
5.26e51:MS(+) RT:[19.817-19.853]-[19.972-20.193]

72.06

73.08 164.87 206.99 294.16 444.44

m/z100 200 300 400

0.0e0

5.0e5

1.00e3RI:2168 CAS#:76-99-3 SI:86 Methadone

72.00

73.00 115.00 165.00 223.00 294.00

m/z100 200 300 400

0.0e0

5.0e2

1.0e3

RT (min)
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

2.0e6

4.0e6

6.0e6

8.0e6

1.0e7

1.2e7

1.4e7 Urine Matrix Blank
Fortified at 5 µg/mL

Practical Implementation of Single-Platform Software Workflow for Forensic Toxicology 
Screening to Confirmation
Authors: Kala N. Babb, Sarah A. Monti, Yoshiro Hiramatsu, Cristina Matos Mejías, Jeremy P. Smith, Ethan Hain, Christopher Gilles
Shimadzu Scientific Instruments, Inc., Columbia, MD  800-477-1227 

Introduction

• Forensic toxicology workflows often rely on multiple analytical techniques and software platforms to perform comprehensive 
drug screening and confirmation, increasing complexity, training requirements, and the risk of workflow inefficiencies. 

• This study demonstrates an integrated approach using Shimadzu LabSolutions Insight Explore to streamline screening-to-
confirmation workflows within a single environment. Laboratories adopting this workflow should perform appropriate validation
before routine use.

• By combining LC-QTOF screening with LC-MS/MS and GC-MS confirmation, the platform enables efficient data processing, 
compound identification, and reporting, improving consistency and overall laboratory productivity.

Experimental Methods
• A combination of LC-MS and GC-MS techniques was used for the screening-to-confirmation of the forensic toxicological 

workflow, shown in Figure 1.

• For screening analysis, an LC-MS Q-TOF was used under the conditions shown in Table 1. 

• A mix of standards at 1 µg/mL were prepared and analyzed by GCMS-SQ using a Scan/SIM method that targeted over 50 
compounds including common barbiturates and benzodiazepines. 

• Table 2 shows the analytical conditions for GC-MS analysis.
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Figure 1. Forensic Toxicology Workflow for screening-to-confirmation analysis on a 
single software platform. 

Table 2. GCMS-QP2050
GC Parameters

Rtx-5ms (30 m x 0.25 mm i.d., 0.25
μm film thickness)

Column

60.0˚C (2 min), 320.0 ˚C @15.0 ˚C/minOven Temp.

He, Constant Linear Velocity 45.6 
cm/sec, Column Flow 0.42 mL/min

Carrier Gas 
Control

Splitless / 260 ˚CInjection Mode/ 
Temperature
MS Parameters

280 ˚CInterface Temp.
200 ˚C Ion Source Temp.
EIIonization Mode
Scan (45-500 m/z) Event Time (0.10
sec)

SIM for each target compound

Acquisition Mode

Table 1. LCMS-9050
LC Parameters

Shim-pack Scepter PFPP-
120 1.9 µm, 2.1 x 50 mmColumn
WaterMobile Phase A
MethanolMobile Phase B

2 mM Ammonium Formate 
0.002% Formic Acid

Additives

0.4 mL/minFlow Rate
5 minRun Time

MS Parameters
3.0 L/minNebulizing Gas
10.0 L/minHeating Gas
300 °CInterface Temp.
10.0 L/minDrying Gas
250 °CDL Temp.
400 °CHeat Block Temp.
MS Scan and DIAAcquisition Mode

GCMS-Confirmation Through Target Analysis and Scan Results

• A GCMS confirmation method was used to target over 50 compounds commonly found in toxicology screening.

• Extracted urine samples (LLE: 10 mL urine to 2 mL DCM) were fortified with multiple families of drugs, including barbiturates, 
benzodiazepines, amines, cocaine, and opiates at both 1 µg/mL and 5 µg/mL.

• The same software platform was used to analyze both Scan data for library searches and SIM data for targeted compounds.

• Figure 7 shows the Scan data for multiple extracted urine samples fortified at 5 µg/mL, as well as a comparison of an extracted 
urine matrix blank.

