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Abstract

Purpose Concentration ratio of ethanol/n-propanol has been employed to distinguish the source of ethanol in postmortem
blood, though its reliability remains controversial.

Methods Forty-two postmortem human blood samples with ethanol levels in the range of 0.07—4.64 mg/mL were investi-
gated. Ethanol and n-propanol were determined by head-space gas chromatography coupled with flame ionization detection,
while ethyl glucuronide (EtG) and ethyl sulfate (EtS) were determined by liquid chromatography—tandem mass spectrometry.
Results EtG and EtS were both negative in 26% of the investigated postmortem blood samples and 11% of n-propanol-
negative postmortem samples, indicating that n-propanol was not a reliable marker of putrefaction. It was also found that
the ratio of ethanol/n-propanol (supposed to be <20 without antemortem ethanol consumption) was unreliable by showing
great individual differences and was opposite with the result of EtG and EtS in at least 17% of n-propanol-positive postmor-
tem blood samples. Meanwhile, 140 antemortem blood samples were investigated, as an aid to estimate the blood alcohol
concentration (BAC) at the time of death for postmortem samples with ethanol both from postmortem formation and ante-
mortem consumption. By comparing with the maximum or minimum value of EtG and EtS concentration under certain
BAC in antemortem samples, the BAC range at the moment of death could be estimated in 93% of postmortem samples.
Conclusions The present study proved that n-propanol was not a reliable marker for either putrefaction or ethanol source
distinction by showing considerable false rate.
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Introduction

Ethanol consumption plays a significant role in traffic acci-
dents and crimes [1-6], and the determination of blood alco-
hol concentration (BAC) has always been an important work
in forensic labs [7]. However, in postmortem cases, it still
remains a problem to determine whether ethanol comes from
antemortem consumption or postmortem formation.
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Several studies have demonstrated that some low-molec-
ular-weight volatiles, such as n-propanol, isopropanol, and
butanol, can be produced together with ethanol during
postmortem putrefaction [§—10]. As a marker of putrefac-
tion, n-propanol has received more attention [11-14]. An
in vivo study using rats reported in 1982 found that the
blood concentration ratio of ethanol to n-propanol was <20
without antemortem ethanol consumption [15], which was
supported by an authentic forensic case [16]. Several other
studies also found that the postmortem formation of ethanol
and n-propanol showed good correlation [17-20]. Thus, the
ethanol/n-propanol ratio of 20 in blood has been utilized to
distinguish the source of ethanol in postmortem blood and
to estimate the antemortem ethanol concentration. However,
these in vitro studies were performed using specific bacterial
strains, which could not entirely simulate the environment
of putrefaction [18, 19]. Meanwhile, some in vivo studies
showed controversial results [13]. Our previous study using
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rats reported in 2016 found that the blood concentration
ratio of ethanol/n-propanol varied from 2.1 to 205 without
antemortem ethanol consumption, and from 15.2 to 115
in ethanol-administrated rats, indicating the unreliability
of using ethanol/n-propanol ratio as the marker of ethanol
source distinction [21]. More studies involving human sam-
ples from forensic cases are requested to verify whether the
ethanol/n-propanol ratio is a reliable biomarker for the dis-
tinction of ethanol source.

As non-oxidative metabolites of ethanol, ethyl glucuron-
ide (EtG) and ethyl sulfate (EtS) have been proved to be reli-
able markers for ethanol consumption in postmortem cases
[22-26]. Simultaneous determination of these two metabo-
lites was recommended, since EtG shows a higher sensitiv-
ity; while EtS shows a higher stability [22-27]. Negative
detection results of EtG and EtS could be used to exclude
antemortem ethanol consumption [14, 28]. The role played
by n-propanol in distinction of ethanol source in postmortem
blood could be assessed with the assistance of EtG and EtS,
while no such study has been reported. Meanwhile, when
there are detectable EtG and EtS in postmortem samples,
it is important to estimate whether ethanol comes totally or
partially from antemortem consumption. Back-calculation of
antemortem BAC is in great need, since whether the dece-
dent was under the influence of ethanol is closely related
with the determination of legal responsibility. However, such
estimation still remains a difficult task.

