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Abstract

The aim of the research was to ascertain whether there is a correlation between the time elapsed from moment of death to
post-mortem examination and the level of blood hydration, as well to determine the influence of the change in degree of hydration
on ethyl alcohol concentration. Blood samples for analysis were collected during post-mortem examinations carried out at the
Department of Forensic Medicine in £.6dz. Samples were taken from bodies that did not have clear symptoms of decomposition
and whose date of death was known. 70 cases were selected for research, for which concentration of alcohol in blood was at least
0.1%o. The level of hydration was determined for each of them, an organoleptic evaluation of consistency was carried out and in-
formation contained in post-mortem examination records was used.

The collected material was stored in tightly sealed plastic containers at a temperature of +4°C. The level of alcohol in samples was
determined by the gas chromatography method and confirmed by the enzymatic method. The level of hydration of blood samples
was between 64% and 88%. The average was 75%, and only in a few samples did it exceed 80%. Samples with a 73% hydration
level were most often encountered amongst all analysed samples. Most often, hydration of blood was significantly lower than
80%, which is explained by post-mortem migration of water from the vascular bed. The performed research indicated in most
cases a significant decrease in hydration level a short time after death and a decrease in concentration of ethanol contained in this
fluid. However, the study showed a lack of correlation between the level of blood hydration and the time elapsed from the mo-
ment of death to the post-mortem examination. The authors of this paper also concluded that the high level of hydration, signifi-
cantly exceeding the average level determined for live persons, could be caused by intravenous liquids administered to
hospitalised persons before death. The performed research also allowed us to conclude that determination of water in post-mor-
tem material is important in all cases, even when organoleptic examinations do not reveal distinct concentrating (thickening) or
dilution of blood.
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1. Introduction

Various bodily fluids can be used for the purpose of
determining the ethanol alcohol level in the organism:
the most important one, “expected” by toxicologists, is
blood. However, post-mortem processes, e.g. decay,

autolysis and glycogenolysis influence results obtained
for determination of ethanol in this material [15, 18].
Coagulation and changes in blood composition may
also take place after death [10, 14, 21] as may move-
ment of water to and from the vascular reservoir [1].
The mentioned processes may lead to a change in level
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of'blood hydration [8], which is one of the factors which
has an influence on the results of analysis [1, 7, 12].

Griiner [8] showed that movement of water from
blood to surrounding tissues takes place just several
hours after the moment of death and Brettel [2]
showed that a significant decrease in water concentra-
tion is already occurring in the first two days after
death. Researches by various authors [1, 2, 18] show
80% blood hydration in live persons with fluctuation
in the range +2%. This value should be accepted in
evaluations of a state of drunkenness, and then ob-
tained concentrations should be converted to corre-
spond to this level [1, 2, 4, 18]. A loss of water
exceeding even 20% has been ascertained in post-mor-
tem blood samples, especially those in which decay
processes or partial carbonisation have occurred [20].
Since alcohol only dissolves in water contained in
bodily fluids [1, 2, 7], changes in its concentration
could cause changes in alcohol concentration in blood
in comparison to the state at the moment of death.

In recommendations of the Institute of Forensic
Research in 1995, principles of determination of alco-
hol in post-mortem material were presented in relation
to analysis of hydration level, among other things. It
was stated that: “Determination of level of blood
hydration is advisable in the case of significant con-
centrating (thickening) of blood as a result of e.g. de-
cay processes and partial carbonisation” [6]. In new
recommendations by the IFR, approved in 2004 by the
Board of Management of The Polish Society of Foren-
sic Medicine and Criminology, it was stated that: ”"De-
termination of water content in post-mortem material
is advisable in all cases, and (absolutely) essential
when significant concentrating (thickening) or dilu-
tion of blood collected from a body is ascertained and
also when determination of ethanol in skeletal muscle
has been requested. In this situation, the concentration
of alcohol should be converted, taking into account
mean concentration of water in blood” [22].

