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Though use of n-Propanol as an internal standard for GC blood
alcohol analysis is common, it can be difficult to resolve when
analyzing post mortem samples. Further, n-Propanol can also be
formed in the body’s natural decay process. A solution to this is
to use other analytes as an internal standard. However, neither
the Restek® nor the J&W® BAC column pairs were able to suitably
resolve t-Butanol. They were able to resolve 2-Butanol, but this
resulted in double the total analysis time. The Zebron™ ZB-BAC1
& ZB-BAC2 columns were able to fully resolve both t-Butanol and
2-Butanol from other target analytes, while maintaining rapid analy-
sis times of less than 2 minutes.

Introduction

Last year, nearly 35 % of all traffic fatalities were alcohol related?,
reinforcing the need for accurate methods of determining blood
alcohol content (BAC). Gas chromatography has become the
standard analytical testing device for BAC in both confirmatory
testing as well as post mortem investigations.

To improve the accuracy of this test, many labs are moving to-
wards a dual column approach with the use of an internal stan-
dard (Figure 1). The use of n-Propanol as an internal standard is
common, but can be problematic when analyzing post mortem
samples because it can also be formed in the body’s natural de-
cay process?. The objective of this work was to provide a meth-
od for analyzing post mortem samples using a different internal
standard, while still retaining fast analysis with good accuracy
and precision.

The determination of BAC is done to help either confirm the use/
abuse of alcohol or to help identify the contributing factors in the
cause of death for post mortem samples. Many analysis protocols
today are favoring the use of dual column headspace GC methods
to confirm the presence of ethanol in a blood sample. Due to the
potential for other volatile components to be present in a patient’s
sample, either from metabolic processes or by contamination of
common solvents, there are other compounds that are also includ-
ed in analysis, including methanol, acetaldehyde, isopropanol, and
acetone.

To account for systematic error associated with the measurement
of BAC, it is common practice to use an internal standard. The
most commonly referenced internal standard in the literature is n-
Propanol. However, in post mortem samples, bacterial metabolism
can result in the presence of n-Propanol, which could interfere with
quantitation and lead to artificially lower calculated values of etha-
nol concentration.

The purpose of this work was to evaluate two alternative internal
standards for BAC analysis, 2-Butanol and t-Butanol, which could
be used in place of n-Propanol for normal analytical testing as well
as post mortem samples. In order to compare quantitation values,
n-Propanol was also included for reference. Three different sets of
columns were evaluated for this analysis: the Restek Rtx®-BAC1 and
Rtx®-BAC2 columns from Restek®, the J&AW® DB-ALC1and DB-ALC2
columns, and the Phenomenex Zebron ZB-BAC1 and ZB-BAC2
columns.
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Figure 1.
Dual GC column configuration for blood alcohol analysis.

Method

A calibration curve (Figure 3) was prepared with analytes at con-
centrations of 0.025, 0.050, 0.100, 0.200, and 0.400 % in water (to-
tal volume) inside a 20 mL headspace vial. Note that the concentra-
tion of internal standards in each sample was always at 0.100 %.
Analysis of each sample was conducted on an Agilent® 6890
gas chromatograph equipped with an Overbrook Scientific® Inc.
(HT-200) autosampler and two new capillary columns. Column di-
mensions are listed with each chromatogram (Figure 2). The col-
umns were installed such that they would lead from the same injec-
tion port and guard column and split off into two separate flame
ionization detectors. All parameters for the GC method are listed
with the chromatograms. Linearity, LOD, LOQ, and reproducibility
were evaluated for Zebron BAC1 and 2 columns (Tables 1-2).

Results and Discussion

The Restek Ritx-BAC and the J&W DB-ALC columns showed co-
elution between acetone and t-Butanol (Figure 2). This co-elution
with the internal standard would interfere with quantitation by the
column pair, making the analysis inaccurate. Since the analysis was
performed at 40 °C, it was impractical to optimize the GC oven
conditions to achieve separation. If dual column analysis was re-
quired, neither column set would be suitable for use with t-Butanol
as an internal standard.

Both the Restek and the J&W column pairs were able to separate
all target analytes from 2-Butanol. However, the analysis time sig-
nificantly increased due to the late elution of this internal standard.
While this does provide a solution for post mortem samples, it dou-
bles time necessary for analysis on both columns. This increased
analysis time can negatively impact lab productivity if this standard
were used for routine BAC testing in place of n-Propanol.

