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Abstract Phosphatidylethanol (PEth) is considered as specif-
ic biomarker of alcohol consumption. Due to accumulation
after repeated drinking, PEth is suitable to monitor long-term
drinking behavior. To examine the applicability of PEth in
Bdriving under the influence of alcohol^ cases, 142 blood
samples with blood alcohol concentrations (BAC) ranging
from 0.0–3.12‰ were analyzed for the presence of PEth ho-
mologues 16:0/18:1 (889±878 ng/mL; range <LOQ to
5400 ng/mL) and 16:0/18:2 (355±315 ng/mL; range <LOQ
to 1440 ng/mL) by LC-MS/MS.With receiver operating char-
acteristic analysis, PEth thresholds were evaluated to differen-
tiate moderate and excessive alcohol consumption with ac-
ceptable sensitivity and specificity in accordance with the
1.6‰ BAC limit. With a threshold of 700 ng/mL for PEth
16:0/18:1, prolonged excessive alcohol consumption was de-
tected in 65.9 % of drunk drivers with a BAC≥1.6‰ and in
31.6 % of the samples with a BAC<1.6‰. Similar results
were obtained for PEth 16:0/18:2 with a threshold of
300 ng/mL. Both criteria, PEth 16:0/18:1 and PEth 16:0/
18:2, were conform in the evaluation of drinking habits in
88.7 % of blood samples. These results show the possibility
to detect prolonged excessive alcohol consumption, even if
the BAC is below the legal threshold of 1.6‰ for driving
aptitude assessment. As a consequence, concentrations of
PEth 16:0/18:1≥700 ng/mL and of PEth 16:0/18:2≥300 ng/
mL may be considered as indicators for the necessity of driv-
ing aptitude assessment in addition to BAC.

Keywords Phosphatidylethanol . Alcohol biomarker .

LC-MS/MS . Driving under the influence (DUI)

Introduction

The abuse of alcohol is a worldwide social and public health
problem. To reveal problematic drinking habits and alcohol
misuse, especially concerning the risks of driving under the
influence of alcohol (DUI), there are several direct (blood
alcohol concentration (BAC), ethyl glucuronide (EtG), ethyl
sulfate (EtS), phosphatidylethanol (PEth)), and indirect alco-
hol biomarkers (carbohydrate deficient transferrin (CDT), γ-
glutamyltranspeptidase (GGT), etc.) detectable in body fluids.

BAC, EtG, and EtS reveal recent alcohol exposure [1, 2].
CDT and GGT are used to detect prolonged risky alcohol
consumption. However, CDT and GGT are not only influ-
enced by alcohol intake alone: gender, age, smoking, and
various diseases can increase these markers as well [3].

A new and more specific alcohol biomarker in this field is
PEth, as it is formed directly after alcohol intake [4, 5]. PEth is
a direct alcohol metabolite present in cell membranes with a
half-life of four days [6]. It represents a group of phospholipid
homologues which have a glycerol structure, esterified with
two fatty acids in sn-1 and sn-2 position—containing 14 to 22
carbon atoms with zero to six double bonds—and with ethyl
phosphoric acid in sn-3 position. So far, 48 different PEth
homologues have been identified, due to the variations of fatty
acids [7]. PEth was first discovered in rats [8] and is
biosynthesized from phosphatidylcholine (PC) catalyzed by
the enzyme phospholipase D (PLD), as long as ethanol is
present in the organism [9]. After blood sampling, the forma-
tion of PEth continues during storage at room temperature and
at −20 °C, if ethanol is present in the sample. In contrast,
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formation of PEth is not observed during storage at +4 °C for
up to 3 weeks [10, 11].

Due to its high specificity for the detection of heavy and
prolonged alcohol consumption, PEth is regarded as advanta-
geous compared to the indirect markers CDT and GGT [12],
and various PEth thresholds for the differentiation of moderate
from prolonged excessive alcohol consumption have been
proposed [12–14].

In Switzerland, administrative regulations for traffic cases
use a limit of BAC of 1.6‰ as a threshold for driving aptitude
assessment, as prolonged excessive alcohol misuse is
suspected above this limit. Drinking habits cannot be derived
from the BAC alone, as about 30–40 % of motorists with
problematic alcohol consumption remain undetected because
of BAC levels below 1.6‰ at the time of control. Therefore,
already 21 years ago, Iffland [15] suggested to use other
markers such as GGT, CDT, methanol, and the sum of acetone
and 2-propanol in addition to BAC to diagnose problematic
alcohol consumption with higher sensitivity. The direct alco-
hol biomarker PEth might be a new option for this purpose.

