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ABSTRACT: This article outlines major developments in knowledge about the human me- 
tabolism of ethanol. The results of a large number of controlled experiments aimed at meas- 
uring the rate of ethanol elimination from the blood are reported. The factors that influence 
the rate of ethanol elimination from blood, such as the amount of ethanol ingested, the 
drinking habits of the subjects, and the effect of food taken together with, or before, drinking 
were investigated. The slowest rate of ethanol disappearance was observed in a healthy male 
subject who ingested 0.68 g ethanol/kg body weight after an overnight (8 h) fast; the ~-slope 
was 9 mg/dL/h. The fastest rate of ethanol disappearance was observed in a male chronic 
alcoholic during detoxification; the ~3-slope was 36 mg/dL/h. This four-fold difference in the 
rate of ethanol disposal should be considered when the pharmacokinetics of ethanol become 
an issue in drinking and driving trials, for example, when retrograde estimations are at- 
tempted. 
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The rate of disappearance of ethanol from the blood has important  ramifications in 
forensic toxicology as well as in biomedical alcohol research. It sometimes happens that 
the blood alcohol concentrat ion (BAC) at the time of driving must be estimated from 
the BAC existing several hours later, for example, at the t ime of obtaining a blood 
sample. This entails making a back-estimation or retrograde extrapolation of the BAC. 
For this purpose, certain assumptions must be made about the pharmacokinetics of 
ethanol for a given individual [1]. The magnitude of biologic variations in the elimination 
rate of ethanol should be considered when back-estimation of BAC becomes an issue in 
drunk driving litigation. Besides an average rate of ethanol elimination, one might con- 
sider using a reference interval, that is, a range of values that includes some fixed 
percentage (95 % or 99 %) of the [3-slopes for the relevant populat ion [2]. Those individuals 
with an unusually swift rate of ethanol disposal, might have developed metabolic tolerance 
as one of the consequences of prolonged heavy drinking [3]. The not ion of using bio- 
chemical markers to detect increased risk of alcoholism is being investigated by several 
research groups [4-6]. Indeed,  a high rate of ethanol disappearance from the blood was 
suggested as one such marker  for overconsumption of ethanol [7]. 
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The seminal work of Erik MP Widmark, published during the first half of the century, 
has dominated the way that forensic scientists, and others, evaluate and interpret the 
pharmacokinetics of ethanol [8]. Using a reliable method for the determination of ethanol 
in small volumes of blood, Widmark mapped out the concentration-time profiles and 
presented the results in quantitative terms. After the peak concentration in the blood 
was reached, the disappearance stage of ethanol pharmacokinetics seemed to follow a 
near straight line course. However, the slope of the rectilinear decay phase varied between 
subjects and was slightly steeper in women compared with men. Widmark denoted the 
negative slope of the BAC elimination phase with the Greek letter [3 and reported a 
mean value of 16 mg/dL/h for healthy individuals with moderate drinking habits. The 
lowest value obtained was 10 mg/dL/h and the highest 25 mg/dL/h. 

It should be noted that the biochemical pathways of ethanol metabolism were unknown 
at the time of Widmark's  work. The Danish physiologist Lundsgaard [9] was among the 
first to demonstrate that the metabolism of ethanol occurred mainly in the liver. The 
rate of removal of ethanol from blood was considerably slower in eviscerated animals or 
when a total hepatectomy was performed. However, the [3-slope was 5.5 mg/dL/h in 
hepatectomized dogs compared with 16 mg/dL/h in control animals with an intact liver 
[10]. In 1948, Roger Bonnichsen and his associates working with extracts from horse 
liver managed to crystallize alcohol dehydrogenase (ADH) in a relatively pure form [11]. 
This basic research furnished samples of the enzyme responsible for ethanol metabolism 
in all mammals. Later, A D H  was also shown to exist in other organs and tissue such as 
the kidney, the stomach mucosa, and the retina but this enzyme was predominantly 
located in the liver cytosol [12]. Recent work on the genetics of human A D H  has identified 
the existence of multiple molecular forms that give rise to three distinct enzyme subclasses, 
denoted A D H  I, A D H  II and A D H  III [13]. Several isozymes of A D H  are present 
within each subclass, particularly class I, and these have characteristic kinetic properties 
such as different activities, km values for ethanol, as well as specificity for substrates. 
Differences in the rate of ethanol disposal between individuals might be explained by 
the particular isozymes of A D H  that a person inherits. Moreover, a person's drinking 
habits, the rate of ethanol metabolism, and predisposition for becoming dependent on 
alcohol are tightly linked with environmental and genetic influences on the activity of 
alcohol metabolizing enzymes [14-18]. 

