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Abstract:  Bloodstain pattern analysis plays a crucial role in forensic science, providing valuable information about the sequence
of events at crime scenes. However, various environmental elements—such as temperature, humidity, sunlight, water, and the
presence of contaminants— can significantly alter the appearance, distribution, and chemical properties of bloodstains. These
changes may challenge accurate forensic interpretation. Additionally, the type of fabric on which the blood is deposited—Iike
cotton, polyester, denim, or satin—affects how the blood is absorbed, how it spreads, and the final shape of the stain, adding another
layer of complexity to the analysis. This research investigates the effects of different environmental conditions on bloodstains across
several commonly used fabrics through carefully controlled experiments. Blood samples were subjected to particular environmental
influences for defined durations, and observations were made regarding changes in blood stains. The stain colour was assessed
through visual inspection, pH levels were determined using Universal pH paper, clotting was tested with hydrogen peroxide, and
the ABO blood group was identified using the Absorption Elution method. A comparative assessment was conducted to evaluate
how various fabric types and environmental exposures influenced these changes. This study can be applied to improve the
interpretation of bloodstain evidence in crime scenes exposed to various environmental conditions. By understanding how these
factors alter blood characteristics over time, forensic experts can more accurately estimate the age of bloodstains, determine the
sequence of events, and assess the credibility of witness statements ultimately enhancing the reliability of crime scene
reconstructions.

Key Words: Bloodstain analysis, Environmental factors, Fabric types, Stain morphology, ABO grouping, Forensic interpretation,
Crime scene reconstruction

|. INTRODUCTION

Blood is the one of the most important forms of evidence found at the scene of crime [1]. It is the key component for
forensic investigation. It is mostly found on victim’s clothing or any other physical evidence but it is often affected by environmental
factors. These environmental factors degrade the bloodstains and other biological evidence, in some cases it is seen that the blood
stains are almost washed off due to environmental factors. [1]. As the blood stains on any fabric age, they tend to become darker
and brittle due to breakdown of heamoglobin and it becomes difficult for investigator to analyse the blood stains. [2]. Blood stains
are mostly used to reconstruct the crime scene by following the patterns of the blood staining.[1]

Blood plays a crucial role in identifying the individual through ABO blood grouping and DNA analysis. [5]. The ABO blood
grouping system has been discovered by Karl Landsteiner, he identified A, B, O and AB blood types in 1900.[7]. Various
environmental factors affect the blood morphology and its antigenicity found on fabrics [8]. Human blood tends to dry faster and
coagulate slower as it contains high concentration of platelets.[2]. Environmental factors significantly influence the stability and
appearance of bloodstains. Temperature, for example, affects how quickly blood dries. In warmer climates, blood tends to dry faster,
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leading to coagulation and a colour change [2], which can make forensic interpretation more difficult. In contrast, colder
temperatures can help preserve blood for longer durations by slowing down decomposition, though this may hinder certain forensic
procedures. Humidity also plays a critical role—high humidity delays drying and increases the risk of bacterial degradation, while
low humidity encourages quicker drying and crust formation. Sunlight, especially ultraviolet (UV) rays, can degrade hemoglobin,
resulting in colour changes that reduce the visibility of the stain over time.

Moisture or rainfall may dilute or eliminate bloodstains, posing challenges for investigators. Wind and airflow can speed
up drying but may also spread blood droplets, interfering with the analysis of blood patterns. Furthermore, exposure to chemicals
like cleaning products or pollutants can alter the chemical makeup of blood, potentially compromising forensic findings.
Environmental conditions can further impact the state of fabrics, adding complexity to forensic investigations. Prolonged exposure
to ultraviolet rays from sunlight can weaken fabric fibers, causing discoloration and deterioration. Moisture can lead to fabric
rotting, Mold growth, or weakening of fibers, potentially altering the quality of bloodstains. Extreme temperature changes may
cause certain fabrics to become brittle or cause fibers to expand, influencing how blood interacts with the material.

It is crucial that all the evidences must be collected from the crime scene to identify the potential biological samples from
victim or suspect [1]. As the degradation of blood may lead to loss of colour, making it harder for identification and differentiation.