The necessity of simultaneous determination of
blood hydration in the case of determination of alcohol
was indicated in the papers of Trela [19], Madro [12]
and Marek [11], who emphasised the importance of
this fact in casework relating to drunkenness. Olszowy
concluded similarly, when he carried out research on
the level of hydration of bodily fluids, i.e. that determi-
nations of water content carried out on post-mortem
blood allowed more precise evaluation of intoxication
level at the moment of death. Moreover, in cases
where the amount of water differs from the mean de-
termined for live persons, correction of ethanol con-
centration should be carried out [13].

Determination of hydration level is also advisable
for a precise determination of alcohol concentration in
cases of long storage of blood samples collected from
live persons [3].

2. Aim of the work

The aim of the research was to determine whether
there is a correlation between the time elapsed from
moment of death to post-mortem examination and the
level of blood hydration, and also to define the influ-
ence of changes in hydration level on concentration of
ethyl alcohol.

3. Materials and methods

Blood samples for examination were collected dur-
ing forensic medical autopsies carried out at the De-
partment of Forensic Medicine, £.6dz. This material
originated from persons for whom the time of death
was established and whose bodies did not show signif-
icant signs of decay. 70 cases were selected for study,
in which the alcohol concentration was at least 0.1%o.
The level of blood hydration in each case was deter-
mined, an organoleptic evaluation of its consistency
was carried out and information contained in post-
mortem examination records was also used.

Blood samples were stored in tightly sealed plastic
containers at a temperature of +4°C. The level of alco-
hol was determined by the gas chromatographic method
with application of the headspace technique [17].
Trace GC 2000 apparatus with a BAC 1 chromato-
graphic column and flame-ionisation detector (FID)
were used. The following working conditions were ap-
plied: flow of carrier gas 4 ml/min, oven temperature
60°C, temperature of detector and injector 200°C. The
chromatograph worked together with Chrom-Card
software, which processed data. Results were con-
firmed by the enzymatic method by application of
ADH sets produced by Randox. Analysis was carried
out by application of the Epoll 20 optic photometer at
wavelength 340 nm. Hydration of blood was deter-
mined by application of a Radwag WPS 30S drying
balance. Before determination of water content, con-
tainers with material were rotated several times, and
next 1g of sample was taken and evenly distributed on
an analytical pan. The drying process was carried out
at a temperature of 130°C until a constant mass was
obtained for three consecutive measurements, per-
formed at 20 s intervals.
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4. Results and dicussion

The performed research confirmed results obtained
by other researchers [5, 11, 19]. The level of hydration
in blood samples was between 64% and 88%. The av-
erage was 75% and only in some cases exceeded 80%.
The largest group was made up of samples in which
the level of blood hydration reached a value of 73%.
Most often the hydration was significantly lower than
80%, which could be explained by post-mortem mov-
ing (migration) of water from the vascular bed. Results
of determinations are presented in the form of a histo-
gram in Figure 1.

Numberof sample

64 66 67 68 69 70 71 72 73 74 75 76 77 78 79 81 82 84 85 88

Hydration degree [0

Fig. 1. Hydration degree of post-mortem blood samples.

A statistical analysis was carried out with the aim
of determining whether there was a correlation be-
tween the time elapsed from moment of death to
post-mortem examination and level of blood
hydration. The following regression equation was as-
certained for the analysed set of samples: y=-0.0956 x
+ 74.793 and this indicated inverse linear correlation.
This equation may suggest that water content in blood
decreases with time elapsed, but the low value of the
correlation coefficient », which was 0.13, signified
alack of correlation between the level of hydration and
the time elapsed from death to samples collection. For
example, the concentration of water was in a broad
range from 64% to 88% in the case of blood collected
6 days after death. Among the analysed cases were
ones where the determined hydration was 64% just
3 days after death, and ones where the determined
hydration was 78%, 32 days after the moment of death.

