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Overview

• Three new methods for EtS/EtG Analysis
• 2 new HPLC/UHPLC stationary phases
• Method development tips

Introduction

There is rarely a “silver bullet” in method development. A method
that works great for one lab, may not work for another lab for a variety of reasons. Difference in systems, samples, and the nature
of mass spectrometry can negatively affect transferring a method.
In this technical note, we offer three options for the analysis of
ethyl glucuronide (EtG) and ethyl sulfate (EtS) from urine to help
alleviate typical concerns seen with method transfer.
EtS and EtG are direct metabolites of alcohol (ethanol). Both metabolites can be detected up to 3 days after alcohol consumption.1 Additionally, these analytes are non-volatile and therefore
more stable in stored specimens than alcohol.
While the long detection window and sample stability in urine offer strong benefits over blood alcohol level testing, the two compounds themselves pose several challenges. First, both compounds are very polar and therefore don’t retain well on common
reversed phase LC stationary phases. Secondly, sensitivity is
generally low under negative ionization mode (ESI-) due to urinary
matrix interferences (isobaric or not) that suppress analyte signal.
Ideally, a forensic toxicologist would want a method that retains
these polar compounds, gives excellent efficiency, sensitivity and
peak shape, and separates common urine interferences. Here
we offer three novel methods on two stationary phases—Luna®
Omega 5 µm Polar C18 and Luna Omega 5 µm PS C18—that
give increased retention, efficiency, and peak shape. While both
of these novel stationary phases can provide stability in 100 %
aqueous mobile phases and enhanced retention for highly polar
molecules such as EtG and EtS that do not typically retain well
on conventional C18 phases, the primary distinction between the
two phases is that the Luna Omega 5 µm PS C18 phase contains
a positively-charged surface group that can interact via polar and
ionic mechanisms with polar acids like EtS and result in dramatic
shifts in selectivity and retention.

Materials and Methods

Analytical reference standards and human urine were purchased from Cerilliant Corporation (Round Rock, TX, USA) and
BioreclamationIVT (Chestertown, MD, USA). All other chemicals were obtained from the Sigma-Aldrich Company (St. Louis,
MO).

the samples were run (either water with 0.1 % formic acid or 5
mM ammonium formate pH 3.3). It is critical to match the diluent
with the buffer that is used for the LC method in order to optimize
chromatographic behavior.

Luna Omega 5 µm Polar C18 Method Development

For the analyses performed using the Luna Omega 5 µm Polar
C18 column, we identified two mobile phase options. The first
method consisted of a classical LC/MS mobile phase of water
with 0.1 % formic acid and methanol with 0.1 % formic acid. Representative XIC for the spiked urine sample are shown in Figure 1.
For the second mobile phase option, we used 5 mM ammonium
formate (adjusted to pH 3.3 using formic acid) as the aqueous
component and 0.1 % formic acid in acetonitrile as the organic solvent. Representative XIC for the spiked urine sample are
shown in Figure 2.

LC/MS/MS Conditions #1
Column:
Dimensions:
Part No.:
SecurityGuard™ Cartridge:
Mobile Phase:
Gradient:

Flow Rate:
Injection Volume:
Temperature:
Detector:

Analyte

Sample Preparation

Urine was spiked with EtG and EtS to a final concentration of
500 ng/mL. The spiked urine was then diluted 10-fold using the
same aqueous buffer that was used for the LC method on which
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Retention time (min)

EtS

1.36

EtG

2.05

LC/MS/MS Conditions #2
Column:
Dimensions:
Part No.:
SecurityGuard™ Cartridge:
Mobile Phase:

Experimental Conditions

All LC/MS/MS analyses were performed using Luna Omega 5 µm
Polar C18 and Luna Omega 5 µm PS C18 columns on an Agilent®
1200 LC system (Agilent Technologies, Palo Alto, CA, USA) and
SCIEX API 4000 (SCIEX, Framingham, MA, USA).

