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The Toolbox Teachers Guide was developed to provide information on how to 

implement the Forensic Science activities in the classroom. 

This teacher's guide contains three main chapters to be used with students in grades 

9 to 12. These chapters’ help students better understand the nature of the various 

forensic disciplines (blood analysis, fingerprints, botany, entomology, DNA analysis, 

toxicology, and general forensics) as they think critically about authentic situations. 

These chapters will help students learn to apply the skills used by forensic specialists to 

observe, recover, analyse, identify and explain evidence.  

Each chapter includes:  

 Objectives that introduce the topics covered, helping you focus on what you 

should have learned by the end of the chapter;  

 An introduction about the theme;  

 Suggestion of case studies, that provide real-life examples of forensic 

science in action; 

 Activities associated to that theme.  

For each chapter, you will find the following symbols that associate the chapter to 

a subject of study. 

 

 

This guide was developed to be used with the Toolbox. 

In order to help you apply this guide, three fictitious cases are presented that may 

be used in accordance with the different activities proposed. 
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In the kitchen of a ground floor house, a victim was found lifeless: a 27 year old man. 

In the early morning, the neighbour across the street knocked on the door to borrow 

something and found it slightly opened. He opened it, calling for the lady of the house, 

Ms. Josefina, but got no answer. When he was about to leave the house, he noticed red 

spots on the kitchen door. Apprehensive, he moved forward and found the lifeless victim 

on the floor. The neighbour left the house and immediately called the police. 

The victim lived with his mother, who divorced the father, Mr. Charles, a few years 

ago. Mr. Charles lives nearby and used to see his son often, although their relationship 

was never good. 

At the crime scene, the medical examiner found that the victim had injuries to the 

head, made by an object, and determined the probable time of death was at 23h45. 

Around the body are several pools of blood and signs of fighting were verified (defensive 

injuries). 

The " CSI team " signalled and packed various objects to send for analysis: samples 

of blood stains found on the floor (Evidence#1) and on the kitchen door (Evidence#2); a 

hammer that was behind the kitchen door (Evidence#3); a knife that was on the kitchen 

table (Evidence#4) and a towel found under the bench near the kitchen sink 

(Evidence#5). All objects had red spots. Fingerprints were found on the knife and 

hammer. In total, two different fingerprints were taken, and after processing them, it 

was determined that one matched the victim and the other did not. 

All across the room, the “CSI team” found signs of disorder, pointing towards theft 

or the search for something particular that could be of interest. However, nothing was 

missing. The suspects are: the father, whose relationship with his son was conflictual 

(Suspect 1); the mother, who was being medicated for suffering from schizophrenia and 

who apparently did not take the medication regularly (Suspect 2); and a cousin, who had 

robbed the house more than once, but only stole things of reduced value (Suspect 3). 
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In the locker room of a sports facility, a 23 years old athlete was found dead at 8:40 

am, when an employee went to open the pavilion and start the daily cleaning. The victim 

was found face down and wearing the clothes she used for training. 

Some colleagues commented that she was preparing for a demanding competition 

which would be held in two weeks. The inspectors decided to do a search in her locker 

and in her home. They did not find anything suspicious at home, but in the locker they 

found a box with several substances and stuck to the locker door a piece of tissue 

(Evidence#6) that would have to be sent for analysis. 

In the athlete's sport bag, blank sheets (some folded and others torn) were found 

with only her name on them (Evidence#7) and a black pen (Evidence#8). Experts sent 

the sheets to the laboratory for further analysis and found some threatening messages 

addressed to the victim, as well as fingerprints from the victim and another person. 

In the autopsy room, the medical examiner made toxicological blood tests 

(Evidence#9) and confirmed the presence of a substance in quantities considered lethal. 

Interviews were made to the victim’s parents, three competition colleagues and the 

coach, known to take the athletes he trained to the limit. Some of the athletes, when 

asked about the coach, assumed a defensive posture without revealing many details, 

which raised the Police Inspector’s suspicions.  

Toxicological analyses were made to the three athletes in order to determine the 

presence of illegal substances (Evidence#10). Later they found illegal substances and a 

black pen (Evidence#11) in the coach's personal locker which led to the analysis of his 

fingerprints. 

  



Storyline 

Page | 8  
 

 

  



Introduction 

Page | 9  
 

 

 



Introduction 

Page | 10  
 

Forensic Science (often abbreviated to Forensics) is the 

practical application of scientific methods and tools to 

investigate crimes and bring suspects to trial. The term 

“Forensic” comes from the Latin word forensus meaning 

“of the forum”. In ancient Rome, the forum was the 

courthouse, where people debated matters of law in a 

public meeting place.  

Real-life criminal investigation is almost never as fast 

and easy as it looks on TV shows and movies. On television, 

Deoxyribonucleic acid (DNA) tests are completed almost 

instantly, but in reality they can take days, weeks, or even 

months. The investigators who works in crime labs, 

examining evidence from crime scenes, do not always 

come up with the “perfect match” to a fingerprint or a 

strand of hair.  

 

Fascination with forensics explains the popularity of many TV shows, movies, and 

books, but crime and science have been linked for a long time.  

 

The history of forensic science dates back thousands of 

years and one of the first sciences used was fingerprinting. 

The first application of fingerprints was in ancient Babylon 

(Pre-700 BC) where these were used on clay tablets for 

Did You Know? 
The world’s first 

forensic laboratory was 

the creation of Edmond 

Locard, one of the 

pioneers of forensic 

science. Locard 

became known as the 

"Sherlock Holmes of 

France". 

 

 

Figure 1 – Ancient seal with a 
fingerprint. 
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business transaction (Figure 1). In 1686, Marcello 

Malpighi noted for the first time the ridges, spirals and 

loops in fingerprints. 

However, fingerprints weren't used as a method 

for identifying criminals until the 19th century. In 1892, 

Sir Francis Galton published the book “Finger Prints”, 

establishing the individuality of fingerprints and a first 

classification system. In 1896, Sir Edward Richard 

Henry, commissioner of the metropolitan Police of 

London, developed the fingerprint classification 

system (based on the direction, flow, pattern and 

other characteristics in fingerprints) that would later be used in Europe and North 

America. In 1910, Edmond Locard set up the first Forensic Lab in Lyons, France, and 

formulated the “Locard´s Exchange Principle”: the theory that when a criminal comes in 

contact with an object or person, a cross-transfer of evidence occurs and the criminal 

either removes something from the crime scene or leaves something behind. Eight years 

later, in 1918, Edmond Locard suggested 12 matching points as positive fingerprint 

identification. In 1977, the FBI introduced the beginnings of Automated Fingerprint 

Identification System (AFIS) with the first computerised scans of fingerprints. 

 

Another old field of the Forensic Science is Entomology. The first documented 

forensic entomology case was reported by the Chinese lawyer and death investigator 

Sung Tz’u in 1235. He describes the case of a stabbing using a stickle near a rice field. All 

those in the village who owned a sickle were ordered to bring them out and lay them in 

the sun. Flies gathered on one particular sickle, identifying it as the murder weapon.  

 Figure 2 – Sir Francis Galton, 
considered the “Father 
of Fingerprinting”. 
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Until the 1700s, convictions associated with 

homicidal poisoning were based only on circumstantial 

evidence rather than the identification of the actual 

toxicant within the victim. In 1781, Joseph Plenic stated 

that the detection and identification of the poison in the 

organs of the deceased was the only true sign of 

poisoning. Years later, in 1814, Mathieu Orfila (considered 

the “Father of the Toxicology”), published the first 

complete work on the detection of poisons and legal 

medicine. Another break through was in 1836, when the 

English chemist James Marsh discovered an accurate way to detect arsenic in the body, 

known as the Marsh Test, and was the first to use toxicology in a jury trial.  

 

Human blood also became part of Forensic 

Science, when Karl Landsteiner, in 1901, discovered 

that human blood could be grouped into different 

categories (A, B, AB and O). With his discovery of the 

blood groups and the development of the ABO system, 

Landsteiner won the Nobel Prize. In 1915, Leone Lattes 

published a work that illustrated the forensic value of 

the then new technique for ABO typing bloodstains. 

Although published 15 years after Landsteiner first described the ABO blood groups 

system in humans, this work is the first report of ABO typing of dried blood for forensic 

purpose.  

Even before the discovery of the ABO system, the German scientist Schönbein, in 

1863, first discovered the ability of haemoglobin to oxidise hydrogen peroxide. This 

results in the first presumptive test for blood. In 1937, Walter Specht developed the 

chemiluminescent reagent Luminol as a presumptive test for blood. 

Figure 3 – Mathieu Joseph 
Bonaventure Orfila. 

 Figure 4 – Karl Landsteiner, the 
“Father of Immunology”.  
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Forensic Ballistics is another important area of Forensic 

Science. Henry Goddard was the first person to use physical 

analysis to connect a bullet to the murder weapon in 1835. The 

comparison was based on a visible flaw in the bullet, traced back to 

a mould. Bullet examination became more precise in the 1920s, 

when the physician Calvin Goddard created the comparison 

microscope to help determine which bullets came from which shell 

casings. In the 1970s, a team of scientists at the Aerospace 

Corporation in California developed a method for detecting 

gunshot residue using scanning electron microscopes. Recently was 

developed an automated imaging system called the Integrated 

Ballistics Identification System for comparison of the marks left on 

fired bullets, cartridge cases and shell casings. 

 

The identification of the structure of 

DNA by James Watson and Francis Crick in 

1953, brought a tremendous change in 

criminal justice.  

DNA profiling, as we know it today, 

was developed thanks to two 

independent breakthroughs in molecular 

biology that occurred at the same time. In 

1983, Kary Mullis discovered the polymerase chain reaction (PCR) and in 1985, Sir Alec 

Jeffreys discovered a method of identifying individuals from DNA, called DNA 

fingerprinting. DNA profiling was originally developed as a method of determining 

paternity, to determine whether two individuals have a biological parent–child 

relationship. In 1986, the England police asked Alec Jeffreys, who had begun 

investigating the use of DNA for forensics, to use DNA to verify the confession of a 17 

Figure 5 – Coronel 
Calvin Hooker Goddard 
with Comparison 
Microscope. 

 Figure 6 – Professor Sir Alec John Jeffreys, a British 
geneticist.  
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year-old boy in two rape-murders in the English Midlands. The tests proved the teenager 

was in fact not the perpetrator and the actual attacker was eventually caught. In 1995, 

the world’s first national DNA database began operations in the UK. Since the advent of 

DNA testing in 1985, biological material (skin, hair, blood and other bodily fluids) has 

emerged as the most reliable physical evidence at a crime scene.  

 

Forensic science is multidisciplinary, including a wide range of subspecialties that 

are used in the traditional sciences. Forensic Science must be understood as the set of 

all scientific and technical knowledge that are used in legal questions of criminal or civil 

nature. The most common forensic science areas are: Biology, Toxicology, Chemistry, 

Pathology, Fingerprints and Ballistics. However, there are other areas of expertise that 

can complement one investigation, such as Anthropology, Odontology, Entomology, 

Botany, Computer, Bloodstain pattern analysis, Psychology and Document Analysis. In 

Table 1, there is a brief description of some forensic areas. 

 

Table 1 – Fields of the Forensic Science. 

Areas Description 

Forensic Anthropology  

The application of physical anthropology in a legal setting, 

usually for the recovery and identification of skeletonized 

human remains. 

Forensic Odontology 

Study of the uniqueness of dentition, better known as the 

study of teeth. Forensic odontologists can identify human 

remains that cannot be identified using other methods, 

identify bodies from plane crashes, determine the source of 

bite mark injuries and estimate the age of skeletal remains. 

Forensic Entomology 

The examination of insects in, on and around human 

remains, to assist in the determination of time or location 

of death.  

Forensic Pathology 
Focuses on determining the cause of death by examining a 

cadaver or an injury in the context of a legal inquiry. 
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Forensic Biology 

The application of biological analysis methods, particularly 

DNA analysis, to legal investigations. DNA analysis involves 

the investigation of bodily fluids that can be found at a 

crime scene, particularly blood, semen, saliva. 

Forensic Botany 

The study of plants and plant remains in the context of a 

criminal investigation. This area includes the analysis of 

wood, fruit, seed, branches, leaves, plant hairs, pollen, 

spores, and algae cells.   

Computer Forensic 

Also known as digital forensics, includes the recovery and 

investigation material found on digital devices, with the 

purpose of identifying, preserving, recovering, analysing 

and presenting facts about the digital information. 

Bloodstain pattern analysis 

The analysis of bloodstains can provide vital clues as to the 

occurrence of events. The successful interpretation of 

bloodstain patterns may provide clues as to the nature of 

the crime, the possible sequence of events, any disturbance 

to the scene that may have occurred, and even the position 

of individuals and objects during the incident.  

Forensic chemistry 

The application of chemistry to law enforcement. Many 

different analytical methods may be used to reveal what 

chemical changes occurred during an incident, and so help 

reconstruct the sequence of events. 

Forensic Psychology 

The intersection between psychology and the justice 

system. It involves understanding fundamental legal 

principles, particularly the witness testimony. 

Ballistics 

The science of mechanics that deals with the launching, 

flight, behaviour, and effects of projectiles, especially 

bullets, gravity bombs or rockets. 

Fingerprints 
The detailed study of existing dermopapilares drawings in 

digital extremities.  

Forensic toxicology 

A set of multiple areas beyond toxicology (such as analytical 

chemistry, pharmacology and clinical chemistry) to aid 

medical or legal investigation of death, for example in cases 

of poisoning and drug abuse. 

Documents Analysis 

The study of handwriting, typewriting, imprinted 

documents, alterations, ink, paper, and writing instruments. 

The primary aim is to gain as much information regarding 

the document as possible without damaging or altering the 

document if possible. 
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Blood left at a crime scene can be analyzed 

in several ways by a criminal investigator.  

With the discovery of the ABO system by 

Landsteiner in 1901, knowledge in human blood 

identification has expanded significantly. Since 

more than one person has the same blood type, 

blood typing may provide evidence that can be linked with a group of people, but not a 

specific individual. With the introduction of DNA typing technologies in the 1980s, and 

as white blood cells contain DNA, an individual bloodstain can now be identified through 

genetic variation at a molecular level. 

Bloodstains often constitute the major physical evidence in crime investigation and 

are frequently found at different sorts of crime scenes, for example, homicide, hit-and-

run, assault, robbery and burglary. In examining blood evidence, the questions which 

the forensic scientist must answer are: Is it blood? Is it human? Whose blood is it?  

 

Objectives 

With this chapter you will be able to: 

 Describe the composition of blood 

 Explain the functions of blood cells 

 Describe how to detect for the presence of blood 

 Describe how to determine the blood type of a sample 

 Conduct a blood-spatter analysis 

 Use blood-spatter evidence to recreate the events at a 

crime scene 

Figure 7 – Karl Landsteiner. 
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Blood is a complex fluid tissue and consists of two main 

components: plasma and formed elements (Figure 8). Plasma is 

similar to salt water in composition, with a mixture of dissolved 

proteins, salts and other chemicals. There are three main types of 

formed elements (also called blood cell) that perform different 

functions: red blood cells (erythrocytes) that carry respiratory 

gases, mainly oxygen and carbon dioxide; white blood cells 

(leukocytes) that fight infection, remove dead/dying cells and 

destroy cancer cells; and platelets (thrombocytes) that aid in 

blood clotting and are involved in repairing damaged blood 

vessels.  

 

Blood typing is the classification of blood based on the 

presence or absence of antigenic substances on the surface 

of red blood cells (erythrocytes). Before DNA testing, blood 

typing was used as a method to match or exclude a certain 

suspects from a crime scene, by examining antigen-antibody 

reactions.  

The ABO blood type classification system uses the 

presence or absence of the A and B antigens to categorize 

blood essentially into four groups:  A, B, AB and O (Table 2). 

Besides the research of the A and B antigens it can also be determined the Rhesus factor, 

or Rh factor, that is examined by the presence or absence of the Rh protein. Each blood 

type is either Rh positive (Rh+) if it has the Rhesus antigens, or Rh negative (Rh-) if it 

doesn’t have the antigens. The study of these two characteristics enables more precise 

blood identification. 

 

 

Did You Know? 

The rarest blood type is 

AB (Rh -) and most 

people, about 85%, 

have the Rhesus 

antigens. 

Figure 8 – Composition 
of human blood. 
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Table 2 – ABO blood groups. 

