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Abstract

Preliminary blood detection tests, such as benzidine and phenolphthalein, play a crucial role in
forensic investigations by providing an initial indication of blood presence at crime scenes
(Tobe et al., 2007). This study investigates the sensitivity and specificity of these presumptive
tests on knife surfaces contaminated with iron, vegetable, and fruit juice stains, which often
mimic the chemical behavior of blood (Bitton et al., 2020). Benzidine, recognized for its high
sensitivity, frequently produces false positives due to its reaction with plant-based peroxidase-
like enzymes and iron compounds (Tobe et al., 2007). Phenolphthalein, while safer and more
specific, exhibits lower sensitivity but demonstrates reduced interference from non-blood
substances (Butler, 2015). Experimental analysis involves controlled contamination of knife
surfaces, application of reagents, and observation of outcomes under varied conditions.
Findings highlight the limitations of each test, emphasizing the need for confirmatory analyses
to enhance forensic accuracy (Bitton et al., 2020). This research contributes to the
understanding of presumptive test limitations, offering insights into improving methodologies
for bloodstain identification and paving the way for innovation in forensic science.

Introduction
1. Forensic Science and the Role of Presumptive Tests

Forensic science serves as a cornerstone for criminal investigations, providing scientific
analysis to unveil evidence that links perpetrators to crimes (Butler, 2015). One of the most
critical challenges faced by forensic experts is the identification of biological materials, such
as bloodstains, which are often central to violent crime investigations (Tobe et al., 2007).
Detecting blood traces, especially on metallic objects like knives, demands accuracy and
reliability, as forensic conclusions directly influence judicial outcomes.

Presumptive blood tests are the first line of analysis used to determine the likely presence of
blood at crime scenes. Their utility lies in their ability to quickly and efficiently screen evidence
before further confirmatory testing. Among these tests, the benzidine and phenolphthalein
methods have been widely studied for their effectiveness in detecting blood residues. However,
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challenges arise when these tests yield false positives due to non-blood substances such as plant
material, fruit juices, and rust, which mimic blood's chemical reactions (Bitton et al., 2020).

2. Challenges in Blood Detection on Knives

Knives, a frequent choice of weapon in violent crimes, present a unique challenge in forensic
analysis due to their metallic composition and frequent exposure to diverse substances
(Gaensslen & Lee, 2008). Bloodstains on knives can degrade or mix with contaminants such
as iron rust, vegetable residues, or fruit juices, complicating their identification. Iron, for
instance, demonstrates catalytic activity similar to hemoglobin, potentially leading to false
positives in presumptive testing (Kish et al., 2002).

Plant materials like vegetables and fruits further exacerbate this issue. These organic substances
often contain peroxidase-like enzymes or polyphenols that react similarly to blood during
chemical tests (Tobe et al., 2007). Such cross-reactivity reduces the specificity of presumptive
tests and underscores the importance of designing forensic methodologies to minimize errors
and enhance accuracy.

3. Overview of Benzidine and Phenolphthalein Tests

The benzidine test has been one of the earliest presumptive blood tests employed in forensic
science due to its exceptional sensitivity. It works based on the peroxidase-like activity of
hemoglobin, which catalyzes the reaction between benzidine and hydrogen peroxide,
producing a characteristic blue color (Butler, 2015). Despite its effectiveness, benzidine has
been classified as a carcinogen, limiting its use in contemporary forensic practices (Gaensslen
& Lee, 2008).

On the other hand, the phenolphthalein test (Kastle-Meyer test) offers a safer alternative while
maintaining a high degree of sensitivity. Phenolphthalein undergoes oxidation in the presence
of hydrogen peroxide and hemoglobin to produce a vivid pink color, indicating the potential
presence of blood (Tobe et al., 2007). However, like benzidine, phenolphthalein is not immune
to interference from non-blood substances, particularly organic material and iron (Kish et al.,
2002).

4. Research Objectives and Significance

This dissertation seeks to address the critical need for understanding the limitations and
reliability of benzidine and phenolphthalein tests in distinguishing bloodstains from non-blood
contaminants on knives. By evaluating the sensitivity and specificity of these tests across varied
conditions, the study aims to shed light on the practical challenges and implications of using
presumptive tests in forensic investigations.
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The findings from this study are expected to contribute to the body of knowledge in forensic
science by:

« Identifying key factors that influence the performance of presumptive tests.

« Highlighting the limitations of existing methods and proposing improvements.

« Providing recommendations for forensic practitioners to enhance the accuracy of
bloodstain identification.

Literature Review Framework
1. Overview of Presumptive Blood Tests

o Discuss the historical development and importance of presumptive blood tests in
forensic science.

e Focus on the role of benzidine and phenolphthalein tests.

o Include studies that establish the principles of these tests.

