HNUS AN

MafFaufinuigns AT Ianues
lwingseteainemy

wsMva NEINg* 23 mssw augas*
ouersdl Sadlodu*  usid Audsuasg*

a o

e Tdwezduan*

Kongtip P, Danuitra V, Rungsiyothin A, Dinprasert P, Poshyachinda V. Comparison of detection methods
for ethanol in body fluids. Chula Med J 1988; 32(7): 649-660

The legal control of road accidents related on alcoholic beverages commonly adopted the ethanol
concentration in biological fluid samples from the drivers of the vehicles as a diagnostic criteria for permissible
level. In a number of industrialized countries, the blood estimation of ethanol by the breathalyzer is frequently
recommended as a primary method. However, for developing countries with limited budgetary allocation for
controlling road accidents, the breathalyzer is rather costly. Hence a study was carried out to compare the
outcome of 3 laboratory methods for ethanol measurement in body fluids namely colorimetry, head space gas
chromatography and breathalyzer. A prototype filter paper dipstick method for screening ethanol in body fluid
samples was also investigated. The study was conducted by serial measurements of blood ethanol by breathalyzer
of 11 volunteers who drank 120-330 ml of whisky, while concurrent serial saliva samples were collected for
subsequent analysis by colorimetry and head space gas chromatography. The result revealed that when the
measurement of blood alcohol by breathalyzer was 100 mg/dl, the ethanol concentration in saliva analyzed by
colorimetry and head space gas chromatography were 104 + 13 mg/dl and 104 + 15 mg/dl respectively. The
sensitivity of colorimetric method applying alcohol dehydrogenase was 7.5 mg/dl. The recovery at ethanol
concentrations 50, 100 and 200 mg/di was between 95-98%. The coefficient of variation of the precision
within the same concentration range was below 9%. For the head space gas chromatography, the recovery at
ethanol concentrations 15, 25 and 40 mg/dl were between 100-101 % and the coefficient of variation of the
Dprecision at the same concentration range was less than 4 %. The prototype filter paper dipstick method could
detect ethanol concentration above 100 mg/dl accurately at about 85 %.

The study demonstrated that blood ethanol estimation by breathalyzer were reflected in practically
equivalent values of ethanol concentration in saliva determined by colorimetry and heaq space gas chromatography.
The outcome indicated that colorimetric and chromatographic methods which are:commonly in use in most
servicing laboratories can mostly be the alternative methods to blood ethanol éstimation by breathalyzer.

Reprint requests: Kongtip P, Drug Dependence Research Center, Institute of Health Research.
Received for publication. July 9, 1987.
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Table 1 Precision of salivary ethanol determination by colorimetry.

Concentration Within assay Between assay
(mg/d) X +S.D.*(mg/dl) % CV X +S.D.*(mg/dl) % CV
-~ 50 47.5+0.5 0.1 48.4+0.6 1.3
100 99.2+1.2 1.2 99.4+1.7 1.7
200 204.2+4.3 2.1 195.0+17.8 9.1
Table 2 Accuracy of salivary ethanol determination by colorimetry
Quantity added. guantity measured % Recovery ’
(mg/dl) X + S.D.*(mg/dl)
50 '47.5+1.0 95
100 95.5+1.3 96
150 146.0+ 1.4 97
200 196.3+4.2 98
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Table 3 Specificity of ethanol determination by colorimetry

Substances Concentration of substances not interfere
with the determination of ethanol at 100 mg/dl
Acetone . 50 g/di
Methanol 5 g/dl
Isobutyl alcohol 2.5 g/dl
Acetaldehyde 1 g/dl
Isoamyl alcohol 500 mg/dl
n-propyl alcohol 10 mg/dl
n-Butyl alcohol 10 mg/dl

Figure 1 Standard curve of salivary ethanol determination by colorimetry.
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Figure 2 Distribution of false interpretation rate of enzymatic dipstick method.
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Figure 3 Chromatogram of alcohol determination by gas chromatography.
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Figure 4 Standard curve of salivary ethanol determination by gas chromatography.

1.5 -1

1.0 4

0.5 1

Peak height ratio ethanol/n-propanol

Ethanol concentration (mg/dl)

Column 1500 x 4mm 0.2% carbowax 1500 on carbopack C (80-100 mesh)
- Condition Column temperature 135°C
Detector FID
Carrier gas N, 40 ml/min

Table 4 Precision of salivary ethanol determination by gas chromatography.

Concentration Within assay Between assay
(mg/d) X +S.D.*(mg/dl) % CV X +S.D.*(mg/d)) % CV
15 15.1+0.23 1.52 15.1+£0.23 1.53
25 24.6+0.12 0.47 24.3+0.38 1.58
40 39.7+0.29 0.73 39.5+0.56 1.43

Table 5 Accuracy of salivary ethanol determination by gas chromatography

Quantity added Quantity measured % Recovery
(mg/dl) X +£S.D.*(mg/dl)
15 15.240.17 101
25 24.7+0.17 99
40 39.9+0.17 100
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Figure 5§ Ethanol concentrations in blood and saliva.
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Figure 6 Ethanol concentrations in blood and saliva.

Ethanol concentration Subject : Ch.M.

(mg/dl) Thai whisky consumed : 270 mt
Duration of drink : 2 hours 4 minutes
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100
80
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w —
20‘1
4
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Figure 7 Ethanol concentrations in blood and saliva.

Ethanol concentration Subject : S.K.
mg/dl Thai whisky consumed : 330 ml
160 7 Duration of drink : 2 hours 51 minutes
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T T T T T T 1
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Figure 8 Correlation of salivary ethanol concentration by gas chromatography and colorimetry.
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Table 6 Statistical results for ethanol comparison studies.

Comparison N m b Sy/x bias SDd t r
studies (mg/dl) (mg/d) (mg/dD)
a) 77 0.990 0.48 4.39 0.18 4.66 0.34 0.986
b) 77 0.999 3.80 7.35 -3.73 7.30 -4.48 0.965
<) 77 1.013 2.72 6.29 -3.55 6.26 -4.97 0.975
N = number of samples
m = slope of the least-squares line
b = the y intercept of the least squares line

Sy/x = Standard error of estimate in the y direction
bias = differences between x and y

SDd = standard deviation of differences

t = student’s t-value

a = Salivary ethanol concentration by G.C. vs colorimetry

b = Blood ethanol concentration by breathalyzer vs salivary ethanol concentration by G.C.

c = Blood ethanol concentration by breathalyzer vs salivary ethanol concentration by colorimetry
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Figure 9 Correlation of ethanol concentration in blood and saliva
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Figure 10 Correlation of ethanol concentration in blood and saliva
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Table 7 Comparison of methods for determination of ethanol.

Method Apparatus required Final measurement  Specificity Advantages Limitations
Head-space Gas chromatograph Recorder - Highly - High - High cost equip-
gas chromatography selective reliability ment
for ethanol
- High technical skill
operator
Colorimetry Spectronic 20 Absorption reading - Selective - Simple, - Low temperature
for ethanol rapid, storage of reagents
reliable and
. inexpensive
- Some inter-
ference by
n-propanol
n-butanol
Dipstick - Eye observation - As colori- - Simple, - Semiquantitative
metry rapid and analysis
inexpensive
- Preliminary - Low temperature
screening storage of reagents
of alarge
number of
samples
Breath analysis Breathalyzer Printer - Selective - Simple, - Relatively high cost
for ethanol rapid and of equipment
- Some inter- reliable
ference by
acetone
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