Group Antigens Present Antibodies Present 

Group A Only the A antigen on red cells B antibody in the plasma 

Group B Only the B antigen on red cells A antibody in the plasma 

Group AB Both A and B antigens on red cells Neither A nor B antibody in the plasma 

Group O Neither A nor B antigens on red cells Both A and B antibody are in the plasma 

 

Blood type tests are used to identify the type of blood, for example before a person 

gets a blood transfusion, to check a pregnant woman's blood type, to see if two people 

are likely to be blood relatives or  to determine the blood type of a specimen found at a 

crime scene.  

In a crime scene, if the blood type of a suspect is different than the one detected at 

the scene, this person probably did not commit the crime. But if a suspect’s blood type 

is the same as the one found at the scene, then this person may be the criminal. At that 

point, only a DNA test can confirm whether any of the remaining suspects is the actual 

criminal. 

In a large crime scene area and sometimes on a “cleaned up” surface, it may not be 

immediately obvious where to begin looking for occult bloodstains and occasionally it is 

difficult to see them with the naked eye. In these cases, it is necessary to use chemical 

tests to reveal their presence. 

In forensic laboratories there are two main types of tests to identify blood: 

Presumptive tests and Confirmatory tests. The Presumptive blood tests indicate the 

possibility of blood, but only confirmatory tests allow for the conclusion that blood is 

present. Presumptive blood tests, such as Luminol and Kastle-Meyer, are usually based 
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on the color change or chemiluminescence of a particular reagent when it comes into 

contact with the hemoglobin in blood. The confirmatory tests are necessary for the 

possibility of false positives with the presumptive tests and to determine the species 

origin based on antigen/antibody interactions. 

  

Luminol is a chemical that under certain conditions will 

exhibit a chemiluminescent blue light, when mixed with an 

appropriate oxidizing agent, such as hydrogen peroxide. 

Luminol is used as a presumptive test to detect trace 

amounts of blood left at crime scenes, as it reacts with iron 

found in hemoglobin.  

Luminol is highly sensitive to the presence of small 

traces of blood, yielding positive results at dilutions as high 

as 100 000 000:1. However, this high sensitivity is 

accompanied by low selectivity. Many materials such as 

laundry bleach, many food items, iron and other metals 

produce false positive reactions that are indistinguishable 

from positive results caused by actual blood. 

Luminol, at least in aqueous solution, is considered non-

destructive and does not interfere with subsequent DNA analysis. 

 

 
 

Did You Know? 

In a 1937 paper, the 

German chemist 

Walter Specht was the 

first to suggest the use 

of Luminol as a 

presumptive test for 

forensic blood 

detection. 
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The Kastle–Meyer or phenolphthalein test is another 

presumptive blood test, which uses an alkaline 

phenolphthalein solution to detect the possible presence 

of hemoglobin. The Kastle-Meyer test is a catalytic color 

test that will produce a bright pink color, when 

phenolphthalein and hydrogen peroxide react with the 

iron molecules in hemoglobin. 

This test is nondestructive to the sample, which can be 

further used in laboratory tests, since a small amount of 

blood sample is collected with a swab. 

When a wound is inflicted and blood leaves the body, a blood-spatter pattern may 

be created. A single stain or drop of blood does not constitute a spatter; however, a 

grouping of bloodstains constitutes a bloodstain pattern.  

The physical nature of bloodstains can contain valuable information. Bloodstain 

patterns are initially visually examined to evaluate the physical characteristics of the 

stains, including size, shape, distribution, location, and concentration. Based on these 

characteristics, forensic scientists are able to determine possible causes or scenarios 

responsible for creating the particular pattern. Blood patterns are useful for the 

reconstruction of events, and this kind of reconstruction can be very helpful in an 

investigation.  

 

When blood is hit by an object, droplets are dispersed through the air. When these 

droplets strike a surface, the shape of the stain changes depending on the amount of 

force, the direction of travel, the angle of impact, the distance travelled and type of 

Did You Know? 
The Kastle-Meyer test 

was introduced in 1901 

by Kastle and improved 

in 1903 by Meyer. 
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surface. Generally, the stain shape will vary from circular to elliptical, with tails or spines 

extending in the direction of travel.  

Shape is one a bloodstain’s main sources of information. Careful analysis of a 

bloodstain shape will allow the crime scene investigator to determine the direction from 

which the blood originated.  

A drop of blood that falls on a flat surface will not be totally flat – the blood drop 

will have a curved surface. The reason for this shape is the cohesive nature of blood. 

Blood tends to pull together because of cohesive forces that resist from flattening out 

on a surface. The result is that the surface of the blood is elastic, giving the top of the 

blood spatter a spherical appearance. If any of the blood does overcome cohesion and 

separates from the main droplet of blood, it will form small secondary droplets known 

as satellites. 

 

 

The size or diameter of a bloodstain produced by a free-falling drop of blood 

increases with the distance from which it has fallen –  the higher the droplet falls, the 

larger the diameter of the bloodstains and number of droplet satellites. If two similar 

sized droplets fall from different heights, the resulting stains have different sizes as the 

velocity of the droplet will be greater the longer the droplet is airborne (until it reaches 

terminal velocity). In any fall above 2 meters, there is little change in the diameter of the 

blood spot. 

 

 

The size and appearance of bloodstains depends on the force that was used to 

create them. When an object comes into contact with blood, the force of the object 

moves the blood. There are three basic categories of stain groups based on the size of 

the bloodstain compared with the amount of force that acts on the blood to produce 

the pattern.  
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1) Low-Velocity Impact Blood Spatter  

Low-velocity is usually the result of dripping blood. The force of impact is 1, 5 

meters per second or less, and the resulting stain is relatively large, usually 4 

mm in diameter or greater. 

2) Medium-Velocity Impact Spatter  

Medium-velocity is considered when a source of blood is subjected to a force 

of 5 to 50 meters per second. The resulting stains range from 1 to 4 mm in 

diameter.  

3) High-Velocity Impact Spatter 

High-velocity bloodstains are created when the source of blood is subjected to 

a force with a velocity greater than 50 meters per second. The resulting stain is 

predominantly less than 1 mm in diameter although smaller and larger stains 

may be observed.  

 

 

The angle at which a blood droplet 

strikes a surface can help determine where 

it came from. The angle of impact is the 

acute angle that is formed between the 

direction of the blood drop and the surface 

it strikes (Figure 9). This is an important 

measure because it is used to determine 

the area of convergence and area of origin.  

The shapes of the spatter stains are 

affected by the angle of impact. When a 

blood drop vertically lands on a surface perfectly, or at a 90° angle, a circular parent 

stain is formed (width and length are equal). As the angle of impact decreases, the drop 

of blood gets longer, with an elliptical appearance (longer and thinner), and develops a 

“tail”. The tail of the droplet is an important tool when reconstructing bloodstain 

Figure 9 – Blood drop elongation, demonstrating 
the angle of impact.  
Source: HowStuffWorks 

©HowStuffWork

s 
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patterns because it will indicate the direction of travel of the droplet when it contacted 

the surface i.e. the opposite direction from where the droplet originated from. 

 

The location of the source of blood 

can be determined if there are at least 

two drops of blood spatter. By drawing 

lines (lines of convergence) from the 

centre of the long axis of each 

individual bloodstain and extended 

until the lines from the separate stains 

meet, the point where the lines meet is 

called the Area of Convergence (Figure 

10). The area of convergence shows the 

point where the event (i.e. impact) that lead to the subsequent dispersal of the blood. 

This area is only a two-dimensional explanation (X and Y position) and does not 

determine how far away from the area that the blood event originated. 

For information about the victim’s relative posture (standing, kneeling, sitting, or 

lying down), it is necessary to determinate the area of origin. The area of origin is the 

combination of the two-dimensional area of convergence plus the angle of impact 

determination for each of the selected stains. The angle of impact adds the third 

dimension in the determination of the area of convergence, creating a spatial 

representation of the location of the blood source.  

  

 Area of Convergence 

Figure 10 – Two-dimensional area of convergence of 
individual stains within a pattern. 
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Fingerprints were a major breakthrough in forensic science, giving law enforcement 

around the world a new tool to help in crime investigation.  

A fingerprint, which is 

unique to an individual, is 

usually defined as an impression 

left by the dermal (or friction) 

ridges. Friction ridges are raised 

portions of the epidermis, 

located on the palmar surface of 

the hands and the soles of the 

feet, arranged in connected 

units of friction ridge skin (Figure 

11). These ridges are small extensions of the dermis into the epidermis, which help us 

grip the objects that we touch. 

Objectives 

With this chapter you will be able to: 

 Describe the characteristics of fingerprints 

 Identify the basic types of fingerprints 

 Explain how fingerprint evidence is collected 

 Determine if a fingerprint matches a fingerprint on 

record 

 Use the process of lifting a latent print 

 

Figure 11 – Schematic representation of human skin layers 
and friction ridges. 
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The imprint of fingerprints consists of natural secretions of sweat from the eccrine 

glands that are present in the friction ridge of the skin. These secretions are mainly a 

combination of water, oils and salts, but dirt from everyday activities is also mixed into 

these secretions. 

 

Fingerprints are named for their 

general visual appearance and 

patterns. These are called arches, 

whorls, and loops. Arches, the 

simplest fingerprint pattern (only 5% 

of the total population have arches) 

are characterised by ridge lines that 

enter from one side of the 

fingerprint and exit from the other 

side with a rise in the centre. Whorls 

look like a bull’s-eye with two deltas 

(30% of the total population have 

whorls). Loops are characterised by 

ridge lines that enter from one side, either the right or the left, of the pattern, curve 

around, and exit from the same side they enter (about 65% of the total population have 

loops) (Figure 12).  

When forensic examiners looks for a fingerprint, they sees two things: the presence 

of a core and deltas. The core is the centre of a loop or whorl, and the delta is a triangular 

region located near a loop.  

 

Fingerprints can be of three types: patent, plastic or latent. Patent fingerprints, or 

visible prints, are left on a smooth surface when blood, ink, or some other liquid comes 

Figure 12 – Fingerprints patterns.  
                  A: Arches; B: Whorls and C: Loops.  
                  Red circles – Delta; Blue circles – Core. 
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in contact with the hands and is then transferred to that surface. Plastic fingerprints are 

indentations left in any soft material, such as clay, putty or wax, and are also visible. 

Latent fingerprints, or hidden prints, are caused by the transfer of oils and other body 

secretions onto a surface, and may require treatment to be visualized. 

The detection process of latent fingerprints can be complex and usually requires the 

use of powder or a chemical reagent to produce a high degree of visual contrast 

between the ridge patterns and the surface on which a fingerprint has been deposited. 

Visual examination is always the first step in revealing latent fingerprints, by using strong 

lighting that is completely nondestructive. After the visual examination, other methods 

may be used to reveal the fingerprints. Fingerprint powders, iodine fuming, and silver 

nitrate are considered the “classic” methods because they have been used since the 19th 

century. However, there are other methods frequently used such as Superglue fuming. 

One of the most common methods for discovering and 

collecting latent fingerprints is fingerprint powders (black 

granular, aluminum flake, black magnetic, etc.), which are 

mainly used for dusting nonporous surfaces such as glass 

and polished metal. This is most commonly used to reveal 

late0nt fingerprints on immovable objects at crime scenes.  

Since its discovery in 1976, superglue fuming, also 

called cyanoacrylate fuming from the primary component of 

super glue, became one of the most frequently used latent 

print development processes. This process is also used to 

develop latent fingerprints on nonporous glossy surfaces 

such as glass, plastic, and polished metal.  

  

 

 

  

Did You Know? 
Superglue fuming was 

discovered by accident 

in 1976 when Masao 

Soba notice white 

fingerprints on the 

surface of a super glue 

container. In 1980, 

Frank Kendall improved 

the process and 

adapted it to latent 

fingerprints. 
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No two people on earth have the same DNA, except for 

identical twins. In the past 20 years, DNA analysis has grown 

from a relatively minor forensic speciality to become a crucial 

part of the work of any forensic lab. Since the appearance of 

DNA profiling in the 1980s, DNA has been used to investigate 

crimes, establish paternity and identify victims of war and 

large-scale disaster. Because each human is unique, DNA 

evidence from a crime scene or from an unidentified body 

can be traced back to a crime or eliminate a suspect.  

There are several types of biological evidence commonly used in forensic science 

for the purpose of DNA analysis, such as: blood, saliva, semen, skin, urine and hair. 

 

Objectives 

With this chapter you will be able to: 

 Describe what DNA is 

 Explain how DNA evidence is compared for matching 

 Explain how to use DNA fingerprinting to identify DNA 

from a parent, child, or relative of another person 

 

Did You Know? 
99.9% of our DNA 

sequence is the same 

as other humans. 



Human Individual Identification 

Page | 30  
 

To understand how DNA is analysed in forensic science, 

it is important to know about the structure and function of 

DNA. DNA is a molecule that consists of two nucleotide 

strands held together by hydrogen bonds in a helical shape. 

The nucleotide molecule consists of a triphosphate group, a 

deoxyribose sugar and one of four nitrogenous bases 

(adenine, guanine, thymine and cytosine).  

DNA is essentially the molecule that holds all of the 

information and instructions needed for an organism. An 

important propriety of DNA is that it can replicate (i.e. make 

copies of itself). 

Genetic information is stored in molecules of DNA making up structures called 

chromosomes. The human genome is composed of over 3 billion base pairs of 

information organised into 23 pairs (a total of 46) of chromosomes in the nucleus of 

most human bodies. One chromosome in each pair is inherited from the mother and the 

other chromosome is inherited from the father. DNA in the chromosomes is called 

nuclear DNA and is virtually identical in all cells of the human body. Another type of DNA 

is found in the mitochondria of the cell. Mitochondrial DNA exists in the form of a 

circular loop and, unlike nuclear DNA, is passed to the next generation by the mother. 

Therefore, an individual’s mitochondrial DNA is the same as their mother’s 

mitochondrial DNA. Mitochondrial DNA is used forensically for several reasons since it 

exists in greater quantities than nuclear DNA. 

 

Forensic DNA profiling, also known as DNA fingerprinting, is a technique employed 

by forensic scientists to identify individuals using the characteristics of their DNA.  

Several steps are necessary before DNA samples can be analysed and compared. 

The first step in preparing a sample from DNA fingerprinting is to extract the DNA from 

Did You Know? 
If you unwrap the 

entire DNA you have in 

all of your cells, you 

could reach the moon 

6000 times. 
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the cell nucleus. The cells are isolated from tissue and are then disrupted to release the 

DNA from the nuclear and cell membrane as well as from proteins and other cell 

components. The second step is the amplification of the DNA using a polymerase chain 

reaction (PCR), which amplifies certain pieces of DNA. The third and final step is 

electrophoresis.  

Electrophoresis is the method of separating the molecules under the influence of 

an electrical field based on the size of the DNA fragments.  

One of the most known electrophoresis is gel electrophoresis. Gel electrophoresis 

is a porous matrix that is used to separate DNA molecules. The type of matrix used (the 

most common are agarose or polyacrylamide) depends on the size of the DNA fragments 

that will be visualized. Due to the difference in pore size of such matrices, agarose gel is 

usually used to separate fragments ranging from 0.2 kb to 50 kb (1 kb = 1000 base pairs) 

and polyacrylamide gel to separate small fragments up to 1kb.  

Once the DNA is negatively 

charged (each nucleotide has a 

negatively charged phosphate 

attached to it), it will move toward 

the positive electrode under the 

influence of an electrical field. Larger 

molecules move through the gel 

more slowly, while smaller ones can 

slip through the pores faster. Thus, 

the fragments will be arranged 

according to the size, with the 

smaller ones having moved farther 

toward the positive pole. As the DNA migrates, the different fragments will form bands, 

which are composed of many identical copies of a particular-size portion of DNA (Figure 

13).   

Figure 13 – Diagram of an electrophoresis apparatus. 
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On the morning of 27th March 1905 in Deptford, England, 16-

year-old William Jones visited the paint shop of Thomas Farrow 

and his wife Ann, but found the shop closed. Jones knocked on 

the door several times and, when he received no response, 

looked through the window. He was alarmed by the sight of 

numerous chairs knocked over so he went for help. He 

approached a local resident, Louis Kidman, and the two forced their way into the shop 

around the back of the building. Once inside, they discovered the beaten dead body of 

Mr. Farrow in a pool of blood and the unconscious body of his wife.  

Mrs. Farrow was rushed to hospital and the police were called. Unfortunately, she 

died a few days later. There were no signs of forced entry, however, an empty cash box 

was found on the floor, suggesting that robbery was the motive for the crime. The cash 

box was examined and a greasy fingerprint was found on the inside that did not match 

the victims or any of the file of criminal prints that Scotland Yard possessed.  

