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Features of establishing the presence
of blood in old stains by the method
of thin-layer vertical chromatography

Due to the fact that the bloodstain pattern analysis takes the first place in
the structure of the study of biological objects, the question of the study of blood
patterns is relevant today. The main task (that will allow to solve the following,
which puts the investigation before the experts) is to prove that these patterns,
which are examined, contain blood, (regardless of their remoteness, attempts
to destroy patterns of blood), define its types or refute the presence of blood in
blood. If the expert fails to prove the presence of blood, he must refuse to address
the following issues. Otherwise, the expert may obtain results that will ultimately
lead him to an erroneous conclusion.

The article considers options for extraction of old blood stains in order
to establish the presence of blood by the method of thin-layer vertical
chromatography. This question is still relevant, as biological material can
change under the influence of environmental factors and time and this can be an
obstacle to establishing the fact of its presence on physical evidence, and also
it can do harm the quality of the study and the correctness of conclusions, made
as a result of the study. In order to select substances that could provide rapid
extraction of old blood stains, a study was performed using weak solutions of
alkalis and acids and subsequent determination of the presence of blood by thin
layer vertical chromatography. In immunological studies, there have been cases
where blood crusts on non-hygroscopic surfaces under the influence of natural
factors (such as high temperatures and direct sun rays) have not been extracted
in saline and distilled water for several days. In addition, when using known
blood samples in the reactions, the dependence of the saturation of the extracts
on the age of the samples and the time of their extraction. These observations
prompted researches in the sector of biological research and accounting of the
Cherkasy NDEKTs of the Ministry of Internal Affairs on methods for extracting
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old blood stains, which would allow to detect blood in the shortest possible time
by the method of thin-layer vertical chromatography.

Keywords: old blood stains, thin-layer vertical chromatography, forensic
expertise, haemoglobin, extracting.

Formulation of Research Problem. Every year the number of crimes against
a person increases significantly. Accordingly, there is a need for rapid and high-
quality investigation of physical evidence and objects based on the combined use
of data from science, criminalistics and other areas of expert research.

Traces of biological origin are strong material evidence not only in criminal
proceedings for murder, grievous bodily harm, robbery, rape, robbery, but also
in other crimes committed with human participation '. Due to the fact that the
bloodstain pattern analysis takes the first place in the structure of the study of
biological objects, the question of the study of blood patterns is relevant today 2.

The main task (that will allow to solve the following, which puts the
investigation before the experts), is to prove that these patterns, which are
examined, contain blood, (regardless of their remoteness, attempts to destroy
patterns of blood), find out its types or refute traces of blood. If the blood belongs
to a person, then establish the possibility of its origin from a particular person,
which is primarily determined by identifying the group affiliation by the system
ABO°.

If the expert fails to prove the presence of blood, he must refuse to solve the
following issues. Otherwise, the expert may obtain results that will eventually
lead him to an erroneous conclusion *.

Therefore, the expert must clearly, and most importantly — reasonably,
using modern methods, to decide on the presence or absence of blood at the
facilities provided for examination °.

Any biological material seized at the scene or crime scene (including
blood) may be altered or even destroyed in the event of improper removal or
non-compliance with the packaging conditions. It is important to store seized
biological traces, for which measures are taken to create artificial conditions that
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prevent the action of natural factors that can destroy the structure of biological
objects .

Analysis of Essential Researches and Publications. Determination of
the presence of blood by thin-layer vertical chromatography is one of the most
common and convenient methods. There is no information in the literature on the
peculiarities of extraction and further study of old blood stains, which for various
reasons are difficult to extract.

The Article Purpose is to identify substances that could provide rapid
extraction of old blood stains for further use of extracts to determine the presence
of blood by thin-layer vertical chromatography.

Main Content Presentation. During immunological studies there were
cases when blood crusts on non-hygroscopic surfaces have not been extracted in
saline and distilled water for several days under the influence of natural factors
(such as high temperatures and direct sunlight).

In addition, when using known in the laboratory blood samples in the
reactions revealed the dependence of the saturation of the extracts on the age of
the samples and the time of their extraction. These observations prompted the
staff of the sector of biological research and accounting at Cherkasy RECC of
the MIA of Ukraine to investigate the methods for extracting old blood stains,
which would allow to detect blood in the shortest possible time by the method of
thin-layer vertical chromatography.

