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Abstract

The purpose of this research study was to test and
subsequently validate a method based on the identification
of biological fluids by nondestructive analysis, attributing
phenotypic characteristics to biological stains. Specifically,
a new methodology for non-destructive forensic histological
analysis using Alternative Light Source 450 nm + orange
filters was developed and validated - also testing its analytical
efficiency and inherent degree of probabilistic error.

The validation process has been carried out through the
creation of a standard database of known samples, in which
were included blood-stains, semen stains, saliva stains
and urine stains. Histological profiling with the observation
of given parameters was included in the study such as
fluorescence/absorbance, stain’s shape, intensity of the
signal, concentration of the signal etc.

160 reference samples were produced, which were used
as a comparison method for subsequent histological profiling
activities. Through a method validation procedure developed
on four different tests of the technically investigated samples,
specific useful ranges were identified for histological-forensic
diagnosis of the biological stains, both known in the reference
sample and unknown samples. Careful observation of the
biological traces revealed several phenotypic characteristics,
through which the study took shape. In conclusion, this
experimental work made it possible to design and validate a
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new methodology for histological-forensic diagnosis through
a non-destructive analytical methodology, which is particularly
useful in the forensic field. Through this study is it possible to
identify the histology of stains founded on the findings with a
non-destructive analysis; furthermore it has to been specified
that, according to the data obtained, it is possible to identify
correctly the histological composition of the blood-stains but
the histological identification of stains from semen, saliva and
urine is still probabilistics.

wesill 8agasr digio dowo (1o @axdlly praad (o ] Jos!
Sy Bagde (ag (drone yié Al dmgio NS (o il Jlind!
e sl Sy dwbull sda JM5 Ga adlnd! Ha¥l Jlwe & wols
iz cclld e 8gde ¢ paull pe Julodl o zlid] Ll duidl) 8l dowd]
ISy Gyl oSall o claule Jaasdl @3 Gl bl B8y @il wass
0 2l il asdl oS pull 2] il (Sl e g

Wlais! J1y ¥ Jodls wlells goill Jilul

1. Introduction

The purpose of forensic biological investigation,
in relation to methodologies and technologies, is to
identify elements of a biological nature that have
validity from the investigation perspective; therefore,
elements can give useful and indispensable
information for the specific trace to an identified
suspect [1]. The daily activities of forensic workers
involve working on different types of biological
materials and fluids such as: blood; seminal fluid;
urine and saliva [2-4]. Therefore, a high efficiency in
the identification of biological stains leads to greater
efficiency in subsequent genetic type analysis [5].

In many forensic cases, findings offers limited
amount of biological stains useful for the technical
analysis. In these scenario, forensic scientists often
haven’t enough biological materials in order to perform
both sierology analysis and DNA analysis. Nowdays,
in this scenario, forensic operators normally have
to choose which one analysis must to be perfomed
(protocols prefers DNA analysis). Here the impact
of this research study and of this new methods of
analysis; in fact, in the cases with limited amount of
biological materials for the forensic analysis, operators
will be able to use a non-destructive methods for the
sierology assessments and a destrucitve method —
absolutely necessary in order to get the DNA results.

Currently, presumptive tests, such as the Kastle
Meyer Test, and Rapid Stain Identification (RSID)
confirmatory tests are used for histological-forensic
investigations [6-7]. It should be noted that the

aforementioned tests are based on a destructive
analytical method, which causes several problems
in the forensic context [8]. Therefore, the purpose of
this research projectis designed to precisely develop
and validate; while also testing their analytical
efficiency and inherent degree of probabilistic error,
a new methodology for non-destructive histological-
forensic analysis.

2. Materials and Methods

In order to have a useful database for the
purposes of experimental activity and identify valid
terms of comparison, five types of substrates were
selected based on classical biological stains of
forensic interest. These substrates were classified
into porous and non-porous categories, while
different chromes were selected for each of the
aforementioned substrates.

The total number of substrates used for the
construction of the reference sample (reference
database) is 25 different substrates on which, then,
different known amounts of biological stains and
the negative and positive controls were added. The
characteristics of each substrate used are listed
below:

- Wool: porous substrate; 7 chromes (White,
red, green, gray, yellow, blue, and black).

- Cotton: porous substrate; 7 chromes (White,
red, green, gray, yellow, blue, and black).

- Synthetic: porous substrate; 7 chromes (White,
red, green, gray, yellow, blue, and black).
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- Cardboard: porous substrate; 2 chromes
(White, brown)

- Plastic: non-porous substrate; 2 chromes
(Black, white)

The biological matrices (stains) used in this
project are urine, saliva, blood, and seminal fluid.
A total of 1250 pyL was used for each biological
matrix, which was divided into 50 pL on the
different substrates of the reference sample. Other
accessory materials and instrumentation used for
the experimental activity are the following items:

- P100 micropipette,

- Scissors,

- Stapler,

- |-Phone 13 Pro-Max camera,

- Alternative Light Source (ALS) with wavelength
450 nm,

- Orange filter,

- Distilled water; and

- PPE for dressing the operators.