The purpose of the present study was to assess the reli-
ability of n-propanol in ethanol source distinction in post-
mortem blood with the assistance of EtG and EtS, and to
estimate the antemortem BAC in postmortem blood when
EtG and EtS were positive. The concentration of ethanol and
n-propanol in 42 postmortem blood samples was measured
by head-space gas chromatography coupled with flame ioni-
zation detection (HS-GC-FID), and the ethanol/n-propanol
ratio was calculated. EtG and EtS were analyzed by a liquid
chromatography—tandem mass spectrometry (LC-MS/MS)
method to assess the reliability of n-propanol. Meanwhile,
140 antemortem blood samples were analyzed, as an aid
to estimate the BAC at the time of death for postmortem
samples with ethanol both from postmortem formation and
antemortem consumption.

Methods
Reagents and standards

Ethanol, n-propanol, as well as their internal standard tert-
butanol, were purchased from Sinopharm Chemical Rea-
gent Co., Ltd (Shanghai, China). EtG, EtS, and their internal
standards EtG-Ds and EtS-D5 were purchased from Ceril-
liant Co., Ltd (Round Rock, TX, USA). Ultra-pure water

@ Springer

was prepared by a Millipore Milli-Q purification machine
(Bedford, MA, USA).

Blood samples

Forty-two postmortem blood samples were collected from
cardiac chambers of the deceased provided by the Depart-
ment of Forensic Medicine, Fudan University. Due to restric-
tions on customs in China, it is a common practice to deter-
mine alcohol concentration in blood from heart chambers,
which could be obtained without autopsies. Samples were
stored at 4 °C after sampling and analyzed within 24 h. Nei-
ther antiseptic nor anticoagulant was added.

One hundred and forty antemortem blood samples were
collected from cubital vein of people involved in driving
under the influence of alcohol cases from Department of
Forensic Medicine, Fudan University. Samples were anti-
coagulated by sodium citrate and anti-corrupted by sodium
fluoride.

Analysis of ethanol and n-propanol in blood

Concentrations of ethanol and n-propanol in blood were
determined by a well-validated HS-GC-FID method. An
aliquot of 100 pL of blood was transferred to a glass vial,
spiked with 500 pL of fert-butanol (40 pg/mL), and imme-
diately sealed with an air-tight cap. The samples were ana-
lyzed by an Agilent 7890 gas chromatograph coupled with a
headspace sampler and a flame ionization detector (Agilent
Technologies, Palo Alto, CA, USA). The head-space heater
was set at 65 °C. The injection was carried out in split mode
(1:5) at an injector temperature of 250 °C. The chromato-
graphic separation was performed on DB-ALC1 capillary
column (30 mx0.32x 1.8 pm) and DB-ALC2 capillary
column (30 mx0.32x 1.2 pm, Agilent Technologies, Palo
Alto, CA, USA). The detector temperature was set at 250 °C.
Limit of detection and limit of quantification were 0.01 and
0.05 mg/mL, respectively, for ethanol, with a linearity range
of 0.05-3.0 mg/mL. The LOD and LOQ were 0.0005 mg/
mL and 0.001 mg/mL for n-propanol, with a linearity range
of 0.001-0.2 mg/mL. Ethanol and n-propanol in gastric con-
tents were not detected in this study, which are not required
for regular forensic cases according to Chinese law.

Analysis of EtG and EtS in blood

The levels of EtG and EtS in blood were determined by a
well-validated LC-MS/MS method [29].

