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to alcohol between the time of the accident/crime and the time of
blood sampling. Under these conditions any changes in the per-ABSTRACT: Requests for estimates of blood alcohol concentra-
son’s BAC are caused only by metabolism and excretion of alco-tions (BACs) are often made when blood samples are taken some
hol. (b) The decrease in the person’s BAC over the period in ques-hours after the time of interest. Many believe that such estimates

are not reliable because the subject’s alcohol clearance rate is never tion is a known function of time.
known and often there is uncertainty as to whether the subject was For practical purposes, the postabsorptive decay in BAC can be
postabsorptive at the time in question.

assumed to be a linear function of time, especially when backIn order to evaluate the potential errors associated with BAC
estimations are performed over just a few hours and the startingestimates under these non-ideal conditions, BAC estimates were

compared with empirical data obtained from 24 healthy males, rang- point for the calculation is a BAC above about 10 mg/dL (3,4).
ing in age from 22 to 56 years, who took part in a three hour social Therefore under the above conditions it is a simple matter to multi-
drinking session. One blood sample for alcohol analysis was taken

ply the blood alcohol clearance rate [Widmark’s b60 (5)] by thefrom each subject approximately 1 hour after drinking stopped and
appropriate time period (t2 1 t1) and add the known BAC at theanother was taken approximately 3.5 hours after drinking stopped.

Estimations of BACs at the blood sampling time points were time of blood sampling (BAC2) to give the BAC at the time in
made assuming each person had a constant blood alcohol clearance question (BAC1).
rate in the range of 10 to 20 mg/dL/h (0.01 to 0.02 g/dL/h) over
the whole of the experimental period. A variety of methods were
used to estimate the volume of distribution for alcohol. All BAC i.e., BAC1 4 BAC2 ` b60 2 (t2 1 t1)
estimations were made assuming complete absorption and full equi-
libration of the total alcohol dose.

The results showed that actual BACs were usually within or very Forward estimations will be accurate under the following “ideal”
close to the range of “forward” estimates based on the known alco-

conditions: (a) The person is post absorptive at the time of thehol doses. Furthermore, most BACs measured about an hour after
accident/crime; (b) The person’s (post absorptive) blood alcoholcessation of drinking were within or very close to the predicted

range based on back extrapolation from the actual 3.5 hour BAC clearance rate is known; (c) The person’s alcohol dose is known;
result. (d) The person’s volume of distribution (VD) for alcohol is known;

and (e) From the time drinking starts, the person metabolizes alco-
KEYWORDS: forensic science, blood alcohol, social drinking, hol at a constant rate, reflected by the person’s post absorptive
estimation blood alcohol clearance rate.

Because alcohol is distributed almost exclusively in the water
phase of the body (2), the VD can be calculated if the total bodyAlcohol analysis is often performed on blood samples taken
water (TBW) volume is known. However, as the VD is a purelyseveral hours after a person was involved in a motor vehicle acci-
theoretical entity we prefer to use the TBW as the basis of ourdent or in some form of crime. In this situation a forensic scientist
calculations.is sometimes asked to estimate the blood alcohol concentration

Therefore, under the above “ideal” conditions, the following(BAC) of the person at the time of the accident or crime. Such
equation applies:estimates have been called “retrograde extrapolations” or “back

estimations” because they work back in time from a known to an
unknown BAC (1). BAC 4 (D/TBW) 2 Blw 2 100 1 b60 2 t

In other situations the forensic scientist is asked to estimate a
BAC at the time of an accident or crime when no blood specimen

where: BAC 4 Blood alcohol concentration in units of milli-has been taken. In this case supposedly reliable information con-
grams per 100 milliliters (mg/dL) at the timecerning the person’s alcohol intake prior to the event in question
in questionis usually available. We will call such estimates “forward estima-

D 4 Dose of alcohol (grams)tions” because they work forward in time from a stated dose of
TBW 4 Total body water volume (liters)

Blw 4 The fraction of water in the blood (v/v)
1Toxicology Group, Institute of Environmental Science and Research b60 4 Blood alcohol clearance rate (mg/dL/h)

Ltd., Lower Hutt, New Zealand. t 4 The time (hours) between the start of drinkingReceived 12 Feb. 1997; and in revised form 30 June 1997; accepted 30
and the event in question.June 1997.
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The above equation can be expressed in the following simpler back estimations can be too low until the total dose has been ab-
sorbed and equilibrated throughout the body water.way:

