
HYDRATION DEGREE OF BODY FLUIDS VERSUS

THE CONCENTRATION OF ETHYL ALCOHOL

Zofia OLSZOWY, Teresa GRABOWSKA, Joanna NOWICKA

Chair and Department of Forensic Medicine, Medical University of Silesia,
Katowice

ABSTRACT: There are difficulties in interpreting ethyl alcohol concentrations in
blood samples collected from a deceased persons with advanced putrescent changes
or various degrees of carbonisation of the corpse. It is known that the concentration
of ethyl alcohol depends mostly on the progression of the post-mortem changes and
the water content in the tissues. In the paper, the authors present ethyl alcohol con-
centrations in blood, urine, vitreous humour and cerebrospinal fluid of the deceased
determined with regard to the hydration degree of the biological material. Statistical
analysis of the obtained results was carried out with the use of regression and corre-
lation. The described examinations of autopsy material can be helpful in preparing
expert opinions concerning alcohol intoxication.
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INTRODUCTION

The cessation of living processes and, concomitantly, of active transport
via the bloodstream does not mean that diffusion processes stop. Their
course depends on the difference in alcohol concentration between adjoining
environments and the degree of isolation of these environments from each
other. Displacements of water in the body have a significant influence on the
alcohol content in the tested material. Brettel [2] and Audrlicky [1] revealed
that elimination of water from blood located in the vessel bed occurs as early
as several hours after death.

The differences in ethyl alcohol concentration in different tissues depend
on the physiological processes occurring before death, i.e. absorption and
transportation via the bloodstream to and from the extravascular space,
elimination processes and the hydration of blood [4]. The displacements of
water ascertained in hospitalised persons can be a result of post-traumatic
shock, loss of blood, vomiting, administration of anti-swelling drugs or
blood-replacing fluids, etc.



The determined alcohol concentrations are modulated by post-mortem
processes that are sometimes difficult to predict [9, 14, 16].

It was determined that loss of water in blood collected from corpses, espe-
cially those in a state of advanced putrefaction and also partially carbonized
ones, even exceeds 20%. The determined alcohol level in such condensed
blood is relatively lower. For alcohol concentrations within range of
2.5‰–3.0‰, this value can be lower by even 1‰ [15, 16].

A medico-legal opinion concerning state of sobriety (intoxication) cannot
be a simple report that is based only on the determined alcohol concentra-
tion, even in the case of examination of fresh blood collected from living per-
sons. Particular care is required especially in interpretation of the results of
blood tests using blood collected from a corpse. Information noted in medical
records concerning which part of the body the blood was collected from,
whether the smell of alcohol was detectable from body cavities, and also in-
formation concerning the circumstances of death are very important [3]. In
determining the state of sobriety (intoxication) of the deceased, results of ex-
aminations of other alternative materials, namely urine, vitreous humour of
the eye, the perilymph (middle ear fluid), or the cerebrospinal fluid, are also
valuable. The advantages of the above mentioned body fluids are: their very
low susceptibility to putrefaction processes and their small fluctuations in
hydration, which are of great importance in the case of ethanol determina-
tion [7, 11, 12]. In routine examinations of blood for ethyl alcohol content,
blood hydration is taken into account only in exceptional cases. In earlier re-
search, Trela [13], M¹dro [8] and Marek [6] have drawn attention to this
problem in their papers, emphasising the importance of this fact in the prep-
aration of expert opinions on alcohol intoxication.

AIM OF THE STUDY

In the present paper, a study was carried out on the relationship between
alcohol concentration and degree of hydration in blood, urine, vitreous hu-
mour and cerebrospinal fluid collected from corpses. The alcohol concentra-
tion and hydration degree were simultaneously determined in all examined
fluids. The determined ethanol concentrations, after taking the hydration
degree into consideration, were subjected to statistical analysis, using re-
gression and correlation analysis [5].
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MATERIAL AND METHODS

The examined material consisted of samples of blood, urine, vitreous hu-
mour and cerebrospinal fluid collected from corpses that that had not under-
gone putrefaction processes.

