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ABSTRACT: The results of studies on how the amount of blood sample in a vial
(% fullness) influences changes in ethyl alcohol concentration (in the blood sample)
are presented in this paper. Moreover, the decrease in the ethyl alcohol concentration
in blood stored in non-airtight (open) vials was analysed. It was shown that the de-
crease in ethyl alcohol concentration in blood stored in an incompletely filled vial de-
pends on the level to which the vial is filled with blood and the initial alcohol
concentration in the tested blood sample. The observed changes in concentration are
greater than would be expected on the basis of theoretical calculations. However, in vi-
als filled to the extent that could be realistically encountered in routine practice, these
changes are too small – in relation to the initial concentration – to significantly affect
forensic medical opinions. However, the decrease in alcohol concentration in blood
stored in a non-airtight vial is significant and thus is of great practical significance.
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INTRODUCTION

This paper refers to earlier theoretical deliberations concerning the in-
fluence of the degree to which a vial is filled with blood on changes in ethyl al-
cohol concentration in a tested sample, published in this journal [1]. In the
previous paper, it was assumed that alcohol vapour located above its diluted
solution behaves like an ideal gas and Henry’s law for alcohol/water systems
was used to calculate the final alcohol concentration in the sample. The fol-
lowing formula, obtained after transformations, was applied:
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where k = 1/K, and K is Henry’s coefficient for alcohol/water systems at tem-
perature T (at 40oC, K = 1355 [1/1]) [1, 3].



While the deliberations presented in the previous paper concerned only
cases where the vial was hermetically sealed, this paper also includes cases
where the vial was non-airtight, which can happen in forensic medical prac-
tice.

AIM OF THE STUDY

The aim of the study was:
1. To analyse ethyl alcohol concentration changes in blood samples de-

pending on the degree to which a vial is filled with blood and to com-
pare the obtained results with theoretical calculations;

2. To define ethyl alcohol concentration changes in blood samples stored
in non-airtight vials.

MATERIAL AND METHODS

Blood collected during forensic medical autopsies was used in the study.
Samples with ethyl alcohol concentration of about 4.0‰ (P1, P3) and 1.5‰
(P2, P4) were selected.

1. The collected blood, after determination of ethyl alcohol concentration,
was poured into five vials (blood with higher (P1) and lower (P2) alco-
hol content separately). The vials were filled with different volumes of
blood: the first with 100% (vial volume – 10 ml, blood volume – 10 ml);
the second with 20% (vial volume – 10 ml, blood volume – 2 ml); the
third with 10% (vial volume – 10 ml, blood volume – 1 ml); the fourth
with 2% (vial volume – 100 ml, blood volume – 2 ml); the fifth with 1%
(vial volume – 100 ml, blood volume – 1 ml). The vials were tightly
closed and placed in a thermostat at 40oC, because this temperature
was selected for the earlier theoretical calculations. After 24 hours, the
vials were opened and determinations of ethyl alcohol concentrations
in blood were performed.

2. The collected blood, after determination of the initial ethyl alcohol con-
centration, was placed in 10 ml vials (blood samples with higher (P3)
and lower (P4) alcohol content, separately) which were left open at
room temperature (23–25oC). At 24-hour intervals, small amounts of
blood were collected from each vial and determinations of ethyl alcohol
concentrations were performed.

All determinations of alcohol concentrations in blood were carried out by
means of gas chromatography with the use of the headspace technique.
The determinations were repeated three times for each blood sample and the
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obtained values were averaged. Theoretical calculations were performed on
the basis of Henry’s law for alcohol/water systems [1, 3].

RESULTS AND DISCUSSION

The results of the first part of the experiment, i.e. concerning changes in
ethyl alcohol concentration depending on the extent to which the vial was
filled with blood and comparison with results of theoretical calculations are
presented in Table I.

