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ABSTRACT

The analysis of body fluids is of utmost importance in forensic cases. Biological fluids
contain DNA and it can be utilized to definitely identify the suspect or the victim. In
the past, the analyses have mostly involved destructive techniques and provide false
positive assignments on the identification of bloodstains. Of late, the use of ATR-FTIR
spectroscopy has emerged as a potential tool for the analysis of body fluids as it provides
confirmatory, rapid, facile, non- destructive and on-site identification and differentiation
of body fluid stains. While some studies have reported correct identification of biological
fluids using ATR-FTIR spectroscopy, in the actual crime scene cases, it is obvious that
this evidence will be recovered along with various look-alike substances of bloodstains
which can provide false positive results and hence create ambiguity in the interpretation
of results. The current study mainly focused on the discrimination of blood from look-
alike non-blood substances and to validate the vulnerability of ATR-FTIR spectroscopy.
In the present study, 25 samples of look-alike non-blood substances which can provide
false positive assignments using routine conventional presumptive (phenolphthalein
and TMB test) tests and may be misclassified as blood owing to their similar appearance
were analyzed.  The ATR-FTIR spectra of all selected non-blood substances were
analyzed against chemometric classification tools. The spectra of all non-blood
substances were differentiated successfully based of visual comparison and further
supported with chemometric tools. Not any of the selected substances were misclassified
as blood due to their unique spectroscopic signatures.
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INTRODUCTION
It is an important task to correctly identify body fluids at the crime scene, as
they provide crucial pieces of DNA evidence that lead to the conclusive
identification of an individual. Nonetheless, the identification of body fluids can
prove to be an arduous process, since number of prevalent substances may be
found at the scene of crime, which are often similar in appearance to a body
fluid. Consequently, it is imperative to find a reliable and non-destructive method
for the identification and discrimination of body fluids, especially blood, from
other potential look-alike substances (Rosenblatt et al., 2019).

Through many decades of research studies, various tests (presumptive and
confirmatory) have been made available to identify the blood stains including
polilight (alternative light source), phenolphthalein, benzidine, TMB, luminol,
ABAcard® Hematrace®, and benzidine. These presumptive tests mainly depend
on the mechanism of oxidation-reduction reaction, which ultimately leads to
the sample destruction. Other limitations of these tests are: non-specificity, time-
consuming, costly, ambiguous, and hazardous, and apparently results are
subjective in nature. One of the major limitations of the conventional methods
is their lack of selectivity, which resulted in false positive assignments, when
actually sample is not present (Virkler and Lednev, 2009). Therefore, this may
lead to added issues encompassing wasted resources, time, and money. A false
positive result can arise due the interferents or look-alike substances that either
a) are known to give a false positive result with conventional blood identification
methods or b) which may be similar in physical appearance of blood.  Attaining
false-positive results or assignments from various substances can unnecessarily
enhance the sample logjams in forensic laboratories and may be pernicious to a
case (Casey et al., 2020; Rosenblatt et al., 2019).  Hence, an alternative method
to accurately identify blood stains at the crime scene would be tremendously
advantageous to forensic science. Now a days, Raman and ATR-FTIR
spectroscopy is attracting added attention in the field of forensic science due to
its rapid, reliable, eco-friendly, and non-destructive nature (Muro et al., 2015).

