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Systematic toxicological analysis in forensic 
investigation demands continuous adaptability to an 
ever-evolving toxicant landscape.

The three main challenges are:

1. low concentrations of the toxicants

2. an ever-growing number of analytes to be 
monitored and quantitated

3. the limitations in obtaining analytical standards for 
every chemical.

For the volatile compounds, gas chromatography/mass 
spectrometry (GC/MS) is the method of choice when 
analyzing forensic drugs and toxicants [1, 2]. GC/MS 
forensic toxicological workflow greatly benefits from 
selectivity and sensitivity of multiple reaction monitoring 
(MRM) approach enabled with triple quadrupole GC/MS 
(GC/TQ).

The aim of this work was to develop an MRM database 
to help toxicological researchers build screening and 
quantitation methods simplifying method development.

The database of MRM transitions for relevant toxicants 
was established and successfully applied to creating 
GC/TQ methods for analyzing real-world authentic 
samples with greater sensitivity and confidence than the 
conventional GC/MS approach. The database will be 
available for download starting July 2024.

Introduction Experimental

Database Curation

The starting GC acquisition method was optimized for 
successful GC analysis of toxicants. The Optimizer 
software was used exercising the Start from Scan 
workflow, which includes the following steps performed 
sequentially:

• Acquisition or import of full scan data to identify 
target compounds

• Precursor ion identification

• Product ion identification

• Collision energy optimization.

MassHunter Unknowns Analysis was used for 
identifying the target compounds through searching 
against Mass Spectral Library of Drugs, Poisons, 
Pesticides, Pollutants and their Metabolites [3] (Fig. 1).

The resulting 1,794 MRM transitions were sported
as a CSV file.
The database created in this work, can be used to 
simplify creation of dMRM data acquisition methods 
with the Agilent GC/TQ.

Experimental

GC/MS Parameters

Agilent 7000 Series GC/TQ mass spectrometer was 
used for developing the MRM transitions. Compounds 
were analyzed underivatised, as well as their 
trimethylsilylated and acetylated derivatives. Agilent 
MassHunter Optimizer for GC/TQ was used for 
developing 1794 MRM transitions.

Parameter Value
MS Agilent 7000 Series GC/TQ

Column Agilent J&W DB-5ms, 30 m, 0.25 mm, 0.25 µm (p/n 122-5532)

Inlet Multimode inlet, Ultra Inert, splitless, double taper
(part number 5190-3983) 

Injection volume 2 µL

Injection mode Pulsed splitless (1.5 min, pulse @25 psi for 1.5 min)

Inlet temperature program 275 °C

Oven temperature program 80 °C for 1 min; 20 °C/min to 290 °C, 8 min hold

Carrier gas Helium

Column flow 1 mL/min constant flow.
Retention Time Locked to cocaine at 12.26 min

Transfer line temperature 300 °C

Quadrupole temperature 150 °C

Source temperature 230 °C

Electron energy 70 eV

TQ mode dMRM
When developing MRM transitions: Scan (m/z 100-450),

Product Ion Scan, MRM

Table 1. GC/MS method parameters

Deconvoluted 
mass spectrum

Library
mass spectrum

Precursor ions Product ions

CE optimization

Figure 1. Example: MRM development for ketamine:
(A) Compound identification using spectral 
deconvolution; (B) Optimizer for GC/TQ operating in 
Start from Scan workflow.

a)

b)
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Results and Discussion

Forensic GC/TQ Database

The database created in this work includes 175 entries in total that include 154 unique compounds, out of which 123 are 
underivatized entries, 32 are trimethylsilylated, and 20 acetylated entries (Fig. 2) The compounds included 
benzodiazepines, antidepressants, opioids, and drugs of abuse.

1 2

4 3

175 entries in total

- 154 unique compounds:
 - 123 underivatized entries
 - 32 trimethylsilylated entries
 - 20 acetylated entries

How to Use the Database

The database created in this work, can be used to simplify creation of dMRM data acquisition methods with the Agilent 
GC/TQ. The Agilent MassHunter Optimizer for GC/TQ can be used to simplify the method creation process as described 
below. The Optimizer is installed automatically with Agilent MassHunter GC/MS data acquisition 10 and above. 