However the rapid bolus consumption of alcohol is uncommon
under normal social drinking conditions. It seems likely that mostBACt 4 BAC0 1 b60 2 t
people who develop BACs sufficiently high to be of forensic rele-
vance, attain them by drinking over a number of hours, possibly

where BACt is the BAC at time “t” and BAC0 is the theoretical a whole evening or afternoon. Drinking binges lasting for one or
BAC which would exist at time “zero” if the total alcohol dose more days may also occur. In these situations the amount of alcohol
was distributed instantaneously throughout the total body water at consumed near the end of the drinking session is likely to be only
that time. It is equivalent to “C0” as defined by Widmark (5). In a small proportion of that already consumed, absorbed and equili-
this context, time “zero” is the time drinking starts. brated over the preceding hours. Therefore any rapid or delayed

Unfortunately, in forensic science practice, the ideal conditions absorption of the last few drinks is not likely to have a large influ-
listed above are not likely to exist and back and forward estimations ence on an already high BAC.
of BAC can be subject to large errors for the following reasons: Although there are some published studies of social drinking
(1) The person’s b60 is never known. b60 values vary greatly from (17–20) there are very few dealing with drinking over a period of
person to person and values ranging from as low as 8 to more than several hours (20). Therefore in order to better understand the
30 mg/dL/hr have been reported (6). Furthermore, over a period errors associated with back and forward estimations of BAC under
of many hours, it may be inappropriate to assume that b60 is con- these conditions, we carried out our own study in which the results
stant (4,7); (2) It is very difficult to predict when a drinker will of BAC estimations were compared with accurate BAC data ob-
become postabsorptive with respect to alcohol. The rate of absorp- tained from healthy males who took part in a social drinking session
tion of alcohol into the blood is dependent on a number of variables lasting approximately three hours.
such as the amount and type of food consumption prior to and
during drinking, the type of beverage, and drinking history (8–10); Experimental
and (3) VD and TBW values are not known in most forensic situa-
tions. VD and TBW can vary greatly between lean and obese sub- Subjects
jects (11,12).

For these reasons some forensic scientists refuse to perform Twenty four healthy male volunteers took part in a simulated
either back or forward estimations of BAC, regarding the potential social drinking session in which they consumed alcoholic bever-
for serious error as far too high. ages of their choice. Immediately prior to drinking, the heights

Our approach to this problem has been to make the estimates and weights of the subjects were measured. A summary of anthro-
but to clearly state all the major assumptions on which the results pometric data for the subjects is given in Table 1.
depend. Each volunteer recorded his daily alcohol consumption for a

For back estimations our assumptions have usually been listed total of 15 days prior to the simulated social drinking session. This
as follows: (1) At the time in question “X” had already absorbed, drinking “diary” was used to estimate each volunteer’s mean daily
into his/her bloodstream, all the alcohol (s)he had consumed prior alcohol consumption. The estimates ranged from 1 to 112 g of
to the accident/alleged crime; (2) At the time in question “X” absolute alcohol per day (mean 4 32, SD 4 27).
cleared alcohol from his/her blood at a rate within the approximate In the discussion of the results of this study, the subjects have
range of 10 to 20 mg per 100 mL per hour; and (3) “X” did not been identified by 24 letters, “Z” through to “C.”
consume any alcohol between the time of the accident/crime and
the time the blood sample was taken for alcohol analysis. Alcohol and Food Consumption

For forward estimations assumptions 1 and 2 are the same and
assumption 3 is unnecessary. However the subject’s height, weight, For each subject, drinking started between 13:20 and 14:41
and age is stated because this information is used to estimate the hours. All subjects ate lunch at least an hour before drinking started
subject’s TBW, using the equations developed by Watson et al. but no attempt was made to control the type or quantity of food
(2). The alcohol dose is also stated, along with any assumptions consumed.
made in determining this dose, e.g., the alcohol content of a given
beverage said to have been consumed.