For this study, the two most abundant PEth homologues in
human blood PEth 16:0/18:1 and PEth 16:0/18:2 [16, 17]
were determined in blood samples from DUI cases. The sum
of these two PEth homologues matches with approx. 62 % of
Btotal PEth^ [17].

With receiver operating characteristic (ROC) analysis of PEth
and BAC in DUI cases, we determined thresholds of PEth ho-
mologues, which—besides the threshold of BAC≥1.6‰—can
be considered as indicator for prolonged excessive alcohol con-
sumption and the necessity of driving aptitude assessment.

Material and methods

Chemicals and materials

PEth 16:0/18:1, PEth 16:0/18:2, PC 16:0/18:1, and PC 16:0/18:2
were obtained from Avanti Polar Lipids (Alabaster, USA). PLD
and n-hexane were from Sigma-Aldrich (Buchs, Switzerland).
Acetone, ammonium acetate, chloroform (CHCl3), D6-ethanol,
diethyl ether, CaCl2, and Na2HPO4 were obtained from Merck
(Darmstadt, Germany). 2-Propanol was provided by Fisher
Scientific (Loughborough, UK), methanol (MeOH) was from
Biosolve BV (Valkenswaard, the Netherlands), and acetonitrile
(MeCN) was supplied by Agros Organics (New Jersey, USA).
Deionized water was produced in-house with a Milli-Q water
system from Millipore (Billerica, USA). Blank blood was ob-
tained from the blood donation center in Bern, Switzerland.

Synthesis of deuterated PEth homologues

The deuterated standards D5-PEth 16:0/18:1 and D5-PEth
16:0/18:2 were synthesized in our laboratory from PC 16:0/

18:1 and PC 16:0/18:2, respectively, and D6-ethanol catalyzed
by PLD.

Ten milligrams of PC 16:0/18:1 and PC 16:0/18:2, respec-
tively, were dissolved in 1.5 mL diethyl ether. Then, 2.25 mL
of buffer solution (100 mM ammonium acetate with 100 mM
CaCl2, pH 5.9) and 200 μL D6-ethanol were added. With
stirring, the mixture was heated to 34–35 °C. To start the
reaction, 150 μL of enzyme solution (1.0 mg/mL; PLD dis-
solved in deionized H2O) were added to the mixture of PC and
D6 ethanol. During the entire reaction time, the temperature
was held at 34–35 °C, as this is the optimal temperature for
PLD activity. After 2 and 4 h, 10 μL of the organic phase were
analyzed to monitor the reaction progress. The reaction was
stopped after 4 h, when no more PC was detectable in the
reaction mixture. After cooling, the organic phase was trans-
ferred to a micro-tube and the aqueous phase was washed
three times with 1.5 mL of diethyl ether. Then, all organic
phases were combined and evaporated to dryness (under a
stream of nitrogen at 50 °C). The white residue was dissolved
in 5 mL of CHCl3/MeOH (5:8, v/v) and filtrated. The clear
solution was evaporated and finally dissolved in 1 mL CHCl3.

This synthesis was performed as described in [17, 18] with
small modifications.

Determination of BAC

The ethanol concentration in lithium-heparinized blood sam-
ples fromDUI cases was determined by a validated headspace
gas chromatography method with flame ionization detection
(HS-GC-FID). Samples were analyzed according to Swiss
forensic guidelines with two GC-FID systems, in duplicate
on each system [19].

Determination of PEth

For analyzing PEth 16:0/18:1 and PEth 16:0/18:2, 100 μL of
lithium-heparinized whole blood, 10 μL of internal standard
(D5-PEth 16:0/18:1, D5-PEth 16:0/18:2), and 50 μL of phos-
phate buffer (pH 9) were pipetted into a micro-tube and vor-
tex-mixed. Then, 400 μL of 2-propanol was added. After
10 min of agitation, 600 μL of hexane was added and
vortex-mixed again for 10 min and afterward centrifuged for
10 min at 16,000g. Five hundred microliters of the hexane
phase were separated, evaporated to dryness under a stream
of nitrogen at 50 °C and redissolved in 100 μL of mobile
phase A. An aliquot of 10 μL was injected into the LC-MS/
MS system.

