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Abstract
This study was conducted to better understand the metabolism/distribution characteristics of alcohol in Taiwanese
population. It is anticipated that the data hereby obtained will be helpful to the result interpretation of the breath alcohol
testing currently adopted in Taiwan. A series of cross analyses were conducted on 84 (56 males and 28 females) healthy
Taiwanese volunteers aged 20－61. The conversion factors calculated for blood to breath, saliva, and urine were 2057 ± 364,
2137 ± 698, and 3364 ± 1070, respectively. The clearance rates obtained for breath, (whole) blood, serum, saliva, and urine
alcohols were 0.052 ± 0.021 mg/L/h, (0.010 ± 0.005) %/h, (0.011 ± 0.0047) %/h, (0.013 ± 0.013) %/h, and (0.012 ± 0.008) %/h,
respectively. [% (w/v) ≡ g/dL] Breath and blood (whole blood and serum) alcohol clearance rates were both significantly
gender dependent, with feminine being the faster. No significant correlation between alcohol clearance rate and age was
observed.
Keywords: forensic science, roadside breath alcohol testing, drunk driving, alcohol analysis, headspace gas chromatography
(HSGC), enzymatic assay, blood alcohol, serum alcohol, saliva alcohol, urine alcohol, concentric circles test

Introduction
In Taiwan over the past decade more than one
thousand four hundred people per year were killed in
alcohol related traffic accidents. These figures have made
up about one fifth the gross traffic fatalities. Stricter
administrative per se laws and criminal codes have been
enacted imposing more severe penalties for drunk driving
in an effort to reduce the related convictions.
Breath alcohol testing is currently adopted in Taiwan
for both roadside screening and evidential purposes.
In case the person or persons concerned are unwilling
or unable to take the breath test on site, a blood assay
in stead is given forcibly (probably in hospital). The
blood alcohol concentration (BAC) detected untimely
is translated into the breath counterpart (BrAC) through
an Occidentals-based blood-to-breath conversion
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factor (recently reported as 2407, with the 95 %
confidence error being 213 [1]; however, in Taiwan
the most widely adopted has been the 1955 version
of 2100 [2]) [3-7] and compared to the three levels of
legal cutoff concentrations, i.e., 0.25, 0.4, and 0.55
mg/L. Sometimes due to undesirable delay a rough
extrapolation is made by virtue of a so-called alcohol
metabolic rate (i.e., clearance rate) selected from a wide
divergence of reported ones, mostly for Occidentals
[8,9]. Alternatively, the calibration curve established
by Jones et al. (also for Occidentals) plotting blood-tobreath conversion factor against post-drinking length
may be used to deduce the approximate on-site BrAC
[10]. While in regard to blood-to-breath conversion
factor, alcohol metabolic rate, and statutory limits of
BrAC there have been disagreements among Occidental
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researches, the corresponding researches directed toward
Taiwanese subjects have been totally lacking. These
drawbacks along with the controversial data accuracy and
precision afforded by the somewhat rude test methods
currently used in Taiwanese practice [1,11] necessitate
that a basic, detailed and native study be conducted at
this time so that the existing protocols and statutes may
be modified or complemented by alternatives to best fit
Taiwanese offenders.
Quite a few reports on the evaluation of serum [12],
urine [13,14,15,16], and saliva [15,16,17] as alternative
sample forms to breath and whole blood for forensic
alcohol testing have appeared in the literature, we also
wish to validate the relevant feasibilities in this study
using Taiwanese specimens.

Experimental
Materials
Absolute alcohol of 99.8% purity used for preparing
serial alcohol standard solutions was purchased from
Labort GMBH Berlin (West). The internal standard (IS),
t-butanol, used in the headspace gas chromatography
(HSGC) was ordered from Panreac Quimica, SA, USA.
Johnnie walker whisky containing 43 % of ethanol was
bought at a supermarket in Taipei.