With the fingerprint evidence trail cold, the police began interviewing possible 

crime witnesses. Fortunately, a local milkman reported seeing two young men in the 

neighbourhood of the Farrow house on the day of the murders. Soon identified as 

brothers Alfred and Albert Stratton, the police began interviewing their friends. Alfred’s 

girlfriend told the police that he had given away his coat on that day and changed the 

colour of his shoes the day after the murders. A week later, authorities finally caught up 

with the Stratton brothers and their fingerprints were taken. Alfred’s right thumb was a 

perfect match for the print on the Farrow’s cash box. 

Fingerprint evidence became the prosecution’s only solid evidence when the 

milkman was unable to positively identify the Stratton’s. The defence call the expert Dr. 

John Garson to attack the reliability of the fingerprint evidence and the Stratton brothers 

were convicted and hanged on May 23, 1905.  
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In July of 1901, two brothers Herman and Peter Stubbe (6 and 8 

years old) went out to play in the woods in Ruden, Germany, and 

they never came back. A search the next day found 

dismembered body parts of the boys dispersed through a wide 

woodland area.  

A man named Ludwig Tessnow, a local carpenter, had been seen talking to the boys 

on the day they disappeared. A subsequent search of his home found freshly laundered 

clothes with suspicious stains that Tessnow said were wood dyes used in his carpentry 

work.  

Three year earlier, in a different area of northern Germany, two young girls had 

been murdered in a similar way. Ludwig Tessnow had been detained for questioning in 

that murder as well and claimed at the time that the stains on his clothes were wood 

dyes. 

Police had suspect but no hard evidence was available. Then they heard about a 

young biologist, Paul Uhlenhuth, who had developed a test that could be used to 

distinguish blood from other substances, as well as human blood from animal blood. 

Uhlenhuth examined the boots and clothing belonging to Tessnow and concluded that 

the clothing did contain wood dye as Tessnow has claimed, but also 17 spots of human 

blood and several stains of sheep’s blood. Based on this evidence, Tessnow was found 

guilty and executed at Griefswald Prison. 
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In May of 1986, a man entered the Orlando apartment of 

Nancy Hodge and raped her at knifepoint. After grabbing her 

purse, he left. During the succeeding months, he raped more 

women, making sure they didn’t see his face, and on his way 

out he always took something that belonged to them. In six 

months, he had raped more than 23 women. However, he had 

made one mistake: he left behind two fingerprints on a 

window screen. When another woman eventually called him in as a thief, his prints were 

matched to those from the window screen and they had their man: Tommie Lee 

Andrews. 

Although his blood group matched semen samples taken from several of the 

victims, and the single victim who had caught a glimpse of him had made a positive 

identification, proving him to be a serial rapist would be difficult. Therefore, the Florida 

DA decided to try DNA technology and conclude that blood and semen sample were 

identical. This was the first case to introduce DNA typing into a US court. 

Tommie Lee Andrews was detained and linked to the rapes by conventional 

fingerprint and DNA profile evidence. He was sentenced to more than 100 years in 

prison.  
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Assume that all red solutions are blood and handle according to safety regulations. 

After using the materials use the recipient for biological waste to discard them. 

Hazards of reagents: 

 

 

Reagent Hazard 

Phenolphthalein 
Carcinogenic 
Mutagen 
Reprotoxic 

Sodium Hydroxide 
Corrosive  

Metallic Zinc 
                             Flammable 
                             Toxic to the environment 
 

Ethanol 
Flammable 

 

 

 

Insertion in the Curriculum: 

 

Objective:  

Use the Luminol and the Kastle-Meyer presumptive 

blood tests to determine if a given stain contains 

blood 

 

Time required:  

Luminol Test – 15 minutes 

Kastle-Meyer Test – 15 minutes 
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Background Information:  

The presence or absence of blood stains often provides important information for 

those investigating criminal cases. For this reason, forensic scientists are often called 

determine whether or not a particular stain is blood. Forensic scientists use chemical 

assays, such as presumptive blood tests, to reveal the blood presence. 

The chemistry employed in the presumptive tests is an oxidation-reduction reaction 

catalysed by the heme molecule, a component of haemoglobin. The heme molecule 

catalyses various colourless substrates to undergo an oxidation reaction that results in 

a change of colour, or chemiluminescence. 

An oxidation-reduction reaction involves changes of the oxidation state. 

Specifically, the oxidation of a molecule means the molecule has lost electrons, and the 

reduction of a molecule means the molecule has gained electrons. In presumptive tests, 

hydrogen peroxide is usually employed as an oxidant and the heme molecule serves as 

the catalyst for the oxidation-reduction reaction. A catalyst is a substance that increases 

the rate of a chemical reaction but is not affected or changed by the reaction. 

 

What happens? 

In the Luminol test, the luminol mixture is sprayed onto the suspected area and 

when the luminol comes into contact with the bloodstain there is an emission of bright 

blue light. The chemical reaction is an example of chemiluminescence. On the other 

hand, in the Kastle-Meyer test, when the colourless Kastle-Meyer solution is added to 

the red stain, it will turn a deep pink colour if blood is present.  

 

How does it work? 

Luminol:  

Luminol is a chemical that has the special property of emitting light when it is 

oxidized by an oxidant, usually a solution of hydrogen peroxide, in an alkaline (basic) 

solution. But this reaction will not occur unless a catalyst is available; in luminol, the 

catalyst is the iron contained in the heme molecule.  
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The luminol reaction is an example of chemiluminescence.   

 

          

                  

When luminol reacts with the hydrogen peroxide salt (H2O2), a dianion is formed. 

The oxygen produced from the hydrogen peroxide then reacts with the luminol dianion. 

The product of this reaction, an organic peroxide, is very unstable and immediately 

decomposes with loss of nitrogen to produce 3-aminophthalic acid (3-APA) in an excited 

state. As 3-APA relaxes, it releases a visible blue light (Figure 14). 

 

 

 

 

 

 

 

 

Kastle-Meyer:  

The Kastle-Meyer solution consists of a reduced form of phenolphthalein and 

hydrogen peroxide, which react with each other to produce a pink solution made of 

water and a phenolphthalein ion. 

The phenolphthalein has been modified from its conventional form by being 

reduced and pre-dissolved in alkaline solution, giving it a faint yellow colour. Then, in 

the presence of hydrogen peroxide (H2O2) in alkaline solution, the haemoglobin in the 

blood catalyses the oxidation of this form of phenolphthalein to its normal form 

(C20H12O4
2-), which generates an intense pink colour.  

 

Luminol + hydrogen peroxide                     oxidised luminol + LIGHT 
                                        heme catalyst 
 

Figure 14 – Chemical reaction between hydrogen peroxide and luminol in the presence of 
hemoglobin. 

 

  Heme + Hydrogen peroxide + Reduced phenolphthalein                                  Heme + Water + Phenolphthalein 

                                 (colourless)                                                      (pink) 
       

 OR 

                 Heme (catalyst) + H2O2 + C20H14O4               Heme (catalyst) + 2H2O + C20H12O4
2- 

 



Human Individual Identification 

Page | 40  
 

Procedure for Luminol Test 

 

 

 

 

 

Before starting the procedure, put a spot of animal blood (positive 

control) and ketchup (negative control) on a section of clothing. 

Before testing any unknown stains, it is important to check all 

reagents on a known sample of blood. If you do not get the 

expected results with blood, then you know that your reagents 

are malfunctioning and you need to replace them. 

 

1. Put on your gloves and protective clothing. 

1. Open the spray bottle of distilled water and add both Bluestar® Forensic tablets. 

2. Turn the sprayer head in the bottle firmly. 

3. Gently stir the spray bottle, with a circular motion of your hand, until the tables dissolve 

completely. 

Caution: do NOT shake the container upside down. 

4. In a dark room, spray the samples with the luminol solution (positive control, negative 

control, Evidence#1, Evidence#2 and Evidence#5). The samples should be tested one at 

a time. 

5. A positive blue light colour will appear instantly if blood is present.  

6. Record your results in Data Table 3. 

 

As alternative to the dark room, you can use a box lined on the 

inside with a black plastic bag. 

The Bluestar® Forensic Kit can be used more than once. 

Therefore, you should store the reagent in a place protected from 

light. This kit only works during 24 hours, but when you need to 

use it again, add 5 mL of hydrogen peroxide 3% and it can be used 

for additional 24 hours. 

Materials in the Toolbox 

 Bluestar® Forensic kit 

 Evidence#1 

 Evidence#2 

 Evidence#5 

 

Materials you provide 

 Gloves 

 Protective clothing 

 2 known specimens (piece of cloth 

with animal blood and a ketchup) 
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After performing the test, discuss with students what results can 

be obtained using Table 3. In the 'Results' column, the students 

should describe whether they see a blue light or not. In the 

'Interpretation of the results' column, students should understand 

that if a blue light appears, there is blood; and if there is no blue 

light, blood is absent.   

 

 

 

 

Table 3 – Table of test results.  

Stains Results Interpretation of the results 

Blood stain 

(positive control) 
Blue light Blood 

Ketchup 

(negative control) 
No blue light No blood 

Evidence#1 Blue light Blood 

Evidence#2 No blue light No blood 

Evidence#5 Blue light Blood 
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Procedure for Kastle-Meyer Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Before starting the procedure, put a spot of animal blood 

(positive control) and ketchup (negative control) on a section of 

clothing. Before testing any unknown stains, it is important to 

check all reagents on a known sample of blood. If you do not get 

the expected results with blood, then you know that your 

reagents are malfunctioning and you need to replace them. 

 

 

1. Put on your gloves and protective clothing. 

2. Wet a cotton swab with two drops of ethanol 96% and gently rub the wet swab on the 

known bloodstain (provided by the teacher). 

3. Drop three drops of Kastle-Meyer solution onto the swab. 

4. Drop three drops of hydrogen peroxide onto the swab. 

Materials in the Toolbox 

 Kastle-Meyer Solution 

 Hydrogen Peroxide 3% 

 Ethanol 96% 

 Cotton Swabs 

 Evidence#1 

 Evidence#2 

 Evidence#5 

 

Materials you provide 

 Gloves 

 Safety glasses 

 Protective clothing 

 250 mL Graduated glass bottle 

 50 mL Falcon tube 

 250 mL Brown glass bottle 

 100 mL Graduated cylinder 

 Watch glass 

 Distilled water or deionized water 

 Sodium Hydroxide 

 Phenolphthalein powder 

 Ethanol 100% 

 Ethanol 96% 

 Zinc powder 

 Hotplate 

 Digital scale 

 2 known specimens  (piece of cloth 

with animal blood and a ketchup) 
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5. A positive pink colour will appear within seconds if blood is present. 

6. Using clean cotton swabs, repeat steps 2 to 4 for the ketchup stain and for the 

Evidence#1, Evidence#2 and Evidence#5. 

7. Record your results in Data Table 4. 

 

 

After performing the test, discuss with students what results can 

be obtained using Table 4. In the 'Results' column, the students 

should describe whether they see a pink colour or not. In the 

'Interpretation of the results' column, students should understand 

that if a pink colour appears, there is blood; and if there is no pink 

colour, blood is absent.   

 

 

Table 4 – Table of test results.  

Stains Results Interpretation of the results 

Blood stain 

(positive control) 
Pink colour Blood 

Ketchup 

(negative control) 
No pink colour No blood 

Evidence#1 Pink colour Blood 

Evidence#2 No pink colour No blood 

Evidence#5 Pink colour Blood 
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You can make your own Kastle-Meyer Solution using the following 

protocol. This protocol requires approximately 60 minutes. 

 

 

 

Protocol for the preparation of the Kastle-Meyer Solution 

1. Put on your safety glasses, gloves and protective clothing. 

2. Measure 90 mL of distilled or deionized water with a graduated cylinder and transfer it 

the graduated bottle. 

3. In a watch glass, weight out 20 g of sodium hydroxide and add it to the bottle in small 

portions, swirling until the solid dissolves and the reaction is cold. 

Caution: this process is very exothermic, so use a container with cool water and 

place the bottle inside to cool the solution. 

4. Weigh out 1 g of phenolphthalein powder, add it to a falcon tube with 10 mL of ethanol 

100%, and swirl until the powder dissolves. 

5. Add the prepared mixture to the sodium hydroxide solution. The solution turns bright 

pink. 

6. Weight out 20 g of zinc powder and add in to the bottle. 

7. Place the bottle on a hotplate at the maximum temperature until it reaches a boil 

(approximately 15 minutes).  

Caution: this process should be made in a fuming chamber, due to the vapours 

which are released. 

8. Reduce the heat (approximately 160°C) and allow the solution to simmer until the bright 

pink solution turns colourless (or a very pale straw yellow), which may require 

approximately 30 minutes.  

9. After the solution turns colourless, remove the bottle from the heat and allow it to cool 

to room temperature. 

10. Carefully transfer the solution into a brown glass storage bottle labelled “Kastle-Meyer 

reagent”, but take care not to transfer the zinc powder. 

Caution: wet zinc powder is pyrophoric (catches fire spontaneously). Flush that 

solution down the drain with abundant water. 

This solution remains usable for several months if stored at room temperature in a tightly 

stoppered bottle, and for a year if refrigerated. 
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Questions: 

1. Explain why you need to use both a positive and negative control before testing the 

unknown stains: 

a. Positive control 

Used to verify that all chemical reagents are functioning in the expected manner. If 

the expected colour change does not occur using the positive control, then new 

reagents are needed before testing any unknowns. 

b. Negative control 

Used to verify that a pink colour will not result when using these reagents.  If a pink 

colour is produced with the negative control, you need to get new reagents.  There 

could possibly be some contamination of your reagents. 

 

2. Explain how it is possible to get a positive reaction with the Kastle-Meyer and Luminol tests 

using pig blood, if animal blood is different from human blood. 

The Kastle-Meyer and Luminol tests detect the presence of heme molecule found in the 

haemoglobin of the blood. Both pigs and humans have haemoglobin in their blood. 

Therefore, both pigs and human blood will produce a positive reaction using the Kastle-

Meyer and Luminol tests. 

 

3. Explain why in the Kastle-Meyer test the reagents aren’t directly applied to the original 

bloodstain. 

It is important to preserve the evidence and avoid any contamination of the original piece 

of evidence.  

 

4. In the Kastle-Meyer test, the pink colour should first be evident:  

a. when applying the Kastle-Meyer solution to the cotton swab. 

b. when applying the hydrogen peroxide to the cotton swab. 

    Explain your answer. 

The pink colour should only be visible after adding the hydrogen peroxide. If the pink 

colour appears after adding the phenolphthalein, something is wrong. A new test should 

be performed. The pink colour occurs after the oxygen is released from the hydrogen 

peroxide. It is the heme molecule that acts as the catalyst causing the hydrogen peroxide 

to break down.   
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Safety Precautions:  

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Assume that all red solutions are blood and handle according to safety regulations. 

After using the materials use the recipient for biological waste to discard them. 

Hazards of reagents: 

 

Reagent Hazard 

Barium Nitrate 

                                Harmful 
                                Irritant 
                                Skin sensitizer   
                                Oxidising                    

Silver Nitrate 

                                   

                                                                                Corrosive 
                                Toxic to the environment 
 

Sodium Metasilicate 
Pentahydrate 

                                Toxic 
                                Corrosive 
 

 

 

 

 

Insertion in the Curriculum: 

 

Objectives:  

 Examine the ABO arrangement of blood using 

simulated blood and antiserum  

 Determine the blood type of the evidences 

 Describe the reaction (antigen – antibody) that 

occurs when typing blood 

 Explain the red blood cells agglutination 

 Learn and understand how this type of 

experiences can help forensic investigators to 

answer questions 

 

Time required: 20 minutes 
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Background Information:  

Blood is usually the main trace found at a crime scene and is composed of a liquid 

portion called plasma, which contains mostly water along with dissolved nutrients, 

minerals, and oxygen. Suspended in the plasma are solid material consisting mainly of 

several types of cells: red blood cells, white blood cells and platelets.   

The blood is considered a class evidence because many different people share the 

same blood type. By typing the blood found at a crime scene, it is possible to link a 

suspect to a crime scene or to exclude a suspect. However, matching blood types does 

not prove guilt since many people share the same blood type. 

The blood type of a particular person depends on the presence or absence of certain 

antigens (usually a protein) found embedded within the cell or in the plasma membranes 

of red blood cells.  