Ethyl alcohol was determined by means of gas chromatography using the
headspace technique, applying a FISONS-HRGC 5300 gas chromatograph,
and also the enzymatic method. The hydration degree of body fluids was de-
termined using apparatus for water determination manufactured by Schott,
applying Karl-Fischer reagent and the weighing method according to
E. W. Predeczeski [10].

Statistical analysis was performed in order to obtain the relations be-
tween alcohol concentrations in the examined fluids. The correlation coeffi-
cient, regression equation and mean estimation error were calculated. The
confidence limits for the linear regression lines, corresponding to 95% confi-
dence limits, were marked on the Figures [5].
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Fig. 1. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the first group.
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Fig. 1a. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the first group, after
correction relative to
80% hydration.

Fig. 2. Relationship be-
tween alcohol concen-
tration in vitreous
humour and blood alco-
hol concentration in the
first group.

Fig. 2a. Relationship be-
tween alcohol concen-
tration in vitreous
humour and blood alco-
hol concentration in the
first group, after correc-
tion relative to 80% hy-
dration.
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Fig. 3. Relationship be-
tween alcohol concentra-
tion in cerebrospinal fluid
and blood alcohol concen-
tration in the first group.

Fig. 3a. Relationship be-
tween alcohol concentra-
tion in cerebrospinal fluid
and blood alcohol concen-
tration in the first group,
after correction relative to
80% hydration.

Fig. 4. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the second group.
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Fig. 4a. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the second group, after
correction relative to 80%
hydration.

Fig. 5. Relationship be-
tween alcohol concentra-
tion in vitreous humour
and blood alcohol con-
centration in the second
group.

Fig. 5a. Relationship be-
tween alcohol concentra-
tion in vitreous humour
and blood alcohol concen-
tration in the second
group, after correction rel-
ative to 80% hydration.
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Fig. 6. Relationship be-
tween alcohol concentra-
tion in cerebrospinal fluid
and blood alcohol concen-
tration in the second
group.

Fig. 6a. Relationship be-
tween alcohol concentra-
tion in cerebrospinal fluid
and blood alcohol concen-
tration in the second
group, after correction
relative to 80% hydration.

Fig. 7. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the third group.
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Fig. 7a. Relationship be-
tween urine alcohol con-
centration and blood
alcohol concentration in
the third group, after cor-
rection relative to 80%
hydration.

Fig. 8. Relationship be-
tween alcohol concentra-
tion in vitreous humour
and blood alcohol concen-
tration in the third group.

Fig. 8a. Relationship be-
tween alcohol concentra-
tion in vitreous humour
and blood alcohol concen-
tration in the third group,
after correction relative to
80% hydration.



RESULTS

Hydration of body fluids: vitreous humour, cerebrospinal fluid and urine
ranged from 97.5% to 99.2% and the hydration degree of blood – from 63.13
to 90.84%. Correction of the determined alcohol concentrations was per-
formed on the basis of a normal hydration degree of blood of 80%.

The examined material was divided into three groups, applying the
hydration degree of blood as the criterion. The first group was made up of
a set of samples with blood hydration in the range from 60% to 70%. The sec-
ond group comprised a set of samples with blood hydration in the range from
70% to 80%, and the third – a set of samples with blood hydration in the
range from 80% to 90%.

The performed statistical analysis indicated the close correlation be-
tween ethyl alcohol concentration in the examined body fluids and in blood,
after correcting relative to 80% hydration.

TABLE I. LIST OF RESULTS OF ANALYSIS FOR ETHANOL CONTENT IN THE FIRST
GROUP

No.

