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Abstract: 
Controlled substances are one of the most commonly analyzed types of evidence in forensic laboratories. Persistent, high levels of case submissions in recent years have created a need for rapid screening techniques to decrease case backlogs and expedite confirmatory analyses. The most utilized technique for the analysis of seized drugs is gas chromatography mass spectrometry (GC-MS). While this approach typically takes tens of minutes, advances in the technique have enabled approximately 1 min run times with a short column and a rapid (10’s ºC/s) temperature program. These advances were used in this work to develop and validate a rapid GC-MS method for screening seized drug samples. Method validation was completed to determine retention time repeatability and reproducibility, limits of detection, identification accuracy, selectivity, and carryover. Validation results showed the utility of this method for accurate and precise qualitative analyses for the screening of seized drugs across seven different drug classes. The optimized method was then applied to 15 real and mock case samples from the Maryland State Police Forensic Sciences Division. Controlled substances, cutting agents, and other diluents were identified from these samples using acceptance criteria of retention time and mass spectral comparisons currently used in casework. Using rapid GC-MS methods in casework could enable faster and more reliable presumptive testing results for the analysis of seized drug exhibits. 






1. Introduction
Trends of illicit drugs and adulterants found in seized exhibits are continuously changing throughout all regions of the United States. Based on 2021 midyear drug reporting statistics from the Drug Enforcement Administration (DEA), the presence of potent synthetic opioids such as fentanyl are increasing in frequency while drugs of lower potency such as alprazolam are decreasing in frequency from national drug seizures1. The National Forensic Laboratory Information System (NFLIS) drug census also estimated that the total drug cases in the United States totaled over one million in 20202. As more potent and lethal illicit drugs enter circulation, a high-quality rapid technique that can easily be implemented by forensic laboratories is needed to identify controlled substances and limit case backlogs. Using a rapid technique to analyze cases in near real-time can also aid in drug surveillance initiatives and support public health measures.

The most frequently employed technique for forensic drug analysis is gas chromatography-mass spectrometry (GC-MS), which satisfies the analytical recommendations set by the Scientific Working Group for Seized Drug Analysis (SWGDRUG) to identify seized drugs with limited uncertainty3. Utilizing GC-MS provides two levels of discrimination for compound identification by generating both the analyte retention time and a fragmentation mass spectrum. Even though mass spectrometry coupled with a separation technique provides a high level of specificity, repeatability, and reproducibility, limitations still exist that can negatively impact rapid screening of seized drug exhibits. One limitation is the time required for separation, which can range from 10 min to 30 min4. Analysis by GC may also require derivatization for compounds that are non-volatile, thermally unstable, and polar – increasing sample preparation time4. These caveats make conventional GC-MS a non-ideal option for a rapid screening method.

There are several classical methodologies used by many law enforcement agencies for rapid screening of seized drugs. These methods include, but are not limited to, color tests5, Raman spectroscopy6, and ion mobility spectrometry (IMS)7. Color tests can provide a presumptive identification of a controlled substance with a small amount of the sample in only a few seconds with chemical reagents. These tests have been known to work effectively for classical compounds of interest (e.g., cocaine, methamphetamine, heroin) 8 and there has been some development for workflows to identify novel substances5. However, visual results are subjective and a presumptive identification of emerging drugs requires extensive interpretation of complex workflows. Raman spectroscopy and IMS provide more objective, discriminatory results than color tests. Results can be obtained in under one minute with limited sample preparation. Between these three rapid screening techniques, results may provide indication of an analyte within a drug class; however, poor specificity and sensitivity within complex mixtures can limit the ability to accurately identify all compounds present.  

In recent years, ambient ionization mass spectrometry techniques such as direct analysis in real time mass spectrometry (DART-MS) have emerged as powerful tools that can conduct rapid screening of seized drugs with little to no sample preparation. These techniques remove the chromatographic separation step to enable generation of a nearly complete chemical profile of liquids, powders, and other solids within seconds9. Low limits of detection (sub – nanogram level) and high levels of repeatability and reproducibility have been achieved for emerging drugs such as fentanyl analogues, synthetic cannabinoids, and substituted phenethylamines10–12. Techniques like DART-MS have been used to detect novel structures of synthetic psychoactive drugs that have been otherwise difficult to identify using traditional methods such as GC-MS and liquid chromatography mass spectrometry (LC-MS)13. However, the lack of a separation step can present issues in discriminating structurally similar compounds such as isomeric species. Moreover, techniques like DART-MS require mass spectrometers that are different than those typically used for GC-MS analysis, adding potential financial obstacles to adoption. 

The use of mass spectrometry for real-time analyses in combination with a rapid chromatographic technique would be a significant improvement for the rapid analysis of seized drugs for screening purposes. Rapid GC-MS has been studied in the past by employing shorter and narrower columns than conventional GC analysis14–17. Previous studies have analyzed drug classes such as anabolic steroids15, cannabinoids16, and cocaine and heroin17 but a complete and thorough analysis of major drug classes has yet to be conducted. Run times from these experiments ranged from 4 min to 15 min. In this work, development of a rapid GC-MS method using column heating rates of 10’s ºC/s was completed with a goal of obtaining a final run time of approximately 1 min per analytical sample while also achieving sufficient resolution between analytes. Overall, this study focused on the development and optimization of a rapid GC-MS method for illicit drugs across a wide range of drug classes: opiates/opioids, cannabis and synthetic cannabinoids, synthetic cathinones, stimulants, depressants, hallucinogens, and substituted phenethylamines. Once developed, the method was validated by studying retention time repeatability and reproducibility, compound identification accuracy, limits of detection, chromatographic selectivity, and analyte carryover. Finally, real-world applicability of the approach was investigated by analyzing a set of adjudicated case samples provided by the Maryland State Police Forensic Science Division (MSP-FSD).  