TABLE I. CHANGES IN BLOOD ALCOHOL CONCENTRATION DEPENDING ON THE
DEGREE TO WHICH VIALS ARE FILLED WITH BLOOD

The extent to
which vial is filled

with blood [%]

Decrease in ethyl alcohol concentration [‰]

Initial concentration of 4.35‰

(SD = 0.05)

Initial concentration of 1.74‰

(SD = 0.04)

Results of experi-
mental determina-

tions (P1)

Results of theoret-
ical calculations

(T1)

Results of experi-
mental determina-

tions (P2)

Results of theoret-
ical calculations

(T2)

100 0.00 (SD = 0.04) – 0.00 (SD = 0.08) –

20 0.12 (SD = 0.06) 0.01 0.05 (SD = 0.04) 0.01

10 0.22 (SD = 0.03) 0.03 0.09 (SD = 0.05) 0.01

2 0.38 (SD = 0.07) 0.06 0.17 (SD = 0.02) 0.02

1 0.57 (SD = 0.06) 0.30 0.25 (SD = 0.06) 0.12

SD – standard deviation.

After filling a vial to the top no changes in ethyl alcohol concentration in
the blood sample were observed. When the vial was filled to 20% of its vol-
ume, for the sample with an initial alcohol concentration of 4.35‰ (P1) a de-
crease in alcohol concentration of 0.12‰ occurred, and for the sample with
initial concentration of 1.74‰ (P2) the decrease amounted to 0.05‰. The
theoretically calculated decrease in alcohol concentration, both for an initial
concentration of 4.35‰ (T1) and 1.74‰ (T2) was 0.01‰. When the vial was
filled to 10, 2 and 1% of its volume, the decreases in ethyl alcohol concentra-
tions in the tested blood samples with an initial concentration P1 were 0.22,
0.38 and 0.57‰ respectively. According to the theoretical calculations, the
decreases of these concentrations were 0.03, 0.06 and 0.30‰, respectively.
Analogously, for initial concentration P2, the decreases in alcohol concentra-
tions at successive degrees of vial fullness with tested blood were 0.09, 0.17
and 0.25‰, and according to theoretical calculations – 0.01, 0.02 and 0.12‰.
The observed changes in ethyl alcohol concentration were not statistically
significant.
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Summarising, when the vials were filled with blood to the top, changes in
ethyl alcohol concentration in blood were not observed. However, it was
shown that when the vial was not completely filled with blood, the decrease
in ethyl alcohol concentration was greater than expected from the theoreti-
cal calculations. The absolute value of the decrease in alcohol concentration
is bigger, the higher is the initial concentration. A decrease in alcohol con-
centration exceeding the level of error permitted by “Criteria and principles
of opinion formulation in cases involving alcohol” [2] – 0.06‰ – was observed
when the vial was filled to 20% of its volume with blood containing the
higher initial alcohol concentration (4.35‰) – the decrease amounted to
0.12‰. For the blood sample containing ethyl alcohol at the lower initial con-
centration (1.74‰), a decrease in concentration exceeding the permissible
level occurred only when the vial was filled to 10% of its volume and it
amounted to 0.09‰.

Although the above changes in ethyl alcohol concentrations exceeded the
permissible value of 0.06‰, they are too small to have a significant influence
on forensic medical opinions.

The results of the second part of the experiment, encompassing assess-
ment of the changes in ethyl alcohol concentration in blood stored in non-air-
tight vials are presented in Table II.

TABLE II. THE DECREASE OF ALCOHOL CONCENTRATION IN BLOOD STORED IN
VIALS THAT HAVE NOT BEEN HERMETICALLY SEALED

Day
Decrease in ethyl alcohol concentration
for initial concentration of 3.88‰ (P3);

(SD = 0.06) [‰]

Decrease in ethyl alcohol concentration
for initial concentration of 1.70‰ (P4);

(SD = 0.05) [‰]

0 – –

1 1.30 (SD = 0.09) 0.34 (SD = 0.06)

2 1.98 (SD = 0.04) 0.48 (SD = 0.03)

3 2.31 (SD = 0.03) 0.59 (SD = 0.04)

4 2.61 (SD = 0.07) 0.66 (SD = 0.07)

SD – standard deviation.

