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Summary. Carbon monoxide hemoglobin (COHDb) con-
centrations in left and right heart blood samples from
cadavers both exposed and not exposed to fire or CO gas
were analyzed by the gas chromatographic method. The
COHD concentration ratio between samples of left and
right heart blood (L/R ratio) does not appear to be use-
ful for establishing whether death has occurred before or

after exposure to fire with the exception of cases where .

no soot can be detected in the airways by the naked eye
and the COHD concentration in the blood sample is
within the level considered normal for tobacco smokers.
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Zusammenfassung. Mit Hilfe der Gaschromatographie
wurde die Kohlenmonoxid-Konzentration im Blut des
rechten und linken Herzens vergleichend untersucht.
Das Material stammt von Leichen mit antemortaler oder
nicht-antemortaler Feuer- oder CO-Exposition. Das
Konzentrationsverhéltnis von COHb zwischen linkem
und rechtem Herzblut (L/R-Quotient) scheint ein nicht
brauchbares Kriterium zu sein, um festzustellen, ob der
Tod sich vor oder nach der Feuer-Exposition ereignet
hat; mit der Ausnahme von solchen Fillen, wo bei ma-
krokopischer Untersuchung kein Ruf} in den Atemwe-
gen gefunden wird und wo die COHb-Konzentration in-
nerhalb jener Grenzen ist, welche fiir Zigaretten-Rau-
cher als normal angesehen werden.

Schliisselworter: Brandopfer — Antemortale und post-
mortale Exposition — Kohlenmonoxid-Himoglobin -
Gaschromatographie

Introduction

The carbon monoxide hemoglobin (COHb) concentra-
tions in blood samples collected at medicolegal autopsy
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from cadavers exposed to fire or CO gas can range from
less than 1% to close to 100% [1-4]. When victims are
found in the debris of fires, for example, it is very dif-
ficult to determine whether death has occurred before or
after exposure to fire if the COHb concentration in the
blood is within the level considered normal for tobacco
smokers and soot in the airways can not be detected.

Exposure to CO immediately prior to death could
produce a difference in COHb concentrations between
left and right heart blood [4—6]. In order to interpret the
results the COHDb concentration ratio between samples
of left and right heart blood (L/R ratio) were determined
using blood samples collected at medicolegal autopsy
from victims both exposed to and not exposed to fire or
CO gas.

Materials and methods

Left and right heart blood samples were collected at medicolegal
autopsy from 20 victims not exposed to fire or CO gas, 89 exposed
immediately before death, 3 exposed after death, and 5 in which it
was not known whether death had occurred before or after expo-
sure to fire or CO gas.

COHDb concentrations in blood samples were determined by
the gas chromatographic method described previously [7, 8]. CO
released from blood samples was analyzed by gas chromatography
and total hemoglobin was measured as cyanmethemoglobin. COHb
concentration was calculated by the ratio of CO content and CO-
binding capacity.

Petroleum ingredients in the blood samples were analyzed by
gas chromatography-mass spectrometry after extraction using or-
ganic solvent both with and without an Extrelut column [6].

Results

When control samples of blood containing 10%, 50%
and 90% COHb were analyzed average recoveries de-
termined by 5 separate measurements were 101.5%,
100.5% and 101.9% respectively, and coefficients of de-
viation were 3.4%, 3.3% and 3.6%, respectively [7].

1. Victims not exposed to fire or CO gas (Table 1).
This collective consisted of 20 deaths (for details see
Table 1). COHb concentrations of the blood varied be-
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Table 1. COHb concentrations in left and right heart blood from
victims not exposed to fire or CO gas

