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Abstract 

An Agilent 1200 Series Rapid Resolution Liquid Chro-
matography (RRLC) system is interfaced to a 6410 Triple
Quadrupole Mass Spectrometer (QQQ) by way of a
G1948B Electrospray Ionization Source (ESI), operated in
negative ion mode, to confirm the presence of ethylglu-
curonide (EtG), a chemical biomarker for detecting recent
alcohol use. The calibration range used in this work is 
250 ng/mL to 2,500 ng/mL of EtG in urine. With 10-µL
injections on a ZORBAX Eclipse XDB-C18 column, 
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Application 

3 × 250 mm (5-µm particle size) at an isocratic flow rate
of 800 µL/min, excellent reproducibility and linearity is
demonstrated. A retention time for EtG of 2.2 minutes
makes this analysis a fast quantitation method.

Introduction

Ethylglucuronide (EtG) is a minor metabolite of
ethanol that can be used as a direct biomarker of
recent alcohol use. EtG is formed in the liver via
glucuronidation, less than 0.1% of an ingested dose
of ethanol is converted to EtG. EtG may be
detected in urine up to 72 to 96 hours following
ethanol ingestion which is considerably longer
than the12- to 14- hour detection window of
ethanol in urine. In addition to the narrow window
of detection, another disadvantage of using uri-
nary ethanol is the formation of ethanol via fer-
mentation. This is a potential problem in
monitoring alcohol use in individuals with dia-
betes. EtG is not formed via fermentation; it is
found in urine only after hepatic exposure to alco-
hol. Concentrations of EtG in urine samples col-
lected from humans range from undetectable in
nonalcohol users to levels in excess of one million
ng/mL in chronic alcoholics. 

Many zero tolerance alcohol treatment programs
use 100 ng/mL as a positive cut-off value as a
marker of alcohol consumption. One problem with
the 100 ng/mL positive cut-off results from inci-
dental exposure to alcohol via over-the-counter
pharmaceutical agents, alcohol-containing mouth-
washes, hand sanitizers, food products, cosmetics,
etc., which may result in EtG levels in excess of 
100 ng/mL. To obviate this situation, many labora-
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tories and treatment programs elect to use higher
positive cut-off values of either 250 or 500 ng/mL.
This eliminates positive EtG results from inciden-
tal exposure to alcohol but also decreases the
detection window of alcohol consumption. STER-
LING Reference Laboratories utilizes a 250 ng/mL
cut-off value for most programs and has an overall
positivity rate of approximately 20%. EtG detection
has been shown to be a valuable tool in programs
where abstinence from alcohol use is a strict
requirement. As with all markers of substance
abuse, EtG levels should not be used as the sole
criteria of alcohol use, but should be evaluated in
concert with other factors by trained counselors
and professionals.

A further increase in specificity comes with the
use of a tandem MS/MS mass spectrometer for
analysis. The QQQ provides this capability by
selecting the EtG precursor ion and generating
product ions that are specific to its structure. The
more intense product ion is then used for quantita-
tion while the less intense ion is used as a qualifier
for confirming the presence of EtG by maintaining
a particular ion ratio with the quantitation ion
throughout the batch of calibration standards,
quality controls (QCs), and patient samples. To
account for the effects of sample extraction recov-
ery and matrix effects, an internal standard is
added and analyzed with analogous requirements
for confirmation.

EtG is water soluble and stable, but thermally
labile, making it a difficult molecule to analyze by
GC/MS without derivatization. It is also a car-
boxylic acid and particularly amenable to electro-
spray ionization, forming a de-protonated ion in
solution. 

In this work the analytical range for EtG is 250 to
2,500 ng/mL. Ten urine samples are analyzed for
the presence of EtG, and three QCs at 211, 383,
and 1,594 ng/mL are included. As more than ade-
quate sensitivity for this analysis is available using
the Agilent 6410 QQQ mass spectrometer, 10-fold
dilutions in water (0.1 % formic acid) are made to
reduce column contamination. It should be noted
that there is still adequate sensitivity to allow for a
20- to 25-fold dilution.

