see Table S1 in supplemental mate-
rial). Furthermore, Cohen's kappa coefficient and McNe-
mar’s test were evaluated on the analysis results obtained
by both methods to examine the consistency and difference
between the results.

Statistical analysis

The consistency and difference of diagnostic tests (binary
outcome, positive/negative or +/—) for urinalysis of PEAs in
authentic samples applying GC/MS and LC-MS/MS was
evaluated by the Cohen’s kappa coefficient (k) and McNe-
mar’s test (chi-square x?) with 2 x 2 contingency tables. The
data a and d in the matrix represent the number of agreements
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(positive samples of target analyte), whereas b and ¢ repre-
sent the number of disagreements (negative samples of tar-
get analyte). The data n represents the total number of
agreements and disagreements (i.e. a + b + ¢ + d). The defi-
nition of k is as follows:

_ —Pe

1 —Pe

where p, is the relative observed agreement among raters
and p, is the hypothetical probability of chance agreement
among raters, described as follows:

_atd

n
(a+b)(ate) (ctd)(b+d)
_ (a+b,)1(a+c)+(c+chn(b+d)

2
n

P,

e

The x* of McNemar’s test is conducted as follows:

2_(b—c !2
x b+e

Meanwhile, if the total number n is less than 40, the Yates
continuity correction is applied for compensating the devia-
tions from the theoretical probability distribution.”* The

corrected x* is defined as follows:

> _(b=d-1)’
x b+c

The McNemar’s test was assessed by the online calcula-
tor.”?

CaF7

LA

HFBA

Results and discussion

Method development

When analyzing drugs and substances of abuse, the selec-
tivity of GC/MS method influences the identification of tar-
get analytes. Therefore, various measures have been taken
to improve the performance of chromatographic analysis,
including derivatization, complexation, and ion-pair forma-
tion. Of the reactions listed above, the derivatization is the
most commonly used for GC/MS analysis.** The derivat-
ization process was introduced in this study to improve the
detection and resolution of target PEA analysis. In the pre-
test, various derivatization reagents, including N, O-
bis(trimethylsilyl)trifluoroacetamide (BSTFA), HFBA, N-
methyl-N-trimethylsilyltrifluoroacetamide (MSTFA),
PFPA, and trifluoroacetic anhydride (TFAA) were tested.
The scheme chart of derivatization of PEAs was expressed
as Figure 2. Among the derivatization agents tested, HFBA
and PFPA were observed to have the main effect on
improving GC/MS detectability in the analysis of target
PEA (data not shown). The target PEAs were divided into
two groups according to the adapted derivatization agents.
The derivatized monitoring ions were collected as shown in
Table 1, and the total ion chromatogram (TIC) of PEAs in
urine spiked at 500 ng/mL under SIM mode is shown in
Figure 3. The chromatographic separation was achieved
within 17 and 23 minutes in separate runs. From Figure 3, it
is observed that the SIM mode not only eliminates interfer-
ence from the urine matrix, but also demonstrate processing
efficiency in multi-target analysis by monitoring designated
ions. Based on the above advantages, SIM mode has
emerged as an efficient technique to analyze multiple PEA

A)

CaF7 CoF7. YO

25H-NBOMe

CoFs’

90°C, 15 min

PFPA

25H-NBOMe-HFBA

25T4-NBOMe

90°C, 15 min

0 0 (B)
g

> L

0.

~
25T4-NBOMe—PFPA

Figure 2. Scheme chart of derivatization applying HFBA and PFPA for two groups of PEAs. (A) Group I, take 25SH-NBOMe as

example; (B) Group II, take 25T4-NBOMe as example.
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Table 1. MRM parameters for 76 targets and 4 IS of PEAs by GC/MS

