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ABSTRACT

According to the former reasearches, insufficient volume of blood sample and different 

types of collecting tubes may affect the analytical results of alcohol concentration. Our 

study showed that insufficient volume of blood sample leads to excess air space on the 

top of the tube where ethanol vapors and makes underestimation of blood alcohol 

concentration. 

  Sodium fluoride (NaF) collecting tubes can suppress glycolysis and ethanol formation 

is widely used for analysis of the blood alcohol concentration. In our study, comparison 

with NaF collecting tubes, blood alcohol concentration analysis using 

Ethylenediaminetetraacetic acid (EDTA) and Heparing tubes are more close to the 

expected value.  

 

Keywords Blood Alcohol Concentration Collecting Tubes Sample Volume 

 

 



- 4 - 

 

 ………………………….........................................................................9 

1. ..…………………………..................................................................................9 

2. ..……………………..…..........................................................................10 

     2.1 ………………………....................................10 

     2.2 ………………....................................10 

     2.3 GC-MS ………………......................................................12 

  3. ……………….......................................... ……………….....................13 

............................ ……………….. .............................…………15

  1. ....... ……………….................................. ……………….....................15 

     1.1 ……………….................................. ……………….....................15 

     1.2 ……………….................................. ……………….................15 

     1.3 ………………...................................... ……………….....................15 

  2. ……………….................................. ……………….....................16 

  3. ……………….................................. ……………….............................16 

     3.1 ………….................................. ……………….............................16 

     3.2 ………….................................. ……………….............................18 

…............................................... ……………….............................19 

  1. ………….................................. ……………….....................................19 

     1.1 ……….................................. ……………….....................................19 

     1.2 Intraday Repeatability……….................................. ………………..............19 



- 5 - 

 

     1.3 Interday Reproducibility.................... ………………………...……..............19 

     1.4 LOD/LOQ.................... …………………..…………………...……..............20 

  2. .................... …………………..………………………...……..............20 

     2.1 …20 

     2.2 …………………………21 

     2.3 ………………………23 

……………….. ..................................................................... …………25

  1. ……………...……………..…...............25 

  2. ……………...…………………..…...............26 

  3. ……………...………………...…..............27 

…………………………………....………………...…..............29

……………....………………... ………………………………...…..............32 

 

 

 

 

 

 

 

 

 

 

 



- 6 - 

 

1. Headspace GC ……………..…………………………………………35 

2.  (300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL 120 mg/dL 90  

mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL)………………………...36 

3. Intraday Repeatability………………………………………….…………………37 

4. Interday Reproducibility………….…………………………….………………...38 

5. LOQ, LOD………….…………………………….………………………………39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 7 - 

 

 1. …..………………………………………….……………………….…..40 

 2. ( ) (1- ) ………………….……………….41 

 3. ( ) ……………………………………………………………42 

 4. (1- ) ………………………………………………………43 

 5.  50 mg/dL 24 …………………………………….44 

 6.  50 mg/dL 24 10

..……………………. …………………………. ………………………...45 

 7. 50 mg/dL  0.5mL 1.0mL 2.0mL 3.0mL………………46 

 8. 50 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL……..47 

 9. 70 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL……..48 

10. 180 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL……49 

11. 50 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL

4 ………………………………………………………………………...50 

12.  50 mg/dL ( NaF) ( Citrate) (

Heparin) ( EDTA) ……………………………………………….51 

13.  50 mg/dL ( NaF) ( Heparin) (

EDTA) …………………………………………………………………….52 

14.  100 mg/dL ( NaF) ( Heparin)

( EDTA) …………………..…………………..………………………..53 

15.  200 mg/dL ( NaF) ( Heparin)

( EDTA) …………………..…………………………………..…………54 
 

 



- 9 - 

 

1.  

[1][16][18]

100 mg/dL

 

  185 3

114 2

101 12 4,620

100 11,190 9.87% 0.55

52,519 42.14%

114 1 3

102 1 1 2

0.15 0.03

2

0.25 0.05  

   (NaF) 
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2

2-8 14 [2][3] 

 (NaF) 

 (EDTA)  (Heparin) 

[12]  

 

 

2.