2. 	Materials and Methods
2.1 Instrumentation
All rapid GC-MS work was conducted using an Agilent 3971 QuickProbe attached to an Agilent 8890 gas chromatograph (GC) and an Agilent 5977B single quadrupole mass spectrometer (MSD) (Agilent Technologies, Santa Clara, CA. USA). An Agilent J&W DB-1ht column (2 m x 0.25 mm x 0.10 µm) was used. The column was coupled to an inert tee inside the GC oven that enabled use of the MS by both the QuickProbe and the conventional GC. An Agilent J&W DB-1ms Ultra Inert column (1 m x 0.18 mm x 0.18 μm) was used to connect the inert tee to the MSD. Helium (99.999% purity) was used as the carrier gas at a fixed flow rate of 1 mL/min. Data collection and processing was completed using Agilent MassHunter (MassHunter Workstation Software, GC-MS Data Acquisition, version 10.0, Build 10.0384.1; Qualitative Analysis Navigator, version B.08.00, Agilent Technologies) and MassHunter Unknowns Analysis (MassHunter Workstation Software, Quantitative Analysis, Unknowns Analysis, version B.09.00, Build 9.0647.0, Agilent Technologies). Deconvolution method parameters are noted in Supplementary Information, Table S1. Library searches were conducted with NIST MS search software (v.2.3) and the SWGDRUG mass spectral library (Version 3.11)18. Sample introduction was completed using glass sampling probes (Agilent Technologies) along with the QuickProbe sample probe holder. Prior to use, all glass sampling were cleaned with hexane and then heated to 280 °C overnight to remove contaminants from packaging.

Conventional GC-MS analysis for the determination of limits of detection (LOD) of the test mixtures was conducted at MSP-FSD. This analysis was conducted with an Agilent 7890/5977B GC-MS, equipped with an 7693A autosampler, and an Agilent J&W DB-5ms column (30 m x 0.25 mm x 0.25 µm). Method parameters for conventional GC-MS analysis are listed in Supplementary Information, Table S2. This was the same instrumentation used to initially adjudicate the seized drug samples described in Section 2.2.4. 

2.2 Test solutions
A number of test solutions, made either in-house or purchased from Cayman Chemical (Ann Arbor, MI. US), were used in this study. 

2.2.1 “General Analysis” mixture
To develop a method amenable to a broad range of compounds of interest, a custom “general analysis” mixture was used (Cayman Chemical, Ann Arbor, MI. USA). The mixture contained acetyl fentanyl, alprazolam, amphetamine, buprenorphine, caffeine, cocaine, dibutylone, etizolam, eutylone, fentanyl, para-fluoroisobutyryl fentanyl (FIBF), 6-acetylmorphine, levamisole, 3,4-methylenedioxymethamphetamine (MDMA), methamphetamine, oxycodone, phencyclidine (PCP), phentermine, procaine, 4-hydroxy-N,N-dimethyltryptamine (4-hydroxy DMT; psilocin), quinine, tenocyclidine, cis-tramadol, and xylazine in methanol (99.9%, Sigma Aldrich, St. Louis, MO. USA) at an approximate concentration of 0.1 mg/mL per compound. 

2.2.2 Drug class mixtures
After primary method development was completed for the rapid GC-MS method, seven class-specific drug mixtures were prepared using reference standards from Cayman Chemical, Cerilliant Corporation (Round Rock, TX. USA), and Sigma–Aldrich (St. Louis, MO. USA). Each drug class mixture contained four to six components and consisted of controlled substances and/or common adulterants found in seized drug samples in the United States. The drug class mixtures included opiates/opioids (M1), cannabis and synthetic cannabinoids (M2), synthetic cathinones (M3), central nervous system (CNS) stimulants (M4), hallucinogens (M5), CNS depressants (M6), and substituted phenethylamines (M7). Table 1 lists all drug components of these mixtures as well as their manufacturer. The working solutions for these mixtures were prepared at 0.25 mg/mL (M2, M3, M7), 0.20 mg/mL (M1, M5, M6), or 0.16 mg/mL (M4) per compound in methanol. 

2.2.3 Selectivity drug class mixtures
Six custom-made mixtures from Cayman Chemical which contained various constitutional isomers or structurally similar compounds were used to assess the selectivity of the developed method. These mixtures were separated based on drug class or structure: fentanyl analogues (S1), cannabinoids (S2), benzodiazepines (S3), stimulants (S4), tryptamines (S5), and cathinones (S6). The components of each mixture are listed in Table 2. Each solution was pre-prepared in methanol at a nominal component concentration of 0.1 mg/mL per compound. 

2.2.4 Adjudicated and mock case samples
To demonstrate the rapid GC-MS method on real-world samples, a suite of 15 seized drug samples and mock case samples were obtained from MSP-FSD (Pikesville, MD. USA.). The samples received consisted of a variety of powders, plant material, and pre-prepared solutions. The only samples that were prepared from standard solutions were case numbers 4 and 7 (Table 4). The concentrations of the samples already in solution were unknown, but it was assumed that the quantity of the sample was sufficient for analysis. Solid samples arrived with a known weight and were dissolved in methanol to obtain an overall concentration of 0.1 mg/mL – enabling us to limit carryover while also providing a high enough concentration for detection. Plant material samples were soaked in 1 mL of methanol for 10 min and then vortexed. The supernatant was then sampled. All samples were analyzed by both rapid GC-MS and conventional GC-MS to provide comparisons of the identification capabilities of the rapid GC-MS method. Parameters for conventional GC-MS analysis and for compound identification for conventional GC-MS are provided in Supplemental Information, Tables S4 and S5. 

2.3 Method development and validation
The general analysis mixture (Section 2.2.1) was utilized to develop and optimize the temperature program of the rapid GC-MS method. Table 3 describes the optimized rapid GC-MS method of analysis for seized drugs. To conduct rapid GC-MS with this instrument, a glass sampling probe was inserted into the sample solution for about 1 s then removed, after which the solvent was allowed to evaporate. The probe was then manually inserted into the injection port and held for about 3 s or until the indication light on the instrument started to blink. The glass probe was then retreated into the probe holder until the next sampling took place (Supplementary Information, Figure S1). A wipe wetted with methanol was used to wipe down probes when carryover was observed.  

The previously mentioned test solutions (Section 2.2.2) were then used to study the following method validation parameters: retention time (RT) repeatability and reproducibility, analyte identification accuracy, limits of detection (LOD), chromatographic selectivity, and carryover. RT repeatability and reproducibility was assessed using drug class mixtures M1 – M7. Seven replicate analyses of each mixture were completed in one day to measure the intraday precision of the RT of each component. Triplicate measurements of each mixture were taken on the initial week, after one week, three weeks, and six weeks to determine the interday precision and drift of the RTs as an assessment of reproducibility over time. The RT precision was defined as the percent relative standard deviation (RSD) between the replicate measurements.

