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Abstract A fatality of an inpatient ingesting a disinfectant
containing ethanol, propan-1-ol, and propan-2-ol is reported.
The alleged survival time was about 1 h. Major findings at
autopsy were an extended hemorrhagic lung edema, an edem-
atous brain, and shock kidneys. Concentrations of alcohols
and acetone, a major metabolite of propan-2-ol, were deter-
mined from body fluids (blood from the heart and the femoral
vein, urine, gastric contents) and tissues (brain, muscle, liver,
kidneys, lungs) by headspace/gas chromatography using 2-
methylpropan-2-ol as the internal standard. All samples inves-
tigated were positive for propan-1-ol, propan-2-ol, ethanol,
and acetone except stomach contents, where acetone was not
detectable. The low concentration of acetone compared to
propan-2-ol likely supports the short survival time. The con-
centration ratios estimated from the results are in accordance
with the physico-chemical properties of the particular alco-
hols, their different affinities towards alcohol dehydrogenase
as well as their interdependence during biotransformation.
Autopsy did not reveal the cause of death. According to the
few published data, blood concentrations of 1.44 and 1.70mg/
g of propan-2-ol and propan-1-ol, respectively, are considered
sufficient to have caused the death. This case also points to the
need to restrict access to antiseptic solutions containing alco-
hols in wards with patients at risk.
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Introduction

Consistent with the epidemiological evidence, alcohol is by
far the most common drug seen in completed suicides and
accidental deaths [1, 2]. However, life-threatening intoxica-
tions with long-chain alcohols have been reported very rarely.
Dürwald and Degen [3] presented a death case caused by
propan-1-ol in 1956; Wirth and Gloxhuber [4] published a
fatality due to 2-methyl-butan-1-ol in 1994. A few cases in-
volved poisoning with propan-2-ol [5, 6], and only three cases
reported on a mixed intoxication with propan-2-ol and
propan-1-ol [5, 7, 8].

Propan-2-ol is a colorless, flammable liquid being used for
industrial and pharmaceutical processes, in household and
personal care products as well as in antiseptic formulations
[7]. If swallowed, propan-2-ol is rapidly absorbed within 15
to 30 min and is metabolized via liver alcohol dehydrogenase
(ADH) to form acetone by 80–90 % being detectable at about
30 min post-ingestion [9]. Exhalation via the lungs is a minor
route of elimination compared to metabolism and excretion in
urine. In humans, the half-life of propan-2-ol ranges between
2.5 and 8.0 h; that of acetone averages about 22 h [10].
Ethanol and propan-1-ol prolong the elimination of propan-
2-ol due to their higher affinity towards ADH. Both acetone
and propan-2-ol are assumed being liable for the toxic effects
[8]. Although propan-2-ol is not considered as toxic as meth-
anol, ingestion of about 150 to 240 mL may be life-
threatening [10].

Propan-1-ol is a colorless, volatile, flammable liquid which
is used for paints and as a cleaning and disinfection solution
[5]. The unchanged alcohol is partly excreted via the lungs
and the kidneys. In man, propan-1-ol is metabolized by the
same enzyme activities as ethanol. Propanal is thus converted
to propionic acid, which may enter the citric acid cycle as a
coenzyme A conjugate [7]. A small amount of propan-1-yl
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glucuronide and sulfate may also be formed. Although data on
the elimination half-life of propan-1-ol in man are not avail-
able, it was suggested to be lower than that of propan-2-ol [8].
While propan-1-ol is considered less toxic than ethanol, the
reverse has been attributed to their aldehydes [11].

We present a case of a mixed propan-1-ol and propan-2-ol
intoxication where death occurred within approximately 1 h
after ingestion of about 1 L of an antiseptic solution.
Concentrations of all three alcohols as well as of acetone have
been determined from body fluids and, for the first time, in
tissues.