Casne o Nl T Vsl S Dt
: (NN—dim]Z;hN);gnl\flﬁietamine) 33286-27-0  CyHpN 163.2 a 72%,91, 56 MDA-ds
2 (4-methy?émetamme) 41632-56-8  CyoH;sN 1492 a P Mpad,
3 (4-chloroi;1$§1etamine) 3706-38-5  CoH,CIN 169.7 a 240; é 51 52, MDA-d;s
4 (4_br0m01$§mmine) 58400-88-7  CoH,BIN 214.1 b 240:‘681 % MDA,
5 ( 4_Chloronfe';m hetamine) 30572919 CyH,,CIN 183.7 a 254; : 352’ MDA-d,
6 (para-methoxiﬁzf[l}i;mphetamine) 3398-68-3 CuHiyNO 179.3 a 148; i g o MDA-d;s
! (pam-methoxgle\f}ifamphetamine) 93963-24-7  Ci2H1oNO 193.3 a 148:< é 1268, MDA-ds
8 (5-(2-aminopropy?)-ggl?(ﬁhydrobenzofuran) 152623-94-4 - CiiH1sNO 177.2 b . 3; é i . MDA-d;
I ? (3-(1 -Phenylprog:rigizrl)a(i;eiio)propanenitrile) 16397-28-7  CioHigNa 188.3 a 293%, 118, 56 MDA-ds HFBA
10 (2,5-dimethoxy-ﬁeglﬁlphenethylamine) 923013-67-6  C1oH1sNO, 209.2 a 1 79:6 51 2 MDA-ds
H (5-(2-methylaminopi;l;f}//?)lfgidihydrobenzofuran) ) CiHpyNO 191.2 b B 32* ; i 60. MDA-ds
12 (5-methoxy-3 ,4-me1t\}/1[)1>;[ ;:r)lfdioxyamphetamine) 60676-84-8  C1;HigNO; 2092 a ! 65:(’) 51 72 MDA-ds
13 (2,5-dimethoxy-fccl)qlcé)roamphetamine) 42203-77-0 - CyiHi6CINO, 229.7 b : 851* ; 52 2 MDMA-ds
14 (-3 ,5-Dimethoxy-i,-r;))rscf;(l)i:;phenyl)ethanamine) 61367-69-9  C;3Hy NO; 239.3 a ! 67:551 50, MDMA-ds
15 (V- -[(2-Chlorophenyl)Seottl)lilrll]z-(;r-;);enylpropan-Z-amine) 5843-53-8  CiHuCIN 2398 ¢ 125;{1 8127, MDMA-ds
S i 109*, 198
16 (4-chloro-N—[(2-ﬂu0r0phenyl)met'hyl]-2,S-dlmethoxy— 1539266-21-1 C,;H,4CIFNO, 323.8 b | é 5 ? MDMA-ds
benzeneethanamine)
17 (N-(o-methoxybsggllb)ligizlciﬁgt}}fxyamphetamine) - C1oHpsNO; 315.4 b 121 ]* ; ]1 78, MDMA-ds
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Table 1. Continued.