Besides the A D H  pathway of ethanol metabolism, the liver microsomes are capable 
of oxidizing ethanol as well as many other drugs and environmental chemicals [19]. This 
secondary pathway for oxidation of ethanol involves cytochrome P450 enzymes and is 
known as the microsomal ethanol oxidizing system (MEOS). MEOS has a higher k m 
value for ethanol, being about 36 to 46 mg/dL compared with 1 to 9 mg/dL for the class 
I isozyme of human liver A D H  [20]. A particularly important property of the MEOS 
pathway is its ability to operate more effectively after repeated and prolonged exposure 
to ethanol, a process known as enzyme induction [21]. This helps to explain the faster 
rates of ethanol degradation in alcoholics compared with occasional drinkers [22]. More- 
over, the ethanol-inducible form of cytochrome P450 (P-450IIE1) seems to be involved 
in the metabolism of certain prescription drugs, organic solvents, such as acetone, and 
volatile hydrocarbons. Accordingly, longstanding abuse of alcohol tends to make alco- 
holics more prone to the toxic effects of industrial chemicals and solvents that often 
become transformed in the liver into more reactive metabolites [23,24]. 

It appears feasible to slow down the rate of ethanol metabolism by administration of 
pyrazole or some of its 4-alkyl derivatives [25,26]. These agents are competitive inhibitors 
of the class I isozymes of ADH.  Indeed, 4-methyl pyrazole has been suggested for use 
in emergency situations to treat patients poisoned with methanol or ethylene glycol. The 
4-MP will block conversion of these alcohols into toxic metabotites, formic acid and oxalic 
acid respectively [27]. The activity of A D H  is lower in starved or malnourished individ- 
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uals, particularly those with protein deficiency. Prolonged fasting seems to influence the 
rate of ethanol disappearance from the blood [28]. Diseases of the liver associated with 
alcoholism, such as cirrhosis, might be thought to decrease the rate of ethanol disposal 
[29]. However, the clinical pharmacokinetics of ethanol in patients with liver cirrhosis is 
not sufficiently well documented [30,31]. Expert opinion on this topic is divided and the 
results of experiments are equivocal because of the confounding influence of poor nu- 
trition and state of health of the alcoholics used as the test subjects [32]. At the present 
time it is difficult to draw any firm conclusions about the influence of liver disease on 
the rate of ethanol metabolism. Looking at the literature, one finds that the elimination 
of ethanol from the blood in cirrhotic patients falls within the same reference interval as 
for healthy individuals [33]. However, patients suffering from cirrhosis with portal hy- 
pertension might have a lower capacity to eliminate ethanol but this seems to depend 
on a less efficient flow of blood through the liver [34]. 

A number of studies have shown that the rate of ethanol oxidation is faster if large 
doses (1 to 2 g/kg) of fructose are taken together with a moderate dose of ethanol 
[35,36]. Several biochemical mechanisms support this notion, such as, a faster regener- 
ation of NAD + from NADH, the redox pair involved in the conversion of fructose into 
sorbitol [37]. However, the efficacy of the fructose-effect on the rate of ethanol metab- 
olism seems to depend on the particular experimental design [36]. The dose of ethanol 
and sugar, or both, and the route and timing of administration are important variables 
[38]. Large doses of fructose enhance the rate of ethanol disposal in those individuals 
who normally have a low capacity to oxidize ethanol, for example, those with low ADH 
activity in the liver. However, if ethanol is ingested together with a hypertonic solution 
of fructose, this might cause delayed gastric emptying because of the osmotic effects of 
the sugars [39]. This leads to a much slower absorption of ethanol, a lower peak BAC 
and a smaller area under the blood-concentration time profile. However, this effect of 
sugars should not be confused with a more rapid degradation of ethanol in the liver. 
Furthermore, if ethanol remains in the stomach for unusually long periods of time, this 
gives more opportunity for presystemic metabolism to occur by the action of ADH located 
in the gastric mucosa [40]. However, the significance of gastric ADH in the disposal of 
ethanol is still under debate. 