The overall accuracy of the method was evaluated using the library search results for the identification of each analyte in the drug class mixtures (M1 – M7). The SWGDRUG mass spectral library (version 3.11) was used as a reference in the NIST MS Search software to conduct an “Identity Search” of the extracted mass spectra from the sample, from which a “Simple Match” score was obtained. Match scores ranged from 0 a.u. (arbitrary units) (perfect non-match) to 999 a.u. (perfect match). For this validation, the accuracy of the method was defined as the frequency of correct identifications a compound based on the library search results. An identification was labeled as “correct” if the first match result from the search was the actual compound. The accuracy was studied for a range of concentrations from 25 μg/mL to 200 μg/mL. 

Next, the method LODs were approximated using mixtures M1 – M7 serially diluted to nominal per compound concentrations of 25 µg/mL, 15 µg/mL, 10 µg/mL, 5 µg/mL, 2.5 µg/mL, and 1 µg/mL in methanol. The approximate LODs were defined as the lowest concentration that resulted in a chromatographic peak with a signal-to-noise ratio (SNR) of at least 3:1 and a “Simple Match” score of at least 700 a.u. when the extracted mass spectrum was compared to the SWGDRUG mass spectral library. The LODs were also computed for conventional GC-MS using the method described in Supplementary Information Table S2.
 
Chromatographic selectivity of the rapid GC-MS method was qualitatively evaluated by determining if coelution had occurred between structurally similar compounds in the selectivity mixtures (S1 – S6, Section 2.2.3). Each chromatogram was analyzed using deconvolution within MassHunter Unknowns Analysis. If deconvolution was unsuccessful for some compounds, then a visual mass spectral comparison was conducted using the SWGDRUG mass spectral library in the NIST MS Search software and the known compounds in the mixtures. Final evaluation was conducted determining the number of compounds, with an emphasis on isomers, that coeluted in each mixture.      

Finally, single – component solutions of caffeine, quinine, cocaine, and heroin at 5 mg/mL and 1 mg/mL were used to evaluate carryover from subsequent probe injections. Individual caffeine (ReagentPlus, Sigma-Aldrich) and quinine (>98 %, Sigma-Aldrich) solutions were prepared from solid material and dissolved in methanol to obtain 5 mg/mL solutions. Cocaine and heroin standards were purchased from Cayman Chemical at 1 mg/mL and the contents of the ampoule were evaporated to dryness then reconstituted to a concentration of 5 mg/mL in acetonitrile (Supelco® OmniSolv LC-MS grade, Sigma-Aldrich). Next, the solutions were serially diluted to 1 mg/mL for all compounds in the appropriate solvent. The order of analyses was conducted in the following manner for each solution: instrument blank, probe blank, concentrated sample, and then x number of probe blanks until analyte carryover was no longer detected. Carryover was defined as detection of the analyte of interest in a subsequent blank chromatogram after a sample was analyzed. Relative carryover between blank runs was also calculated to determine the percent sample remaining on the sampling probe after an injection. A second set of analyses were completed with the 5 mg/mL solutions of heroin and cocaine that used a new, clean probe blank in the subsequent blank analyses to determine if the carryover was due to the sampling probe or excess sample in the instrument. 

3. Results and Discussion
3.1 Method development and optimization
The overall analysis method using rapid GC-MS for the screening of seized drugs was optimized to obtain a reasonable balance between chromatographic resolution and runtime using the general analysis mix described in Section 2.2.1. Method parameters that were studied included heating ramps, hold times, and the final temperature. Unlike conventional GC-MS analysis, heating ramp rates for rapid GC-MS are on the order of 10’s ºC/s instead of 10’s ºC/min. An initial method (Method 1) was used to analyze the test solution and begin to optimize separation. The ramp profile for Method 1 consisted of an initial temperature at 80 ºC (held for 2 s) followed by a ramp of 5 ºC/s to 280 ºC which was held for 28 s (total runtime of 70 s or 1.17 min). The top chromatogram (blue color) in Figure 1 shows the analysis of the general analysis mix using Method 1. 

A modified temperature program was investigated (Method 2) during which the ramp rate of 5 ºC/s was used until 0.4 min, when the temperature reached 180 ºC. The temperature was then held at 180 ºC for 5 s after which a ramp of 7 ºC/s was used to decrease the likelihood of broad shaped peaks. The final temperature was increased to 310 ºC which was held for 20 s so that all compounds eluted from the column. The bottom chromatogram (orange color) in Figure 1 shows the analysis of the general analysis mixture using Method 2. A complete description of the optimized method can be found in Table 3. 

In comparison to Method 1, improved resolution and separation between caffeine, dibutylone, eutylone (e, f, g); tramadol, xylazine (j, l); and oxycodone, 6-acetylmorphine (p, q) was obtained using Method 2 (Figure 1). The addition of the second temperature ramp eliminated the peak broadening that was observed with Method 1 and the peak widths remained consistent throughout the analysis. Six additional compounds from the mixture were also observed in the chromatogram with Method 2 (levamisole, 4-hydroxy DMT, alprazolam, etizolam, buprenorphine, tenocyclidine). Other parameters such as the inlet conditions (split mode, temperature, probe hold time) were not changed during method development because i) a sufficient amount of the sample was vaporized and loaded onto the column under these conditions (abundance > 104 counts) and ii) optimization was not necessary for chromatographic performance. The results of the method development and optimization showed efficient separation for each drug class in the general analysis mix and Method 2 was used throughout the method validation process. 

3.2 Method validation
3.2.1 Retention time repeatability and reproducibility 
Test mixtures M1 – M7 were utilized to determine the intraday repeatability and week-to-week RT reproducibility. Representative chromatograms for each mixture can be found in Supplemental Information, Figure S2, Plots A-G. RTs were measured at the apex of the peak as determined by MassHunter software. Average RTs over the entire experimental period (six weeks), intraday and interday RSDs for all compounds studied are shown in Table 1. Intraday percent RSDs ranged between 0.23 % and 1.87 %, with an average of 0.66 %. The general consensus of intraday percent RSDs under 1 % illustrates a high level of RT precision that was achieved with this method. This degree of precision meets the recommendations of the United Nations Office on Drugs and Crime (UNODC), which suggests a precision value of ±2 % for low concentration solutions to validate an analytical method for use in seized drugs analysis19. 

