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 Abstract: Quantitative determination of ethanol from blood is used for scientific research, for evaluation of 
ethanol metabolism in the human body or in the forensic laboratory. The aim of our paper is to develop and validate a 
method in order to determine the quantity of blood ethanol using gas chromatography with headspace. We used a GC 
6890 N Agilent equipment, with headspace G 1888, two columns for alcohol analysis (DB-ALC1 and DB-ALC2) 
and FID detectors. The retention time has been higher when using column DB-ALC1 (1.362 min) rather than for DB-
ALC2 column (1.313 min). Internal standard for this method was isopropanol. The developed method for ethanol is 
specific because the retention time is different from the internal standard. Our method is linear in the range of 0.5-4 
g/L. The correlation coefficients were 0.99958 for column DB-ALC1, respectively 0.99953 for column DB-ALC2. 
Using standard solutions like samples, we determined method precision and the recovery in percentage from 
theoretical concentrations. The recovery percents were between 98.89% (theoretical concentration 3 g ethanol/L) and 
107.70% (theoretical concentration 0.5 g ethanol/L). In order to establish the influence of blood matrix, blood 
samples with known concentration of alcohol and internal standards, have been evaluated. In this case, the values for 
RSD were between 0.5 and 3.5% in direct correlation with sample homogeneity. The detection limits were 0.055 g/L 
(DB-ALC2) and 0.053 g/L (DB-ALC2). In the same conditions, the quantification limits were 0.186 g/L (DB-ALC2) 
and 0.177 g/L (DB-ALC2). The developed and validated method, in the mentioned conditions, is linear, precise and 
accurate and could be used for ethanol determination. 
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etermination of ethanol in body fluids is used for scientific studies of alcohol 
metabolism in humans or animals but also for forensic science. The forensic 
departments from Romania are now officially using the Cordebard method for 

dosing ethanol in human body fluids.  
The headspace gas chromatographic (GC-HS) analysis has become a worldwide 

modern method for determination of ethanol in blood or other body fluids (urine, vitreous 
humour). Direct injection and headspace analysis are the most used techniques, but headspace 
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analysis has important advantages: protected column and injector so that contamination will 
not occur. 

When we analyse a biological sample by GC-HS, we want to obtain a good 
chromatographic peak for a known quantity. This analysis is needed in order to obtain a high 
concentration of substance in a state of equilibrium this being a prerequisite for obtaining a 
linear relation between the headspace’s peak and the concentration of that substance. The GC-
HS technique is perfect for analysing the complex matrix of biological samples because they 
will be inserted directly into vials thus eliminating sample preparation. 

For headspace analysis the sample is inserted into the vial together with an internal 
standard such as n-propanol, isopropanol, n-butanol, tert-butanol, methyl ethyl ketone 
(MEK), etc. The goal of this paper is to validate a quantitative GC-HS method for 
determination of alcohol, using as an internal standard isopropanol. The validation of the 
method has been realized according to the standards of OECD (Organization for Economic 
Co-Operation and Development), as well as according to methodologies of various 
researchers [1,2,3,4,5]. 
 
Material and Method 

Reagents 
- standard (Restek, USA) concentrations of ethanol in distilled water: 0.5 g/L,0.8 g/L, 

1.0 g/L, 1.5 g/L; 2.0 g/L, 3.0 g/L, 4.0 g/L, 
- blood samples with anticoagulant (5 mL of blood combined with sodium fluoride and 

potassium oxalate as preservatives). In a headspace vial of 20 mL there will be added: 
250 µL blood, 1750 µL internal standard (isopropanol) 0.4 g/L in ammonium sulfate 1M 

- isopropanol (Merck) 
- ammonium sulfate solution 1M 
- purified water. 

We analysed 350 blood samples (from auto drivers) and 100 solutions of ethanol in 
water for standard curves. To prove the accuracy of the method, the samples were procesed 
through the standard method. For each patient we analyzed between three and five samples in 
the same day or in the following days in order to prove the reproducibility and repeatability of 
the method.  

In order to obtain a homogenous matrix, blood samples were preserved with 
anticoagulant. Although some samples had a lower homogeneity, the RDS was lower than 
3.5.  

Equipment 
We used Agilent GC 6890 N, with headspace G 1888 with 70-sample tray. Conditions 

for GC: isothermal oven with temperature of 60°C, split rate 5:1, constant pressure, carrier 
gas – He, detectors: FID-1 260C and FID-2 260C, columns DB-ALC1 30 m x 0.32 μm x 1.8 
μm and DB-ALC2 30 m x 0.32 μm x 1.2 μm. 