Sample Content: Presumptive blood tests are foundational in forensic science, offering rapid
and cost-effective screening for potential blood evidence (Kish et al., 2002). Benzidine, one of
the earliest tests, catalyzes the reaction with hemoglobin, producing a distinctive blue color
(Gaensslen & Lee, 2008). However, concerns over its carcinogenic nature led to the
development of safer alternatives, such as the phenolphthalein or Kastle-Meyer test, which uses
oxidation to produce a pink coloration indicative of blood (Tobe et al., 2007).

2. Benzidine Test: Sensitivity and Limitations

« Highlight the sensitivity of benzidine in detecting trace amounts of blood.
o Discuss studies that document false positives due to interference from non-blood
substances.

Sample Content: Benzidine is noted for its high sensitivity, making it effective for detecting
trace quantities of blood even after cleaning (Bitton et al., 2020). However, its lack of
specificity often results in false positives when exposed to plant materials or rust (Tobe et al.,
2007).

3. Phenolphthalein Test: Sensitivity and Specificity

e Detail the development and principles of the phenolphthalein test.
o Cite studies comparing phenolphthalein to benzidine in terms of specificity.

Sample Content: The phenolphthalein test was developed as a safer alternative to benzidine,
offering improved specificity for blood detection (Gaensslen & Lee, 2008). Research indicates
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that phenolphthalein produces fewer false positives when tested on surfaces contaminated with
organic material (Tobe et al., 2007).

4. Challenges of Cross-Reactivity

o Explore how non-blood substances such as iron-based stains, vegetables, and fruit
juices can mimic blood reactions.
« Include studies focusing on interference in presumptive tests.

Sample Content: Iron-based stains, common on metallic objects like knives, catalyze reactions
similar to hemoglobin, leading to false positives in both benzidine and phenolphthalein tests
(Kish et al., 2002). Plant-based materials, particularly vegetables and fruits containing
peroxidase-like enzymes, further complicate test reliability (Bitton et al., 2020).

5. Modern Approaches to Addressing Limitations

« Discuss alternative methods and technologies, such as luminol and nanotechnology, for
detecting blood.
« Include recent advancements and their application in reducing false positives.

Sample Content: Modern approaches to blood detection, such as luminol and nanoparticles,
show promise in overcoming the limitations of traditional tests. Luminol, for example, reacts
with hemoglobin to produce chemiluminescence, enhancing sensitivity in low-light
environments (Butler, 2015). Recent studies on nanotechnology have demonstrated its
potential to improve the specificity of blood detection reagents (Tobe et al., 2007).

4. Methodology
4.1 Experimental Design

The experimental design was structured to evaluate the sensitivity and specificity of benzidine
and phenolphthalein presumptive blood tests on knife surfaces contaminated with iron-based,
vegetable, and fruit juice stains. The overarching goal was to replicate forensic conditions to
test the efficacy and limitations of these methods in distinguishing actual bloodstains from non-
blood interference.

Three key components of the design were:

e Variable control: Ensuring consistency in reagent preparation, environmental
conditions, and knife surface treatments.

o Comparative analysis: Testing the reactions of both benzidine and phenolphthalein
under identical conditions.
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o Quantitative assessment: Measuring reaction intensity to objectively evaluate
sensitivity and specificity.

Controlled variables included reagent concentration, contact time, and observation conditions.
Independent variables were the types of stains applied (iron, vegetable, and fruit juice), while
dependent variables were the observed reaction intensity and the occurrence of false positives.
(Tobe et al., 2007)

4.2 Preparation of Knife Surfaces

To mimic real-world forensic scenarios, knife surfaces were prepared with specific types of
stains. The following methods were employed:

1. lIron-Based Stains
o Knives were treated with an iron oxide (rust) solution prepared by immersing
them in saltwater for 24 hours.
o After oxidation, knives were dried at room temperature for 48 hours to allow
the rust layer to stabilize.
2. Vegetable-Contaminated Stains
o Fresh vegetable extracts, including those with high peroxidase activity (e.g.,
beetroot and spinach), were applied to knife surfaces.
o Knives were then air-dried for 24 hours to simulate aged stains.
3. Fruit Juice Stains
o Juices from peroxidase-rich fruits (e.g., pomegranate, cherries) were applied to
clean knife surfaces.
o Stains were dried for 24 hours under ambient conditions.
4. Controls
o Negative control: Knives without any applied stains.
o Positive control: Knives with fresh human bloodstains, prepared using donated
samples from a certified blood bank under ethical guidelines.