In the arena of forensic science, the Raman spectroscopy has been utilized
as an effective tool for the confirmatory identification of various trace evidence
such as drugs/illicit drugs (De Oliveira Penido et al., 2016), gunshot residue
(GSR) (Bueno et al., 2012; Doty and Lednev, 2018), explosives (López-López
and García-Ruiz, 2014), ink analysis (Buzzini and Suzuki, 2016; De Souza
Lins Borba et al., 2015; Mohamad Asri et al., 2018), fibers (Casadio et al., 2010;
Goodpaster and Liszewski, 2009), lipsticks (López-López et al., 2014; Salahioglu
and Went, 2012), nail paints (López-López et al., 2015), and paint samples
(Buzzini and Suzuki, 2016; Stewart et al., 2012). Lednev’s and co-workers (2008
and later) have explored Raman spectroscopy for the analysis of various body
fluids and other researchers have widened the field of body fluid analysis
(McLaughlin and Lednev, 2015, 2014; Muro et al., 2016; Sikirzhytskaya et al.,
2013, 2012; Sikirzhytski et al., 2012; Zapata et al., 2015; Zou et al., 2016).
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Recently, Rosenblatt et al., (2019) worked on the method validation versus
commonly encountered environmental interferents (EIs) of blood using Raman
spectroscopy. Results showed that 24 substances of EIs were successfully
discriminated using Raman spectroscopy and classification model that supports
vector machines discriminant analysis. Another study was conducted by Casey
et al., (2020) for the identification of semen stains against the commonly found
EIs of seminal fluid. A random forest algorithm was used for the differentiation
of seminal fluids against commonly found EIs for the traces of seminal stains.

Certainly, Raman spectroscopy provides reasonable results in the
examination of bodily fluid, but Raman spectroscopy is highly-expensive in
comparison to FTIR spectroscopy (Quinn and Elkins, 2017). On the contrary,
FTIR spectroscopy explicitly has a high potential for the detection of body fluid
stains on different fabrics and further simulated substrates owing to its less
penetration depth (Â10 µm) and surface sensitivity (Gregório et al., 2017a;
Quinn and Elkins, 2017; Zapata et al., 2016).  In the field of forensic science,
ATR-FTIR  spectroscopy has been utilized to analyze trace evidence such as
gunshot residues (Bueno et al., 2013), hairs (Boll et al., 2017; Manheim et al.,
2016), paints (Harkins et al., 1959), fibres (Goodpaster and Liszewski, 2009),
inks (Causin et al., 2008; Lee et al., 2018; Mohamad Asri et al., 2018; Williamson
et al., 2016), cosmetics (Chophi et al., 2019; G³adysz et al., 2017; Sharma et al.,
2019a, 2019b), and body fluids (De Wael et al., 2008; Elkins, 2011; Gregório et
al., 2017b, 2017a; Orphanou, 2015; Quinn and Elkins, 2017; Sharma et al.,
2019; Sharma and Singh, 2019). ATR-FTIR is a confirmatory (qualitative and
quantitative), non-destructive, sensitive, rapid, environment friendly technique.
Furthermore, harmful reagents are not required in its due process (Elkins, 2011;
Muro et al., 2015; Orphanou, 2015; Quinn and Elkins, 2017).

 In the present study, the differentiation of bloodstains from look-alike non-
blood substances was carried out using ATR-FTIR  spectroscopy and advance
chemometrics. The detection of bloodstain is not invariably an easy assignment.
Bloodstain possesses an often indistinct appearance with non-blood like
substances, including fake blood, which could mislead in the identification process
and forbid absolute confirmation required in aiding verdicts in the court of law
without reasonable scientific doubt. Apparently, fake blood substances may
possess a higher resemblance to bloodstain in physical appearance, and therefore
it can be misused to fabricate the crime scene. In such cases, accurate detection
of blood would be helpful to circumvent the application of expensive and
redundant analysis of stains originating from non-biological sources (De Beijer
et al., 2018).

MATERIALS AND METHODS

Sample collection
Blood samples were collected from seventy-five (n=75) healthy adults by a well-
qualified laboratory technician. Before collecting blood, consent of each volunteer
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was taken. Blood was collected in dipotassium EDTA anticoagulant at a
concentration of approximately 1.8 mg K2 EDTA per 2 ml of blood using vaccuete
blood collection technique. A superficial vein of an individual was selected to
withdraw the sample. The collected samples were stored at 2-4°C.

Collection of non-blood substances
25 samples of non-blood substances were purchased from different stores of
Patiala and samples of fake blood were ordered from the e-commerce website
(amazon.in). Detailed information of all collected samples is listed in Table-1.