The thin-layer chromatography is an evidence-based method for detecting
haemoglobin or its derivatives. This method has a number of advantages, as it
helps to maximize the preservation of information about the detected blood for
further study (determination of blood protein, detection of group antigens, DNA
analysis, etc.) and the rational use of this material 2.

Haemoglobin is a mandatory component of erythrocyte stroma. It belongs
to the protein compounds, contains the protein globin and a colored prostatic
group — heme 3.

Determination of the presence of blood is based on the peroxidase properties
of haemoglobin, which (similar to peroxidase enzymes) has the ability to
catalyze redox reactions. Haemoglobin decomposes hydrogen peroxide with the
release of atomic oxygen, which, in turn, oxidizes benzidine, accompanied by
discoloration of the developers. The positive result of the reaction is evidenced
by the appearance of blue zones on the plate with Rf = 0.82—0.9.
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In the guidelines, it is recommended to extract the objects with distilled
water or saline solution of sodium chloride at a temperature of +4 to +8 °C. The
extraction time depends on the solubility of the stain substance and can last from
1 hour to 2-3 days (the optimal extraction time is 18-20 hours).

If bloodstains on physical evidence have a significant history of formation
(3-6 months or more) or were subject to the fixing action of sunlight, chemicals,
alcohols, etc., the extraction can take place at room temperature, but not higher
than 22 °C .

During the study of old blood samples, it was found that with the help of
the above-mentioned recommendations to achieve saturation of the extract and
obtain on the chromatographic plate spherical blue stains with Rf = 0.82-0.9,
which corresponds to Rf blood, failed. Given the protein nature of haemoglobin,
the possibility of influencing its structure with solutions of weak acids (acetic
acid) and weak alkalis (10% ammonia solution) was considered.

Materials and methods of research. The research was conducted in 2020-
2021 on the basis of the laboratory of the sector of biological research and
accounting at Cherkasy RECC of the MIA of Ukraine. To achieve this goal,
the blood samples, taken in 2011 from living people, without the addition of
anticoagulants, clot activators, etc., poured on sterile gauze wipes and dried in
sterile laboratory conditions with temperature and humidity, which meets the
requirements of the biological laboratory, without direct sunlight, were used.
Subsequently, blood samples dried on sterile gauze wipes were placed in paper
rolls packed in paper envelopes. The prepared samples were stored in cabinets
in the laboratory.

The method of detecting traces of blood contains the following stages:

e preparation of clippings from old blood samples;

e preparation of clippings from controls of objects-carriers and gauze;

e preparation of clippings from fresh blood samples;

e preparation of 0.01% solution of erythrocytes - witness;

e preparation of 10% ammonia solution;

»  preparation of 10% acetic acid solution;

e extraction of clippings;

« research by thin-layer vertical chromatography.

Results of the research

Extraction method

For extraction, four clippings were prepared from obsolete traces of blood,
from fresh blood samples and controls of carriers to them, which were placed in
test tubes and separately filled (with a slight excess) with distilled water, saline,
10% ammonia solution and 10% acetic acid solution. The tubes were closed and
extracted for 18 hours in a household refrigerator at a temperature of +6 °C.

! Kpusna T'. @., Jlem’sinuyk A. II., KorenpuukoBa B. O., CraposoiiroBa P. O.,
Kpusma P. T". Op. cit.
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Research by thin-layer vertical chromatography method

The obtained extracts were centrifuged for 5 min at 1500 rpm and
examined by thin-layer vertical chromatography method. The distribution was
performed on a plate Sorbfil PTSH-P-A-UV length of 100 mm in a system of
solvents n-butanol — glacial acetic acid — distilled water (4: 1: 2) using as
a witness 0.01 % solution of pre-known blood.

One drop of each extract was applied in layers to the plate. Additionally,
10% ammonia solution, 10% acetic acid solution and physiological saline
were applied to the plate for control. The plates were then heated for 15 min
at 100 °C and placed in a solvent chamber. The plate was removed when the
solvent level did not reach 10 mm to its upper edge, dried at room temperature
to eliminate the smell of acetic acid, and then treated successively with
1% alcohol solution of benzidine and 3% hydrogen peroxide solution and
determined Rf witness and extracts.

As a result of the action of developers, blue stains of spherical shape with
Rf=0.89, which corresponded to Rf witness, observed:

»  with extracts from a fresh blood sample extracted in distilled water,

saline, 10% ammonia solution and 10% acetic acid solution;

» with extracts from old blood samples extracted in 10 % ammonia

solution and 10% acetic acid solution.

