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Abstract Cyanide (CN) blood concentration is hardly
considered during routine when evaluating smoke gas
intoxications and fire victims, although some inflamma-
ble materials release a considerable amount of hydrogen
cyanide. CN can be significant for the capacity to act and
can in the end even be the cause of death. Systematic
data concerning the influence of different fire conditions,
especially those of various inflammable materials, on the
CN-blood concentration of deceased persons do not exist.
This study measured the CN level in 92 blood samples of
corpses. All persons concerned were found dead in con-
nection with fires and/or smoke gases. At the same time,
the carboxyhemoglobin (COHDb) level was determined,
and the corpses were examined to detect pharmaceutical
substances, alcohol and drugs. Furthermore, we analysed
autopsy findings and the investigation files to determine
the inflammable materials and other circumstances of the
fires. Due to the inflammable materials, the highest con-
centration of CN in the victims was found after enclosed-
space fires (n=45) and after motor-vehicle fires (n=38).
The CN levels in these two groups (n=153) were in 47 %
of the cases toxic and in 13 % of the cases lethal. In
victims of charcoal grills (n=17) and exhaust gases
(n=06), no or only traces of CN were found. Only one
case of the self-immolations (n=12) displayed a toxic
CN level. The results show that CN can have consider-
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able significance when evaluating action ability and cause of
death with enclosed-space fires and with motor-vehicle fires.
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Introduction

Smoke inhalation has been well established as a cause of
death in fire victims [1-3]. Smoke gas is usually formed
by more than 400 toxic constituents [4], but only carbon
monoxide (CO) and hydrogen cyanide (HCN) are the two
main toxicants [5]. Both develop in particular in incom-
plete combustion, with HCN forming mainly at high tem-
peratures [6—8], and when nitrogenous materials such as
polyurethane, polyamide and polyacrylonitrile, wool or
silk are burning [9-11].

According to clinical medicine, deaths in fires are often
caused by pure CN intoxication or a mixed CN-CO intox-
ication [12]. It is nevertheless true that in forensic medi-
cine CO is more regularly assessed than CN when the
cause of death is being clarified [13, 14]. It is the aim
of the present research to be able to assess more exactly
the significance of CN especially for the cause of death.
We therefore have to consider different inflammable ma-
terials and smoke gases of varying genesis. We also have
to bear in mind that the data concerning toxic and lethal
human CN concentration in the blood vary. In most cases
a CN concentration in the blood of more than 0.5 mg/l is
considered to be toxic, while one of more than 3.0 mg/l is
considered to be lethal. [15-18]. It is assumed that the
potential lethal COHb level is 50 % [19-21].
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Materials and methods
Blood samples of corpses - autopsy findings

From 2011 to 2013, the Institute of Legal Medicine at Munich
University carried out 92 autopsies connected with fires and/
or smoke gas impact. In all the cases, samples of blood from
the heart were retained. The autopsy findings were registered
with particular regard to potentially competing causes of
death. The presence of soot particles in the respiratory tract,
in the esophagus and in the stomach was documented.

Investigation files - case groups

The files showed causes, materials and further particulars of
the fires. In all the cases, death occurred immediately during
or after traumatization. It is to be noted that in six of the cases,
resuscitation was attempted, but the persons concerned died at
the place where they were found. Based on the investigation
reports and considering the autopsy findings, the following
case groups were formed:

* enclosed-space fires

* motor-vehicle fires

» self-immolations

*  charcoal grills

* exhaust gases (motor vehicles, ovens, CO plant chemistry
lab)

* others (explosions, plane crashes)

Chemico-toxicological analyses

Concentrations of CN and CO were measured in blood
from the heart. The samples for CN-quantitation were
stored at —20 °C (—4 °F). The CN concentrations were
analysed by means of a modified microdiffusion in a sodium
hydroxide solution. After the reaction with pyridine/barbituric
acid reagent [22, 23], the CN level was determined photomet-
rically (Genesys 10 uv, Thermo Electron Corporation). This
quantitation was carried out by a six-point calibration. The
detection limit was 0.25 mg/I.

The COHD level was determined by spectral photometry
immediately after the extraction (ABL 800 Flex, Radiometer).

We carried out examinations for ethanol, pharmaceuti-
cal substances and drugs by means of gas chromatography
as well as by tandem mass spectrometry on the venous
blood of the femur.

Statistics

All data was managed with Microsoft Excel 2013 (Microsoft
Corporation; USA). Analyses were performed with SPSS
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software (IBM SPSS; USA) and Microsoft Excel 2013.
Pearson’s correlation coefficient was used.