2.1

Winek 1996 Forensic Sci. Int. Vol.78 The effect of storage at various 

temperatures on blood alcohol concentration [6]

26~37 35 19%  

 

2.2

 Jones AW 2003 Medicine, Science and the Law, vol.43[7] Blood 

analysis by headspace gas chromatography: does a deficient sample volume distort 

ethanol concentration? 1988

 (NaF) 
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 (Headspace Gas Chromatography , 

HS-GC) 

 (n-propanol) 

 (n-propanol) 

10 mL 100 mg

NaF ( )

NaF (The 

Merck Index, 12th edition) NaF  20 4.0 g/100 mL (4%)

2.5mL NaF  

NaF NaF

Heparin

2~3%  

David M. Penetar Journal of Analytical Toxicology, Vol. 32, September 

2008[10] 60

20 40 60 120 180 10mL

EDTA NaF 30 mg(gray-top-1

) NaF 15 mg 12 mg (gray-top-2 )

7 mL (EDTA gray-top-2) 3500 rpm 15

( gray-top-1)

clot 3500 rpm 15 EDTA gray-top-2
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6 24 10

4 10 vortex

3500 rpm 5 8~10

11%

10

40

60

 

   

2.3 GC-MS

A W JONES Medicine Science and the Law. 2003 ”Blood Analysis by 

Headspace Gas Chromatography: Does a deficient sample volume distort ethanol 

concentration?” [7] HS-GC

 (25 75 torr = 75 mmHg

0.1 mmHg )
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Headspace GC/MS)

1-Propanol [7][11][17]

Partition constant(K)

vial

vial air space GC/MS

1-Propanol

 

Y X [11]  

 

3.

 

Clausius–Clapeyron 
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relation

 

NaF Heparin EDTA

Citrate

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 15 - 

 

1.

1.1

10

 

1.2

1.2.1. (C2H5OH Ethanol) 99.5% GC   

          300mg/dL 80mg/dL 50mg/dL Sigma-Aldrich  

1.2.2.  1- (C3H7OH 1-propanol) 99.9% Allied Signal  

50ul 99.9% 1-propanol 50mL ddH2O   

      80mg/dL  

 

1.3

    1.3.1. EDTA "BD" Vacutainer  EDTA Blood Collection Tubes 

    1.3.2. NaF BD Vacutainer  Plastic Plasma Tube with Glycolytic Inhibitor  

    1.3.3. Heparin  BD Vacutainer  Sodium Heparin Blood Collection Tubes 

    1.3.4. Citrate BD Vacutainer  Plus Plastic Citrate Tubes 
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2.

2.1 (Headspace Gas Chromatography) Agilent

( 1.)

    2.1.1. HP7694E Headspace Autosampler  

    2.1.2. HP6890 GC system (Injector)

(Column)  

2.2 INNOWAX JW 30m 0.32mm film 0.5 m 

2.3 He 

2.4 Chemestation 

 

3.

3.1

 3.1.1 

 3.1.1.1 50mg/dL EDTA 3mL

24 0.5cm buffy coat

0.5cm 200 l GC vial

1-propanol  

3.1.1.2 50mg/dL EDTA 3mL

24 5 10

0.5cm (buffy coat) 0.5cm 200 l
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GC (vial) 1-propanol  

3.1.1.3 50mg/dL EDTA 3mL

24 5 0.5cm

buffy coat 0.5cm 200 l GC

vial 1-propanol  

3.1.2

3.1.2.1 50mg/dL 0.5mL 1.0mL 1.5mL 2.0mL

3.0mL 24 200 l GC

vial 1-propanol  

3.1.2.2  55mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

24 200 l GC

vial 1-propanol  

3.1.2.3 70mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

24 200 l GC

vial 1-propanol  

3.1.2.4 180mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

24 200 l GC

vial 1-propanol  

3.1.2.5 50mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

4 24 200 l GC vial

1-propanol  
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3.1.3

3.1.3.1 50mg/dL (NaF 

/ Citrate / Heparin / EDTA) 2mL 24

200 l GC vial 1-propanol  

3.1.3.2 200mg/dL (NaF 

Heparin EDTA) 24 200 l GC

vial 1-propanol 2mL  

 

3.2

3.2.1 vial GC-MS

EtOH 1-Propanol
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1.

1.1

300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL

120 mg/dL 90 mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL 200 l

vial 200 l 1-Propanol (80 mg/dL)

RSQ = 0.99919 ( 2.)( 1.) 