The following simple steps describe how to create a data acquisition method using the database.

1. Set Up: Create and save a GC/MS data acquisition method in MassHunter, using conditions from Table 1.
Retention time lock to cocaine at 12.26 min or another compound included in the database.

2. Optimizer Setup: Specify the acquisition method in the Optimizer, retaining the GC parameters.2. Second, in the 
Optimizer, under Setup, specify the Acquisition method created in step 1, with the GC parameters that will be retained.

3. Import the Database: Under Setup, import the database as a CSV file.

4. Select Compounds: Choose target compounds by unchecking all and then selecting the ones you want.

5. Update Retention Times:
If necessary, use Update RT function
for adjusting retention times.

6. Review MRM Transitions:
Check or uncheck the MRM
transitions for the chosen
compounds under the Results tab.

7. Save Method: Create and save the
acquisition method.

8. Open Method: Open the saved
method in MassHunter Acquisition
software for review.

Fig. 3 shows the example of the
compound table, in which the targets
were sorted in alphabetical order and
only the compounds from the fentanyls
group were checked.

Relative ion abundances

- for additional confirmation and 
optimal dwell time distribution

1,794 MRM transitions

- 3-12 transitions per compound
- optimized collision energies

Retention times for all entries

- retention time locked to cocaine
- allows a new column or instrument
to have retention times that match the 
retention times provided in the database

Figure 2. The overview of the entries included in the forensic GC/TQ database.  

Figure 3. Compound Table in the Optimizer for GC/TQ demonstrating the first 
17 entries (alphabetically) from the forensic GC/TQ database, with the selected 
targets from the fentanyls group checked.
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• The forensic toxicology database with curated set of 
1,794 MRM transitions for 175 toxicologically-relevant 
compounds, including benzodiazepines, 
antidepressants, opioids, and drugs of abuse, was 
successfully developed. 

• The application of this MRM method to authentic 
samples showcased its ability to detect and quantitate 
toxicants at trace levels due to high sensitivity and 
selectivity of the MS/MS approach addressing 
limitations when relying solely on full scan data.

• The developed MRM database can be used for 
simplified data acquisition method creation, providing a 
valuable resource for the development of screening and 
quantitation methods in forensic labs.

Figure 5. Fentanyl in the archived post-mortem blood 
sample detected in the MRM GC/TQ data acquisition 
mode (bottom) and not detected with the spectral 
deconvolution approach in the full scan data (top).

Results and Discussion

Conclusions
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Application of the Database to the Real-World Samples

The proof of concept using the developed database 
involved the analysis of 25 archived post-mortem blood 
samples. A comparison was made between full scan data 
acquisition mode and MRM, with a focus on the 
identification of compounds. The MRM method was 
created from the database.

All the compounds were found with the MRM approach, 
while some of the toxicants present in the sample at a 
low concentration were missed with the full scan 
approach.

Fig. 5 shows that fentanyl was detected in the sample 
with the MRM approach and quantitated at 1.7 ng/mL, 
while it was not detected in full scan acquisition mode.

Acquisition Method Creation Using the Database

Figure 4 shows the MRM transitions available for two 
selected compounds from the fentanyls group. The 
database includes the information on the compound 
name, retention time, precursor and product ions, 
collision energy, ion abundance in % of the most 
abundant MRM, and the CAS number. 

The database includes up to 12 MRM transitions for 
some targets, hence, the user may prefer to uncheck 
some of the transitions for the selected targets to limit 
the number of MRMs per compound in the final method.

The MRM transitions selected in the Results table (Fig. 4) 
will be included into the final data acquisition method.

Scan:
Not detected/identified

16.1 min

MRM:
Detected

16.095 min

Fentanyl:
Detected and further
quantitated at 1.7 ng/mL

Figure 4. The Results table showing the MRM transitions. 
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