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Abstract 
 

For centuries ethyl alcohol has been ubiquitous amongst cultures. The various 
properties of alcoholic beverages have contributed to their longstanding existence, many of 
which stem from its psychoactive properties. The quantity of alcohol in a particular 
beverage becomes important in production, distribution and consumption of an alcoholic 
product. For these reasons, many different methods of measuring alcohol content have 
arisen. A novel procedure for alcohol quantitation is polar capillary gas chromatography-
mass spectroscopy (GC-MS). It effectively and efficiently determines alcohol concentrations 
with little preparation in a wide variety of matrices. This experiment explores and 
evaluates the effectiveness of using polar capillary GC-MS in determining alcohol content in 
a selection of alcoholic beverage samples. 
 
Introduction 
 
 Alcohol is a highly prevalent substance that has multiple forms and trends across 
cultures.1,2 Alcoholic beverages vary considerably in ethyl alcohol content and their 
primary ingredients. The establishment of the analyte in social interactions caused 
regulations of alcohol concentration in beverages due to palatability and health factors.  
With the determination of alcohol content in various beverages, both fermented and 
distilled, the potency of the beverage can be established.  

As a psychoactive drug, alcohol has a depressant effect on consumers.3,4 It acts as a 
central nervous system depressant that produces, at progressively higher doses, impaired 
sensory and motor function, nausea, delayed cognitive abilities, decreased blood flow to the 
brain, unconsciousness and possible death.4,5  In the United States, the standard drink 
contains 18 ml of alcohol. This is approximately the amount of alcohol in a 12 fluid ounce 
glass of beer, a 5 fluid ounce glass of wine, or a 1.5 fluid ounce glass of a 40% ABV (80 
proof) spirit.6 The amount of ethanol present in the body is typically quantified by blood 
alcohol content (BAC).  In the United States the upper limit of BAC varies between 0.05 and 
0.08 percent weight of ethanol per unit volume of blood.  Due to health and safety risks in 
over-consumption, many regulations have been initiated to control the availability and 
enforce an acceptable level of alcohol consumption. To further decrease health 
complications with alcohol consumption, it is important for manufacturers to accurately 
quantify the amount of ethanol present in their products. 

The importance of alcohol determination in beverage established, there are 
numerous analytical methods for determination of alcohol content already available. These 
techniques vary greatly in their preparation, accuracy/precision, use, cost, environmental 
friendliness and overall practicality. Mei-Ling Wang and his research team list fifteen 
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separate methods of alcohol determination, including boiling point depression of the 
ethanol solution relative to water, densimetric analysis, refractive index, oxidation of 
distillate, dichromate oxidation spectrophotometry, enzymatic, biosensor, potentiometry, 
gas chromatography, capillary electrophoresis, high performance liquid chromatography, 
modular Raman spectrometry, near-infrared spectroscopy, beer analyzer and flow 
injection analysis.7 The obscure methods run into difficulty with conditions such as cost, 
stability, matrix specificity, reliability, efficiency and simplicity. Even the most common 
methods, pycnometry and densimetric analysis, are limited by their requirement for large 
sample sizes and variability among matrices.7 

Wang established a novel approach to determine alcohol content in various 
matrices. Avoiding the aforementioned variables was done by using an acetonitrile internal 
standard and capillary gas chromatography-flame ionization detection (GC-FID).7,8 Similar 
techniques were utilized to determine the quantity of methanol and ethanol 
simultaneously using the GC-FID.8 With the success of these methods using the FID, 
capillary gas chromatography-mass spectroscopy (GC-MS) seemed an ideal approach. 
Although the MS detector is more expensive, the GC-MS combines all the positive aspects of 
this methodology and promises very accurate results using a variety of source matrices and 
a simplified procedure. 
  
Experimental 
 
 Methods were adapted from Wang, Choong, Su and Lee’s determination of ethanol 
experiment using capillary gas chromatography and an FID detector.7 

 
Trial I 
  
Relative response factor determination 
 
 Standard solutions of 1% v/v ethyl alcohol (Aaper Alcohol and Chemical Co.) and 
acetonitrile (Fisher Chemicals) internal standards were prepared. The relative response 
factor (RRF) between ethyl alcohol (EtOH) and acetonitrile (ACN) was determined by 
mixing the standard solutions in EtOH:ACN ratios of 15:1, 10:1, 5:1, 2:1, 1:1, 1:2, 1:5, 1:10, 
and 1:15. Samples were directly injected into the GC-MS using a 0.2 µL splitless injection 
set at 250˚ C. A line of best fit was determined by plotting the ratios of the peak area-under-
curve (AUC) ratios for EtOH to ACN in each sample (y-axis) against the standard 
concentration ratios of EtOH to ACN (x-axis). The RRF is the slope of this line of best fit. 
 