 

How does it work? 

The presence or absence of A and B antigens on red blood cells determines a 

person’s ABO blood type. This leads to the identification of four main blood types: A, B, 

AB (when both antigens are present) and O (when neither antigen is present). A third 

important blood antigen is the Rh factor. People with the Rh factor are Rh positive, and 

those who lack it are Rh negative (Figure 15). 

 

 

 

 

 

 

 

Blood types are determined by using antibodies (such as anti-A, Anti-B and Anti-Rh) 

that specifically react with the A, B and Rh antigens. Antibodies, also known as 

immunoglobulins, are large Y-shaped protein molecules produced by plasma cells and 

Type A 

A 

A 

A 

A 

B 

B 
B 

B 

Type B 

A 

A 

B 
B 

Type AB Type O 

Rh + 

Rh + Rh + 

Rh + 

Type Rh + 

Figure 15 – A diagrammatic representation of the antigens for the different human ABO blood types 
and Rh factor. 
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used in the immune system. The antibodies bind to the molecular shape of an antigen, 

fitting like two complementary puzzle pieces (Figure 16). 

 

 

 

 

 

 

 

 

 

 

When antibodies and antigens of the same type (e.g. anti-A and antigen A) come 

together, one arm of the Y-shaped antibody attaches to the red blood cell and the 

second arm of the Y attaches to another red blood cell, and agglutination, or clumping, 

of the red blood cells takes place (Figure 17).  

 

 

              

 

                      

  

Red blood cell 

Antibody 

Antigen 

Figure 17 – An agglutination reaction between antibodies and 
the antigens on cell surfaces. 

Antigen 
Binding Site 

Variable 
region 

 Antigen 

Constant 
region 

 

Figure 16 – The general structure of an antibody with an antigen in the binding site. 
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Procedure 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Before performing the test, shake the simulated blood and 

antisera in order to homogenise the solutions. 

 

 

 

 

1. Put on your gloves and protective clothing. 

2. Use a permanent marker pen to label six blood trays as follows: 

a. Tray 1: Evidence#4 

b. Tray 2: Evidence#5 

c. Tray 3: Victim 

d. Tray 4: Suspect 1 

e. Tray 5: Suspect 2 

f. Tray 6: Suspect 3 

Materials in the Toolbox 

 Simulated Blood of Victim 

 Simulated Blood of   

Suspect 1 

 Simulated Blood of  

Suspect 2 

 Simulated Blood of  

Suspect 3 

 Simulated Blood of Evidence#4 

 Evidence#5 

 Simulated Anti-A Serum 

 Simulated Anti-B Serum 

 Simulated Anti-Rh Serum 

 Blood Trays 

 Toothpicks 

 Piece of cloth (100% cotton) 

 

Materials you provide 

 Gloves 

 Protective clothing 

 50 mL Falcon Tubes 

 Watch glass 

 Spatula 

 100 mL beaker 

 100 mL graduated cylinder 

 Drop bottles 

 Permanent marker 

 Sodium Chloride (NaCl) 

 Barium Nitrate (Ba (NO3)2) 

 Silver Nitrate (AgNO3) 

 Sodium Metasilicate Pentahydrate   

(Na2SiO3.5H2O)  

 Red food colouring 

 Yellow food colouring 

 Blue food colouring 

 Green food colouring 

 Distilled water or deionized water 

 Digital Scale 
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3. Also label the wells as demonstrate. 

 

 

 

 

4. To determinate the type of blood found in the Evidence#4, place 4 drops of simulated 

blood of Evidence#4 in each of the A, B and Rh wells of tray 1. 

5. Repeat the process for each of the Suspects 1, 2, 3, and the Victim slide. 

6. For Evidence#5, place a piece of blood stained cloth (approximately 1cm x 1cm) in each 

of the A, B and Rh wells of tray 2. 

7. Add 4 drops of Anti-A serum (blue bottle) to each of the six wells labelled A. 

8. Add 4 drops of Anti-B serum (yellow bottle) to each of the six wells labelled B. 

9. Add 4 drops of Anti-Rh (green bottle) to each of the six wells labelled Rh. 

10. Obtain three toothpicks for slide. Stir each sample of anti-serum and blood with a 

separate clean toothpick for 30 seconds. To avoid spattering the simulated blood, do 

not press too hard on the typing tray. 

11. Observe each tray and record your results in Table 5. Based on the agglutination, 

determine and record each blood type. 

 

Possible Results: 

         

 

 

 

 

 

 

                      Agglutination    No agglutination 
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After performing the test, discuss with students what results can 

be obtained using Table 5. In the 'Results' column, students should 

describe whether they see agglutination or not. In the 

'Interpretation of the results' column, students should indicate 

the type of blood based on the agglutination results. 

 

 

 

Table 5 – Table of test results.  

Stains Results Interpretation of the results 

Evidence#4 

Well A: no agglutination 

Well B: no agglutination 

Well Rh: no agglutination 

O– 

Evidence#5 

Well A: agglutination 

Well B: no agglutination 

Well Rh: agglutination 

A+ 

Victim 

Well A: agglutination 

Well B: no agglutination 

Well Rh: agglutination 

A+ 

Suspect 1 

Well A: no agglutination 

Well B: no agglutination 

Well Rh: no agglutination 

O– 

Suspect 2 

Well A: agglutination 

Well B: agglutination 

Well Rh: agglutination 

AB+ 

Suspect 3 

Well A: no agglutination 

Well B: no agglutination 

Well Rh: no agglutination 

O– 
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You can make your own simulated blood and antisera using the 

following protocol. This protocol requires approximately 30 

minutes.  

Using these simulated blood, antisera and the piece of cloth 

(provided in the Toolbox), you can create a new case study with 

other blood groups.  

 

Protocol for the preparation of simulated blood and antisera 

1. Put on your safety glasses, gloves and protective clothing. 

2. For the preparation of the simulated blood: 

a. Label four falcon tubes as “Type A”, “Type B”, “Type AB” and “Type O”. 

b. Weigh out 0.5M Sodium Chloride (NaCl) (0.73g/25ml water) and add to the 

tube “Type A”. 

c. Weigh out 0.1M Barium Nitrate (Ba (NO3)2) (0.68g/ 25ml water) and add to the 

tube “Type B”. 

d. Weigh out 0.5M Sodium Chloride (NaCl) (0.73g) and 0.1M Barium Nitrate 

(Ba(NO3)2) (0.68g) with 25 ml of water and add to the tube “Type AB”.  

e. Add 25 mL of water to the tube “Type O”. 

f. To each tube add 8 drops of red food colouring and stir gently. 

3. For the preparation of the simulated antisera:  

a. Label three falcon tubes as “Anti A”, “Anti B” and “Anti Rh”. 

b. Weigh out 0.1M Silver Nitrate (AgNO3) (0.43 g/25ml water) and add to the tube 

“Anti A”.  

c. Weigh out 5% Sodium Metasilicate Pentahydrate (Na2SiO3.5H2O) (2.17g/25ml 

water) and add to the tube “Anti B”. 

d. Weigh out 0.1M Silver Nitrate (AgNO3) (0.43 g/25ml water) and add to the tube 

“Anti Rh”. 

e. To the tube “Anti A” add 1 drop of blue food colouring, to the tube “Anti B” 

add 4 drop of yellow food colouring and to the tube “Anti Rh” add 2 drop of 

green food colouring  and gently stirring the tubes. 

4. Transfer the simulated blood and antisera to identified drop bottles. 
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Questions: 

1. Based on your results, does the Evidence#4 blood match the blood type of any of the 

three suspects or victim?  

              Yes   No 

 

Explain your answer. 

The blood type of Evidence#4 is O – and the suspects 1 and 3 have the same blood 

type. 

 

2. Based on your results, does the Evidence#5 blood match the blood type of any of the 

three suspects or victim?  

                  Yes   No 

 

Explain your answer. 

The blood type of Evidence#5 is A+ and the victim have the same blood type. 

 

3. Explain the following sentence: “When blood from one of the suspects matches the 

crime-scene blood that does not prove that the suspect is guilty”.  

This is not conclusive evidence because other people can have a similar blood type. If 

eyewitness accounts place the suspect at the crime scene, it does reinforce the case 

against him. If sufficient blood were available for a DNA analysis, this would reinforce 

his presence at the crime scene. 

 

4. Blood types are determined by the presence of antigens located on: 

a) All of the blood cells 

b) White blood cells 

c) T-helper cells 

d) Red blood cells 

 

5. If a person has type O+ blood, then they have: 

a) The A and B antigens, but lack the Rh antigen 

b) An O antigen but not the Rh antigen 

c) None of the ABO nor Rh antigen  

d) The Rh antigen but not the A or the B antigens 

X 

X 
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6. For the following question, determine the blood type being tested. Indicate if the person 

is type A, B, AB or O. Be sure to indicate if the person is Rh+ or Rh- for each blood test 

shown below. 

 

Type: A –  

 

 

Type: B+ 

 

 

Type: O – 

 

 

 

7. Explain why it is necessary to type the victim’s blood when trying to determine if any of 

the blood found at the crime scene belongs to a particular suspect.  

The victim’s blood needs to be excluded from the crime scene evidence. If the victim’s 

blood and the crime scene blood are the same type, further testing would be needed. 

 

Antibodies B Antibodies A Antibodies Rh 

Antibodies A

  

Antibodies B Antibodies Rh 

Antibodies A

  

Antibodies A

  

Antibodies A
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Assume that all red solutions are blood and handle according to safety regulations. 

After using the materials use the recipient for biological waste to discard them. 

 

Background Information: 

Blood spatter analysis is a powerful forensic tool. Spatter patterns allow 

investigators to reconstruct what happened at a crime scene. Spatter patterns help “tell 

the story” of a crime and help the investigators determine if eyewitness accounts are 

consistent with the evidence. 

Experiments with blood have shown that a drop of blood tends to turn into a sphere 

in flight, which is the result of surface tension that binds the molecules together. This 

spherical shape of blood in flight is important for the calculation of the blood spatter’s 

angle of impact when it hits a surface. That angle will be used to determine the area 

from which the blood originated: the area of origin. 

 

Insertion in the Curriculum: 

 

Objectives:  

 Create a bloodstain patterns from different 

angles of impact 

 Calculate the angle of impact for individual 

drops of blood 

 Use lines of convergence to help determinate 

the position of the victim when the wound was 

inflicted 

 

Time required:  
Part 1: 20 minutes 

Part 2: 45 minutes 

Part 3: 45 minutes 

 



Human Individual Identification 

Page | 56  
 

How does it work?  

Angle of impact:  

The angle of impact can be mathematically determined based on the elliptical 

appearance of a spherical blood spatter stain. By accurately measuring the length and 

width of a bloodstain, it is possible calculate the impact angle using the following inverse 

sin (arcsin or sin-1) formula: 

 

 

 

 

 

 

 

 

 

 

 

The arcsin value which provides the angle of impact may be determined from 

trigonometric tables or by using a scientific calculator which has the arcsin function 

(designed as sin-1).  

 

Area of Convergence: 

The area of convergence can be determined based on the geometric appearance of 

the bloodstains within a blood spatter pattern. Several individual, well-defined stains 

are selected from all “sides” of a pattern and by drawing a straight line through the long 

axis of the bloodstains, following the line of their tails. The intersection of these lines is 

the area of convergence. 

 

a 

b c 

Ѳ 

(hypotenuse) 
Length 

Length 

Width 

a 

b 

b c 

Long axis of bloodstain 
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Area of Origin: 

The area of origin is a three-dimensional representation in space and, by using 

simple trigonometry, can be determined based on the measurements from multiple 

elongated spatter stains in combination with angle of impact. This determination can be 

accomplished by using the string method, tangent and computational analysis.  

The most common method for determining the area of origin at a crime scene is the 

string method. This method involves placing a string at the base of each bloodstain and 

projecting these strings in the direction of the area of convergence. This is accomplished 

by placing a protractor on the string and then lifting the string until it corresponds with 

the previously determined impact angle (Figure 18). The string is then secured to an axis 

placed at 90° relative to the area of convergence. This is repeated for each of the 

selected bloodstains. 

  

 

 

 

 

 

 

 

 

  

Figure 18 – Positioning of a protractor at a stain. 
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Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before performing the test, shake the simulated blood in order to 

homogenise the solutions. 

 

 

 

 

Materials in the Toolbox 

 Simulated Blood 

Materials you provide 

 Safety glasses 

 Gloves 

 Protective clothing 

 10 x 15 cm cards  

 Meter sticks 

 Callipers or  Rulers 

 Newspaper 

 Regular paper 

 A3 paper (420 mm x 297 mm) 

 Scissors 

 Sponge 

 Hammer 

 Spoon 

 Droop bottle 

 Flat piece of Cardboard 

 Adhesive Tape 

 Protractors 

 Calculators 

 Digital Scale 

 Corn Starch 

 50 mL Falcon Tube 

 Water 

 Liquid Caramel or Corn syrup 

 Reed food colouring 

 Green food colouring 
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Part 1: Relating blood drop diameter to drop distance 

1. Put on your gloves and protective clothing. 

2. Spread newspaper on the floor of the work area. 

3. Prepare the cards to be used in this experiment, by cutting out 10 x 15 cm cards from 

regular paper.  

4. Prepare two cards for each height used in the blood drop. 

5. Label the top-right corner of each card with the height of the blood drop. 

6. Place the labelled card on the newspaper. 

7. Use a meter stick to help measure the distance above the card. 

8. Holding the ruler vertically, position the dropper bottle 25 cm from the floor and 

dispense one drop of simulated blood onto one of the card. 

9. Repeat this process preparing a second card held at 25 cm. 

10. Repeat the steps 5 to 8 from dropping blood from heights of 50, 100, 150, 200, and 220 

cm. 

11. Allow cards to dry. Do not move the cards until they are dry (at least 20 minutes). When 

do you move the cards, do not turn them on their sides, because the blood will be 

affected by gravity. 

12. Using callipers or a ruler, measuring the diameter of each blood drop and record this 

measurements on Table 6. Take your measurements at the widest part of the main drop. 

Do not include the satellites or spikes within your measurement. 

13. Determine the average diameter for the blood spatter for each height, and record it in 

the Data Table 6. 

 

          Table 6 – Effect of height on diameter of blood drop. 

Height of drop 

(cm) 

Diameter of drop 

(cm) 

Diameter of drop 

(cm) 

Average diameter 

(cm) 

25 0.80 1 0.90 

50 1 1.10 1.05 

100 1.15 1.05 1.10 

150 1.15 1.20 1.18 

200 1.20 1.25 1.23 

220 1.20 1.30 1.25 
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Part 2: Creating blood spatter from different angles of impact 

1. Put on your gloves and protective clothing. 

2. Prepare the cards to be used in this experiment, by cutting out 15 x 21 cm cards from 

regular paper (A4 paper dived in equal parts). 

3. Also prepare 9 clipboards to be used as a support of the cards, by cutting out 17 x 22 cm 

clipboard from a flat piece of cardboard or other similar paper. 

4. Label the card with the angle of impact that you will be using. 

5. With a binder clip hold the card on the clipboard. 

6. Using two axis as support, place packaging tape from one axis to the other (sticky side 

forward) and stick the clipboard to the tape to hold it in place. 

 

 

 

 

 

a. Set your protractor at the zero mark at the end of the clipboard in contact with 

the floor. 

b. To calculate the desired impact angle, set the protractor reading for 90 degrees 

minus the desired angle (90 – 10 = 80).  

 

  

 

 

 

 

 

7. Start with the 10° angle. Calculate the protractor setting. 

8. From a height of 30 cm drop two drops of simulated blood in the card. 

9. While the first card is drying, prepare the second clipboard and card and repeat steps 5 

to 6 for the next angle. 

10. Allow the cards to dry completely. Do not move or pick up the cards for at least 20 

minutes. 
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11. Measure the length and width of each droplet in millimetres as indicated below. 

Disregard elongated tails of blood. Measure the main football-shape area only.  

 

 

 

12. Determine the R value by dividing the length and width of your blood droplets. 

13. Using a calculator determine the actual angle of impact based on your blood-spatter 

marks using the formula: 

Angle of impact = sin-1  Width_ 
   Length 
 

14. Record all information in the Table 7.  

 

Table 7 – Table of test results. 