The primary objective of this study is to investigate how different environmental conditions such as exposure to sunlight, low
temperatures, ambient room temperature, and damp underground soil affect various characteristics of blood. These include blood
group identification, clotting patterns, colour changes, and the overall degradation process. Gaining insight into how these
environmental factors influence bloodstains is crucial in forensic science, particularly in determining the timing and circumstances
surrounding blood deposition on surfaces or fabrics.

Environmental influences can significantly affect the detectability of blood groups, alter pH, influence clotting behaviour,
change the color of stains, and speed up degradation, all of which are vital for accurate forensic analysis. This research aims to
overcome a major challenge faced by forensic investigators differentiating between fresh and aged bloodstains and evaluating
whether environmental conditions have compromised the evidential quality of the blood. However, prolonged exposure to sunlight
can lead to the photodegradation of heamoglobin making blood group identification more difficult. Likewise, microbial activity in
wet soil can accelerate the breakdown of biological components, reducing the stain’s viability for forensic testing.

NEED OF THE STUDY.

Bloodstains found at crime scenes are essential pieces of biological evidence. However, their integrity can be compromised
due to various environmental exposures like sunlight, cold, moisture, and soil burial. These factors can lead to discoloration,
degradation, clotting, and antigen deterioration, thereby affecting blood group identification and forensic interpretations.
Additionally, different types of fabrics (cotton, polyester, denim, satin) absorb and retain blood differently, which further
complicates forensic analysis. Therefore, it is vital to understand how environmental influences and fabric types impact the
characteristics of bloodstains to improve the accuracy and reliability of crime scene reconstructions and evidence analysis.

3.1 Population and Sample

The study involved a single known human blood sample (B positive). Four types of fabrics—cotton, satin, denim, and
polyester—were chosen. Each fabric was stained with blood and subjected to four distinct environmental settings: direct sunlight,
room temperature, cold storage, and moist underground soil. A total of 480 samples were prepared (4 fabrics x 4 environments x
30 days). Each day, a new set of samples was analyzed for 30 days to monitor changes in stain color, clotting, and blood group
retention.

3.2 Data and Sources of Data

Data for this research were collected from freshly stained fabrics exposed to controlled environmental conditions.
Observations were made daily on stain color transitions, presence or absence of clotting, and the persistence of identifiable ABO
blood group antigens. Analytical techniques included visual examination, clot detection using hydrogen peroxide, and the
Absorption-Elution method for blood grouping.

3.3 Theoretical framework
This study is grounded in forensic serology and environmental degradation theory. It explores how external factors

RESEARCH METHODOLOGY

Sample collection and preparation:

Fresh blood from an individual with known blood group ‘B positive’ was collected. Four different types of fabric (cotton, Satin,
Denim, Polyester) were selected. A drop of blood was placed on the center of each fabric sample. Each type had 30 samples allocated
to each environmental condition, making a total of 480 samples (4 fabrics x 4 environments x 30 days samples). The stained fabrics
were placed in four different mediums: Direct sunlight exposure, Room temperature, Cold environment (refrigerated), Underground
moist soil. Each day 4 stained samples (one from each fabric type under the same environmental condition) was examined.
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Analysis:
Procedure:

1. Visual Examination of Stain Colour
A direct visual inspection of each stain was carried out. Observations were made for any noticeable changes such as
discoloration, fading, or hue variations, with attention to differences based on fabric type.

2. Clotting detection using hydrogen peroxide
A few drops of hydrogen peroxide (H20:) were applied to the stained area. The reaction was observed for bubbling or
effervescence. A strong reaction indicated that the blood was fresh and unclotted, while a weaker reaction suggested clotting
had taken place.

3. ABO blood grouping
e Take clean and dry slides which are having wells.

Cut the blood stain and remove threads and stick thread to the wells.

Add anti-A serum, anti-B serum and anti-H lectin respectively and keep at 4°C for overnight

Then remove the antiserum and give 3-4 washings with ice chilled 4. normal saline.

After the last wash remove whole of the normal saline and add one drop of fresh normal saline.

Incubate the slides for 50-60 °C for 15-20 minutes.

e Adddopof0.2-0.5% A, B and O indicator cells in the respective wells and keep at 4°C for half an hour.

¢  Shake and examine the contents for agglutination both macroscopically and microscopically.