Table-1: Detailed information of 25 substances analysed and chemical tests which may
cause false positive results with these substances
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Sample Preparation to Carry Out Validation Study
All seventy-five samples of blood were prepared on clean and sterile glass slides.
Area of approximately 1×1 cm was marked on slides, and 50 µl of blood was
deposited on the marked area and was allowed to dry at room temperature
(25±5ºC) for 24 hours. By using a sterile spatula, the sample was scraped out
and placed directly on the face of ATR crystal and was scanned 24 times at the
resolution of 4 cm-1 in the range of 4000-600 cm-1 (MIR).

Samples of non-blood substances were prepared by depositing 1 drop of the
sample on clean glass slides and kept to dry for 24 hours. When the liquid
became completely dry, it was scrapped out using spatula and analyzed using
the ATR-FTIR spectroscopy technique. After analyzing every sample, crystal
face was cleaned safely with acetone (spectroscopic grade) to evade any form of
contamination. Total 25 samples of non-blood substances were analyzed by FTIR
and all samples were analyzed in triplicates to check the reproducibility.
Therefore a total of 75 spectra of non- blood substances samples were generated.

Instrumentation
Samples were analyzed using Bruker Alpha, eco ATR-FTIR spectrometer.
Operating parameters are given in Table-2.

Table-2: Operating parameters for the analysis of blood using ATR-FTIR spectroscopy
Parameters Operating Parameters

Scans 24

Resolution 4 cm-1

Detector DLATGS

ATR crystal ZnSe

Spectral processing software OPUS

Software version v 7.2
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APPLIED CHEMOMETRIC METHODS

Principal Components Analysis (PCA)
The principal component analysis was first coined by Pearson in 1901 and further
developed independently by Hotelling in 1993 (Mishra et al., 2017). It is a pattern
recognition statistical tool and can reduce the huge dimensional data into low
dimensional data set using vector space transformation. PCA helps to present
the significant information into few simpler plots known as loading and score
plot. The algorithm used in PCA is to figure out the relationship among the
highly correlated variables and hence, these correlated and orthogonal variables
are known as principal components (Sehgal et al., 2014).

RESULTS AND DISCUSSION
When analyzing blood stains, there are multitude of reasons to get false positive
assignments, depending upon the type of tests performed. To succefully exclude
the substances which can cause false positive assignments, more selective test
must be performed.  To identify bloodstains accurately, each time the tested
sample must be considered as a look-alike non blood substance. ATR-FTIR
spectroscopy possesses the capability to identify and detect minute variations
within and between the tested samples. This technique can easily differentiate
among various chemical species which inherently make this technique suitable
to provide comprehensive information when differentiating bloodstains and
various substances which may cause false positive results.

Spectral comparisons of neat blood and various look-alike non-
blood substances

Total 25 substances, as enumerated in Table-1, were selected and considered as
potential false positive substances for the identification of blood due to the similar
composition (juices, ketchup, etc.) or may be different composition (nail paint,
vermillion, etc.).  Figure-1 (A-Y) allows the visual discrimination between the
blood and non-blood substances based on the collective features of peak that is
position, shape, and intensity. Results suggested that look-alike substances or
materials which are composed of proteins will also show the amide peaks (amide
I and amide II). However, based on the intensity and shape they can easily
differentiate the peaks originating from biological fluids. Further chemometric
approach was applied to get the objective spectral interpretation in limited time
domain, and to minimize the chances of error due to manual interpretation.
The primary aim of applying chemometrics is to practice huge data sets and to
extract the subjectivity for the interpretation of resultant spectra.
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Figure-1: Overlaid ATR-FTIR  spectra of neat blood and blood look alike substances
which may cause false positive results (A) Beetroot juice (B) Carrot juice (C) Cough
syrup (D) Dettol (E) Fake blood.1 (F) Fake blood.2 (G) Fake blood.3 (H) Fake blood.4 (I)