Molecular o Monitored  Corresponding Derivatization
Group Item Analyte CAS No. Formula weight (g/mol) Distributor ions (m/z) Internal standard agent
2>B-NBE . 109%, 242
18  (4-bromo-N-[(2-fluorophenyl)methyl]-2,5-dimethoxy- 1539266-17-5C,;H,;BrFNO, 368.2 b 2;‘ 4 ? MDMA-ds
benzeneethanamine)
25G-NBOMe 192% 121
19 (2,5-dimethoxy-N-[(2-methoxyphenyl)methyl] 1797132-54-7 C,oH,;NO4 3294 b 5 i 5 ? MDMA-ds
-3,4-dimethylbenzeneethanamine)
25I-NBF 109*, 290,
20 (N-(2-fluorobenzyl)-4-iodo-2,5-dimethoxyphenethylamine) 1539266-13-1 Cy7HsFINO, 415.2 b 277 MDMA-d;
%
21 Amphetamine 2706-50-5 CoH 5N 135.2 d 2401 1’ 71 18, MA-dg
FPBA 109*, 254,
22 (1-(4-fluorophenyl)butan-2-amine) 23292-09-3  C,H,,FN 167.2 a 135 MDA-d;
. 254* 210,
23 Methamphetamine 300-42-5 C,oH;sN 149.2 d 18 MA-dg
4-FEA 268*, 136,
24 (4-fluoroethamphetamine) 3823-31-2 C,H¢sFN 181.2 a 260 MA-dg
5-F-2-MOA 166*, 167,
| 25 (5-fluoro-2-methoxyamphetamine) ) CioHiFNO 183.2 a 379 MDA-ds HFBA
3-F-4-MOA 166*, 167,
26 (3-fluoro-4-methoxyamphetamine) ) CioHiaFNO 183.2 379 MDA-ds
MDDMA
79 * -
27 (N,N-dimethyl-3,4-methylenedioxyamphetamine) 74341-79-0 - CpHi/NO, 207.2 b 72%,73,135 MDA-d;
MDA 162*, 240,
28 (3,4-methylenedioxyamphetamine) 6292-91-7  CioHisNO, 179.2 375 MDA-d;
DMA 151%, 178,
2 (2,5-dimethoxyamphetamine) 2801-68-5  CyHiNO, 193.3 a 391 MDA-ds
. 134%*, 135,
30 Lefetamine 24301-90-4 Ci¢H oN 225.3 a 18 MDA-d;
DOM 165%, 405,
31 (4-methyl-2,5-dimethoxyamphetamine) 15588-95-1  CiHiuNO, 2093 a 135 MDA-d;
MDMA 254%* 162,
32 (3,4-methylenedioxymethamphetamine) 64057-70-1  C1yH,1sNO; 193.2 ¢ 210 MDMA-ds
MDEA 268*, 240,
33 (3,4-methylenedioxy-N-ethylamphetamine) 82801-81-8  CiHiyNO, 2073 a 403 MDMA-ds
%
34 Mescaline 832-92-8 C, H7;NO; 211.3 a ! 9425207’ MDA-d;
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Molecular o Monitored  Corresponding Derivatization
Group Item Analyte CAS No. Formula weight (g/mol) Distributor ions (m/z) Internal standard agent
35 Benzphetamine 5411-22-3 C7Hy N 239.4 d 91%,148,92 MDMA-d5
2C-C 198*, 185,
36 (4-chloro-2,5-dimethoxyphenethylamine) 88441-15-0 - CyoH4CINO, 2157 a 411 MDMA-d;
2C-1 290%, 277,
37 (2,5-dimethoxy-4-iodophenethylamine) 64584-32-3 = CyoH4INO, 3071 a 503 MDMA-ds
4-EA-NBOMe «
38 (4-ethyl-N-(o-methoxybenzyl)amphetamine) ) CisHasNO 2834 b 121%, 146,91 MDMA-ds
25H-NBOMe 164*, 497,
I 39 (2-(2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine) 1566571-52-5  C14H,3NO; 3014 b 151 MDMA-ds HFBA
25P-NBOMe 206*. 121
,J-dimethoxy-N-[(2-methoxyphenyl)methyl]-4-pro- -43- 21H29NO5 . -ds
40  (2,5-dimethoxy-N-[(2-meth henyl)methyl]-4 1539266-43-7 C,HyNO 343.5 b 5;9 ’ MDMA-d
pyl-benzeneethanamine)
MA-dg *
41 (Methamphetamine-dy) (I.S.) 136765-40-7  C,,H,DgN 157.3 e 261%, 231 -
MDA-d;s N
42 (3,4-methylenedioxyamphetamine-ds) (I.S.) 136765-42-9 C1oHsDsNO, 184.3 ¢ 167%, 244 )
MDMA-d; «
43 (3,4-methylenedioxymethamphetamine-ds) (I.S.) 136765-43-0° CyiH1DsNO, 198.3 ¢ 258%,213 )
. 204*, 132,
44 Phentermine 1197-21-3 CoH;sN 149.2 d 164 AM-dg
4-FA 190*, 136,
45 (4-fluoroamphetamine) 64609-06-9  CyH,,FN 153.2 a 109 AM-dg
4-FMA 204*, 160,
46 (4-fluoromethamphetamine) 52063-62-4  C,,H;4FN 167.2 a 136 AM-dyg
. 218%, 190,
47 EMA (N-Ethylamphetamine) 16105-78-5 CyHisN 163.2 a 118 AM-dg
PMA 121%, 148,
o 48 (4-methoxyamphetamine) 3706-26-1 C,oH;sNO 165.2 a 122 AM-dg PFPA
5-APB 131%, 158,
49 (5-(2-aminopropyl)benzofuran) 286834-80-8 C;H;3NO 175.2 b 190 AM-dg
2C-H 164*, 121,
30 (2,5-Dimethoxyphenethylamine) 3166743 CioHisNO, 181.2 f 151 MDA-ds
5-AEDB 133*, 146,
31 (5-(2-aminoethyl)-2,3-dihydrobenzofuran) 796869335 CyoHisNO 163.2 b 309 MDA-ds
4-MTA 164*, 137,
52 (4-methylthioamphetamine) 14116-06-4  C;;H;sNS 181.3 a 327 MDA-d;s
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Table 1. Continued.