3.1Population and Sample

The study involved a single known human blood sample (B positive). Four types of fabrics—cotton, satin, denim, and
polyester—were chosen. Each fabric was stained with blood and subjected to four distinct environmental settings: direct sunlight,
room temperature, cold storage, and moist underground soil. A total of 480 samples were prepared (4 fabrics x 4 environments x
30 days). Each day, a new set of samples was analyzed for 30 days to monitor changes in stain color, clotting, and blood group
retention.

3.2 Data and Sources of Data

Data for this research were collected from freshly stained fabrics exposed to controlled environmental conditions.
Observations were made daily on stain color transitions, presence or absence of clotting, and the persistence of identifiable ABO
blood group antigens. Analytical techniques included visual examination, clot detection using hydrogen peroxide, and the
Absorption-Elution method for blood grouping.

3.3 Theoretical framework

This study is grounded in forensic serology and environmental degradation theory. It explores how external factors
(temperature, humidity, light, and microbial activity) and fabric composition influence the chemical and physical characteristics of
bloodstains. The research builds on principles of hemoglobin degradation, clotting behavior, and antigen stability to assess how
time and environment affect forensic evidence. The study also considers the absorption and retention properties of various fabrics,
providing a theoretical basis for evaluating how material and environmental conditions interact to impact blood evidence analysis.
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IV. RESULTS AND DISCUSSION
4.1 Results
a) Visual Colour examination

1. Cotton
Table 1.1 shows the colour change of blood stain on cotton fabric under various conditions

1%t - 51 day Red to dark red Red to dark red Red to dark red Red to dark red

5t - 10" day Green to black Maroon to dark Dark red to red Red to brown
brown brown

11th _ 20th day Green to brown Dark brown to Red to brown Dark brown

brown /black

215t - 25M day Brown Brown to black Red to brown Dark brown

26" - 30" day Dark brown Brown to black Red to brown Dark brown

The table illustrates the progression of bloodstain color over a 30-day period. Initially, all samples appeared red, and by the second
day, the color shifted to dark red, remaining stable for the next 2—-3 days. Significant color variation was observed in the sample on
cotton fabric buried in moist underground soil. By the 5th and 6th days, the stain color changed from green to reddish, indicating
fungal growth. From the 7th to the 21st day, the stain color ranged from green to brown, eventually turning fully brown by the 22nd
day. By the 26th day, the stain had become dark brown. In direct sunlight, the stain changed to dark brown by the 5th and 6th days
and maintained that shade until the 19th day. From the 20th to the 30th day, the stain darkened further, turning brown to black.
Under cold conditions, the stain shifted to a red-brown hue by the 6th day and remained consistent through to the 30th day. At room
temperature, the stain transitioned to a red-brown shade between the 5th and 11th days, and then turned dark brown from the 12th
day onward, staying that way until the 30th day.

. 2.Polyester

Table 1.2 Shows the colour change of blood stain on polyester fabric under various conditions

1%t day Red Red Red Red
2M - 41 day Dark red to brown Dark red Dark red Dark red
5t -6 day Red to green/ greenish Dark brown Red to brown Dark red to maroon
7t — 14" day Green to brown Brown to light Red to brown Maroon to brown
brown
151 -30™" day Light brown Light brown Brown to orange Maroon to brown
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The above table shows the change in colour of blood stains on polyester in different mediums. Initially on all the samples the
colour of the blood was red to dark red in colour for 2-3 days. On polyester fabric buried in moist underground soil, the
bloodstain color appeared dark red to brown by the 2nd day. By the 5th day, it transitioned to red with green tones, becoming
completely green by the 6th day. Between the 7th and 16th days, the stain gradually shifted from green to brown. On the 17th
and 18th days, it remained brown, and from the 19th day through to the 30th day, the stain took on a light brown shade, which
remained stable. When exposed to direct sunlight, the stain began to darken to a deep brown color from the 4th day, turning
brown by the 7th day. Starting from the 12th day, the stain lightened to a pale brown, which stayed unchanged until the 30th
day. Under cold temperature conditions, the bloodstain color changed to red-brown by the 6th day and remained the same up
to the 20th day. From the 21st to the 30th day, it gradually transitioned to a brown-orange hue. At room temperature, the stain
developed a dark red to maroon color starting on the 6th day. From the 13th day onward, it shifted to a maroon-brown shade,
which persisted until the 30th day.

