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Abstract

Purpose Animal studies suggested that halogenated hydrocarbons such as 1,1-difluoroethane (DFE) sensitized myocardial
tissues to catecholamines and might cause fatal arrhythmia. In this paper, we report a case of a fatality that was associated
with DFE abuse, and quantified DFE concentrations in postmortem specimens using gas chromatography—mass spectrometry
(GC-MYS).

Methods Femoral vein blood, cardiac blood, and urine samples were taken from the autopsy for toxicological analysis. We
have established a detailed procedure for quantification of DFE in human blood and urine by GC-MS and have presented
its validation data.

Results The concentrations of DFE in this case were 481, 591 and 201 pg/mL in femoral vein blood, cardiac blood and
urine samples, respectively, which were much higher than those in previous cases measured by gas chromatography—flame
ionization detection. Thus, in the absence of other remarkable autopsy findings, the cause of death was determined to be
DFE intoxication.

Conclusions To the best of our knowledge, this is the first case report of quantification of DFE in human blood and urine
specimens by GC-MS.

Keywords 1,1-Difluoroethane (DFE) - Fatal autopsy case - Human blood and urine - Fatal intoxication - Gas
chromatography—mass spectrometry

Introduction

1,1-Difluoroethane (DFE) is a halogenated hydrocarbon,
known as HFC-152a that is commonly used as a propel-
lant in aerosolized products, such as keyboard cleaners [1].
However, it may be a substance of abuse, because of its inha-
lation-induced euphoria [2, 3]. It is known that intentional
inhalation of DFE can cause symptoms, such as confusion,
tremors, pulmonary irritation, and coma [4]. In addition, ani-
mal studies suggested that halogenated hydrocarbons such
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as DFE sensitized myocardial tissues to catecholamines and
might cause fatal arrhythmia [3, 5]. However, there are a
limited number of forensic studies regarding postmortem
fatal tissue concentrations of DFE [2, 3, 6, 7]. The anal-
ysis of inhaled substances of abuse poses a challenge for
forensic investigation, because of their high volatility, short
half-life, and rapid elimination [1]. In this case study, we
report a fatality that was associated with DFE abuse and
determined concentrations of DFE in postmortem femoral
vein blood, cardiac blood, and urine samples using gas chro-
matography—mass spectrometry (GC—MS). This is the first
case report to quantify DFE concentrations in human blood
and urine specimens using GC-MS; in the previous reports
[3, 6, 7], gas chromatography—flame ionization detection
(GC-FID) was exclusively used for quantification.
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Case history and autopsy findings

A homosexual man in his forties was found dead lying
with his back on a sofa in a hotel room. He was holding
a spray cleaner containing compressed DFE (Fig. 1) and
had a history of DFE inhalant abuse. An eye mask was
found on his forehead; his neck, chest, and limbs were fit-
ted with a belt-like object, and blood was found in his anal
area. The door of the room could not be locked automati-
cally, allowing free entry or exit from the room. Accidental
death, suicide, and homicide were considered. Although
the present decedent had a medical history of immuno-
deficiency, the details of his physical condition were not
available.

The postmortem interval was estimated to be 2—3 days.
His height and weight were 170 cm and 72.5 kg, respec-
tively. External examinations demonstrated conjunctival
petechiae and anal fissures with small amounts of blood.
Internal examinations showed congestion in organs,
including the lungs (left weight, 574 g; right weight,
691 g), and a foreign object in the rectum. Otherwise, by
macroscopic observation, there were no notable findings
externally and internally.

Laboratory test results were positive for hepatitis B,
HIV, and syphilis infections, although no sperm was
detected in the anal canal. Femoral vein blood, cardiac
blood, and urine samples were taken for toxicological
screening and analysis.

Fig. 1 A spray cleaner (air-duster) found at the scene
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Materials and methods
Reagents and materials

Standard DFE (0.2 mg/mL in methanol) and internal stand-
ard (IS) chloroethane solutions (2 mg/mL in methanol) were
purchased from AccuStandard® (New Haven, CT, USA);
methanol (LC/MS grade) from Wako Pure Chemical (Osaka,
Japan); Alumi-Seal vials (5 mL), polytetrafluoroethylene
(PTFE) silicon septums (20 mm), and TS-S type alumi-
seals from GL Sciences (Tokyo, Japan); gas-tight syringes
(100 pL) from Trajan Scientific and Medical (Ringwood,
Australia). A Reacti-Therm™ Heating Module (Pierce,
Rockford, IL, USA) was used to incubate samples. Blank
blood and urine samples were collected from volunteers with
no history of drug abuse after obtaining informed consent.