Hydration
degree

of blood

[%]

Blood alcohol
concentration

[‰]

Blood alcohol
concentration
after correc-
tion relative

to 80%
hydration

[‰]

Urine alcohol
concentration

[‰]

Alcohol
concentration

in vitreous
humour

[‰]

Alcohol
concentration

in
cerebrospinal

fluid

[‰]

1 63.13 0.39 0.49 1.54 0.57 0.64

2 69.61 2.40 2.75 3.69 3.23 3.29

3 69.01 1.53 1.75 2.15 1.96 2.00

4 65.97 1.90 2.30 2.59 2.29 2.35

5 66.08 1.18 1.42 1.76 1.64 1.96

6 69.41 1.09 1.25 1.60 1.30 1.45

7 66.59 2.17 2.60 3.23 2.80 2.90

8 67.34 0.79 0.93 1.20 1.09 1.07

9 63.58 1.79 2.25 2.04 2.10 1.98

10 68.57 2.29 2.67 2.89 2.93 2.70

11 64.53 2.80 3.47 3.07 3.19 3.37

Mean 66.43 1.66 1.67 2.34 2.10 2.15
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TABLE II. THE LIST OF RESULTS OF STUDIES FOR ETHANOL CONTENT IN THE SEC-
OND GROUP

No.

Hydration
degree of

blood

[%]

Blood alcohol
concentration

[‰]

Blood alcohol
concentration
after correc-
tion relative

to 80%
hydration

[‰]

Urine alcohol
concentration

[‰]

Alcohol con-
centration in

vitreous
humour

[‰]

Alcohol con-
centration in
cerebrospinal

fluid

[‰]

1 75.01 0.67 1.03 1.55 1.08 1.10

2 76.23 2.91 3.05 3.27 3.07 3.14

3 70.92 1.69 1.90 2.10 2.07 2.10

4 72.60 2.06 2.26 2.37 2.30 2.40

5 76.79 1.27 1.32 1.50 1.40 1.39

6 73.23 1.40 1.52 2.20 1.65 1.79

7 75.01 2.21 2.32 3.08 2.52 2.47

8 72.79 2.98 3.27 3.50 3.30 3.39

9 72.33 1.47 1.62 1.81 1.70 1.92

10 72.71 0.75 0.82 1.83 1.02 0.99

11 70.57 2.56 2.90 3.09 2.89 2.93

12 72.35 1.89 2.08 2.20 1.90 2.11

Mean 73.14 1.82 2.00 2.37 1.91 2.14

TABLE III. THE LIST OF RESULTS OF STUDIES FOR ETHANOL CONTENT IN THE
THIRD GROUP

No

Hydration
degree of

blood

[%]

Blood alcohol
concentration

[‰]

Blood alcohol
concentration
after correc-
tion relative

to 80%
hydration

[‰]

Urine alcohol
concentration

[‰]

Alcohol con-
centration in

vitreous
humour

[‰]

Alcohol con-
centration in
cerebrospinal

fluid

[‰]

1 83.13 0.39 0.37 1.54 0.57 0.64

2 81.90 0.78 0.76 1.26 0.77 0.70

3 85.75 0.46 0.42 0.62 0.70 0.53

4 89.03 2.92 2.88 3.68 3.01 2.90

5 93.02 1.59 1.53 4.08 2.00 1.49

6 88.83 0.49 0.44 0.86 0.55 0.40

7 86.27 3.25 3.00 4.43 2.94 2.98

8 86.01 2.48 2.30 1.90 2.00 2.24

9 97.96 1.40 1.27 1.50 1.05 1.10

10 85.95 1.96 1.82 1.90 1.78 1.70

11 90.07 3.10 2.70 2.79 2.69 2.50

12 90.84 2.90 2.55 2.90 2.70 2.65

13 90.01 1.84 1.63 1.75 1.74 1.74

14 82.26 4.27 4.15 4.44 4.27 4.30

Mean 97.90 1.98 1.84 2.35 1.92 1.84
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SUMMARY AND CONCLUSIONS

On the basis of the obtained results one can state that:
1. In cases where the hydration of post-mortem blood is higher than 85%

or lower than 70%, correction of the determined ethanol concentration
should be performed.

2. Determination of the hydration degree of post-mortem blood allows us
to estimate the intoxication degree at the time of death more precisely.

3. Alcohol concentration in the examined body fluids was highly corre-
lated with the concentration determined in blood, after correcting for
hydration degree relative to 80% hydration.