Expected 
impact 
angle 

Length (mm) Width (mm) R=W/L Actual 
Impact 
angle 1st Drop 2nd Drop 

Average 
Length 

1st Drop 2nd Drop 
Average 
Width 

Average 
W/L 

10° 13 15 14 3 3 3 0.20 11.5° 

20° 12 12 12 4 4 4 0.30 17.5° 

30° 11 11 11 5 6 5.5 0.50 30° 

40° 10 10 10 6 7 6.5 0.65 40.5° 

50° 9 10 9.5 7 8 7.5 0.78 51.2° 

60° 9 10 9.5 8 8 8 0.84 57.1° 

70° 10 9 9.5 8.70 9 8.85 0.93 68.4° 

80° 9 9.80 9.40 9 9.40 9.20 0.98 78.5° 

90° 9 9 9 8 10 9 1 90° 

 

Length 

Width 

a 

b 

b c 
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The values of Table 6 and 7 are examples of possible results.  

 

 

 

 

Part 3: Crime Scene Investigation 

Before class, you will need to create the crime scene (Case 1) using 

the simulated blood. 

 

a. Find a location where you can conduct blood spatter 

experiments without making too much of a mess and cover the 

walls and floor with A3 paper (420 mm x 297 mm).  

 

 

 

 

 

 

 

b. Mark an "X" on the paper on the floor, about 45 cm from the wall. 

c. Put on your latex gloves and add approximately 9 mL of the 

simulated blood on the end of a soft sponge or similar material, 

making sure not to soak the sponge. 

 

 

 

 

 

 

 

 

d. Put on your safety goggles.  
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e. Place the moistened sponge above the “X” mark, at a height of 45 

cm, and hit the sponge sharply with a hammer or other object. This 

should result in a spatter pattern on the paper. 

f. Let the pattern completely dry. 

 

 

1. Put on your gloves and protective clothing. 

2. From several drops of blood, determine the area of origin: 

a. Identifies six major drops of blood through numbers. 

b. Determine the direction in which each blood spatter is moving by locating the tail 

of the blood spatter.  

 

 

c. Determine the angle of impact for the drops of blood (Table 8). To calculate the 

angle of impact, you will need to use the Law of Sines. Remember, when you 

measure the length of the blood droplet, do not include the thin extension of the 

leading edge.  

                                                                                                           Angle of impact = sin-1  Width_ 
              Length 

 

d. Using the strings, draw a line through the middle of the long axis of each drop of 

blood in the opposite direction in which the blood was moving. 

e. Start the line at the leading edge of the drop of blood (next to the tail) and tape the 

string in the start. 

f. Where all the lines intersect (area of convergence) place an axis at a 90° angle 

relative to the bloodstain 

 

 

 

 

 

Direction of travel 

Area of convergence 

Start line at this edge 
of the blood droplet 

Axis 

width 

lengt
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g. Place the protractor on the string previously tape at the leading edge of the drop 

of blood. 

 

 

 

 

 

h. Lift the string until it corresponds with the previously determined impact angle. 

i. Secure the string at the axis placed at the area of convergence. 

 

 

 

 

 

 

Table 8 – Table of test results.  

Blood Drops Length (mm) Width (mm) Angle of impact 

1    

2    

3    

4    

5    

6    
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The values of Table 8 will vary depending on the selected blood 

drops. 

You can make your own simulated blood using the following 

protocol. This protocol requires approximately 15 minutes.  

 

 

 

 

Protocol for creating simulated blood 

1. Using the digital scale, weigh 12 g of corn starch and place it into the 50 ml Falcon Tube. 

2. Thoroughly mix 30 mL of water into the corn starch with the spoon. The mixture must 

be smooth. 

3. Add 12 mL of liquid caramel or corn syrup to the tube and mix thoroughly. The mixture 

should be smooth. 

4. Mix in 20 drops of red food colouring. Stir until the mixture is a consistent colour. 

5. Incorporate 4 drops of green food colouring and mix. 

6. Transfer the simulated blood to a drop bottle. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Human Individual Identification 

Page | 66  
 

Questions: 

1. Explain the relationship between the height from which the blood is dropped and the 

size of the blood-spatter droplets.  

The size or diameter of a bloodstain produced by a free-falling drop of blood increases 

with the distance from which it has fallen –  the higher the droplet falls, the larger the 

diameter of the bloodstains and number of droplet satellites. 

 

2. As the height from which the blood is dropped increases, the size of the blood spatter 

continues to increase. 

             True  False 

 

3. Provide an example of how knowing the actual angle of impact could help investigators 

solve crimes. 

The determination of the actual position of individuals involved in a conflict can be 

used to verify stories or point out discrepancies. 

 

4. Is it possible to determine the area of origin without determining the area of 

convergence and the impact angle?  

             Yes  No 

 

Explain your answer.  

The area of origin is the combination of the area of convergence plus the angle of 

impact determination for each of the selected stains. 

 

 
X X 

X 
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Safety Precautions: 

No special precautions. 

 

Background Information: 

Many patterns and characteristics have been used to individually distinguish and 

identify humans. Fingerprints - marks present on the tips of human fingers - can be used 

for identification. 

Fingerprints are static and do not change with age, so an individual will have the 

same fingerprint from infancy to adulthood. The friction ridge pattern of an individual 

forms between the 10th and 24th week of fetal development. The exact arrangement of 

the ridges is determined by the dermal papillae, a layer of cells that separates the outer 

layer of skin (the epidermis) from the underlying dermis. As the body grows, the pattern 

changes size but not shape. Since each person has a unique set of fingerprints, even 

identical twins, they can be used for individual identification.  

The major ridges in each finger form a pattern. There are three major pattern types: 

arch, whorl and loop. These patterns are categorized based on the presence or absence 

of deltas (Figure 19). 

 

 

 

 

Insertion in the Curriculum: 

 

Objective:  

Identify your fingerprints and compare them with 

your classmates 

Time required: 60 minutes 

Figure 19 – Fingerprints patterns.  
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The uniqueness of a fingerprint is not determined by its general shape or pattern 

but by a careful study of its ridge characteristics (also known as minutiae) (Figure 20). 

The identity, number, and relative location of characteristics imparts uniqueness to a 

fingerprint. If two fingerprints are to match, they must reveal characteristics that not 

only are identical, but also have the same relative location to one another in the print.   

 

 

 

 

 

 

 

 

 

What happens? 

Ink is the most common method for recording friction ridges skin.  Inked fingerprints 

are recorded on collection cards. Each fingerprint is rolled in ink and subsequently rolled 

into the corresponding box on the collection card. The finger is rolled from nail to nail 

to capture the entire friction ridge surface. This means the finger must be rolled from 

one side of the finger (at the nail) all the way around the other side of the nail. A 

fingerprint rolled from nail to nail should be roughly rectangular in shape. 

 

 

 

  

Figure 20 – Some minutiae patterns used to analyse fingerprints.  

Dot 

Fork  
(or bifurcation) 

Eye  
(enclosure or island) 

Ending ridge 

Island ridge  
(or short ridge) 



Human Individual Identification 

Page | 69  
 

Procedure  

 

 

 

 

 

Part 1: Using pencil to create a graphite pad 

1. On a blank white paper, rub the graphite pencil in a back-and-fourth motion, creating a 

patch of graphite with about 5 by 7 centimetres. 

2. Rub your right index finger across the graphite patch, gently rolling from side to side so 

that the fingertip becomes covered with graphite from the first joint in the finger to the 

tip, and from fingernail edge to fingernail edge. 

3. With the tape provided in the Toolbox, carefully press the sticky side of the tape onto 

your finger from the edge of your fingernail across your finger to the other side of your 

fingernail. 

4. Gently remove the tape. 

5. Press the tape, sticky side down, into the collection card provided on the Toolbox. 

6. Examine your fingerprint using a magnifying glass. 

7. Compare your fingerprint to the pictured samples. 

8. Identify your fingerprint pattern type (loop, arch, or whorl) and some minutiae patterns 

(fork, dot, eye, ending ridge, or island ridge). 

 

Part 2: Using a real ink pad 

1. Rub your right index finger across the ink pad, rolling from side to side while applying 

pressure so that the fingertip becomes covered with ink from the first joint in the finger 

to the tip, and from fingernail edge to fingernail edge. 

2. In the identification card, provided in the Toolbox, gently press your finger in the box 

indicated as right index finger from one edge of your fingernail to the other side of your 

fingernail. 

3. Repeat the steps 1 and 2 for the other fingers, for both hands. 

4. Examine your fingerprints using a magnifying glass. 

5. Compare your fingerprints to the pictured samples. 

Materials in the Toolbox 

 Magnifying glass 

 Clear Adhesive Tape 

 Identification card 

 Collection card 

 Ink pad 

 

Materials you provide 

 Pencil 

 White paper 
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6. Identify your fingerprint pattern type (loop, arch, or whorl) and some minutiae patterns 

(fork, dot, eye, ending ridge, or island ridge). 

 

 

 

 

 

 

 

 

Part 3: Data collection from class 

1. Count the number of students showing each of the tree types of fingerprint patterns 

(for the thumb finger) and place those numbers in the Table 9. 

2. Complete the rest of the Data Table 9 with the requested information. 

 

Table 9 – Data collection from class. 

 Loop Whorl Arch 

Number of students showing trait    

Total size of class  

(This will be the same total for each column) 
   

Percentage of class showing the trait  

(Divide the number of students with trait by the 

total size of class, then multiply by 100%) 

   

Experts say this percentage should be 65% 30% 5% 

 

 

Questions: 

1. Did the class percentage agree with the value given by experts? 

             Yes   No 
 

Explain your answer using data for support. 

_______________________________________________________________________

_______________________________________________________________________ 
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2. Explain why fingerprints are an effective means of identification.  

Fingerprints are static and do not change with age, so an individual will have the 

same fingerprint from infancy to adulthood. 

 

3. Fingerprints are formed: 

a. shortly after birth 

b. at about two years of age 

c. between 10 and 24 week’s gestation 

d. at 30 weeks’ pregnancy 

 

4. Do identical twins have identical fingerprints? 

             Yes                 No 
 

 

5. The three main types of fingerprints are classified as: 

a. loops, whorls, and deltas 

b. whorls, bifurcations, and arches 

c. loops, whorls, and arches 

d. arches, core, and deltas 

 

6. Explain why inked fingerprints are rolled from nail to nail. 

Fingerprints are rolled from nail to nail in order for the entire fingerprint to be visible. 

This inked surface gives all the needed ridge characteristics for correct classification. 

 

7. Classify each of the following prints as loop, whorl, or arch. 

 

 

 

 

 

  Type: Whorl             Type: Arch                       Type: Loop 

  

X 
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Safety Precautions: 

Cover the work area with bench paper or newspaper. 

Handle the dusting powder with care, because it can be very messy. 

 
 

Background Information: 

Fingerprints are one of the most important types of clues found at a crime scene. 

The impressions left by fingerprints can be of three types: Patent (visible fingerprints 

deposited via a substrate such as blood or paint), Plastic (fingerprints left in a mouldable 

material), and Latent (hidden fingerprints formed by sweet and oils of the skin). 

Latent fingerprints are the most frequently pursued type of fingerprint by forensic 

detectives and need to be visualized using appropriate development techniques 

(depending on the type of surface) before comparison and possible identification.  

The oldest fingerprint development method is the dusting. Fingerprint dusting is a 

method of enhancing latent fingerprints by applying powders to the fingerprint residues, 

making them visible. The powder granules adhere to the lines of sweat and oil left by 

the fingerprint ridge. Dusting a crime scene or item of evidence with fingerprint powder 

is a physical processing method rather than a chemical reaction. 

Fingerprint powders are used primarily for dusting nonporous surfaces such as glass 

and polished metal, most commonly to reveal latent fingerprints on immovable objects 

at crime scenes. Although black powder is the most frequently used material, powders 

of other colours can be used to enhance a fingerprint’s contrast against backgrounds of 

different shades.  

Insertion in the Curriculum: 

 

Objective:  

Understand how to recover and identify latent 

fingerprints with graphite powder 

Time required: 40 minutes 
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What happens?  

The development process of latent fingerprints should start with a non-destructive 

visual examination of the item of interest using oblique lighting (a beam of white light 

at oblique angles to the surface). Oblique lighting allows the observation of details on a 

surface where light and shadows are created by the light beam. 

After the visual examination of the fingerprints, these will be revealed with a duster. 

Dusting involves the use of a soft brush to lightly coat a surface carrying a fingerprint 

with a powder (made from finely ground carbon, charcoal, titanium, or aluminium) and 

can provide excellent results if it’s done skilfully. If not, dusting can easily damage or 

destroy any latent fingerprints present, so the brush is moved across the surface of the 

object without touching it. This allows the powder to adhere to the surface of the 

fingerprint residues without getting into the cracks in the surface (Figure 21 – A).  

The exposed fingerprint can then be lifted with adhesive material, such as 

fingerprint lifting tape, and placed on a paper card or a sheet of acetate as a permanent 

record (Figure 21 – B). 

 

 

 

 

 

 

 

 

  

A B 

Figure 21 – Fingerprint revealed with dust (A) and collected with 
fingerprint lifting tape (B).  



Human Individual Identification 

Page | 74  
 

Procedure  

 

 

 

 

 

 

 

Evidence#3 is not provided in the Toolbox, since it would be 

impractical to include a hammer in Toolbox. This evidence can be 

replaced by another object, such as a drinking glass, watch glass 

or piece of window. 

To place a fingerprint on the chosen object, follow these steps: 

a) Wipe off the object with a clean cloth or paper. 

b) Take your thumb and run it along the side of your 

forehead, nose or the back of your neck. These areas of 

your body are rich in oils and will help lubricate the ridges 

of the thumb to produce a clear print. 

c) Choose an area on the object and touch the object with 

your thumb. Use a paper towel or other type of cloth in 

your hand to prevent leaving other fingerprints. Be 

careful to avoid placing any other fingerprints in this area. 

 

 

1. Cover the worktable with bench paper or newspaper. 

2. Put on your gloves and protective clothing. 

3. Put the black dusting powder over the Evidence#3 and with the dusting brush placed 

between your hands, gently twist so that the feathers spin off the excess powder near 

the surface of the object you are dusting. A latent (hidden) fingerprint should begin to 

appear. Continue to dust lightly, touching the surface until you have exposed as much 

of the latent print as possible. 

4.  With the tape provided in the Toolbox, place it over the fingerprint and press down. 

Materials in the Toolbox 

 Magnifying glass 

 Clear Adhesive Tape 

 Collection card 

 Fingerprint brush 

 Black dusting powder 

Materials you provide 

 Gloves 

 Protective clothing 

 Bench paper or newspaper 

 Paper towel 

 Evidence#3 
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5. Peel off the tape and place it on the collection card, provided in the Toolbox. This 

process is called lifting the print. 

6. Examine the fingerprint using a magnifying glass. 

7. Identify the fingerprint pattern type (loop, arch, or whorl). 

 

You can make your own black dusting powder using 3 pencils. Cut 

the pencils longitudinally, and take out the graphite. Macerate the 

graphite until it becomes a fine powder. This procedure requires 

approximately 20 minutes. 

 

 

 

Questions:  

1. Indicate which type of surface is better for dusting. 

Fingerprint powders are used for dusting nonporous surfaces such as glass and 

polished metal. 

 

2. The colour of powder used to dust fingerprints will vary depending of the colour of the 

surface. 

       True   False 

 

3. Explain what oblique lighting is. 

Oblique light is a beam of white light at oblique angles to the surface. 

 

4. Plastic fingerprints must be dusted or treated in order to identify the ridge patterns. 

             True  False 

 

5. Fingerprints that are deposited via a substrate such as blood or paint are referred to as: 

a. plastic fingerprints 

b. patent fingerprints 

c. latent fingerprints 

d. indented fingerprints  

X 

X 
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Safety Precautions: 

Wear protective gloves and clothes and laboratory masks. 

Cyanoacrylate (super glue) is harmful, irritant and skin sensitizer. The fumes 

from cyanoacrylate irritate sensitive membranes in the eyes, nose, and 

throat.  

Iodine crystals are toxic and corrosive and stain skin and clothing. Iodine 

vapours are toxic and irritating. 

Use a fuming chamber because of the vapours which are released from the 

cyanoacrylate. 

 

Background Information: 

At a crime scene, investigators look for any clues that can help them identify the 

criminal. One of the most important types of clues is fingerprints. Some fingerprints are 

immediately visible, but others are not. The invisible fingerprints are described as latent.  