Basic toxicological analyses

The alcohol concentrations in femoral vein blood and urine
samples were analyzed using headspace GC-FID (GC-14B;
Shimadzu, Kyoto, Japan). A Triage® drugs of abuse (DOA)
panel was purchased from Sysmex (Kobe, Japan) and used
to screen for amphetamines, barbiturates, benzodiazepines,
cannabinoids, cocaine, opiates, phencyclidine, and tricyclic
antidepressants in urine samples. Drug screening of cardiac
blood and urine samples was performed using liquid chro-
matography—QTrap tandem mass spectrometry (LC-MS/
MS) (type 3200) and liquid chromatography—quadrupole
time-of-flight mass spectrometry (LC-QTOF-MS) (all AB
Sciex, Framingham, MA, USA).

Analytical procedure for DFE

Samples were prepared using the headspace method. A
50 pL sample of blood or urine, 20 pL of IS, and 200 pL of
methanol were placed and immediately sealed in the 5 mL
glass vials with each PTFE silicon septum and aluminum
sealing. Vials were incubated at 50 °C for 10 min, and 80 pL
of headspace was manually injected into the GC-MS.

GC-MS conditions

GC-MS was performed using a 7890A gas chromatograph
connected to a 5975C mass-selective detector (Agilent Tech-
nologies, Santa Clara, CA, USA). Chromatographic separa-
tion was performed using an Agilent DB-5MS UI capillary
column of 30 m in length, 0.25 mm in internal diameter,
and 0.25 um in film thickness (Agilent Technologies) using
high-purity helium carrier gas at a flow rate of 1.0 mL/
min. The injection temperature was 200 °C, and the column
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Table 1 1,1—Diﬂu.0roethane 2] 3] [6] [7] Present case

(DFE) concentrations (ug/mL)

in fatal cases of its inhalation Femoral vein blood 83.5 136.3 481
Cardiac blood 122.7 136.2 99.2 109.9 546 591
Urine 94.5 a 191.9 70.2 201
“Below the limit of quantification

temperature was maintained at 40 °C for 2 min, increased at Abundance DFE g

50 °C/min to 300 °C, and then held at 300 °C for 2 min. The 50000 a

total run time was 9.2 min. The split ratio was set at 25:1.

Electron ionization was achieved at 70 eV. The temperatures 30000

of transfer line, ion source, and quadrupole were 280, 230,

and 150 °C, respectively. MS analyses were performed in the 10000

selected ion monitoring (SIM) and scan modes. lons at m/z 0 b ey

. . 10 12 14 16 18 20 22

47.1,49.0, 51.0, 64.0, 65.0, and 66.0 were monitored in the Time (min)

SIM mode, and target ions of DFE and IS were m/z 51.0 and

64.0, respectively. The scan range was set at m/z 45.0-200.0. Abundance DFE 1o

Method validati 40000 b

ethod validation 30000

DFE calibration curves were prepared at concentrations of 20000

40, 80, 160, 320, 540, and 800 pg/mL for both blood and 10000

urine. Volumes of DFE methanol solution and pure metha- 0

nol were adjusted to 200 pL. Intraday accuracy and precision 1.0 1.2 lATinlf(milrg 20822

were determined in five replicate analyses of quality control
(QC) samples at low (60 ug/mL), medium (300 ug/mL), and
high (720 pg/mL) concentrations. Interday accuracy and pre-
cision (n=15) were assessed in three repetitions of intraday
assays. Accuracy (%bias) and precision (%CV: coefficient
of variation) were calculated according to previous studies
[8, 9]. Analytical criteria were adopted from the Food and
Drug Administration (FDA) [10].

Results and discussion

In the present case, the alcohol concentration in femoral vein
blood and urine was <0.1 mg/mL. Triage® DOA screen-
ing of urine samples was negative. No drugs that could be
associated with death were found in the screening of cardiac
blood or urine samples using LC-MS/MS and LC-QTOF-
MS. Quantitative analyses revealed DFE concentrations
of 481, 591 and 201 pg/mL in femoral vein blood, cardiac
blood, and urine samples, respectively (Table 1). In these
chromatographic analyses, retention times of DFE and IS
were 1.51 and 1.64 min, respectively (Fig. 2). The major
mass spectra peaks of DFE were observed at m/z 47.1, 51.0,
and 65.0 (Fig. 3). Retention times and mass spectra of femo-
ral vein blood, cardiac blood, and urine samples were all
consistent with those of the DFE reference standard solution.

DFE concentrations in the present case of DFE inhalation
together with the reported cases are summarized in Table 1.

Fig.2 a Total ion current chromatogram and b selected ion monitor-
ing chromatogram for detection of 1,1-difluoroethane (DFE) in a fem-
oral vein blood sample of the victim in this case as measured by gas
chromatography—mass spectrometry (GC-MS)
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Fig.3 GC-MS spectrum of 1,1-difluoroethane from the femoral vein
blood sample

The concentrations in the present femoral vein and cardiac
blood samples were higher than those in the previous cases.
Moreover, the findings of conjunctival petechiae and lung
congestion were consistent with other cases [3, 6], indicating
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that DFE intoxication was the cause of death in the present
case.