All in all, it seems that the rate of ethanol elimination is highest in heavy drinkers and 
alcoholics who have been exposed to ethanol for long periods of time. Under these 
circumstances, the MEOS enzymes are boosted to full capacity. With this background 
about the factors known to influence the rate of ethanol elimination in humans, it is not 
surprising to find that the [3-slope might differ by three to four fold in the population of 
drinking drivers. 

Materials  and Methods  

Subjects and Conditions 

Healthy male volunteers (N = 150) were recruited for the main series of experiments 
that involved the ingestion of neat whiskey. Their ages ranged from 20 to 60 years and 
their body weights ranged from 60 to 109 kg. Ethanol was administered either in the 
form of neat whiskey (40% v/v) or as pure ethanol (95% v/v) diluted with orange juice 
to give a 15 to 20% v/v cocktail. The subjects fasted overnight (8 to 10 h) and then 
ingested alcohol between 8:00 and 9:00 a.m. the next morning. The dose of ethanol was 
either 0.35, 0.51, 0.68, 0.85 or 1.05 g ethanot/kg body weight and was ingested in 15, 
20, 25 or 30 min depending on the dose. Another group of healthy male volunteers (N = 
12) took part in a crossover design study and were given a daily dose of either cimetidine 
(800 rag), ranitidine (600 mg), omeprazole (25 mg) for seven successive days or a no- 
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drug treatment [41]. After an overnight fast and exactly 1 h after the last dose of the 
drug they drank 0.80 g ethanol/kg within 30 min. This study has been reported in detail 
elsewhere [41]. These drugs are widely prescribed as inhibitors of gastric acid secretion 
but this treatment had no effect on the pharmacokinetics of ethanol and the [3-slopes 
were combined for the purpose of this review. 

In a recent experiment (Jones and J6nsson to be published) healthy male volunteers 
(N = 10) consumed a standard breakfast consisting of 150 mL orange juice, 250 g yogurt, 
1 boiled egg, 2 cheese sandwiches and 1 cup of coffee. Immediately after the meal was 
finished, between 8:00 and 8:30 a.m., the subjects ingested ethanol solvent (0.8 g/kg 
body weight) diluted with orange juice. Samples of venous blood were obtained through 
an indwelling catheter for up to 7 h after the start of drinking. The same subjects returned 
to the laboratory 1 week later and drank the same dose of ethanol after an overnight 
(10 h) fast. Other healthy subjects (N = 9) drank 2 bottles of beer (660 mL) corresponding 
to between 19 and 25 g ethanol. The beer was ingested either on an empty stomach or 
together with a meal of pasta [42]. Another recently reported study into the effect of 
food on ethanol pharmacokinetics, involved ingestion of a fairly large dose of ethanol 
(1.43 g/kg) as mixed drinks together with a large meal over 90 min [43]. 

Chronic alcoholics, 16 men and 4 women, had been drinking heavily for several weeks 
or months and were admitted to hospital for detoxification. Their BAC on arrival at the 
clinic was measured indirectly with an Alcolmeter S-D2 breath alcohol analyzer (Lion 
Laboratories, Barry, Wales). If the estimated blood alcohol concentration exceeded 250 
mg/dL, the subjects were recruited for this study. The hospital staff then obtained samples 
of venous blood at 3 to 6 h intervals for 24 h after admission and no medication was 
given to the patients during the period of detoxification. 

Evaluation of Double Blood Samples from Drunk Drivers 

Two consecutive samples of venous blood were taken from each of 188 suspected drunk 
drivers. The time interval between the double blood samples was about 1 h on the average. 
The rate of alcohol elimination from the blood was calculated as (BAC~ - BAC2)/ 
(t. - t~). In three cases the BAC was rising (1.6%) and in another nine cases there was 
no change in the BAC (4.7%) over the time interval studied. These 12 cases (6.3%) 
were removed from the material and a frequency distribution of the apparent rates of 
disappearance of ethanol from blood was plotted. 

Sampling of Blood and Determination of Ethanol 

Blood specimens for determination of ethanol were either obtained by pricking a 
fingertip (capillary blood) or from an indwelling venous catheter. Ethanol was determined 
in capillary blood by an automated enzymatic procedure [44] and in venous blood by 
headspace gas chromatography HSGC [45]. The standard deviation (SD) of both of these 
methods of analysis increase with the concentration of ethanol in the blood specimens. 
At a mean BAC of 100 mg/dL, the SD of the HSGC method was about 1 mg/dL. At a 
mean BAC of 51 mg/dL, the SD of the enzymatic method was 1.6 mg/dL. 