Luna Omega 5 µm Polar C18
50 x 4.6 mm
00B-4754-E0
AJ0-7601
A: 0.1% Formic acid in Water
B: 0.1% Formic acid in Methanol
Time (min) B (%)
0
0
3
90
3.1
0
0.7 mL/min
5 µL
25°C
SCIEX API 4000™ MS/MS

Gradient:

Flow Rate:
Injection Volume:
Temperature:
Detector:

Luna Omega 5 µm Polar C18
50 x 4.6 mm
00B-4754-E0
AJ0-7601
A: 5 mM Ammonium formate (pH 3.3)
B: 0.1% Formic acid in Acetonitrile
Time (min) B (%)
0
5
3
90
3.1
5
0.7 mL/min
5 µL
25°C
SCIEX API 4000 MS/MS

Analyte

Retention time (min)

EtS

1.21

EtG

1.86
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Figure 1. XIC for EtS and EtG Using LC/MS/MS Conditions #1
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Figure 2. XIC for EtS and EtG Using LC/MS/MS Conditions #2
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Using the Luna® Omega 5 µm Polar C18, both mobile phase options yield similar retention behavior for the EtG and EtS peaks.
In addition, in both cases, the EtS peak is well-resolved from the
large isobaric urinary interference that elutes early in the run. The
principle difference between the two methods is that, in our hands,
the method using 5 mM ammonium formate pH 3.3 appears to result in fewer potential interferences in the EtG transitions (Figure
2). Customer should evaluate both options and determine which
works best in the context of their sample preparation procedures,
samples, and instrumentation.

Luna Omega 5 µm PS C18 Method Development

Using the second LC column option, Luna Omega 5 µm PS
C18, which contains the positively charged functional groups on
the surface of the silica, we found that the ideal selectivity was
achieved when using the 5 mM ammonium formate buffer system.
Representative XIC are shown in Figure 3.

LC/MS/MS Conditions
Column:
Dimensions:
Part No.:
SecurityGuard™ Cartridge:
Mobile Phase:
Gradient:

Flow Rate:
Injection Volume:
Temperature:
Detector:

Analyte

Luna Omega 5 µm PS C18
50 x 4.6 mm
00B-4753-E0
AJ0-7606
A: 5 mM Ammonium formate (pH 3.3)
B: 0.1 % Formic acid in Acetonitrile
Time (min) B (%)
0
0
3
90
3.1
0
0.7 mL/min
5 µL
25°C
SCIEX API 4000™ MS/MS

Retention time (min)

EtS

1.95

EtG

1.88

PS C18 Results and Discussion

While EtG elutes at approximately the same time as the previously
described methods, EtS retention is dramatically increased using the Omega PS C18 column—and actually eluted at about the
same time or slightly later than the EtG peak. This dramatic shift
in retention moves the EtS analyte further from the large urinary
isobaric interference. It should be noted that, as a method development tip, adjusting the pH of the mobile phase can be used
to modify the retention of that EtS peak. Increasing the mobile
phase pH will result in further increasing the retention of the EtS,
while decreasing the mobile phase pH will reduce the retention
of the EtS peak. This can be a valuable tool in fine-tuning your
method.
This enhanced retention of EtS is due to polar and ionic interactions with the unique positive surface charge of the Luna Omega PS C18 phase chemistry. This unique mixed-mode retention
mechanism can be sensitive to pH fluctuations caused by the
plug of urine injected onto the column, so it was necessary to use
the ammonium formate buffer as the aqueous component of the
mobile phase because of its improved buffering capacity (as compared to simple water/formic acid). If we ran the same separation
using just water with 0.1 % formic acid as the aqueous buffer, we
found that the retention of EtS was greatly increased, but it was
subject to peak distortion and not suitable for accurate quantitation at injection volumes greater than ~5 µL.

Conclusion

In this technical note, we offer three possible solutions for the
separation of EtS and EtG in urine. Evaluating different methods
on different columns is the best way to identify the solution that
works best for your lab. In our method development, on our systems, we have determined that using Luna Omega PS C18 with
an ammonium formate buffer provided the best retention of EtS
and the least amount of interference, but your results may vary
depending upon the specifics of your laboratory. However, we
are confident that one of these solutions, if not all, will work well
for you.