In order to obtain standardized substrates that
could be used in the creation of the biological stains
database, rectangular surfaces having standardized
dimensions of 3x4 cm were cut out; one (1) cm of
the longest side of these rectangles, was allocated
to nomenclature reporting information on the type of
substrate, its color, and the biological matrix used. The
result of this procedure resulted in square sub-areas
of size 3x3 cm, reporting the biological stain that was
the subject of the biological-forensic inspection.

For each individual substrate, two (2) rectangles
were cut out for a total number of one hundred
(100) samples of which twenty-five (25) were blood,
twenty-five (25) were saliva, twenty-five (25) were
urine, and twenty-five (25) were seminal fluid. A
positive control and a negative control were always
used in this experimental procedure.
substrates,

After  preparing the affixing

corresponding labels for internal laboratory

terminology, and loading all samples onto the
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substrates, the selected biological stains were
incubated overnight at room temperature. The
following day, the stage of trace inspection was
initiated; this analytical procedure should always
occur under dark conditions. The analytical-
inspection activity is was conducted first, with the
naked eye and, then, by the use of ALS 450nm
with an orange filter (the aforementioned filter is
applied to both the operator and the camera). Then,
photo-documentation was conducted using the
I-Phone 13 Pro-Max Camera. After observation,
qualitative reports were made of the visibility or
non-visibility of the track, based on the photographs
taken. Preliminary selection of useful samples was
made based on the possibility of identifying, or not
identifying, the known and applied biological stain on
the substrate. Samples that showed no visibility of
the biological stain were excluded from the study; the
others (80 samples out of 100) were then selected
for subsequent experimental activities and data
evaluation. The observation of these samples led to
the assignment of various phenotypic characteristics,
which were useful in the subsequent identification of
the histological nature of biological fluid.

The following characteristics were observed in

this study:

+ Absorbance: Intensity of electromagnetic
radiation that is absorbed by a body,

* Fluorescence: Property whereby some
substances, when investigated by incident
electromagnetic radiation, re-emit with a very
short delay, radiation of a different frequency
from the incident and substance-dependent
frequency,

+ Intensity: Describes the bright of a light
source,

+ Concentration: Affluence or convergence of
considerable magnitude at a given point, and

+ Edge: Contour of a figure.
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The profiling of all the biological stains in the
database led to the probabilistic calculation of a
series of profiles, calculated according to the five
aforementioned characteristics, according to which
one is likely to discriminate the nature of the differ-
ent biological stains used for the study. Once the
database profiling was finished, a validation study
was conducted on the efficiency and reliability of
the method starting with unknown samples to this
investigator.

3. Results and Discussions

The observed samples were subjected to vari-
ous tests. A preliminary selection was made of the
substrates where the stains were visible and conse-
quently identified as samples useful for the study.
The phenotypic characteristics listed above were
profiled based on absorbance, fluorescence, inten-
sity, and edge of the selected samples. This step
was referred to as the "1st Level Test" and includ-
ed all samples on which incubated biological stains
were visible by the above-mentioned inspection
methodologies.

The samples that proved useful, and were in-
cluded in the 1st level test, are:

+ Wool (white, green, yellow, gray, black, red),

+  Cotton (white, green, yellow, gray),

+  Synthetic (white, green, yellow),

«  Carton (white, brown), and

+  Plastic (white, black).

With the abovementioned samples, a reference
was created; according to the obtained data, it has
been estimeed a “profile” for each body fluid — with
specific indication of the probability of presence.
This reference sample will be used as a benchmark
for testing the efficiency and reability of this new
methods of forensic analysis.

In the next step, identified as a "2™ level test"
was conducted using all reprofiled samples. This

procedure was conducted to verify the reliability of
the method and to ensure that the samples were
not known to the “profiling operator”, each sample
was assigned an identification number by an op-
erator outside of the test. The results obtained in
the 1st and 2nd level tests were represented with 6
six graphs, including one for each stain and two for
highlighting the total performance.

+ Performance was evaluated by an attribution
probability classified into the following cate-
gories:

+ Certain: when the calculations achieve 100%
attribution probability,

+ High: when calculations-including between
probabilistic values-lead to identification of
the stain with the highest value,

+ Intermediate: when the calculations-includ-
ing between probabilistic values-lead to iden-
tifying the stain with the intermediate value,
and

+ Low: when calculations-including between
probabilistic values-lead to identifying the
stain with the lesser value.