Sample preparation and analysis 
 
 Beverage samples, obtained from Eagle’s Landing Golf Course, varied between 4.2% 
and 40% ABV.  Samples were diluted 1:10 with the 1% ACN standard solution in a capped 
2-mL GC-MS vial. Each sample was directly injected into the GC-MS. 
 Ethanol concentrations were determined using Equation 1: 
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% Ethanol 
v
v =

(Peak AUC ratio EtOH: ACN)

�EtOH: ACN v
v

dilution� ∗ RRF
∗ 100%            (𝟏) 

 
Trial 2 
 
Relative response factor determination 
 
 Standard solutions of 5% v/v EtOH and ACN internal standard were prepared. The 
RRF between EtOH and ACN was determined by mixing the standard solutions in 
EtOH:ACN ratios of 20:1, 15:1, 10:1, 5:1, 2:1, 1:1, 1:2, 1:5, 1:10, 1:15 and 1:20. A line of best 
fit was determined by plotting the ratios of the peak area-under-curve (AUC) ratios for 
EtOH to ACN in each sample (y-axis) against the standard concentration ratios of EtOH to 
ACN (x-axis). The RRF is the slope of this line of best fit. 
 
Sample preparation and analysis 
 
 High concentration alcohol samples (>5% ABV) were diluted to ~5% ABV using 
ultrapure dddH2O.  These samples were then mixed 1:1 with 5% ACN and injected directly 
into the GC-MS. Ethanol concentrations were determined using Equation 1. 
 
GC-MS Conditions 
 
 Experimentation was done using a gas chromatograph (Agilent 6890 Series GC 
System) and an MS detector (Agilent 5973 Network Mass Selective Detector), and a polar 
FactorFour capillary column (VF-WAXms, Part # CP9211, 30 m x 0.32 mm). Peak 
integration was done using Agilent’s ChemStation Integrator.  
 Helium was used as the carrier gas with the pressure set at 7.35 psi, average velocity 
at 36 cm/sec and flow rate was set at 1 mL/min. Oven temperature was initially set at 45˚ C 
for 2 minutes and the ramp was set to increase to 90˚ C over one minute. The column was 
held at 90˚ C for 2 minutes and then increased to a final temperature of 245˚ C at a rate of 
45˚ C per minute. Injection volume was set at 0.2 µL using a splitless injection. 
  Parameters for the mass-spectrometer (MS) were set to perform a complete 
scan of ions between 20 and 400 amu. The detector had a 1.45 min solvent delay and was 
shut off at 4.50 min. 
 
Results and discussion 
 
Trial 1 
 
 The RRF was determined as 0.751 with an R2 = 0.9958.  The reproducibility of the 
data shown demonstrates the EtOH:ACN ratio over a wide range of concentrations. The 
graph of this data is found in Fig. 1 below. 
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Figure 1. RRF determination using 1% EtOH and 1% ACN standard solutions using polar 

capillary GC-MS 

With a distinct, accurate linear trend, the RRF was used for analysis of several 
beverage samples. By Wong’s methods, a 1:10 dilution of EtOH:ACN was reasoned most 
appropriate and used for the first five samples. The results for the first set of beverage 
samples, all of which were diluted 1:10 with 1% ACN, are found in Table 1 below with their 
respective error ranges. Equation 1 was used to determine experimental alcohol 
percentages and ‘% Response’ is the deviation of this data from the manufacturers’. 
 
Table 1. Polar capillary GC-MS results for beverage samples diluted 1:10 in 1% ACN standard solution 

Beverage n Alcohol % (v/v)±StdDev % RSD Expected Alcohol %* % Response 
Washington Hills 

Riesling 4 13.6± 0.20 1.51 10 136 

Woodchuck Hard Cider 4 7.3 ±0.35 4.79 5 146 
Jack Daniel's Whiskey 4 37 ±1.2 3.23 40 91.4 
Absolut Peach Vodka 4 36 ±2.0 5.47 40 90.3 

Patron Tequila 5 34 ±1.1 3.08 40 85.7 
Washington Hills 

Riesling 4 13.6± 0.20 1.51 10 136 

*Value given by manufacturer 

Table 1 indicates the dilution factors and the respective RRF values did not 
accurately reflect any of the manufacturers’ alcohol concentrations. However, the samples 
did show some promising precision with all but one of the % RSDs falling below 5%.  
 
