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Abstract

New psychoactive substances (NPSs) have become an integral part of the recreational drug market with “new” compounds being reported by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) weekly. Due to the changing nature of NPSs it is impractical to carry out single analyte or even simple class quantitation. Although several gas chromatography-mass spectrometry (GC-MS) methods have been developed these are typically class specific. 
We present a validated GC-MS method for the quantitation of 2-DPMP, 3-MeO-PCE, 3-MeO-PCP, 5-APB, 6-APB, benzedrone, butylone, ethylone, flephedrone, methiopropamine, MDPV, mephedrone, methoxetamine, methylone, naphyrone, 25B-NBOME, 25C-NBOME, 25D-NBOMe, 25E-NBOME, 25H-NBOME, 25I-NBOME, Mescaline-NBOME and 25P-NBOME in blood and urine samples. 

Sample preparation was carried out using solid phase extraction followed by derivatisation and analysis by GC-MS. Parameters investigated for validation included bias, precision, linear calibration model, carryover, interferences, limit of detection, limit of quantification, and autosampler and freeze/thaw stability. All drugs yielded successful results for each of these parameters as per SWGTOX guidelines.

The GC-MS method was used for the reanalysis of 12 blood samples (8 cases) where 25I-NBOMe, 25C-NBOMe, methoxetamine and methylone had previously been detected by NMS laboratories. This GC-MS method was able to quantitatively detect these drugs in 75% of the blood samples, 42% of which contained either 25C-NBOMe or 25I-NBOMe. This method accurately allows for the simultaneous quantification of a wide variety of compounds via GC-MS, in particular NBOMe compounds which are typically analysed by liquid chromatography- tandem mass spectrometry which is not available in all laboratories. 
KEYWORDS: GC-MS, Cathinones, NBOMes, NPSs. 

1. Introduction

The field of forensic toxicology has undergone rapid changes in the last decade with the rise of new psychoactive substances (NPSs). NPSs are defined by the United Nations (UN) as ‘substances of abuse, either in a pure form or a preparation, that are not controlled by the 1961 Convention of Psychotropic Substances, but which may pose a public health threat’ [1]. The vast majority of these drugs, up until now, are not ‘new’ but are newly abused, and tend to be failed bi-products of the pharmaceutical industry [2]. More recently, NPSs have begun to be manufactured with the sole intent of providing users with similar effects to those of already banned substances such as 3,4-methylenedioxy-methamphetamine (MDMA). These NPSs however, chemically differ sufficiently from their predecessors to avoid control via the United Kingdom’s (UK) Medicines Act or the Misuse of Drugs Act (MoDA) [3]. By the time new legislation is in place to control a certain compound it has already been superseded [4]. As a result many countries including the UK have now introduced sweeping legislation to try and put an end to this practice. 
The increase in NPS use has been aided by the internet. Not only does this provide a place for users to purchase drugs, it also provides forums where users can discuss their experiences when using them [5]. The online sales of these substances has also allowed the many companies selling these products to employ intense marketing strategies, targeting customers when new products are launched or with discounts [6]. 
Although there are a large number of publications on NPS methods, many of these focus on quantifying a single analyte, or class of NPSs [7-11]. This is time consuming and costly for the forensic toxicology laboratory, who even when provided with case information have no way of knowing what compounds may be present. Even when investigators are provided with the original compound packaging this is frequently misleading, with incorrect ingredients listed. This is also an effect of legislation amendments, controlling compounds resulting in new products to be launched, with brand names themselves not being altered. 
The aim of this project was to develop and validate a quantification method for the analysis of 23 NPSs in whole blood and urine and to determine whether gas chromatography-mass spectrometry (GC-MS) was a viable instrument for the detection of a wide range of NPSs in these matrices. Samples previously confirmed as positive for NPSs using liquid chromatography – tandem mass spectrometry (LC-MS/MS) were also to be re-analysed using the validated GC-MS method to establish whether it was a suitable alternative, especially for laboratories who may not have access to LC-MS/MS instrumentation. 
2. Materials and methods
2.1 Chemicals and reagents
Butylone, ethylone, methylenedioxypyrovalerone (MDPV), naphyrone, 3,4,5-trimethoxy-N-[(2-methoxyphenyl)methyl]-benzeneethanamine (mescaline-NBOMe) and 2-(4-Propyl-2,5-dimethoxyphenyl)-N-[(2-methoxyphenyl)methyl] (25P-NBOMe) were purchased from LIPOMED (MA, USA). 2,5-dimethoxy-N-[(2-methoxyphenyl)methyl]-4-(methylthio)-benzeneethanamine (25B-NBOMe), 2-(4-chloro-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine (25C-NBOMe), 2-(2,5-dimethoxy-4-methylphenyl)-N-(2-methoxybenzyl)ethanamine (25D-NBOMe), 2-(4-ethyl-2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethan-1-amine (25E-NBOMe), 2-(2,5-dimethoxyphenyl)-N-(2-methoxybenzyl)ethanamine (25H-NBOMe) and 4-iodo-2,5-dimethoxy-N-[(2-methoxyphenyl)methyl]-benzeneethanamine (25I-NBOMe) were purchased from Cayman Chemical (MI, USA).  2-desoxypipradol, flephedrone, mephedrone, methylone and methoxetamine were purchased from Cerilliant (TX, USA). 3-methoxyeticyclidine (3-MeO-PCE), 3-methoxyphencyclidine (3-MeO-PCP), 5-(2-aminoproprly)benzofuran (5-APB) and 6-(2-aminopropyl)benzofuran (6-APB), benzedrone and methiopropamine were purchased from Logical (MA, USA). Pentafluoropropionic anhydride (PFPA) was purchased from Sigma Aldrich (MO, USA). All other chemicals were of analytical grade and purchased from Honeywell (MI, USA). 