In brief, 100 pL of methanol (containing 2 pL of IS
working solution) was added to 20 pL of whole blood.
After vortex and centrifugation, the resulting superna-
tant was vaporized to dryness and reconstituted by 50 pL
of 0.1% formic acid. Five-pL aliquot was injected into
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the LC-MS/MS system which consisted of an Ultimate
3000 UPLC system and a TSQ Quantiva triple quadrupole
mass spectrometer (Thermo Fisher Scientific, Waltham,
MA, USA). LOD and LOQ were 2 and 5 ng/mL, respec-
tively, for both EtG and EtS, with linearity ranges of
5-10000 ng/mL. Samples out of upper limit of quantifica-
tion were diluted to 1/10 with blank human whole blood
and then analyzed. Accuracy for EtG and EtS was among
87.2-106.7%. Intra-day precision was in the range of
2.1-8.2%. Inter-day precision was between 5.1 and 12.2%.
Correlation coefficients of calibration curves for EtG and
EtS were all higher than 0.999.

The cited article mainly focused on the development
and validation of a developed analytical method for the
determination of EtG and EtS in both postmortem blood
and vitreous humor. However, n-propanol in blood was
not mentioned. EtG and EtS in the two matrices from
real forensic cases were proved to be reliable markers for
the interpretation of postmortem ethanol source. Based
on these findings in the cited article, the role played by
n-propanol in distinction of ethanol source in postmortem
blood was assessed in this study, with the assistance of
EtG and EtS.

Statistical analysis

The statistical analysis was performed using a nonparametric
test with Graphpad prism version 7.0 software (GraphPad
Software Inc., San Diego, CA, USA). Correlations of BAC
with EtG and EtS were assessed using Spearman’s correla-
tion coefficient.

Results

Levels of ethanol, n-propanol, EtG and EtS
in postmortem blood

The concentrations of ethanol, n-propanol, EtG and EtS in
postmortem blood are listed in Table 1. BAC ranged from
0.07 to 4.64 mg/mL. Among these samples, EtG and EtS
were both negative in 11 samples, accounting for 26%
(11/42), with BAC ranged from 0.15 to 2.60 mg/mL. In two
samples (no. 24 and 25), only EtS was detectable (<5 ng/
mL).

n-Propanol was negative in 18 samples (no. 1-18) and
positive in 24 samples (no. 19-42). In n-propanol-pos-
itive samples, the ethanol/n-propanol ratio was below 20
in 11 samples (no. 19-29) and above 20 in 13 samples
(no. 30-42). For cases with both negative EtG and EtS,
ethanol/n-propanol ratio varied from 2.43 to 360.

Relationship of ethanol, EtG and EtS levels
in antemortem blood

For samples where ethanol came from both antemortem
consumption and postmortem formation, determination of
antemortem BAC becomes an important work, which was
directly related to the judgement of legal responsibility. For
this purpose, 140 antemortem blood samples were analyzed
to find out the relationships between antemortem BAC and
concentrations of EtG and EtS. Correlation of EtG and EtS
with BAC is presented in Fig. 1. EtS showed a better cor-
relation with BAC than EtG (R =0.884 vs 0.792). However,
it was insufficient to fit a correlation curve simply by these
parameters.

For the estimation of BAC at the time of death, ante-
mortem blood samples were divided into 5 groups accord-
ing to the BAC: 0, 0.01-0.19 mg/mL, 0.20-0.49 mg/mL,
0.50-0.79 mg/mL, and 0.80-3.40 mg/mL, because 0.20,
0.50 and 0.80 mg/mL were the legal limits for driving in
many countries [7, 30]. In each group, minimum, maximum
and median values of EtG and EtS concentrations are pre-
sented in Table 2.

Discussion

Assessment of n-propanol in distinction of ethanol
source in postmortem blood with the assistance
of EtG and EtS

In 18 n-propanol-negative samples (no. 1-18), if n-propanol
was used as the marker for the distinction of ethanol source,
it was easy to conclude that ethanol in these samples came
from antemortem consumption rather than postmortem for-
mation. However, in samples nos. 1 and 2, EtG and EtS were
negative, indicating no antemortem ethanol consumption,
which were on the contrary to the indication by n-propanol.
Thus, the usage of n-propanol led to at least 11% (2/18) false
results of ethanol source distinction among the investigated
n-propanol-negative samples.

