
THE ROLE OF ENDOGENOUS HYDROGEN CYANIDE
IN FORENSIC MEDICAL APPRAISAL
AND INTERPRETATION OF FIRE VICTIMS

Teresa GRABOWSKA, Halina SYBIRSKA

Chair and Department of Forensic Medicine, Silesian Medical Academy,
Katowice

ABSTRACT: To estimate the effect of endogenous cyanide on the level of this com-
pound in blood from deceased persons, a control determination of cyanide ions was
carried out. The material examined was as follows: blood samples from people who
were first murdered and then the crime scene was torched, blood samples from peo-
ple who were suspected of having been poisoned with carbon monoxide (control
group) and blood samples from deceased persons in which hydrogen cyanide was neg-
ative, as checked, and which were stored at fridge temperature for 12 weeks.
Microdiffusion techniques and colorimetric method based on König’s reaction and
modified by J. Nedoma were used to detect cyanide ions. Quantitative determination
of HbCO was carried out by Wolff’s method with use of a Specol colorimeter and
Hitachi 2001 spectrophotometer.

The obtained results show that endogenous cyanide occurs in blood (half of the
samples examined) in the 3rd or 4th week of its storage at refrigerator temperature
(+4°C), but its increase is especially high in the 5th or 6th week.

Hydrogen cyanide was negative in blood samples from people who were first mur-
dered and then the scene of crime was torched, and its concentration was below
0.1 µg/ml in blood samples from people who were suspected of having been poisoned
with HCN.

KEY WORDS: Hydrogen cyanide; Blood levels in fire victims; Death in fire; Endoge-
nous cyanide.

Problems of Forensic Sciences, vol. LIV, 2003, 82–92
Received 12 November 2003; accepted 26 November 2003

INTRODUCTION

Forensic medical appraisal and interpretation of hydrogen cyanide in
blood samples taken from corpses found in burning places is difficult owing
to possible aspiration (while still alive) of hydrogen cyanide formed during
burning of materials containing cyano groups [6, 8, 7]. These cyanides can
also arise in corpses as a result of the action of high temperatures [9, 10, 14],
and also processes of autolysis and putrefaction [2, 4, 5, 12, 15].



Two hypotheses for hydrogen cyanide formation in biological material
have been suggested:

1. cyanide biosynthesis could take place with the participation of micro-
organisms such as Pseudomonas fluorescens and Pseudomonas aeru-

ginosa (Patty, Castric, Askeland, Morrison) [1, 2, 3];
2. hydrogen cyanide could be a product of autolytic processes of decompo-

sition of proteins and amino acids, mainly methyl and amine groups of
glycine [3].

Intensive formation of cyanide in whole blood in vitro has been observed
at temperatures over 63oC [9, 16]. In optimum temperature conditions, i.e.
at a temperature of 75oC, about 0.2 mmol of cyanide was formed from one
mole of haemoglobin. It should, however, be stressed that the amount of cya-
nide produced in examined samples did not exceed a concentration of
50 ng/ml [16]. This value is considerably lower than the concentration of
2.4–5.0 µg/ml of hydrogen cyanide in blood considered a lethal dose [17].

THE AIM OF THE STUDY

The aim of the study was to observe the rate of formation and change of
concentrations of endogenous hydrogen cyanide in post-mortem blood sam-
ples. The investigation was carried out on blood samples taken from dead
bodies, in which – because of the specific circumstances of death – optimal
conditions for endogenous hydrogen cyanide formation could exist.