Sample collection and preparation
A total of 84 voluntary, healthy, non-alcoholic
students or employees from the Central Police University
were subdivided into three groups by age: group 20－
30 comprised 18 males and 8 females; group 31－40,
22 males and 7 females; group 41－61, 16 males and
13 females. All testees were not allowed for alcoholcontaining foods or drinks within 30 hrs of the sampling
but allowed to have breakfast and lunch prior to
sampling. The experimental alcohol dosages were 1.00
g/kg for males and 0.80 g/kg for females; each dose was
taken immediately after the lunch and finished in 30
min with the aid of having peanuts during the course of
drinking. Each testee’s drunkenness was also indicated
by serial concentric circles tests; that is, before and 1,
and 4 h after drinking, respectively, the testee was tested
for number of faults while drawing manually in 15
sec a circle in between yet concentric to two standard
concentric circles (4.3 and 4.5 cm, respectively, in radius)
without touching the latter.

Five types of samples were collected and analyzed
for profiling the metabolism and distribution of alcohol.
Oral breath: as described in the next subsection. Blood
and serum: 10 mL of elbow-vein blood was collected
at 30 min, 45 min, 1 h, 2 h, 3 h, and 4 h, respectively,
after drinking using a blood collector equipped with a
needle, a soft tubing, and a Beckton Dickinson system
vacutainer containing heparin and SST gel; 5 out of the
10 mL was used for whole-blood alcohol assay, and
the other 5 mL was subjected to centrifugation at 3000
rpm for 5 min whereupon the serum to be assayed for
alcohol was separated from the blood cells; all wholeblood and serum specimens were assayed no later than
3 h after sampling and were preserved at 0－4℃ prior to
assay. Saliva: 3 mL was collected from bottom of tongue
at 30 min, 45 min, 1 h, 2 h, 3 h, and 4 h, respectively,
after drinking using a strip of filter paper (8 by 2 cm)
previously soaked in 0.05 N hydrochloric acid followed
by air-drying. Urine: 10 mL was collected at 1, 2, 3, and
4 h, respectively, after drinking.

BrAC measurement
An appropriate amount of oral alcohol breath was
introduced directly into a handheld, electrochemistrybased Alco-Sensor IV breath alcohol analyzer (currently
most prevalent in Taiwan in the commercial name of
“RBT IV”) [4] at 30 min, 45 min, 1 h, 2 h, 3 h, and 4
h, respectively, after drinking. The sampling and assay
proceeded simultaneously for 20－30 sec until ending
with a sound from the analyzer.

HSGC analysis
The static HSGC (as opposed to dynamic HSGC, also
known as purge and trap GC) determination of alcohol
in whole blood, saliva, and urine was carried out using
an HP-6890 Series II gas chromatograph equipped with
an HP-Wax (cross-linked polyethylene glycol) capillary
column (30 m * 0.25 mm I.D., 0.25 μm film thickness)
and a flame ionization detector (FID). To a 5-mL HS
sampling vial containing 500 μL of appropriate specimen
was added 500 μL of D.I. water and 100 μL of 0.25 %
t-butanol (as IS). The mixture was incubated at 70℃ for
30 min (i.e., hot HS). A 500-μL portion of the HS vapor
was injected for the GC analysis. The GC was operated
in splitless mode (i.e., purge off) when performing
injection, but 1 min later the purge valve was turned on.
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The injector and detector temperatures were both 200℃
. The column temperature was programmed from 40 to
60℃ at 5℃/min and then from 60 to 120℃ at 50℃/min,
with the final temperature held for 0.3 min and the total
run time 5.5 min. Nitrogen gas of 99.99 % purity was
used as the carrier gas at a flow-rate of 1 mL/min.

Bioassay for serum alcohol
The enzymatic assay for alcohol in serum was
performed using a Beckman Synchron CX system
according to the procedure described in the operational
manual.

Results and discussion
Optimization of HS incubation time
Despite its relatively lower sensitivity, static hot
HS coupled with GC has long been recognized as
a convenient technique in screening arson suspect
specimens for both hydrophobic and hydrophilic
accelerants (e.g., fuel oils and alcohols, respectively)

in both solid and liquid matrices [18]. While the
choice of 70℃ as the HS incubation temperature
was straightforward and doubtless based on previous
experience, the incubation time was crucial to the
recovery of alcohol from body fluid and remained to be
evaluated. Using a calibrator comprising 500μL each of
1 % (w/v, i.e., g/dL) aqueous alcohol and blank whole
blood and following the above stated HSGC procedure
(except for HS incubation time to be optimized), we
compared the response factors (i.e., analyte to IS peak
area ratios) afforded by the serial incubation times, 10,
20, 30, . . . , and 90 min. Shown in Fig. 1 is one of the
nine GC chromatograms obtained thereupon, where the
retention times for t-butanol and (ethyl) alcohol are 3.679
and 4.074 min, respectively. In fact, benefiting from
the HP electronic pressure control (EPC), the relevant
retention times have narrow spreads typically within ±
0.02 min. Fig. 2 portraits the variation of response factor
with increased incubation time. The response first rises,
but starting 20 min it levels off around 5.1-5.4. Overall,
the optimal incubation length was determined to be 30
min.