In case no. 2, BAC was quite high (2.60 mg/mL), while
n-propanol, EtG and EtS were all tested negative. Although
researchers concluded that lower concentrations (< 0.70 mg/
mL) of ethanol were more likely to come from postmor-
tem formation [31], in some cases, postmortem formation
of ethanol could be as high as 1.2-2.2 mg/mL [13], and
even up to 3.0 mg/mL in an extreme case [32]. Research-
ers discovered that heavy trauma might increase the risk of
postmortem ethanol formation by increasing the potential of
bacteria spreading [33]. In case no. 2, the decedent died from
a car crash, and suffered from mechanical injury (including
craniocerebral injury, lacerations on forehead and bruises all
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Table 1 Concentrations of

Sample no. Ethanol  n-Propanol Ethanol/n- EtG (ng/mL) EtS (ng/mL) Postmortem interval
ethapol, n-propanol, EtG and (mg/mL) (mg/mL) propanol
EtS in 42 postmortem blood ratio
samples
1 1.22 ND - ND ND 2d
2 2.60 ND - ND ND 0d
3 0.76 ND - 8 <5 1d
4 0.18 ND - 414 408 Unknown
5 2.44 ND - 1160 1360 2d
6 0.56 ND - 1270 377 8d
7 1.48 ND - 1330 524 1d
8 0.35 ND - 1590 445 7d
9 2.35 ND - 1980 1370 2d
10 1.66 ND - 2060 736 2d
11 2.36 ND - 2660 672 1d
12 2.51 ND - 3050 1880 3d
13 2.25 ND - 4270 1030 1d
14 1.06 ND - 6900 921 4d
15 1.12 ND - 8320 2210 5d
16 2.01 ND - 9500 1100 2d
17 1.22 ND - 14900 2880 8d
18 2.67 ND - 31000 1170 7d
19 0.17 0.070 2 ND ND Unknown
20 0.17 0.054 3 ND ND Unknown
21 0.33 0.042 8 ND ND Unknown
22 0.16 0.018 9 ND ND 3d
23 0.15 0.014 11 ND ND 3d
24 0.21 0.018 12 ND <5 1d
25 0.30 0.016 19 ND <5 1d
26 0.35 0.027 13 <5 7 1d
27 0.35 0.058 6 18 8 10d
28 0.48 0.039 12 12 19 Unknown
29 0.07 0.016 4 24 22 2d
30 0.51 0.007 73 ND ND 8 months
31 0.36 < 0.001 > 360 ND ND 8 months
32 0.15 0.006 25 ND ND 1d
33 0.28 0.001 280 ND ND 1d
34 0.52 0.006 87 <5 <5 8d
35 0.75 0.008 94 6 <5 11d
36 0.16 0.005 32 40 16 3d
37 0.21 0.009 23 91 <5 1d
38 0.43 0.004 108 3020 311 1d
39 0.85 0.002 425 4280 1170 1 month
40 2.10 < 0.001 > 2100 6300 1960 1d
41 3.20 0.001 3200 8860 1750 Unknown
42 4.64 0.002 2320 34000 3760 10d

over the body surface), which might be responsible for the
high concentration of postmortem ethanol formation.

In sample no. 3, although EtG and EtS were both
positive, the concentrations were < 10 ng/mL. Due to the
longer detection window of EtG and EtS than ethanol
[34, 35], although antemortem ethanol consumption was
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indicated, it was difficult to estimate whether ethanol has
already been eliminated entirely at the time of death in
these samples.