In summary, interday RT percent RSD values ranged between 0.63 % and 10.52 %, with an average of 1.85 %, showing greater variability than the intraday values. Drift in RT over weeks or months is well reported with various GC-MS methods and attributed to wear on the column and small differences in instrument performance over time20. However, the low RSD values for a majority of the compounds show a high amount of reproducibility over the span of weeks and months with the same instrument and analytical conditions. Based on Table 1, the test solutions showed similar results in terms of overall RT precision, except for the substituted phenethylamine solution showed a significant increase in percent RSD over time. This can be attributed to abnormal peak broadening and splitting that was observed with the compounds of mixture M7 which was likely due to sample degradation. Overall, the percent RSDs values for both same-day runs and week-to-week runs show that the rapid GC-MS method is repeatable and reproducible for seized drug analysis and these values can be used to establish acceptance criteria for unknown samples. 

3.2.2 Analyte identification accuracy
The next step to validating the rapid GC-MS method for the detection and identification of seized drugs was the assessment of analyte identification accuracy using the NIST MS Search Software with the SWGDRUG mass spectral library. Drug class test mixtures (M1 – M7) were analyzed once at five different concentrations (nominally 25 µg/mL, 50 µg/mL, 100 µg/mL, 150 µg/mL, and 200 µg/mL), and the result from each library search was recorded and ranked based on its score. The maximum possible match score is 999 a.u., representing a perfect match between the reference and query mass spectra. Scores were grouped into four categories, based on previous recommendations21: excellent (>900 a.u.), good (801 a.u. to 900 a.u.), fair (701 a.u. to 800 a.u.), and false match (instances where the correct compound was not listed in the top five results from the library search).  

The accuracy results are shown in Figure 2 and organized by concentration to demonstrate the small decrease in match score as concentration decreases. For concentrations between 100 µg/mL and 200 µg/mL, approximately 87 % of all analytes were correctly identified with an excellent match score of at least 900 a.u. and only one compound was incorrectly identified. Throughout the rapid GC-MS analysis, 25B-NBOH, in M7, was consistently identified as 2C-B, another substituted phenethylamine, with high match scores of up to 900 a.u. This was attributed to the breakdown of 25B-NBOH to 2C-B in the MS source as the secondary amine on 25B-NBOH fragments before detection22. 

As the concentrations decreased to 25 µg/mL, match scores also decreased. At 25 µg/mL, only 50 % of the analytes received an excellent match score from the library search. In addition, eight of the analytes received fair match scores. However, the only analyte that resulted in a false match even at this level was 25B-NBOH. Additionally, there were two compounds (HU-210, methylone) that were listed as the top hit for the library search at 25 µg/mL, but their diastereomers, HU-211 and positional isomer 2,3-methylone, had very similar match scores. Electron ionization can produce very similar mass spectra for diastereomers, and certain positional isomers, especially when substitution occurs on the benzene ring22. Therefore, the comparison of the mass spectra should only be one component of the acceptance criteria for presumptive identification of compounds by rapid GC-MS. The main reason for decreased scores at low concentrations was lower signal-to-noise ratios, which produced more noise in the extracted mass spectra. Lower concentrations can also lead to dropout of low intensity peaks. In some cases, background ions with m/z values greater than the molecular ion of the compound were also present, contributing to lower match scores. Overall, using the NIST MS Search software with the SWGDRUG reference database results in high accuracy across a wide concentration range. Mass spectra that were produced with the rapid GC-MS method matched the fragmentation patterns of spectra that were produced using conventional GC-EI-MS methods as shown with high overall match scores. 

3.2.3 Limits of detection
The LODs of a screening method should be comparable to, if not lower than the confirmatory method to minimize the risk of false negatives in the screening step. To determine if this was possible with the rapid GC-MS method, the limit of detection (LOD) was approximated for each analyte in test mixtures M1 – M7 and compared to the approximate LODs from a confirmatory GC-MS method. All mixtures were analyzed at the seven concentrations. This protocol was completed on both the rapid GC-MS and a confirmatory (conventional) GC-MS for comparison. Complete results of these analyses can be found in Table 1.

The approximate LODs using the rapid GC-MS method were between 2.5 µg/mL and 25 µg/mL. For conventional GC-MS, LOD values ranged from 2.5 µg/mL to greater than 25 µg/mL. The LODs between rapid and conventional GC-MS were comparable for most compounds, which shows that the rapid GC-MS method was estimated to be as sensitive as the confirmatory method. Even though the LOD for some compounds may be lower with conventional GC-MS, differences were never more than a factor of 2.5. 

3.2.4 Selectivity
The ability to distinguish between positional isomers, diastereomers, and structurally similar compounds is an important component in seized drugs analysis. In this work, selectivity using the rapid GC-MS method was assessed by establishing the ability to resolve, or otherwise differentiate, positional isomers and structurally similar compounds across six drug classes (mixtures S1 – S6, Table 2). To start, all mixtures were analyzed using the previously defined method. The resulting chromatograms were then run through the deconvolution process within Unknowns Analysis to determine i) what compounds were able to be resolved from all other compounds in the mixture and ii) what co-eluting compounds could be differentiated using deconvolution. For peaks that contained co-eluting compounds that were unable to be differentiated using Unknowns Analysis, manual inspection of the mass spectra within in the peak was completed to attempt to identify unique mass spectral differences that could enable differentiation of the compounds.   

Representative chromatograms of mixtures S1 – S6 are shown in Figure 3. Deconvolution results and results for each individual compound are provided in Supplementary Information, Figures S3 – S8. A total of 55 compounds were analyzed within the six mixtures, resulting in 30 unique peaks across the chromatograms. Fifteen of the 55 compounds (noscapine, benzodioxole fentanyl, diclazepam, clonazolam, N,N-DMA, 2,3-MDA, 3,4-MDMA, 25H-NBOMe, 25C-NBOMe, 25B-NBOMe, N,N-DMT, DiPT, DPT, 3-methylethcathinone, and methylone) were found to have, at a minimum, discernable apexes and could be resolved from other compounds within the respective mixture.  The remaining 15 peaks each had at least two but as many as four co-eluting compounds within them. 

Use of deconvolution software successfully differentiated all compounds in seven of the 15 peaks and successfully differentiated at least one compound in five of the remaining eight peaks – enabling differentiation of 19 of the 40 co-eluting compounds (and 36 of the 55 overall compounds). Deconvolution was found to be more successful for certain drug class mixtures. All co-eluting compounds in the benzodiazepine mixture (S3) were able to be differentiated using deconvolution, which was expected given the lack of structure isomers in the mixture. In general, deconvolution was found to be successful in differentiating nearly all non-isomeric co-eluting compounds. 