2.2 Calibrators, quality control and internal standards preparation 
Individual stock solutions for each NPS were prepared in methanol at 100 µg/mL. Four working solutions were then prepared by further diluting the stock solutions in methanol to obtain 10 µg/mL for all NPSs with the exception of NBOMe compounds which were diluted to 1 µg/mL. Working solution 1 contained benzedrone, butylone, ethylone, flephedrone, MDPV, methylone, mephedrone and naphyrone. Working solution 2 contained 2-desoxypipradol, methiopropamine, methoxetamine, 3-MeO-PCE, 3-MeO-PCP, 5-APB and 6-APB. Working solution 3 contained 25B-NBOMe, 25C-NBOMe, 25D-NBOMe, 25E-NBOMe, 25H-NBOMe and 25I-NBOMe. Working solution 4 contained mescaline-NBOMe and 25P-NBOMe. 
 Six calibration standard solutions were prepared in methanol from the working solutions to achieve the target concentrations. 
Five internal standard (I.S.) stock solutions of ethylone-D5, mephedrone-D3, methylone-D3, MDPV-D8 and 25I-NBOMe-D3 were prepared in methanol to give a concentration of 100 µg/mL. These stock solutions were then used to produce a mixed internal standard solution of 10 µg/mL containing ethylone-D5, mephedrone-D3, methylone-D3 and MDPV-D8. 25I-NBOMe-D3 was diluted to a concentration of 1 µg/mL in the same solution. Three quality controls (QC) at three different concentrations (low, medium and high) were directly made in blood and urine. QC concentrations were 0.8, 4.2 and 28 µg/L for NBOMes and 80, 420 and 1420 µg/L for all other compounds. All QCs, stock solutions and working solutions were stored at -20oC.

Stock solutions were used to spike 1 mL aliquots of blank matrix producing a 6-point calibration curve with concentrations ranging from 0.5-50 µg/L for NBOMe compounds and 50-2000 µg/L for all other compounds. 

2.3 Specimens

Blank human whole blood was purchased from Golden West Biologicals Inc® (CA, USA). Blank human urine was collected in house from willing donors. Post mortem blood samples (n=12) were kindly provided by NMS Lab (PA, USA) and were stored in the freezer at -20oC. 1mL of each specimen was used during analysis. 
2.4 Sample Preparation
To each calibrator, QC and sample, 50 µL of the I.S. mix was added with 1 mL of phosphate buffer (pH 6) before being vortexed for 30 seconds. The calibrators, QCs and samples were then centrifuged at 4500 rpm for 10 minutes, and the resulting supernatant transferred to Clean Screen ® ZSDAU020 SPE cartridges which had been conditioned with 2 mL methanol (MeOH), 2 mL deionised water (dH2O) and 2 mL phosphate buffer (pH6). Columns were washed using 2 mL dH2O, 1 mL 0.1 M acetic acid and 2 mL methanol, then dried before eluting the analytes using 3 mL dichloromethane/ isopropanol/ammonia (78:20:2) solution. Excess elution solvent was then evaporated to dryness using a gentle stream of nitrogen at room temperature, before derivatisation using 50 µL of PFPA: ethyl acetate (2:1) at 70oC for 40 minutes. The samples were then evaporated to dryness once again under a gentle stream of nitrogen at room temperature. All calibrators, QCs and samples were then reconstituted using 50 µL of ethyl acetate, vortexed for 30 seconds and transferred to labelled glass GC-MS vials containing limited volume inserts. 