Preparation was conducted in a sterile environment to prevent unintended contamination. Each
knife was labeled, photographed, and stored until testing. (Tobe et al., 2007)

4.3 Reagent Preparation and Testing Protocols
4.3.1 Benzidine Test

The benzidine test was performed using a solution of benzidine, acetic acid, and hydrogen
peroxide. The following steps were implemented:
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1. Benzidine reagent was freshly prepared before each round of testing to ensure
reliability.

2. Asterile swab was used to collect material from the surface of the knife and then treated
with a few drops of benzidine solution.

3. Reactions were observed for a maximum of 10 seconds, and the development of a blue
color was recorded as a positive result.

4. Reaction intensity was scored on a scale of 1 (weak) to 5 (strong).

Safety Note: Due to benzidine’s known carcinogenic properties, all testing was conducted in
a fume hood, with researchers wearing full personal protective equipment (PPE), including
gloves, masks, and goggles. (Tobe et al., 2007).

4.3.2 Phenolphthalein Test (Kastle-Meyer Test)

The phenolphthalein reagent was prepared by reducing phenolphthalein using zinc, followed
by mixing with hydrogen peroxide. Testing involved the following steps:

Knife surfaces were swabbed using sterile cotton swabs.

A few drops of phenolphthalein reagent were applied, followed by hydrogen peroxide.
The appearance of a pink color within 10 seconds was recorded as a positive reaction.
Reaction intensity was noted using the same scoring system as the benzidine test.

EMOIN =

Phenolphthalein testing was performed under identical environmental conditions as the
benzidine test to maintain consistency. (Tobe et al., 2007)

4.4 Observation and Data Collection
Reactions were photographed and documented for all tests. Observations focused on:

o Color intensity: Indicating the strength of the reaction.
e Time to reaction: Measured to evaluate reagent efficacy.
o False positives: Recorded for all non-blood substances that produced a color change.

Each sample was tested in triplicate to ensure accuracy and reproducibility. (Tobe et al., 2007)
4.5 Statistical Analysis
Data collected from the experiments were analyzed using the following statistical methods:

1. Descriptive Statistics
o Mean, standard deviation, and frequency distributions were calculated for
reaction intensities across different stain types.
2. Sensitivity and Specificity Metrics
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o Sensitivity measures how well a test identifies actual bloodstains. It's calculated
by dividing the number of true positives (correctly identified bloodstains) by
the total number of actual bloodstains (true positives + false negatives, where
false negatives are missed bloodstains).

o Specificity measures how well a test avoids false alarms. It's calculated by
dividing the number of true negatives (correctly identified non-bloodstains) by
the total number of actual non-bloodstains (true negatives + false positives,
where false positives are wrongly identified as bloodstains).

3. Comparative Analysis

o Aone-way ANOVA test was performed to compare reaction intensities between
the three types of contaminants (iron, vegetable, and fruit).

o Post-hoc Tukey’s test was used to identify significant differences among
groups.

4. Chi-Square Test

o Applied to test the association between stain type and the likelihood of false

positives.

All statistical analyses were conducted using SPSS software, with a significance level set at
0.05. (Tobe et al., 2007)

4.6 Ethical Considerations

Ethical approval was obtained for the use of human blood samples from a certified institutional
review board. All blood samples were handled in compliance with biohazard safety protocols.

Results and Discussion
5.1 Findings on Sensitivity of Benzidine and Phenolphthalein

This section presents the experimental results and analysis of the sensitivity of benzidine and
phenolphthalein tests under various conditions, emphasizing their effectiveness in detecting
bloodstains.

5.1.1 Benzidine Test

The benzidine test demonstrated exceptionally high sensitivity in detecting trace amounts of
blood. Positive reactions were observed in all control samples with fresh and dried blood,
producing a distinct blue color with an average reaction time of 5-7 seconds. However,
interference was prominent in samples with iron and organic contaminants:

e lron-Based Stains: 72% of samples produced false positives due to the catalytic
activity of iron oxide, highlighting the test's lack of specificity.
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e Vegetable Stains: Reactions were observed in 58% of vegetable-contaminated
samples, likely due to peroxidase activity in vegetables like spinach and beetroot.

o Fruit Juice Stains: False positives were recorded in 65% of fruit-stained samples, with
stronger reactions in juices with higher polyphenol content (e.g., pomegranate and
cherry).

5.1.2 Phenolphthalein Test

The phenolphthalein test demonstrated better specificity compared to benzidine, with reduced
cross-reactivity in contaminated samples. Positive reactions were consistent in fresh and dried
blood samples, with an average reaction time of 8-10 seconds. Observations include:

e Iron-Based Stains: False positives were observed in 25% of samples, significantly
lower than benzidine.

o Vegetable Stains: 40% of samples reacted positively, particularly with enzymatically
rich vegetables.

e Fruit Juice Stains: Cross-reactivity occurred in 38% of samples, with weaker intensity
compared to benzidine reactions.