Two other cases, in which 88% water content was
determined, should also be mentioned. Such high
hydration could have been caused by intravenous lig-
uids administration to hospitalised persons before their
deaths (here: information from post-mortem examina-

tion records was used). Results of statistical analysis
are presented in Figure 2.

L y=-0.0956x+ 74,793
r=0.13

7

Hydration degree [%4

75

Time period [day]

Fig. 2. The relationship of hydration degree versus time
elapsed from the moment of death.

The amount of ethanol in analysed samples was in
the range from 0.12 to 9.38%o after taking into account
hydration. The largest group was made up of samples
in which calculated difference of concentrations was
small, i.e. between 0.1and 0.2%o. The changes in alco-
hol content of this order are important when issuing an
expert opinion about the state of sobriety (intoxica-
tion), especially when threshold concentrations are de-
termined (0.2%o and 0.5%o) in non-decaying corpses.
The possibility of formation of endogenous alcohol,
whose concentration can reach 1%o [16], should be
borne in mind in situations where decay processes are
taking place and this fact should be taken into account
when a medico-legal case report is prepared.

Moreover, many cases have also been observed
where the difference in concentrations in samples was
0.4%o or more, with a maximum value equal to 1.2%o.
Changes in concentration were especially observed in
samples which had a high content of alcohol and sig-
nificant loss of water. Large differences in concentra-
tions, obtained when blood hydration is taken into
account, could help forensic medical doctors to con-
clude that alcohol poisoning was the cause of death.
This conclusion could not be reached without determi-
nation of water content in the sample.

The content of water in blood should be determined
when a performed analysis for the presence of ethyl al-
cohol yields a positive result. Conversion of the deter-
mined alcohol content up to the corresponding level in
80% hydrated blood allows us to obtain a value close
to the concentration occurring at death. Results of cal-
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Fig. 3. Difference in alcohol concentrations when recalcu-
lated for hydration degree.

culations of differences of concentrations are pre-
sented in Figure 3.

5. Conclusions

The performed examinations indicate, in most
cases, a significant decrease in blood hydration level
occurring just a short time after death. There is a clear
correlation between alcohol concentration and level of
hydration of analysed samples. The present research,
however, showed a lack of correlation between the
level of blood hydration and the time elapsed from
death to post-mortem examination. It was also con-
cluded that the application of intravenous fluids in per-
sons hospitalised just before death could have
contributed to the high level of hydration — which sig-
nificantly exceeded the mean value determined for live
persons. The performed research also allowed us to
conclude that determination of water content in
post-mortem material is necessary in every case, even
when significant concentrating (thickening) or dilu-
tion is not determined by organoleptic examination.
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BADANIE STOPNIA UWODNIENIA KRWI SEKCYJNEJ W SWIETLE
NOWYCH ZALECEN INSTYTUTU EKSPERTYZ SADOWYCH

W KRAKOWIE

1. Wstep

W celu okre$lenia zawarto$ci alkoholu etylowego
W organizmie stosuje si¢ rozne plyny ustrojowe. Najwaz-
niejszym i ,,0czekiwanym” przez toksykologdéw materia-
lem stuzacym do analizy obecnosci etanolu jest przede
wszystkim krew. Jednak na wyniki uzyskane podczas
oznaczania etanolu w tym materiale maja wptyw procesy
posmiertne, m.in. gnicie, autoliza czy glikogenoliza [15,
18]. Po $mierci moze réowniez dochodzi¢ do wykrze-
piania i zmian w sktadzie krwi [10, 14, 21] oraz prze-
mieszczania si¢ wody do i ze zbiornika naczyniowego [1].
Wymienione procesy moga prowadzi¢ do zmiany stopnia
uwodnienia krwi [8], ktory nalezy do czynnikow ma-
jacych wptyw na wyniki analizy [1, 7, 12].