Controls of object-carriers extracted in distilled water, saline, 10%
ammonia solution and 10% acetic acid solution gave a negative reaction result.
Also, a negative reaction result was obtained with old blood samples, which
were extracted in distilled water and in saline.

The extraction of the test samples was extended for another 24 hours, after
which the extracts were centrifuged again and the research was performed by
thin-layer vertical chromatography method under the above conditions. The
obtained results corresponded to the previous ones, the indicators of extracts
of old blood samples in distilled water and in physiological solution did not
change, i.e., no blue spherical stains with Rf corresponding to Rf witness were
observed on the chromatographic plate.

The extraction was extended to 20 days, until the old blood samples
appeared on the chromatographic plate as blue spherical stains with Rf, which
corresponds to Rf witness. The stains were not expressed: the detection of
stains is almost on the verge of detection.

The results of the study are given in table. 1.
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Table 1
Day
SN .
Studied extract
(Ne) e|l=z|®|l=s|s|S|E|S|S|E
Sl&|S|8 52|22 |E|]
1 | Witness 0,01 %-and
+ |+ |+ |+ |+ |+ |+ ]|+ ]|+ ]|+
Rf=0,89
2 | Old blood sample with "
saline
3 | Old blood sample with "
distilled water
4 | Old blood sample with
) ) + |+ |+ |+ |+ |+ |+ ]|+ ]|+ ]|+
10% ammonia solution
5 | Old blood sample with
o i + |+ |+ |+ |+ |+ |+ ]|+ ]|+ ]|+
10% acetic acid solution
6 | Fresh blood sample with
] + |+ |+ |+ |+ |+ |+ ]|+ ]|+ ]|+
saline
7 | Fresh blood sample with
+ |+ |+ |+ |+ |+ |+ ]|+ + ]|+
distilled water
8 | Fresh blood sample with
+ |+ |+ |+ |+ |+ |+ ]|+ + ]|+
10% ammonia solution
9 | Fresh blood sample with
o ) + |+ |+ |+ |+ |+ |+ ]|+ ]|+ ]|+
10% acetic acid solution
10 | Control of the object-
carrier with saline
11 | Control of the object-
carrier with distilled - - - - -l =1 =1 =1-=1-=
water
12 | Control of the object-
carrier with 10% - - - - S I I
ammonia solution
13 | Control of the object-
carrier with 10% acetic -l -1 =-1-=-1-1-=-1-1-1-1-
acid solution
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Day
SN .
N Studied extract
0
(Ne) scl=|l=|l=|l=|S|S|S|S|E
“ = =l g | x|Ss|=x|e|w| S
— (o)} “ o N — — — — I

14 | Control of 10% ammonia

solution

15 | Control of 10% acetic
acid solution

16 | Saline control

17 | Gauze control

Explanation of Symbols:

«—» — stain is not detected;

«+» — stain is detected;

«—/+» — stain is detected on the verge of detection.

Fig. 1. Figure of the chromatographic plate with the studied objects
after the first day of extraction

As a result of the study, it was found that in the case of extraction of:

*  old blood samples (dried 9 years ago) with distilled water and saline to
form blue spherical stains on a chromatographic plate with Rf = 0.89,
which corresponds to Rf witness, only on the 20th day of extraction;
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e old blood samples (dried 9 years ago) with 10% ammonia solution
and 10% acetic acid solution formation of spherical blue stains on the
chromatographic plate with Rf = 0.89, which corresponds to Rf witness,
obtained after the first day of extraction;

« fresh blood samples with distilled water and saline to form blue spherical
stains on a chromatographic plate with Rf = 0.89, which corresponds to
Rf witness, obtained after the first day of extraction;

*  controls of object-carriers with distilled water, saline, 10% ammonia
solution and 10% acetic acid solution obtained a negative reaction
result, i.e. blue stains of spherical shape were not formed.

Conclusions

It was found that the determination of the presence of blood by thin-layer
vertical chromatography after conventional extraction of objects with saline or
distilled water in old blood samples is complicated by long-term extraction.

If weak solutions of alkalis and acids (such as 10% ammonia solution and
10% acetic acid solution) are used, positive results are obtained after the first day
of extraction.

The obtained extracts with 10% ammonia solution and 10% acetic acid
solution require further research — to establish their suitability during other
immunological tests, in addition to determining the presence of blood.

