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US CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS

CBPL Method 22-11

Quantitative Determination of Alcohol

by Capillary Gas Chromatography
SAFETY STATEMENT

This CBPL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.
METHOD UNCERTAINTY

The uncertainty of measurement for this method is specific to each laboratory.

0.

SCOPE AND FIELD OF 




APPLICATION
This method is used to quantitatively determine the ethanol content in aqueous solutions and is applicable to Chapter 22 of the Harmonized Tariff Schedule of the United States (HTSUS).  The alcoholic strength of ethanol by volume is determined at 20 (C as specified in Headnote 2 of Chapter 22 of the HTSUS.

1.

APPARATUS AND REAGENTS
1.1

Column:  Fused silica capillary in polyethylene glycol (30 m in length, 0.25 mm in diameter, and 0.25-micron film) or an equivalent column.

1.2

Gas chromatograph with a split injector and a flame ionization detector (FID).

1.3

Oven parameters:



Initial temperature:  50 (C.



Initial time:  5 minutes.



Temperature gradient:  20 (C/min.



Final temperature:  200 (C.



Final time:  0 minute.



Injector temperature:  220 (C.



Detector temperature:  250 (C.
Note: These parameters may be modified according to the type of column and sample.

1.4

Carrier gas: helium; detector gases: hydrogen and air.  Adjust the carrier gas and the temperature so that 1-propanol (the internal standard) elutes in 4 to 5 minutes.

1.5

100.0-mL volumetric flasks.

1.6

Glass pipettes.

1.7

Absolute ethanol (not containing any denature alcohol), ACS, USP grade.

1.8

1-propanol.

1.9

Deionized water.

2.

PROCEDURE

2.1

Preparation of standards.

2.1.1
Internal standard solution: transfer 6.0 mL of 1-propanol into a 100.0-mL flask and dilute with water to volume.

2.1.2
Standard stock solution: Transfer 5.0 mL of absolute ethanol (previously equilibrated at 20 (C) to a 100.0-mL volumetric flask and dilute with water (equilibrated at 20 (C if needed) to volume (ethanol = 5% v/v).  Equilibrate the solution at room temperature.

2.1.3
Standard test solution: Transfer 10.0 mL of stock solution (prepared in 2.1.2) and 10.0 mL of the internal standard (prepared in 2.1.1) into a 100.0-mL flask and dilute with water to volume (ethanol = 0.5% v/v). 

2.2

Preparation of sample solution.  The content of ethanol in an unknown sample needs to be estimated, either by reading the sample's label or by previous experience.  Otherwise, the sample needs to be preliminarily injected into GC for estimating the ethanol content semi-quantitatively.

2.2.1
If the sample contains more than 20% of alcohol, transfer 10.0 mL sample and dilute with water to a 100.0-mL volumetric flask.  Set DF = 10.  Proceed to step 2.2.2.  If the sample contains less than 20% or close to 20% of alcohol, set DF = 1 and go directly to step 2.2.2.

2.2.2
Transfer a volume (Vsp) of the unknown sample or the diluted unknown sample (prepared in 2.2.1) and 10.0 mL of the internal standard (prepared in 2.1.1) into a 100.0-mL flask and dilute with water to volume.  The volume (Vsp) is so selected that the final test solution contains about 0.5% ethanol (v/v).

2.2.3
Make duplicate injections of all of the solutions (standard prepared in 2.1.3) and unknown prepared in 2.2.2).  The injection size may vary from 0.1 to 0.5 μL, depending on the internal volume of the injector liner.

3.

EXPRESSION OF RESULTS

3.1

Calculate the percentage of ethanol (v/v) in the original unknown sample as follows:
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Where:


E = ethanol content (v/v at 20(C).


Ae(sp) = ethanol area of sample.


Ai(sp) = internal standard area of sample.


Ae(st) = ethanol area of standard.


Ai(st) = internal standard area of standard.


DF = dilution factor in step 2.2.1.


Vsp = volume of the unknown sample or the 
diluted unknown sample used in step 
2.2.2.

3.2

If the alcohol content by weight is needed, do the following conversion:
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Where:


Ew = ethanol content (w/w).


Dst = density of standard (alcohol at 20 (C).


Dsp = density of sample at 20 (C.
4.

COMPLEMENTARY

If needed, a multi-point calibration curve could be constructed using the following steps:

4.1

Transfer 5.0, 10.0, and 15.0 mL of stock solution (prepared in 2.1.2), respectively, to 100.0-mL volumetric flasks.  Add 10.0 mL of the internal standard (prepared in 2.1.1) to each flask.  Dilute with water to volume (ethanol = 0.25, 0.50 and 0.75% v/v, respectively).

4.2

Carry out injections as specified in 2.2.3.

4.3

Take the area ratio of ethanol peak to 1-propanol as the signal.

4.4

Quantify following a basic procedure of calibration.

5.
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