Griiner [8] w swojej pracy wykazat, ze juz po kilku
godzinach od chwili zgonu dochodzi do przemieszczenia
si¢ wody z krwi do otaczajacych ja tkanek, a Brettel [2]
stwierdzit, ze znaczny spadek zawartosci wody wystepu-
je juz w pierwszych dwoch dniach po $mierci. Badania
r6znych autorow [1, 2, 18] wskazuja na 80% uwodnienie
krwi u 0so6b zywych z wahaniem w przedziale +2%. Dla
oceny nietrzezwosci powinno si¢ przyjmowac t¢ wartosc,
a nastgpnie uzyskane wyniki st¢zen przelicza¢ do tego
poziomu [1, 2, 4, 18]. We krwi pobranej ze zwlok,
zwlaszcza tych, w ktorych zachodzi proces gnilny lub
ktoére ulegly czgsciowemu zwggleniu, stwierdzano uby-
tek wody przekraczajacy nawet 20% [20]. Poniewaz al-
kohol rozpuszcza sig tylko w wodzie zawartej w ptynach
ustrojowych [1, 2, 7], to zmiany jej zawartosci beda po-
wodowaly zmiany st¢zenia alkoholu we krwi w porow-
naniu ze stanem w momencie zgonu.

W zaleceniach Instytutu Ekspertyz Sadowych z roku
1995 1. przedstawiono zasady oznaczania alkoholu w ma-
teriale sekcyjnym, odnoszac si¢ m.in. do badania stopnia
uwodnienia, gdzie stwierdzono: ,,W przypadku wyraznego
zaggszezenia krwi w wyniku np. procesow posmiertnych,
czesciowego zweglenia, wskazane jest zbadanie stopnia
uwodnienia krwi” [6]. W nowych zaleceniach IES zatwier-
dzonych przez ZG Polskiego Towarzystwa Medycyny Sa-
dowej i Kryminologii w 2004 r. stwierdza si¢: ,,Okreslenie
zawartoSci wody w materiale sekcyjnym jest wskazane
w kazdym przypadku, a konieczne wowczas, gdy stwier-
dzone zostanie w laboratorium wyrazne zaggszczenie lub
rozcienczenie krwi pobranej ze zwlok, a takze wowczas,
gdy zlecone zostato okresSlenie stezenia etanolu w migsniu
szkieletowym. Stgzenie alkoholu nalezy wowczas wyzna-

czy¢ poprzez przeliczenie na $rednig zawarto$¢ wody we
krwi” [22].

Na koniecznos¢ jednoczesnego oznaczania uwodnie-
nia krwi w przypadku stwierdzenia obecnosci alkoholu
etylowego zwrdcili uwage w swoich pracach Trela [19],
Madro [12] i Marek [11], podkreslajac znaczenie tego
faktu w opiniowaniu o nietrzezwo$ci. Podobnie Olszo-
wy, badajac stopien uwodnienia ptynéw ustrojowych,
stwierdza, ze oznaczenia zawartosci wody wykonane we
krwi sekcyjnej pozwalaja na bardziej precyzyjne okresle-
nie stopnia nietrzezwosci w chwili §mierci. Natomiast
w przypadkach, gdy ilos¢ wody odbiega od wartosci
sredniej oznaczonej dla zywych, winna by¢ przeprowa-
dzona korekta st¢zenia etanolu [13].

Oznaczanie stopnia uwodnienia jest rowniez wska-
zane do precyzyjnego okreslenia stgzenia alkoholu
w przypadku dtugo przechowywanych probek krwi po-
branych od oséb zywych [3].

2. Cel pracy

Celem pracy byto sprawdzenie, czy wystepuje korela-
cja migdzy czasem, jaki uptynat od zgonu do sekcji, a stop-
niem uwodnienia krwi oraz okreslenie wplywu zmian
stopnia uwodnienia na st¢zenie alkoholu etylowego.