To ensure the stability of PEth and to prevent post-
sampling formation of PEth, blood samples were stored
at +4 °C. The analysis was performed within 1 week
after blood sampling.
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Method validation

Method validation for the determination of PEth in whole
blood was performed according to the guidelines of the FDA
[20, 21]. The investigated parameters were selectivity, linear-
ity, limit of quantification (LOQ), limit of detection (LOD),
precision (expressed as the relative standard deviation
(RSD%)), accuracy (expressed as the mean relative error
(RE%)), matrix effects, and carryover.

To determine the selectivity of the developed PEth method,
six blank samples of blood from alcohol abstinent people were
analyzed to test for interferences from endogenous matrix
components or metabolites, which could disturb the signals
of PEth homologues or internal standards.

For the calibration samples, working solutions (2.50, 6.25,
12.5, 25.0, 50.0, and100 μg/mL) for PEth 16:0/18:1 and PEth
16:0/18:2 were prepared in ammonium acetate (2 mM)/aceto-
nitrile solution (20:80, v/v), and 10 μL of each was spiked into
240 μL aliquots of blank blood. Six-point calibration curves
of PEth 16:0/18:1 and PEth 16:0/18:2 were prepared in dupli-
cate on three different days. The calibrators had the following
concentrations: 100, 250, 500, 1000, 2000, and 4000 ng/mL.

Precision and accuracy were determined by preparing
blood samples (quality control samples, QC) spiked at differ-
ent PEth concentration levels: 300 ng/mL (QClow), 800 ng/mL
(QCmedium), and 1600 ng/mL (QChigh). A higher QC concen-
tration was not used, since the relevant decision limit of
700 ng/mL chosen for this study was well within the range
covered by the QC controls.

The matrix effect was studied qualitatively by measuring
extracts of blank blood samples from six different sources
with simultaneous post-column infusion (10 μL/min) of solu-
tions of PEth in mobile phase A at concentrations of 500 and
2000 ng/mL, respectively, into the eluent before entering the
electrospray ion source. In this way, any substance from the
blank blood sample eluting from the column and causing a
deviation in electrospray ionization (ESI) response is seen as a
suppression or enhancement of the infused PEth [22–24].

Carryover was investigated by injecting the highest calibra-
tor (4000 ng/mL) three times in a row followed by a blank
blood sample in duplicate to test if substances of the previous
injections are carried over to the next measurement.

Instrumentation

The LC-MS/MS system consisted of a CTC PAL autosampler
(CTC Analytics, Zwingen, Switzerland), an Agilent 1200 se-
ries HPLC (Agilent, Waldbronn, Germany) and a 3200 QTrap
mass spectrometer (Sciex, Toronto, Canada) controlled by
Analyst™ software (version 1.5.1).

Analytical separation was performed by a Luna RP-C5
column, 50 mm×2 mm, 5 μm (Phenomenex, Brechbühler,
Schlieren, Switzerland) heated to 50 °C with a flow rate of

0.3 mL/min. Mobile phase A consisted of ammonium acetate
(2 mM)/acetonitrile (30:70, v/v) solution, and mobile phase B
was 2-propanol. The following 10-min gradient was used: 0 to
1.5 min, 10 % B; 1.5 to 2.5 min, 10 to 40 % B linear; 2.5 to
3.5 min, 40 to 100 % B linear; 3.5 to 4.5 min, 100 % B; 4.5 to
6 min, 100 to 10 % B linear; and 6 to 10 min, 10 % B. Post-
column infusion of 2-propanol (0.3 mL/min) was used to in-
crease the signal intensity.

The mass spectrometer was operated in negative ESIMRM
mode, with an ion-spray voltage of −4250 V and a source
temperature of 650 °C with the following transitions for
PEth 16:0/18:1: m/z 701.5/255.1 (quantifier), m/z 701.5/
281.1 and m/z 701.5/437.2 (qualifiers), and m/z 706.5/281.1
(D5-PEth 16:0/18:1). For PEth 16:0/18:2, the transitions were
the following: m/z 699.5/255.2 (quantifier), m/z 699.5/279.2
and m/z 699.5/437.2 (qualifiers), and m/z 704.5/279.4 (D5-
PEth 16:0/18:2).