For the eight peaks that contained compounds that were not differentiated using deconvolution, manual visual inspection of the mass spectra was completed to see if any unique mass spectral differences could be identified. Visual inspection enabled identification of all compounds in three of the eight peaks – two in the synthetic cannabinoid mixture (S2) (Supplemental Information, Figure S4) and one in the tryptamine mixture (S5) (Supplemental Information, Figure S7). There was also one additional instance in the tryptamine mixture where 4-hydroxy MPT was able to be differentiated from the other co-eluting compounds (5-methoxy DET, 4-methoxy MiPT, and 5-methoxy MiPT). 

As expected, the cases where compounds were unable to be differentiated by either method were made up entirely of isomers. Five of the ten pairs of isomers that were analyzed in these mixtures were unable to be differentiated as their retention times and mass spectra were nearly identical – m-FIBF and p-FIBF, crotonyl fentanyl and cyclopropyl fentanyl, methamphetamine and phentermine, 4-hydroxy DMT and 5-hydroxy DMT, and 4-methoxy MiPT and 5-methoxy MiPT. Three pairs of positional isomers were able to be separated via chromatography – 2,3-MDA (RT: 0.30 min) and MDA (RT: 0.33 min) (Figure 3, Plot D); 2,3-MDMA (RT: 0.33 min) and 3,4-MDMA (RT: 0.35 min) (Figure 3, Plot D); and DiPT (RT: 0.49 min) and DPT (RT: 0.51 min) (Figure 3, Plot E) – and two pairs of isomers were able to be separated by their mass spectra – MDMB-FUBINACA and EMB-FUBINACA as well as buphedrone and ethcathinone. 

The use of Unknowns Analysis for deconvolution proved to be successful in the identification of over half of the co-eluting compounds. It is important to note that baseline separation is not expected in these analyses as the column is much shorter than a conventional GC column and the temperature ramps are much faster. For the purpose of a rapid screening method, the moderate amount of specificity of isomeric compounds is sufficient and should not be regarded as a limitation to the method. Other rapid screening techniques can be employed in conjunction with rapid GC-MS to increase the discrimination of analytes due to moderate specificity. Subsequent confirmatory analyses can be conducted to support the identity of analytes and their isomers in a complex sample mixture as such techniques are more specific and selective in nature. 

3.2.5 Carryover
In terms of method validation, instrument carryover is important to evaluate for forensic drug analysis methodologies as the presence of a specific analyte in a blank or case sample has legal implications that can affect the outcome of a criminal case. To assess this validation parameter, concentrated single-component mixtures of cocaine, heroin, caffeine, and quinine at 1 mg/mL and 5 mg/mL were analyzed. These compounds were chosen because they are either a controlled substance or diluent that can be present in high concentrations in bulk samples and therefore have the potential to cause carryover during analysis. The relative carryover (RC) of the method was defined as the ratio of the analyte peak area in the subsequent probe blank to the analyte peak area from the sample injection.

After analysis of the 5 mg/mL samples of both caffeine and quinine there was no detectable carryover in subsequent probe blanks. Interestingly, when analyzing the 1 mg/mL solution of caffeine there was low amount of carryover (RC value of 0.8 %) at a concentration above the approximate LOD (10 µg/mL). After a second probe blank using the same glass tip probe, the caffeine chromatographic peak (RT = 0.39 min) was no longer detected. One reason for the discrepancy between the caffeine solutions at 1 mg/mL and 5 mg/mL was the possibility of random error from the manual sampling injection process. Too much solvent could have evaporated from the probe during sampling of the 1 mg/mL solution, leading to incomplete vaporization of the sample in the inlet and observed carryover in the subsequent probe blank. Carryover from quinine at 1 mg/mL was not observed. 

With cocaine and heroin solutions, significant carryover at the 5 mg/mL concentration level was observed. Figure 4 shows the peak height, on a log scale, of both the cocaine and heroin carryover in subsequent probe blanks. The red dashed line in Figure 4 represents the average background noise for the instrument at the respective RTs, demonstrating that both cocaine and heroin were above a 3:1 signal to noise ratio for subsequent probe blanks. Four probe blanks were analyzed after the heroin sample was analyzed, and the RC ranged from 0.75 % to 2.61 % between all probe blanks. A total of seven probe blanks were run after the concentrated cocaine sample. The RC of the first probe blank was approximately 29 %, and then decreased to 3.76 % (Blank 2) then 0.20 % (Blank 3). Both analytes remained on the glass probe after at least four probe blanks, so a clean sampling probe was implemented into the analysis scheme to eliminate the observed carryover. 

The lower concentration (1 mg/mL) of both cocaine and heroin did not demonstrate the same carryover pattern as previously noted with the 5 mg/mL solutions. The probe blanks analyzed after the 1 mg/mL concentration of heroin showed no detectable traces of the heroin peak (RT = 0.76 min) while the cocaine sample at the same concentration resulted in a RC value of only 0.12 % (RT = 0.58 min) after one probe blank with a signal-to-noise ratio of approximately 5:1. The RC of cocaine did not decrease after three more probe blanks, showing a trace amount of retention on the sampling probe that warranted a clean probe. After a new sampling probe was employed, there were no detectable amounts of cocaine observed during the blank analysis. However, it should be noted that when utilizing a new sampling probe, two to three probe blank analyses were needed to remove any residual organic acids from the probe after cleaning.

A second experiment was conducted to demonstrate that the majority of the carryover from high concentration samples was attributed to the sampling probe. The 5 mg/mL solutions of heroin and cocaine were analyzed individually and then the glass probe was immediately washed with methanol and wiped off with a Kimwipe. The new probe blank injection after the heroin sample showed only 5.5 % RC, compared to 29 % RC when using the same probe in the subsequent analysis without washing (Figure 4). This demonstrates that only a small amount of carryover can be attributed to the instrument and can be prevented by washing the probe with a polar solvent. There was no carryover detected immediately following the cocaine sample run when washing the probe with methanol.   

Overall, the carryover experiments between cocaine, heroin, caffeine, and quinine showed a significant amount of analyte carryover of cocaine and heroin on the sampling probe at concentrations greater than 1 mg/mL and trace amounts of carryover from cocaine at 1 mg/mL. Approximately 99 % of the carryover from high concentration sample exists on the sampling probe and is not a result from excess sample in the instrument itself. Washing the probe with methanol does prevent carryover with compounds like cocaine but was still observed with high concentrations of heroin. These results suggest that the concentration of samples should not exceed 1 mg/mL to minimize potential carryover and to reduce excess use of consumables when conducting the rapid GC-MS method with a glass sampling probe. 