MATERIALS AND METHODS

The investigated material consisted of 167 post-mortem blood samples,
which were separated into 3 groups:

1. samples of non-putrefied blood taken from 20 dead bodies (checked
negative for presence of HCN), stored with access of air at fridge tem-
perature of 4oC. Examination for hydrogen cyanide presence was con-
ducted every seventh day for a period of 12 weeks;

2. blood samples taken from corpses of 12 persons found in burning
places, with marked features of the action of high temperatures; analy-
sis was conducted immediately after collection of samples;

3. 135 blood samples with signs of post-mortem autolysis, taken from
dead bodies of persons poisoned by carbon monoxide not connected
with fires – analysis was also conducted immediately after collection of
samples.
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The blood samples were examined for hydrogen cyanide presence by the
microdifusion technique and colorimetric method based on the König’s reac-
tion, modified by J. Nedoma [13]. The absorbency value of the formed colour
was measured with the use of a Hitachi spectrophotometer 2001 at wave-
length λmax = 630 nm. Analysis for the presence of CO-haemoglobin was per-
formed by the Wolf-method with the use of the Hitachi spectrophotometer
2001.

The following statistical analysis of the obtained results was carried out:
– nonparametric test of goodness of fit χ2;
– test of mean difference (matched pairs);
– Wilcoxon nonparametric test.
Statistical verification included the following levels of significance:
– p > 0.05 – no statistical significance;
– p < 0.05 – statistical significance;
– p < 0.01 – high statistical significance;
– p < 0.001 – very high statistical significance.

RESULTS AND DISCUSSION

The results of 12 weeks’ observation on endogenous hydrogen cyanide
formation in blood are shown in Table I.

The dynamics of change in blood hydrogen cyanide concentration in sam-
ples stored at a temperature of 4oC at weekly intervals is illustrated in Figure 1.

Hydrogen cyanide presence was recorded in 5 out of 20 examined samples in
the third week of their storage, in 2 samples in the fourth week, and in 1 of the
samples hydrogen cyanide appeared in the sixth week. The highest intensity of
increase in compound concentration was observed in the 5th and the 6th week.

In the remaining samples, the results of detection of hydrogen cyanide pres-
ence were negative in the whole 12 weeks’ observation period.

In the statistical analysis of spontaneous hydrogen cyanide formation in
blood samples, the test of mean difference (matched pairs) and Wilcoxon
nonparametric test were applied. The results of the statistical analysis are pre-
sented in Table II.

The first significant difference in hydrogen cyanide concentration during
successive weeks of observation arose between the second and third week of
storage. In the following weeks, differences between these concentrations were
statistically significant untill the period between the 5th and 6th week. After
this time, the differences in hydrogen cyanide concentrations between the blood
samples were alternately significant and not significant. However, the absolute
values of these concentrations in successive weeks were significantly higher,
which indicates continued formation of endogenous hydrogen cyanide.
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TABLE I. FLUCTUATION IN BLOOD ENDOGENOUS HYDROGEN CYANIDE CONCEN-
TRATIONS

Number of
sample

Observation period [week]

1 2 3 4 5 6 7 8 9 10 11 12

HCN concentration [ìg/ml]

1 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 8.3 15.3 40 58 45 40 41 42.3 40.6 41

3 0 0 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 10.2 16 10.8 10 9.6 10 9

6 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 10 19.8 45.2 50 47.8 45 40.3 41 39.5 38

8 0 0 0 7.9 10.2 12 15 17 14.5 14.5 12 11.5

9 0 0 0 15 14 35 37 36 30 30 28.8 29

10 0 0 0 0 0 0 0 0 0 0 0 0

11 0 0 0 0 0 0 0 0 0 0 0 0

12 0 0 5.7 12.9 25.7 31.5 30.4 34.5 30 31 30 29.7

13 0 0 0 0 0 0 0 0 0 0 0 0

14 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 6.8 10.9 23 38.9 37.9 35.3 31.4 30.8 31 30

16 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 4.6 8 17.5 27 30.7 28 26 25.6 24.4 25

18 0 0 0 0 0 0 0 0 0 0 0 0

19 0 0 0 0 0 0 0 0 0 0 0 0

20 0 0 0 0 0 0 0 0 0 0 0 0

Mean 0.00 0.00 1.86 4.73 9.24 13.82 13.67 12.98 11.75 11.83 11.38 11.22

SD 0.00 0.00 3.36 6.82 14.56 19.64 18.12 17.23 15.73 15.95 15.41 15.26

N 20 20 20 20 20 20 20 20 20 20 20 20

T – – 2.419 3.019 2.767 3.068 3.289 3.283 3.255 3.234 3.220 3.204

P – – 0.014 0.004 0.007 0.003 0.002 0.002 0.002 0.002 0.003 0.003

TABLE II. STATISTICAL EVALUATION OF ENDOGENOUS HYDROGEN CYANIDE CON-
CENTRATION CHANGES IN THE COURSE OF 12 WEEKS’ OBSERVATION