Statistic evaluation

ROC analysis was performed with GraphPad Prism 6 by clas-
sifying the results into two groups depending on the BAC.

Ethical permission

The analysis of PEth in blood samples from traffic control
cases has been approved by the Cantonal Ethics
Commission Bern (064/13) on March 03, 2014.

Results

Method validation

Concerning selectivity, no interferences could be observed in
any of the tested blank samples. A linear calibration model
with weighting 1/x was used in the range of 100–4000 ng/mL
with correlation coefficients>0.99. For the purpose of this
study, we used the lowest calibrator (100 ng/mL) as the limit
of quantification (LOQ). The LOQ had a signal-to-noise (S/N)
ratio>15 for PEth 16:0/18:1 and PEth 16:0/18:2, respectively.
The limit of detection (LOD) was 40 ng/mL with an S/N ratio
of 4.3 for PEth 16:0/18:1 and an S/N ratio of 7.6 for PEth 16:0/
18:2, respectively.

Precision (6.4–17.5 RSD%) and accuracy (9.0–16.2 RE%)
were in acceptable ranges.

By post-column infusion experiments, only minor suppres-
sion effects were detected at the retention times of both PEth
homologues. Signal intensities of the analytes as well as those
of the internal standards showed minor variations in different
samples within several series. These effects—due to variation
of extraction efficiency and due to variability of matrix ef-
fects—were compensated by addition of the corresponding
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deuterated internal standards prior to extraction. Since these
internal standards are co-eluting with the analytes and have
the same chemical properties, they compensate these effects.
Carryover was not detected.

Blood alcohol and PEth determination

One hundred forty-two blood samples from traffic control
cases, containing 104 traffic controls and 38 traffic accidents,
were analyzed. The controlled persons were between 16 and
82 years old (40±14 years) with a mean BAC of 1.40±0.59‰
(range 0.0–3.12‰). Twenty-two persons were female and
120male. The mean time between control and blood sampling
was 69±50 min (range 10 min to 5 h).

With a retention time of 5.25 min, the mean concentration
of PEth 16:0/18:1 was 889±878 ng/mL (range <LOQ to
5400 ng/mL). The sample with 5400 ng/mL was the only
one, which exceeded the calibration range. It was reanalyzed
by use of less blood (50 μL instead of 100 μL) to fit in the
calibration range. For PEth 16:0/18:2 with a retention time of
4.8 min, the mean concentration was 355±315 ng/mL (range
<LOQ to 1440 ng/mL). A typical chromatogram of a DUI
sample with positive PEth results is shown in Fig. 1, and
detailed PEth and BAC results are listed in Table 1.

For PEth 16:0/18:1, a threshold to differentiate moderate
from prolonged excessive alcohol consumption was evaluated
by ROC analysis. Using the software GraphPad Prism 6, the
PEth results were classified into two groups depending on the
BAC (Fig. 2). All test persons with a BAC above 1.6‰ were
assumed to have prolonged excessive drinking habits; howev-
er, no other parameters as indicator for consumption habits
have been tested upon these persons.

The best compromise for sensitivity and specificity was
reached by using a threshold of 700 ng/mL: For PEth 16:0/

18:1, a sensitivity of 65.9 % and a specificity of 68.4 % were
calculated. A higher threshold (800 ng/mL) leads to a higher
specificity (72.5 %) but less sensitivity (56.8 %) for differen-
tiation of prolonged excessive drinking and social drinking
habits (with a decision limit of BAC 1.6‰). With a lower
threshold (e.g., 600 ng/mL) the method would be more sensi-
tive (72.7 %) but less specific (64.3 %) compared to a thresh-
old of 700 ng/mL.

For PEth 16:0/18:2, ROC analysis resulted in a threshold of
300 ng/mL with a sensitivity of 61.4 % and a specificity of
66.3 % (Fig. 3).

In Fig. 4, the results of PEth 16:0/18:1 are compared to
BAC. BAC was grouped in two categories (social drinking<
1.6‰ and (prolonged) excessive drinking≥1.6‰) following
the legal situation in Switzerland with BAC 1.6‰ as decision
limit for driving aptitude assessment.