Fig. 1 The GC chromatogram resulting from the 30 min/70℃ headspace of an alcohol calibrator. Sample and
IS: 500μL each of 1 % (w/v) aqueous alcohol and blank whole blood plus 100μL of 0.25 % (w/v) t-butanol.
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Fig. 2 Variation of response factor with HS incubation time. Sample and IS: 500μL each of 1 % (w/v) aqueous
alcohol and blank whole blood plus 100μL of 0.25 % (w/v) t-butanol.

Robustness of HSGC
To ensure the whole HSGC analytical scheme
satisfactory precisions, replicate analyses (N = 9)
using a calibrator comprising 500μL each of 1 % (w/v)
aqueous alcohol and blank whole blood and following
the same HSGC procedure (including the optimal 30
min of HS heating) were conducted. As evidenced

by Fig. 3, the fluctuations of the response factor are
typically within 5.2－5.6. It should be emphasized that
the precision quality was mainly attributed to the good
chromatographic resolutions, and hence precise peak
area integrations, achieved by the HP-Wax capillary
column.

Mean = 5.398 SD = 0.131
Fig. 3 Fluctuations of response factor in replicate HSGC analyses (N = 9). Sample and IS: 500μL each of 1 %
(w/v) aqueous alcohol and blank whole blood plus 100μL of 0.25 % (w/v) t-butanol.
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HSGC quantitation
The HSGC calibrations were conducted using a sixpoint protocol. For plotting the method calibration
curves for alcohol in whole blood, saliva, and urine,
the serial standard solutions were prepared by adding
500μL of aqueous alcohol of appropriate percentage
(0.02, 0.05, 0.1, 0.5, 1, 2.5 %, w/v) and 100μL of 0.25
% (w/v) t-butanol to 500μL of appropriate blank body
fluid. The method calibration curves were produced by

plotting the peak-area ratio (analyte to IS) against the
concentration of the analyte in the spike. Each peak
area ratio used was the mean of triplicate analyses.
Summarized in Table 1 are the calibration equations
and coefficient of determination (γ2) produced for the
HSGC determination of alcohol in the respective body
fluids. All the linear correlation coefficients are above
0.999.

Table 1 Calibration equations and correlation coefficients (γ2) for the HSGC determination of alcohol in (whole)
blood, saliva, and urine

Alcohol % (w/v) in
body fluid a

HSGC-acquired peak area ratio (alcohol to t-butanol)
Blood

Saliva

Urine

0.02

0.067

0.110

0.091

0.05

0.244

0.205

0.223

0.10

0.463

0.395

0.433

0.50

2.093

1.603

2.038

1.00

4.086

3.457

3.922

2.50

10.127

8.611

9.598

Calibration equation

y = 4.040x + 0.039

y = 3.433x + 0.011

y = 3.827x + 0.058

0.9999

0.9997

0.9999

Linear correlation
coefficient (γ2)

Although the serial calibrators were actually prepared by fortifying 500μL of appropriate blank body fluid with 500μL
of aqueous alcohol of appropriate w/v percentage (i.e., g/dL) and 100μL of 0.25 % (w/v) t-butanol, so doing essentially
allowed the calibration to be viewed as if the body fluid before spiking had contained the percentage of alcohol from the
water.
a

Correlations and conversion factors among breath, blood, saliva, and urine alcohol
concentrations
1. General
Table 2 summarizes the respective average levels of intact alcohol (N = 84) in oral breath, serum, (whole) blood,
saliva, and urine acquired by appropriate methods at various times after drinking. Figs. 4 through 8 further scrutinize
the trends of variations of the respective alcohol levels with time after drinking. On average, except for urine alcohol
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that reaches its maximum at hour 2 after drinking, the
other four sample types show their respective alcohol
climaxes at hour 1 after drinking. The former falls on the
excretion stage whereas the latter take place during the
absorption period. BrAC has also a peak at as early as
hour 0.5 after drinking with intensity comparable to that
at hour 1, presumably due to the direct contact between
the oral and gastric alcohol vapors prior to absorption.