2.5 Instrumentation
An Agilent GC-MSD 5975C series instrument fitted with a J&W Agilent DB-5ms low bleed column (30 m x 0.32 mm i.d.; film thickness 0.25 µm) was used for analysis. Electron ionisation was used, and the instrument was operated in selected ion monitoring mode. The injection port was operated in splitless mode and at 225⁰C. The carrier gas was helium at a continuous flow of 1.5 mL/min. In order to achieve adequate separation of all analytes the following temperature program was necessary. The initial oven temperature was 80⁰C which was held for 2 minutes before being increased to 170⁰C and held for an additional minute. The oven temperature was then increased to 200⁰C at a rate of 5⁰C/min, held for 1 minute, ramped to 250⁰C at a rate of 15⁰C/min before being increased to 300⁰C at a rate of 5 ⁰C/minute. The oven temperature was then held at 300⁰C for 3 minutes for a total run time of 30 minutes. The transfer line and source temperature were set at 250⁰C and 200⁰C respectively. Data analysis was carried out using Agilent ChemStation software (version 02.02.1431). 

2.6 Method Validation

This method was validated according to the SWGTOX validation guidelines for whole blood and urine [12]. 

The limit of detection (LOD) was assessed by determining the lowest concentration at which the drug could be detected with a signal to noise (S/N) ratio greater than 3. The lower limit of quantification (LLOQ) was determined as the lowest concentration with a S/N ratio greater than 10 and at which identification accuracy and precision criteria were met. In the case of the NBOMe analytes the LLOQ was determined as being the lowest non-zero calibrator.
Specificity and selectivity was assessed by spiking each drug and I.S. individually to test for any interference. Pooled urine and blood from different donors (n=10 and n=50 respectively) was used to identify any matrix interferences. Exogenous interferences were assessed by spiking blank matrices with a wide range of commonly encountered analytes (n=48) including acetaminophen and caffeine. These samples were then extracted and analysed as per the method in order to ascertain if exogenous analytes may interfere with the method analytes. 
Linearity was assessed by analysing 6 separate calibration curves per matrix by spiking blank whole blood or urine with concentrations ranging from 0.5-50 µg/L for NBOMe compounds and 50-2000 µg/L for all other compounds. All calibrations were produced daily over a period of 6 days. Calibration curves were generated by plotting the peak area ratio versus the spiked analyte concentration. Blank matrix and blank matrix containing only I.S. was analysed with each batch but not included in the calibration curves. The correlation coefficient (R2) was calculated and deemed acceptable for R2 values >0.99. 

Accuracy and precision were calculated by running calibration standards alongside 3 replicates of each QC, low (QC1), medium (QC2) and high (QC3). Both intra- and inter-day precision were assessed across 6 batches with an acceptable criteria set at ≤20%. A method accuracy limit of ±20% was used. 

Recovery was assessed by comparing the peak area ratio (PAR) of each QC (low, medium, high) with that of matrix free ethyl acetate spiked samples. For the matrix samples which underwent SPE, the I.S. was added after this clean up step but before the samples underwent derivation, incubation and analysis. I.S. was added to matrix free samples before they were evaporated, derivatized and analysed without the need for SPE. Carryover was assessed by running the highest calibration standard in triplicate and analysing the subsequent ethyl acetate blanks for the presence of any analytes.
Autosampler stability was analysed by running each QC (low, medium and high) in triplicate over a period of 48 hours. It was assessed by monitoring the PARs of each analyte to I.S. over the 48-hour period and the individual peak areas themselves. The effect of two fridge-thaw and freeze-thaw cycles upon analytes and resulting PARs was also assessed over a period of 48 hours in the same manner. QC’s where the concentration changed by ±20% were deemed unstable. 
To prove the applicability of this method, the method was verified using 12 different blood samples from 8 cases that had previously been quantified by NMS Labs using LC-MS/MS
3 Results and discussion
3.1 Method Validation Results
The method was successfully validated for the quantitation of 23 NPSs in blood and urine. The I.S used for each of the NPSs alongside the retention time, target and qualifier ions used for identification and quantification are shown in Table 1. Although the ion ratios for 5 and 6-APB are extremely similar, the difference in retention times was sufficient to distinguish between each of these isomers. 
3.2 Linearity, LOD, and LLOQ

The same calibration models were used for both matrices. The calibration curves for the majority of analytes were linear with the exception of flephedrone and methiopropamine which were quadratic. NBOMe calibration curves were linear for a wide range of concentrations (0.5-50 µg/L) with an R2>0.99 for both matrices. Calibration non-weighted curves for flephedrone (blood), mexedrone (blood), and 3-MeO-PCP (urine) all had R2>0.98. All other analytes were linear over a concentration range 50-2000 µg/L with an R2>0.99. As this is a SIM method the ratios between target and qualifier ions were also monitored, with variance results <20% across all concentrations. The LOD’s and LLOQ’s for the method are shown in Table 2.

