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CASE REPORT

Joseph Avella,1 M.S. and Michael Lehrer,2 Ph.D.

Fatality Due to Methyl Acetylene-Propadiene
(MAPP) Inhalation

ABSTRACT: A 33-year-old man died after intentionally inhaling a gaseous mix of methyl acetylene (propyne) and propadiene (allene) commonly
known as MAPP, which is used for soldering and welding. He was found with a plastic bag securely placed over his head and a cylinder of MAPP
alongside his head. The cylinder had been vented into the bag using a flexible hose. A comprehensive toxicological analysis revealed only a trace
of diphenhydramine in the liver and 0.02 mg/L of morphine in the urine. Analysis of blood by headspace gas chromatography (HS-GC) detected
two unknown peaks. These were determined to be the components of MAPP gas. MAPP was quantitated in femoral blood (59.6 mg/L) and brain
(43.6 mg/kg) using a HS-GC method. The cause of death was attributed to acute MAPP intoxication, and the manner was determined to be suicide.
A discussion on the analytical and interpretive considerations commonly encountered when analyzing volatile compounds is also presented.
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Misuse of volatile compounds leading to death has been reported
periodically in the literature. Many reports have detailed accidental
deaths that resulted from the abuse of inhalants (“huffing”) for their
euphoric effects (1–10). In such cases, the use of surgical anesthetics
and halogenated hydrocarbons is common, as is abuse of solvents.
Reported use of volatiles to facilitate suicide has included propane
and helium (11–13). Here we report what we believe to be the
first documented case of suicide by intentional exposure to methyl
acetylene-propadiene (MAPP) gas. MAPP is an isomeric mixture of
methyl acetylene (propyne) and propadiene (allene) with the chem-
ical formula C3H4 and weighing 40.07 amu (14). These flammable
gases are used for soldering and welding. Like other gases, inhala-
tion is the primary route of exposure, though dermal absorption is
possible. Once absorbed via the lungs, distribution is rapid. Elim-
ination is accomplished primarily by pulmonary excretion. MAPP
can act as a simple anesthetic and in high concentrations will as-
phyxiate by displacement of oxygen rather than by blocking the ac-
tion of hemoglobin or cytochrome oxidase (11,15,16). The NIOSH
time weighted exposure limit is given as 1000 ppm (1800 mg/m3)
(17). A literature search using PubMed found no reports of the use
of MAPP as an abused inhalant or as a vehicle for suicide. If any
previous inappropriate use of MAPP has led to death, it appears to
have gone unreported or undetected. MAPP is readily available to
the public. The authors were able to purchase it during a visit to the
local home center store where it is sold for home plumbing
projects.
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Case History

The decedent was a 33-year-old male with a history of depres-
sion and recent suicidal ideations. He was living with his mother for
the last couple of months after losing his job and was not receiving
treatment for his depression. On the date of his death, the decedent’s
mother received a call that he had not picked up his school-aged
son. After picking up the child, the mother returned home and
found a note on the door stating “Don’t enter there is propane gas
call 911.” The deceased was found dead with a plastic bag over his
head along with a 16 oz. cylinder of MAPP gas manufactured by
Bernz-O-matic R©. A small hose attached to the valve had been used
to vent the contents of the cylinder into the bag. A suicide note was
found at the scene. The postmortem examination was unremark-
able. Tissues were collected and submitted for toxicologic analysis.
These included blood, brain, liver, urine, vitreous fluid and gastric
content. Separate samples of blood, brain, lung, kidney, and adi-
pose were immediately sealed in 10 mL headspace vials and stored
at −20◦C.

Experimental

Toxicological Analysis

A general unknown toxicological analysis was performed. Tox-
icological analyses included immunoassay of urine using EMIT R©

for drugs of abuse. The liver was prepared using liquid/liquid
extraction and submitted to gas chromatography/mass spectrom-
etry (GC/MS) for basic drug analysis. Aortic blood was extracted
and analyzed by GC/MS for weak acids and neutrals. In addition,
femoral blood was analyzed using a capillary gas chromatograph
with flame ionization detector (GC/FID) equipped with a headspace
autosampler for common volatiles.