Smok- Age Cause of death COHb (%) Ratio
ing  Sex Left  Right

- 51F Cold exposure 155 152 1.02
- 83F Asphyxia 0.50 0.49 1.02
- 53M Intracerebral h. 1.24 117 1.06
- 21F Drowning 021 018 1.17
- 85F Brain injury 099 0.8 1.19
- I5M Drowning 020 0.15 1.33
+ 44 M Bleeding 1.43  1.47 097
+ 31M Subarachnoid h. 431 427 101
+ 40F Subdural hematoma  0.52 0.51  1.02
+ 34M Neurotropic drugi. 0.44 041 1.07
+ 21F Asphyxia 206 1.89 1.09
+ 62M  Neurotropicdrugi.  0.68 0.62  1.10
+ 1M Bleeding 1.84 162 1.14
+ 51F Subarachnoid h. 037 032 1.16
+ 31M Methamphetaminei. 1.16 0.99  1.17
+ 54M Intracerebral h. 0.75 0.64 117
+ 70M Starvation 046 037 1.24
? cad0 M Brain injury 2.18 2.28 0.96
? 38M Hepatic insuf. 1.01 087 1.16
? 44F Alcohol i. 0.53 040 133
Average 1.12

Age: Years, Left: Left heart blood, Right: Right heart blood,
Ratio: The ratio of the COHb concentration in the left heart blood
to that in the right heart blood, F: Female, M: Male, h.: hemor-
rhage, i.: intoxication, insuf.: insufficiency

Table 2. COHb concentrations in left and right heart blood from
victims exposed to fire or CO gas after death

Smok- Age Cause of death COHDb (%) Ratio
ing  Sex Left Right

— 14F Asphyxia 0.21 0.24 0.88
- 8F Asphyxia 1.30 1.05 1.24
+ 52M Asphyxia 2.30 1.78 1.29
Average 1.14

Keys are the same as those in Table 1

tween 0.15% and 4.31% L/R ratios ranged from 0.96 to
1.33, and were above 1.00 in 18 out of 20 cases.

2. Victims exposed to fire after death (Table 2).

COHDb concentrations in the left and right heart
blood samples ranged from 0.21% to 2.30%, and L/R
ratios ranged from 0.88 to 1.29.

3. Victims exposed to fire or CO gas prior to death
(Fig. 1 and Table 3).

COHDb concentrations in left and right heart blood
samples ranged from 0.15% to 103.9% (this exceptional-
ly high value is explained in the discussion), and L/R
ratios ranged from 0.85 to 2.58 (mean 1.09).
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Table 3. COHb concentrations in left and right heart blood from
victims exposed to fire or CO gas before death (COHb concentra-
tions in the right heart blood < 10%)

Age Soot COHDb (%) Ratio Situation of death from
Sex (P) m burning

86F + 6.90 8.14 0.85 House fire

3I’TM + 493 572 0.86 Accidental automobile fire
75F  + 0.72 0.79 0.91 Housefire

76M  + 5.15 5.42 095 Housefire

76F + 1.92 1.99 0.96 Housefire

59M  + 481 490 0.98 House fire

45F +(+) 138 1.59 0.99 Housefire

33F + 391 3.87 1.01 House fire

78F +(4+) 3.75 3.56 1.05 Housefire

47F —(+) 2.51 2.40 1.05 Suicide by kerosene fire
40F +(+) 2.72 2.51 1.08 Suicide by kerosene fire
33F —(+) 5.04 461 1.09 Murderbykerosene fire
19M +(+) 4.81 434 1.11 Housefire

61F +(+) 113 1.00 113 Housefire

41M  —(+) 279 240 1.16
29M +(=) 0.8 015 1.20
79M —(+) 2.09 081 2.58

Average 1.12

Accidental automobile fire
Suicide by gasoline fire
Murder by kerosene fire

Soot: Soot in the airway found (+) or not found (—) by the naked
eye, (P): Ingredients of petroleum were detected (+) or not de-
tected (—) in the left heart blood sample, House fire: Unknown
situation. Other keys are the same as those in Table 1

This collective consisted of 89 cadavers and could be
subdivided according to the COHb in the right heart as
follows: (a) n =72 cases with concentrations higher than
10% (Fig.1); (b) n=17 cases with concentrations less
than 10% (Table 3).

L/R ratios in subgroup (a) ranged from 0.88 to 1.45
(mean 1.09), and in 8§ cases were lower than 1.00. In only
one case was the ratio higher than 1.33 (see Fig. 1).