 

1.2  Intraday Repeatability 

300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL

120 mg/dL 90 mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL 200 l

vial 200 l 1-Propanol (80 mg/dL)

CV(%) 2.43% 1.17% 6.43% 0.57% 2.72% 0.40%

1.67% 1.43% 1.86% 12.53% ( 3.) 

 

1.3  Interday Reproducibility 

300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL

120 mg/dL 90 mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL 200 l

vial 200 l 1-Propanol (80 mg/dL)

CV(%) 6.82% 4.37% 4.01% 2.93% 3.95% 2.77%

1.93% 2.92% 1.66% 1.55% ( 4.) 
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1.4  LOD / LOQ 

5 mg/dL EtOH m/z 45 m/z 31(

2.) 0.841 0.12 mg/dL

0.814 0.858 0.928 0.841

20% (0.673~1.009) 41711 43927

39939 CV(%) 4.77% LOD LOQ 0.12 mg/dL ( 5.) 

 

2.

2.1

2.1.1  (  5.) 

24

7 200 l

57.49  2.03 mg/dL

45.56  4.56 mg/dL 39.25  6.49 

mg/dL  

 

2.1.2 10  (  6.) 

24 10  

3 200 l  

24 57.11  2.74  

mg/dL 47.11  1.23 mg/dL 44.24  2.17 mg/dL 10  

49.29  0.79 mg/dL 50.72   
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0.79 mg/dL 51.33  0.65 mg/dL  

48.20  1.69 mg/dL 48.87 

  

1.93 mg/dL 49.28  1.56 mg/dL  

 

2.2

2.2.1 50 mg/dL  (  7.) 

50 mg/dL 0.5mL 1.0mL 2.0mL 3.0mL

24 7 0.5mL

40.63  2.18 mg/dL 1.0mL 42.28  

 2.12 mg/dL 2.0mL 45.38  3.28 mg/dL

3.0mL 48.45  2.54 mg/dL  

 

2.2.2 55 mg/dL  (  8.) 

55 mg/dL 0.5 mL 1.0 mL 1.5 mL 2.0 mL

3.0 mL 24 3 0.5 

mL 39.33  3.61 mg/dL 1.0 mL

42.88  6.70 mg/dL 1.5 mL 44.29   

7.28 mg/dL 2.0mL 46.21  7.31 mg/dL

3.0mL 54.44  1.14 mg/dL  
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2.2.3 70 mg/dL  (  9.) 

70 mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

24 4 0.5 mL

51.61  7.84 mg/dL 1.0 mL

57.25  5.24 mg/dL 1.5 mL 58.83  6.60 

mg/dL 2.0mL 64.61  6.17 mg/dL 3.0mL

66.95  2.85 mg/dL  

 

2.2.4 180 mg/dL  (  10.) 

180 mg/dL 0.5mL 1.0mL 1.5mL 2.0mL

3.0mL 24 6 0.5 

mL 130.60  6.83 mg/dL 1.0 mL

128.01  7.49 mg/dL 1.5 mL 134.19 

 7.57 mg/dL 2.0mL 142.80  16.02 mg/dL

3.0mL 176.20  2.15 mg/dL  

 

2.2.5 50 mg/dL 4  (  11.) 

50 mg/dL 0.5mL 1.0mL 1.5mL 2.0mL 3.0mL

4 24 4 0.5 mL

50.41  1.09 mg/dL 1.0 mL

47.71  4.29 mg/dL 1.5 mL  48.46  1.65 
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mg/dL 2.0mL 48.27  1.05 mg/dL 3.0mL

48.00  2.25 mg/dL  

 

2.3

2.3.1 50 mg/dL ( ) (  12.) 

50 mg/dL ( NaF) ( Citrate) (

Heparin) ( EDTA) 24 5

( NaF) 43.46   3.28 mg/dL ( Citrate)

42.89   2.31 mg/dL ( Heparin)

48.22   1.79 mg/dL ( EDTA) 48.34   1.49 

mg/dL  

 

2.3.2 50 mg/dL ( ) (  13.) 

50 mg/dL ( NaF) ( Heparin) (

EDTA) 24 6 (

NaF) 46.12   0.93 mg/dL ( Heparin)

49.64  0.47 mg/dL ( EDTA) 48.22  0.80 

mg/dL  

 

2.3.3 100 mg/dL (  14.) 