Besides, n-propanol has been widely viewed as a marker
of putrefaction [11-14]. However, in the present study,
postmortem ethanol formation was found in several cases
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without n-propanol formation (cases no. 1-18 in Table 1),
which was also discovered by Krabseth et al. [14].

n-Propanol was positive in 24 samples (no. 19-42).
Although ethanol/n-propanol ratio (20 as the cutoff value)
has been used for ethanol source distinction, the present
study found that for cases with both negative EtG and EtS,
ethanol/n-propanol ratio varied from 2.43 to 360. This result
was similar to our previous study using rats without ante-
mortem ethanol consumption [21].

In five samples where EtG and EtS were detected O (no.
19-23), the ethanol/n-propanol ratios were much lower
than 20. For these samples, the ethanol/n-propanol results
were consistent with the result of EtG and EtS, indicating

the ethanol found in these samples were due to putrefac-
tion. In samples no. 38—42, the concentrations of EtG and
EtS were quite high and the ethanol/n-propanol ratios were
all above 20. For these samples, antemortem ethanol con-
sumption could be confirmed by both ethanol/n-propanol
ratio and results of non-oxidative metabolites.

In samples nos. 24-29 and 34-37, the existence of EtS
or EtG indicated antemortem ethanol consumption. How-
ever, the concentrations of EtG and EtS in these samples
were not very high (<100 ng/mL). In sample no. 3, it was
difficult to estimate whether the decedent was under the
influence of ethanol at the moment of death.

In samples no. 30-33, if ethanol/n-propanol ratio was
used to distinguish the source of ethanol, a conclusion
of antemortem ethanol consumption would be drawn.
However, the negative detection results of EtG and EtS
indicated no postmortem ethanol consumption. It was usu-
ally difficult to know whether the decedent had consumed
ethanol according to the case description. Yet there were
two cases where antemortem ethanol consumption could
be probably excluded. In sample no. 30, the decedent died
in prison and the corpse was kept in a — 20 °C freezer
for 8 months before autopsy. Considering the man was in
prison before death and it was almost impossible to have
alcoholic beverages in prison in China, the negative result
of EtG and EtS of this sample was reliable. In sample no.
31, the decedent was in persistent vegetative state before
death. This case also proved that EtG and EtS were more
reliable than n-propanol, since the decedent hardly had
access to alcoholic beverages during life. EtG and EtS in
these cases (no. 30-33) indicated no ethanol consump-
tion before death, which were contrary to the results of
ethanol/n-propanol ratios. In conclusion, the usage of
n-propanol led to at least 17% (4/24) false result of etha-
nol source distinction among the investigated n-propanol-
positive samples.

It needed to be mentioned that, in several cases where
concentrations of n-propanol were around LOQ level,
ethanol/n-propanol ratio could be quite varying. Although
each sample was determined in duplicate in this study,
ethanol/n-propanol ratio could still show a wide range. It
would lead to the limits of interpretations for the results.

Table 2 Concentrations of EtG

BAC /mL
and EtS in 140 antemortem range (mg/mL)

EtG (ng/mL)

EtS (ng/mL)

blood samples Minimum  Maximum  Median Minimum  Maximum  Median
ND 40 ND 797 ND ND 418 ND
0.01-0.19 20 <5 801 191 6 313 104
0.20-0.49 20 94 1950 297 74 824 152
0.50-0.79 20 74 2780 577 135 1090 462
0.80-3.40 40 118 3580 1010 168 2260 774
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Estimation of the BAC at the time of death using EtG
and EtS

Although the concentrations of EtG and EtS in antemortem
blood showed high individual differences, the maximum
and minimum values of EtG and EtS concentrations could
be used for BAC calculation. For example, the maximum
concentrations of EtG and EtS in antemortem blood in etha-
nol negative group were 797 and 418 ng/mL, respectively.
Postmortem samples with EtG and EtS blood concentrations
exceeding these levels were much likely to be related to ante-
mortem ethanol consumption. The minimum concentrations
of EtG and EtS in antemortem blood in BAC 0.20-0.49 mg/
mL group were 94 and 74 ng/mL, respectively. Thus, post-
mortem samples with EtG and EtS concentration below this
value were much likely to have an antemortem BAC below
0.20 mg/mL. The maximum concentrations of EtG and EtS
in antemortem blood in 0.50-0.79 mg/mL group were 2780
and 1090 ng/mL, respectively, indicating that postmortem
samples with EtG and EtS concentrations above these levels
were very likely to have a BAC not lower than 0.80 mg/mL.