A latent fingerprint is a fingerprint left on a surface as a result of the oils and sweat 

from the pores of the finger. The primary component of latent fingerprints is ordinary 

sweat. Sweat is mostly water, and will dry after a fairly short period of time. The other 

components of latent fingerprints are primarily solid and can remain on a surface for a 

much longer period of time. These other components include organic compounds like 

Insertion in the Curriculum: 

 

Objective:  

Understand how to recover and identify latent 

fingerprints with chemical reagents 

Time required:  

Part 1: 40 minutes 

Part 2: 10 minutes 
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amino acids, glucose, lactic acid, peptides, ammonia, riboflavin, and isoagglutinogens, 

as well as inorganic chemicals like potassium, sodium, carbon trioxide, and chlorine. 

These fingerprints need to be visualized using appropriate development techniques 

before comparison and possible identification. There are a large number of chemical 

methods for making latent fingerprints visible, such as superglue fuming and iodine 

fuming. These methods are based on a chemical reaction between the fumes and the 

molecules that make up the fingerprints.   

The superglue or cyanoacrylate method is a technique that uses the vapours of 

superglue to develop the fingerprints on nonporous glossy surfaces such as glass, plastic, 

and polished metal. The iodine method is a non-destructive technique that uses iodine 

vapours for visualizing latent fingerprints on porous and nonporous surfaces, such as 

paper, index cards, magazines, and cardboard. 

 

What happens? 

In the superglue method, the object to be treated is placed in a chamber with a 

source of humidity and superglue fumes. This reaction will produce a visible white 

material that forms along the ridges of the fingerprint.  

On the other hand, in the iodine method, the object carrying latent fingerprints is 

normally suspended in a closed chamber in which warmed iodine crystals sublime 

directly into vapour, filling the air within the chamber. The result is brownish 

fingerprints. 

 

How does it work? 

Superglue:  

The fumes from the superglue will react with the traces of amino acids, fatty acids, 

and proteins in the fingerprint, and with the moisture in the air to produce a visible white 

material that forms along the ridges of the fingerprint. The final result is an image of the 

entire latent fingerprint (Figure 22).  
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To enable such a reaction to take place, the cyanoacrylate must be in its gaseous 

form. The boiling point for superglue is between 49° and 65°C depending on its exact 

chemical composition. At the boiling point, gaseous cyanoacrylate is formed. 

 

Iodine:  

Iodine is solid at room temperature. When heated it sublimes (it changes directly 

from the solid state to a gaseous one). When iodine fumes are exposed to fingerprint 

residues, specifically to lipids or fats in the residue, they react to form a brownish image 

of the fingerprint (Figure 23). This image is only temporary because the iodine will 

continually sublime and evaporate as a gas into the air, leaving the fingerprint invisible, 

or latent, once again.  

 

  

Figure 22 – Latent fingerprint revealed with superglue fuming. 

Figure 23 – Latent fingerprint revealed with iodine fuming. 
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Procedure  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

The super glue fumes damage the material used in the procedure, 

but these can be used more than once. 

The fingerprint recovered with superglue from Evidence#4 is not 

washable. If you want to repeat the procedure, you have to replace 

Evidence #4 with another plastic knife or object, such as a drinking 

glass, watch glass or piece of window. 

To place a fingerprint on the chosen object, follow these steps: 

a) Wipe off the object with a clean cloth or paper. 

b) Take your thumb and run it along the side of your forehead, 

nose or the back of your neck. These areas of your body are 

rich in oils and will help lubricate the ridges of the thumb to 

produce a clear print. 

c) Choose an area on the object and touch the object with your 

thumb. Use a paper towel or other type of cloth in your hand 

to prevent leaving other fingerprints. Be careful to avoid 

placing any other fingerprints in this area. 

 

 

Materials in the Toolbox 

 Aluminium fuming trays 

 Magnifying glass 

 Iodine Crystals 

 1g Super glue 

 Evidence#4 

 Evidence#7 

 

Materials you provide 

 Gloves 

 Protective clothing 

 Hot plate 

 Plastic container, big enough to cover 

the hot plate 

 100 mL Beaker 

 Paper towel or cloth 

 Water 

 Transparent Plastic Bag 

 4 x 10 cm paper cards 

 Scissors 

 Tweezers 

 Adhesive tape 
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Part 1: Recovering latent fingerprints with superglue fuming 

1. Put on your gloves and protective clothing. 

2. Fill the 100 mL beaker with water. 

3. Fill the aluminium fuming tray with super glue. 

4. Place the hot plate in the fuming chamber and on top of the hot plate, put the aluminium 

tray with super glue, the beaker with water and the Evidence#4 (Evidence#4 should be 

placed on top of a beaker or other object resistant to high temperatures). 

5. Turn on the hot plate at 85°C and cover it with the plastic container for 30 minutes. 

Caution: this process should be made in a fuming chamber, due to the vapours 

which are released. 

6. After 30 minutes, turn off the hot plate. 

7.  Wait 5 minutes in order to dissipate the fumes. 

8. Examine the fingerprint using a magnifying glass.  

 

 

 

Part 2: Recovering latent fingerprints with iodine fuming 

1. Put on your gloves and protective clothing. 

2. Transfer the Evidence#7 and four tiny iodine crystals to the transparent plastic bag with 

tweezers. 

3. Expand the bag so that it contains some air space, and then close it with adhesive tape. 

 

 

 

 

 

 

 

4. The crystals begin sublimating immediately, filling the bag with iodine vapor. Depending 

on the size of the bag and specimen, the amount of iodine used, and how it vaporizes, 

latent prints should start becoming visible within anywhere from a few seconds to a few 

minutes as faint orange smudges on the specimen. 

5. Examine the fingerprint using a magnifying glass. 
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Questions:  

1. Explain what a latent fingerprint is. 

A latent fingerprint is a fingerprint left on a surface as a result of the oils and sweat 

from the pores of the finger. 

 

2. Explain for which types of surfaces superglue and iodine fuming are appropriate. 

Superglue is appropriated for nonporous glossy surfaces such as glass, plastic, and 

polished metal and the iodine is appropriated for porous and nonporous surfaces, 

such as paper, index cards, magazines, and cardboard. 

 

3. Describe the aspect of the fingerprint when it reacts with each of the following:  

a. superglue (cyanoacrylate)  

White fingerprint. 

b. iodine fuming 

Brownish fingerprint. 

  



Human Individual Identification 

Page | 82  
 

 

 

 

 

 

 

Safety Precautions: 

None of the chemicals used in this activity present any special hazard, but it is still 

good practice to wear gloves and protective clothes while working with any chemical. 

The battery stack used in the gel electrophoresis exposes potential dangerous voltage 

and presents a fire hazard if you allow the positive and negative leads to contact each 

other.  

 

 

Background Information: 

Deoxyribonucleic Acid (DNA) is a large polymeric molecule found in the nuclei of 

practically every cell in the body, with the exception of red blood cells and nerve cells. 

Every DNA molecule is made up of two strands of nucleotides (also called bases) that 

are twisted around each other to form a double helix. Each strand is made up of one 

nucleotide that joins to the other strand nucleotide in the middle forming a base pair. 

These base pairs are constituted by one of the following sets: Adenine (A)-Thymine (T) 

or Guanine (G)-Cytosine (C) (Figure 24). 

 

 

 

 

Each strand of DNA is made up of chains of nucleotides, half of which were donated 

by the mother and the other half by the father. Because of the way cells divide, DNA is 

Insertion in the Curriculum: 

 

Objective:  

Using electrophoresis too compare two DNA 

fingerprints to determinate if they match 

Time required: 90 minutes 

C 
G T 

A 
T 

A 

T 
A G 

C A 

T 

Figure 24 – Base pair sequence.  
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unique to each individual, very much like fingerprints. The likelihood that any two people 

will inherit the same combination of nucleotides is very slim. For this reason, DNA 

fingerprints can be used to identify individuals. 

DNA fingerprinting may be performed on extracted DNA from relatively small 

samples of cells, such as blood drops, saliva, hair follicles, skin or semen. It is a method 

to distinguish between individuals by analysing patterns in their DNA. When performed 

under properly controlled conditions and accurately interpreted, DNA fingerprinting can 

link or exclude a suspect to a particular incident. 

To create a DNA fingerprint, scientists first cut the long molecule into shorter 

segments using polymerase chain reaction (PCR) and then the DNA segments are 

separated by size on an agarose gel in the process of gel electrophoresis. Gel 

electrophoresis is conceptually similar to chromatography, but with a slightly different 

goal. Normally, chromatography is used to separate different compounds from a 

mixture. With DNA gel electrophoresis, the goal is to separate DNA fragments of 

different sizes. 

 

What happens? 

In order to visualize the different DNA fragments, a gel electrophoresis is made and 

these samples are loaded into the agarose gel and placed in a salt solution. On this gel, 

an electric current is applied, causing the migration of the DNA through the gel (Figure 

25). The electrophoresis gel separates the DNA fragments by size, since shorter 

fragments move faster than larger fragments through cross-linked structure of the gel. 

                                             

 

 

 

 

 
Figure 25 – Gel electrophoresis apparatus. 
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How does it work?  

In the gel electrophoresis, the DNA samples (generated by PCR) to be analysed are 

loaded into wells formed in the gel (is moulded from a jelly-like material, such as 

agarose). The gel is then immersed in a buffer solution, which maintains the pH and 

caries the electric current, and is subjected to an electric current. Because DNA 

fragments carry a negative charge on their phosphate groups, they are attracted to the 

positive electrode (the anode) that moves through the gel. The positive electrode is 

positioned at the far end of the gel from the wells that contain the DNA solution. 

The gel selectively delays the migration of the DNA fragments toward the positive 

electrode. Small DNA fragments pass through the gel relatively unhindered, and so reach 

the positive electrode quickly. Larger fragments move proportionally more slowly 

because the gel provides more resistance to their progress. The positions of the various 

fragments provide a graphical map of the fragment size distribution in the specimen 

(Figure 26). 
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Figure 26 – DNA fragments separated by size.  
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Procedure  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

The comb used in this procedure is supplied in the Toolbox, but you 

can make your own comb using a shampoo package. Use the comb 

of the Toolbox as a template. 

The paper squares used in this procedure are supplied in the 

Toolbox, but you can make your own paper squares by cutting 

small squares (0.3 cm x 0.3 cm) from a blank paper. 

You can make your own DNA samples using gel food colouring. For 

Evidence#4, use green food colouring; for Suspect 1 use green food 

colouring; for suspect 3 use red food colouring and for victim use 

purple food colouring. 

 

 

 

 

 

Materials in the Toolbox 

 DNA samples (Evidence#4, Suspect 

1, Suspect 3, Victim) 

 Alligator clips 

 Corn Starch 

 Sodium Bicarbonate 

 Paper squares 

 Plastic container (12cmx18cm) 

 Comb 

 Metal clips 

 Butter container 

 

Materials you provide 

 Gloves 

 Protective clothing 

 Distilled water 

 Spatula 

 Scissors 

 Tweezers 

 Scalpel 

 Adhesive Tape 

 250 mL beaker 

 100 mL graduated cylinder 

 Watch Glass 

 9v Batteries 

 Digital Scale 

 Microwave oven 

 Pipette 
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Part 1: Preparation of the gel 

1. Put on your gloves and protective clothing. 

2. Prepare the Sodium Bicarbonate buffer weighing in a watch glass 3 g of Sodium 

Bicarbonate and measuring in a graduated cylinder 300 mL of distill water.  

3. Prepare the tray for the gel using the butter container (provided in the Toolbox). Using 

the scissors cut the four corners until you reach the bottom.  

4. Using the scissors, and approximately 1 cm from the upper corner of the container, 

make two cut with approximately 2 cm depth on opposite sides big enough for the comb 

to enter into the gel. The comb can’t touch the bottom of the container. 

 

 

 

 

 

 

5. Using the lid from the butter container, cut a rectangle with 6 cm wide and 8 cm length 

to be used to smooth the surface of the gel.  

6. Using the adhesive tape close the four cuts of the corners, making sure the gel can’t 

come out. 

7. Transfer 60 mL of sodium bicarbonate buffer, previously prepared, to the graduated 

cylinder. 

8. Weight 7.8 g of corn starch in the glass beaker and mix with 30 mL of the sodium 

bicarbonate buffer, and add the other 30 mL after the corn starch is dissolved. 

9. Put the mixture in the microwave for 30 seconds and then mix with a spatula. Put it back 

in the microwave and stop for mixing every time the mixture rises. Repeat this process 

for 60 seconds until the mixture is thick enough and does not fall of the spatula. 

Caution: for this step use oven gloves to hold the glass beaker, once it gets too 

hot. 

10. Put the heated mixture inside the butter container and smooth the surface with the 

spatula. You have better results if you smooth with the fingers, but that step should be 

made by a teacher. 
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11.  Place the comb on the cuts and make sure that the mixture is between the teeth of the 

comb.  

12. On the top of the gel, carefully put the rectangle previously cut from the lid of the butter 

container.   

13. Place the gel in the freezer for 20 minutes at -20ºC. 

14. After 20 minutes, check the bottom of the butter container to see if it´s still warm. If so, 

keep it in the freezer for 5 more minutes. 

15. After taking out the gel from the freezer, carefully remove the comb and the plastic 

rectangle.  

16. With a scalpel cut the tape from the four cuts of the corners and make sure that the gel 

is not connected to the sides of the container.  

17. Carefully remove the plastic rectangle and cut 3 cm from the bottom of the gel. 

18. With a pipette, wet the bottom of the gel with sodium bicarbonate buffer to facilitate 

the movement of the gel and with the plastic rectangle, wet with the buffer, remove the 

gel and place it on the plastic container (provided in the Toolbox).  

 

Part 2: Load and Run the DNA Specimens 

1. Fold the metal clips so they resemble the image. 

 

 

 

 

 

2. Put the metal clips on the ends of the plastic container and glue them to the sides using 

the adhesive tape. The metal clips must be 1.5 cm away from the gel. 

Caution: The paper clips cannot touch the bottom of the plastic container.  
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3. With the tweezers, dip the paper squares in DNA samples (provided in the Toolbox), 

remove the excess of DNA with a paper and place them inside of the gel wells.  

Caution: Clean the tweezers between samples with alcohol to prevent 

contamination.  

4. Carefully fill the plastic container with sodium bicarbonate buffer until the surface of 

the gel is entirely immersed in the buffer, with the level of the buffer a few millimeters 

above the surface of the gel. Do not pour buffer directly onto the gel surface, or you 

may raise the DNA samples out of the wells. 

5. Connect five or seven 9V batteries in series. 

6. Connect power to the electrophoresis apparatus, making sure to connect the positive 

power supply lead to the positive terminal on the electrophoresis apparatus and the 

negative power supply lead to the negative terminal. 

 

 

 

 

 

 

7. Within a few minutes, you should be able to see the dyes migrating from the wells 

(positive terminal side) toward the far end of the gel (negative terminal side). Continue 

observing the progress periodically until it’s possible to distinguish the strips. 

8. Record your results in Table 10. 

 

After performing the test, discuss with students what results can 

be obtained using Table 10. In the 'Results' column, students 

should indicate how many bands they observe. In the 

'Interpretation of the results' column, students should indicate 

the colour of each band. 
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Table 10 – Table of test results.  

Samples Results Interpretation of the results 

Evidence#4 2 bands Blue and Yellow 

Victim  2 bands Blue and Red 

Suspect 1 2 bands Blue and Yellow 

Suspect 3 1 band Red 

 

 

 

Example of the electrophoresis gel. 

 

   
Victim Suspect 3 Suspect 1 Evidence#4 
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Questions: 

1. Based on your results, did any of the studied samples have the same DNA profiling as 

Evidence#4? 

                  Yes   No 

 

Explain your answer. 

Evidence#4 and Suspect 1 have the same number of bands with the same colour. That 

means that both samples refers to the same DNA sample. 

 

2. Gel electrophoresis: 

a. Cannot separate DNA fragments 

b. Is similar to gas chromatography 

c. Has a very thin column for the stationary phase 

d. Uses an electric current as the mobile phase 

 

3. Explain the purpose of gel electrophoresis. 

The purpose is to separate DNA fragments of different sizes. 

 

4. Explain the function of the comb during gel electrophoresis. 

The comb is used to form wells when the gel solution solidifies. These wells will be used 

to load the samples for electrophoresis. 

 

5. Explain the function of the power supply during gel electrophoresis.  

The power supply allows the passage of electric current through DNA samples, causing 

the migration of the DNA through the gel.  

X 
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Whether natural or synthetic, polymers play an important role in our everyday lives, 

and are very common in our environment. The polymers represent a major category of 

trace evidence (small but measurable amounts of physical or biological material found 

at a crime scene). The major types of polymer evidence are textile fibres and paints. 