These aspects of pharmacodynamics or kinetics are in
agreement with those previously reported in the literature
[1,4,5,8,10,12-14]. It should be noted that, as shown
in Figs. 9 through 13, the maximum alcohol level of a
specific type of sample varies considerably from person
to person partially because of sampling uncertainties and
analytical errors.

Table 2 Mean alcohol levels in breath, serum, (whole) blood, saliva, and urine at various times after drinking

Specimen
and unit

Mean alcohol level a
30 min

Oral breath
0.236±0.067
(mg/L)

45 min

1h

2h

3h

4h

0.233±0.066

0.236±0.066

0.215±0.070

0.178±0.074

0.126±0.078

Serum
(mg/dL)

53.523±15.940 56.402±15.342 57.434±16.036 53.687±17.351 45.506±18.539 33.566±19.067

Blood
(%, w/v) b

0.043±0.015

0.046±0.016

0.048±0.016

0.047±0.018

0.040±0.020

0.031±0.021

Saliva
(%, w/v) b

0.037±0.023

0.038±0.023

0.044±0.036

0.041±0.025

0.041±0.075

0.024±0.018

Urine
(%, w/v) b

Untested

Untested

0.058±0.026

0.066±0.027

0.063±0.030

0.055±0.033

a
b

N = 84.
Namely, g/dL.

Fig. 4 Variation of mean BrAC (N=84) with time after drinking
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Fig. 5 Variation of mean serum alcohol (N=84) with time after drinking

Fig. 6 Variation of mean (whole blood) BAC (N=84) with time after drinking
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Fig. 7 Variation of mean saliva alcohol (N=84) with time after drinking

Fig. 8 Variation of mean urine alcohol (N=84) with time after drinking
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Fig. 9 Distribution of BrAC climaxes of the 84 testees at various times after drinking.

Fig. 10 Distribution of serum alcohol climaxes of the 84 testees at various times after drinking.
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Fig. 11 Distribution of (whole blood) BAC climaxes of the 84 testees at various times after drinking.

Fig. 12 Distribution of saliva alcohol climaxes of the 84 testees at various times after drinking.
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Fig. 13 Distribution of urine alcohol climaxes of the 84 testees at various times after drinking.
Concentric circles tests were also conducted to
indicate in parallel the drunkenness of the 84 testees. On
average, a testee before drinking would faultily touch the
standard concentric circles 0.94 times; 1 h after drinking,
2.42 times; 4 h after drinking, 1.64 times. These correlate
well to the foregoing pharmacodynamics.
2. Correlations and conversion factors among breath,
serum, and blood alcohol concentrations
The gross average ratio (conversion factor) calculated
for serum alcohol to BrAC in this study was 2450.180
± 269.648, and that for (whole blood) BAC to BrAC
was 2057.050 ± 364.240. While the former lacks
previously reported data for comparison, the latter
looks far lower than Jones’ corresponding value, 2407

± 213, reported in 1996 based on 799 real-case subjects
[1]. The discrepancies might be attributed to different
assay protocols that could have inherently produced
different systematic errors and/or suffered from different
matrix effects. [We used HSGC for measuring BAC,
whereas Jones et al. used QED enzymatic method.]
However, the fact that the BAC (more pertaining to the
absorption stage) to BrAC (partially pertaining to preabsorption stage) ratio increases gently with time after
drinking (Figs. 14 and 15) is in agreement with what
Jones et al. reported in 1978 [10]. On the other hand, the
gross average ratio of serum alcohol to (whole blood)
BAC was calculated to be 1.18, which was close to the
previously reported value, 1.14 (ranging 1.04 －1.26)
[12]. The reason for the ratio being greater than unity is
that the hydrophilic alcohol has greater partition in the
water-richer serum.