3.3 Specificity and selectivity

The specificity and selectivity of the method was investigated by analysing pooled matrices from a range of different donors (n=10 urine, n=50 blood). No endogenous interferences were observed from the pooled drug-free matrices analysed. None of the analytes or I.S. interfered with the peak areas or retention times for any of the other analytes within this method. No interferences were observed for any of the additional analytes used to test selectivity (n=48). 
3.4 Accuracy and precision.
Accuracy and precision results are provided in Tables 3 and 4 for blood and urine respectively. 
The intra-day precision %CV results of all analytes extracted from urine were below the ≤20% limit. The intra-day urine results averaged at 8.9, 11.2 and 11.4% across all analytes for the low, medium, and high QCs respectively. Three of the analytes extracted from urine had intra-day precision values <5%, 3-MeO-PCE, 3-MeO-PCP and MDPV. All analytes met the criteria of precision ≤20% for all QCs. The accuracy of each analyte in urine fell within the ±20% criteria although several QCs were at the bottom and top of this range. Methiopropamine and 25I-NBOMe were the only urine analytes to have an accuracy within ±10%. A further 5 analytes had an accuracy within ±15% of the expected value for all QCs (mephedrone, methoxetamine, benzedrone, 2-desoxypipradol, 25E-NBOMe, and 25P-NBOMe). The intra-day precision results of all analytes extracted from blood gave %CVs<20%. 
The intra-day blood precision results averaged at 10.7, 7.2 and 10.0% across all analytes for the low, medium and high QCs respectively. For blood only 3-MeO-PCE had intra-day precision <5%. All blood inter-day precision results fell within the SWGTOX <20% criteria averaging at 11.5, 8.5 and 8.0% across all analytes for the low, medium and high QCs respectively. The accuracy of each analyte in blood fell within the ±20% criteria with the exception of 25B-NBOMe (QC 2, -24.4%) and mescaline-NBOMe (QC 1, -22.8%). It should be noted that additional deuterated NBOMes have become commercially available since this study was completed which may produce better results for these drugs. The average accuracy for the analytes across all QCs was 97.8% ranging from 80.5% -117.1%. Mephedrone was the most accurate compound with an accuracy ranging from 94.9% to 104.6%.
3.5 Recovery and carryover
No carryover was observed in the blank samples following triplicate injection of the highest calibrator. Due to the low dose levels of NBOMe compounds, doses higher than those tested would be unlikely to occur in “real life” cases. Reported blood concentrations are typically below 3 µg/L although have been detected as high as 28 µg/L, urine concentrations have been detected as high as 36 µg/L [13, 14, 15]. 

The SPE recovery for each analyte ranged from 31-115% in blood and 64-105% in urine. Average recoveries were and 80% and 94% for blood and urine respectively. 
3.6 Stability
During the validation process, the autosampler stability of all analytes in blood fell within ±20% with the exception of 25P-NBOMe where QC3 (PAR) showed a loss of 20.1% over the 48-hour period. The urine autosampler stability study showed that all analytes were stable across all three QCs with the exception of 3-MeO-PCE (QC1, -25%). The individual monitoring of peak areas however showed that some analytes showed significant degradation when analysed without the use of PAR which are shown in Table 5.
The freeze thaw results show that analytes stored in the fridge underwent the largest degradation for both matrices. This is unsurprising as freezer storage has been shown to be more effective in reducing sample degradation. A total of 6 analytes fell out with the acceptable criteria (±20%) after 2 cool/warm fridge cycles for both QCs in urine: mephedrone, methylone, methiopropamine, 2-DPMP, 25E-NBOMe and 25I-NBOMe. Only 25P-NBOMe fell out with the ±20% recovery required after 2 freeze/thaw cycles for both QC’s in urine. 5 analytes fell out with the acceptable criteria (±20%) after 2 cool/warm fridge cycles for both QCs in blood: mephedrone, 25C-NBOMe, 25I-NBOMe, mescaline-NBOMe and 25P-NBOMe. No analytes fell out with this range for both QCs tested after 2 freeze/thaw cycles in blood. 

Mephedrone and methylone were the least stable analytes after 2 cool/warm cycles with average recoveries of only 61.3% and 64.5% respectively based on area. Previous studies looking at the stability of methylone have been inconclusive with prior work showing little to no degradation to samples after 72 h. The majority of these studies utilized some sort of preservative for the storage of their samples which was not the case here. This is important when comparing any of the results here to other previously published work as the use of preservatives may significantly reduce the degradation of these substances. The blood used in this work was diluted with saline solution and this too may have impacted on the results seen. Previously published NBOMe methods have shown this class of compound to be unaffected by freeze/thaw cycles. Although this was the case for the majority with these compounds having an average recovery of 94%, there were some noticeable outliers such as 25I-NBOMe (73.9%) and 25P-NBOMe (79.5%).