Our results are usually presented in the following way: “If the
TABLE 1—Anthropometric data for experimental subjects.

listed information and assumptions are correct, “X” would have
had a blood alcohol concentration within the approximate range Height Wgt Age TBW* TBW** TBW§ TBW§§

(cm) (kg) (Years) (L) (L) (L) (L)of “x” to “y” mg per 100 mL at the time of the accident/alleged
crime.” If we have good reasons to suspect that any of the assump-

Mean 178 85 41 46.3 46.6 52.0 46.7tions could be wrong, the relevant consequences are explained. SD 9 16 10 6.1 6.0 7.5 8.8
There is a large amount of published data relating to rapid bolus Min 162 58 22 35.8 34.8 38.5 31.8

Max 203 116 56 56.9 57.5 66.7 63.6consumption of alcohol under controlled laboratory conditions
(6,13–16). This data strongly suggests that the most important *Calculated using the equation of Watson et al. (2), using the height,
factor affecting the validity of both forward and back estimations weight and age data.

**Calculated using the method of Forest (22), using the height andof BAC is the rate of absorption of alcohol into the bloodstream
weight data only.immediately after drinking. If absorption is very slow, both forward

§Calculated from the specific volume of distribution determined as de-and back estimations of BAC will tend to be too high until the scribed by Lewis (12).
total dose has been absorbed. If absorption is very rapid a BAC §§Calculated using a mean Widmark Factor of 0.68.

n 4 24 for all variables.“overshoot” can occur. Under these conditions, both forward and
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Alcoholic drinks were consumed by each volunteer for a period for general casework and it involves use of the following equation
described in the introduction:ranging from 2.33 to 3.92 hours (mean 4 3.01, SD 4 0.36), during

which they sat and talked, watched television and consumed (ad
BAC 4 (D/TBW) 2 Blw 2 100 1 b60 2 tlib) a variety of snack food (e.g., salted peanuts, potato crisps, and

pretzels).
whereIn an attempt to mimic a normal social drinking situation, each

subject was allowed to drink at a rate they found comfortable and no
(D/TBW) 2 Blw 2 100 4 BAC0attempt was made to control the number or type of beverages con-

sumed. However the volume of liquor consumed by each subject was The TBW value for each individual was estimated using the follow-
accurately recorded in order to calculate his total alcohol dose. Each ing equation, the derivation of which is also described by Watson
separate beverage (beer, wine, gin, whisky, brandy) was sampled for et al. (2):
analysis of its alcohol content. Alcohol dose rates ranged from 0.61
to 2.07 g/kg body weight (mean 4 1.20, SD 4 0.3). TBW 4 2.447 1 0.09516(age) ` 0.1074(height)

Approximately 1 to 1.5 hours after drinking stopped, a two course
` 0.3362(weight)dinner was served to the volunteers together with coffee or tea.

where TBW is in liters, age is in years, height is in cm and weightBlood Sampling
is in kg. This formula relates specifically to males.

During the experiment, three blood samples were taken from an The water content of blood was taken to be 80% v/v, as used
antecubital vein of each volunteer. Each sample was analyzed for by Watson et al. (2), although 85% v/v has been used by others
alcohol by head space gas chromatography (21). The same tech- (12).
nique was used to determine the alcohol content of the alcoholic Three other methods of forward calculation were also used, the
beverages. The coefficient of variation for the analysis method was only difference between the methods being the way in which the
1%. BAC0 was determined. Two of the other methods involved use of

Blood sample 1 was a blank sample taken immediately prior the following equations:
to the drinking session. Sample 2 was taken between 0.78 and

The Widmark method (5): BAC0 4 100 2 1.055* 2 D/(0.68**1.38 hours (mean 4 1.04) after drinking stopped, i.e., before
2 body wgt)the meal, and sample 3 was taken between 2.13 and 4.27 hours

The method of Lewis (12): BAC0 4 100 2 D/(Vs§ 2 body(mean 4 3.26) after drinking stopped, i.e., after the meal. The
wgt)results obtained upon analysis of these samples were called

BAC1, BAC2 and BAC3. With the dose (D) expressed in grams, and body weight in kilo-
For the purposes of a forward estimation of BAC, blood sam- grams, the factor of 100 was necessary to give BAC units of milli-

pling time 2 was considered to be a potentially unreliable “target grams per 100 milliliters (mg/dL), the units used in New Zealand
time” because the post absorptive state could not be guaranteed road transport law.
such a short time (0.78 to 1.38 hours) after cessation of drinking. The method of Forrest (22) was the fourth method used. It is
For this reason, forward estimation to sampling time 2 was consid- the same as that of Watson et al. (2) except that a different method
ered a good test of the forward estimation methodology under of determining total body water is used.
social drinking conditions. However blood sampling time 3 was For the purpose of the forward estimations, it was initially as-
regarded as a more reliable target time for a forward estimation, sumed that the b60 for each of the volunteers could have been as
more time being available for absorption and distribution of the low as 10 and as high as 20 mg/dL/h. This range was chosen as
total alcohol dose. being representative of most social drinkers, based on reviews of