Next, we evaluated the Zebron ZB-BAC1 and ZB-BAC2, a new set
of columns designed for BAC analysis. The Zebron pair was able
to fully resolve t-Butanol from other target analytes on both col-
umns in under 2 minutes. The use of t-Butanol actually shortened
the total analysis time for the method by approximately 9%. The
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Figure 2A.
Blood Alcohols Using Zebron ZB-BAC Columns

2

Column: Zebron™ ZB-BAC1
Dimensions: 30 meter x 0.53 mm x 3.0 ym
Part No.: 7HK-G021-36

App ID 17982

Column: Zebron™ ZB-BAC2
Dimensions: 30 meter x 0.53 mm x 2.0 ym
Part No.: 7HK-G022-32

w
pp ID 17983

.

Injection: Split 0.8:1 @ 150 °C, 1 mL
Carrier Gas: Helium @ 80 cm/sec
(constant flow)
Oven Program: 40 °C Isothermal
Detector: FID @ 250 °C

Sample:

o
3
5

Analytes 0.025 % and internal standards 0.100 % in water

1. Methanol 5. Acetone
2. Acetaldehyde 6. t-Butanol (IS)
3. Ethanol 7. n-Propanal (IS)

4. Isopropanol 8. 2-Butanol (IS)

* Note additional separation of target analyte ethanol from neighboring peaks

Figure 2B.
Blood Alcohols Using Restek Rtx-BAC Columns

Co-elution of t-Butanol Internal Standard

Column: Restek® Rtx-BAC1
Dimensions: 30 meter x 0.53 mm x 3.0 ym

8

App ID 18875

0 0.5 1 1.5 2 25 3 3.5 4 min

Injection: Split 5:1 @ 150 °C, 1 mL
Carrier Gas: Helium @ 80 cm/sec
(constant flow)
Oven Program: 40 °C Isothermal
Detector: FID @ 220 °C

Column: Restek Rtx®-BAC2
Dimension: 30 meter x 0.53 mm x 2.0 ym

App ID 18876

Sample:

Analytes and internal standards 0.100 % in water

1. Methanol 5. Acetone
2. Acetaldehyde 6. t-Butanol (IS)
3. Ethanol 7. n-Propanal (IS)

4. Isopropanol 8. 2-Butanol (IS)

Figure 2C.
Blood Alcohols Using Agilent J&W DB-ALC Columns

Co-elution of t-Butanol Internal Standard

Column: J&W® DB-ALC1
Dimensions: 30 meter x 0.53 mm x 3.0 ym

8

App ID 18873

0 0.5 1 1.5 2 25 3 3.5 4 min

Injection: Split 5:1 @ 150 °C, 1 mL
Carrier Gas: Helium @ 80 cm/sec
(constant flow)
Oven Program: 40 °C Isothermal
Detector: FID @ 220 °C

Column: J&W®DB-ALC2
Dimension: 30 meter x 0.53 mm x 2.0 ym

8

o

App ID 18874

Sample:

Analytes and internal standards 0.100 % in water

1. Methanol 5. Acetone
2. Acetaldehyde 6. t-Butanol (IS)
3. Ethanol 7. n-Propanol (IS)

4. Isopropanol 8. 2-Butanol (IS)

For additional technical notes, visit www.phenomenex.com
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internal standard 2-Butanol was also separated on both columns
with a run time under five minutes. Labs would have the option to
use either internal standard, for routine testing and maintain fast
analysis times.

A further benefit of the Zebron™ column pair was the increased
resolution and high reproducibility of ethanol from other close
eluting components improving analytical precision. Using Zebron
columns, the calibration curve for all compounds was found to be
linear with correlation coefficients (R?) within a range of 0.9980 -
0.9998 (Figure 3). The agreement in quantitative results between
each of the three possible internal standards was very good,
indicating that either t-Butanol or 2-Butanol would be suitable
alternatives to n-Propanol for method quantitation. Method LOD
and LOQ were determined to be less than 0.0003 % and 0.001 %
respectively for all compounds (Table 1). These levels are
significantly below the required detection limits of the method
indicating that sensitivity requirements can easily be met.

Conclusion

The use of n-Propanol as an internal standard can be problematic
when analyzing blood alcohol content in post mortem samples
via GC. To help improve method accuracy and eliminate issues
associated with n-Propanol, we performed dual column GC
analyses utilizing two alternative internal standards (t-Butanol
and 2-Butanol) on three different BAC GC column pairs. Our
findings revealed that the Phenomenex Zebron ZB-BAC1 and -2
columns are the optimal solution for fast blood alcohol analysis
of post mortem samples.