12
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Fig. 14 Variation of ratio of (whole blood) BAC to BrAC with time after drinking

Fig. 15 Variation of ratio of serum alcohol to BrAC with time after drinking
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3. Correlation and conversion factor between blood
and saliva alcohol concentrations
The gross average ratio (conversion factor) of
saliva alcohol to (whole blood) BAC was calculated
in this study to be 0.885, significantly smaller than the
previously reported 1.077 by Jones et al. [17]. The
discrepancy was again attributed to different assay
protocols that could have inherently produced different
systematic errors and/or suffered from different matrix
effects. [We used HSGC for measuring both BAC and
saliva alcohols, whereas Jones et al. used the QED
enzymatic method for measuring both BAC and saliva
alcohols.]
4. Comparison between blood and urine alcohol
concentrations
Although the gross average (whole blood) BAC as the
denominator obtained in this study was already smaller
than that by Jones et al., the present gross average ratio
of urine alcohol to (whole blood) BAC, 1.497, was still
smaller than that calculated by Jones et al., 1.55 [14].
However, this kind of comparison may be improper
since the fluctuations of urine alcohol and BAC are

considerably out of phase; that is, as mentioned above,
the climax of urine alcohol falls on the later excretion
stage whereas that of BAC at the earlier absorption
stage－their unparallel variations will cause enormous
uncertainty to the ratio. In addition, the hydrophilic
alcohol shall have greater partition in the water-richer
urine. Our data have demonstrated that, within our
experimental time domain, the later the detection
window, the larger the ratio. Due to the attribution
of excretion-stage and the uncertainty of various
individualities concerning sample collection, urine
alcohol is hardly a good indicator of drunkenness.
5. Correlation and conversion factor between breath
and saliva alcohol concentrations
In agreement with what Jones et al. reported [10],
the ratio of saliva alcohol to BrAC in this study also
first decreases (hours 0.5 through 1 after drinking) and
then increases with time after drinking (Fig. 16). The
gross average ratio (conversion factor) calculated was
2137.999, with the SD being 698.788. The somewhat
large SD stemmed from the relatively complicated
packing, preservation, and contents of the saliva
specimens.

Fig. 16 Variation of ratio of saliva alcohol to BrAC with time after drinking
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6. Comparison between breath and urine alcohol
concentrations
In agreement again with what Jones et al. reported
[10], the ratio of urine alcohol to BrAC in this study
increases drastically with time (Fig. 17) despite the fact

that urine alcohol and BrAC reach their climaxes at
hours 2 and 1, respectively, after drinking. The gross
average ratio calculated was 3364.660, with the SD
being 1070.086. The large SD had much to do with the
variations in amount and frequency of urination as well
as in metabolic rate among individuals.

Fig. 17 Variation of ratio of urine alcohol to BrAC with time after drinking

Alcohol metabolic rate
The term “metabolic rate” commonly used in Taiwan
may be precisely referred to as “clearance rate,” or
“disappearance rate,” or “elimination rate.” The
metabolic rates of breath, (whole) blood, serum, saliva,
and urine alcohols were each calculated as follows:
1) took from the appropriate curve in Figs. 4—8 four
successive time points that were incorporated by the most
steeply descending segment of the curve (that is, within
the clearance period); 2) transformed the four points
into a linear equation; 3) substituted two successive
integer hours of the clearance period into the equation
and acquired the difference between the two regressed
alcohol concentrations, and that difference made the
targeted data.
The respective alcohol clearance rates calculated for
various age and gender groupings of testees as well as
the respective gross mean clearance rates calculated
for the five distributed alcohols (N = 84 for each) are
presented in Tables 3 through 7. Generally speaking,
these clearance rates for Taiwanese people are slower
than those for Occidentals, presumably because most
of the former have in vivo lesser amounts of alcohol

dehydrogenase. A superficial view of these data
indicated that feminine was faster than masculine in
all the five alcohol clearance rates, and a further t-test
confirmed that this kind of gender dependence was
statistically significant for breath (t = 2.507>t 0.05, 82
= 1.664), serum (t 0.05 = 1.83>t 0.05, 82 = 1.664) and
(whole) blood (t = 1.728>t 0.05, 82 = 1.664) alcohol
clearance rates. Some feminine sexual hormones were
reportedly responsible for the acceleration of alcohol
metabolism in liver and enhancement of alcoholic
activities in blood [6]. Saliva and urine alcohol clearance
rates did not show statistically significant dependences
on gender probably because saliva and urine essentially
made no good clearance rate markers in that saliva might
suffer from uncertain matrix effects during its collection
and analysis and that urine as the lowest course of
alcohol clearance had its alcohol level much up to the
frequency and amount of urination. On the other hand,
no significant correlation between age and any of the
five alcohol clearance rates was observed. These gender
dependences and age irrelevancies are in agreement with
those previously reported by Jones et al. for Occidentals [8]
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Table 3 Breath alcohol clearance rates calculated for the respective groups of testees