In the previous cases, DFE quantifications were deter-
mined using headspace GC-FID [3, 6, 7]. It is well known
that GC-MS is one of the most reliable analytical techniques
and provides excellent chromatographic resolution, precise
retention times and quantification with high MS sensi-
tivity [9, 11, 12]. The regression equation for blood was
y=1.63x—0.0147, and had a coefficient of determination
of 0.9995. The limit of detection (LOD: signal/noise > 3)
and the limit of quantification (LOQ: signal/noise > 10) for
blood were 8 and 40 pg/mL, respectively. The equation for
urine was y=1.54x—0.0159, and had a coefficient of deter-
mination of 0.9916. The LOD and LOQ were also 8 and
40 pg/mL, respectively. Tables 2 and 3 show the accuracy
and precision data of the present method for blood and urine,
respectively. According to the FDA guidance criteria, both
accuracy and precision should be less than 15% [10]. Thus,
this method using GC-MS may be suitable for accurate DFE
quantification.

Avella et al. [13] previously showed that uncontrolled
losses of volatile gas should be considered during assess-
ments of DFE concentrations in biological samples. In
agreement, Vance et al. [14] quantified DFE concentrations
in iliac vein blood samples and reported that samples from
previously opened tubes always had lower concentrations
of DFE than those from sealed tubes. Thus, we took care to
maintain satisfactory sample conditions.

Previous studies suggest that lack of oxygen contributes
to death in the cases of inhalant abuse [5, 15]. However, for
anoxia to occur, subjects need to fit a bag tightly over the

head [6, 15]. In the present case, the decedent did not have
a plastic bag or a gas mask on his face. Hence, the cause of
death may not have been associated with lack of oxygen.

Avella et al. [3] reported that volatile gases such as DFE
may be rapidly taken up by the blood, and distribution to
other tissues may be dependent on concentration, compound
solubility, and blood perfusion to each tissue. Previous stud-
ies revealed that adipose tissues retain volatile compounds
longer than other tissues, and therefore, may be useful to
distinguish between acute and chronic intoxication [3, 16].
However, in the present case, a sample of adipose tissues
was not collected.

As shown in Table 1, the DFE concentration in urine
sample was higher in the present case than in previously
reported cases. However, the excretion time of inhaled DFE
was unknown in this case. Studies suggest that without
knowledge of the final time of inhalation, accurate pharma-
cokinetic and postmortem distribution models are difficult
to construct [1, 17].

Vance et al. [14] reported cases in which the evidence
of DFE abuse from aerosol cans was not always available.
Thus, routine screening tests may be necessary for volatile
compounds such as halogenated hydrocarbons. In addition,
in cases of unexplained death, it may be necessary to collect
sealed samples from which DFE cannot escape due to its low
boiling point (—25 °C).

Although police investigations revealed the presence of
sexual items and used condoms in the hotel room of the
present decedent, no suicide note was found, and thus, the
manner of death was determined to be accidental. Although
several cases of suicidal and accidental deaths due to DFE

Table2 Accuracy and

Conc. spiked  Intraday (n=5)

Interday (n=15)

precision data for quantification

of DFE for blood by gas Mean conc. Accuracy (%bias)  Precision Mean conc. Accuracy  Preci-

chromatography—mass found (ug/mL) (%CV) found (ug/mL) (%bias) sion

spectrometry (%CV)
60 61.5 2.48 7.89 62.2 3.58 10.2
300 295 -1.73 12.1 316 5.36 12.7
720 709 -1.51 6.64 754 4.69 10.7
%CYV percent coefficient of variation

Tablgt% Accuracy and . . Conc. spiked  Intraday (n=35) Interday (n=15)

precision data for quantification

of DFE for urine by gas Mean conc. Accuracy  Precision Mean conc. Accuracy (%bias)  Preci-

chromatography—mass found (ug/mL) (%bias) (%CV) found (ug/mL) sion

spectrometry (%CV)
60 60.4 0.69 9.91 58.7 -2.20 9.71
300 308 2.83 12.3 302 0.59 12.9
720 771 7.09 5.10 757 5.13 9.95

%CYV percent coefficient of variation
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inhalation have been reported [2, 3, 6, 7, 18], spray clean-
ers that contain DFE are widely available in shops and on
the Internet for use with electronics and computers. There-
fore, further studies are required to determine the incidence
of deaths from DFE inhalation and to increase awareness
among people regarding the dangers of DFE. In addition, it
may be necessary to regulate information leading to suicides
using DFE.

Conclusions

In this case report, we encountered a case of fatal DFE poi-
soning. Thus, we have established a detailed procedure for
quantification of DFE in human blood and urine by GC-MS,
thereby presenting its validation data. The concentrations of
DFE in this case were 481, 591 and 201 pg/mL in femoral
vein blood, cardiac blood and urine samples, respectively,
which were much higher than those previously measured by
GC-FID. We, therefore, diagnosed that this victim had died
of acute DFE poisoning. To our knowledge, this is the first
demonstration of quantification of DFE in human blood and
urine by GC-MS.
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