Neither the Restek® nor the Agilent® J&W® BAC column pairs
suitably resolved t-Butanol from other target analytes. Both
column pairs were able to fully resolve 2-Butanol. However,
complete resolution of 2-Butanol required the method analysis
time for both columns to double.

In contrast, the Phenomenex Zebron ZB-BAC1 & and ZB-BAC2
columns were able to fully resolve both t-Butanol and 2-Butanol
from other target analytes, while maintaining rapid analysis times.
Quantitative analysis on the Zebron BAC pair showed equivalent
performance between all three internal standards (n-Propanol,
t-Butanol, and 2-Butanol). The LOD & and LOQ for this column
set were far below the control limits required by current testing
regulations.

Table 1.

Estimated Limits of Detection (LOD) and Quantitation (LOQ) on Zebron
ZB-BAC1 and ZB-BAC2 phases. The LODs and LOQs are also displayed
in units of ppm in addition to % blood alcohol content.

Compound Zebron ZB-BAC1 Zebron ZB-BAC2
LOD LoQ LOD LOQ
Methanol 0.0003 % 0.001% 0.0003 % 0.001%
(2.9 ppm) (9.7 ppm) (3.0 ppm) (10.1 ppm)
Acetaldehyde 0.00002 % 0.00008 % 0.00002 % 0.00006 %
(0.2 ppm) (0.8 ppm) (0.2 ppm) (0.6 ppm)
Ethanol 0.0003 % 0.0009 % 0.0002 % 0.0007 %
(2.6 ppm) (8.8 ppm) (2.2 ppm) (7.4 ppm)
Isopropanol 0.0002 % 0.0006 % 0.0001% 0.0005%
(1.8 ppm) (5.8 ppm) (1.4 ppm) (4.6 ppm)
Acetone 0.00008 % 0.0003 % 0.00005 % 0.0002 %
(0.8 ppm) (2.6 ppm) (0.5 ppm) (1.7 ppm)

For additional technical notes, visit www.phenomenex.com

Figure 3.

Calibration curves on (A) Zebron ZB-BAC1 and (B) Zebron ZB-BAC2 phases.
Each analyte is designated by the following: Methanol (—‘—), Ethanol

(-A-), Isopropanol (-O-), Acetone (-* -), and Acetaldehyde (-Bl-). Insets
show a magnified view to decipher the methanol and ethanol calibration
curves.
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Table 2.

High reproducibility of Zebron ZB-BAC1 and ZB-BAC?2 for blood alcohols.
Relative RSD values for replicate injections (n=5) were taken at the lowest
concentration in the calibration curve of 0.025 %.

Zebron ZB-BAC1
Peak Peak Area%  Peak Area% Peak Area %

Area% RSD  RSD (Relative  RSD (Relative  RSD (Relative
(Absolute) to t-Butanol)  to n-Propanol) to 2-Butanol)

Methanol 3.1 2.8 2.7 2.6
Acetaldehyde 2.1 1.6 1.5 1.4
Ethanol 3.4 2.8 2.7 2.6
Isopropanol 3.2 2.6 25 24
Acetone 22 1.6 1.5 1.4

Zebron ZB-BAC2

Methanol 2.1 1.6 1.4 1.3
Acetaldehyde 3.1 2.7 25 2.4
Ethanol 3.2 2.7 2.5 2.4
Isopropanol 2.2 1.6 14 1.3
Acetone 3.2 2.7 25 2.4
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Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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Ordering Information
Zebron ZB-BAC1 GC Columns

ID(mm) df(um) Temp. Limits °C Part No.
30-Meter

0.32 1.80 -20 to 260/280 °C 7HM-G021-31
0.53 3.00 -20 to 260/280 °C 7HK-G021-36
Zebron ZB-BAC2 GC Columns

ID(mm) df(pm) Temp. Limits °C Part No.
30-Meter

0.32 1.20 -20 to 260/280 °C 7HM-G022-25
0.53 2.00 -20 to 260/280 °C THK-G022-32

If Zebron GC Columns do not provide you with equivalent sepa-
rations as compared to any other GC column of the same phase
and dimensions, return the column with comparative data within
45 days for a FULL REFUND.

Terms and Conditions
Subject to Phenomenex Standard Terms & Conditions, which may be viewed at
www.phenomenex.com/TermsAndConditions

Trademarks

Zebron is a trademark of Phenomenex, Inc. J&W and Agilent are registered trademarks
of Agilent Technologies, Inc. Overbrook Scientific is a registered trademark of Overbrook
Scientific Inc. Restek and Rtx are registered trademarks of Restek Corporation.

Disclaimer
Comparative separations may not be representative of all applications.
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