• As an example, Figure 8 shows a zoomed in chromatogram of the TIC from the Scan results of an extracted urine sample 
fortified with over 40 analytes at 1 µg/mL, specifically showing methadone, cocaine, and cocaethylene. 

• These identifications were done by using the Cayman Spectral Library and the Shimadzu Forensic Toxicology Database. 

• Figure 10 and Figure 11 show the library search results for the methadone and cocaethylene peak, respectively, that was 
shown in Figure 8. Methadone and cocaethylene had a similarity index of 86% and 82%, respectively. 

• For target analysis, a SIM was combined to the Scan method. Figure 9 shows the SIM chromatogram for carfentanil as an 
example.
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Screening Results QTOF

• Five minute run time allows for rapid screening.

• Excellent data quality from Shimadzu LCMS-9050 data independent acquisition (DIA) allows completely untargeted 
screening with opportunities for retrospective data analysis.

• Insight Explore facilitates rapid, untargeted screening analysis utilizing Analyze for untargeted feature detection 
independent of a compound table.

• Analyze detects features for MS1 and MS2 data.

• Screening functionality in Analyze for easy targeted screen results.

• Library Search allows MS2 data to be searched against up to 5 libraries for increased confidence in analyte 
identification.

• Reverse Search capability allows high-quality library matches in complex matrices.

• Library Search is compatible with multiple library types - Insight can import libraries from excel files, text files, structure 
data files, and NIST files.

• Explore has complete quantitation capabilities including flagging for review by exception.

Figure 2. Insight Explore Qualitative Analysis of 
Opiate Standard

Figure 3. Insight Explore Quantitative Analysis 
of QTOF MS Opiate Standard

Confirmation Analysis LCMS-TQ 

• An LCMS confirmation method was used to quantitate 46 compounds with 23 internal standards (ISTD) in less than three 
minutes with rapid polarity switching.

• A representative chromatogram of all analytes and ISTD at 1 ng/mL is shown in Figure 4.  

• Chromatographic separation of morphine/hydromorphone and codeine/hydrocodone was achieved (Figure 5).

• Insight Explore was used to generate calibration curves from triplicate datasets.  

• All quantitation was performed using an ISTD (Table 4) with a linear curve and 1/C2 weighting applied.  For calibration points 
all three replicates for each concentration were required to be within ± 20% accuracy.  Calibration curves and representative 
chromatograms at the lower limit of quantitation (LLOQ) for Xylazine, Carfentanil, Metonitazene, and Protonitazene are 
shown in Figure 6.  All concentrations are in ng/mL.

Figure 4. Representative chromatogram of all analytes.

Figure 5. Chromatograms of the resolved isobars, A) 
Morphine/Hydromorphone, B) Codeine/Hydrocodone, 
and C) Methamphetamine/Phentermine at 100 ng/mL.

Analyte Ret. Time (min) LLOQ ULOL R^2 ISTD
Morphine-3-β-D-glucuronide 0.484 1 100 0.999 Morphine-3-β-D-glucuronide-D3

Ecgonine Methyl Ester 0.491 0.005 10 0.991 Benzoylecgonine-D3
Morphine 0.875 0.1 100 0.998 Morphine-D3

Oxymorphone 1.012 0.1 100 0.998 Oxymorphone-D3
Hydromorphone 1.081 0.1 100 0.997 Hydromorphone-D3

Codeine 1.327 0.1 100 0.998 Codeine-D3
Naloxone 1.329 0.1 100 0.993 Fentanyl-D5

Amphetamine 1.375 0.01 50 0.998 Amphetamine-D6
6-acetylmorphine 1.414 0.1 100 0.998 6-acetylmorphine-D3

Naltrexone 1.427 1 100 0.999 Fentanyl-D5
Oxycodone 1.441 0.1 100 0.987 Oxycodone-D3

Hydrocodone 1.486 0.01 100 0.995 Hydrocodone-D3
Methamphetamine 1.518 0.005 10 0.994 Methamphetamine-D5

MDA 1.534 0.1 100 0.999 MDA-D5
Phentermine 1.634 0.1 100 0.994 Methamphetamine-D5