L/R ratios in subgroup (b) ranged from 0.85 to 2.58
(mean 1.12) and in 7 cases were lower than 1.00. In only
one case was the ratio higher than 1.33 (see Table 3).

In 13 cases COHD concentrations were less than 5%
(Table 3).

In 4 cases, no soot could be detected in the airways by
the naked eye. Petroleum ingredients in the left heart
blood samples were detected in 9 out of 10 cases in which
inflammable substances had been used.

4. Cases in which it was not known whether death had
occurred before or after exposure to fire (Table 4).

COHb concentrations in the left and right heart blood
samples of 5 victims were analyzed. In all cases, no soot
was detectable in the airways by the naked eye. In 2 cases
where it was suspected that inflammable substances had
been used to start the fires, petroleum ingredients could
not be detected in the left heart blood samples.

COHb concentrations in the left and right heart blood
samples ranged from 0.27% to 5.68%, and L/R ratios
from 0.94 to 1.79. In 2 out of the 5 cases ratios were
higher than 1.33.
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Fig. 1. Correlation between COHb concentrations in left and right
heart blood of victims exposed to fire or CO gas before death
(COHDb concentrations in the right heart blood =10%). *The
highest and **the lowest ratio of the COHb concentration in the
left heart blood to that in the right heart blood

Table 4. COHb concentrations in left and right heart blood from
victims in cases in which it was unknown whether death had occur-
red before or after exposure to fire or CO gas

COBb (%)
Left Right
- 30M 157 167 094

Smok- Age
ing Sex

Ratio Remarks

Traffic accident, severe
burns

- 46 F 0.38 0.27 1.41  Injuries by compression

in the neck, (P): —

Alcohol concentration
(mg/g): heart blood 3.95,
urine 4.76, stomach
contents 5.68, (P): —

Alcohol concentratin
(mg/g): heart blood 4.04,
urine 3.91, stomach
contents 13.8

+ 50M 363 391 093

+ 49F 5.68 515 110

+ 61M 3.22  1.80 1.79  Fatal cardiac infarction

Keys are the same as those in Table 3

Discussion

COHD concentrations in blood collected from a cadaver
with extensive burns or from a putrefied body should be
determined by gas chromatography [9, 10]. Many gas
chromatographic methods have been developed, and Iff-
land et al. [11] have recently reported a sensitive and ac-
curate method where the CO content is measured by gas
chromatography and the iron content by atomic absorp-
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tion spectrometry. In the present study, COHb concen-
trations were determined using the amount of CO ana-
lyzed by gas chromatography and the total Hb measured
by a cyanmethemoglobin method. This method used for
determination of COHb concentration is very accurate
and reliable. In control samples of blood containing 10%,
50% and 90% COHD average recoveries and coefficients
of deviation, determined by 5 separate measurements,
ranged from 100.5% to 101.9% and 3.3% to 3.6%, re-
spectively [7]. In the present study, COHb concentration
in one left heart blood sample was found to be more than
100% (i.e. 103.9%). This was not due to a calculation
error, but was considered to be due to measurement
error and/or supersaturation of CO dissolved in the
blood.

Some studies on COHDb concentrations in left and
right heart blood samples collected from victims exposed
to fire or CO gas immediately before death have been
reported [3-5, 12]. According to Yoshida et al. [4] and
Matsubara et al. [5] a higher concentration of COHb in
the left heart blood as compared to right heart blood in-
dicates that the victim has been exposed to CO gas be-
fore death. However, the mean value of the L/R ratio
obtained from cadavers exposed to fire or CO gas before
death was not significantly different from that obtained
from victims not exposed to fire or CO gas before death.
This seems to indicate that the blood continues to circu-
late after the cessation of respiration in many cases of
fire victims, and this leads to an equilibration of left
and right levels. Even after death, postmortem blood
movement from lungs to left and right heart cavities
[13-15] will lead to a further levelling of COHb concen-
trations.