Evaluation of Results 

Concentration-time profiles of blood-ethanol were plotted for each of the subjects and 
the rate of alcohol disappearance from the blood was calculated as described by Widmark 
[8]. This method rests on the assumption of a linear decay profile during the postabsorptive 
phase. The elimination rate constant ([3-slope) was either determined by linear regression 
analysis of the concentration-time data or by fitting the best straight line to the data 
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points by eye. The y-intercept (Co) of the regression line denotes the concentration of 
alcohol in blood if the entire dose was absorbed and distributed immediately after intake 
without any metabolism occurring. The x-intercept (mino) gives an estimate of the time 
for the complete elimination of ethanol from the blood neglecting the nonlinear disap- 
pearance phase that starts when the BAC has reached 5 to 10 mg/dL. The ratio C0/min 0 
gives a check on the rate of ethanol disappearance from blood. Other pharmacokinetic 
parameters such as the apparent volume of distribution and the elimination from the 
whole body are not reported in this paper. 

Results 

Figure 1 gives examples of the concentration time profiles of ethanol in capillary blood 
for 9 different subjects who had ingested neat whiskey; 0.51, 0.68, or 0.85 g ethanol/kg 
body weight. The peak BAC and the areas under the curves increased as the dose of 
ethanol ingested increased. The plots in Fig. 1 for some subjects show an abrupt fall in 
the BAC between 30 to 60 min after the start of drinking this bolus dose of neat whiskey. 
This provides a good example of the so called "diffusion plunge." If the rate of disap- 
pearance of alcohol from the blood ([3-slope) was calculated from the change in BAC 
per unit time on a diffusion plunge, then abnormally high values would be obtained. The 
relationship between the [3-slopes and the dose of ethanol taken as neat whiskey is shown 
in Table 1. As expected, the average peak BAC was higher when the dose of alcohol 
was increased. Moreover, the rate of disappearance of ethanol from blood was faster by 
28% when the dose was raised from 0.51 to 0.85 g/kg as shown by analysis of variance 
(F = 37.0, d.f = 2 and 77, P < 0.001). 

The disappearance rates of ethanol from the blood (6-slope) after 65 subjects drank 
an orange juice cocktail (0.80 g ethanol/kg) are shown in Fig. 2. The values are arranged 
in rank order of increasing magnitude and 12 of the subjects were tested on four separate 
occasions. The mean rate of elimination was 14.1 mg/dL/h and the 99% reference interval 
for a new subject ranged from 11 to 18 mg/dL/h. Figure 3 presents an example of the 
BAC profile in one healthy male subject who drank ethanol (0.80 g/kg) diluted with 
orange juice. Note the relatively slow absorption phase and the longer time needed to 
reach the postpeak phase (2 h after start of drinking). It was difficult to obtain a reliable 
estimate of the [3-slope in this subject. The average I3-stope calculated for blood samples 
obtained between 2 and 6.5 h post drinking was 7.5 mg/dL/h and is the lowest value 
depicted in Fig. 2 and is clearly an outlier. Two other estimates of the [3-slope are shown 
by the broken diagonal lines in Fig. 3, being 10.8 mg/dL/h and 5.1 mg/dL/h. Interestingly, 
the rate of elimination of alcohol from blood was boosted by 100% when the subject 
consumed a meal 4 h after the start of drinking. This example shows the difficulty in 
obtaining a reliable estimate of the [3-slope from the BAC profile for some individuals. 

Figure 4 gives examples of BAC profiles for two subjects after they had ingested 0.8 
g ethanol/kg on an empty stomach and one week later immediately after breakfast. The 
[3-slopes were steeper in the fed state for both subjects (18 and 19.8 mg/dL/h) compared 
with after drinking ethanol on an empty stomach (11.7 and 15.9 mg/dL/h). The interaction 
between ethanol and food components leads to a faster rate of elimination with a lower 
peak BAC and a smaller area under the curve. The bioavailability of ethanol is dear ly  
less when taken after a meal. 