In 65.9 % of the tested blood samples with a BAC≥1.6‰,
the concentration of PEth 16:0/18:1≥700 ng/mL indicated
prolonged excessive drinking habits. Below BAC 1.6‰, still
31.6 % of the samples showed PEth concentrations ≥700 ng/
mL. In 140 of 142 samples, PEth 16:0/18:1 concentrations
exceeded the PEth 16:0/18:2 concentrations. With a threshold
of 300 ng/mL for PEth 16:0/18:2 in comparison to BAC,
similar results were obtained for specificity and sensitivity as
for PEth 16:0/18:1 with a decision limit of 700 ng/mL (Fig. 5).
In 61.4 % of the samples with BAC≥1.6‰, concentrations of
PEth 16:0/18:2 were above this threshold. Below BAC 1.6‰,
still 33.7 % of the samples had PEth 16:0/18:2≥300 ng/mL.
When comparing both thresholds, 700 ng/mL for PEth 16:0/
18:1 and 300 ng/mL for PEth 16:0/18:2, 36.6 % of the sam-
ples indicate prolonged excessive drinking habits for both
homologues. In 52.1 % of the cases, both PEth homologues
indicate social drinking habits. Results were conformed for
both homologues in 88.7 % of all cases (Fig. 6).
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Fig. 1 Typical chromatogram of
a DUI sample with positive PEth
results: PEth 16:0/18:2 1035 ng/
mL, retention time 4.8 min; PEth
16:0/18:1 2280 ng/mL, retention
time 5.25 min; BAC 1.24‰. The
structural formulas of both
homologues are shown (PEth
16:0/18:2 (left) and PEth 16:0/
18:1 (right))
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Discussion

In comparison to the BAC, which only shows recent alcohol
consumption, PEth reveals long-term drinking behavior.
Based on ROC analysis, we propose in this study thresholds
for PEth 16:0/18:1 and PEth 16:0/18:2 homologues (700 and

300 ng/mL, respectively) to determine prolonged excessive
alcohol consumption in drunk drivers.

This suggested threshold for PEth 16:0/18:1 is more than
three times higher than the threshold of 210 ng/mL (0.3 μmol/
L), which was proposed in 2013 in a Swedish study [14] to
differentiate between moderate drinking and alcohol misuse
based on clinical data.

Table 1 Mean, minimum, and
maximum BAC and PEth values
with standard deviations (SD) and
mean, minimum, and maximum
times between control and blood
samplingwith standard deviations
(SD) of 142 samples from traffic
control cases

BAC (‰)<1.6 BAC (‰)≥1.6

Number of samples 98 44

Mean BAC and SD (‰) 1.10±0.40 2.07±0.36

Minimum BAC (‰) 0 1.64

Maximum BAC (‰) 1.58 3.12

Mean time between control and blood sampling with SD (min) 63±45 80±60

Minimum of time between control and blood sampling (min) 15 10

Maximum of time between control and blood sampling (min) 285 305

Number of samples with PEth 16:0/18:1<700 ng/mL 67 15

Number of samples with PEth 16:0/18:1≥700 ng/mL 31 (31.6 %) 29 (65.9 %)

Mean PEth 16:0/18:1 and SD (ng/mL) 716±834 1274±860

Minimum PEth 16:0/18:1 (ng/mL) –a 226

Maximum PEth 16:0/18:1 (ng/mL) 5400 3260

Number of samples with PEth 16:0/18:2<300 ng/mL 65 17

Number of samples with PEth 16:0/18:2≥300 ng/mL 33 (33.7 %) 27 (61.4 %)