3.3 Blind sampling
The final component of method validation was analysis of real-world mixtures to evaluate this approach in an operational environment. This was completed using a suite of adjudicated and mock case samples, the contents of which were previously identified using conventional GC-MS but were unknown to the analyst until after preliminary identification was completed with rapid GC-MS. Compound identifications using conventional GC-MS were obtained using a separate instrument along with chromatographic deconvolution using AMDIS. Additional details regarding the instrument and data analysis methods are provided in the Supplemental Information, Table S4 and Table S5. Raw datafiles for all case samples analyzed by both conventional GC-MS and rapid GC-MS can be found at https://doi.org/10.18434/mds2-2862. Chromatograms for all samples – both rapid GC-MS and conventional GC-MS – can be found in Supplemental Information, Figures S9 – S23.

Prior to the analysis of each sample, one blank control sample (methanol) was injected to ensure that no carryover was detected from the previous case sample. After a case sample was analyzed using the optimized rapid GC-MS method (Table 3), a library search was conducted to preliminarily identify the compounds present in the sample. The corresponding reference standards were then analyzed to verify RT matches. The acceptance criteria for presumptive identification included a match score greater than 700 a.u. from the NIST MS Search Software and a percent RT difference (% RTD) of less than 5 %.  An RT difference threshold of 5 % was used to account for concentration and matrices differences between the case samples and the standards and was based off of RT differences for cocaine, caffeine, and heroin at concentrations from 0.01 mg/mL and 5 mg/mL (Supplemental Information, Table S3). 

The summary of the blind sampling results can be found in Table 4. The rapid GC-MS method produced similar and consistent results to conventional GC-MS. Most of the library match scores were greater than 800 a.u., which represents a good score21. This illustrates the consistency of the EI mass spectra that were obtained from this method and their similarity to reference standards used in controlled substance casework. A few analytes scored between 700 a.u. and 800 a.u. (fair), which could be attributed to a lower concentrations or additional ions present in the background that were higher than the molecular ion of the compound. As shown in the method validation experiments, the match score is correlated to the concentration of the analyte, so the match score may decrease for samples of lower concentrations. Deconvolution analysis was able to assist in sample identification of co-eluting analytes such as fentanyl, and heroin in Case Sample 2 (Supplemental Information, Figure S10). There were two instances, Case 2 and Case 8, where a compound was detected on conventional GC-MS but was not detected using rapid GC-MS. In Case 2, FIBF was found to co-elute with fentanyl and its low abundance lead it to be undetectable via deconvolution. The presence of the compound was not apparent via visual inspection of the chromatogram and demonstrate the circumstances where a false negative would result. In Case 8, Supplemental Information, Figure S16, acetyl fentanyl was not identified via deconvolution though a clear shoulder was present on the fentanyl peak (RT of approximately 0.7 min). Extraction of the spectrum associated with the shoulder revealed a good match with acetyl fentanyl and allowed for identification. In Case 1, Supplemental Information, Figure S9, quinine was identified by rapid GC-MS but not via conventional GC-MS which may be due to the low concentration of quinine.

The RTs between the single – component reference standards and case samples were able to be replicated within the 5% threshold for all of the controlled substance compounds that were compared. The shorter column and rapid temperature program in conjunction with manual injection most likely led to greater variability as RT reproducibility is lower than conventional GC-MS. Additionally, a wide range of concentrations between case samples also impacted the % RTD between analytes and standards as the mass percent of the bulk weight was unknown. Nonetheless, the relatively low % RTD values demonstrates a high level of accuracy between real-world samples and certified reference materials for a rapid screening method. Minimal co-elution was observed between analytes enabling controlled substances, adulterants, and diluents to be identified in under 2 min. 

The total batch analysis time for all 15 samples and 22 single component reference standards was just under 3 hr. This included instrument and probe blank injections, sample runs, processing of sample chromatograms, and reference standard runs for each identified analyte using the SWGDRUG MS library. The average analysis time from sample preparation to complete identification for each sample ranged from 7 min to 12 min depending on the number of components present in the sample. Compared to other GC-MS screening methods, this rapid GC-MS method eliminated about 90 % of the time required for analyte identification with the use of recommended acceptance criteria23. Overall, the results of the blind sampling experiments demonstrated the applicability of the rapid GC-MS method on authentic seized drugs samples for analysis in forensic laboratories that can significantly decrease batch analysis time for screening purposes.

4. Conclusions
A rapid GC-MS method was developed for the screening of seized drugs. The capability of this method was applied to illicit drugs, adulterants, and diluents across a wide range of drug classes that are commonly seen in seized drug exhibits, as well as those being observed with increasing frequency. With a final run time of just over 1 min, sufficient separation was achieved between analytes within drug classes as well as compounds of similar structure. Retention times were able to be replicated within ±1.9 % for same-day analyses and only a slight RT drift occurred over the course of six weeks with an average of 1.85 % RSD during the analysis of replicate concentrations. Significant concentration differences were found to cause the RT to differ by up to 4 %, so acceptance criteria for analyte identification should be adjusted accordingly. The use of the NIST MS Search Software with the SWGDRUG library with analyte identification was highly accurate for concentrations greater than 100 µg/mL, but match scores did decrease at lower concentrations. The parameters of ±5 % RT agreement and mass spectral similarity scores of greater than 700 a.u. were used as acceptance criteria for the analysis of 15 real-world case samples and provided highly accurate results in comparison to conventional GC-MS in approximately 10 % of the amount of time required for complete analysis. Manual identity library searches were first conducted for all of the case samples and deconvolution was employed for samples that contained co-eluting analytes. 

Some limitations for this method include the limited selectivity between positional isomers or other structurally similar compounds, reduced concentration range amenable for analyses due to carryover, and some variability due to manual probe injection. The utility of this method for the rapid detection and preliminary identification of seized drugs can be beneficial for drug surveillance programs and intelligence agencies that require real-time results for knowledge of current drugs in circulation. As there are limitations based on specificity between isomeric compounds, further studies will be conducted to investigate the applicability of a novel rapid screening workflow with DART-MS to provide more discrimination for rapid analyte identification that has potential to expedite the adjudication process for seized drugs. 
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Figures
Figure 1: Comparison of the chromatograms from the general analysis mix analyzed using the generic rapid GC-MS method (Method 1) and optimized method (Method 2). 
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Figure 2: Summary of library search scores of solution components in test mixtures M1 – M7 (n = 32) at concentrations of 20 µg/mL to 200 µg/mL. 