Those two columns for alcohols: DB-ALC1 and DB-ALC2 are different by the 
thickness of stationary phase. DB-ALC1 has 1.8 μm thickness and analytes have higher 
retention times (RT) and so elution has been delayed compared to column DB-ALC2 that has 
1.2 μm thickness of stationary phase with lower retention time. Condition for HS: oven 
temperature of 80°C, loop temperature of 90°C, loop transfer temperature of 110°C, 
equilibration time of 15 minutes, the time for one cycle is 6 minutes, injection time: 0.5 
minutes. The result analysis and data integration have been done with ChemStation soft. The 
number of plates was between 38000 and 45000, which proves columns efficiency. The 
integration of peaks was done by base-to-base method (BB). 
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Results and discussions  
 

Under the given conditions, the method is specific for ethanol, every time we obtained 
good RT (1.313; 1.312; 1.311) for specific peak of ethanol and RT 1.459 or 1.458 for the peak 
of isopropanol (fig. 1a, 1b). The same retention times prove the selectivity of columns. The 
resolution was greater than 3.5  proving a very good separation of the peaks. 
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Fig. 1. The chromatograms obtained for ethanol solutions 0.5 g/L (a) and 1 g/L (b) 
 

For evaluation of linearity we established the standard curve using 7 points; for each 
point we used standard solutions with known concentration: 0.5 g/L, 0.8 g/L, 1.0 g/L, 1.5 g/L, 
2.0 g/L, 3.0 g/L, 4.0 g/L. 

Standard curves for those two columns are presented in figures 2 and 3. 
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Fig. 2. Standard curve for column DB-ALC1 Fig. 3. Standard curve for column DB-ALC2 
 

Calibration curve contains seven calibration points. 
The regression coefficients were 0.99958 for DB-ALC1 column and 0.99953 for DB-

ALC2 column. These values over 0.999 indicate a good linearity for calibration curve and a 
direct relation between solutions concentration and parameter characteristics for these 
solutions. 

The equations for calibration curves are: 
- Column DB-ALC1, detector FID-1A       y = 152.09 · conc - 1.5847 
- Column DB-ALC2, detector FID-2B        y = 158.84 · conc - 2.3269 
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The parameters determined when two columns (DB-ALC1, DB-ALC2) and two 
detectors (FID-1A, FID-2B) are used are presented in table 1. Signal 1 is characteristic to 
detector FID-1A and signal 2 to detector FID-2B. 

 
Table 1  The parameters for calibration curves 

 
RT (min) Signal Concentration of ethanol solution 

(g/L) 
Peak area Conc/peak area 

0.5 74.68670 6.69463 e-3 
0.8 126.13407 6.34246 e-3 
1.0 161.22348 6.20257 e-3 
1.5 233.82101 6.41516 e-3 
2.0 313.89294 6.37160 e-3 
3.0 472.18848 6.35340 e-3 

1.313 2 

4.0 634.88031 6.30040 e-3 
0.5 71.95158 6.94912 e-3 
0.8 121.20863 6.60019 e-3 
1.0 154.96611 6.45302 e-3 
1.5 224.55360 6.67992 e-3 
2.0 301.76907 6.62758 e-3 
3.0 453.08987 6.62120 e-3 

1.362 1 

4.0 608.08527 6.57802 e-3 
 

The reproducibility and repeatability of the method have been evaluated by analysis of 
the calibration curve in different days using the same concentration for solutions. The 
difference between results was insignificant and the value for the error coefficient was normal 
for this type of apparatus. 

The accuracy and precision of the method have been determined by the analysis of 
standard samples. In this case practical concentration of solutions were appropriate to 
theoretical concentration, values for recovery percent were between 99.37% (theoretical 
concentration 4 g/L) and 107.7% (theoretical concentration 0.5 g/L). These values indicate a 
good precision and accuracy for our method. 

Practical results for analysis of ethanol solutions (concentrations 0.5 g/L; 1.0 g/L; 1.5 
g/L; 2.0 g/L; 3.0 g/L; 4.0 g/L) are presented in table 2.  
 
Table 2  The results obtained for the determination of accuracy and precision of the method 

 
RT (min) Peak area Ratio concentration/peak area Practical concentration (g/L) Recovery (%) 

Theoretical concentration 0.5 g/L 
1.313 79.55460 11.58476 0.537633 107.52% 
1.362 76.73072 11.48542 0.538544 107.70% 

Theoretical concentration 1.0 g/L 
1.312 159.48735 11.27835 1.02596 102.59 % 
1.361 153.04187 11.21904 1.02518 102.51% 

Theoretical concentration 1.5 g/L 
1.312 236.56613 11.17102 1.53115 102.07% 
1.361 227.03665 11.12465 1.53140 102.09% 

Theoretical concentration 3.0 g/L 
1.311 476.86597 11.06750 2.96748 98.91% 
1.360 457.00775 11.03370 2.96672 98.89% 

Theoretical concentration 4.0 g/L 
1.312 646.36133 11.06750 3.98160 99.54% 
1.361 618.54785 11.03370 3.97495 99.37% 
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The results obtained for the calibration curve have been used for the blood sample 
analysis. In order to diminish the influence of blood matrix, we mixed 250 μL blood with 
1750 µL internal standard solution 0.4 g/L in ammonium sulfate 1M. Three different solutions 
have been prepared with the following concentrations: 1.0 g/L, 1.5 g/L and 2.0 g/L. 5-8 
bottles for each sample have been analyzed. 