4. Examination of other body fluids, in which no significant fluctuations
in hydration were observed, supports the conclusions regarding the
state of intoxication.
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STOPIEÑ UWODNIENIA P£YNÓW USTROJOWYCH A STÊ¯ENIE
ALKOHOLU ETYLOWEGO

Zofia OLSZOWY, Teresa GRABOWSKA, Joanna NOWICKA

WPROWADZENIE

Ustanie procesów ¿yciowych, a wraz z nimi czynnego transportu przez krwio-
obieg, nie oznacza przerwania procesów dyfuzyjnych. Ich przebieg zale¿y od ró¿nicy
stê¿enia alkoholu w stykaj¹cych siê ze sob¹ œrodowiskach oraz stopnia izolacji tych
œrodowisk od siebie. Przesuniêcia wodne w organizmie maj¹ znacz¹cy wp³yw na za-
wartoœæ alkoholu w badanym materiale. Brettel [2] i Audrlicky [1] wykazali, ¿e elimi-
nacja wody z krwi znajduj¹cej siê w ³o¿ysku naczyniowym ma miejsce ju¿ po kilku
godzinach po œmierci.

Ró¿nice w stê¿eniu alkoholu etylowego w ró¿nych tkankach zale¿¹ od poprze-
dzaj¹cych zgon procesów fizjologicznych, tj. wch³aniania oraz przenoszenia przez
krwioobieg do i z przestrzeni pozanaczyniowej tocz¹cych siê procesów eliminacji oraz
uwodnienia [4]. U osób hospitalizowanych stwierdzone przesuniêcia wodne mog¹
byæ nastêpstwem wstrz¹su pourazowego, utraty krwi, wymiotów, podawania leków
przeciwobrzêkowych, p³ynów krwiozastêpczych itp.

Stê¿enia oznaczonego alkoholu modulowane jest przez procesy poœmiertne cza-
sem trudne do przewidzenia [9, 14, 16].

We krwi pobranej ze zw³ok, zw³aszcza bêd¹cych w rozk³adzie gnilnym a tak¿e ze
zw³ok czêœciowo zwêglonych, stwierdzono, ¿e ubytek wody przekracza nawet 20%.
Oznaczony poziom alkoholu w tak zagêszczonej krwi jest relatywnie ni¿szy. Przy
stê¿eniach etanolu w granicach 2,5‰–3,0‰ wartoœæ ta mo¿e byæ zani¿ona nawet
o 1‰ [15, 16].

Opinia s¹dowo-lekarska o stanie trzeŸwoœci nie mo¿e byæ zwyk³¹ relacj¹ opart¹
jedynie na oznaczonym stê¿eniu alkoholu, nawet w przypadkach badania krwi
œwie¿ej. Szczególnej rozwagi wymaga zw³aszcza interpretacja wyników badañ krwi
pobranej ze zw³ok. Istotne w tej sytuacji s¹ informacje zamieszczone w protokole,
wskazuj¹ce, sk¹d pobrano krew, czy wyczuwalna by³a woñ alkoholu z jam cia³a,
a tak¿e informacja o okolicznoœciach zgonu [3]. Przy ustaleniu stanu trzeŸwoœci osób
zmar³ych cenne s¹ równie¿ wyniki badañ innych alternatywnych materia³ów, a mia-
nowicie moczu, cia³ka szklistego oka, przych³onki czy p³ynu mózgowo-rdzeniowego.
Walorami wymienionych p³ynów ustrojowych s¹: bardzo ma³a podatnoœæ na procesy
gnilne oraz niewielkie wahania w uwodnieniu, co w przypadku oznaczania etanolu
ma istotne znaczenie [7, 11, 12]. W rutynowo wykonywanych badaniach krwi na
obecnoœæ alkoholu etylowego tylko w wyj¹tkowych przypadkach zwraca siê uwagê na
uwodnienie krwi. Wczeœniej na problem ten zwrócili uwagê w swoich doniesieniach
Trela [13], M¹dro [8], Marek [ 6], podkreœlaj¹c znaczenie tego faktu w opiniowaniu
o nietrzeŸwoœci.