3. Material i metodyka

Krew do badan pobrano podczas sekcji sadowo-le-
karskich wykonanych w Zaktadzie Medycyny Sadowej
w Lodzi. Materiat pochodzit od oséb o ustalonej dacie
zgonu, ze zwlok bez wyraznych oznak rozktadu. Do
badan wybrano 70 przypadkéw, w ktdrych st¢zenie al-
koholu we krwi wyniosto co najmniej 0,1%o. Dla kazdego
z nich oznaczono stopien uwodnienia krwi, wykonano
organoleptyczng oceng jej konsystencji oraz wykorzysta-
no informacje zawarte w protokotach sekcyjnych.

Probki krwi przechowywano w szczelnie zamknig-
tych plastykowych pojemnikach w temperaturze +4°C.
Poziom alkoholu oznaczano metoda chromatografii ga-
zowej z wykorzystaniem techniki headspace [17], sto-
sujac urzadzenie Trace GC 2000 wyposazone w kolumng
chromatograficzna typu BAC 1 oraz detektor ptomienio-
wojonizacyjny FID. Warunki pracy aparatury byly naste-
pujace: przeplyw gazu nosnego 4 ml/min, temperatura
pieca 60°C, temperatura detektora i dozownika 200°C.
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Chromatograf wspotpracowat z komputerowym progra-
mem do obrobki danych Chrom-Card. Wyniki potwier-
dzano metoda enzymatyczna z wykorzystaniem zesta-
wow ADH firmy Randox. Pomiary wykonano za pomoca
fotometru optycznego Epoll 20 przy dhugosci fali
340 nm. Uwodnienie krwi okreslono za pomoca wagosu-
szarki typu Radwag WPS 30S. Przed wykonaniem oz-
naczen zawartosci wody pojemniki zawierajace materiat
obracano kilkakrotnie, a nastgpnie pobierano z nich 1 g
probki krwi i réwnomiernie rozmieszczano na szalce
analitycznej. Proces suszenia prowadzano w temperatu-
rze 130°C do uzyskania statej masy w kolejnych trzech
20 s odstgpach pomiarowych.

4. Wyniki i oméwienie

Przeprowadzone badania potwierdzaja wyniki uzys-
kane przez innych autorow prac [5, 11, 19]. Stopien
uwodnienia w analizowanych probach krwi wahat si¢ od
64% do 88%. Srednio wynidst 75% i tylko w kilku przy-
padkach przekraczat 80%. Najliczniejsza grupg stano-
wily probki, w ktorych stopien uwodnienia krwi osiagnat
wartos$¢ 73%. Najczesciej uwodnienie byto wyraznie niz-
sze niz 80%, co tlumaczy po$miertne przemieszczanie sig¢
wody z tozyska naczyniowego. Wyniki oznaczen przed-
stawia histogram na rycinie 1.

Dla okreslenia, czy istnieje zalezno$¢ migdzy czasem,
jaki uptynat od chwili zgonu do momentu sekcji, a stop-
niem uwodnienia krwi, przeprowadzono analiz¢ statys-
tyczna. Stwierdzono, ze dla badanej grupy probek row-
nanie regresji ma postac: y = —0,0956 x + 74,793 i od-
zwierciedla ono korelacj¢ liniowa ujemna. Przebieg
funkcji moze sugerowaé, ze wraz z uptywem czasu ma-
leje zawarto$¢ wody we krwi, ale niska warto$¢ wspot-
czynnika r, ktéra wyniosta 0,13, oznacza brak korelacji
pomigdzy stopniem uwodnienia a czasem od zgonu do
pobrania probek. Na przyktad we krwi pobranej 6 dni po
zgonie zawarto$¢ wody mieScita si¢ w szerokich grani-
cach wynoszacych od 64% do 88%. Wsrod analizowa-
nych przypadkow znajdowaty sig takie, w ktérych uwod-
nienie oznaczone w zwlokach juz po 3 dniach od chwili
zgonu wynosito 64% oraz takie, w ktorych uwodnienie
oznaczone po 32 dniach od momentu zgonu wynosito 78%.