Molecular . Monitored  Corresponding Derivatization
Group Item Analyte CAS No. Formula weight (g/mol) Distributor ions (m/z) Internal standard agent
5-MAPB 204%*, 158,
>3 (5-(2-methylaminopropyl)benzofuran) 1823925-33-6 - CoHisNO 189.2 b 131 MDA-ds
*
54 Mefenorex 17243-57-1  C,H4sCIN 211.7 a 2661 ég 68, MDA-d;s
2C-D 178%*, 341,
33 (2,5-dimethoxy-4-methylphenethylamine) 25505-65-1  CyiHiNO, 195.3 a 179 MDA-d;
5-EAPB 218%, 158,
56 (5-(2-cthylaminopropyljbenzofuran) 1823776-22-2 C3H;NO 203.3 b 159 MDMA-d;s
DOET 179%, 206,
>7 (2,5-dimethoxy-4-ethylamphetamine) 22004-32-6 - CpsHaNO, 2233 a 149 MDMA-ds
MBDB 218*, 176,
>8 (N-methyl-a-ethyl-3,4-methylenedioxyphenethylamine) 128767-12-4 = CoHiiNO 2073 b 135 MDMA-ds
TMA 181%*, 208,
59 (3.4 5-trimethoxyamphetamine) 5688-80-2  C;,HoNO; 225.3 c 182 MDMA-d;
TMA-2 181%, 151,
60 (2,4,5-trimethoxyamphetamine) 1083-09-6  Ci2HiNO; 2253 a 208 MDMA-ds
TMA-6 181%, 151,
I 61 (2 4 6-tr1methoxyamphetam1ne) 23815-74-9 C12H19NO3 2253 a 208 MDMA-d5 PFPA
6-CI-MDMA 204*, 196,
62 (1-(6-chloro-1,3-benzodioxol-5-yl)-N-methylpropan-2-amine) ) CuH14CINO, 2217 b 160 MDMA-ds
. 167*, 180,
63 Escaline 3166-82-3  C;,H;oNOs 225.3 a 371 MDMA-d;
DOB 229%, 231,
64 (4-bromo-2,5-dimethoxyamphetamine) 29705-96-2 CuHieBrNO, 2741 a 256 MDMA-ds
3C-P 167%, 194,
63 (4-propoxy-3,5-dimethoxyamphetamine) ) C14H>3NO; 2333 a 399 MDMA-ds
6-Br-MDMA 204*, 160,
66 (1«(6-bromo-1,3-benzodioxol-5-yl)-N-methylpropan-2-amine) ) CuH1BNO, 2721 b 240 MDMA-ds
2C-B 242%,229,
67 (4-bromo-2,5-dimethoxyphenethylamine) 56281-37-9 CyoH14BINO, 26011 a 244 MDMA-d;
DOI 277%, 304,
68 (2,5-dimethoxy-4-iodoamphetamine) 42203-78-1  CyyH,INO, 3212 a 467 MDMA-d;
69 Lisdexamfetamine 608137-33-3  C;5HysN30 236.4 f 121*%,91,230 MDMA-ds
2C-T-2 256%, 419,
70 (2,5-dimethoxy-4-ethylthiophenethylamine) 681160-71-4 * CipH1sNO,S 2414 a 257 MDMA-ds
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Table 1. Continued.