Weeks
Test of mean

difference
Wilcoxon test

Mean SD n t p T z p

2–1 0 0 19 – – – – –

3–2 1.863 3.357 19 2.419 0.014 0 2.023 0.043

4–3 2.863 4.453 19 2.803 0.006 0 2.366 0.018

5–4 4.516 8.415 19 2.339 0.016 1 2.197 0.028

6–5 4.579 6.967 19 2.865 0.005 0 2.521 0.012

7–6 –0.147 3.621 19 0.177 0.431 15 0.420 0.674

8–7 –0.695 2.193 19 1.381 0.093 8 1.400 0.161

9–8 –1.232 2.063 19 2.602 0.009 2 2.240 0.025

10–9 0.084 0.455 19 0.807 0.215 6 0.943 0.345

11–10 –0.447 0.805 19 2.422 0.013 3 2.100 0.036

12–11 –0.163 0.508 19 1.400 0.090 9 1.260 0.208
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Hydrogen cyanide and carboxyhaemoglobin were not found in the blood
samples taken from corpses of victims who were set on fire after death (homi-
cide, suicide, accident).

In the control group (post-mortem blood samples from persons suspected
of carbon monoxide poisoning) the presence of blood hydrogen cyanide was
ascertained in only 8 out of 135 examined blood samples. The concentration
was at about the level of 0.1 µg/ml, i.e. below the limit of detection assumed
in the study. The results of the examination are presented in Table III.

TABLE III. RESULTS OF BLOOD EXAMINATION FOR THE PRESENCE OF HYDROGEN
CYANIDE IN THE CONTROL GROUP (GROUP 3 – POST-MORTEM BLOOD
FROM PERSONS SUSPECTED OF CARBON MONOXIDE INTOXICATION)

Number of
blood samples

Number of
positive samples

Level of HCN
concentration [µg/ml]

135 8 < 0.1

The COHb concentration in the aforementioned set of samples was in the
range 12.0 to 95.0%.

The positive analytical result of the control analysis for the presence of
endogenous hydrogen cyanide was statistically verified with the χ2 goodness
of fit test. In the testing, the null hypothesis of equal probability of hydrogen
cyanide detection or absence (uniform distribution) was assumed. The ob-
served disproportion between positive and negative results refutes this hy-
pothesis at the significance level of p < 0.001, which means that this distri-
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Fig. 1. The dynamics of blood endogenous hydrogen cyanide concentration changes
in samples stored at the temperature of 4oC.



bution is certainly non-uniform. The result of the goodness of fit test
(χ2 = 103.141; p < 0.001) for this set of blood samples indicates that the pres-
ence of hydrogen cyanide can be acknowledged as incidental. The result of
the goodness of fit test is presented in Figure 2.

Examination of 20 blood samples stored with access of air at a tempera-
ture of 4oC for 12 weeks revealed endogenous hydrogen cyanide formation in
half of the samples. Its appearance was ascertained in particular blood sam-
ples in the third and fourth week of storage. In the following weeks, a slight
upward tendency of hydrogen cyanide concentration was still observed, and
then stabilisation at the end of the storage period [12, 13].

The obtained results of the examination for the presence of endogenous
hydrogen cyanide formed during 12 weeks’ observation and high percentage
of negative results in the blood of persons who had died in a fire [8], and also
persons who had died earlier (homicide, suicide), may indicate the marginal
importance of endogenous cyanide in the interpretation of obtained results
concerning fire victims who died due to intoxication.