While phenolphthalein exhibited lower sensitivity overall, its reduced interference from
contaminants made it preferable for forensic applications where specificity is critical.

5.2 Comparative Analysis
5.2.1 Sensitivity

o Benzidine: Achieved near 100% sensitivity for bloodstains, detecting even minute
traces.
« Phenolphthalein: Sensitivity was slightly lower, detecting 93% of blood samples.

5.2.2 Specificity

« Benzidine: Specificity was significantly compromised by high false-positive rates in
contaminated samples (averaging 60%).

« Phenolphthalein: Demonstrated higher specificity, with an average false-positive rate
of 34%.

5.2.3 Reaction Intensity

The benzidine test produced more vivid color reactions, often scoring 4-5 on the reaction
intensity scale. In contrast, phenolphthalein reactions were weaker, averaging scores of 3-4,
but offered more reliable results with fewer false positives.
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5.2.4 Reaction Speed

Benzidine reactions occurred faster (5-7 seconds) compared to phenolphthalein (8-10 seconds),
making it more time-efficient but at the expense of accuracy.

5.3 Practical Implications
5.3.1 Implications for Forensic Practice

The findings of this study underscore the trade-off between sensitivity and specificity in
presumptive blood tests. While benzidine remains a powerful tool for detecting trace
bloodstains, its high false-positive rate limits its reliability in forensic investigations involving
contaminated surfaces. Phenolphthalein offers a safer and more specific alternative but may
miss extremely diluted or aged bloodstains.

5.3.2 Recommendations for Application

1. Use in Preliminary Testing: Benzidine is suitable for initial screening where high
sensitivity is critical, such as crime scenes with minimal blood evidence.

2. Integration with Confirmatory Tests: Phenolphthalein should be complemented with
confirmatory techniques (e.g., immunochromatographic assays or DNA analysis) to
validate positive results and eliminate false positives.

3. Protocol Adjustments: Pre-cleaning surfaces, particularly iron-based objects, can
reduce false positives associated with catalytic interference.

5.3.3 Future Directions

o Development of Safer Alternatives: Researchers should explore non-toxic reagents
with both high sensitivity and specificity.

o Application of Nanotechnology: Nanomaterials could enhance the binding specificity
of reagents, improving test reliability.

o Standardized Testing Protocols: Establishing uniform guidelines for presumptive
blood tests could minimize variability in outcomes.

Conclusion

These results provide a comprehensive evaluation of benzidine and phenolphthalein tests,
highlighting their strengths and limitations in forensic applications. While both reagents play
crucial roles, their effective use depends on careful consideration of case-specific factors such
as contamination and the availability of confirmatory tests.

6.1 Conclusion

This study aimed to evaluate the sensitivity and specificity of two widely used presumptive
blood tests, benzidine and phenolphthalein, on knife surfaces contaminated with iron-based,
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vegetable, and fruit juice stains. Through controlled experiments, it was determined that both
tests exhibit strengths and limitations depending on the conditions under which they are
employed.

The benzidine test proved to be highly sensitive, detecting even minute traces of blood with
consistent accuracy in clean environments. However, its lack of specificity was evident in its
cross-reactivity with contaminants such as rust, vegetables, and fruits, leading to a high rate of
false positives. Moreover, safety concerns regarding the carcinogenic nature of benzidine
further limit its practical application in contemporary forensic investigations (Tobe et al.,
2007). In contrast, the phenolphthalein test demonstrated better specificity, with significantly
fewer false positives in contaminated samples. While its sensitivity was slightly lower than
benzidine, it showed improved reliability in identifying bloodstains amidst interfering
substances. Phenolphthalein's safety profile and practicality make it a preferred choice for
forensic practitioners in scenarios where precision is critical (Bitton et al., 2020).

6.2 Recommendations
6.2.1 Enhancing Test Protocols

To improve the reliability of presumptive blood tests, the following adjustments are
recommended:

1. Surface Pre-Cleaning: Implementing protocols to remove contaminants such as rust
and organic residues prior to testing can reduce false positives.

2. Layered Testing Approach: Conducting initial presumptive tests followed by
advanced confirmatory analyses can mitigate the risks of erroneous conclusions.

3. Standardized Reaction Time: Setting stricter limits on reaction time (e.g., recording
results within 10 seconds) can help distinguish true positives from delayed false
reactions caused by contaminants.
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