References

Burchynskyi, V. H., Dem’ianchuk, A. P., Khokholieva, T. V. (2010). Doslidzhennia ridkoi
krovi ta yii slidiv na rechovykh dokazakh : metod. rek. Kyiv [in Ukrainian].

Diachenko, N. M., Yermolaieva, A. O., Chepiha, S. M. (2005). Sudovo-medychni imunolo-
hichni doslidzhennia slidiv krovi ta vydilen : zb. metod. rek. Kyiv [in Ukrainian].

Furman, Ya. V., Yusupov, V. V., Kotliarenko, L. T., Dmytruk, R. S. (2016). Osoblyvosti
zbyrannia u dosudovomu provadzhenni biolohichnykh slidiv liudyny : metod. rek.
Kyiv [in Ukrainian].

Kryvda, H. F., Dem’ianchuk, A. P., Kotelnykova, V. O., Starovoitova, R. O., Kryv-
da, R. H. (2014). Sudovo-medychne doslidzhennia rechovykh dokaziv : navch.-
metod. posib. Kherson [in Ukrainian].

Kryvda, R. H., Yushchuk, K. M., Stoieva, M. 1. (2017). Doslidzhennia mozhlyvosti vyko-
rystannia imunokhromatohrafichnoho testu «Cito Test Fecal Occult Blood» dlia
vstanovlennia naiavnosti ta vydovoi prynalezhnosti slidiv krovi na rechovykh
dokazakh pry provedenni kompleksnoi sudovo-medychnoi ekspertyzy. Molodyi
vchenyi. Ne 4. [in Ukrainian].

Tumanov, A. K. (1961). Sudebno-meditsinskoe issledovanie veshchestvennykh dokaza-
telstv. Moskva [in Russian].

K. B. Mociwk, O. A. Kapacvosa
Oco0auBOCTi BU3HAYEHHS HASIBHOCTI KPOBi
B 3aCTapiJIMX IUISIMAX MeTOI0M
TOHKOIIAPOBOI BepTHKAJILHOI XpomMaTorpadii
Posensinymo  éapianmu excmpazy8anus 3acmapiiux nisim Kpoei 3 Me-
MOI0  GUBHAYUMU HAAGHICMb KPOBI MEMOOOM MOHKOWAPOBOT 6epmMUKAIbHOL
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xpomamoepagii. Lle numanns € akmyaipbHum, OCKLIbKU OIONOSIUHUL Mamepian
MA€ 30amMHICMb 3MIHIOBAMUCS. NIO BNIUBOM YUHHUKIG 306HIUHBOSO Cepedosuuyd
U yacy, wo modjce cmamu Ha 3a6a0i BUABNIEHHIO U020 HASABHOCMI HA PEUOBOMY
00KA3I, @ MAKOAC SAKOCMI NPOBEOCHO20 OOCHIONCEHHS MAd NPABULILHOCH 3D0-
bnenux y pezyiomami 00CAIONCeHHS 8UCHOBKIS. 13 Memoro 0000py peuo6uH, sKi
6 moanu 3abe3neuumu wWeUOKe eKCmpazy8ants 3acCmapiiux ciioié Kposi, npo-
8€0€HO QOCNIONCEHHS 3 BUKOPUCTNAHHAM CIAOKUX PO3UUHIE T1Y2i8 | Kuciom ma
HOOANBUWUM BUSHAYEHHAM HAABHOCMI KPOGI MEmMoOOM MOHKOWAPOBOT Gepmiu-
KanbHOI Xxpomamozpaii.

Knrouosi cnosa: 3acmapini cniou Kposi, MOHKOWAPOSAa 8ePMUKANbHA XPO-
mamoepais, cyoosa ekcnepmu3sa, 2emo2io0in, excmpazy8anHs.

E. B. Mocutwk, O. A. Kapacésa

Oco0eHHOCTH YCTAHOBJICHHS] HAIMYHS KPOBHU B 3acTapesbIX NATHAX
MeTOJ0M TOHKOCJIOIHOI BepTHUKAJIbHOI XpoMaTorpadguun