The control research conducted in this study confirms the phenomenon,
observed by other authors, of the formation of endogenous hydrogen cyanide
as a result of putrefactive transformations. However, the cyanide concentra-
tions are below the limit of detection of the method (i. e. < 0.1 µg/ml), so they
are of no significance for expert opinions and for the course of the intoxication.
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bodies of persons suspected of carbon monoxide intoxication.



CONCLUSIONS

1. Intensity of endogenous hydrogen cyanide formation as a result of
autolysis and putrefaction processes in blood samples from corpses is low.

2. An increase in endogenous hydrogen cyanide concentration, of signifi-
cance for forensic medical expert opinions, was noticed only after 2 weeks of
storage of the blood samples.

3. The threat of adulteration of results by endogenous hydrogen cyanide
during storage of post-mortem blood samples at a temperature of +4oC is
slight.
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ROLA CYJANOWODORU ENDOGENNEGO W INTERPRETACJI
I OCENIE S¥DOWO-LEKARSKIEJ ŒMIERTELNYCH OFIAR
W PO¯ARACH

Teresa GRABOWSKA, Halina SYBIRSKA

WSTÊP

Interpretacja i ocena s¹dowo-lekarska cyjanowodoru znajduj¹cego siê we krwi
pobranej ze zw³ok znalezionych w p³on¹cych pomieszczeniach jest trudna z uwagi na
mo¿liwoœæ przy¿yciowej aspiracji cyjanowodoru powsta³ego w czasie spalania ma-
teria³ów zawieraj¹cych grupy cyjanowe [ 6, 8, 7]. Cyjanki te mog¹ równie¿ powstawaæ
w zw³okach w wyniku dzia³ania wysokiej temperatury [9, 10, 14], a tak¿e pos-
têpuj¹cych procesów autolitycznych i gnilno-rozk³adowych [2, 4, 5, 12, 15].

Znane s¹ dwie hipotezy wyjaœniaj¹ce mo¿liwoœæ tworzenia siê cyjanowodoru
w materiale biologicznym:

1. biosynteza cyjanku odbywaæ siê mo¿e z udzia³em mikroorganizmów, takich
jak: Pseudomonas aeruginosa, mikroorganizmów fluorensencyjnych (Pattty,
Castric, Askeland, Morisson) [1, 2, 3];

2. cyjanowodór mo¿e byæ produktem autolitycznych procesów rozk³adu bia³ek
i aminokwasów g³ównie z grup metylowych i aminowych glicyny [3].

Intensywne powstawanie cyjanku w krwi pe³nej in vitro obserwowane by³o
w temperaturach powy¿ej 63oC [9, 16]. W optymalnych warunkach temperaturo-
wych, tj. w temperaturze 75oC, powstawa³o oko³o 0,2 mmol cyjanku z jednego mola
hemoglobiny. Zaznaczyæ jednak nale¿y, ¿e iloœæ wytworzonego cyjanowodoru w prze-
badanych próbkach nie przekracza³a stê¿enia 50 ng/ml [16]. Wartoœæ ta jest znacznie
ni¿sza od stê¿enia 2,4–5,0 µg/ml we krwi uznawanego za odpowiadaj¹ce dawce
œmiertelnej cyjanowodoru [17].

CEL PRACY

Celem pracy by³o przeprowadzenie obserwacji szybkoœci powstawania i kszta³to-
wania siê stê¿eñ cyjanowodoru endogennego we krwi sekcyjnej. W badaniach wyko-
rzystano próbki krwi pobrane ze zw³ok, w których – ze wzglêdu na towarzysz¹ce
okolicznoœci zgonu – mog³y zaistnieæ optymalne warunki dla powstania endogennego
cyjanowodoru.