Results
Case groups

Most of the people (n =45) died in enclosed-space fires. In 30
cases, it was mainly mattresses and upholstery that burned,
while in 15 cases it was mainly other material, such as wooden
furniture. Eight persons were the victims of motor-vehicle fires,
17 died through charcoal grills, 12 due to self-immolation and
six through exhaust gases (three car exhaust fumes, two dis-
mantled flues, one CO plant of a chemistry lab). Four cases
were defined as others (two plane crashes, two explosions).
Figure 1 shows an overview of the case groups.

Age and sex

The persons concerned were between 10 and 90 years old (X =
53.3). Two were younger than 16 years old and 23 were older
than 70. The proportion of people over 70 years of age in
enclosed-space fires was 42 % (n=19). All in all, we dealt
with 58 men and 34 women (Fig. 1).

Concentration of CN and COHb in samples of blood
from the heart

Figure 2 shows an overview of the CN readings in the case
groups. The group of enclosed-space fires displayed by far the
highest concentrations of CN (median 1.0 mg/l, X = 1.5 mg/l);
the maximum was 8.0 mg/l. Almost half of these cases (n =
23) showed toxic levels. A lethal concentration was deter-
mined in six cases.

The median in victims who died in connection with motor-
vehicle fires was 0.3 mg/l (x =1.0 mg/l). Twice we detected
toxic concentrations (0.5 und 1.8 mg/1) and once a lethal level
(5.3 mg/l). In sum, 47 % of the cases had toxic CN levels and
13 % had lethal CN levels.

All the other groups had extremely low readings,
mostly < 0.25 mg/l. Only one case of self-immolation
displayed a toxic concentration of CN of 1.8 mg/l, and one
other had an at best slightly higher CN level of 0.4 mg/1.

Figure 3 shows the COHDb levels of the case groups;
they were between 0.0 and 90.2 % COHb. The highest
median was found in the group of charcoal grills (74.0 %,
X=67.1 %), the lowest in the group of others (1.0 %, ¥ =
1.8 %).

In the group of enclosed-space fires the median was
41.6 % COHb (x = 43.6 %). In 47 % of these cases (n=
21) the levels were > 10 % COHD; in 42 % (n = 19) lethal
concentrations were determined. Motor-vehicle fires had a
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Fig. 1 Case groups and number
of people concerned (n=92)
according to sex
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median of 5.9 % (x=14.3 %). Those who died
through exhaust gases had a median of 70.5 %
COHb (x =68.8 %); self-immolations had a median of
35 % (x=5.7 %).

At r=0.29 there was a slightly positive correlation
between the CN and the COHD levels in the group of
enclosed-space fires (Fig. 4). The readings in the re-
maining case groups were not correlated as these groups
comprised too little data.

motor-vehicle fires

charcoal grills self-immolations exhaust gases others

case groups

Inflammable materials and causes of enclosed-space fires

When mainly mattresses and upholstery burned, we deter-
mined on average higher concentrations than when other in-
flammable materials burned (Table 1).

The majority of fires were caused by smoking, e.g. because
of smoking materials on upholstery. Numerous other fires
were often caused by broken electrical appliances or hotplates
that were switched on.
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Fig. 3 Case groups and
concentration of COHD in
samples of blood from the
heart
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Blood alcohol, pharmaceutical substances and drugs

On behalf of the public prosecutors’ examinations were car-
ried out on centrally acting substances. In 38 cases a blood
alcohol concentration between 0.01 %o and 3.29 %o (median
0.94 %o, x=1.2 %0) was measured, with 24 samples
displaying levels of > 0.5 %o. Sixteen other persons concerned
were not under the influence of alcohol.

Twenty-two of 43 of the blood samples that were examined
for pharmaceutical substances and drugs as ordered were pos-
itive in eight cases with concentrations that may indicate
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case groups

centrally acting impediments. Antidepressants, benzodiazepines,
opioid, and non-opioid analgesics were those most frequently
detected. In one case, cocaine was found, in another heroin.

Morphological findings

Soot particles were found relatively often in victims of
enclosed-space fires, especially in the respiratory tract
(87 %), but less frequently in the esophagus (51 %) and in
the stomach (31 %). Such particles were detected less fre-
quently in victims of self-immolation and motor-vehicle fires.
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Table 1 Enclosed-space fires - . -
the main inflammable materials as Main inflammable material CN (mg/l) COHDb (%)
well as concentration of CN and ] ]
COHb in samples of blood from Median x Range Median X Range
the heart
Mattresses/upholstery 1.9 0.0-8.0 42.1 44 2.1-90.2
Other materials 0.8 0.1-44 41.4 42.7 34-71.5

In the group others soot was found only in the respiratory tract.
As expected, no soot particles were found in any of the victims
of charcoal grills and exhaust gases. Figure 5 shows further
details.

In 25 % of the autopsies, typical signs of a CO intoxication,
such as light red livores mortis and salmon-coloured skeletal
muscles, were recorded.