L/R ratios of 20 victims not exposed to fire or CO gas
ranged from 0.96 to 1.33. In all 3 cases where the victims
had been set on fire after death, L/R ratios were less
than 1.33. These results would suggest that the L/R
ratios in victims not exposed to fire or CO gas immedi-
ately before death are lower than 1.33. In only 2 cases
out of 89 in which victims had been exposed to fire or
CO gas before death, were L/R ratios higher than 1.33.
According to these results the L/R ratio would not ap-
pear to be useful for determining whether death has oc-
curred before or after exposure to fire.

On the other hand, obvious differences were found in
a case of murder by kerosene fire (the last case in Table
3) and in the case of death from cardiac infarction. (The
last case in Table 4). In these 2 cases, it was suspected
that the blood circulation had been stopped by ventricu-
lar fibrillation before the cessation of respiration. It was
presumed that the COHb concentration in the left heart
blood was significantly higher than that in the right heart
blood at the time of cardiac arrest, and that the post-
mortem movement of blood did not lead to a levelling of
left to right concentration differences.

It would appear that the L/R ratio is not useful for es-
tablishing whether death has occurred before or after ex-
posure to fire with the exception of cases where no soot
can be detected in the airways by the naked eye and
COHb concentration in the blood sample is within the
level considered normal for tobacco smokers.



68

References

1.

Teige B, Lundevall J, Fleischer E (1977) Carboxyhemoglobin
concentrations in fire victims and in cases of fatal carbon
monoxide poisoning. Z Rechtsmed 80:17-21

. Maxeiner H (1988) Umstinde und Befunde bei 202 Brand-

todesfillen. Beitr Gerichtl Med XLVI:313-325

. Moriya F, Hashimoto Y, Nanikawa R (1990) Carboxyhemog-

lobin concentrations in victims burned to death (in Japanese
with abstract in English). Res Pract Forensic Med 33:137-140

. Yoshida M, Adachi J, Watabiki T, Tatsuno Y, Ishida N (1991)

A study on house fire victims: age, carboxyhemoglobin, hydro-
gen cyanide and hemolysis. Forensic Sci Int 52:13-20

. Matsubara K, Akane A, Maseda C, Shiono H (1990) “First

pass phenomenon” of inhaled gas in the fire victims. Forensic
Sci Int 46:203-208

. Kojima T, Yashiki M, Chikasue F, Miyazaki T (1990) Analysis

of inflammable substances to determine whether death has oc-
curred before or after burning. Z Rechtsmed 103:613-619

. Kojima T, Nishiyama Y, Yashiki M, Une I (1981) Determina-

tion of carboxyhemoglobin saturation in blood and body cavity
fluids by carbon monoxide and total hemoglobin concentra-
tions (in Japanese with abstract in English). Jpn J Leg Med
35:305-311

10.

11.

12.

13.

14.

15.

T. Miyazaki et al.: Interpretation of COHb concentrations

. Kojima T, Nishiyama Y, Yashiki M, Une I (1982) Postmortem

formation of carbon monoxide. Forensic Sci Int 19:243-248

. Klein H (1975) Korperschiden und Tod durch Hitze. In:

Mueller B (ed) Gerichtliche Medizin, 2nd edn. Springer, Ber-
lin Heidelberg New York, pp 504-533

Kojima T, Yashiki M, Une I (1983) Selection of specimen in
the determination of carboxyhemoglobin saturation by spec-
trophotometry. Hiroshima J Med Sci 32:87-91

Iffland R, Balling P, Eiling G (1989) Optimierung des Kohlen-
monoxidnachweises im biologischen Material. Beitr Gerichtl
Med XLVII: 87-%4

Blackmore DJ (1970) The determination of carbon monoxide
in blood and tissue. Analyst 95:439-458

Fallani M (1961) Contributo allo studio della circolazione
ematica post-mortale. Minerva Medicolegale 81:108-115
Prouty RW, Anderson WH (1988) Postmortem redistribution
of drugs. In: Jones GR, Singer PP (eds) Proceedings of the
24th International Meeting of the International Association of
Forensic Toxicologists, 28-31 July 1987, Banff, Canada, pp 1-
21

Gomez Zapata M, Alcaraz M, Luna A (1989) Study of post-
mortem blood circulation. Z Rechtsmed 103:27-32



