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Overview

Purpose
Develop an analytical method for identification and 
quantification of benzoylecgonine, a primary metabolite of
cocaine, in oral fluids utilizing positive chemical ionization
with a single-stage quadrupole mass spectrometer and gas
chromatograph. Provide sensitivity, reproducibility, and
precision to ensure applicability to a high-throughput 
laboratory environment. Demonstrate robustness and
method transferability for use on several instruments 
performing the same analysis. 

Methods
All calibrators, controls, and unknown samples were 
prepared utilizing a solid phase extraction technique. 
The resulting extracts were derivatized and reconstituted
according to laboratory protocol. A MS method was
developed that optimized ionization to provide both an
[M+H]+ and at least one confirming ion by comparing
ionization efficiencies of methane, isobutane and ammonia
as reagent gases. Following determination of optimal
reagent gas type and flow rate, a MS method using selected
ion monitoring (SIM) for collection of data for BE and its
deuterated internal standard was developed. Chromatography
was optimized to ensure adequate separation of the target
components from matrix peaks. The method was validated
according to laboratory protocol, which included 
determination of linearity, precision, and parallel studies. 

Results 
Use of methane reagent gas and positive chemical ionization
resulted in an analytical method that satisfies the performance
and reliability needs of the laboratory. The method’s linear
range of 0.75 ng/mL to 10 ng/mL and limit of detection 
of 0.5 ng/mL were determined experimentally. Through a
series of replicate injections made on two separate runs,
precision was determined to be 6.0% (CV) at low and
high QC levels. The method was then placed on four 
different instruments with no modifications, and performance
was similar across all four, demonstrating transferability
of the method. 

Introduction 

The use of oral fluid to test for elicit drug use has gained
widespread acceptance in recent years. Oral fluid is a suitable
matrix for this detection due to its ease of collection and
greater protection of subject privacy1. However, drug 
levels in oral fluid are typically present at levels that present
analytical challenges, due to the low concentration and

small sample size. The concentration of drugs, or their
metabolites, in oral fluid is generally an order of magnitude
or more lower than those found in urine, which is another
common specimen for this type of testing. Furthermore,
the matrix itself presents analytical challenges. 

A method has been developed to determine
benzoylecgonine (BE), a major metabolite of cocaine, in
oral fluids using gas chromatography and positive ion
chemical ionization (PCI) with a single-stage quadrupole
mass spectrometer. GC/MS was used due to current
widespread implementation of this methodology in many
laboratories for routine confirmation of the presence of
common drugs of abuse in urine samples. Though this
analysis may be conducted using conventional electron
impact (EI) ionization, the sensitivity and selectivity of the
analytical method can be improved through the use of
chemical ionization (CI). 

Methods

Instrumentation 
A DSQ™ single quadrupole mass spectrometer system 
configured with a 250 L/s turbo pump and chemical 
ionization was used for sample acquisition. A TRACE GC
Ultra™ gas chromatograph provided for sample introduction,
using a 15 m x 0.25 mm id x 0.25 µm 5% phenyl phase
column. Helium carrier gas flow was programmed across
the run to aid in chromatography. The GC was equipped
with a split/splitless injection port and a 5 mm id single
gooseneck liner. A 2 µL injection volume with a 1.0
minute splitless injection duration was used for sample
introduction (Table 1).

The DSQ was operated in both electron impact (EI)
and positive ion chemical ionization (PCI). To switch
between ionization modes, a vacuum interlock system
allowed changing of the ion volume without breaking system
vacuum. For method development, a high concentration
derivatized standard was used. Methane, ammonia, and
isobutane were evaluated for ease of use and ionization
efficiencies. The DSQ was tuned and calibrated in both EI
and PCI using standard automatic tuning algorithms. The
PCI tune allows users to select masses according to target
analyte mass ranges; however, the default ions in the PCI
tune were sufficient for this analysis.