Harshey syrup (J) Jam (K) Pomegranate juice (L) Red tooth paste (M)  Red alta (N)
Chilly sauce (O) Drawing color (P) Red dye (Q) Ketchup (R) Red marker (S)  Red nail

paint (T) Red pen ink (U) Rooh afza drink (V) Savlon (W) Spray paint (X)  Stamp ink (Y)
Vermillion

Discrimination between blood and non-blood substances using PCA
model

3-D PCA model, as shown in Figure-3, was constructed to assess the differences
and similarities between two groups (Group1- blood; Group 2- non-blood
substances) via clustering in the generated plot. Model was built using 8 principle
components (Table-2).  PCA is considered as an unsupervised clustering method,
constructed on the basis of differences in peak position (wavenumber cm-1), shape
and intensity. These disparities permit the model to create specific variables
which are known as principle components (PCs). PCs are used to exhibit the
qualities whichever more or less similar to the spectral data (blood and non-
blood substances) present. As shown in Table-2 and Figure-2, Initial 2 PCs
showed largest variance in the dataset, therefore, initial PCs were selected to
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get the desired results in the scatter plot. However, Kaiser Criterion test (scree
plot in Figure- 2) is conducted to extract the number of PCs used to construct
the model. Cumulative variance of 79% was observed in the dataset with three
PCs; 43%, 27%, and 9%, for PC1, PC2, and PC3, respectively.  The discriminating
power achieved was 100% for the current study.

Table-2: Eigen values of principle components
PC-1 PC-2 PC-3 PC-4 PC-5 PC-7 PC-8

Eigen values 18.13987 11.51059 3.797253 2.726094 1.620334 1.057281 0.6616053

Figure-2: Scree plot to select number of PCs

Figure-3: PCA score plot to discriminate the blood and look-alike non-blood substrates

Figure-4 shows the combined loading plot of PC1 and PC2.  The loading plot
is divided into three regions; Region I- 4000-1740 cm-1; where PC1 and PC2
both show positive correlation except few ranges that is 3523-3101 cm-1, where
PC2 shows negative correlation. Region II-1713-1150 cm-1; where PC2 shows
positive correlation whereas PC1 shows negative correlation except few points
(1673-1511 and 1434-1352 cm-1).  Region III- 1418-600 cm-1; where majority of
PC1 shows positive correlation and PC2 shows negative correlation.
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Fig. 4 PC1 and PC2 loading plot
The value of accuracy, specificity, precision, and sensitivity was calculated

using given formulas and resulted with 100% accuracy with 0% rate of false-
positive and negative values.

Accuracy = TP+ TN/[TP+ TN+ (FP)+FN]× 100

Specificity = TN/TN + FP × 100

Precision = TP (TP+ FP) × 100

Sensitivity = TP/ [TP + FN] × 100

False positive rate= FP/ (TP+ FN) × 100

False negative rate = FN/ (TN+FP) × 100

[TP- True positive; TN- True negative; FP-False positive; FN- False negative]

CONCLUSIONS
The reliable, rapid and accurate identification of bloodstains at the crime scene
is of paramount importance. Herein, we conducted the systematic work of
determining the influence of look-alike non-blood substances on the efficiency
of bloodstain identification. This study demonstrated that with the use of ATR-
FTIR spectroscopy, in combination with chemometric methods, twenty-five non-
blood substances could easily be differentiated from blood, which either provide
false positive assignment with presumptive tests (phenolphthalein and TMB),
or may be similar to a bloodstain at the crime scene. The visible spectral variance
between blood and non-blood substances was significantly demonstrated using
ATR-FTIR spectroscopy, which is a fast, non-destructive, and highly selective
approach. Moreover, ocular spectral interpretation is augmented with the error
and thus entails subjectivity in the results. Chemometric method, however, was
integrated to provide objective interpretation of the spectral data.

Overall, this technique has the potential to become a reliable, rapid,
confirmatory, and non-destructive alternative to presumptive methods for blood
detection, which can provide on-site confirmation and differentiation of
bloodstains from look-alike non blood substances.
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