All victims of the group others had third- or fourth-degree
burns on the body’s surface; the same applies to 92 % of the
victims of self-immolation, 88 % of those of motor-vehicle
fires and 47 % of the victims of enclosed-space fires. The
victims of charcoal grills and exhaust gases showed no burns.

Five victims of motor-vehicle fires and all victims in the
group others suffered a severe polytrauma that was incompat-
ible with life. As expected, the persons over 70 years of age
had pre-existing cardiac conditions, such as higher-degree ste-
noses of the coronary arteries, in some cases with hypertrophy
and/or callosities of the myocardium.

Discussion

The highest concentrations of CN were found in the blood of
victims of enclosed-space fires. It is probable that the high

temperatures that often occur there and hypoxia fostered the
formation of CN [6—8]. Particularly high CN levels were found
if the inflammable material consisted mainly of mattresses and
upholstery. This confirms that the CN level in smoke gases is
dependent on the type of inflammable material [24].

It is especially important for the forensic-medical assess-
ment that three of the victims had a lethal concentration of CN,
but COHD levels of under 50 %. CN was thus of decisive
significance for the death in these cases. In twelve other sam-
ples we measured concentrations of CN between 0.5 and
2.0 mg/l, the levels of COHb being between 15 and 40 %
(see Fig. 4). We have to assume that in these cases an ulti-
mately lethal mixed intoxication caused the deaths, as the CN
and COHD levels alone cannot explain them. It is remarkable
that in only three of the 45 cases no CN could be detected. All
in all only a weak accordance with other data [25-27] was
determined between the CN and COHD levels (» = 0.29) in the
group of enclosed-space fires.

The fires were mainly caused by smoking materials [28, 29].
In some cases, the victims were under the significant influence
of alcohol, pharmaceutical substances or drugs, all of which can
present a risk factor for fire injuries [30].

Almost half of the persons concerned were over 70 years of
age. This result is due to the fact that the risk of becoming a
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victim of an enclosed-space fire increases with age [31]. It was
striking that both the CN concentration with a median of
0.8 mg/l (x=1.2 mg/l) and the COHD levels with a median
0f32.4 % (x=37.0 %) were lower in the elderly than in those
less than 70 years old (CN: median 1.2 mg/l, x=1.8 mg/I,
COHb: median 54.8 %, X = 48.4 %). A reason for this discrep-
ancy is the high proportion of existing heart conditions in the
group of the elderly [32].

The comparatively high CN levels in two of the eight vic-
tims of motor-vehicle fires can evidently be attributed to the
use of nitrogenous plastics in the engine compartment and in
the passenger cabin [33]. One case displayed a toxic CN level
of 1.8 mg/l, while the corresponding COHb level was 29.1 %.
The other case showed a lethal level of 5.3 mg/l and a COHb
concentration of 60 %. One further case of an explosion-like
fire that originated mainly from the passenger cabin showed a
CN level of 0.5 mg/l and a COHb level of 10 %. The other five
victims of motor-vehicle fires and those in the group others
showed only very low concentrations of CN and COHb, as
these persons died very quickly due to injuries caused by
accidents. In such cases inhalation of smoke gases can no
longer be expected [34].

Only one case in the group of self-immolations displayed a
toxic CN level of 1.8 mg/l and a COHD level of 17.5 %. A 61-
year-old man had poured a fire accelerant over himself in the
open air and set himself on fire. Apparently the material of his
clothing was the reason for the CN level. Apart from that, no or
only very low concentrations of CN were measured in this
group; higher COHb levels were not to be expected either [25].

As expected, no increased concentrations of CN were found
in victims of exhaust gases and charcoal grills. However, both
groups displayed the highest COHD levels on average.

If soot particles were present in the respiratory tract, in the
esophagus or in the stomach, toxic and/or lethal CN and
COHb concentrations were almost always present. Three ex-
ceptions were found in the group of enclosed-space fires - cases
with COHb levels of 45, 65 and 71 %, which, however, did
not contain any soot particles. One of the victims of motor-
vehicle fires also showed no soot; the CN level was 1.8 mg/l
and the COHDb level was 29 %. As the soot particles that are
formed in a fire rise with the flames and are not to be found
close to the fire, it is conceivable that these victims were clear
of the upper edge of the flames during the development of the
fire [32].

Conclusion

Due to frequently occurring nitrogenous inflammable ma-
terials in enclosed-space fires and motor-vehicle fires the
release of HCN is to be expected. Some of the victims die
from a mixed CN-CO intoxication because the individual con-
centrations of either gas alone often cannot explain the deaths.

@ Springer

In some of the cases CN is the lethal element. In addition to
routine measurement of the COHb concentration, the CN lev-
el in the corpse’s blood should also be determined to clarify
the cause of death.
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