Case report

The inpatient (21 years, female) suffered from a borderline
personality disorder for many months. Her medical treatment
comprised zolpidem in the evening as well as pipamperone
and olanzapine. On the day of her death, she was seen alive
last at lunchtime. About 1 h later, the nurse noticed that she
was lifeless. Although being started immediately, attempts at
resuscitation failed. In the bathroom of the patient, an empty
bottle was detected, previously having contained 1 L of an
antiseptic formulation consisting of 450 mg propan-1-ol,
250 mg propan-2-ol, and 47 mg ethanol per gram,
respectively.

An autopsy was conducted 4 days later. The mucosa of the
esophagus, the trachea, and the stomach were corroded,
appearing like tanned leather. This appearance raised a first,
yet strong suspicion that an irritant, denaturizing agent may
have been swallowed. Further major findings were an exten-
sive hemorrhagic lung edema with blood also covering the
peripheral lung vessels, an edematous brain, and shock kid-
neys. Preexisting diseases of the internal organs that might
have caused or contributed to death were absent.

Materials and methods

Materials

Acetone (≥99.8 %), propan-1-ol (≥99.5 %), propan-2-ol
(≥99.9 %), and 2-methylpropan-2-ol (≥99.5 %) were from
Roth (Karlsruhe, Germany). Ethanol standard solutions were
supplied from Diasys Diagnostic Products (0.5, 1.0, 2.0, 3.0,
and 4.0 mg/mL; Holzheim, Germany) and Medichem
(0.2 mg/mL; Steinenbronn, Germany). Bi-distilled water was
from Braun (Melsungen, Germany).

Samples analyzed for alcohols and acetone were blood
from the femoral vein and the heart cavities, urine, stomach
contents (30 mL in total), brain, lung, liver, kidney, and mus-
cle. Aliquots of these samples were taken at autopsy,

immediately transferred into headspace vials with Teflon-
lined seals, and frozen at −20 °C.

Methods

A urine aliquot was screened for abused drugs such as am-
phetamine and derivates, benzodiazepine tranquilizers, canna-
binoids, cocaine, opiates, and methadone (Cedia DAU®,
Thermo Scientific, Passau, Germany; Olympus AU 400®,
Beckman Coulter, Krefeld, Germany). General unknowns on
basic, neutral, and acidic drugs following solid-phase extrac-
tion of urine and stomach contents were performed by gas
chromatography/mass spectrometry (GC/MS). With regard
to final results, hydrolysis of the urine sample or derivatization
prior to analysis has not been performed. Confirmation and
quantitation of identified drugs in blood taken from the fem-
oral vein was by GC/MS (pipamperone, zolpidem) and by
liquid chromatography/tandem mass spectrometry
(olanzapine) using validated in-house procedures.

Propan-1-ol and propan-2-ol, ethanol, and acetone were
determined by headspace/gas chromatography equipped with
a flame ionization detector (Autosystem XL® gas chromato-
graph; Turbo Matrix® 100 headspace sampler; Perkin Elmer,
Überlingen, Germany). Frozen body fluids and frozen tissues
were chopped within the ice-cold vials and weighed into new
ice-cold headspace vials (ca. 0.20 g for ethanol, and 1.00 g for
propan-1-ol, propan-2-ol, acetone); bi-distilled water was
added to samples (1:2 by mass) and stomach contents (1:9
by mass), as well as the internal standard (0.50 mg/g).
Headspace vials were tightly capped again with Teflon-lined
crimp seals within 60 s at the longest. Each specimen was
measured twice. Following equilibration (12 min), samples
were eluted from a packed wide-bore column isothermally at
95 °C (Carbowax 15 on Carbopack 60/80 mesh, 1.0 m ·3 mm;
Grace, Worms, Germany). Data acquisition and analysis were
performed using Totalchrom® workstation version V6.3.2
(Perkin Elmer, Überlingen, Germany).