CEL PRACY

W niniejszej pracy podjêto badania nad zale¿noœci¹ stê¿enia alkoholu od stopnia
uwodnienia we krwi, moczu, p³ynie z ga³ki ocznej oraz p³ynie mózgowo-rdzeniowym
pobranych ze zw³ok. Równolegle we wszystkich badanych p³ynach oznaczono stê¿e-
nie alkoholu i stopieñ ich uwodnienia. Oznaczone stê¿enia etanolu po uwzglêdnieniu
stopnia uwodnienia poddano analizie statystycznej, stosuj¹c analizê regresji i kore-
lacji [5].

MATERIA£ BADANY I METODY

Materia³ badany stanowi³y próby krwi, moczu, p³ynu z ga³ki ocznej oraz p³ynu
mózgowo-rdzeniowego, pobrane ze zw³ok nie objêtych procesami gnicia.

Alkohol etylowy oznaczono metod¹ chromatografii gazowej technik¹ headspace,
stosuj¹c chromatograf gazowy firmy FISONS-HRGC 5300 oraz metod¹ enzyma-
tyczn¹. Stopieñ uwodnienia p³ynów ustrojowych wyznaczono aparatem do oznacza-
nia wody firmy Schott, stosuj¹c odczynnik Karl-Fischera oraz metod¹ wagow¹
wg E. W. Predeczeskiego [10].

Dla uzyskania wzajemnych relacji stê¿eñ alkoholu w badanych p³ynach przepro-
wadzono analizê statystyczn¹. Obliczono wspó³czynnik korelacji, równanie regresji
oraz œredni b³¹d szacunku. Na wykresach zaznaczono przydzia³ ufnoœci dla linii re-
gresji liniowej odpowiadaj¹cy poziomowi ufnoœci 95% [5].

WYNIKI BADAÑ

Uwodnienie p³ynów ustrojowych: p³ynu z ga³ki ocznej, p³ynu mózgowo-rdzenio-
wego oraz moczu przyjê³o wartoœci od 97,5% do 99,2%, zaœ stopieñ uwodnienia krwi
mieœci siê w przedziale 63,13–90,84%. Przyjmuj¹c 80% stopieñ uwodnienia krwi,
przeprowadzono korektê oznaczonych stê¿eñ alkoholu.

Badany materia³ podzielono na trzy grupy, stosuj¹c jako kryterium stopieñ
uwodnienia krwi. Pierwsz¹ grupê stanowi³ zbiór próbek, w których uwodnienie krwi
wynosi³o od 60% do70%. Drug¹ grupê stanowi³ zbiór próbek, w których uwodnienie
krwi wynosi³o od 70% do 80%, natomiast trzeci¹ – zbiór próbek, w których uwod-
nienie krwi wynosi³o od 80% do 90%.

Przeprowadzona analiza statystyczna wykaza³a œcis³¹ korelacjê pomiêdzy stê¿e-
niem alkoholu etylowego w badanych p³ynach ustrojowych a krwi¹ po przeprowadze-
niu korekty uwzglêdniaj¹cej jej stopieñ uwodnienia.

PODSUMOWANIE I WNIOSKI

Maj¹c na uwadze uzyskane wyniki badañ, stwierdziæ nale¿y, i¿:
1. W przypadku uwodnienia krwi sekcyjnej powy¿ej 85% wzglêdnie poni¿ej 70%

winna byæ przeprowadzona korekta oznaczonego stê¿enia etanolu.
2. Oznaczenie stopnia uwodnienia krwi sekcyjnej pozwala na bardziej precyzyj-

ne okreœlenie stopnia nietrzeŸwoœci w chwili œmierci.
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3. Stê¿enie alkoholu w badanych p³ynach by³o wysoce skorelowane ze stê¿eniem
oznaczonym we krwi po korekcie uwzglêdniaj¹cej jej 80% stopieñ uwodnienia.

4. Badanie innych p³ynów ustrojowych, w których nie obserwowano istotnych
wahañ w uwodnieniu, uwiarygodnia wnioskowanie o stanie nietrzeŸwoœci.
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