100 mg/dL ( NaF) ( Heparin) (

EDTA) 24 4 (
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NaF) 88.16   2.36 mg/dL ( Heparin)

98.14  2.02 mg/dL ( EDTA) 95.40  4.45 

mg/dL  

 

2.3.4 200 mg/dL (  15.) 

200 mg/dL ( NaF) ( Heparin) (

EDTA) 24 3 ( NaF)

184.01  2.59 mg/dL ( Heparin)

193.51  2.62 mg/dL ( EDTA) 192.81  1.18 

mg/dL  
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1.

( )

( )

[8]

24

0.5 (buffy coat) 0.5

 50mg/dL

 57.49 2.03 mg/dL 15%

 45.56  4.56 mg/dL  50mg/dL

 39.25  4.56 mg/dL 21%  

10

 

( 5 )
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2.

(25 75 torr = 75 mmHg

0.1 mmHg )

 

 (50 mg/dL 55 mg/dL

70 mg/dL 180 mg/dL)  (0.5 mL 1.0 mL 1.5 mL 2.0 mL

3mL) ( 24 )

 

Clausius–Clapeyron relation

(4 ) (50 mg/dL 55 

mg/dL 70 mg/dL 180 mg/dL) (0.5 mL 1.0 mL 1.5 mL

2.0 mL 3mL) ( 24 ) 50 

mg/dL (180 mg/dL)
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3.

  10 mL

100 mg ( EDTA heparin) ( NaF) NaF

Enolase

NaF

NaF David M. Penetar Journal 

of Analytical Toxicology, Vol. 32, September 2008

NaF

Heparin EDTA NaF

 (NaF 43.46  3.28 mg/dL

Heparin  48.22   1.79 mg/dL EDTA

 48.34  1.49 mg/dL) (NaF

184.01  2.59 mg/dL ( Heparin)

193.51  2.62 mg/dL ( EDTA) 192.81  1.18 mg/dL)

[4] (1- )

1-

1-

1-
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 (NaF) 

[2][3]  (NaF) 

 (EDTA) 

 (Heparin) 
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Driving under the influence, DUI

[16][18]

0.03% 0.05% 15,000 90,000

0.05%

20

 

 

50 mg/dL NaF 43.46  3.28 mg/dL

Heparin  48.22  1.79 mg/dL EDTA
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 48.34  1.49 mg/dL)

200 mg/dL NaF 184.01  2.59 mg/dL Heparin

193.51  2.62 mg/dL EDTA 192.81  1.18 

mg/dL NaF EDTA

Heparin 10%

 

   

(Nicotinamide adenine dinucleotide, NADH) 

NADH

(NaF)

10%  (Ethylene- diamine- 

tetraacetic acid, EDTA) 

[13]  

  

EDTA  3 mL (
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)

NaF 4
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1 Headspace GC 

 

 Agilent 

 HP7649E 

 

Vial EQ     (min) 10 

Loop fill time (min) 0.5 

Loop EQ    (min) 0.2 

Pressrize time  (min) 0.2 

Transfer line temperature ( ) 200 

Injection volume ( l) 1 

 HP6890 

 
INNOWAX JW 30 m

0.32 mm film 0.5 m 

( ) 180 

 50:1 

 He  (1.2 psi) 

 
 70 
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2.  (300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL 120 mg/dL

90 mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL) 

 

 

 

 

 

 

 

 

 (mg/dL)
 

/ 1-

10 0.14668

20 0.29607

40 0.57148

60 0.79326

90 1.08455

120 1.55612

150 1.91686 

180 2.32762 

240 3.05574 

300 3.71472 

RSQ 0.99919 
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3.  Intraday Repeatability 

 

                 ( / 1- ) 

 

 60mg/dL 40mg/dL 20mg/dL 10mg/dL 0mg/dL 

Mean 0.793 0.571 0.296 0.147 0.000 

SD 0.013 0.008 0.005 0.004 0.000 

CV % 1.669 1.426 1.856 2.532 0.000 

( / 1- ) 

 

 

 

 

 

 

 

 

 

 

 300mg/dL 240mg/dL 180mg/dL 150mg/dL 120mg/dL 90mg/dL 

Mean 3.717 3.056 2.328 2.052 1.718 1.349 

SD 0.090 0.036 0.150 0.012 0.047 0.005 

CV % 2.429 1.166 6.428 0.572 2.725 0.400 
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4. Interday Reproducibility 