MDMA 1.643 0.005 50 0.986 MDMA-D5
Benzoylecgonine 1.694 0.1 50 0.999 Benzoylecgonine-D3

Phenobarbital 1.718 10 100 0.999 Phenobarbital-D5
Norfentanyl 1.747 0.01 50 0.995 Norfentanyl-D5 oxalate

MDEA 1.786 0.005 10 0.992 MDA-D5
Tramadol 1.839 0.01 10 0.998 Fentanyl-D5
Xylazine 1.852 0.005 50 0.998 Xylazine-D6

Butalbital 1.864 10 100 0.999 Phenobarbital-D5
Meperidine 1.926 0.005 10 0.982 Fentanyl-D5

Amobarbital 1.983 10 100 0.999 Phenobarbital-D5
Cocaine 1.995 0.1 10 0.999 Cocaine-D3

Secobarbital 2.033 10 100 0.999 Phenobarbital-D5
Lorazepam 2.128 1 50 0.999 Flunitrazepam-D7

Cocaethylene 2.13 0.1 10 0.999 Cocaine-D3
Oxazepam 2.153 0.1 50 0.994 Flunitrazepam-D7

Clonazepam 2.22 0.1 50 0.994 Flunitrazepam-D7
Nitrazepam 2.225 0.1 50 0.996 Flunitrazepam-D7

Phencyclidine 2.24 0.1 10 0.996 Phencyclidine-D5
Δ9 THC glucuronide 2.26 10 100 0.999 Δ9 THC carboxylic acid-D9

Fentanyl 2.27 0.1 100 0.995 Fentanyl-D5
Buprenorphine 2.281 0.1 100 0.994 Fentanyl-D5

Temazepam 2.3 0.1 100 0.993 Flunitrazepam-D7
Flunitrazepam 2.335 0.1 50 0.996 Flunitrazepam-D7

Carfentanil 2.354 0.01 10 0.999 Carfentanil-13C6
Metonitazene 2.364 0.005 10 0.998 Carfentanil-13C6

Alprazolam 2.429 0.01 100 0.992 Flunitrazepam-D7
Diazepam 2.45 0.1 50 0.998 Flunitrazepam-D7

Methadone 2.486 0.1 10 0.998 Fentanyl-D5
Δ9 THC carboxylic acid 2.515 1 100 0.997 Δ9 THC carboxylic acid-D9

Protonitazene 2.562 0.005 10 0.996 Carfentanil-13C6
Δ9 THC 2.657 1 100 0.998 Δ9 THC carboxylic acid-D9

Table 4. LCMS Confirmation Method Calibration Information

Figure 6. Calibration curves and LLOQ chromatograms 
for select analytes.

Column
Shim-pack Scepter PFPP-120 
1.9 µm, 2.1 x 50 mm

Mobile Phase A Water
Mobile Phase B Methanol

Additives
10 mM Ammonium Formate 
0.1% Formic Acid

Flow Rate 0.4 mL/min
Run Time 5 min

Nebulizing Gas 3.0 L/min
Heating Gas 15.0 L/min
Interface Temp. 350 °C
Drying Gas 3.0 L/min
DL Temp. 150 °C
Heat Block Temp. 300 °C
Acquisition Mode MRM

Table 3. LCMS-8050RX
LC Parameters

MS Parameters
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Conclusions
• Data obtained from the LCMS-QTOF, LCMS-TQ, and GCMS-SQ was able to be analyzed using a single software environment, supporting screening, confirmation, data review, and reporting within one workflow.

• The ability to use one software platform for data processing offers an integrated approach to forensic toxicology analyses, supporting laboratory efficiency, consistency, and ease of use.

• High-resolution screening, targeted quantitation, and spectral library confirmation increased confidence in analyte identification across diverse drug classes.
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Figure 8. Zoomed in chromatogram showing methadone, 
cocaine, and cocaethylene at 1 µg/mL

Figure 9. SIM targeted analysis of carfentanil at 1 µg/mL

Figure 7. Chromatogram comparison between urine matrix blank and fortified extracted urine samples at 5 µg/mL

Figure 10. Library search result of methadone at 1 µg/mL Figure 11. Library search result of cocaethylene at 1 µg/mL