Samples 
BE and BE-D3 standards were obtained 
from Cerilliant Corporation (Round Rock,
Texas). Negative oral fluid calibrator solution,
along with 200% ELISA BE QC solution 
for immunoassay, came from OraSure
Technologies, Inc. (Bethlehem, Pennsylvania).
Trace-B® columns (SPEware Corporation, 
San Pedro, California) were used for solid

phase extraction of all samples, including the calibrators,
quality controls, and unknowns. Because of the poor 
chromatographic behavior of native BE, the samples required
derivatization before analysis with hexafluoroisopropanol
(HFIP) and pentafluoropropionic anhydride (PFPA).
Derivatization with these reagents forms the BE-
hexafluoroisopropyl derivative (Figure 1). Table 2
describes an abbreviated sample preparation procedure for
the extraction and derivatization of the samples. 

DSQ FULL SCAN

Source Temp 200°C
Detector gain 1 x 105

Scan Rate (amu/sec) 1,197.65
First Mass 50.0
Last Mass 650.0

DSQ EI SIM

Source Temp 225°C
Detector Gain 3 x 105

Chrom Filter Width (sec) 2.0 
Mass (m/z) 318.10, 321.10, 438.90, 442.10
Width (amu) 0.40
Dwell Time (ms) 25.0

DSQ PCI SIM

Source Temp 200°C
Detector Gain 3 x 105

Chrom Filter Width (sec) 2.0
Mass (m/z) 318.10, 321.10, 440.10, 443.20
Width (amu) 0.40
Dwell Time (ms) 25.0
Reagent Gas Methane
Flow Rate 1.5 mL/min

TRACE GC ULTRA 

Oven Method
Initial Temperature (°C) 110
Initial Time (min) 1.00
Rate #1 (deg/min) 30.0
Temperature #1 (°C) 240
Hold Time #1 (min) 0.10
Rate #2 (deg/min) 120.0
Final Temperature (°C) 300
Final Hold Time (min) 0.20

SSL Method
Temperature (°C) 220
Mode Splitless
Split Flow On
Split Flow (mL/min) 50
Splitless Time (min) 1.00
Constant Septum Purge On

Carrier Method
Initial Value (mL/min) 1.50
Initial Time 5.00
Rate #1 (mL/min/min) 7.0
Final Value #1 (mL/min) 5.00
Hold Time #1 (min) 0.60

AS 3000 AUTOSAMPLER

Sample Volume (µL) 2.0
Plunger strokes 5
Viscous sample Yes
Sampling depth in vial Bottom
Injection depth Standard
Pre-Inj dwell time (sec) 0
Post-Inj dwell time (sec) 0
Sample rinses 0
Post-Inj Rinses

Solvent A (ethyl acetate) 10
Solvent B (methanol) 10

Table 1: Selected instrument parameters for the MS, GC, and autosampler. The full scan method was used for both EI and CI as a part of method development.
The PCI SIM method describes conditions under which the method was validated.

Figure 1: Molecular
structure of BE as the
hexafluoroisopropyl
derivative, MW = 439

SAMPLE PREPARATION

• 2 sets each numbered screw top and 1 set culture tubes
• 200 µL of cal or control, 100 µL of donor
• 25 µL internal standard
• Unextracted standard – 100 µL methanolic standard + 25 µL IS 

(Evaporate. Take straight to Derivatization)
• 1 mL of 0.1 M Phosphate buffer pH 6.0
• Vortex (centrifuge turbid specimens if necessary)

EXTRACTION

Condition Columns
• 2 mL Methanol
• 1 mL DI Water
Specimen Application
• Apply prepared specimens to columns – draw through under low 

vacuum (~0.5 mL/min)
Wash Columns
• 1 mL DI Water
• 1 mL 0.1M HCl
• Dry columns under high vacuum for 2 minutes
Elute 
• 2 mL 80/18/2 methylene chloride/isopropanol/ammonium hydroxide

CONCENTRATE

• Evaporate extracts to dryness under N2 at 40°C

DERIVATIZATION

• 25 µL HFIP and 50 µL PFPA at 90°C for 10 minutes
• Cool 2 minutes

CONCENTRATE 

• Evaporate excess HFIP/PFPA under N2 at 50°C
• Reconstitute with 50 µL ethyl acetate

Table 2

Table 2: Abbreviated solid phase extraction sample preparation procedure for
the confirmation of BE in oral fluid samples. All sample types, excluding the
unextracted standard, undergo the same treatment and preparation. The
unextracted standard does not go through the extraction procedure, thus
demonstrating the within-run extraction efficiency. 