A blank sample was inserted between each specimen to
check for carryover. A four-point calibration curve was pre-
pared at 0.25, 0.50, 0.75, and 1.00 mg of propan-1-ol, propan-
2-ol, and acetone, respectively/gram blank blood or liver with
alcohols being not detectable in these specimens. For determi-
nation of ethanol, the commercially available standards have
been used. Quality control samples (QC) for propan-1-ol,
propan-2-ol, ethanol, and acetone covered concentrations of
0.40 and 0.80 mg/g (QClow, QChigh, blood, and liver, respec-
tively), respectively. A blank (matrices processed without in-
ternal standard) and a zero sample (matrices processed with
internal standard) were also included.

Calibration curves were assessed for linearity by least
square regression analysis; respective lower limits of detection
and quantitation (LLOD, LLOQ) were derived from calibra-
tion lines according to DIN 32645 [12]. The assay was linear
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down to the estimated LLOQ for each analyte. If a concentra-
tion at or above the highest calibration standardwas measured,
the respective sample was re-analyzed using a smaller
amount. Selectivity was examined by testing blank blood
from six different sources for interference with the analytes
and the internal standard. Intraday imprecision and interday
imprecision were related to five measurements of each QC
sample; accuracy has been determined from eight replicates
of QClow and QChigh; data analysis was performed using soft-
ware Valistat 2.0 [13].

Results

Testing urine by immunoassay for commonly abused drugs
was negative; general unknown analyses identified zolpidem
and pipamperone in gastric contents and urine, where
olanzapine was detectable in addition. Confirmation in blood
from the femoral vein revealed 22 ng zolpidem/mL, 252 ng
pipamperone/mL, and 229 ng olanzapine/mL.

Ethanol, acetone, propan-2-ol, propan-1-ol, and 2-
methylpropan-2-ol eluted at 0.36, 0.43, 0.56, 0.72, and
0.90 min, respectively, achieving baseline separation
(Fig. 1). The total run time was 2 min. There was no
carryover between samples. No interference with the
analytes or the internal standard was present at respec-
tive retention times. Validation data for whole blood are
summarized in Table 1; those for liver did not signifi-
cantly differ (data not shown). Blank liver was used as
a model tissue; interfering or additional peaks were not
detectable from other tissue samples.

All samples investigated in the presented case were posi-
tive for propan-1-ol, propan-2-ol, ethanol, and acetone except
stomach contents, where acetone could not be detected
(Table 2).

Discussion

To our knowledge, this is the first case report of tissue con-
centrations following a mixed intoxication with propan-1-ol,
propan-2-ol, and ethanol. The significantly higher concentra-
tions in heart blood compared to femoral venous blood may
suggest that absorption had not been complete at the time of
death. Aspiration of the liquid and subsequent diffusion of the
alcohols into the heart cavities might be a further potential
explanation. The short survival time is also reflected by the
small amount of acetone determined from the kidney and
urine samples. The concentration of ethanol, propan-2-ol,
and propan-1-ol measured in urine, kidney, and muscle tissue
mirrors most widely the proportion of the three alcohols pres-
ent in the antiseptic solution. Virtually the same concentration
of propan-1-ol and propan-2-ol was present in liver tissue in
accordance with the delayed metabolism of propan-2-ol if
ethanol and propan-1-ol are present. The highest concentra-
tions could be determined from the lungs. The proportion of
the three alcohols determined from the lung specimen largely
differs from that being present in the antiseptic solution.
Although clearance of alcohols and acetone with the breathing
air may vary depending on the particular vapor pressure of
ethanol, propan-2-ol, and propan-1-ol [14], this minor route
of elimination does not account for this difference. Results

Fig. 1 Determination of ethanol (ETHAN), acetone (ACETO), propan-2-ol (2-PROP), and propan-1-ol (N-PROP) from the lung specimen by
headspace/gas chromatography using 2-methylpropan-2-ol (TERT.B) as the internal standard
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also suggest that the more lipophilic propan-1-ol enters the
brain more readily compared to ethanol and propan-2-ol.