 
Trial 2 

 
Due to the lack of reliability in these samples, a 5% EtOH:5% ACN standard curve 

was prepared and analyzed in an attempt to increase accuracy. The results for these 
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standards are summarized in Figures 2 and 3 below. Figure 2 represents the fractional 
response of alcohol and acetonitrile for each respective dilution. 

 

  
Figure 2.  Experimental fractions of standard 5% alcohol and 5% ACN solutions using polar 

capillary GC-MS 
 
The ratio of alcohol to the acetonitrile for each dilution was determined from the 

AUC of each species. These experimental ratios were plotted (y-axis) versus their standard 
concentration ratios (x-axis) in Figure 3, resulting in an RRF of 0.838 with an R2 of 0.9945. 

 

 
Figure 3. RRF determination using 5% EtOH and 5% ACN standard solutions using 

polar capillary GC-MS 

 The slope and linear correlation of the standard solutions were again promising. 
Beverage samples, prepared by dilution with dddH2O to approximately 5% EtOH followed 
by a 1:1 dilution with 5% ACN standard solution, were directly injected to the GC-MS. The 
results and error ranges are found in Table 2. Equation 1 was used to determine 
experimental alcohol percentages. 
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Table 2.  Polar capillary GC-MS results for beverage samples diluted 1:1 in 5% ACN standard solution. 

Beverage n Alcohol % (v/v)  ±StdDev % RSD Expected Alcohol %* % Response 
Woodchuck Hard Cider 3 5.2±0.16 3.09 5 103 
Jack Daniel’s Whiskey 3 41 ±1.9 4.56 40 102 

Midori 3 18.6 ±0.99 5.32 20 93.2 
Luccio Pinot Grigio 3 12.15 ±0.095 0.785 12 101 

Main Street 
Chardonnay 3 13.4 ±0.66 4.92 13.5 99.5 

Coors Light 3 4.2 ±0.26 6.27 4.2 99.5 
*Value given by manufacturer  

 The beverage results show that with an appropriate dilution and several sample 
runs, both accurate and precise measurements may be made. Variation from manufacturer 
data was consistently below 5% in a variety of samples, including beers, wines and hard 
liquors. Even with a limited number of runs for each sample, the precision for each sample 
was reasonable, as low as 0.785% RSD in the Luccio Pinot Grigio.  These results indicate 
that polar capillary GC-MS is an efficient, reliable manner for alcohol determination in a 
variety of liquors. 

Figure 4 illustrates the clarity of polar capillary GC-MS results using dark liquor. The 
chromatogram is consistent with various non-distilled and distilled spirits used. 

 
  

 
Figure 2.   Chromatogram of Jack Daniel’s Whiskey demonstrating the lack of experimental noise and 

consistent baseline using the polar capillary GC-MS. EtOH and ACN peaks are at 2.99 and 3.66 
minutes, respectively. 

 
When selecting a GC column the polar VF-WAXms CP9211 was deemed most 

appropriate. The ability to effectively manipulate GC conditions combined with the traits of 
the polar column result in easily read chromatograms like the one found in Figure 4 on the 
previous page.  The column offered a separation in peaks that was not difficult to 
distinguish. 
 
Conclusions 
  

GC conditions, similar to Wang’s methods, led to an efficient sampling process that is 
capable of running a multitude of sample types with minimal preparation while still 
resulting in precise measurements. Samples could be run in just 15 minute intervals. 
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Additionally, with the aid of an autosampler, a variety of samples could be run without 
constant observation.  

Although difficulty was experienced using a 1% ACN standard, the 5% ACN standard 
coupled with a dilution of the alcoholic beverages resulted in much greater accuracy, but a 
slightly larger relative standard deviation. Although dilution requires an extra step, the 
sample preparation time was still minimal. Additionally, the reliability of sample analysis 
was consistent over several sample types, indicating the method’s practicality in large scale 
sampling determinations. 
 Results indicate that polar capillary GC-MS is an appropriate, effective technique for 
the determination of alcohol in beverages. As a novel method for analyzing alcohol in 
beverages, the continued experimentation using a larger number of samples and a 
streamlined procedure beyond this limited project would aid in the practicality of this 
methodology on a larger scale. 
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