Mean PEth 16:0/18:2 and SD (ng/mL) 288±289 505±321

Minimum PEth 16:0/18:2 (ng/mL) –a 82.2

Maximum PEth 16:0/18:2 (ng/mL) 1440 1410

a PEth was below LOD
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Fig. 2 ROC analysis for PEth 16:0/18:1: The samples were classified
into two groups depending on the BAC: BAC≥1.6‰, excessive alcohol
consumption; and BAC<1.6‰, moderate alcohol consumption. With a
threshold of 700 ng/mL for PEth 16:0/18:1, a sensitivity of 65.9 % and a
specificity of 68.4 % were determined
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Fig. 3 ROC analysis for PEth 16:0/18:2: The samples were classified
into two groups depending on the BAC: BAC≥1.6‰, excessive alcohol
consumption; and BAC<1.6‰ moderate alcohol consumption. With a
threshold of 300 ng/mL for PEth 16:0/18:2, a sensitivity of 61.4 % and a
specificity of 66.3 % were determined
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However, Gnann [5, 13] performed drinking studies and
proposed a threshold for PEth 16:0/18:1 of 800 ng/mL
(1.1 μmol/L) to differentiate between (i) moderate to single
(or up to five times repeated) excessive drinking and (ii)
prolonged excessive drinking. During these drinking experi-
ments with an alcohol consumption of up to BAC 1.0‰ each
on five or ten consecutive days, it was possible to reach PEth
16:0/18:1 values of up to 237 ng/mL (0.34 μmol/L) on day 5
[5] and 512 ng/mL (0.73 μmol/L) on day 10 [13], respectively.
These reached PEth concentrations clearly exceed the sug-
gested threshold of the Swedish study [14], but our proposed
threshold of 700 ng/mL (1 μmol/L) could not be reached by
controlled ethanol consumption during drinking studies.

By comparing the BAC and PEth results of this study,
prolonged excessive drinking can be uncovered in 65.9 % of
drunk drivers with BAC≥1.6‰. Furthermore, it is possible to
detect prolonged alcohol misuse in 31.6 % of the cases, where
the BAC has already decreased below the legal limit of 1.6‰.
These findings are in agreement with the suggestion of Iffland

et al. [15] to use other alcohol markers in addition to BAC to
diagnose problematic alcohol consumption with higher spec-
ificity, as about 30–40 % of drivers with problematic alcohol
consumption remain undetected because of BAC levels below
1.6‰.

Time difference between incident and blood sampling was
not taken into account. Despite BAC elimination during this
time period, there is PEth formation, as long as there is alcohol
in the blood—which was shown during drinking studies [5,
25]. With a maximum time span of five hours between inci-
dent and blood sampling and an assumed alcohol elimination
rate of 0.1–0.2‰/h, there is a possible (maximum) degrada-
tion of BAC of 1‰. We recently could demonstrate that a
single consumption of ethanol up to a BAC of approximately
1.0‰ yielded maximum PEth 16:0/18:1 concentrations of
120 ng/mL (0.17 μmol/L) [25]. If taking this possible increase
into account, we can back-calculate the measured PEth results
to the time of incident by subtraction of approximately 120 ng/
mL from the measured PEth concentration. However, this
would not influence the above shown classification of the
PEth results in comparison to BAC. The proposed threshold
of 700 ng/mL cannot be reached by a single drinking event.
PEth can only be accumulated to this high level over a longer
time period by prolonged excessive alcohol consumption.

In addition, we also propose a threshold of 300 ng/mL for
PEth 16:0/18:2—for which no thresholds have been proposed
before. In 88.7 % of all cases, the results obtained with this
threshold match with the results for the 700 ng/mL threshold
for PEth 16:0/18:1.

Conclusion

This study shows that PEth analysis in blood samples from
DUI cases allows differentiation between social drinking be-
havior (PEth 16:0/18:1<700 ng/mL) and excessive alcohol
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consumption (PEth 16:0/18:1≥700 ng/mL)—even when due
to fast elimination of ethanol medium blood alcohol concen-
trations were detected. PEth increases the sensitivity for
uncovering prolonged excessive alcohol consumption by
31.6 % (in blood samples with BAC<1.6‰) in comparison
to only using the BAC threshold of 1.6‰. Therefore, we
strongly recommend to include the most abundant PEth ho-
mologue in human blood PEth 16:0/18:1 in routine analysis
for the detection of prolonged excessive alcohol consumption
in DUI cases, as results of blood analysis in DUI cases with
elevated PEth 16:0/18:1 values above a 700 ng/mL threshold
would also justify a withdrawal of driving licenses.

At the moment, there is no legislation which allows or re-
quires PEth determination in cases of drunk driving. If blood
samples are available in traffic controls—which is not the case
in all countries—especially after changing to Bevidential breath
alcohol testing^, PEth analysis could offer the possibility to
obtain information about long-term alcohol misuse even if
BAC is below 1.6‰. This would require a blood sampling
shortly after the elimination of ethanol in cases of suspected
prolonged alcohol misuse—which might be a perspective for a
strategy in the future. For further improvement of PEth analy-
sis, it is of advantage to introduce a stabilizer for PEth in blood
samples or to use dried blood spots (DBS) for analysis, which
would guarantee longer post-sampling stability of PEth.
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