Based on the derived calibration curve, the quanti-
tative accuracies of these controls are 94, 94, and
98%, respectively. Furthermore, of the 10 samples
analyzed, seven are determined to be positive, or
having levels above the 250 ng/mL cutoff.

The structure of EtG is shown in Figure 1.

Experimental

Sample Preparation

An EtG standard and its deuterated analog (D5)
are obtained from Sterling Reference Labs (SRL) at
concentrations of 10 and 0.1 mg/mL in methanol,
respectively. Dilutions of the standard are made up
in water with 0.1% formic acid (v/v). The resulting
concentrations of the calibration level standards
are 250, 1,000, and 2,500 ng/mL. Unfiltered control
urine samples and quality controls (QCs) are also
obtained from SRL. The three QC samples are
known to be 211, 383, and 1,594 ng/mL. The 
level of the internal standard in all samples is 
500 ng/mL. To 50 µL of each dilution standard, QC,
and patient sample is added 450 µL of the D5 inter-
nal standard.

LC/MS Method Details
LC Conditions
Agilent 1200 Series binary pump, degasser, thermostatted
wellplate sampler, and thermostatted column compartment

Sample temperature: 10 °C
Needle wash: (50:50 methanol/water) – flush port 

3 seconds
Column: Agilent ZORBAX XDB-C18, 

3.0 mm × 250 mm, 5 µm 
(p/n: 990967-302)

Column temperature: 45 °C
Mobile phase (isocratic): 90:10 of 0.25% formic acid in 

water/methanol
Flow rate: 0.8 mL/min; 
Injection volume: 10 µL
Stop time: 4 min

MS Conditions
Mode:  Negative ESI using the Agilent 

G1948B ionization source
Nebulizer: 60 psig
Drying gas flow: 13 L/min
Drying gas temperature: 350 °C 
Vcap: 3,500 V
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[M–H]– = 221.1

Figure 1. Structure of ethylglucuronide and associated depro-
tonated m/z.

The MRM transitions with settings for optimal sen-
sitivity are given in Table 1.
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In addition, a blank is used throughout the analy-
sis to show that there is no carryover. The blank is
prepared by mixing 50 µL of water with 0.1%
formic acid with 450 µL of the internal standard.

Diluting the samples and QCs 10-fold using the
internal standard reduces the amount of system
contamination of the unfiltered urine matrix. In
addition, because injecting unfiltered urine can
cause column degradation, it is recommended by
SRL to wash the column with 100% organic at least
once per day.

Results and Discussion

The resulting calibration curve for this work is
shown in Figure 2. An excellent correlation coeffi-
cient of R2 > 0.999 is derived with conservative
data fit settings of linear type, ignored origin, and
no weighting. The quantitative accuracies of the
three QCs are 94% (211 ng/mL) 94% (383 ng/mL)
and 98% (1,594 ng/mL). Based on an injection
volume of 10 µL and previously stated dilution in
mobile phase 1:10, the on-column injection amount
corresponding to the analytical range is 250 pg
(250 ng/mL) to 2.5 ng (2,500 ng/mL). No saturation
or nonlinearity is observed.

Fragmentor Collision Dwell time
Compound Transition (V) energy (V) (msec)

EtG – quantifier 221.0 > 85.0 140 12 200

EtG – qualifier 221.0 > 75.0

D5 – EtG 226.0 > 85.0
(IStd) – quantifier

D5 – EtG 226.0 > 75.0
(IStd) – qualifier

Table 1. MRM Transitions Acquired Using the 6410 QQQ Mass Spectrometer

Resolution (FWHM): Q1 = 0.7 amu Q2 = 0.7 amu

Figure 2. Excellent linearity over the 250 to 2,500 ng/mL analytical range. Curve fit settings of linear
type, ignore origin and no weighting used. Based on dilution by internal standard and 10-µL
injection volume, the corresponding on-column injection range is 250 to 2,500 pg.