At an initial ethyl alcohol concentration of 3.88‰ (P3), a fall of 1.30‰ was
ascertained during the first 24 hours. During successive 24 hour periods, the
decrease amounted to 1.98, 2.31 and 2.61‰, respectively. For an initial ethyl
alcohol concentration of 1.70‰, the decrease in concentration amounted to
0.34, 0.48, 0.59 and 0.66‰, respectively. The determined changes of ethyl al-
cohol concentration were not statistically significant.

Summarising, the decrease in alcohol concentration in blood stored in
non-airtight (open) vials was significant and already after 1 (24 hour) day, it
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significantly exceeded the permissible value of 0.06 ‰. This observation is of
importance from the practical point of view.

Unfortunately, the authors did not find any papers by other authors
touching on the above subject.

CONCLUSIONS

1. The extent to which vials are filled with blood influences changes in
ethyl alcohol concentrations in tested blood samples. The decreases in
ethyl alcohol concentrations for vial “fullnesses” encountered in every-
day practice exceeded the permissible value of 0.06‰, but the de-
creases were too small in relation to the initial concentration to
significantly affect forensic medical opinions.

2. When the vial was filled to the top, changes in blood alcohol concentra-
tion were not observed.

3. If a vial is non-airtight, this causes a significant decrease in blood ethyl
alcohol concentration, which may be of significance for forensic medi-
cal practice.
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ANALIZA ZMIAN STÊ¯EÑ ALKOHOLU ETYLOWEGO
W ZALE¯NOŒCI OD STOPNIA WYPE£NIENIA FIOLIKI KRWI¥ –
CZÊŒÆ II

Jaros³aw BERENT, Maciej BARZDO, Stefan SZRAM

WPROWADZENIE

Niniejsza praca nawi¹zuje do wczeœniejszych teoretycznych rozwa¿añ nad wp³y-
wem stopnia wype³nienia fiolki krwi¹ na zmiany stê¿enia alkoholu etylowego w ba-
danej próbce, opublikowanych na ³amach tego czasopisma [1]. W poprzedniej pracy
za³o¿ono, ¿e pary alkoholu znajduj¹ce siê ponad jego rozcieñczonym roztworem za-
chowuj¹ siê jak gaz doskona³y i wykorzystano prawo Henry’ego dla uk³adu alko-
hol-woda w celu obliczenia koñcowego stê¿enia alkoholu w próbce. Do obliczeñ zasto-
sowano otrzymany po przekszta³ceniach wzór:
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gdzie k = 1/K, przy czym K = wspó³czynnik Henry’ego dla uk³adu alkohol-woda w tem-
peraturze T (w temperaturze 40°C, K = 1355 [1/1]) [1, 3].

O ile rozwa¿ania przedstawione w poprzednim artykule dotyczy³y wy³¹cznie
przypadków, w których fiolka jest szczelnie zamkniêta, o tyle w niniejszej pracy
uwzglêdniono równie¿ przypadki, kiedy fiolka jest nieszczelna, co mo¿e siê zdarzyæ
w praktyce s¹dowo-lekarskiej.

CEL PRACY

Celem pracy by³a:
1. analiza zmian stê¿enia alkoholu etylowego w próbce krwi w zale¿noœci od stop-

nia wype³nienia fiolki krwi¹ i porównanie otrzymanych wyników z wyliczenia-
mi teoretycznymi;

2. okreœlenie zmian stê¿enia alkoholu etylowego w próbce krwi zabezpieczonej
w nieszczelnie zamkniêtej fiolce.

MATERIA£ I METODY

Do badañ wykorzystano krew pobran¹ podczas s¹dowo-lekarskich sekcji zw³ok,
wybieraj¹c takie próbki, w których stê¿enie alkoholu etylowego wynosi³o oko³o
4 (P1, P3) i 1,5 (P2, P4) promile.