Using Chem Station Program, the values for relative standard deviation (RSD) have 
been determined, these being between 0.5 and 3%. 

The reproducibility of the method was evaluated by analysing the samples in different 
days under the same experimental conditions. In this case, we used the same sample of blood 
that was preserved in optimal conditions in order to prevent blood degradation. The intraday 
results were good and sample concentration presented variations between 0.01 and 0.05 g/L. 

The values for RSD were 3.41279 on the first day and 2.48400 on the second day. 
Peak resolution was over 3, thus indicating an optimal separation of compounds, especially 
for alcohol and internal standard. 
 
Table 3 The results obtained for evaluation of the precision of the method 

 
Bottle number and 

RT(min) 
Peak area Peak height Practical concentration (g/L) Recovery (%) 

Sample 1 – Theoretical concentration 1.0 g/L 
1 - 1.313 164.26328 165.10518 1.03164 103.16% 
2 - 1.313 158.04475 158.67744 1.01751 101.75% 
3 - 1.314 164.44678 162.46559 1.06140 106.14% 
4 - 1.313 157.82771 159.18835 1.01745 101.74% 
5 - 1.314 162.18933 159.44679 1.03753 103.75% 
6 - 1.314 156.50006 153.75534 1.01529 101.52% 

Mean 1.313 160.54532 159.77312 1.03014 103.01% 
SD 4.78 e-4 3.51425 3.83518 1.77498 e-2 1.77694 e-2 
RSD 0.036 2.18894 2.40039 1.72305  

Sample 2 - Theoretical concentration 1.5 g/L 
1 - 1.305 242.64305 236.58569 1.45863 97.24% 
2 - 1.304 258.96793 254.51453 1.53414 102.27% 
3 - 1.304 254.42871 253.90564 1.52691 101.79% 
4 - 1.305 251.01329 247.57698 1.57736 105.15% 
5 - 1.303 253.79225 256.16629 1.51842 101.22% 
6 - 1.304 260.98074 261.95822 1.55061 103.37% 

Mean 1.304 253.63766 251.78456 1.52768 101.84% 
SD 6.65 e-4 6.49232 8.75630 3.97265 e-2 2.64683 e-2 
RSD 0,051 2.55968 3.47770 2.60045  

Sample 3 - Theoretical concentration 2.0 g/L 
1 - 1.304 334.29874 332.25766 1.98889 99.44% 
2 - 1.304 338.73398 339.22177 1.98744 99.37% 
3 - 1.305 349.98349 340.30023 2.05953 102.97% 
4 - 1.305 334.10287 330.70929 1.99191 99.59% 
5 - 1.305 354.55936 350.10089 2.03310 101.65% 

Mean 1.304 342.33569 338.51797 2.01218 100.60% 
SD 6.20 e-4 9.39749 7.71367 3.25758 e-2 1.62772 e-2 
RSD 0,048 2.74511 2.27866 1.61893  

 
Sample homogeneity will influence the results, so low homogeneity (blood with clots 

and micro-clots) will induce great variation of results leading to increased RSD values. The 
precision of the method was also evaluated when the homogeneity of sample was different. 
The values of RSD were between 0.5 and 3.5% when samples presented a good homogeneity. 
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Evaluation of the system precision was done by analyzing 200 blood samples. Each 
sample was analyzed al least four times. The results for three samples from three different 
patients are presented below. The samples have been analyzed six times for two patients 
respectively five times for one patient. Theoretical concentration of samples was 1.0, 1.5 and 
2.0 g/L. Analytical data (retention time – RT, peak area, peak height) and statistical analysis 
data are presented in table 3. 

Calibration curves obtained for each column and detector have been used for 
evaluation of detection limit (DL) and quantification limit (QL). These parameters were 
calculated according to the formula: 

DL = (3 · SE)/a; QL = (10 · SE)/a  (SE – standard error, a – intercept). 
 The values for DL and QL are presented in table 4. 
 

Table 4  Detection limits (DL) and quantification limits for GC-HS method 
 

Signal SE a DL QL 
2 2.96415 158.84 0.055 g/L 0.186 g/L 
1 2.69742 152.09 0.053 g/L 0.177 g/L 

 
Conclusions 

Quantitative method for ethanol analysis by GC-HS was validated according to OECD 
rules. The results indicated a good linearity ranging between 0.5 and 4.0 g ethanol/L and an 
optimal accuracy and precision (RDS ≤ 3.5%). Due to the fact that samples can be analyzed 
directly, without a special preparation, results can be obtained rapidly (approx. 6 min). Very 
good results can be obtained by using an internal standard. 

By using ammonium sulfate solution for internal standard preparation, we enhance the 
separation of alcohols (volatile compounds) from blood samples. 

Sample homogeneity directly influences the accuracy of the method, so the values for 
RDS were under or equal to 1.5 %. 
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