Molecular - Monitored  Corresponding Derivatization
Group Item Analyte CAS No. Formula weight (g/mol) Distributor ions (m/z) Internal standard agent
2C-T-4 270%*, 271,
7 (2,5-Dimethoxy-4-isopropylthiophenethylamine) 868738-44-7 Cy5HyNOoS 2554 a 433 MDMA-ds
2C-T-7 270%, 163,
2 (2,5-dimethoxy-4-n-propylthiophenethylamine) 850140-15-7 C15Hy NOoS 2554 a 433 MDMA-ds
25D-NBOMe 1785 165
73 (2-(2,5-dimethoxy-4-methylphenyl)- 1539266-35-7 CoH,5sNO; 3154 b | il ’ MDMA-d;
N-(2-methoxybenzyl)ethanamine)
25C-NB30OMe 198% 121
74 (4-chloro-2,5-dimethoxy-N-[(3-methoxyphenyl) 1566571-57-0 CgH»CINO; 335.8 b lé P ’ MDMA-ds
methyl]benzeneethanamine)
25B-NBOMe 1% 244
75 (N-(2-methoxybenzyl)-4-bromo-2,5-dimethoxy- 1539266-15-3 C,3H,,BrNO; 380.2 a 2:‘2 ? MDMA-ds
phenethylamine)
25I-NBOMe 121%.290
76 (N-(2-methoxybenzyl)-4- 1043868-97-8 CsH»INO; 427.3 a 2%7 ’ MDMA-d;
1 iodo-2,5-dimethoxyphenethylamine) PFPA
25T2-NBOMe 256%. 539
77 (4-(ethylthio)-2,5-dimethoxy-N-[(2-methoxy- 1539266-51-7 C,,H,7NO5S 361.5 b 237 ’ MDMA-d;
phenyl)methyl]benzeneethanamine)
25T4-NBOMe 570%. 553
78  (2,5-dimethoxy-N-[(2-methoxyphenyl)methyl]-4-[(1- 1566571-73-0 C, H,NOsS 375.5 b 2%] ’ MDMA-ds
methylethyl)thio]benzeneethanamine)
25T7-NBOMe 270%. 553
79  (2,5-dimethoxy-N-[(2-methoxyphenyl)methyl]-4-(prop- 1539266-55-1 C, HyNO5S 375.5 b 2;1 ’ MDMA-ds
ylthio)benzeneethanamine)
AM-dg *
80 (Amphetamine-ds) (IS) 145225-00-9  CyDgHsN 143.3 e 126*, 193 -
MDA-d; «
81 (3 4-methylenedioxyamphetamine-ds) 136765-42-9 C,,HgDsNO, 184.3 e 136*, 167 -
82 MDMA-ds 136765-43-0 C,;H;,DsNO, 198.3 e 208*, 344 -

(3,4-methylenedioxymethamphetamine-ds)

a. GreenChem Corporation (Taichung, Taiwan)

b. Cayman Chemical (Ann Arbor, MI, USA)

c. LGC Limited (Teddington, UK)

d. Sigma-Aldrich Corporation (St. Louis, MO, USA)
e. Cerilliant Corporation (Austin, TX, USA), methanolic solutions (1 mg/mL)

*Quantifier ion
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analogues especially NPS with the same frame structure, by
monitoring fragment ions in a specific detection window
with fixed retention times. This technique allows the identi-
fication and quantification of PEA-type substances with
high accuracy and specificity. Good separation of the vari-
ous analogues was achieved by applying appropriate SIM
program settings determined by retention time. The cross
contribution was further investigated through subsequent
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method validation to ensure limited impact on the analysis
and sufficient specificity for quantification of analytes with
the same mass pattern.