Figure 5 is a frequency distribution of the apparent rate of elimination of alcohol from 
the blood of apprehended drunk drivers calculated from two consecutive samples. The 
frequency distribution seems to follow a Gaussian curve; mean 19.1 (SD 6.0), coefficient 
of skewness 1.01, and kurtosis 4.05. The spread of values was from 2 to 49 mg/dL/h 
excluding 12 values that were either negative (N = 3) or zero (N = 9). The average 
time interval between the double blood sampIes was 62 min (range 20 to 163) and the 
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FIG. 1--Examples of the concentration-time profiles of ethanol after healthy men drank neat 
whiskey in the morning after an overnight fast. The doses of ethanol ingested were 0.51, 0.68, or 0.85 
g ethanol/kg body weight and samples of fingertip blood were analyzed. The age (y), body weight 
(kg) and volume of whiskey (mL) consumed is shown for each subject. 

TABLE 1--Relationship between the disappearance rate of alcohol from blood B-slope and 
the dose of ethanol administered. Healthy men drank 0.51, 0.68 or 0.85 g ethanol/kg body 

weight in the form of neat whiskey on an empty stomach. N = number of subjects, 
SD = standard deviation, CV% = coefficient of variation 

Dose of Peak BAC Mean B-slope Spread 
ethanol N mg/dL mg/dL/h SD CV% mg/dL/h 

0.51 g/kg 16 75 11.4 0.75 6.5 9.9-12.6 
0.68 g/kg 48 91 12.6 1.2 9.5 10.4-16.9 
0.85 g/kg 16 131 14.6 0.90 6.2 12.5-15.6 
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FIG. 3--Example of an abnormal concentration-time profile of ethanol in one healthy male subject 
who drank 0.8 g/kg ethanol in the morning after an overnight fast. The average B-slope (7.5 mg/dL/ 
h) was calculated between 2 and 6,5 h after drinking. Two other estimates of the B-slope are given, 
5.1 mg/dL/h and 10.8 mg/dL/h, depending on the blood sampling time frame. 

mean B A C  at the t ime of obtaining the first blood sample was 209 mg/dL (SD 71). The 
disappearance rate of ethanol (y) over  the sampling interval and the starting concentrat ion 
of  ethanol  in blood (x) were not  correlated (r = 0.16, P > 0.05); the regression equat ion 
was y = 0.15 + 0.013x.  
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FIG. 4--Concentration-time profiles o f  ethanol in venous blood for two male subjects who drank 
0.8 g/kg either after an overnight fast (empty stomach) or immediately after breakfast. The peak BAC 
reached and the areas under the concentration-time profiles were significantly less when alcohol was 
taken after a meal. 

Figure 6 is a plot of the elimination profiles of ethanol in four alcoholics undergoing 
detoxification. A linear regression analysis gives a good fit to the data points and the 
correlation coefficients were 0.99 for the four subjects. The actual rates of elimination 
of ethanol for these four individuals ranged from 17 to 33 mg/dL/h as shown in Fig. 6. 

Table 2 summarizes the results gathered from a large number of studies under different 
drinking conditions for moderate drinkers and alcoholics with and without- food. Overall, 
the 13-slopes ranged from 9 to 36 mg/dL/h and the fastest rate was observed in alcoholics 
hospitalized for detoxification. 
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Discussion 

Human beings show an enormous variation in their response to alcohol. This work 
shows a large variability in the rate of ethanol disappearance during controlled experi- 
ments with healthy male subjects. The experiments reported here suggest that a 4 fold 
variation might exist for the [3-slope with a span from 9 to 36 mg/dL/h, although I am 
aware that other investigators have reported both lower and higher rates of ethanol 
disappearance from blood [46,47]. However, the raw data from these experiments are 
not published to allow an independent check on the results. Based on many discussions 
with colleagues and a careful review of the literature on alcohol metabolism, [3-slopes of 
less than 8 mg/dL/h should be considered suspect. Such low values probably reflect a 
faulty experimental design or incorrect evaluation of the results. This might occur if the 
dose of ethanol administered was insufficient to ensure obtaining a definite postabsorptive 
phase [46]. If the absorption of alcohol from the gut is unusually prolonged, there might 
be an insufficient number of data points on the declining part of the curve to map out 
reliably the concentration-time profile. Note that a decreasing BAC profile does not 
necessarily mean that the postabsorptive stage of ethanol metabolism has been reached. 
A decreasing concentration of ethanol in blood indicates that the rate of elimination by 
all known pathways is occurring faster than the rate of absorption and redistribution of 
alcohol between the central and peripheral compartments. The absorption of ethanol 
might be continuing at such a slow rate that a declining concentration-time profile ensues 
despite part of the dose still remaining in the gut. This situation might account for some 
abnormally low rates of ethanol disappearance reported in the literature and Fig. 3 gives 
an example of this phenomenon. Such low values should be considered with reservation. 