At present, only three cases involving a mixed intoxication
with propanols and only one fatal case following ingestion of
propan-1-ol have been published [3, 5–9]. This case is also one
of few reporting autoptic findings [3]. Liquid cadaver blood, an
extensive, hemorrhagic lung edema, and frothy, blood-stained
fluid in the bronchia were the most important observations at
autopsy. Although uncharacteristic, these findings are in line
with those observed in the presented case. Propan-1-ol could
be identified from intestinal contents following distillation and
derivatization with 4-nitrobenzoic acid to form crystals of the
propylester. Quantitation of the alcohol was not feasible; the
amount ingested was estimated at 400–500 mL. The authors
suggested propan-1-ol to bemore effective than ethanol, causing
loss of consciousness at a lower dose compared to ethanol.

The acceptable daily intake of propan-1-ol has been esti-
mated to range from 3.0 to 14 mg/kg; after consumption of
alcoholic beverages, its concentration does not exceed 2.0 μg/
mL blood. The potency of aliphatic alcohols assumingly in-
creases with their molecular mass, and propan-1-ol was esti-
mated to be about three times as toxic as ethanol. However,
this assumption, also called Richardson’s law, appears to be
valid only to primary effects when formation of propanal and
propionic acid is still insignificant [11].

Far more cases have been reported on propan-2-ol poison-
ing [8, 15, 16]. Propan-2-ol toxicity presented with drowsi-
ness, confusion, slurred speech, hypotension, respiratory de-
pression, and coma; formation of acetone results in ketosis
and ketonuria [9]. Autoptic findings in a fatal case revealed
hemorrhage due to erosion of the mucous membranes of the
stomach and the small intestine, subepicardial bleeding,

Table 1 Validation parameters in
blood Ethanol Acetone Propan-2-ol Propan-1-ol

Linear equation of the
calibration line, r

y= 0.282x− 0.006 y= 0.871x− 0.001 y= 0.341x+ 0.005 y= 0.322x− 0.002
r= 0.999 r= 1.000 r= 0.999 r= 0.999

LLOD (mg/g) 0.016 0.01 0.05 0.02

LLOQ (mg/g) 0.064 0.02 0.25 0.10

Intraday imprecision (%)

QClow 3.7 3.0 8.7 4.2

QChigh 1.1 99.2 4.6 3.1

Interday imprecision (%)

QClow 3.7 5.4 11.9 7.9

QChigh 1.8 3.8 8.5 7.0

Accuracy (%)

QClow 101.8 97.7 97.7 98.4

QChigh 99.9 94.0 96.7 94.6

Intraday imprecision and interday imprecision are expressed as the relative standard deviation of five replicates
each; accuracy is expressed in terms of bias as the percentage deviation of the mean (n= 8) against the spiked
(acetone, propan-1-ol, propan-2-ol) or certified (ethanol) concentrations

r coefficient of correlation, LLOD lower limit of detection, LLOQ lower limit of quantitation, QC quality control

Table 2 Mean concentration (mg/g, n= 2) of ethanol, acetone, propan-
2-ol, and propan-1-ol in body fluids except in stomach contents (total
concentration, mg) and tissues as well as the ratio of ethanol/propan-2-

ol (including acetone)/propan-1-ol; the respective ratio in the antiseptic
solution was ethanol/propan-2-ol/propan-1-ol 1:5.3:9.6; values at or
above the LLOQ but below the LLOD are given as ca. values (Table 1)