Method validation

In forensic analysis, the reliability and credibility of an
analytical process influence court decisions; therefore, the
method validation is indispensable. The results showed that
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Figure 3. Total ion chromatograms (TIC) of blank urine, 76 targets, and 4 IS at 500 ng/mL in urine, ordered by item number of analytes
from Table 1: (A) HFBA-derivatized blank urine under scanning and SIM modes; (B) and (C), HFBA-derivatized Group | PEAs under
SIM mode; (D) PFPA-derivatized blank urine under scanning and SIM modes; (E) PFPA-derivatized Group II PEAs under SIM mode.
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Table 2. Linearity, LOD, and LLOQ of 76 targets and 4 IS of PEAs for GC/MS?*

Group Item Analyte Conce(r:;;?; range nggr ity (nlé/on?L) é{;ﬁ%
1 N,N-DMA 50-1000 0.9985 20 50
2 4-MA 100-1000 0.9995 50 100
3 4-CA 100-1000 0.999 50 100
4 4-BA 50-1000 0.998 20 50
5 4-CMA 50-1000 0.998 10 50
6 PMMA 50-1000 0.9985 20 50
7 PMEA 50-1000 0.9985 10 50
8 5-APDB 50-1000 0.999 20 50
9 Fenproporex 50-1000 0.999 20 50
10 2C-E 50-1000 0.9985 20 50
11 5-MAPDB 50-1000 0.9965 10 50
12 MMDA 50-1000 0.9955 20 50
13 DOC 100-1000 0.9995 50 100
14 Proscaline 50-1000 0.9985 20 50
15 Clobenzorex 50-1000 0.999 10 50
16 25C-NBF 100-1000 0.9995 50 100
17 3,4-DMA-NBOMe 50-1000 0.999 20 50
18 25B-NBF 50-1000 0.9985 20 50
19 25G-NBOMe 50-1000 0.9965 20 50

20 25I-NBF 50-1000 0.997 20 50
21 Amphetamine 50-2000 0.9959 20 50

1 22 FPBA 50-2000 0.9994 20 50

23 Methamphetamine 50-2000 0.9993 20 50
24 4-FEA 100-1000 0.9998 50 100
25 5-F-2-MOA 50-2000 0.9999 20 50
26 3-F-4-MOA 50-2000 0.9999 20 50
27 MDDMA 100-2000 0.9994 50 100
28 MDA 50-2000 1 20 50
29 DMA 50-2000 0.9997 20 50
30 Lefetamine 100-2000 0.9981 50 100
31 DOM 50-2000 0.9982 20 50
32 MDMA 50-2000 0.9996 20 50
33 MDEA 100-2000 0.9996 50 100
34 Mescaline 100-1000 0.9997 50 100
35 Benzphetamine 50-2000 0.9998 20 50
36 2C-C 50-1000 0.9989 20 50
37 2C-1 50-1000 0.9981 20 50
38 4-EA-NBOMe 50-1000 0.999 20 50
39 25H-NBOMe 50-1000 0.9986 20 50
40 25P-NBOMe 50-1000 0.9961 50 50
41 MA-dg - - - -
42 MDA-d; - - - -
43 MDMA-d;s - - - -
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Table 2. Continued.

Group Item Analyte Conce(r:;;?; range Lln(zi)r ity (nlé/on?L) é{;ﬁ%
44 Phentermine 50-1000 0.9965 25 50
45 4-FA 50-1000 0.9973 25 50
46 4-FMA 50-1000 0.9996 25 50
47 EMA 50-1000 0.9997 25 50
48 PMA 50-1000 0.9987 25 50
49 5-APB 50-1000 0.9962 25 50
50 2C-H 25-1000 0.9976 10 25
51 5-AEDB 25-1000 0.9965 10 25
52 4-MTA 100-800 0.9964 50 100
53 5-MAPB 50-1000 0.9976 25 50
54 Mefenorex 50-1000 0.9981 25 50
55 2C-D 100-1000 0.9951 50 100
56 5-EAPB 50-1000 0.9978 25 50
57 DOET 25-1000 0.9981 10 25
58 MBDB 50-1000 0.9992 25 50
59 TMA 50-1000 0.9983 25 50
60 TMA-2 100-1000 0.9957 50 100
61 TMA-6 100-1000 0.9954 50 100
62 6-CI-MDMA 50-1000 0.9964 25 50