1. Pobran¹ krew, po oznaczeniu w niej stê¿enia alkoholu etylowego, rozlano do
piêciu fiolek (oddzielnie krew z wy¿sz¹ (P1) i ni¿sz¹ (P2) zawartoœci¹ alkoho-
lu). Fiolki zosta³y wype³nione krwi¹ w ró¿nym stopniu: pierwsza w 100% (objê-
toœæ fiolki 10 ml, objêtoœæ krwi 10 ml); druga w 20% (objêtoœæ fiolki 10 ml,
objêtoœæ krwi 2 ml); trzecia w 10% (objêtoœæ fiolki 10 ml, objêtoœæ krwi 1 ml);



czwarta w 2% (objêtoœæ fiolki 100 ml, objêtoœæ krwi 2 ml); pi¹ta w 1% (objêtoœæ
fiolki 100 ml, objêtoœæ krwi 1 ml). Fiolki szczelnie zamkniêto i umieszczono
w cieplarce w temperaturze 40°C z uwagi na to, ¿e do wczeœniejszych wyliczeñ
teoretycznych przyjêto tak¹ w³aœnie temperaturê. Po up³ywie 24 godzin fiolki
otwarto i dokonano oznaczeñ stê¿eñ alkoholu etylowego we krwi.

2. Pobran¹ krew, po oznaczeniu w niej wyjœciowego stê¿enia alkoholu etylowego,
umieszczono w dziesiêciomilitrowych fiolkach (oddzielnie krew z wy¿sz¹ – P3
i ni¿sz¹ – P4 zawartoœci¹ alkoholu), które pozostawiono otwarte w temperatu-
rze pokojowej (23–25oC). W odstêpach 24-godzinnych z ka¿dej fiolki pobierano
niewielk¹ iloœæ krwi i dokonywano oznaczeñ stê¿eñ alkoholu etylowego.

Wszystkie oznaczenia stê¿eñ alkoholu we krwi wykonywano metod¹ chromato-
grafii gazowej, technik¹ headspace. Oznaczenia powtarzano trzykrotnie dla ka¿dej
próbki krwi, a uzyskane wartoœci uœredniono. Obliczenia teoretyczne zosta³y prze-
prowadzone w oparciu o prawo Henry’ego dla uk³adu alkohol-woda [1, 3].

WYNIKI I DYSKUSJA

Wyniki pierwszej czêœci doœwiadczenia, tj. dotycz¹cej zmian stê¿enia alkoholu
etylowego w zale¿noœci od stopnia wype³nienia fiolki krwi¹ oraz ich porównanie
z wynikami wyliczeñ teoretycznych przedstawiono w tabeli I.

Przy wype³nieniu fiolki „pod korek” nie zaobserwowano ¿adnych zmian stê¿enia
alkoholu etylowego w próbce krwi. Gdy fiolka by³a wype³niona w 20% jej objêtoœci,
przy stê¿eniu pocz¹tkowym alkoholu 4,35‰ (P1), wyst¹pi³ spadek tego stê¿enia
o 0,12‰, zaœ przy stê¿eniu pocz¹tkowym 1,74‰ (P2) spadek wynosi³ 0,05‰. Teore-
tycznie wyliczony spadek stê¿enia alkoholu dla stê¿enia pocz¹tkowego 4,35‰ (T1)
i 1,74‰ (T2) wynosi³ 0,01‰. Przy wype³nieniu fiolki w 10, 2 i 1% jej objêtoœci, spadki
stê¿eñ alkoholu etylowego w badanych próbkach krwi dla stê¿enia pocz¹tkowego P1
wynosi³y odpowiednio 0,22, 0,38 i 0,57‰. Wed³ug wyliczeñ teoretycznych, spadki
tych stê¿eñ wynosi³y odpowiednio 0,03, 0,06 i 0,30‰. Analogicznie dla stê¿enia
pocz¹tkowego P2 spadki stê¿eñ alkoholu przy kolejnych stopniach wype³nienia fio-
lek badan¹ krwi¹ wynosi³y 0,09, 0,17 i 0,25‰, zaœ wed³ug obliczeñ teoretycznych
0,01, 0,02 i 0,12‰. Obserwowane zmiany stê¿enia alkoholu etylowego nie by³y is-
totne statystycznie.