Results

Method Development Results
Initial method development focused on an EI-SIM method
for the analysis of BE in oral fluids. By using a deuterated
internal standard and monitoring two masses each for 
BE-HFIP (m/z 318 and 439) and BE-D3-HFIP (m/z 321
and 442), good quantitative results were obtained and
chromatography was acceptable. Ion ratio confirmation,
which compares the area of a qualifier mass to the 
quantification mass, was calculated through the use of
ToxLab™ 2.0 intelligent sequencing software. Through ion
ratio confirmation and calibration at a single point, the
EI-SIM method was linear from the 50% control 
(1 ng/mL, equivalent to 8 pg on column) through the high
control (4.0 ng/mL). However, the signal to noise on the
qualifier ion (m/z 439) for the 1.0 ng/mL control was 17:1
using RMS signal to noise calculation (Figure 2). Thus,
chemical ionization was pursued to improve the signal to
noise and enhance the linear range of the method.

Three reagent gases were studied, using positive 
ionization. To utilize PCI, the EI ion volume was exchanged
for a CI ion volume using a vacuum interlock system that
allows for this change without venting the instrument. 
The DSQ was autotuned in PCI using default positive ions
for mass calibration, prefilter and ion offset voltages, 
and resolution.

Figure 3 shows the full scan spectra resulting from the
analysis of BE-HFIP using PCI with different reagent
gases. In addition, the full scan spectra in EI is also shown
to demonstrate the formation of the [M+H]+ ion using
PCI. PCI with methane yields [M+H]+ (m/z 440), along
with a base peak of m/z 318. 

Ammonia PCI generated primarily [M+H]+ at a flow
rate of 1.5 mL/min, along with m/z 318 at a low abundance.
The proton affinity of ammonia, being close to that of the
derivatized molecules, imparts a relatively low amount of
supplemental energy beyond that necessary for target 
molecule protonation. This reduces production of 
fragmentation ions via fragmentation pathways. However,
because of the analytical requirement for confirmatory
ions, the formation of largely [M+H]+ ion is not desirable
for this analysis. The concern is that at low concentrations,
the confirming ion will drop out. For this reason, ammonia
as a reagent gas was deemed unsuitable for this assay.

Isobutane at 1.0 mL/min offered a spectrum with
complexity similar to that of methane. However, isobutane
was ruled out as a reagent gas due to susceptibility to 
contamination. Because of the needs for a robust method
suitable for high sample throughput, methane was chosen
as the reagent gas for this assay. 

Ion ratio stability over different flow rates was assessed
for both methane and isobutane. For greater suitability for
method development and transferability, the reagent gas
that provided the most stable ion ratios over a range of
flow rates would be best suited for this analysis. Figure 4
shows the ion ratio percent (Area of m/z 440/Area of m/z
318 x 100) stability for three different flow rates of
methane and isobutane. Methane flow rates of 1.5, 2.5
and 4.9 mL/min were assessed, with ion ratio variations of
7.4% RSD. Isobutane at 1.0, 1.5 and 2.5 mL/min gave an
ion ratio variation of 37.6% RSD. 

Figure 3: Comparison of full scan spectra in EI and PCI. For all spectra, the
scan range was from 50-650 amu at 1197 amu/sec. PCI spectra for each
reagent gas are shown at a 1.5 mL/min flow rate.