Tockonvbky sKcnepmusa ciedo8 Kposu 3aHUMAem nepeoe Mecmo 6 CmpyK-
mype uccied08anusi GUOLOUYECKUX 00bEKMO8, 8 HACMOsSIUee BPeMst AKMYALeH
B8ONPOC UCCIe008aHUsA C1e008 Kposu. OCHOBHAA 3a0a4a (N036OIOWASI PEUUns
B0NPOCHL, KOMOPbLE CLeICmBUe CINAGUIN NePed IKCNEPMAMU) — MO OOKA3ANMDb,
Umo 6 NPeOCmAasIeHHbIX HA IKCNEPMU3Y CLedax UMEeemcs Kposb (He3a8ucumo
oM UX OABHOCIU U/UNU NONLIMKY UX VHUYIMOJNCUMD) U GbICHUMb €€ 8UA08YI0
NPUHAOLENCHOCTb UL ONPOBEPSHYMb HAUYUE KPOSU 8 cledax. Ecnu sxcnepmy
He y0aémcesi 00Ka3amo HAIUYUe KPOGiL, Mo OH QO0JINHCEH OMKA3AMbCSL ON PEULEHUS]
CLedyIoWUx 80NPOCO8. B npomuenom ciyuae skcnepm moicem noiyuuns pe3yib-
Mamol, KOMOPble 8 KOHEUHOM UMO2e NPUBEOVIL €20 K OUUOOYHOMY 6b1600)Y.

B cmamve paccmompenvl eapuanmol dKCmMpasupo8anus 3acmapensvix nsi-
meH Kpogu 0Jisi VCMAHOGLEHUsL HATUYUsL KPOBU MemoOOM MOHKOCIOUHOU ep-
MUKAIbHOU Xpomamozpaguu. dmom 60npoc eecbma aKmydieH, NOCKOIbKY
OUONOUYeCKULL MANEPUAT MOJICEM UBMEHAMbC 00 8o30elicmauem pakxmo-
PO8 GHeulnell cpedbl U BPEMEHU, YUMo MOJICem NOMeuwams YCmaHosums gaxm
€20 HAMUYUSL HA 8EUECBEHHOM OOKA3AMENbCMEE, A MAKI’CE HABPeOUmb Kaye-
€My npo6edénHo20 UCCIed08aHUsL U NPAGUTLHOCTU COCNAHHBIX 8 Pe3yibmane
uccnedosanus 8ul800086. Jns noobopa sewyecms, Komopuvle moaiu Ovl obecne-
Yumeb OblCMpoe IKCMpPAsUPosane 3ACMapenblx c1edo8 KposU, Nposeiu Uccie-
0o8aHie ¢ UCNONL30BAHUEM CLADBIX PACMBOPOS WeLoYell U KUCIOM U HOCedYI0-
WUM YCMAHOBIEHUEM HATUYUsL KPOBU MEMOOOM MOHKOCIOUHOU GePMUKATLHOU
xXpomamozpaguu. B xo0e uMMYHOIO2UYECKUX UCCIe008AHUL CYYALOCD, HINO
KOPOUKU KPOBU HA HE2USPOCKONUYHBIX NOBEPXHOCTAX NOO 8030€UCMBUEM NPU-
POOHBIX (hakmopos (Maxux, KaK 6blCOKUEe MEeMRepamypvl U npsimvle CONHEeY-
Hble JyUl) He N00BEP2AUCy IKCMPALUPOBAHUIO 8 (DUZUOIOSULECKOM PACMBOPe
U OUCMULIUPOBAHHOU 800€ 8 MeyeHue HeCKonbKkux cymok. Kpome moeo, npu
UCTIONL306ANHUU U3BECHBIX 00PA3Y08 KPOBU 6 DeaKyusx 6bis6UlU 3a6UCU-
MOCHIb HACHIUWEHHOCMU IKCMPAKNO8 OM OAGHOCIU 00PA3Y08 U OM 8PEMEHU UX
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IKCMPpazuposanus. dmu HAOM00eHUs. CROOBULTU COMPYOHUKO8 CeKMopa Ouo-
Jnoeuueckux ucciedosanuu u yuéma Yepracckoeo HUDKIL] MBI Ykpaunvl uc-
€n1ed06ams cnocobbl HIKCMPAUPOBANUsL 3ACMAPENbIX NAMEH KPOGU, KOMopble
NO3601sIU Obl BbIABUMb KPOBL 8 KPAMUYATUUE CPOKU MEMOOOM MOHKOCLIOUHOU
8EPMUKATLHOL XpoMamozpaghuu.

Kniouegwie cnosa: 3acmapenvie ciedbl Kpogu, MOHKOCIOUHAS GEPIMUKAIb-
Hasi xpomamoepadus, cy0ebHas IKCnepmusd, 2emMoiooun, IKCmpasuposaHue.
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