MATERIA£ I METODY

Materia³ poddany badaniom stanowi³y 167 próbki krwi pobrane ze zw³ok, z któ-
rych wydzielono 3 grupy:

1. próby krwi bez cech rozk³adu gnilnego pobrane ze zw³ok 20 osób (nie zawie-
raj¹ce, jak sprawdzono, HCN), przechowane z dostêpem powietrza w tempera-



turze lodówki wynosz¹cej 4oC. Badanie na obecnoœæ cyjanowodoru przepro-
wadzono w odstêpach siedmiodniowych przez okres 12 tygodni;

2. próby krwi pobrane ze zw³ok 12 osób znalezionych w p³on¹cych pomiesz-
czeniach z zaznaczonymi cechami dzia³ania wysokiej temperatury; badanie
wykonano bezpoœrednio po pobraniu;

3. 135 próbek krwi z cechami autolizy poœmiertnej pobranych ze zw³ok osób po
zatruciu tlenkiem wêgla nie zawi¹zanego z po¿arami – równie¿ badane
bezpoœrednio.

Badania na obecnoœæ cyjanowodoru przeprowadzono metod¹ mikrodyfuzji i meto-
d¹ kolorymetryczn¹ opart¹ o reakcjê Königa w modyfikacji Nedomy [13]. Wartoœæ
absorbancji powsta³ego zabarwienia mierzona by³a spekrofotometrem Hitachi 2001
przy d³ugoœci fali λmax = 630 nm. Badanie na obecnoœæ hemoglobiny tlenkowêglowej
wykonano metod¹ Wolffa przy u¿yciu spektrofotometru Hitachi 2001.

W ramach statystycznej analizy wyników badañ zastosowano [11]:
– nieparametryczny test zgodnoœci χ2;
– test œredniej ró¿nicy (zmienne po³¹czone);
– nieparametryczny test ró¿nic Wilcoxona.
W weryfikacji statystycznej uwzglêdniano nastêpuj¹ce poziomy znamiennoœci:
– p > 0,05 – brak znamiennoœci statystycznej;
– p < 0,05 – znamiennoœæ statystyczna;
– p < 0,01 – wysoka znamiennoœæ statystyczna;
– p < 0,001 – bardzo wysoka znamiennoœæ statystyczna.

WYNIKI I BADANIA I OMÓWIENIE

W tabeli I przedstawiono wyniki 12 tygodniowej obserwacji powstawania we krwi
cyjanowodoru endogennego.

Dynamikê kszta³towania siê stê¿enia cyjanowodoru we krwi przechowywanej
w temperaturze 4°C w rytmie tygodniowym zilustrowano graficznie na rycinie 1.

Obecnoœæ cyjanowodoru stwierdzono w piêciu na 20 badanych próbek krwi
w trzecim tygodniu ich przechowywania, w dwóch próbach w 4 tygodniu przecho-
wywania, a w jednej cyjanowodór pojawi³ siê w szóstym tygodniu. Najwiêksz¹
intensywnoœæ wzrostu stê¿enia tego zwi¹zku obserwowano w 5 i 6 tygodniu.

W pozosta³ych próbach badanie na obecnoœæ cyjanowodoru by³o ujemne przy
ca³ym 12-tygodniowym okresie obserwacji.

W analizie statystycznej dotycz¹cej samoistnego powstania cyjanowodoru
w próbkach krwi zastosowano test dla œredniej ró¿nicy (zmienne po³¹czone) oraz test
ró¿nic Wilcoxona. Wyniki badañ statystycznych zamieszczono w tabeli II.

Pierwsza istotna ró¿nica w stê¿eniach cyjanowodoru podczas kolejnych tygodni
obserwacji pojawi³a siê pomiêdzy drugim i trzecim tygodniem przechowywania.
W kolejnych tygodniach ró¿nice pomiêdzy tymi stê¿eniami by³y statystycznie zna-
mienne a¿ do okresu pomiêdzy 5 i 6 tygodniem. Po tym czasie ró¿nice w stê¿eniach
cyjanowodoru by³y na przemian znamienne i nieznamienne. Bezwzglêdne wartoœci
tych stê¿eñ w kolejnych tygodniach by³y jednak wyraŸnie wy¿sze, co wskazuje na
dalsze tworzenie siê cyjanowodoru endogennego.
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W badanych próbach krwi pobranych ze zw³ok osób, które po zgonie (zabójstwo,
samobójstwo, wypadek) zosta³y podpalone, nie wykazano obecnoœci cyjanowodoru
i hemoglobiny tlenkowêglowej.