Figure 3. XIC of EtS and EtG from Urine using Luna Omega 5 µm PS C18
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Luna Omega Ordering Information
5 μm Minibore, MidBore™, and Analytical Columns (mm)		
Phases
50 x 2.1
100 x 2.1
50 x 3.0
Polar C18 00B-4754-AN
00D-4754-AN
00B-4754-Y0
PS C18
00B-4753-AN
00D-4753-AN
00B-4753-Y0

100 x 3.0
00D-4754-Y0
00D-4753-Y0

* SecurityGuard Analytical Cartridges require holder, Part No.: KJ0-4282

1.6 μm Minibore Columns (mm)
Phases
50 x 2.1
100 x 2.1
Polar C18
00B-4748-AN
00D-4748-AN
PS C18
00B-4752-AN
00D-4752-AN

100 x 4.6
00D-4754-E0
00D-4753-E0
for ID:

SecurityGuard™ Cartridge
4 x 2.0*/10pk
4 x 3.0*/10pk
AJ0-7600
AJ0-7601
AJ0-7605
AJ0-7606
2.0 - 3.0 mm
3.2 - 8.0 mm

SecurityGuard™
ULTRA Cartridges‡
3/pk
AJ0-9505
AJ0-9508
for 2.1 mm ID

SecurityGuard ULTRA Cartridges require holder, Part No.: AJ0-9000

Australia

t: +61 (0)2-9428-6444
f: +61 (0)2-9428-6445

Luxembourg

t: +31 (0)30-2418700
f: +31 (0)30-2383749

nlinfo@phenomenex.com

auinfo@phenomenex.com

Austria

t: +43 (0)1-319-1301
f: +43 (0)1-319-1300

Mexico

t: 01-800-844-5226
f: 001-310-328-7768

anfrage@phenomenex.com
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f:
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t:
f:

t:
f:

t:
f:

tecnicomx@phenomenex.com

The Netherlands
Belgium
+32 (0)2 503 4015 (French) t: +31 (0)30-2418700
+32 (0)2 511 8666(Dutch) f: +31 (0)30-2383749
+31 (0)30-2383749
nlinfo@phenomenex.com
beinfo@phenomenex.com
New Zealand
Canada
t: +64 (0)9-4780951
+1 (800) 543-3681
f: +64 (0)9-4780952
+1 (310) 328-7768
nzinfo@phenomenex.com
info@phenomenex.com
Norway
China
t: +47 810 02 005
+86 (0)20 2282-6668
f: +45 4810 6265
+86 (0)20 2809-8130
nordicinfo@phenomenex.com
chinainfo@phenomenex.com
Puerto Rico
Denmark
t: +1 (800) 541-HPLC
+45 4824 8048
f: +1 (310) 328-7768
+45 4810 6265
info@phenomenex.com
nordicinfo@phenomenex.com
Spain
Finland
t: +34 91-413-8613
+358 (0)9 4789 0063
f: +34 91-413-2290
+45 4810 6265
espinfo@phenomenex.com
nordicinfo@phenomenex.com
Sweden
France
t: +46 (0)8 611 6950
+33 (0)1 30 09 21 10
f: +45 4810 6265
+33 (0)1 30 09 21 11
nordicinfo@phenomenex.com
franceinfo@phenomenex.com
United Kingdom
Germany
t: +44 (0)1625-501367
+49 (0)6021-58830-0
f: +44 (0)1625-501796
+49 (0)6021-58830-11
ukinfo@phenomenex.com
anfrage@phenomenex.com
USA
India
t: +1 (310) 212-0555
+91 (0)40-3012 2400
f: +1 (310) 328-7768
+91 (0)40-3012 2411
info@phenomenex.com
indiainfo@phenomenex.com
All other countries
Ireland
Corporate Office USA
+353 (0)1 247 5405
t: +1 (310) 212-0555
+44 1625-501796
f: +1 (310) 328-7768
eireinfo@phenomenex.com
info@phenomenex.com

Italy
t: +39 051 6327511
f: +39 051 6327555
italiainfo@phenomenex.com

If Luna analytical columns do not provide at least an equivalent separation as compared to a competing column of the same particle size,
similar phase and dimensions, return the column with comparative data
within 45 days for a FULL REFUND.
Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions which may be viewed at
www.phenomenex.com/TermsAndConditions.
Trademarks
Luna is a registered trademark, MidBore and SecurityGuard are trademarks of Phenomenex.
Agilent is a registered trademark of Agilent Technologies, Inc. API 4000 is a trademark of AB
SCIEX Pte. Ltd. AB SCIEX™ is being used under license.
Disclaimer
For RESEARCH USE ONLY. Not for use in diagnostic procedures.
SecurityGuard is patented by Phnomenex. U.S. Patent No. 6,162,362

www.phenomenex.com
Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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