I 63 Escaline 25-1000 0.9986 10 25
64 DOB 25-1000 0.999 10 25
65 3C-p 50-1000 0.997 25 50
66 6-Br-MDMA 50-1000 0.9956 25 50
67 2C-B 25-1000 0.9956 10 25
68 DOI 100-1000 0.9966 50 100
69 Lisdexamfetamine 200-1000 0.9971 100 200
70 2C-T-2 200-800 0.9961 100 200
71 2C-T-4 200-800 0.9984 100 200
72 2C-T-7 200-800 0.9965 100 200
73 25D-NBOMe 100-1000 0.9986 50 100
74 25C-NB30OMe 50-1000 0.9977 25 50
75 25B-NBOMe 50-1000 0.9978 25 50
76 251-NBOMe 100-1000 0.9975 50 100
77 25T2-NBOMe 200-800 0.9985 100 200
78 25T4-NBOMe 300-800 0.9986 200 300
79 25T7-NBOMe 300-800 0.9997 200 300
80 AM-dg - - - -
81 MDA-d; - - - -
82 MDMA-d; - - - -

the carryovers for 76 PEAs were all less than 0.01% (data
not shown), and no interference was seen in the subsequent
analysis of the samples. In the evaluation of selectivity, no
obvious impact from the above elements have been found

©Korean Society for Mass Spectrometry

and indicated the proposed methods as a selective tech-
nique for analyzing PEAs. Subsequently, the linearity was
assessed through setting up calibration curves with the con-
centration range of 25 to 2000 ng/mL, based on the correla-
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tion coefficient, r. The r values of the calibration curve for
all analytes was above 0.995, and the determined LOD and
LLOQ were 10-200 ng/mL and 25-200 ng/mL, respec-
tively (see Table 2, alone with LC-MS/MS result of Table
S2 in supplemental material). In particular, the targets lis-
dexamfetamine, 2C-T-2, 2C-T-4, 2C-T-7, 25T2-NBOMe,
25T4-NBOMe, and 25T7-NBOMe showed higher LOD
and LLOQ which can be attributed to their low volatility.
The obtained SPE extraction recovery was 80.2%—111.6%
for all analytes, corresponding to the criteria of 80%—120%.
To assess accuracy and precision, intra-day and inter-day
experiments were performed using triplicate samples at three
concentration levels. The ion ratio was over 50%, and the
accuracy ranged from -12.5% to 18.9%. These values are
within £20% according to the respective criteria and are satis-
factory. The results of extraction recovery, precision, and accu-
racy are shown as Table S3 in supplemental material.

Application
The goal of this study was to establish a set of derivatized
GC/MS methods that could be used to analyze authentic

Table 3. Targets detected above LLOQ from authentic urine
samples applying GC/MS

Sample No.  Target detected Content (ng/mL) ]E,SA)]))
1 N,N-DMA 94.5 ng/mL 4.94
PMMA 196.9 ng/mL 0.85