There are also less frequently encountered polymers such as plastics, rubbers, and paint-

like products such as varnishes, shellacs, stains, and even some types of inks.  

 

A polymer is a large molecule 

(macromolecule) composed of 

repeating structural units or 

chains typically connected by 

chemical bonds (Figure 27). The 

units, also called monomers, are small molecules that are able to join together in a 

repeating fashion to form more complex molecules. The chemical reaction that bonds 

monomers together to make a polymer is called polymerization. 

Objectives 

With this chapter you will be able to: 

 Understand what a polymer is 

 Compare the various types of fibres through physical 

and chemical analysis 

 Describe what a questioned document is 

 Identify the document analysis methods 

Figure 27 – General chemical structure of a polymer.  

        Monomer 
       Unit 
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Polymer nomenclature is generally based on the type of monomer residues 

comprising the polymer. Polymers that contain only a single type of repeat unit are 

known as homopolymers, while polymers containing two (or more) monomers are 

known as copolymers or heteropolymers.  

According to their origin, polymers can be categorised as natural or synthetic. 

Natural polymers are those that occur in nature and can be extracted, such as silk, 

protein, cotton, linen, wool and DNA. Synthetic polymers are produced by man through 

a series of chemical reactions, such as polypropylene, chewing gum, rubber and nylon.  

 

Due to their diverse physical and chemical nature, textile fibres play an important 

role in the forensic sciences. They are used in the manufacturing of clothing, automobile 

seats and carpets, home furnishings, and a number of other items.  

Single textile fibres are frequently found in crime scenes and can be very useful to 

create a link between crime and suspect. The fibres provide many qualitative and 

quantitative traits for comparison. Textile fibres are often produced targeted at specific 

end-use products and these lead to a variety of discrete traits designed into the fibres. 

It is rare to find two fibres at random that exhibit the same microscopic characteristics 

and optical properties.  

In a criminal scene, the fibres can be transferred directly from victim to suspect or 

suspect to victim, which is called direct transfer. If a victim has fibres that he picked up 

and then transferred to a suspect, this is called secondary transfer. Secondary transfer 

might also occur when fibres are transferred from the original source to a suspect and 

then to a victim. 

 

Fibres can be classified on the basis of their origin and composition. According to 

their origin, they can be grouped as natural or synthetic.  
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Natural fibres are those that occur in nature and come 

from animals, plants and minerals that are mined from the 

ground. They usually have short fibres, called staple fibres. 

The exception is silk, a natural fibre whose continuous 

filaments are up to two kilometres in length.  

Animal fibres are made of particular proteins and include 

ovine wool, the hair of various animals (goat, cashmere goat, 

angora goat and rabbit, alpaca, vicuña, llama, camel, etc.) and 

silk. They are used in clothing, carpets, decorative hangings 

such as curtains, and bedding.  

Plant fibres are specialized plant cells. They are grouped by the part of the plant 

from which they come: they can be seed (cotton, kapok), stem (flax, hemp, jute) or leaf 

fibres (sisal). Plant fibres vary greatly in their physical characteristics: some are very thick 

and stiff, whereas others are very smooth, fine, and flexible. However, all plant fibres 

share the common polymer cellulose. Cellulose is a polymer that is made up of simple 

glucose units, and is not protein. Plant fibres are often short, two or five centimetres in 

length, and become brittle over time. 

Mineral fibres are neither proteins nor cellulose. They may not even be long, 

repeating polymers. The only naturally occurring mineral fibres are asbestos, hydrate 

magnesium silicate minerals that occur in different types of rocks with a crystalline 

structure composed of long, thin fibres. Its many uses include pipe coverings, brake 

linings, ceiling tiles, floor tiles, fire-resistant work clothes, home siding, and insulation 

for building materials.   

 

Synthetic fibres are man-made, usually from chemical sources. They are continuous 

filament fibres, which means the fibres are long and do not have to always be spun into 

yarn. Man-made fibres include rayon, acetate, nylon, acrylics, and polyesters. The most 

Did You Know? 
Silk cocoons are 2.5 

cm long and are made 

from one fiber that 

may measure 1 to 2 

km long! However, it 

takes 3 000 of these 

cocoons to make 1 

square meter of fabric. 
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common synthetic fibres found in crime scenes are polyesters, acrylics and polyamide, 

because they are widely used in garments and textiles. 

Synthetic fibres are categorized as regenerated fibres and polymers. Regenerated 

fibres (or semi-synthetic fibres) are derived from cellulose and other natural raw 

materials. The most common type is rayon. It is a fibre that can imitate natural fibres 

and is generally smooth and silky in appearance. On the other hand, the synthetic 

polymer fibres originate from petroleum products and are non-cellulose-based fibres. 

These fibres are totally man-made polymers that serve no other purpose except to be 

woven into textiles, ropes, and the like.  

 

The identification of textile fibres is an important and challenging task. There are 

many physical and chemical tests for identifying textile fibres. Fibres can be identified 

by one or more tests in combination, such as microscopic physical appearance, burning 

test, microscopic analysis, solubility test, staining test or physical property analysis.  

The simplest and most obvious way to identify a fibre is to look at it. As the physical 

appearance of fibres differ from each other, it provides a preliminary identification of 

the fibre. However, this is a subjective method, since it results from a personal 

evaluation and is often insufficient for complete discrimination.  

 

The microscope is the primary tool for fibre analysis and is indispensable for the 

identification of several types of vegetable and animal fibres and also to distinguish 

these fibres from synthetic fibres. General characteristics of the fibre, such as colour, 

length, diameter, and cross-sectional shape can be viewed with a microscope. 

Microscopic analysis is particularly useful in forensic case work because it is non-

destructive. Microscope testing is very effective for testing the natural fibres. Difficulties 

can be faced while testing synthetic fibres as many of them have a similar appearance. 
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After microscopic analysis, the burning test is the 

first step in fibre identification (Figure 28). This test 

relies on the fact that the chemical composition of a 

fibre will largely determine its behaviour when exposed 

to a flame. The behaviour of the fibre in the presence 

of a flame varies, including whether it burns, shrinks, 

forms any bead, the type of smell emitted and the 

nature of remnant ash. This method is very quick and 

can be performed almost anywhere. However, the test 

is subjective, destructive, consumes a considerable amount of material and may 

produce toxic fumes (e.g. with acrylic fibres). If only a limited number of fibres are 

recovered from a crime scene, then these tests may not be possible to perform. 

 

The generic fibre types are identified by the solubility of the fibres in various 

reagents and comparing the data to the known solubility of several fibres. The reactivity 

of textile fibres to various solvents is different depending on the chemical composition 

of the fibres. Some fibres are completely dissolved by certain solvents while some 

solvents may cause structural damage to fibres or partially dissolve them.  

 

The chemical composition and reactivity of different fibre types causes them to 

have particular affinities for specific dyes or stain types. This has led to the development 

of mixtures of dyes which are specifically prepared as fibre identification stains, and 

which produce known colours for individual fibre types. 

The main limitation of staining tests is that they can only be used on undyed 

material, and chemical damage may also affect the nature of staining. Nevertheless, 

Figure 28 – Burning Test.  
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staining tests can be very useful, particularly if combined with light microscopical 

examination.  

 

Documents are increasingly being viewed electronically 

on computers and are moved around in cyberspace. But 

documents continue to exist in the real world and are a well-

known form of evidence.  

Document analysis, a very broad area in the field of 

forensics, is the examination and comparison of questioned 

documents with known material. A questioned document is 

an original, valid document that has been changed in some 

way and can be any signature, handwriting, typewriting, or 

other written mark. Examples of questioned documents include forged checks, 

certificates, passports, licenses, money, letters, contracts, disputed wills, suicide notes, 

altered receipts, and even altered lottery tickets.  

The polymeric materials which can be analysed on documents are ink and paper.  

 

Ink is one of the most common materials used in the production of a document. 

There are a number of different types of writing instruments that may be used in the 

preparation of handwritten documents and each of these is associated a particular kind 

of ink. The most commonly are pen inks, and particular ballpoint pen inks, although 

other types, such as gel pen inks, are becoming more popular.  

Analysis of inks used in questioned documents can provide various types of useful 

information for document examiners. The analyses can determine if two inks are of the 

same origin, if they were made by the same manufacturer or when the ink was 

manufactured.  

Did You Know? 
Questioned Document 

Examination has been 

a profession at least 

since 1870. 
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Ink is a complex medium for imparting colour and can include colorants, solvents 

and resins. All inks, in their basic form, are mainly composed of a colorant(s) suspended 

in a vehicle (solvents and resins). There are also other organic and inorganic ingredients 

that may be present in inks, which can include antioxidants, preservatives, wetting 

agents, lubricants, and trace elements, but these typically form a small fraction of the 

overall formulation.  

Colorants are a crucial part of all inks because without them, inks would not be 

observable under visible light. Depending on the vehicle and its interaction with the 

colorant, two types of colorants can be used: dyes and/or pigments. The major 

distinguishing feature between dyes and pigments is that pigments consists of fine 

particles of insoluble material that are suspended in the vehicle. Pigments are generally 

considered more stable and long-lasting than dyes because pigments are less prone to 

photodecomposition (lightfast) and are insoluble in water. Their colour can be derived 

from a metal-centred complex and is generally less vibrant than dyestuffs. Additionally, 

pigments are more opaque than dyes, so the colorant is more efficient at masking any 

underlying material. 

The fluid portion of ink that suspends and delivers the colorant to the substrate is 

known as the vehicle. Vehicles are necessary to carry the colour from the cartridge to 

the paper. Once on the paper, the solvent undergoes a series of changes over a fixed 

period of time, causing the colorant to dry onto the paper.  The resins, which can be 

natural or synthetic, are polymers that are incorporated into inks to provide them with 

a desired viscosity and a means to bond the ink and the paper as the ink dries. Normally, 

the resinous material is dissolved into the vehicle to create a solution in which colorants 

can be added. 

 

Currently, the majority of documents are produced on traditional paper and, 

consequently, paper analysis is an important part of the work undertaken by forensic 

document examiners. Although much talked about, the ‘paperless office’, where most, 



Chemical Science 

Page | 99  
 

or all, information is stored and communicated electronically, has become a reality only 

in a few specialist areas. The use of paper still represents the preferred option for many 

types of documentation. 

Paper is usually made from plant material, with the main constituent being cellulose 

fibres and wood being a major source of the fibres. During paper manufacturing, sizing 

agents are usually added to make the cellulose component more hydrophobic (having 

little or no affinity for water) to prevent ink from running. An array of minerals, resin 

and colorants can be present in paper and as the composition varies between 

manufacturers, paper chemistry can be used to connect a paper specimen to a source. 

 

Forensic document examiners use several methods to determinate the validity of a 

questioned document. The first step is always to examine the document with the naked 

eye. A surprisingly large percentage of forgeries are so crudely done that the forgery is 

obvious even through quick examination. If anything was detected in the document, 

there are other tools available, such as: examination with alternate light sources, 

chemical analysis and microscopic analysis. 

 

Papers and inks that are indistinguishable under white light may have very different 

appearances under ultraviolet (UV) or infrared (IR) wavelengths. Some erasures and 

other modification that would look normal under white light may stand out under UV or 

IR illumination. The infrared light detects different inks and dyes. Infrared wavelengths 

make scratched out or erased words easy to read. Ultraviolet lights make oils and 

chemicals visible.   

Examination with an alternative light source (ALS) is normally the first step in any 

document analysis. Often, no other steps are needed to reveal alterations. 

 



Chemical Science 

Page | 100  
 

Analysis of the chemical composition of documents provides information about the 

origins and whether or not modifications have been made. Forensic document 

examiners use numerous chemical tests to compare inks and paper. 

An analysis of the chemical composition of 

writing ink present on documents may verify 

whether known and questioned documents 

were prepared by the same pen. One of the 

most widely used and generally accepted 

methodologies employed to compare and help 

characterize ink formulations is Thin-Layer 

Chromatography (TLC). TLC is an effective and 

efficient method for separating and identifying colorants (Figure 29). Most commercial 

inks, especially ballpoint inks, are actually mixtures of several organic dyes. The 

separation pattern of the component dyes is distinctly different for inks with different 

dye compositions and thus provides many points of comparison between a known and 

a questioned ink.  

 

In microscopic analysis, handwriting analysis is the main component. A visual 

examination of the writing on a document, using low-powered microscopy, may provide 

general information on the type of ink, and therefore the type of writing instrument 

used. Pen inks are either water-based or oil-based. Water-based inks are used in 

fountain pens and fibre-tipped pens, for example. Oil-based inks are used in ballpoint 

pens, which are the most frequently encountered type of pens in casework. The 

interaction between a water-based ink and the surface of a piece of paper differs from 

the interaction between an oil-based ink and paper. This is because the paper surface is 

fibrous and absorbent and the fluid water-based ink will tend to run along the fibres on 

the paper surface, which does not occur with oil-based inks. Oil-based inks often appear 

to sit on the paper surface and have a shine to them, whereas water-based inks have 

more of a matte (non-shiny) appearance.  

Figure 29 – Example of a thin-layer 
chromatography. 
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Over 400 year ago, Swiss alchemist and physician 

Paracelsus said: “All substances are poisons, there is 

none which is not poison. The right dose 

differentiates a poison from a remedy.” He was the 

first person to confirm that substances considered 

toxic are harmless when taken in small doses. 

Similarly, he also stated that a generally harmless 

substance when taken in large quantities could be 

deadly. With this statement he had his theory about 

Toxicology. 

Toxicology is the science that studies poisons and identifies drugs and other 

substances that a person can use for medicinal, recreational or criminal purpose. This 

also examines the harmful effects of poisons and drugs in the body.  

Forensic Toxicology is a modern science that can be considered a multidisciplinary 

science, which comprises a wide range of knowledge and is based on the major 

principles of modern toxicology to help in cases of legal investigation and drug use. This 

forensic science mainly focuses its action on the recognition, identification and 

quantification of harmful effects caused by toxic compounds on humans. In many cases, 

Figure 30 – Paracelsus. 

Objectives 

With this chapter you will be able to: 

 Define and describe the goals and practice of toxicology 

 Identify the areas of Forensic Toxicology 

 Understand what blood doping is  
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all these procedures occur after the opening of criminal investigations, which essentially 

pretend to verify the truth of a given fact before the law. 

Initially, Forensic Toxicology was only applied to the study of dead bodies, where a 

direct analysis was made on them. As a result of that analysis, forensic toxicologists were 

then able to determine the toxic origin of a given crime. 

Together with pathologists and medical examiners, 

toxicologists are a key member of the team that help 

investigators determine a cause and time of death with 

accuracy, validity and reliability.  

There are four areas inside Forensic Toxicology: Post-

mortem forensic toxicology (death investigation 

toxicology), human performance toxicology, forensic 

workplace drug testing and doping control.  

Post-mortem toxicology uses different knowledge 

and resources to define with confidence the cause and 

time of death. Human performance toxicology is related 

to the effects and consequences of alcohol and drugs in 

human performance and behaviour. Forensic workplace drug testing is related to the 

safety in workplaces, since the use of drugs can bring economic consequences. 

Nowadays, it is common that when applying to a job the applicant performs some drug 

test. It’s also common that the company, without warning, perform drug tests during 

the working day to see if someone is using drugs. Forensic Toxicology is also widely 

applied in anti-doping control, especially by conducting toxicological tests that turns 

possible the determination of the use and consumption of illicit substances.  

The detection of substances in the human body is possible using different biological 

fluids: blood, urine, saliva, hair, sweat, among others. These can be analysed using 

various analytical methods, such as liquid chromatography-mass spectrometry (LC-MS) 

and gas chromatography-mass spectrometry (GC-MS). 

Did You Know? 
Socrates (470-399 BC) 

poisoning by drinking 

hemlock is one of the 

best known cases of 

execution by poisoning.  
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Blood doping represents a phenomenon characterized by the use of certain 

techniques and/or substances to increase the number of red blood cells in the 

bloodstream. Consequently, the body will be capable of transporting more oxygen to 

muscles and therefore increase energy and performance.  

There are three widely known illegal substances or methods used for blood doping:  

 Erythropoietin (EPO): is a peptide hormone that is 

produced naturally by the human body. The EPO can 

be created and purified through recombinant 

methods.  

 Synthetic oxygen carriers: are purified proteins or 

chemicals having the ability to carry oxygen, such as 

hemoglobin based oxygen carriers (HBOCs) or 

perfluorocarbons (PFCs).  