 300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL 120 mg/dL 

Mean 3.493 2.866 2.276 1.951 1.633 

SD 0.238 0.125 0.091 0.057 0.064 

CV % 6.824 4.366 4.007 2.930 3.946 

( / 1- ) 

 

 90 mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL 0 mg/dL 

Mean 1.303 0.853 0.592 0.314 0.175 0.000 

SD 0.036 0.0165 0.017 0.005 0.003 0.000 

CV % 2.770 1.931 2.917 1.663 1.552 0.000 

( / 1- ) 
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5. LOQ, LOD 

 

 m/z 45 m/z 31 Ion ratio Peak area CV % 

5 mg/dL 7076 8417 0.84   

0.12mg/dL (1) 1673 2056 0.81 41711 4.77% 

0.12mg/dL (2) 2623 3058 0.86 43927 

0.12mg/dL (3) 2052 2212 0.93 39939 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 40 - 

 

 1.  (300 mg/dL 240 mg/dL 180 mg/dL 150 mg/dL 120 mg/dL 90

mg/dL 60 mg/dL 40 mg/dL 20 mg/dL 10 mg/dL) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
/ 1-

 

 (mg/dl) 

y = 0.0124x + 0.0557
R² = 0.9992

0

0.5

1

1.5

2

2.5

3

3.5

4

0 100 200 300 400
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 2. ( , 50 mg/dL) (1- , 80 mg/dL)  

 

 

 

 

 

 

 

 

 

 

 

 

EtOH  

(2.370 min) 

1-Propanol 

(3.749 min) 



- 42 - 

 

 3. ( )  

 

 

 

 

 

 

 

 

 

 

 

 

CH2OH 
+

CH3CHOH 

+ 
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 4. (1- )  

 

 

 

 

 

 

 

 

 

 

 

CH3CH2CH2O+ 

H2COH 

31 + 
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5.  50 mg/dL 24

 

 

 

 

 

 

 

 

 

 

 

 

 

UP: 0.5  

MIDDLE: (buffy coat) 

DOWN: 0.5  

 

 

 

 

 

 

 

UP MiDDLE DOWN
1 57.49 45.56 39.25

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

 
(mg/dl) 

MIDDLE
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6.  50 mg/dL 24 10

 

 

 

 

 

 

 

 

 

 

 

 

UP: 0.5  

MIDDLE: (buffy coat) 

DOWN: 0.5  

 

 

 

 

 

 

1 2 3
UP 57.11 49.29 48.20
MIDDLE 47.11 50.72 48.87
DOWN 44.24 51.34 49.28

0.0

10.0

20.0

30.0

40.0

50.0

60.0

UP

MIDDLE

DOWN

 
(mg/dl) 
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7. 50 mg/dL  0.5mL 1.0mL 2.0mL 3.0mL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 1 2 3
1 40.63 42.28 45.38 48.45

0.0

10.0

20.0

30.0

40.0

50.0

60.0

 
(mg/dl) 

(ml)  
 

(mg/dl) 
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8. 50 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 1 1.5 2 3
1 39.33 42.88 44.29 46.21 54.44
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9. 70 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL 
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1 51.61 57.25 58.83 64.61 66.95
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10. 180 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.5 1 1.5 2 3
2 130.60 128.01 134.19 142.80 176.20
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11. 50 mg/dL  0.5mL 1.0mL 1.5 mL 2.0mL 3.0mL

4  
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0.5 1 1.5 2 3
1 50.41 47.71 48.46 48.27 48.00
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12.  50 mg/dL ( NaF) ( Citrate)

( Heparin) ( EDTA)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NaF Citrate Heparin EDTA
1 43.46 42.89 48.22 48.34

0.0

10.0

20.0

30.0

40.0

50.0

60.0

NaF

Citrate

Heparin

EDTA

 
(mg/dl) 

  
 (mg/dl) 



- 52 - 

 

13.  50 mg/dL ( NaF) ( Heparin)

( EDTA)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NaF Hepa EDTA
1 46.12 49.64 48.22
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14.  100 mg/dL ( NaF) ( Heparin)

( EDTA)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NaF Hepa EDTA
1 88.16 98.14 95.40
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15.  200 mg/dL ( NaF) ( Heparin)

( EDTA)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(mg/dL) 

NaF Hepa EDTA
1 184.01 193.51 192.81
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