3.7 Case Studies

The method was verified using 12 blood case samples that had previously been quantified by NMS Labs during routine case analysis. No interferences were observed in any of the case samples. Of the 12 blood samples the method was able to identify and quantitate drugs in 9 out of the 12 blood samples provided as shown in table 6. Of the 12 blood samples, 2 were identified as containing 25I-NBOMe (1.32-1.77 µg/L), 3 were identified as containing 25C-NBOMe (1.69-4.04 µg/L), 1 contained methoxetamine, (7.6 mg/L), and 3 containing methylone (0.11-10.6 mg/L). 25I-NBOMe had been originally quantitated in case 3 by LC-MS/MS at a concentration of 0.32 µg/L. As the original concentration detected was lower than the LOD of this GC-MS method (0.5 µg/L) no analyte was detected. No analytes were detected in the blood samples of case 4 and case 6 despite originally having concentrations higher than the LOD of this method. As no information regarding original sample analysis date or storage conditions was provided, the stability of these analytes within blood may account for the inability of this method to detect analytes in these samples. 
3.8 Discussion

The last figures released by the EMCDDA show that over 650 NPSs have now been reported [16]. Due to the ever changing legal landscape, consumer trends, and product availability, many of these substances will have fleeting market life spans and will not be seen in case samples on a routine basis. Access to routine samples is also dependant on what specific laboratories are currently testing. As a result, it was not possible to obtain case samples which contained all of the analytes tested in this method, nor was it possible to obtain urine samples containing these. Although this would have been beneficial it is extremely encouraging that this method was able to identify low NBOMe concentrations as these are typically analysed by LC-MS/MS only. As these compounds are incredibly potent, biological concentrations tend to be extremely low and therefore the added sensitivity of LC-MS/MS instrumentation is preferred. This method does however show that GC-MS is a viable option when identifying the presence of these compounds in acute cases and thus may be better applied to post mortem toxicology rather than clinical toxicology. 
4 Conclusion 
A robust and sensitive GC-MS method has been developed for the detection of various NPSs in blood and urine. Although the total run time is 30 minutes, this method allows for the simultaneous quantification of 23 different analytes with different chemistries. This method is of particular use to laboratories that do not have access to an LC-MS/MS for the detection of NBOMe compounds in acute fatalities. 
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Table 1: Target ions, and qualifier ions used for identification of each analyte and internal standard alongside the internal standard used to calculate peak area ratio (PAR).
	Drug/ Internal Standard
	Internal Standard Used
	Retention Time (mins)
	Target Ion (m/z)
	Qualifier 1 (m/z)
	Qualifier 2 (m/z)
	Target to Qualifier 1 Ratio
	Target to Qualifier 2 Ratio