Excellent linear fit of data,
250–2500 ng/mL
(250–2500 pg on-column)
R2 > 0.999

10 µL injection volume

Quantitative accuracy for
QCs (triangles) > 94 %
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For confirmation, a qualifier peak area ion ratio is
derived for both the EtG analyte and the D5-EtG
internal standard using one of the calibration level
standards. This ratio is then applied to all samples
with an acceptance tolerance of ± 20%. For exam-
ple, since the derived qualifier/quantifier ion ratio
for the EtG analyte is 84%, all qualifier/quantifier
ion ratios must be within ± 20% of 84%, or an area
ratio range of 67 to 101%. This is likewise applied
to the internal standard. All samples quantitated

within the calibration range satisfy this criteria.
See Figure 3.

The integration results are tabulated for all samples
in Table 2. Note that urine samples 1, 4, and 8
(“Sample1,” “Sample2,” and “Sample8”) are consid-
ered negative because their calculated concentra-
tions all fall below the quantitation curve lower limit
of 250 ng/mL. The other seven samples either fall
within the quantitation range of 250 to 2,500 ng/mL

Figure 3. Confirming presence of EtG in sample based on qualifier ion ratio shown here for one of the 250 ng/mL calibration 
standard injections.  Normalized overlay of qualifier and quantifier ions, based on area counts, shown on the right.
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or are very positive and could be diluted and re-ana-
lyzed. Note also that all of the samples that quanti-
tate above 250 ng/mL, including the QC1, satisfy the
qualifier ion ratio of 0.84 ± 20% for both the ana-
lyte EtG and the D5-EtG internal standard.

As previously mentioned, the accuracies of quanti-
tation for the quality control samples are 94% for
both QC1 and QC2 and 98% for QC3.

Finally, the injection of blanks, which contain
internal standards (IStds) only, are included to
demonstrate that there is no significant carryover
in this analysis.

Conclusions

The EtG compound quantitates very well in nega-
tive electrospray ionization mode.  Excellent lin-
earity over the analytical range is demonstrated
with a correlation coefficient of linearity of R2

> 0.999. The data is conservatively fit using a linear
type, no inclusion of the origin, and no weighting.
The QC samples have very good quantitative accu-
racies of at least 94% and seven of the 10 urine
samples are confirmed as positive. All samples
quantitated above the lower limit of 250 ng/mL sat-
isfy the qualifier ion ratio criteria for both the EtG
analyte and the D5-EtG internal standard. This
work represents a good example of the ability of
the QQQ to provide quantitation and confirm the
presence of EtG in urine based on the specificity of
tandem MS/MS.

EtG D5-EtG
Type Level Exp. conc. RT Calc. conc. Accuracy Ratio RT Resp. Ratio

Cal - 250 1 250 2.2 240 96.0 89.7 2.2 4154.7 69

Cal - 250 1 250 2.2 280 111.8 81.0 2.2 3914.7 82

Cal - 1000 2 1000 2.2 972 97.2 81.9 2.2 3325.7 79

Cal - 1000 2 1000 2.2 999 99.9 87.2 2.2 4032.8 83

Cal - 2500 3 2500 2.2 2510 100.4 81.2 2.2 4409.6 83

Blank 2.2 29* 2.2 4509.8 79

QC1 - 211 4 211 2.2 199 94.4 84.2 2.2 4416.0 79

QC2 - 383 5 383 2.2 358 93.5 82.7 2.2 4457.6 80

QC3 - 1594 6 1594 2.2 1559 97.8 90.3 2.2 4223.3 80

Blank Not found 2.2 3983.9 88

Sample1 2.3 183 22.7 2.2 3809.3 77

Sample2 2.2 27865 82.9 2.2 3594.1 105

Sample3 2.2 81139 84.6 2.2 4089.2 82

Sample4 2.2 105 45.6 2.2 3491.7 85

Sample5 2.2 783269 84.7 2.2 1776.3 97

Sample6 2.2 5904 78.2 2.2 3253.2 85

Sample7 2.2 256 86.2 2.2 4876.2 80

Sample8 2.3 142 37.0 2.2 3890.6 88

Sample9 2.2 1428 85.1 2.2 4543.0 84

Sample10 2.2 370 67.5 2.2 2896.0 85

* Approximately 1%  carryover.

Table 2. Integration Results for All Samples
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