Figure 4: Comparison of the effect of reagent gas flow rates on ion ratios
using methane and isobutane as reagent gases. Using digital flow control,
ion ratios were evaluated at three different flow rates. Ion ratios using
methane as reagent gas were stable across flow rates (7.4% RSD), while
those using isobutane varied considerably (37.6% RSD). 

Figure 2: Comparison of signal to noise, m/z 439 and 440, using EI and PCI
with methane. In EI, the signal to noise for m/z 439 (RMS) is 17. In PCI, at
the same concentration, the RMS S/N ratio for m/z 440 is 91:1.



Since methane provided stable ion ratios across a
range of flow rates, generated a quantitation mass (m/z
318) and a significant qualifier mass at [M+H]+ (m/z 440)
and was operationally more suitable than either isobutane
or ammonia, it was selected as the reagent gas of choice
for this method. Following the selection of reagent gas, a
PCI method for selected ion monitoring (SIM) was developed.
This method is shown in Table 1, and it included SIM
masses for both BE-HFIP and its deuterated analog, 
BE-D3-HFIP. This method was validated according to 
laboratory protocols at a drugs of abuse testing laboratory.

Method Validation Results

Method validation included determination of linearity and
carryover limits, establishment of limits of detection (LOD)
and limits of quantitation (LOQ), and verification of 
precision, both within run and day to day variability.
Sample sets were subjected to the extraction procedure
described in Table 2 and included spiked samples at
appropriate levels. In addition to these method validation
steps, parallel studies compared quantitative results
achieved on the DSQ to results achieved using a separate,
previously validated method on a Finnigan™ TSQ triple
quadrupole GC/MS system.

The limit of detection for this assay, defined as the
level at which ion ratios and chromatography are acceptable,
is 0.5 ng/mL. The LOQ, defined as the level at which ion
ratios and chromatography are acceptable and at which
the quantitative value is within +20% of the expected
value, is 0.75 ng/mL. The upper limit of linearity (ULOL)
was established at 10 ng/mL (Figure 5). The method was
deemed to be free from carryover at this ULOL, with 
carryover defined as peak area of the quantitation mass
(m/z 318) in a solvent blank of less than 5% of the area
for the same mass for the calibration standard. 

Precision analysis examined the quantitative results for
five replicate injections at the 50% (1.0 ng/mL) and 200%
(4.0 ng/mL) QC levels across two separate analytical runs
(n=10). The cumulative coefficient of variation (CV) at
both levels was 6.0%, well within laboratory limits. Parallel
studies were performed, comparing quantitation results
from the Finnigan TSQ to those on the DSQ. Negative QC
samples, plus donor samples that were negative, non-negative
but less than the cutoff of 2.0 ng/mL, and positive (greater
than 2.0 ng/mL) were evaluated. The average percent 
difference across 13 positive samples was -3.1%, but
when looking at quantitative values that were below the
DSQ ULOL, this average percent difference was 1%. All
negative QC samples were negative, and for 9 out of 10 of
the donor samples with quantitative results less than the
cutoff, the DSQ results agreed with those from the
Finnigan TSQ. 

Conclusions
• Use of PCI SIM allows for the successful transfer of a

GC-MS-MS triple quadrupole method onto a single
quadrupole mass spectrometer 

• Positive chemical ionization using methane as reagent
gas affords a validated analytical method for the analysis
of BE in oral fluids by GC-quadrupole MS.

• Chromatography shows satisfactory peak shape with
good separation from matrix. 

• A linear range from 0.75 to 10.0 ng/mL offers sufficient
dynamic range for the assay.

• Precision and parallel study results highlight the 
performance of the DSQ using this methodology.

• Methane reagent gas is the optimal choice for this assay
in a high-throughput environment because of its 
formation of stable ions with consistent ion ratios, ease
of use for automatic tuning, and method transferability
from instrument to instrument.
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Figure 5: Linearity determination results, showing correlation between 
calculated amount and target amount, from 0.0-10.0 ng/mL.
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