“normal” blood alcohol clearance rates (6,23). It was felt that b60

Back Estimations values below this range would be most unlikely in healthy people
and values above this range would be relevant mainly to chronic

These were performed using the following equation: heavy drinkers (6).
In this context it must be noted that Lewis (12) does not recom-

BAC2est 4 BAC3 ` b60 2 t mend use of a constant b60 but suggests that the choice of b60

should be based on the relevant BAC range over which a forward
where or back estimation is made. Therefore when referring to Lewis’s

method of forward estimation we are referring only to his method
BAC2est is the estimated BAC at blood sampling time 2. of determining the volume of distribution for alcohol and BAC0.

BAC3 is the measured BAC at blood sampling time 3.
“t” was the elapsed time between the taking of blood sam- Results and Discussion

ple 2 and blood sample 3.
BAC Results

No detectable alcohol was found in sample 1 from any of the
Forward Estimations volunteers. Therefore the results obtained for samples 2 and 3

(BAC2 and BAC3) were due entirely to the alcohol consumedForward estimations of BAC at blood sampling times 2 and 3
during the experiment.were made so that the estimates could be compared with the two

measured BAC values. *Average density of blood (g/mL).
The main method used for forward calculation was that de- **The mean Widmark factor for males.

§Specific volume of distribution for alcohol (L/kg).scribed by Watson et al. (2). This is the method we use routinely
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BAC2 ranged from 32 to 200 mg/dL (mean 4 108) and BAC3 Back Estimations
ranged from 16 to 130 mg/dL (mean 4 66). The wide ranges in

The results for three subjects are shown in Fig. 1. These resultsthe BAC values reflect the wide range in total alcohol dose taken
are representative of all others in this study.by the volunteers. The mean time delay between the taking of

blood samples 2 and 3 was 2.22 hours (range: 1.30 to 3.13). Where BAC2 was estimated from BAC3, 67%, 92% and 100%

FIG. 1—Back estimations of BAC2 from BAC3 for subjects “U,” “C” and “Z.” The two open circles in each graph represent the measured BAC2
and BAC3 values. The range of BAC2 estimates is illustrated by the lines radiating from BAC3 at the different blood alcohol clearance rates used.
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of the experimentally measured BAC2 values were within the In the case of subject “T” BAC2 and BAC3 are outside the
range expected, assuming b60 elimination rates of 10–20, 10–25 predicted range, assuming a b60 of 10 to 20 mg/dL/h. However
and 8–28 mg/dL/h respectively. when the forward estimation for subject “T” was based on a slightly

In the case of subject “U” BAC2 lies within the predicted range, extended b60 range of 10 to 25 mg/dL/h BAC3 fell within the
if b60 is assumed to be in the 10 to 20 mg/dL/h range. Very similar predicted range and BAC2 was only just outside the predicted
results were obtained for another 15 of the 24 subjects. range (by 1 mg/dL). Subject “T” represents the worst overestimate

In the case of subject “C” BAC2 is overestimated although it seen although there were five other similar cases.
is only 2 mg/dL outside the predicted range. This was the only In the case of subject “H” BAC2 was underestimated although
case where BAC2 was overestimated. BAC3 fell within the predicted range. There was only one other

In the case of subject “Z” BAC2 is underestimated if b60 is subject in this category (Subject “L”). BAC2 was outside the pre-
assumed to be in the 10 to 20 mg/dL/h range. There were six other dicted range by 16 mg/dL in the case of subject “H” and by 12
similar cases but in no case was BAC2 more than 14 mg/dL above mg/dL in the case of subject “L”). These are respectively 14% and
the upper limit of the predicted range. 12% deviations from the higher prediction limit.