Group

Mean breath alcohol
SD
clearance rate (mg/L/hr) (mg/L/hr)

Aged 20－30 (N = 26)

0.053

0.023

Aged 31－40 (N = 29)

0.049

0.020

Aged 41－61 (N = 29)

0.056

0.022

Male (N = 56)

0.048

0.021

Female (N = 28)

0.060

0.020

Gross mean (N = 84)

0.052

0.021

Table 4 Serum alcohol clearance rates calculated for the respective groups of testees

Mean serum alcohol
clearance rate
in mg/dL/hr in % (w/v) a

SD

Aged 20－30 (N = 26)

11.418

0.011

4.138

0.0041

Aged 31－40 (N = 29)

9.892

0.010

4.594

0.0046

Aged 41－61 (N = 29)

12.969

0.012

5.018

0.0050

Male (N = 56)

10.726

0.011

4.903

0.0049

Female (N = 28)

12.678

0.013

4.250

0.0043

Gross mean (N = 84)

11.448

0.011

4.738

0.0047

Group

a

in mg/dL/hr in % (w/v) a

The unit of % (w/v) is equivalent to g/dL.
Table 5 Blood alcohol clearance rates calculated for the respective groups of testees

Group

Mean blood alcohol
SD
a
clearance rate [% (w/v)/hr] [% (w/v)/hr] a

Aged 20－30 (N = 26)

0.010

0.004

Aged 31－40 (N = 29)

0.009

0.004

Aged 41－61 (N = 29)

0.011

0.005

Male (N = 56)

0.009

0.005

Female (N = 28)

0.011

0.005

Gross mean (N = 84)

0.010

0.005

a The

unit of % (w/v) is equivalent to g/dL.
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Table 6 Saliva alcohol clearance rates calculated for the respective groups of testees

Group

Mean saliva alcohol
SD
a
clearance rate [% (w/v)/hr] [% (w/v)/hr] a

Aged 20－30 (N = 26)

0.016

0.009

Aged 31－40 (N = 29)

0.009

0.005

Aged 41－61 (N = 29)

0.013

0.018

Male (N = 56)

0.011

0.007

Female (N = 28)

0.015

0.019

Gross mean (N = 84)

0.013

0.013

a

The unit of % (w/v) is equivalent to g/dL.

Table 7 Urine alcohol clearance rates calculated for the respective groups of testees

Group

Mean urine alcohol clearance SD
rate [% (w/v)/hr] a
[% (w/v)/hr] a

Aged 20－30 (N = 26)

0.011

0.008

Aged 31－40 (N = 29)

0.012

0.006

Aged 41－61 (N = 29)

0.014

0.009

Male (N = 56)

0.011

0.008

Female (N = 28)

0.013

0.008

Gross mean (N = 84)

0.012

0.008

a

The unit of % (w/v) is equivalent to g/dL.
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Conclusions
Based on the analyses of five types of samples
from 84 Taiwanese subjects aged 20—61, the alcohol
clearance rates of Taiwanese population are generally
slower than those of Occidentals, mainly because
most of Taiwanese people have in vivo lesser amounts
of alcohol dehydrogenase. Breath and blood (whole
blood and serum) alcohol clearance rates are both
significantly gender dependent, with feminine being the
faster. However, age is irrelevant to alcohol clearance
rate. Although the fact that different assay protocols
were used could have inherently produced different
systematic errors, it is safe to state that the (whole blood)
BAC: BrAC conversion factor for Taiwanese population
(2057.050 ± 364.240 calculated in this study) is lower
than that for Occidentals (2407 ± 213 reported by Jones
et al.). Moreover, even though in agreement with or
close to what previously reported for Occidentals,
most of the present results (e.g., conversion factors and
alcohol clearance rates) associated with saliva and/or
urine need to be taken conservatively, for saliva and
urine essentially make no good alcohol level markers
in that saliva may suffer from uncertain matrix effects
during its collection and analysis and that urine as the
lowest course of alcohol clearance have its alcohol level
not only fluctuating out of phase from BAC but also
depending on the frequency and amount of urination. At
all events, however, the BAC: BrAC conversion factor
and BAC (or BrAC) clearance rate derived in this study