Based on the relationship of ethanol, EtG and EtS levels
in antemortem blood samples, the BAC range at the moment
of death could be estimated in 93% postmortem samples. It
could be inferred that the antemortem BAC of postmortem
blood samples no. 3, 24-29 and 34-36 in Table 1 were not
higher than 0.20 mg/mL. One-fifth mg/mL was the legal
limit for driving under the influence of alcohol in most
countries, and the ethanol detected in sample no. 3, 24-28,
34 and 35 partially resulted from postmortem formation.
As for samples no. 39-42, the concentrations EtG and EtS
both exceeded the maximum values in 0.50-0.79 mg/mL
BAC group. Thus, antemortem BAC in these cases could
be inferred to be not lower than 0.80 mg/mL, which was
consistent to the detected postmortem BAC. However, it was
still impossible to estimate the BAC range when samples
showed an EtG level of 118-797 ng/mL or an EtS level of
168-418 ng/mL, which accounted for 7% (3/42) in the pre-
sent study.

Comparison of EtG and EtS in the distinction
of ethanol source in postmortem blood samples

When comparing EtG and EtS, it was discovered that in
most cases, concentration of EtG was higher than that of
EtS, which was in accordance with many other researches
[11, 12, 14, 36]. Thus, EtG was believed to show a higher
sensitivity of antemortem ethanol consumption. Besides,
EtS could only be determined by LC-MS/MS. EtG could
also be determined after derivatization by gas chroma-
tography-mass spectrometry (GC-MS) [37], which was
more commonly used in most forensic labs. However, EtG
was unstable especially under high temperatures or heavy
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putrefaction [24, 25, 38]. In comparison, EtS showed higher
stability in postmortem samples [11, 14, 27, 38, 39]. Nega-
tive results of EtS have been utilized for exclusion of ante-
mortem ethanol consumption [14, 28]. The higher stabil-
ity of EtS may also explain the better correlation of EtS
(R=0.884) with BAC than EtG (R=0.792) in the present
study. Besides, some individuals were unable to form EtG
due to reduced activity of related enzyme [40]. Under such
circumstances, EtS became an essential marker to deter-
mine ethanol source. Thus, simultaneous application of
EtG and EtS provided a both sensitive and specific result
of ethanol source distinction, while EtS showed a higher
reliability when the results of these two metabolites were
on the contrary [14]. In the present study, the ratio of EtG/
EtS was found to be 0.34-3.93 in antemortem blood sam-
ples. Whether the formation or degradation of EtG should
be considered when the ratio of EtG/EtS exceeds this range
in postmortem cases needs further study.

Conclusions

Although n-propanol has been widely employed in ethanol
source distinction in postmortem samples, the present study
proved that n-propanol led to at least 11% false result of eth-
anol source distinction in n-propanol-negative postmortem
samples. The concentration ratio of ethanol/n-propanol was
proved not be a reliable biomarker due to great individual
differences and opposite result with that of EtG and EtS in at
least 17% of the investigated postmortem cases. Also, n-pro-
panol was found not to be a reliable marker of putrefaction.
The present study also summarized the concentration range
of EtG and EtS in antemortem samples under certain BAC,
and the BAC range at the time of death could be estimated in
93% of postmortem samples. Even so, further studies were
required to achieve more accurate BAC estimation in post-
mortem samples when ethanol came from both postmortem
formation and antemortem consumption. Estimation should
be extremely prudent when the concentrations of EtG and
EtS were near the critical value of each BAC group.
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