Figure 3: Representative total ion chromatograms of mixtures S1 – S6 used for the evaluation of selectivity. Mixture components are labeled underneath plots with corresponding letters. (A): Fentanyl analogues (S1); (B): Synthetic cannabinoids (S2); (C): Benzodiazepines (S3); (D): Stimulants (S4); (E): Tryptamines (S5); (F): Synthetic cathinones (S6)
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Figure 4: Carryover of single component solutions of heroin (blue) and cocaine (orange) after analysis of a 5 mg/mL solution. After the sample injection, the probe was either injected without washing (w/o MeOH) or was washed with methanol (w/ MeOH) to observe how this affected carryover of the compounds. Count abundance (log scale) was measured at the peak apex and the red dashed line represents the average background noise level. The injection of the sample is indicated at the “0” mark on the x-axis. 






	
 
Tables
Table 1: List of compounds in each drug class mixture used for method validation of rapid GC-MS method along with the results of intraday (repeatability) and interday (reproducibility) variability in retention times (RT) studies as well as approximate limits of detection (LODs) for rapid GC-MS and conventional GC-MS. The average RT is shown ±2 standard deviations (SD) over 6 weeks (n = 12). Solutions of no greater than 25 µg/mL/compound were analyzed so LODs listed as “ > 25” could not be defined. The chemical manufacturer for each compound is denoted with the superscript next to the component (1 = Cayman Chemical, 2 = Cerilliant Corporation, and 3 = Sigma-Aldrich). Noncertified reference material is denoted with a * superscript. 
	
	
	Retention Time Percent RSD
	Approximate Limit of detection (LOD) (µg/mL)

	Component
	Average RT (min) (n = 12)
	Intraday (n = 7)
	Interday (n = 12)
	Rapid GC-MS
	Conventional GC-MS

	Opiates / Opioids (M1)

	Methadone2
	0.580 ± 0.012
	0.46 %
	1.06 %
	2.5
	2.5

	Oxycodone1
	0.680 ± 0.013
	0.37 %
	0.97 %
	2.5
	25

	Heroin1
	0.712 ± 0.013
	0.23 %
	0.93 %
	5
	25

	Fentanyl1
	0.737 ± 0.015
	0.28 %
	0.99 %
	2.5
	2.5

	Noscapine3,*
	0.852 ± 0.017
	0.30 %
	1.02 %
	25
	25

	Cannabis and Synthetic Cannabinoids (M2)

	Cannabidiol (CBD)2
	0.643 ± 0.015
	0.28 %
	1.13 %
	2.5
	10

	Δ9-Tetahydrocannabinol (THC)1
	0.670 ± 0.015
	0.27 %
	1.10 %
	2.5
	10

	HU-2101,*
	0.802 ± 0.018
	0.23 %
	1.14 %
	10
	> 25

	JWH-0181,*
	0.840 ± 0.018
	0.41 %
	1.09 %
	10
	> 25

	Synthetic Cathinones (M3)

	Mephedrone2
	0.263 ± 0.010
	0.69 %
	2.00 %
	10
	10

	Methylone2
	0.352 ± 0.010
	1.87 %
	1.39 %
	10
	10

	Butylone1,*
	0.378 ± 0.012
	0.81 %
	1.64 %
	10
	10

	3,4-Methylenedioxypyrovalerone (MDPV)2
	0.555 ± 0.023
	0.72 %
	2.04 %
	5
	10

	Stimulants (M4)

	(±)–Amphetamine1
	0.155 ± 0.012
	0.72 %
	3.72 %
	10
	5

	(-)–Methamphetamine1,*
	0.168 ± 0.008
	0.72 %
	2.27 %
	5
	5

	Caffeine3,*
	0.390 ± 0.012
	0.43 %
	1.38 %
	10
	10

	Benzphetamine1,*
	0.405 ± 0.008
	0.57 %
	0.94 %
	2.5
	5

	(-)–Levamisole1,*
	0.448 ± 0.010
	0.62 %
	1.18 %
	25
	10

	Cocaine1
	0.580 ± 0.010
	0.52 %
	0.85 %
	2.5
	10

	Hallucinogens (M5)

	3,4 –Methylenedioxymethamphetamine (MDMA)1
	0.285 ± 0.007
	1.33 %
	1.17 %
	10
	5

	Mescaline1,*
	0.368 ± 0.027
	0.78 %
	3.52 %
	25
	10

	Phencyclidine (PCP)2
	0.423 ± 0.013
	0.39 %
	1.56 %
	2.5
	5

	Lysergic acid diethylamide (LSD)2
	0.833 ± 0.015
	0.38 %
	0.94 %
	25
	25

	Depressants (M6)

	Ketamine1,*
	0.400 ± 0.008
	0.52 %
	1.03 %
	5
	5

	Phenobarbital2
	0.452 ± 0.017
	0.80 %
	1.89 %
	15
	10

	Diazepam2
	0.642 ± 0.012
	0.23 %
	0.92 %
	5
	10

	Flunitrazepam2
	0.688 ± 0.012
	0.38 %
	0.85 %
	10
	25

	Zolpidem2
	0.738 ± 0.010
	0.36 %
	0.63 %
	10
	10

	Substituted Phenethylamines (M7)

	5-APB1,*
	0.262 ± 0.007
	0.89 %
	1.22 %
	10
	5

	2C-H1,*
	0.347 ± 0.073
	1.22 %
	10.52 %
	25
	10

	2C-B1,*
	0.425 ± 0.052
	1.47 %
	6.01 %
	25
	10

	25B-NBOH1,* 
	0.753 ± 0.028
	1.84 %
	1.96 %
	25
	> 25


































Table 2: List of reference components in the selectivity drug mixtures (Cayman Chemical) used to evaluate chromatographic selectivity of rapid GC-MS method 
	Selectivity Mixture
	Components
	Isomer Groups

	Fentanyl analogues (S1)
	meta-Fluoroisobutyrylfentanyl (m-FIBF)
para-Fluoroisobutyrylfentanyl (p-FIBF)
Crotonyl fentanyl
Cyclopropyl fentanyl
Methoxyacetyl fentanyl
Carfentanil
Etizolam
Furanyl fentanyl
Noscapine
Benzodioxole fentanyl
	1) m-FIBF, p-FIBF