MAPP Analysis

Autopsy tissues collected in 10 mL headspace vials were sealed
with Teflon caps, and the vials were stored at –20◦C until analysis.
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Specimens were analyzed using a GC/FID method. Blood calibra-
tors and controls were prepared by first sealing 2 mL of negative
blood in four 10 mL headspace vials. A gas tight cylinder was
purged with MAPP gas obtained from Bernz-O-matic R©, allowed to
come to equilibrium, and sealed (purchase of individual pure stan-
dards was cost prohibitive). According to Charles’ law, one mole
of gas will occupy 24.45 L at 25◦C. Using 40.07 g/mole (the molar
weight of the MAPP gases), the resulting relationship is 1.638 g/L.
With a gas tight syringe 50, 100, and 200 µL of MAPP from
the gas tight cylinder was added to the headspace vials contain
ing 2 mL of negative blood, creating calibrators containing 0.0,
40.9, 81.9, and 163.8 mg/L of MAPP. After a separate prepara-
tion of MAPP in a gas tight cylinder, a positive control containing
61.4 mg/L was prepared by adding 75 µL to another sealed vial
containing 2 mL of negative blood. A negative control was also
prepared. The calibrators and controls were frozen at −20◦C until
analysis.

To determine the amount of the autopsy samples received, an
electronic balance was tared with a clean headspace vial/cap, and
then the selected autopsy samples were weighed. The samples con-
tained 4.2 mL of femoral blood and 2.4 g of brain.

All specimens were analyzed using a Hewlett Packard 5890 gas
chromatograph with flame ionization detector and equipped with
a 7694 headspace autosampler. The samples were equilibrated at
40◦C for 15 min prior to the injection using a 1 mL sample loop.
The vial parameters in minutes were as follows: pressurization 0.15,
loop fill 0.15, and sample inject 0.25. The GC column was a 30 m,
0.53 mm, ID Restek RTX-BAC1 R©. The GC oven temperature was
40◦C (isothermal) with injector and detector temperatures set at
200◦C and 225◦C, respectively.

Methyl acetylene and propadiene were analyzed simultaneously.
Each injection produced two peaks, corresponding to methyl acety-
lene and propadiene (reported as MAPP). For each calibrator, the
area under the curve (AUC) of both peaks was summed and plot-
ted against the concentration. The resulting linear regression had a
correlation coefficient of 0.9998. The targeted value of the positive
control was 61.4 mg/L. The calculated value was 59.5 mg/L. Anal-
ysis of the MAPP free control was negative. The concentration of
MAPP in the other unknowns was then calculated by plotting the
AUC and correcting for volume and sample weight.

Results and Discussion

Urine immunoassay results were elevated for opiates. The labo-
ratory defines elevated results as those whose change in absorbance
is above the negative control but below the cutoff calibrator. Sub-
sequent quantitative GC/MS analysis for codeine, hydrocodone,
hydromorphone, morphine, and 6-monoacetylmorphine in blood
and urine detected only 0.02 mg/L of free morphine in the urine. A
trace amount of diphenhydramine was detected in liver, which was
not quantitated. The GC/MS analysis for weak acids and neutrals in
pulmonary artery blood was negative. Volatile analysis did not de-
tect any ethanol, methanol, isopropanol, or acetone, but did detect
two unidentified peaks in femoral blood. These were later identified
as the two-component mixture of MAPP that was quantitated by
GC/FID.

To quantify MAPP we employed a method in agreement with
those described by Wagner et al. and Foerster et al. (18,19). The use
of blood based calibrators and controls was beneficial in minimizing
potential error due to partitioning. MAPP was quantified in femoral
blood (59.6 mg/L) and brain (43.6 mg/kg).

No comparable reports on MAPP were found in the literature,
so results cannot be correlated to other findings. However, the cir-

cumstances surrounding the scene are highly suggestive of sui-
cide, including recent verbal ideation and the presence of a suicide
note. The postmortem examination was unremarkable. A moderate
amount of slightly frothy hemorrhagic fluid was noted in the lungs
and bronchi, consistent with volatile inhalation (20). Based upon
the investigation and toxicological findings, the cause of death was
attributed to acute MAPP intoxication, and the manner was ruled a
suicide.