3.Denim

Table 1.3. Shows the colour change of blood stain on denim fabric under various conditions

15t-31 day Red to dark red Red to Red to dark red Red to dark red
marron
40— 7" day Greenish red to Dark brown Reddish brown Reddish brown
brown
8th — 16 Greenish brown to Brown to grey Brown Brown
yellow
17t — 215 day Pale yellow Brown grey Brown to orange Brown to orange
22 _ 26t Pale yellow Brown to grey Brown to orange Brown to orange
day
271 — 30" day Pale yellow spots Black Dark brown to orange Brown to orange

The above table shows the changes in colour of the blood stains on the denim fabric under different mediums. Initially, the
bloodstains on all samples exhibited a red to dark red coloration, which remained consistent for the first 2-3 days. In
underground moist soil, the stains developed a greenish-red hue by the 5th and 6th days, shifting to greenish-brown on the
7th day. From the 8th to the 16th day, the stains gradually turned yellow and remained that way. Between the 17th and 26th
days, they appeared pale yellow, and from the 27th to the 30th day, only faint pale-yellow spots were visible. When exposed
to sunlight, the stains turned maroon, followed by a dark brown shade observed on the 5th, 6th, and 7th days. From the 9th
to the 26th day, the stains changed to a brownish-grey tone. By the 27th day, the stains appeared black. Under cold
conditions, the stains showed a reddish-brown color from the 5th to the 7th day. Starting from the 8th day, the color shifted
to brown, and between the 22nd and 26th days, it changed to a brown-orange shade. From the 27th day onward, the stains
took on a dark brown to orange tone. At room temperature, the stains became reddish-brown between the 5th and 7th days.
From the 8th to the 15th day, the color turned brown. Then, from the 16th to the 30th day, the stain gradually shifted to a

brown-orange hue.
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4. Satin
Table 1.4. Shows the colour change of blood stain on satin fabric under various conditions
1t day Red Red Red Red
2nd— 4th day Red to dark red Darkred/ Dark red Dark red/ maroon
maroon
5th — 7th day Red to brown Dark brown Red to brown Brown
8th — 14t day Light brown to Brown Red to brown Brown
yellow
15t -22"d day Light brownto  Brown/ light Brown Brown
yellow
brown
23927 day Pale yellow/ Lightbrown to Brown Brown
yellow
yellow spots
28" -29th day  Pale yellow spots  Light brown to Brown Brown
yellow
30t day No colour visible Light brown to Brown Brown
yellow

The above table shows the progression of bloodstain color on satin fabric under various conditions. Initially, all stains appeared
red and darkened to a deep reddish tone by the second day, which remained consistent for the next 2—3 days. In moist underground
soil, the stain on satin fabric developed a whitish to brown appearance by the 6th day, likely due to fungal growth. On the 7 th
and 8th days, the stain transitioned from whitish to a light brown shade. Between the 9th and 18th days, the color gradually
changed from light brown to yellow. From the 19th day onward, the stain appeared pale yellow, and by the 27th day, only faint
pale-yellow spots remained visible, persisting until the 30th day. When exposed to sunlight, the bloodstain on satin fabric began
changing color by the 3rd day, turning maroon. From the 4th to the 8th day, the stain deepened to a dark brown shade. Between
the 9th and 18th days, it remained brown. Starting from the 19th day, the color gradually shifted to light brown, and from the
23rd to the 30th day, the stain appeared light brown to yellow. Under cold temperature conditions, the bloodstain appeared
reddish-brown by the 6th day and maintained this color until the 11th day. From the 12th day through to the 30th day, the stain's
color remained unchanged. At room temperature, the bloodstain on satin fabric turned maroon by the 4th day. Starting from the
5th day until the 17th day, the stain changed to a brown shade. From the 18th day onward through to the 30th day, the color

gradually shifted from brown to light brown.
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b) ABO blood grouping