have not only provided a relatively reliable basis for
acquiring evidential data of Taiwanese nature in case a
breath test on site and/or in time is unavailable but also
paved the ways for compiling a native drunk-driving
related data bank, modifying the current Taiwanese
statutory alcohol limits, and implementing the ISO
QA/QC program for alcohol testing. In these regards,
Taiwanese-oriented multi-factorial physiological,
toxicological, and pharmacodynamic studies need to be
furthered.
As a summary, Table 8 compares the above discussed
five alcohol testing methods in terms of their testing
theories/instruments, advantages/disadvantages,
and relative costs. While the foregoing results and
discussion has excluded the choice of use of saliva
and urine as samples for routine alcohol testing, the
simple, rapid, and economic oral breath alcohol testing
turns out to be the only choice for roadside use despite
its relatively inaccurate and imprecise. The QED
enzymatic method may be considered for and is only
suitable for serum alcohol testing. Headspace GC-FID
costs a little more for the instrument, but is well suited
for the evidential analyses of whole blood specimens in
laboratory as it gives results of best quality. For any of
the three protocols, a concentric circles test should serve
well as a supplement profiling in-situ the drunkenness of
the testee.
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Table 8 Comparative evaluation of the five alcohol testing methods
Sample

Testing method/
instrument

Advantages

Disadvantages

Cost

Breath

Electrochemical
detection measuring
the current generated
by the fuel cell driven
oxidation of ethanol to
acetic acid / Handheld
Alco-sensor IV breath
alcohol analyzer, i.e.,
RBT IV.

Simple, rapid, and
well suited for
roadside testing.

1. Temperature, pressure,
and humidity show
impacts on test results.
2. Susceptible to
interferences from
endogenous alcohols or
carbonyl compounds.
3. Used only for screening
test due to controversial
data quality.

Ca. 1 US$/test
covering the
calibration gas,
mouthpiece, and
print paper but
excluding the
instrument itself
(ca. 5,000 US$
each).

Serum

QED enzymatic assay,
i.e., measuring the
increase of 340-nm
absorbance during
the reduction of
NAD+ to NADH that
accompanies the ADHcatalyzed oxidation of
ethanol to acetaldehyde
/ Beckman Synchron
CX System.

1. Simple, rapid,
and relatively
precise.
2. Working range
broader than 5
—250 mg/dL.

1. On-site sampling/testing
unfeasible.
2. Minor interferences from
methanol, isopropanol,
and ethylene glycol
are currently inevitable
[16]; i.e., accuracy to be
evaluated.
3. Only serum or
plasma obtained upon
centrifugation of wholeblood is suitable for
testing.

Ca. 8 US$/test
covering various
reagents,
buffers,
standards, and
sample bowls
but excluding
the instrument
itself (ca. 35,000
US$ each).

Headspace GC-FID
with the quantification
of ethanol based on
its peak area ratio
to t-butanol, the IS /
HP-6890 GC.

1. Free from
interferences
from other
alcohols or
carbonyl
compounds.
2. Free from
matrix effects.
3. RSD typically
below 10 %.
4. Working range
broader than
0.02—2.00 %.

1. On-site sampling/testing
unfeasible.
2. Takes longer (yet
acceptable) run time and
a little higher level of
operational technique.
3. The GC-FID instrument
costs a little more than
the other two instruments
listed abobe.

Ca. 3 US$/
test covering
the capillary
column, carrier
gas, syringe
needle, and
sample vials but
excluding the
instrument itself
(ca. 23,000 US$
each).

Whole
blood

3. Readily
automated.

5. Detection limit
typically below
0.02 %.
6. Readily
automated with
the aid of an
autosampler.
Saliva

The same as for whole
blood.

The same as for
whole blood.

The same as for whole
blood.

The same as for
whole blood.

Urine

The same as for whole
blood.

The same as for
whole blood.

1. The same as for whole
blood.
2. Urine alcohol can hardly
reflect BAC.

The same as for
whole blood.
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