Considering that BAC2 was measured approximately one hour The apparent underestimation of BAC2 in these two cases is
after drinking stopped, when absorption and equilibration of alco- unlikely to have been caused by a genuinely low b60. If this was
hol may not have been complete, these results are surprising. They the case BAC3 would have been underestimated as well. The
suggest that back estimations up to a relatively short time after underestimation was almost certainly caused by a post drinking
cessation of drinking, may not be subject to gross errors after a BAC “overshoot” prior to equilibration. This phenomenon is com-
period of social drinking. This conclusion is supported by other monly observed after rapid bolus consumption of alcohol, espe-
studies involving even shorter periods of social drinking (17–19). cially on an empty stomach (6,24) but our results and those of

Reliable estimations of post absorptive blood alcohol clearance others (20) suggest that it may not be common in a social drinking
rates could not be made in this study because the BAC for each situation.
subject was not followed for a sufficiently long period. Even at Table 3 summarizes the forward estimations made using all four
sampling time 3, full absorption and equilibration of the alcohol methods.
dose could not be guaranteed because of the unknown effect of Because of the small sample number, no rigorous statistical anal-
the large meal. Therefore we cannot be sure whether post drinking ysis of these results has been carried out. However, they suggest
absorption effects, or b60 values outside the “normal” range were that the forward estimation methods of Watson et al. (2), Lewis
the main cause of the few apparently inaccurate back estimations (12) and Forrest (22), have a similar degree of accuracy, at least
for BAC2. under the conditions of our study. Widmark’s method may be less

It is the practice of some forensic scientists to use a b60 value accurate than the other three methods. This would be expected
of 15 mg/dL/h when performing back estimations. This is widely given that this method is the only one of the four methods that does
regarded as an average value for “normal” social drinkers (16). not take into account differences in body build when estimating the
The errors associated with the use of this average value are shown

TBW or the VD for alcohol.
in Table 2. In general these errors were not large. The likely reason

The mean TBW value calculated for the 24 volunteers by the
for this is that the back estimations in this study related to a rela-

method of Watson et al. (46.3 L) was very close to that determinedtively short time period (1.30 to 3.13 hours). Over longer time
by the method described by Forrest (46.6 L). However TBW valuesperiods greater errors would be expected if a b60 range is not used
determined for each subject by the two methods differed by up to(16).
7%. Such differences accounted for the apparent differences in
prediction accuracy between these two methods.

Forward Estimations Although the mean blood water content is 85% v/v (25), the
BAC predictions based on the methods of Forrest (22), and WatsonThe results for three of the volunteers are shown in Fig. 2. Again
et al. (2) were more accurate if a value of 80% v/v was used, asthese are representative of all other results. The forward estimations
recommended by these authors. Use of the lower value loweredshown in this figure were made using the method of Watson et al.
the estimate of BAC0 by about 6%. Therefore it always lowered(2).
predicted BAC results by more than 6%. Although in our experi-In the case of subject “X” BAC2 and BAC3 are within the
ments the bulk of the BAC2 and BAC3 results fell within or closepredicted range, assuming a b60 of 10 to 20 mg/dL/h. Another
to the predicted range, there was a tendency for the predicted range15 of the 24 volunteers gave similar results. This result was also
to be too high. Therefore any factor which slightly lowered thesomewhat surprising given the non-ideal conditions under which
predicted range increased the apparent prediction accuracy. It isthe estimates were made.
possible that use of an erroneous blood water fraction helps com-
pensate for small errors resulting from failure to take any account
of first-pass effects and non-linear alcohol clearance.TABLE 2—Errors associated with BAC2 back estimates when the

blood alcohol clearance rate was assumed to be 15 mg/dL/h. In this context it should be noted that Lewis’s method generally
gave higher TBW estimates than the other three methods (see TableDifferences Between Estimated BAC2 Values and
1). Therefore, regardless of which blood water fraction was used,Measured BAC2 Values (n 4 24)
Lewis’s method generally gave lower BAC0 values than the otherActual Differences
methods. This is the reason for the apparently superior accuracy(mg/dL) % Differences§
of Lewis’s method in estimating BAC2 and BAC3 using the nar-

Mean 19 17 rowest of the b60 ranges (see Table 3).
Range 128 to `10 126 to `18 We can only speculate as to why some authors have used 80%

§Actual differences as a percentage of measured BAC2 values. v/v for the blood water content. However one possibility is that
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FIG. 2—Forward estimations for subjects “X,” “T” and “H.” The two open circles in each graph represent the measured BAC2 and BAC3 values.
The diamond represents the theoretical BAC0 calculated from the alcohol dose and estimated total body water (see Experimental). The range of BAC
estimates is illustrated by the lines radiating from BAC0 at the different blood alcohol clearance rates used.

the volume per weight value (approximately 80%) has been con- Comparing predicted BAC ranges with actual BAC results under
these conditions would give more reliable information on the accu-fused with the volume per volume value.