Przy wype³nieniu fiolki krwi¹ „pod korek” nie zaobserwowano zmian stê¿enia al-
koholu we krwi. Natomiast wykazano, i¿ spadek stê¿enia alkoholu etylowego przy
nieca³kowitym wype³nieniu fiolki krwi¹ jest wiêkszy, ni¿ wynika³oby to z wyliczeñ
teoretycznych. Bezwzglêdna wartoœæ spadku stê¿enia alkoholu jest tym wiêksza, im
stê¿enie pocz¹tkowe jest wy¿sze. Spadek stê¿enia alkoholu przekraczaj¹cy poziom
b³êdu dopuszczonego przez „Kryteria i zasady opiniowania w sprawach alkoholo-
wych” (0,06‰) [2] zaobserwowano przy wype³nieniu fiolki w 20% jej objêtoœci krwi¹
zawieraj¹c¹ alkohol w wy¿szym stê¿eniu pocz¹tkowym (4,35‰); spadek stê¿enia al-
koholu wynosi³ tu 0,12‰. W przypadku krwi zawieraj¹cej alkohol etylowy w ni¿szym
stê¿eniu pocz¹tkowym (1,74‰) spadek stê¿enia przekraczaj¹cy dopuszczalny po-
ziom wyst¹pi³ dopiero przy wype³nieniu fiolki w 10% jej objêtoœci i wynosi³ 0,09‰.
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Powy¿sze zmiany stê¿eñ alkoholu etylowego przy wype³nieniach fiolek przekra-
czaj¹ co prawda dopuszczaln¹ wartoœæ 0,06‰, ale i tak s¹ zbyt ma³e, aby wp³yn¹æ na
treœæ opinii s¹dowo-lekarskiej.

Wyniki drugiej czêœci doœwiadczenia obejmuj¹cej ocenê zmian stê¿enia alkoholu
etylowego we krwi zabezpieczonej w nieszczelnej fiolce przedstawiono w tabeli II.

Przy pocz¹tkowym stê¿eniu alkoholu etylowego wynosz¹cym 3,88‰ (P3)
w pierwszej dobie doœwiadczenia stwierdzono spadek tego stê¿enia o 1,30‰. W kolej-
nych dobach spadki te wynosi³y odpowiednio 1,98, 2,31 i 2,61‰. Natomiast przy
stê¿eniu pocz¹tkowym 1,70‰ spadki stê¿eñ wynosi³y odpowiednio 0,34, 0,48, 0,59
i 0,66‰. Stwierdzone zmiany stê¿enia alkoholu etylowego nie by³y istotne statys-
tycznie.

Reasumuj¹c, spadek stê¿enia alkoholu we krwi zabezpieczonej w nieszczelnych
(otwartych) folkach by³ znaczny i ju¿ po 1 dobie wyraŸnie przekracza³ dopuszczaln¹
wartoœæ 0,06‰, co ma istotne znaczenie z praktycznego punktu widzenia.

Autorzy niestety nie znaleŸli ¿adnych innych prac poruszaj¹cych powy¿sz¹ tema-
tykê.

WNIOSKI

1. Stopieñ wype³nienia fiolki krwi¹ wp³ywa na zmiany stê¿enia alkoholu etylo-
wego w badanej próbce krwi. Spadek stê¿enia alkoholu etylowego przy wy-
pe³nieniach fiolek w stopniach mo¿liwych do spotkania w codziennej praktyce
przekracza³ dopuszczaln¹ wartoœæ 0,06‰, by³ jednak zbyt ma³y w stosunku do
stê¿enia wyjœciowego, aby istotnie wp³yn¹æ na treœæ opinii s¹dowo-lekarskiej.

2. Przy wype³nieniu fiolki krwi¹ „pod korek” nie zaobserwowano zmian stê¿enia
alkoholu we krwi.

3. Nieszczelnoœæ fiolki powoduje znaczny spadek stê¿enia alkoholu etylowego we
krwi zabezpieczonej w tej fiolce, co mo¿e mieæ istotne znaczenie w praktyce
s¹dowo-lekarskiej.
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