The analysis of MAPP illustrates some of the analytical and inter-
pretive considerations common to all volatile compounds. Volatile
inhalant analyses are improved when specialized sample collec-
tion and storage techniques are used (21). A primary reason for
concern is the low boiling points (bp) of these compounds. For
example, the bps of methyl acetylene and propadiene are –23.3
and –34.0◦C, respectively (14). Therefore losses can be expected to
occur at temperatures above their bps, unless the samples are stored
in containers designed to retain gases. In fact for some volatiles (i.e.,
fluorocarbons), losses due to inappropriate storage can be greater
than from an intact body (22).

If volatile exposure is suspected at the time of autopsy, the imme-
diate collection of samples in sealed vials will improve the chance
of detection by stopping any further losses from occurring. If in-
vestigators learn of volatile exposure after the autopsy, detection
is still possible. The halogenated hydrocarbon 1,1-difluoroethane,
bp –24.7◦C, was detected in postmortem blood after 6 months of
storage in plastic screw top containers that had been first refrig-
erated at 4◦C for several weeks then frozen at –20◦C prior to the
analysis (4). In such cases, the samples are even less likely to re-
flect the concentration at the time of death. The analysis of sealed
samples should be done with care since analyte is removed during
analysis (19), permanently altering the original sample.

Another factor that affects volatiles found in biological samples
is the blood or tissue/gas partition coefficient. The retention and
therefore detection of volatiles in blood is likely to be due in part to
the blood/gas partition coefficient (1). Greater retention in blood is
expected of anesthetic gases, such as halothane, diethyl ether, and
methoxyflurane, which have higher blood/gas partition coefficients
(2.35, 12.1, and 12.1, respectively) relative to those with smaller
blood/gas coefficients like nitrous oxide (0.47) (23) that are more
likely to be subject to loss due to volatilization. If the blood/gas
partition coefficient favors losses, alternate tissues can be used
for detection. For example, the blood/gas partition coefficient of
cyclopropane is 0.42, but the fat/gas coefficient is 21 (23). If dose
or volatile losses are such that cyclopropane is undetectable in
blood, detection may still be possible in fat.

Besides the effect on concentration and detection, the partition
coefficient is also important during analysis. Quantitative methods
analyzing compounds that have different partition coefficients in
various tissues are likely to be biased unless reference material is
matrix matched. An investigation of the effect of partitioning on
a headspace method used to quantitate aliphatic alcohols demon-
strated both positive (methanol as much as +13.6%) and negative
(n-butanol as much as –8.0%) bias when these alcohols were mea-
sured from brain using aqueous calibrators (24). The error was due
to partition variation of both the analyte and the internal standard,
the selection of which should therefore be made to minimize error.
The method we used to quantitate MAPP employed blood calibra-
tors. The blood/gas partition coefficient of MAPP was unknown but
was assumed to be low like other low molecular weight hydrocar-
bons (ethylene 0.14, cyclopropane 0.42) (23), the result being that
most of the gas was in the headspace at 40◦C. If analytical error
due to partitioning was responsible for the lesser amounts of MAPP
detected in brain is unknown but possible.
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Data interpretation is problematic when confronted with infre-
quently encountered compounds like MAPP. The toxicokinetic pa-
rameters of highly volatile compounds may be complex. Biphasic or
multiphasic elimination can occur when, after exposure is discon-
tinued, tissues begin to release any volatile compounds (25). The
time between death and autopsy and the conditions that the body is
subject to prior to sample collection will affect the concentrations
of volatile compounds in tissue. Thus blood concentrations from
autopsy samples should not be assumed to correlate with concentra-
tions at the time of death (3). Other investigators have commented
on the difficulty in interpreting volatile concentrations in uncon-
trolled conditions and without knowledge of the time and amount
of exposure, especially in the absence of toxicokinetic data (5,8).
Interpretation is also more difficult when, as in the case of MAPP,
no postmortem data is available in the literature for comparison.
The detection of the volatile gas combined with solid investigation
may need to suffice in these cases when determining cause and
manner of death.
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