) N,N-DMA 239.2 ng/mL 3.26
4-CA 1.5 3.55

5 N,N-DMA 655.1 ng/mL 0.84
6 N,N-DMA 317.6 ng/mL 0.78
1 Amphetamine 15.9 8.73
Methamphetamine 82 11.7

3 Amphetamine 163.9 ng/mL 0.74
Methamphetamine 1.2 0.36
Amphetamine 3 2.95

14 Methamphetamine 30.3 0.81
15 Amphetamine 20 52
Methamphetamine 95.6 0.81

16 Amphetamine 448.4 ng/mL 0.74
Methamphetamine 43.8 2.33

17 Amphetamine 10.6 4.58
Methamphetamine 68.3 4.27

18 Amphetamine 1.8 0.35
Methamphetamine 21.3 1.11

19 Amphetamine 4 0.72
Methamphetamine 22.1 0.47

20 Amphetamine 10.5 0.74
Methamphetamine 124 1.19

urine samples and identify 76 PEAs. The current methods
were applied to the analysis of authentic urine samples that
were supplied by the accredited local analytical laborato-
ries. A total of 20 samples were examined, and the results
of urinalysis for targets above the LLOQs are shown in
Table 3. Thirteen out of 20 samples tested positive for five
target PEAs including N N-DMA, PMMA, 4-CA, amphet-
amine, and methamphetamine. The detected concentration
levels ranged from 94.5 ng/mL to 124.0 ug/mL.
Meanwhile, the authentic samples were also analyzed
using the previously established LC-MS/MS method, to
ensure whether there was equivalence between the two
techniques in PEA monitoring."’ The findings of the statis-
tical assessments are shown as Table 4 (comparative result
as Table S4 in supplementary material). In the LC-MS/MS
analysis, a perfect agreement (kappa coefticient value = 1)
was observed when the dilution rates of urine samples were
50x for N,N-DMA, PMMA, and 4-CA, and 500x% for

Table 4. Statistical analysis for target determination applying
LC-MS/MS and GC/MS methods

LC-MS/MS
N.N-DMA (50% dilution fold)
Positive Negative  Total
Positive 4 0 4
GC/MS .
Negative 0 16 16
Total 4 16 20
Kappa coefficient 1
P value NA
'S NA
LC-MS/MS
PMMA (50x dilution fold)
Positive Negative  Total
Positive 1 0 1
GC/MS .
Negative 0 19 19
Total 1 19 20
Kappa coefficient 1
P value NA
X’ NA
LC-MS/MS
+-CA (50x dilution fold)
Positive Negative  Total
GC/MS Positi.\/e 1 0 1
Negative 0 19 19
Total 1 19 20
Kappa coefficient 1
P value NA
'S NA
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Table 4. Coninued.
Methamphetamine LCTMS/MS LC_MS./MS
(50x dilution fold) (500x dilution fold)
Positive Negative Total Positive Negative Total
GCMS Positi-ve 5 4 9 9 0 9
Negative 0 11 11 0 11 11
Total 5 15 20 9 11 20
Kappa coefficient 0.579 1
P value 0.046 NA
X’ 4 NA
Amphetamine LCTMS/MS LC-,MS./MS
(50x% dilution fold) (500x dilution fold)
Positive Negative Total Positive Negative Total
Positive 1 7 8 8 0 8
GC/MS .
Negative 0 12 12 0 12 12
Total 1 19 20 8 12 20
Kappa coefficient 0.146 1
P value 0.014 NA
X 6.036 NA

amphetamine and methamphetamine, indicating a consis-
tent result. Insufficient dilution rate (50%) of urine samples
(in terms of amphetamine and methamphetamine) could
result in invalid LC-MS/MS identification, making it
impossible to reduce the matrix effect to meet the criterion
for ion ratio of qualifiers, and hence a dilution rate of 500x
was introduced to ensure consistency of the results.

The bulk of the analytical methods for identifying multi-
ple PEAs in urine was established using LC-MS/MS.**’
In contrast, the GC/MS is generally considered to be less
advantageous than the LC-MS/MS in terms of sensitivity,
selectivity, and adaptability. Nonetheless, this study estab-
lished the effective GC/MS methods with different derivat-
ization process in identifying multiple PEAs. The current
methods were suggested as an effective tool in screening/
confirmatory testing as LC-MS/MS for identifying multiple
PEAs, according to the result from statistical assess.

Conclusions

This study presents a set of derivatized GC/MS methods
for detection of 76 target PEAs in urine. The proposed
methods were applied to the analysis of authentic urine
samples, of which 13 samples were detected positive for six
identified targets in total out of 20 samples. The results of
the urinalysis were statistically analyzed and compared
with those obtained using the LC-MS/MS method that was
previously established. The statistical results suggested that
GC/MS was as efficient as LC-MS/MS for PEA urinalysis.
Furthermore, this study provided a systematic technique for

©Korean Society for Mass Spectrometry

preliminary or confirmatory testing of PEAs, and the meth-
ods can be used to identify drug components in urine in the
future.
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