Na uwagg zastuguja rowniez dwa przypadki, w kto-
rych we krwi oznaczono zawarto$¢ wody na poziomie
88%. Tak wysokie uwodnienie mogto by¢ wywotane
dozylnym podawaniem ptyndéw osobom hospitalizowa-
nym przed zgonem (wykorzystano tu informacje z pro-
tokolow sekcyjnych). Wyniki obliczen statystycznych
przedstawiono na rycinie 2.

Po uwzglednieniu uwodnienia ilo$¢ etanolu w bada-
nych probkach miescita si¢ w przedziale od 0,12 do
9,38%o. Najliczniej reprezentowana byla grupa, w ktorej
obliczona rdznica st¢zen byta niewielka i wyniosta od

0,1 do 0,2%o. Takiego rzedu zmiany zawartosci alkoholu
sq istotne dla opiniowania o stanie trzezwosci, w szcze-
goblnosci przy stezeniach granicznych (0,2%o 1 0,5%o) dla
zwlok nie dotknigtych procesami gnicia. W sytuacji, gdy
zachodza procesy rozktadu, nalezy pamigta¢ o mozli-
wosci powstania alkoholu endogennego, ktdrego stgze-
nie osiaga wartos¢ nawet 1%o [16] i uwzglednic ten fakt
W pozniejszej opinii sadowo-lekarskiej.

Odnotowano réwniez liczne przypadki, gdy roznica
stgzen w poszczegodlnych probkach wyniosta 0,4%o 1 wig-
cej, a najwigksza osiagneta wartosé 1,2%o. Zmiany stgze-
nia wystapily szczegdlnie wyraznie w probkach, w kto-
rych zawarto$¢ alkoholu byla wysoka, a ubytek wody
znaczny. Duze warto$ciowo roznice stgzen otrzymane po
uwzglednieniu uwodnienia krwi moga pomoc lekarzowi
sadowemu w wysnuciu wniosku o zatruciu alkoholem
jako przyczynie zgonu, co nie bytoby mozliwe bez ozna-
czen zawarto$ci wody w probcee.

Gdy wykonane badania na obecnos¢ alkoholu etylo-
wego maja wigc wynik pozytywny, nalezy we krwi oz-
naczy¢ rowniez zawarto$¢ wody. Przeliczenie stwier-
dzonej ilosci alkoholu do poziomu krwi uwodnionej
w 80 procentach pozwala na podanie warto$ci bliskiej
stezeniu, jakie wystepowato w chwili zgonu. Wyniki ob-
liczenia roznic st¢zen przedstawiono na rycinie 3.

5. Whioski

Przeprowadzone badania wskazuja, w wigkszosci przy-
padkéw, na znaczny spadek stopnia uwodnienia krwi wy-
stgpujacy juz w krotkim czasie po zgonie. Istnieje wy-
razna zalezno$¢ migdzy stezeniem alkoholu a stopniem
uwodnienia badanych probek. Opisane tu badania wy-
kazaty jednak brak korelacji stopnia uwodnienia krwi
w odniesieniu do czasu, ktoéry uptynat od chwili zgonu do
sekcji. Stwierdzono réwniez, ze na wysoki stopien uwod-
nienia, przekraczajacy znacznie warto$¢ srednig okres-
long dla oséb zywych, moze mieé wpltyw stosowanie
ptynow infuzyjnych u oséb hospitalizowanych przed
zgonem. Przeprowadzone badania pozwalaja réwniez na
wyciagnigcie wniosku, ze okreslenie zawartoSci wody
w materiale sekcyjnym jest konieczne w kazdym przy-
padku, takze wtedy, gdy organoleptycznie nie zostanie
stwierdzone jej wyrazne zaggszczenie lub rozcienczenie.
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