The calculation of elimination rates based on just two measurements of the BAC and 
the time lapse between taking the samples can yield highly variable results. Coldwell [48] 
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FIG. 6 - -  Concentration-time profiles of ethanol in four male chronic alcoholics during the first 24 
h after they entered a clinic for detoxification. 

TABLE 2--Summary of the rates of ethanol disappearance from blood (~-slope) for various 
drinking conditions. N = number of experiments, 

Drinking conditions N Mean 13-slope Spread of Values 

Straight Whiskey" 150 13.4 mg/dL/h 9.0-18.1 
Orange Juice + EtOH" 65 14.1 mg/dL/h 11.7-17.4 
Mixed Drinks + Food 15 15.9 mg/dL/h 13.2-21.2 
Two Bottles of Beer" i8 15.0 mg/dL/h 10.1-18.5 
Alcoholics" 20 23.0 mg/dL/h 13.5-36.0 

"After overnight fast. 
bDuring detoxification. 
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reported that the rate of ethanol disappearance from blood ranged from 0 to 27.4 mg/ 
dL/h (mean 13 mg/dL/h) and many values were less than 6 mg/dL/h. However, these 
results were obtained from differences in BAC for two successive blood samples divided 
by the time interval, which ranged from 31 to 107 min. Therefore, the extreme values 
of [3-slope reported by Coldwell [48] are unrealistic and difficult to interpret because of 
the experimental design used, that is, just two samples of blood taken on the presumed 
elimination stage of the blood-alcohol time profile, The same arguments apply to the 
results of statistical analysis of double blood samples from drunk drivers presented here 
and elsewhere [49]. 

A trend toward faster rates of elimination of ethanol (steeper slopes) was noted when 
the dose of alcohol was raised from 0.51 to 0.85 g/kg body weight. The existence of a 
steeper slope in the elimination profile of ethanol speaks against the notion of zero-order 
elimination kinetics operating [50-52]. This finding might be rationalized, however, if 
one accepts the involvement of MEOS in the metabolism of ethanol. This enzyme system 
becomes more important in the oxidation of ethanol when a higher postabsorptive BAC 
is attained because the km for MEOS is about 36 to 46 mg/dL. If ethanol is ingested 
together with or after a meal, the emptying time of the stomach is delayed, which might 
lead to a slower absorption of ethanol into the portal blood. Under these conditions, the 
peak BAC might be 40% less compared with drinking the same dose on an empty stomach 
(Jones and JOnsson, to be published). The steeper [3-slopes after the subjects had eaten 
a meal (Fig. 4) is interesting but hard to expla in- -perhaps  the alcohol metabolizing 
enzymes in the liver suddenly become more active when a fasted subject receives nour- 
ishment. But despite the presence of food in the stomach it seems that the greatest rise 
in BAC occurs within the first 11 min 30 s after the drinking ends. In a recent study, the 
BAC had reached 80% of the final peak BAC within 0 to 5 min after subjects had drunk 
alcohol (1.43 g/kg) at the same time as they ate a large meal [43]. 

One unsettled issue about the rate of ethanol elimination is the notion of chrono- 
pharmacokinetics operating, that is, variations in absorption, distribution and elimination 
as a function of the time of day [53,54]. In most published studies dealing with the 
pharmacokinetics of ethanol, the volunteers are dosed in the morning between 7:00 and 
9:00 a.m. By contrast, most drunk drivers are apprehended late at night or in the early 
hours of the morning. The results available to date do not support the notion of a marked 
circadian variation in the metabolism of ethanol in human beings [54]. However, several 
studies have demonstrated that gastric emptying and therefore the rate of alcohol ab- 
sorption into the blood is influenced to some extent by the time of day when alcohol 
ingestion occurs [55,56]. 

The rate of ethanol elimination in drunk drivers has never been established in an 
unequivocal way. However, one approach to arrive at the rate of disappearance of ethanol 
in DUI suspects is to make a statistical evaluation of a large number of double blood 
samples. The change in BAC divided by the time interval between taking the two samples 
gives an estimate of the rate of alcohol disappearance for that particular time period. 
Although the mean [~-slope derived in this way might be a reasonably good average value 
for this population of test subjects, many outlying values exist and these are not easy to 
explain. Figure 5 suggests a mean value of 19 mg/dL/h for this group of heavy drinkers 
with an initial average BAC of 209 mg/dL. 