	Methiopropamine
	Mephedrone-D3
	7.99
	124
	204
	160
	0.9
	1.6

	Flephedrone
	Mephedrone-D3
	8.11
	123
	204
	160
	1.0
	2.2

	Mephedrone-D3
	
	9.44
	207
	163
	326
	1.7
	140.3

	Mephedrone
	Mephedrone-D3
	9.61
	204
	160
	323
	1.4
	122.0

	5-APB
	Ethylone-D5
	10.33
	131
	158
	190
	2.1
	8.9

	6-APB
	Ethylone-D5
	10.39
	131
	158
	190
	2.0
	9.9

	Methylone-D3
	
	13.19
	207
	163
	356
	1.3
	6.2

	Methylone
	Methylone-D3
	13.26
	204
	160
	353
	0.09
	0.08

	3-MeO-PCE
	Ethylone-D5
	13.30
	190
	233
	176
	5.6
	6.5

	Butylone
	Ethylone-D5
	14.14
	149
	218
	121
	5.5
	8.5

	Ethylone-D5
	
	14.28
	223
	191
	372
	0.2
	22.8

	Ethylone
	Ethylone-D5
	14.36
	218
	190
	367
	1.9
	21.7

	Methoxetamine
	Ethylone-D5
	15.14
	190
	219
	134
	3.8
	3.5

	Benzedrone
	MDPV-D8
	17.19
	91
	119
	148
	1.8
	6.7

	3-MeO-PCP
	Ethylone-D5
	17.63
	272
	230
	188
	0.3
	4.7

	2-Desoxypipradol*
	MDPV-D8
	17.68
	165
	230
	176
	0.1
	2.4

	MDPV-D8
	
	17.80
	134
	133
	135
	13.1
	10.7

	MDPV*
	MDPV-D8
	17.86
	126
	149
	110
	10.4
	11.0

	Naphyrone
	MDPV-D8
	19.76
	126
	155
	127
	5.8
	48.5

	25H-NBOMe
	25I-NBOMe-D3
	20.74
	164
	121
	447
	1.0
	9.0

	25D-NBOMe
	25I-NBOMe-D3
	21.01
	178
	121
	461
	1.9
	7.1

	25E-NBOMe
	25I-NBOMe-D3
	21.52
	192
	475
	121
	6.7
	1.8

	Mescaline-NBOMe
	25I-NBOMe-D3
	22.06
	194
	181
	477
	3.6
	7.5

	25P-NBOMe
	25I-NBOMe-D3
	22.28
	206
	193
	489
	1.7
	4.3

	25C-NBOMe
	25I-NBOMe-D3
	22.32
	198
	481
	185
	11.1
	3.2

	25B-NBOMe
	25I-NBOMe-D3
	23.30
	121
	244
	525
	3.0
	26.2

	25I-NBOMe-D3
	
	24.49
	124
	576
	188
	6.4
	310.4

	25I-NBOMe
	25I-NBOMe-D3
	24.52
	121
	573
	185
	12.4
	16.5


Table 2: Limit of Detection (LOD) and lower limit of quantification (LLOQ) of analytes in whole blood and urine.

	Drug
	Urine (µg/L)
	Whole Blood (µg/L)

	
	LOD
	LLOQ
	LOD
	LLOQ

	Methiopropamine
	0.5
	5
	0.5
	10

	Flephedrone
	0.5
	5
	0.5
	10

	Mephedrone
	1.0
	10
	1.0
	10

	5-APB
	0.5
	10
	0.5
	20

	6-APB
	0.5
	10
	0.5
	20

	Methylone
	1.0
	10
	1.0
	10

	3-MeO-PCE
	0.5
	5
	0.5
	5

	Butylone
	0.5
	5
	0.5
	5

	Ethylone
	1.0
	10
	1.0
	20

	Methoxetamine
	0.5
	5
	0.5
	5

	Benzedrone
	0.5
	5
	0.5
	5

	3-MeO-PCP
	0.5
	5
	0.5
	5

	2-Desoxepipradol
	0.5
	10
	0.5
	10

	MDPV
	1.0
	10
	1.0
	10

	Naphyrone
	1.0
	20
	1.0
	50

	25B-NBOMe
	0.2
	0.5
	0.4
	0.5

	25C-NBOMe
	0.2
	0.5
	0.4
	0.5

	25D-NBOMe
	0.2
	0.5
	0.4
	0.5

	25E-NBOMe
	0.3
	0.5
	0.4
	0.5

	25H-NBOMe
	0.2
	0.5
	0.3
	0.5

	25I-NBOMe
	0.2
	0.5
	0.4
	0.5

	Mescaline-NBOMe
	0.3
	0.5
	0.3
	0.5

	25P-NBOMe
	0.2
	0.5
	0.4
	0.5


Table 3: Intra-day, inter-day and accuracy results for quality control (QC) 1, 2 and 3 for urine. 

	Urine
	Intra day Precision (%CV) (n=18)
	Inter-day Precision (%CV) (n=18)
	Accuracy

(%) (n=18)