W grupie kontrolnej tylko w 8 na 135 przebadanych próbek krwi wykazano
obecnoœæ cyjanowodoru. Stê¿enie kszta³towa³o siê na poziomie wartoœci 0,1 µg/ml,
tj. poni¿ej przyjêtej w pracy granicy oznaczalnoœci metody. Wyniki tych badañ
zebrano w tabeli III.

Stê¿enie hemoglobiny tlenkowêglowej w powy¿szym zbiorze próbek mieœci³o siê
w granicach 12,0–95,0%.

Ten pozytywny rezultat analityczny dotycz¹cy badañ kontrolnych na obecnoœæ
cyjanowodoru endogennego poddano weryfikacji statystycznej za pomoc¹ testu
zgodnoœci χ2. W teœcie przyjêto hipotezê zerow¹ o jednakowym prawdopodobieñstwie
wykrycia b¹dŸ braku obecnoœci cyjanowodoru (rozk³ad równomierny). Obserwowana
dysproporcja miêdzy wynikami dodatnimi i ujemnymi przeczy tej hipotezie na
poziomie istotnoœci p < 0,001, co oznacza, ¿e rozk³ad jest jednoznacznie nierów-
nomierny. Wynik testu zgodnoœci (χ2= 103,141; p < 0,001) dla tego zbioru próbek krwi
wskazuje, ¿e obecnoœæ cyjanowodoru mo¿na uznaæ za incydentalny. Wynik testu
zgodnoœci przedstawiono na rycinie 2.

Badania 20 próbek krwi przechowywanych z dostêpem powietrza w tempera-
turze +4oC przez 12 tygodni ujawni³y powstawanie w po³owie próbek cyjanowodoru
endogennego. Jego pojawienie siê stwierdzono w poszczególnych próbkach krwi
w trzecim i w czwartym tygodniu przechowywania. W nastêpnych tygodniach
obserwowano jeszcze niewielkie tendencje wzrostowe stê¿enia cyjanowodoru, a pod
koniec jego stabilizacjê [12, 13].

Uzyskane wyniki badañ na obecnoœæ powsta³ego w czasie 12-tygodniowej obser-
wacji cyjanowodoru endogennego oraz wysoki odsetek wyników ujemnych we krwi
osób, które zginê³y w po¿arze [8] a tak¿e dotycz¹ce osób wczeœniej zmar³ych (zabój-
stwa, dzia³ania samobójcze), wskazywaæ mog¹ na niewielkie znaczenie cyjanków
endogennych w interpretacji uzyskanych wyników dotycz¹cych osób zmar³ych w wy-
niku zatrucia w p³on¹cym pomieszczeniu.

Wykonane w tej pracy badania kontrolne potwierdzaj¹ obserwowane przez
innych autorów zjawisko tworzenia siê cyjanowodoru endogennego w wyniku postê-
puj¹cych przemian gnilno-fermentacyjnych. Stê¿enia te znajduj¹ siê jednak poni¿ej
granicy oznaczalnoœci metody (s¹ one mniejsze ni¿ 0,1 µg/ml), co nie ma znaczenia
dla celów opiniodawczych i samego przebiegu zatrucia.

WNIOSKI

1. Intensywnoœæ tworzenia siê cyjanowodoru endogennego w wyniku procesów
autolitycznych i gnilno-rozk³adowych we krwi pochodz¹cej ze zw³ok jest nie-
wielka.

2. Istotny dla opiniowania s¹dowo-lekarskiego wzrost stê¿enia cyjanowodoru
endogennego obserwowano dopiero po 2 tygodniach przechowywania próbek
krwi.

3. W czasie przechowywania krwi ze zw³ok w temperaturze +4oC zagro¿enie
zafa³szowania wyniku przez endogenny cyjanowodór jest ma³o prawdopo-
dobne.
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