This work confirms that alcoholics undergoing detoxification eliminate ethanol faster 
than moderate drinkers. It seems clear that in heavy drinkers and chronic alcoholics 
other mechanisms operate to boost the rate of alcohol combustion, for example, enzyme 
induction and the higher activity of MEOS at high BAC [19,20]. But the occurrence of 
relatively low rates of ethanol elimination, such as 13 mg/dL/h observed with one of the 
alcoholics in this study, requires an explanation. This aberrant finding might be explained 
if the person is severely malnourished or if the liver has advanced cirrhosis [57]. However, 
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opinion in the literature is divided about the effect of cirrhosis on the rate of ethanol 
oxidation. Alcoholics with ascites, an accumulation of watery fluid in the peritoneum, 
have a pool of alcohol available for reabsorption into the blood. A back flux might 
account for some of the low rates of alcohol elimination observed in alcoholics. A pro- 
longed slow absorption of alcohol back into the blood from the ascites might conceivably 
decrease the slope of the postabsorptive phase [58]. Alcoholics suffering from portal 
hypertension might also have a low metabolic clearance of alcohol owing to reduced 
portal blood flow to the liver [34]. Moreover, the rate of ethanol metabolism in abstinent 
alcoholics is less than for those who indulge in heavy drinking at the time of testing [59- 
62]. Indeed, in abstinent alcoholics, it seems that the rate of ethanol metabolism is not 
much different from values seen in moderate drinkers [62]. The higher activity of MEOS 
developed during the drinking spree seems to be lost after a period of abstinence when 
the individual is no longer exposed to ethanol [61]. The time course of this loss of activity 
in the microsomai enzymes has not been clearly established in humans [63,64]. Inter- 
estingly, it appears that the activity of alcohol dehydrogenase is less in liver biopsy 
specimens from alcoholics compared with healthy control subjects [65,66]. Two recent 
surveys dealt with the rate of ethanol elimination in alcoholics [67,68]. Haffner et al. [67] 
reported an average rate of elimination of 23 mg/dL/h (SD 3.8) with a spread of values 
from 12 to 40 mg/dL/h for 50 alcoholic subjects. Bilzer et al. [68] reported a mean 13- 
slope of 20 mg/dL/h with a range from 14 to 32 mg/dL/h for tests with 36 alcoholics. 
However a single low value of 5 mg/dL/h (subject 2 in Ref 68) was included in the 
published data and this abnormally low result deserves comment. A closer look at this 
single aberrant value shows that only two blood samples were used to arrive at the 13- 
slope. The first was 15 mg/dL/h and the second 0.0 mg/dL/h with a 3 h sampling interval. 

In conclusion, the [3-slope of the BAC decay phase in healthy individuals of 16 mg/ 
dL/h, first published by Widmark [8], still remains a valid and realistic value for male 
moderate drinkers. However, because of genetic and environmental factors that influence 
the activity of alcohol metabolizing enzymes, for a randomly selected subject from the 
population, the 13-slope might range from 8 to 25 mg/dL/h. In alcoholics on a drinking 
binge, higher rates of elimination cannot be ruled out and values above 30 mg/dL/h are 
not unlikely. However, if blood samples are taken too soon after the end of drinking 
before the postabsorptive phase becomes fully established, abnormally low estimates of 
the 13-slope are sometimes reported. In starved or malnourished individuals the rate of 
ethanol elimination is less than for well fed healthy subjects. Accordingly, in forensic 
science practice the 13-slope might be as low as 8 mg/dL/h or as high as 36 mg/dL/h. This 
wide variation should be considered in legal proceedings dealing with retrograde esti- 
mations and related matters, for example, by use of the concept of reference intervals 
from clinical chemistry. In this connection, it seems reasonable that the elimination rates 
of ethanol observed in heavy drinkers and alcoholics provides the relevant population 
when an interval estimate of 13-slope for drunk drivers becomes an issue in forensic 
practice. 
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ERRATUM 

In the article by A.W. Jones, JFS Vol 38, No 1, January 1993 pp 104-118, the 
following change should be made to the text. In the discussion section (page 114, 
line 24), 11 min 30 s should be replaced by 30 min. The correct sentence now 
reads "But despite the presence of food in the stomach it seems that the greatest 
rise in BAC occurs within the first 30 rain after the drinking ends." 
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