	Drug
	QC 1
	QC 2
	QC 3
	QC 1
	QC 2
	QC 3
	QC 1
	QC 2
	QC 3

	Methiopropamine
	7.60
	8.50
	12.4
	14.8
	8.6
	11.9
	110
	107
	102

	Flephedrone
	10.6
	6.20
	12.4
	11.5
	9.5
	17.5
	102
	119
	115

	Mephedrone
	15.4
	6.80
	7.90
	11.6
	11.3
	18.6
	112
	93.7
	93.2

	5-APB
	19.9
	18.4
	11.5
	9.60
	4.90
	9.80
	84.5
	113
	111

	6-APB
	2.30
	12.8
	10.3
	15.3
	3.40
	7.80
	121
	118
	119

	Methylone
	11.9
	13.2
	12.7
	12.9
	10.5
	13.1
	82.0
	95.5
	94.8

	3-MeO-PCE
	0.20
	3.30
	2.00
	8.00
	13.1
	1.60
	99.8
	119
	106

	Butylone
	4.70
	17.9
	8.8
	11.4
	7.60
	6.60
	108
	119
	112

	Ethylone
	11.1
	9.70
	11.8
	14.1
	8.80
	2.10
	119
	116
	110

	Methoxetamine
	9.00
	19.1
	6.90
	16.4
	4.90
	3.00
	85.7
	113
	103

	Benzedrone
	10.9
	11.4
	7.10
	6.60
	8.00
	4.20
	99.8
	113
	110

	3-MeO-PCP
	1.60
	3.90
	3.10
	9.30
	9.10
	11.7
	93.9
	120
	115

	2-Desoxypipradol
	7.70
	16.0
	16.1
	6.60
	11.4
	1.70
	108
	114
	114

	MDPV
	2.80
	4.50
	3.30
	7.60
	9.60
	8.10
	100
	120
	110

	Naphyrone
	14.9
	15.7
	7.90
	3.60
	7.20
	7.10
	96.1
	119
	115

	25B-NBOMe
	14.2
	6.90
	12.3
	11.3
	7.90
	12.3
	85.2
	106
	116

	25C-NBOMe
	8.80
	18.2
	19.5
	17.9
	16.3
	16.7
	80.8
	112
	93.9

	25D-NBOMe
	10.4
	16.3
	16.4
	17.8
	18.7
	19.7
	87.5
	119
	86.2

	25E-NBOMe
	10.8
	7.50
	13.2
	8.30
	16.9
	9.70
	99.9
	98.9
	86.5

	25H-NBOMe
	8.90
	15.8
	18.7
	17.5
	19.8
	14.7
	83.5
	92.5
	84.8

	25I-NBOMe
	13.8
	1.50
	14.6
	15.9
	16.6
	15.8
	92.8
	95.4
	109

	Mescaline-NBOMe
	4.60
	10.5
	14.4
	8.70
	12.1
	11.6
	85.6
	83.5
	85.6

	25P-NBOMe
	10.4
	18.8
	16.8
	10.8
	17.8
	11.5
	114
	96.8
	97.4


Table 4: Intra-day, inter-day and accuracy results for quality control (QC) 1, 2 and 3 for whole blood.
	Whole Blood
	Intra-day Precision (%CV) (n=18)
	Inter-day Precision (%CV) (n=18)
	Accuracy

(%) (n=18)

	Drug
	QC 1
	QC 2
	QC 3
	QC 1
	QC 2
	QC 3
	QC 1
	QC 2
	QC 3

	Methiopropamine
	17.2
	12.2
	10.6
	17.7
	10.9
	5.30
	87.8
	114
	119

	Flephedrone
	7.80
	13.2
	10.8
	15.6
	12.5
	6.50
	88.1
	103
	107

	Mephedrone
	12.9
	1.90
	6.80
	10.5
	10.5
	9.50
	94.9
	101
	105

	5-APB
	14.8
	6.10
	14.1
	14.8
	6.10
	3.40
	110
	93.2
	83.0

	6-APB
	11.9
	8.90
	5.30
	13.1
	1.20
	7.40
	101
	89.4
	102

	Methylone
	9.6
	1.40
	6.70
	8.80
	12.9
	13.5
	92.3
	113
	119

	3-MeO-PCE
	3.70
	1.80
	0.50
	5.70
	4.90
	1.60
	117
	119
	115

	Butylone
	8.50
	12.9
	2.90
	14.7
	2.20
	6.60
	83.7
	93.2
	82.4

	Ethylone
	8.30
	6.40
	13.7
	14.1
	0.20
	0.30
	84.4
	95.1
	97.8

	Methoxetamine
	10.60
	10.7
	7.20
	13.1
	11.3
	9.90
	102.5
	90.1
	83.9

	Benzedrone
	7.90
	9.4
	11.3
	1.50
	2.90
	0.70
	99.6
	82.4
	93.7

	3-MeO-PCP
	8.20
	2.20
	10.6
	5.60
	8.30
	3.60
	114.3
	84.9
	87.6

	2-Desoxypipradol
	11.7
	15.1
	11.1
	15.0
	5.20
	11.8
	84.0
	80.5
	91.9

	MDPV
	4.10
	12.4
	14.4
	3.40
	5.60
	2.10
	106.1
	84.5
	91.8

	NAPHYRONE
	15.8
	10.2
	14.6
	6.20
	3.60
	3.10
	118
	116
	85.5

	25B-NBOMe
	19.8
	4.60
	9.90
	16.5
	14.1
	10.2
	85.1
	75.6
	80.8

	25C-NBOMe
	15.5
	4.80
	13.7
	14.7
	13.6
	12.0
	102
	108
	92.2

	25D-NBOMe
	5.80
	2.00
	8.40
	11.5
	9.20
	12.4
	98.5
	97.7
	92.6

	25E-NBOMe
	12.8
	2.70
	10.5
	14.9
	13.4
	19.5
	93.6
	107
	107

	25H-NBOMe
	8.70
	1.50
	8.60
	15.7
	6.00
	15.4
	116.9
	113
	103

	25I-NBOMe
	3.40
	3.20
	10.3
	4.20
	7.70
	8.30
	110.1
	90.0
	81.1

	Mescaline-NBOMe
	13.8
	1.80
	13.5
	11.6
	15.4
	2.70
	77.2
	114
	99.9

	25P-NBOMe
	14.5
	18.4
	14.6
	15.1
	17.2
	18.4
	81.2
	105
	110


Table 5: Autosampler quality control (QC) % loss (48 hours) for each analyte and each I.S. for each matrix based on peak area (n=18). 