Material Ethanol Acetone Propan-2-ol Propan-1-ol Ratio

Femoral venous blood 0.19 0.15 1.44 1.70 1:8.3:8.9

Heart blood 0.47 0.17 3.8 5.4 1:8.4:11.5

Urine 0.09 0.04 0.48 0.71 1:5.7:7:9

Stomach contents (total) 102 mg Not detectable 1200 mg 1920 mg 1:11.8:18.8

Brain 0.15 0.04 1.03 1.79 1:7.1:11.9

Liver ca. 0.06 0.09 0.63 0.62 1:11.8:10.3

Lungs 0.56 0.11 4.92 7.75 1:8.9:13.8

Kidneys 0.12 0.02 0.63 1.00 1:5.4:8.3

Muscle 0.12 0.02 0.64 1.04 1:5.5:8.7
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congestion of the internal organs, shock kidneys as well as
edema of the lungs and the brain. Concentrations of propan-
2-ol and acetone determined from a femoral venous blood
specimen by headspace/gas chromatography were 3.15 and
0.47 mg/g, respectively. Survival time was grossly estimated
at 2–3 h post-ingestion; the marked shock syndrome, howev-
er, suggested an agonal phase lasting for several hours [15].
Currently, there is conflicting evidence with regard to propan-
2-ol’s toxicity. Megabarne and Villa [9] suggested propan-2-ol
to be twice as toxic as ethanol with regard to central nervous
depression. This assumption was based on animal studies as
well as on the combined toxicity of propan-2-ol and acetone.
Nevertheless, the toxicity of acetone remains controversial
[17]. Clark [18] considered propan-2-ol to be two- to threefold
more potent than ethanol without giving particulars. Slaughter
et al. [10] suggested propan-2-ol not to be as toxic as ethanol
or methanol for the following reason: unlike these two alco-
hols, propan-2-ol does not cause an anion gap acidosis; how-
ever, it produces an osmolal gap between calculated and mea-
sured osmolaties in serum. Generally, toxicity seems to de-
crease from primary to secondary alcohols [11].

In mixed intoxications with propanols, symptoms similar
to those summarized above have been observed. The case
report of Vujasinovic et al. [7] showed respiratory insufficien-
cy and ataxia on admittance followed by unconsciousness and
respiratory arrest. Investigations revealed an empty bottle of a
hand disinfectant containing about 130 mL propan-1-ol and
300 mL propan-2-ol. The concentrations of propanols and
acetone have not been determined from body fluids. During
the first 12 h, the patient developed mixed acidosis; ketonuria
appeared only after 12 h whereas after isolated propan-2-ol
ingestion, peak serum concentrations of acetone were already
observed within 4 h. Blanchet et al. [8] reported a case follow-
ing ingestion of a hand disinfectant solution containing 80 g
propan-2-ol and 54 g propan-1-ol, respectively, two times at
an interval of about 24 h. The patient did not present with
severe symptoms of poisoning. Plasma concentrations at 8 h
after the second intake were 0.37 mg/mL propan-2-ol and
2.27 mg/mL acetone, whereas propan-1-ol was no longer de-
tectable at a detection limit <0.1 mg/mL. The analytical find-
ing reflects both the delayed metabolism of propan-2-ol and
accumulation of acetone due to its longer half-life compared
to propan-2-ol. A known alcoholic was admitted to the hospi-
tal as an emergency with propan-1-ol and propan-2-ol concen-
trations of 1.8 and 1.5 mg/mL, which rapidly dropped to <0.2
and 0.9 mg/mL, respectively, within 1 h following hemodial-
ysis [5]. At present, immediate hemodialysis is the therapy of
choice.

Concentrations above 1.25 mg propan-2-ol/g serum are
considered to be associated with significant toxicity [5, 19].
On the assumption that propan-1-ol is not less toxic than
propan-2-ol, the death in the presented case can be attributed
to propan-1-ol and propan-2-ol poisoning. Acetone and

ethanol findings can be assessed as ineffective which also
applies to the zolpidem level. The pipamperone concentration
was within the therapeutic range, whereas olanzapine was
highly dosed. Therefore, it cannot be excluded that olanzapine
may have contributed to a slight extent to the central nervous
depression in addition to propan-1-ol and propan-2-ol.

There is no doubt that on-site availability of disinfecting
agents largely improves hygiene compliance [20]. However,
placing such bottles inside a patient’s room is associated with
two risks: (a) disinfecting solutions are ignitable products and
(b) they may be swallowed accidentally or in a suicide attempt
in units or wards caring for children, patients with alcohol-
related disorders, and demented or psychiatric patients. The
possibilities to minimize such risks may include the use of
small-sized or secured bottles or their placement outside the
patient’s reach.
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