2) Cyclopropyl fentanyl, Crotonyl fentanyl 

	Synthetic cannabinoids (S2)
	5F-ADBICA
5F-ABICA
FUB-AMB
MDMB-FUBINACA
MMB2201
EMB-FUBINACA
AB-FUBINACA
ADB-FUBINACA
	MDMB-FUBINACA, EMB-FUBINACA

	Benzodiazepines 
(S3)
	Lorazepam
Diazepam
Diclazepam
Clonazepam
Flualprazolam
Alprazolam
Deschloroetizolam
Bromazolam
Etizolam
Clonazolam
	None

	Stimulants 
(S4)
	Amphetamine
Methamphetamine
Phentermine
N,N-Dimethylamphetamine (N,N-DMA)
2,3-Methylenedioxyamphetamine (2,3-MDA)
2,3-Methylenedioxymethamphetamine (2,3-MDMA)
3,4-MDA
3,4-MDMA
25H-NBOMe
25C-NBOMe
25B-NBOMe
	1) Methamphetamine, Phentermine

2) MDA, 2,3-MDA

3) 3,4-MDMA, 2,3-MDMA

	Tryptamines 
(S5)
	N,N-Dimethyltryptamine (DMT)
4-acetoxy DMT
α-Ethyltryptamine
5-hydroxy DMT
5-methoxy-α-methyltryptamine (5-methoxy AMT)
4-hydroxy DMT
Diisopropyltryptamine (DiPT)
N,N-Diprpyltryptamine (DPT)
4-hydroxy-N-methyl-N-Propyltryptamine (4-hydroxy MPT)
4-methoxy-N-methyl-N-Isopropyltryptamine (4-methoxy MiPT)
5-methoxy-N,N-Diethyltryptamine (5-methoxy DET)
5-methoxy MiPT
	1) 5-methoxy MiPT, 4-methoxy MiPT, 5-methoxy DET

2) 4-hydroxy DMT, 5-hydroxy DMT

3) DiPT, DPT

	Cathinones 
(S6)
	Buphedrone
Ethcathinone
3-Methylethcathinone
Methylone
	1) Ethcathinone, Buphedrone 




















Table 3: Parameters for the optimized rapid GC-MS method (Method 2).

	Method Parameter
	Value

	Temperature Program
	Initial: 80 °C (hold 2 s), ramp to 180 °C at 5 °C/s (hold 5 s), ramp to 310 °C at 7 °C/s (hold 20 s)

	Run time 
	1.09 minutes (65.4 s)

	Injection type
	Split (10:1 fixed)

	Inlet temperature
	250 °C

	GC oven temperature
	280 °C

	Ionization source
	Electron Ionization, 70 eV

	Transfer line temperature
	280 °C

	Ion source temperature
	230 °C

	Quadrupole temperature
	150 °C

	Scan range
	m/z 40 to m/z 550 

	Sampling rate
	N = 1

	Tune type
	atune

















Table 4: Identification results of adjudicated and mock case samples and comparison to compounds identified by conventional GC-MS. Single – component standards used for retention time comparison were analyzed at 0.1 mg/mL. Dashed lines (--) in the “% RTD” column indicates that the individual standard was not available for comparison. Italics indicates analytes that were not detected An asterisk (*) indicates analytes that were not identified by deconvolution but were visually identifiable. Note that Case 4 and Case 7 were mock case samples synthesized from standards. All others were real, adjudicated case samples.
	Case Number
	Compound Identified by Conventional GC-MS
	Compound Identified by Rapid GC-MS 
	Compound RT (min)
	% RTD from standard RT
	MS Library Match Score (a.u.)

	1
	Caffeine
Not Detected
	Caffeine
Quinine
	0.375
0.730
	1.7 %
5.4 %
	942
733

	2
	Caffeine
6-Acetylmorphine
Heroin
FIBF
Fentanyl
Noscapine
	Caffeine
6-Acetylmorphine
Heroin
Not Detected
Fentanyl
Noscapine
	0.380
0.658
0.690
NA
0.710
0.827
	0.4 %
--
0.7 %
NA
1.9 %
0.6 %
	934
874
927
NA
721
803

	3
	Methylnorfentanyl
	Methylnorfentanyl
	0.433
	--
	932

	4
	4-methyl-α-Ethylaminopentiophenone
Fentanyl
	4-methyl-α-Ethylaminopentiophenone
Fentanyl
	0.348

0.712
	--

2.3 %
	897

909

	5
	AP-238
	AP-238
	0.645
	2.7 %
	900

	6
	Caffeine
Heroin
Cyclopropyl fentanyl
Phenyl fentanyl
	Caffeine
Heroin
Cyclopropyl fentanyl
Phenyl fentanyl
	0.382
0.685
0.745
0.840
	0.0 %
2.1 %
1.3 %
1.0 %
	873
752
899
835

	7
	Dibutylone
Fentanyl
JWH-250
	Dibutylone
Fentanyl
JWH-250
	0.375
0.713
0.758
	0.1 %
1.6 %
2.1 %
	853
784
923

	8
	Acetyl fentanyl
Fentanyl
Quinine
	Acetyl fentanyl*
Fentanyl
Quinine
	0.723
0.742
0.768
	1.6 %
2.3 %
0.2 %
	895
913
927

	9
	Dibutylone
	Dibutylone
	0.390
	0.9 %
	857

	10
	MiPT
	MiPT
	
	
	

	11
	3-Methylmethcathinone
	3-Methylmethcathinone / Mephedrone
	
	
	

	12
	2-Fluoromethamphetamine
	2-Fluoromethamphetamine
	0.172
	3.0 %
	709

	13
	Methamphetamine
Caffeine
Cocaine
Not Detected
6-Monoacetylmorphine
Heroin
Fentanyl
Noscapine
	Methamphetamine
Caffeine
Cocaine
Mannitol
6-Monoacetylmorphine
Heroin
Fentanyl
Noscapine
	
0.375
0.563
0.617

0.685
0.713
0.828
	
1.7 %
3.4 %
--

2.8 %
2.1 %
2.0 %
	
873
877
821

872
835
761

	14
	JWH-250
JWH-073
JWH-018
	JWH-250
JWH-073
JWH-018
	0.760
0.800
0.828
	1.9 %
0.6 %
1.4 %
	870
887
873

	15
	FUB-AMB
	FUB-AMB
	0.740
	1.6 %
	865
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