	
	% Loss

	
	Urine
	Blood

	
	QC1
	QC2
	QC3
	QC1
	QC2
	QC3

	Methiopropamine
	-18.4
	-5.3
	-22.7
	-1.0
	-24.0
	-34.8

	Flephedrone
	-24.3
	-19.0
	-25.2
	-10.0
	-33.1
	-9.3

	Mephedrone
	-25.2
	-14.3
	-12.4
	-11.6
	-26.5
	-21.9

	5-APB
	-3.4
	-25.0
	-18.6
	-10.3
	-21.6
	-25.1

	6-APB
	-10.3
	-17.2
	-5.8
	-13.5
	-22.3
	-15.9

	Methylone
	-30.4
	-15.4
	-11.0
	-21.8
	-34.2
	-35.3

	3-MeO-PCE
	-29.9
	-11.6
	-18.1
	-10.3
	-4.8
	-17.9

	Butylone
	-13.3
	-21.8
	-18.9
	-13.9
	-20.7
	-21.7

	Ethylone
	-13.7
	-10.0
	-27.8
	-10.3
	-14.0
	-29.8

	Methoxetamine
	-6.5
	-7.1
	-14.8
	-15.9
	-11.1
	-32.4

	Benzedrone
	-7.7
	-23.7
	-16.4
	-20.2
	-21.8
	-17.2

	3-MeO-PCP
	-6.5
	-6.6
	-14.9
	-10.3
	-24.8
	-32.4

	2-Desoxypipradol
	-21.4
	-27.7
	-12.4
	-5.5
	-27.5
	-19.4

	MDPV
	-28.4
	-27.9
	-19.0
	-4.9
	-27.1
	-6.4

	Naphyrone
	-26.0
	-9.5
	-26.7
	-23.2
	-6.6
	-9.9

	25B-NBOMe
	-36.5
	-28.3
	-26.5
	-4.4
	-10.0
	-8.9

	25C-NBOMe
	-25.9
	-26.2
	-30.7
	-33.1
	-14.8
	-27.9

	25D-NBOMe
	-22.4
	-25.7
	-33.1
	-36.3
	-32.7
	-24.9

	25E-NBOMe
	-23.8
	-29.4
	-31.6
	-15.9
	-29.4
	-6.8

	25H-NBOMe
	-8.8
	-27.8
	-16.4
	-29.4
	-28.2
	-23.9

	25I-NBOMe
	-24.2
	-14.0
	-25.0
	-15.5
	-27.5
	-19.6

	Mescaline-NBOMe
	-15.3
	-9.0
	-30.6
	-14.0
	-30.0
	-31.8

	25P-NBOMe
	-32.3
	-32.6
	-25.1
	-23.5
	-16.6
	-38.2

	Mephedrone-D3
	-15.3
	-37.9
	-39.9
	-10.3
	-18.5
	-18.5

	Ethylone-D5
	-18.4
	-15.8
	-18.1
	-33.8
	-33.0
	-36.1

	Methylone-D3
	-6.5
	-10.0
	-10.4
	-12.2
	-13.7
	-9.3

	MDPV-D8
	-19.7
	-12.4
	-12.7
	-23.5
	-25.0
	-22.2

	NBOMe-D3
	-15.4
	-17.8
	-17.1
	-1.0
	-24.0
	-34.8


Table 6: Summary of case results using the GC-MS method presented within this paper in comparison to previous analysis. Deviation from original analysis where applicable is shown. 
	Case No
	Site of Collection
	GC-MS Method
	Previous Analysis Results
	% Deviation

	
	
	Analyte Identified
	Concentration Detected
	Analyte Identified
	Concentration Detected
	

	1
	Cardiac blood
	25I-NBOMe
	1.77 µg/L
	25I-NBOMe
	1.81 µg/L
	(2.2)

	
	Cardiac blood
	25I-NBOMe
	1.32 µg/L
	25I-NBOMe
	1.44 µg/L
	(8.3)

	2
	No information
	25C-NBOMe
	1.69 µg/L
	25C-NBOMe
	2.17 µg/L
	(22.1)

	
	No information
	25C-NBOMe
	2.37 µg/L
	25C-NBOMe
	2.16 µg/L
	(9.7)

	3
	No information
	Not detected
	25I-NBOMe
	0.32 µg/L
	n/a

	4
	Post mortem blood
	Not detected
	25I-NBOMe
	1.55 µg/L
	n/a

	5
	Illiac blood
	25C-NBOMe
	4.04 µg/L
	25C-NBOMe
	4.53 µg/L
	(10.8)

	6
	No information
	Not detected
	25I-NBOMe
	0.78 µg/L
	n/a

	7
	Peripheral blood
	Methoxetamine
	7.60 mg/L
	Methoxetamine
	8.2 mg/L
	(10.8)

	8
	Cavity blood
	Methylone
	0.11 mg/L
	Methylone
	0.17 mg/L
	(7.3)

	
	No information
	Methylone
	0.08 mg/L
	Methylone
	Not quantified
	n/a

	
	Peripheral blood
	Methylone
	10.60 mg/L
	Methylone
	10 mg/L
	(35.3)