The study was extended to two additional tests:

The "3rd level test" was aimed to establish pro-
filing as objective. A total of 80 samples were as-
signed identification number to neutralize their iden-
tity, then make, were given a code to further modify
samples, so the nature of the biological fluid would
not be known a priori.

A total of 80 samples were individually profiled
by three operators. The profiles were then com-
pared and averaged to obtain a common profile
(comprising the individual ratings of the three oper-
ators). After the operators' comparison, some sam-
ples were excluded from the study since the amount
of the biological fluid present on the substrate was
not significant enough and sufficient to profile.
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With these selected samples, a "4th level test" The performance of blood has not changed at
or a repetition of the previous test was carried out, all. Probabilistic attribution is certain at 100%.
the purpose of was to counter-verify and confirm the The performance of saliva is improved. Among
profiling data obtained from the individual operators the selected samples, all are at high probability
and their overall averages. Below are graphs of the attribution, only one has a low probability of
performance of individual stains and totals. attribution.
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Figure 1- Performance in the identification of the blood stains.
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Figure 2- Performance in the identification of the saliva stains.
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The performance of semen improved from the
previous one, with only two average attribution
probabilities compared to the three average attribu-
tion probabilities obtained in the previous tests.

The performance of urine is slightly lower than
the previous data because there are only intermedi-
ate probabilistic attributions.

In general, the use of this methodology had
maintained improvements in probability that netted
45% certain probability, 26% high probability, 24%
intermediate probability, only 5% low probability of
attribution, and 0% missed probability. The study
confirmed that Blood had 100% analytical efficiency.
In 71% of the samples, the probability of attribution
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Figure 3- Performance in the identification of the semen stains.
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Figure 4- Performance in the identification of the urine stains.
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ranged from certain to high with a non-destructive complex biological fluid and the totality of attribu-
method, while in only 5% of cases, the probability tions was in the intermediate range.
of attribution was low. Urine was rated as the most

Performance Attribution

=

oW INTERMEDIATE W ey SRE

Figure 5- General performance in the stains identification.
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Figure 6- A graphic illustration of the percentage of the range of attribution.
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4, Conclusion

This study had successfully produced a new
methodology for non-destructive forensic histolog-
ical analysis, using Alternative Light Source 450
nm + orange filters. This procedure was developed,
validated, and tested the analytical efficiency and
inherent degree of probabilistic error. The valida-
tion method procedure involved four different tests
of the technically investigated samples for histolog-
ical-forensic diagnosis of the biological stains, both
known in the reference sample and unknown find-
ings. Careful observation of the biological traces re-
vealed several phenotypic characteristics.

Due to a combination of data from different se-
lected parameters — such as fluorescence/absor-
bance, stain’s shape, intensity of the signal and
concentration of the signal — it is possible to obtain
a new method for the histological identification of
the biological stains detected on the findings. Fur-
thermore, it is very important to highlight that this
new method is a non-destructive procedure, so it
will possible to perform both the sierology analysis
both the DNA analysis in cases in which the biologi-
cal stains are very limited in terms of quantity.

In conclusion, this experimental work made it
possible to design and validate a new methodology
for histological-forensic diagnosis through the use of
a non-destructive analytical methodology, which ap-
peared as useful advancement in the forensic field.

Conflict of interest

The authors declare no conflicts of interest.
Source of funding

The authors received no financial support for the
research, authorship or publication of this paper.

References

1.

Houck MM. Mute witnesses: trace evidence analysis.
London: Academic Press; 2001:490-495.

Owen DH, Katz DF. Areview of the physical and chem-
ical properties of human semen and the formulation of

a semen simulant. J Androl. 2013;26(4):459-469.

Fatima S, Rehman A, Shah KU, Kamran M. Compo-
sition and function of saliva: a review. World J Pharm
and Pharm Sci. 2020;9(6):1552-1567.

Stoilovic M. Detection of semen and blood stains
using polilight as a light source. Forensic Sci Int.
1991;51(2):289-296.

Chuen LW, Khoo BE. Forensic light sources for detec-
tion of biological evidences in crime scene investiga-

tion: a review. Malays J Forensic Sci. 2010;1(1).

James SH, Kish PE, Sutton TP. Principles of blood-
stain pattern analysis: theory and practice. Boca Ra-
ton (FL): CRC Press; 2005:17-28.

Vennemann M, Scott G, Curran JM, Bittner F, Tobe
SS. Sensitivity and specificity of presumptive tests for
blood, saliva and semen. Forensic Sci Med Pathol.

2014;10(1):69-75. doi: 10.1007/s12024-013-9515-6.

D’Orio E, Lucanto C, Francione G. DNA evidence,
new technologies, and justice’s applications: an inter-
national comparative overview. Int J Law. 2022;1:84-

102. doi: 10.54934/ijlcw.v1i2.26

AJFSFM 2024; Volume 6 Special Issue (ASFSFM 2023)