It would be of interest to repeat this study, following blood racy of the various forward and back estimation methods.
We cannot rule out the possibility that some of the volunteersalcohol concentrations for several more hours to ensure that full

absorption and equilibration of the alcohol dose has occurred. had b60 values above 20 mg/dL/h and that this was the cause
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TABLE 3—Summary of forward estimation results for BAC2 and The second possibility is overestimation of BAC0. This could
BAC3. occur as a result of underestimation of TBW, or as a result of first-

pass effects, or both.Percentage of BAC2 and BAC3 Results Which Were
Within the Estimated Range (n 4 24) First pass effects appear to be negligible with alcohol dosages

much lower than those used in this study (27,28). Our experimentalb60 4 10–20* b60 4 10–25 b60 4 8–28Method of data does not allow us to say whether they might be more signifi-Estimation BAC2 BAC3 BAC2 BAC3 BAC2 BAC3
cant when higher doses of alcohol are taken together with food.

It seems unlikely that the TBW values are the only cause of theWatson et al. 63 79 88 100 92 100
Lewis 67 92 79 100 92 100 above anomaly. TBW values estimated by the methods of Watson
Forrest 63 79 83 100 96 100 et al., and Forrest, gave mean body water contents of 54 and 55%
Widmark 50 58 79 96 96 100 respectively for the 24 volunteers. The method of Lewis gave a

*Units for b60 4 mg/dL/h. corresponding value of 62%. As the average body water content for
males is 59–60% (29) Lewis’s method might have been expected to
underestimate BAC0, especially since we did not have a majority
of very lean males in our study. Although this method appearedof one or more of the apparent discrepancies between actual and
to be slightly more accurate than the other methods of forwardpredicted results.
estimation, it still tended to overestimate both BAC2 and BAC3Table 4 shows the magnitude of the errors associated with for-
(see Table 4).ward estimates made using a fixed b60 of 15 mg/dL/h. The results

in this table suggest that gross errors are likely if a reasonably
wide b60 range is not used. Conclusion

When the results in Table 4 are compared with those in Table
Our results support the view that back and forward estimations2, it is clear that while the back estimates tended to underestimate

of BAC can seldom be performed with great accuracy. Howeveractual BAC values, the forward estimates tended to do the opposite.
they suggest that such estimates are unlikely to be subject to grossSimilar results have been reported by Shajani and Dinn (20). BAC
errors if the person in question has been in a normal social drinking“overshoot” conditions or conditions of incomplete absorption and
situation, a b60 range of about 10 to 20 mg/dL/h is used, andequilibration do not account for these results. Although there may
accurate dose and anthropometric data sufficient to calculate a VDbe more than one factor responsible for this apparent anomaly there
or TBW value specific to the individual in question, is available.are two potential causes which by themselves or in combination

If there is reason to believe that the subject in question mightcould explain the observed results.
be a chronic heavy drinker, it may be prudent to use a b60 rangeThe first is the possibility that the average b60 for the subjects
with a maximum of 30 mg/dL/h in any back or forward estimations.in our study was above 15 mg/dL/h. Others have found this to be

The results of this study do not show any of the four forwardthe case in their studies (16,20). Unfortunately, the experimental
calculation methods as clearly superior to all the others. All aredesign of our study did not allow accurate determinations of b60

useful as long as their limitations are understood.values.
In any particular case, the formula available for BAC estimationsSome of the volunteers in this study would not be regarded as

moderate drinkers on the basis of their estimated daily alcohol should be used only as a starting point. The results given by the
intake. For example, six of them were consuming more than 40 g formula must be interpreted according to the circumstances sur-
per day and four of them were consuming more than 60 g per day rounding the drinking situation. Good interpretation is unlikely to
on average. These dose rates in men are regarded respectively be made unless the forensic scientist has a thorough knowledge
as “hazardous” and “harmful” by some health professionals (26). of the many factors which influence the absorption, distribution
Because there appears to be a positive correlation between mean and metabolism of alcohol.
daily alcohol intake and the rate of alcohol metabolism (10), some
of our subjects might have had blood alcohol clearance rates well
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