Table 1.5 shows the ABO blood grouping for 30 days

Underground 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Cotton B B B B B B BO B B.O NIL BO BO BO NIL
B
Polyester B B B B B B B B,O BO BO NIL NIL NIL NIL NIL
Denim B B B B B B B BO BO BO B B B NIL  NIL
Satin B B B B B B B B B.O B,O NIL NIL NIL NIL NIL
Sunlight
Cotton B B B B B B B B B B B B,O BO B,O B0
Polyester B B B B BO BO BO BO BO BO NIL NIL NIL NIL NIL
Denim B B B B BO BO BO BO BO BO B B B B,O B0
Satin B B B B BO BO BO BO BO BO NIL NIL NIL NIL NIL
Cold
temperature
Cotton B B B B B B B B B B B B.O BO BO BO
Polyester B B B B B BO BO BO BO BO B BO BO B.O B,O
Denim B B B B B BO BO BO BO BO BO BO BO BO BO
Satin B B B B B BO BO BO BO BO BO BO BO BO BO
Room
temperature
Cotton B B B B BO BO B BO B B B BO BO BO BO
Polyester B B B B BO BO BO BO B BO B B,O B,0O NIL NIL
Denim B B B B BO BO BO BO B BO B B,O BO B,O B0

Satin B B B B BO BO BO BO B BO B B,O BO NIL NIL

The above table shows the blood grouping of all the samples kept in different mediums. The blood grouping of all the samples
were done after every alternate day. The technique which was used to do the blood grouping is Absorption-Elution technique.
Initially for all the samples it showed B positive results. Later from day 10" onwards the it started to show B+ and O+ blood
group, almost in all mediums.

a) Underground moist soil medium : Initially it was observed that till day 14™ the blood group was B positive for all the samples
and from day 16™ onwards there was a significant change in blood group, the samples started showing B and O blood group
results. Later from day 22 onwards it was seen that in some of the samples especially polyester and satin showed NIL results
and by day 30 all the samples showed NIL indicating no detectable blood group.
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b) Sunlight Medium :Initially it was observed that till day 8" the blood group was B positive for all the samples. From day 10"
onwards a noticeable change was seen where cotton showed only B positive result where as the other samples i.e. polyester,
denim and satin showed B and O blood group till day 20™ later from day 22 onwards polyester and satin showed NIL results
and, denim and cotton showed B and O blood group.

C) Cold Temperature :It was initially observed that in cold temperature till day 10* all the samples exhibited B blood group.
Then from day 12™ onwards cotton sample showed only B blood group result till day 22 and from day 24" it showed B and
O results, Whereas the other samples showed B and O result till day 30.

d) Room temperature: Initially, it was observed that till day 10" the blood group was B positive for all the samples. From day
12t onwards a change was seen where all samples started showing B and O blood group result which continued. Later from
day 24" onwards, cotton and satin samples showed NIL results which polyester and denim continued to show B and O results
upto day 30.

DISCUSSION

The study emphasises the role of the environmental conditions and fabric type in the forensic analysis of bloodstains.
Fabrics buried in moist soil exhibited rapid discolouration, due to microbial and fungal activity, indicating decomposition.
Whereas exposure to sunlight caused the stain to darken, due to effect of ultraviolet rays which causes breakdown of
haemoglobin. Cold environment helped to maintain the stain colour for a longer period of time by slowing down the biological
and chemical degradation, whereas room temperature conditions resulted in moderate changes in blood stains over time.

Fabric composition also plays an important role in appearance and preservation of bloodstains. Cotton being more
absorbent material it absorbs blood more deeply and showed more significant changes in colour. Whereas polyester and satin,
which does not absorb blood, shows discolouration. Denim fabric showed moderate effect, depending on their material.

The study also emphasizes the ability to identify the blood groups from stains which are exposed to different
environmental conditions. The stains from underground moist soil quickly lost the blood group identity. Exposure to sunlight
decreases the ability to identify the bloodstains due to break down of blood group antigens. In contrast, cold temperatures
helped maintain the detectability of blood groups for more than three weeks and room temperature allowed blood grouping
for up to 24 days, although with minor degradation.

The results from this study provide a valuable insight into how long and how well the blood evidence can be preserved
and analyzed from different types of fabrics exposed to different environmental conditions. Proper collection and preservation
techniques are critical to maintain the evidentiary value of bloodstains.
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