 Blood transfusions: can be traditionally classified as 

autologous, where the athlete receives his own blood, 

which has been stored (refrigerated or frozen) until 

needed, or as homologous, where the blood has been 

taken from another person with the same blood type. 
 

The use of these substances or methods are responsible 

for several damages in the body (such as strokes) and are currently forbidden under the 

“List of Prohibited Substances and Methods” established by WADA (World Anti-Doping 

Agency), International Olympic Committee (IOC) and the International Federation of 

Horseracing Authorities (IFHA).  

The evolution of the techniques to control doping in athletes (human or animal) is 

related to the evolution of the techniques to cheat results. In some sports, such as 

cycling (human sport) and horse racing (animal sports), athletes have a biological 

passport. The fundamental principle of the Athlete Biological Passport (ABP) is to 

consider various biological variables and monitor them over time in attempt to detect 

doping.   

Did You Know? 
The most famous case 

of blood doping is that 

of cyclist Lance 

Armstrong, who in 

2013 confessed to the 

use of erythropoietin 

and other drugs for 

increasing his 

performance. 
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On February 7, 1968, Bernard Josephs returns to his home in 

Bromley, England, and found his wife Claire dead. Her throat 

had been slashed and wounds to her hands appeared to be 

caused by a serrated knife. No weapon was found at the 

scene, and police had no other clues to go on. 

Law enforcement first determined the time and circumstances of the crime. 

Ingredients of a meal that Claire had been preparing were still in a bowl in the kitchen. 

There was no sign of forced entry into the house and a half-empty cup of coffee was left 

out on the table. This indicated to the police that the murder was probably someone 

Claire knew that had dropped by while Claire was making dinner and so they began to 

concentrate on family and friends. One of the people the police questioned was Roger 

Payne, a recent friend of the Josephs, who had a prior criminal record for attacks on 

women. Police discovered several scratches on his hands, which Payne described as 

coming from a recent fight with his wife. Police then began to focus on forensic evidence 

found on Payne's clothing. 

Claire Josephs had been wearing a purplish-red (cerise) woollen dress at the time of 

her murder. Although Payne's clothing had been laundered, the seams and hems still 

contained over 60 cerise wool fibres matching Josephs' dress. Investigators then 

examined Payne's car and found traces of blood matching Josephs' blood type, as well 

as additional clothing fibres. Because of this evidence, Payne was convicted and 

sentenced to life imprisonment.  
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 In April 1983, the news magazine Stern published passages 

from what they claimed to be the diaries of Adolf Hitler, a series 

of books written between 1932 and 1945. Stern journalist, Gerd 

Heidemann, claimed to have paid 10 million German marks for 

the 60 small books, which had allegedly been smuggled from a 

crash site in Dresden by ‘Dr Fischer’. 

One page was taken from the diaries and examined by handwriting experts in 

Europe and the USA, which resulted in numerous experts agreeing that the handwriting 

did in fact belong to Hitler. However, when a press conference was held, writer David 

Irving presented photocopies of another fake Hitler diary, claiming it was from the same 

source as the magazine’s material. This sparked further controversy, so the diaries were 

further analysed. Bundesarchiv, the German Federal Archives, soon established that the 

diaries were written on modern paper with modern inks, proving them to be 

counterfeits. Furthermore, Dr Julius Grant in London conducted a forensic analysis of 

the diaries, agreeing that the diaries were in fact fakes. 

It was discovered that the so-called Hitler diaries were actually written by Konrad 

Kajau, a notorious Stuttgart forger. Kajau and Heidemann were both sentenced to 42 

months in prison. 
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 Famous cyclist Lance Armstrong was born on 

September 18, 1971. At age 16, he became a 

professional triathlete. He placed 11th in the World 

Championship Road Race, with the best time of 

any American since 1976. 

However, in October 1996, Lance Armstrong was diagnosed with testicular cancer.  

After removing a testicle, greatly modifying his eating habits and beginning aggressive 

chemotherapy, he had a 65 to 85% chance of survival. When doctors found tumours on 

his brain, his odds of survival dropped to 40%. Fortunately, a subsequent surgery to 

remove his brain tumours was successful and after rounds of chemotherapy, he was 

cured from cancer in February 1997. 

From 1999 to 2005, Lance Armstrong won seven consecutive Tour de France titles, 

inspiring others with his cancer survival. During that phase, Armstrong faced constant 

allegations of doping. He consistently denied allegations of doping until a partial 

confession during a broadcast interview with Oprah Winfrey in January 2013. The U.S 

Anti-Doping Agency stripped Lance Armstrong of his seven Tour titles and other honours 

he received from 1999 to 2005. Lance Armstrong was also banned from cycling. 
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Handle an open flame source with great care. Fibres will ignite suddenly and burn 

quickly at a very high temperature. Inhaling fumes from burning should be avoided. 

 

Background Information: 

Fibres are among the most commonly found pieces of trace evidence at crime 

scenes. Fibres are everywhere. They’re found on any object made with fabric, including 

clothing, carpet, sheets, towels, upholstered furniture, or any object made with fabric. 

At the crime lab, forensic scientists use several tools and tests to identify an 

unknown fibre. Each natural fibre and the group of synthetic fibres have certain specific 

characteristics which help in their identification.  

Visual and microscopic examination are the primary methods of fibre identification. 

Microscopic examination focuses primarily on individual fibres rather than fabrics, but 

can provide useful information about fabrics that are difficult or impossible to 

discriminate under macroscopic examination. After microscopic analysis, the burning 

test is the first step in fibre identification. The burning test is the oldest and simplest test 

for fibre identification and only needs a Bunsen burner. 

Insertion in the Curriculum: 

 

Objective:  

 Identify fibres using microscopic examination 

 Observe the reaction of various fibres to an 

open flame 

 Collect and record data 

 Apply the collected data to solve a forensic 

problem 

 

 

Time required:  

Part 1: 30 minutes 

Part 2: 30 minutes 

Part 3: 40 minutes 
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How does it work? 

Microscopic Examination:  

A simple optical microscopic examination can give considerable information and can 

easily distinguish natural fibres form synthetic fibres.  

Many natural fibres such as wool, cotton, and linen, have distinctive appearances 

that can be detected under the microscope. Wool, being an animal hair, has a pattern 

of surface scales (although wool that is re-used may have lost their surface scales in the 

processing). Cotton has twists in a ribbon-like fibre. And linen has long irregular fibres 

rather like bamboo with cross-markings (Figure 31). 

Silk and most synthetic fibres, which are produced by the drawing out and 

solidifying of a liquid, have smooth surfaces (Figure 31). These characteristics make it 

difficult to distinguish one from another merely by looking at them through the 

microscope in normal light.  

 

 

 

 

 

 

 

Burning Test:  

The burning test consists of the behaviour of the fibre when approaching it to a 

flame, on the flame, removed from the flame, its odour and residue. This is a simple and 

reliable means of judging the family (cellulose, protein or synthetic) of a fibre.  

Cellulose fibres (cotton, linen and rayon) ignite and burn quickly, emit the odour of 

burning paper and have a residue which is grey ash. Cellulosics also exhibit a glowing 

ember after flame is extinguished. On the other hand, protein fibres (silk and wool) burn 

slowly and shrink or curl away from the flame. These fibres are self-extinguishing and 

Figure 31 – Various types of fibres visualised under the microscope. 
A: Linen; B: Polyester; C: Wool, D: Rayon; E: Nylon; F: Cotton 

A B C D E F 
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have an odour of burning hair (wool) or feathers (silk). The residue obtained is a bead 

which is brittle and can be crushed. Synthetics fibres (nylon and polyester) ignites and 

burns quickly and can continue to burn after a flame is removed. These fibres curl away 

from flame and melt. The smell is chemical and the residue is a bead which is non-

crushable. 

The colour of a fibre has little or no discernible effect on the burning test. Even 

heavily dyed fabrics contain relatively little dye by mass percentage, so the dye rarely 

contributes in a noticeable way to the odour when the specimen is burned. 
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Procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

Part 1: Microscopic examination of fibres 

1. Label one side of a glass microscope slide with some identifier (e.g., cotton, nylon, 

polyester, rayon, wool and Evidence#6). 

2. Using the brush applicator that comes with the fingernail polish, pace a few drops of 

the liquid in the centre of the glass slide. 

3. Using the forceps, place the fibre into the fingernail polish. Note: To save on the use of 

slides, you can place as many as three different samples of the same fibre type onto 

the same slide. 

4. Carefully place a cover slip over the fiber. You may need to gently press your finger on 

top of the cover slip to spread the fingernail polish beneath the cover slip. Avoid 

introducing bubbles. Allow the liquid to completely dry before proceeding onto the 

next step. 

5. Repeat this process for the other types of fibres and Evidence#6. 

6. Place your permanent slide on a microscope stage and view the specimen under the 

lowest power. Make adjustments to the light level as necessary to bring in a clear image 

with good contrast. 

7. Record your results in Data Table 11. 

 

 

 

Materials in the Toolbox 

 Known fibre samples (cotton, linen, 

nylon, polyester, rayon, wool) 

 Evidence#6 

 

Materials you provide 

 Microscope 

 Glass microscope slides 

 Cover slips 

 Permanent marker 

 Scissors 

 Small candle o Bunsen burner 

 100 mL beaker 

 Water 

 Forceps 

 Clear fingernail polish 

 Clear packaging tape 
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For all fibres provided in the Toolbox, students should only remove 

small fragments. 

During microscopic examination, discuss with students what 

results they observe using Table 11. 

 

 

 

     Table 11 – Table of results.  

Fibre Observations 

Cotton Twisted ribbon 

Linen Long irregular fibres with cross-markings 

Nylon Rod-like filaments with smooth surface 

Polyester  Rod-like filaments with smooth surface 

Rayon Striations along the length 

Wool Overlapping scales on the fibre surface 

Evidence#6 Twisted ribbon (the sample provided is 100% cotton) 
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Part 2: Comparing fibres from your clothing 

1. Make a loop of packaging tape (sticky side facing outward) that will allow you to insert 

two or three fingers snuggly into the loop. Press the loop of tape (sticky side facing 

outward) onto your upper garment (e.g. shirt) of clothing several times. 

 

 

 

 

 

2. With the loop of the tape still on your fingers, press the sticky side onto the surface of 

a clean glass slide. Using a permanent marker, label the slide to identify the article of 

clothing from which the fibre sample originated. 

3. Remove your fingers from the loop and trim any excess tape not adhering to the slide 

with scissors.  

4. Repeat steps 1 to 3 for the samples from garments below the waist (e.g. pants) and 

from your shoes. 

5. Place one of your prepared slides on the stage of a microscope and view the specimen 

under the lowest power. Make appropriate adjustments to the light level as needed for 

optimal viewing of the specimen. 

6. Record your results in Data Table 12. 

 

Table 12 – Data Table.  

Area of clothing 
Description of your clothing/ 

shoes and predominant colour(s) 

Description of the fibres revealed 

during microscope examination 

Upper body   

Lower body    

Shoes   

 



Chemical Science 

Page | 115  
 

Part 3: Burning Testing Fibre Analysis 

1. Using a small candle or a Bunsen burner as a heat source, analyse the reaction of each 

type of fibre to heating and burning. 

2. Half fill the beaker with water to use as an extinguishing source. 

3. Analyse each type of fibre using the method below, recording what is observed via 

sight, smell, and touch. 

a. Using forceps, bring each fibre near the flame, but without touching it. Note 

how the fibre reacts to the presence of heat. Record your observation in Table 

13. 

b. Place the fibre in the flame and note how quickly it burns and describe the 

appearance of the flame. 

c. Quickly pull the fibre out of the flame; note whether it self-extinguishes or not. 

If not, blow out the flame. Note the smell of the burnt fibre and record in the 

Table 13 what it resembles. 

d. After cooling, examine the residue of the burnt fibre (is it black, brown, white, 

flaky, sooty, hard, brittle, etc.) and describe it in Table 13. 
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 Table 13 – Burning testing fibres.  

Fibre Near Flame In Flame 
Out of 

Flame 
Smell Residue 

Cotton 
Scorches; ignites 

quickly 

Burns quickly; yellow 

flame 

Continues to 

burn rapidly; 

has afterglow 

Like burning 
Paper 

Soft, grey 

ash 

Linen 
Scorches; ignites 

quickly 

Burns less quickly than 

cotton; yellow flame 

Continues to 

burn 
Like burning 

Paper 

Soft, grey 

ash 

Nylon 

Melts without 

burning and 

shrinks away from 

flame 

Melts, then burns 

slowly 

Flame ceases 

and dies out 

Like burning 

plastic 
Hard bead 

Polyester 

Melts without 

burning and 

shrinks away from 

flame 

Melts and burns slowly 
Burns with 

difficulty 

Sweetish 

smell 
Hard bead 

Rayon 
Scorches; ignites 

quickly 

Burns more quickly 

than 

cotton; bright yellow 

flame 

Continues to 

burn rapidly; 

has no 

afterglow 

Like burning 
paper 

Soft, grey 

ash 

Wool 

Smoulders and curls 

away from 

flame; ignites 

slowly 

Burns slowly with small 

flickering flame; sizzles 

and curls 

Ceases to 

flame 

Like burning 

hair 

Dark ash, 

easy to 

crush 

Evidence#6 Scorches; ignites 
quickly 

Burns quickly; yellow 
flame 

Continues to 
burn rapidly; 
has afterglow 

Like burning 
paper 

Soft, grey 
ash 
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Questions: 

1. Based on the tests, indicate the type of fibre in Evidence#6. Explain your answer. 

Evidence#6 is cotton. With microscope examination, it is possible to see a twisted 

ribbon and with the burning test, it is possible to see the characteristics of cotton. 

 

2. Indicate the major types of fibres. 

Natural fibres and Synthetic fibres. 

 

3. Natural fibres can be harvested from: 

a. plants and animals 

b. only from plants 

c. only from animals 

d. plants, animals, and minerals 

 

4. Describe three sources of natural fibres. Provide an example of each type of natural 

fibre. 

Natural fibres can be animal (example: wool), plant (example: cotton) and mineral 

(example: asbestos).  

 

5. All of the following are characteristics of a synthetic fibres, except:  

a. They are formed by combining monomer compounds into polymer molecules 

b. They are man-made 

c. They are used in the production of carpet fibres 

d. They do not contain any natural fibres 

Explain your answer: 

The synthetic fibres can be categorized as semi-synthetic fibres that are 

derived from cellulose or other natural raw materials. 

 

6. Which of the following observations are used to help identify a specific fibre? 

a. smell of the burned fibre 

b. how the fibre reacts to the flame 

c. colour and structure of the residue left after the fibre burns 

d. all of the above  
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Handle an open flame source with great care. 

Inhaling fumes from burning should be avoided. 

 

 

Background Information: 

Forensic document examination, also referred to as questioned document 

examination, is a branch of forensic science that includes the examination of paper, ink, 

typewriting, and writing instruments.  

Ink analysis is an important part of the investigation of question documents; 

however, the ink may often be hidden (invisible), making it difficult to analyse it. 

Secret or invisible ink is a substance made with many different substances and has 

been widely used in steganographic schemes (practice of concealing a file, message or 

image within another file, message or image) so that secret messages can be invisibly 

written on papers. Broadly, invisible inks can be categorized as: organic and sympathetic 

inks. Organic inks consist of “natural” methods, such as lemon juice, vinegar, milk, 

sweats saliva and onion juice. Sympathetic inks are chemical solutions that can contain 

one or more chemicals.  

Hidden messages written with invisible ink can be made visible by a revealing 

process depending on the type of invisible ink. The organic invisible inks can be revealed 

Insertion in the Curriculum: 

 

Objective:  

Demonstrate how the acidic properties of lemons can 

be used to make lemon juice act as an invisible ink and 

how invisible messages can be seen with UV light 

Time required: 30 minutes 
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through heat, such as with fire, irons, or light bulbs, and some can be seen when placed 

under ultraviolet light. Sympathetic inks require the application of a specific chemical 

(called the reagent) to be developed, such as another chemical or a mixture of 

chemicals. 

The search for characters secretly written in a document is a practice which comes 

from ancient times, such as the detection of espionage in wartime or communication 

with the outside world by prisoners. 

 

How does it work? 

Organic inks are the most used type of invisible ink and can be revealed through 

heat or ultraviolet light.  

In the heat process, the organic inks alter the fibres of the paper (making them 

weaker) so that the secret writing has a lower burn temperature and turns brown faster 

than the surrounding paper when exposed to heat. Inks revealed by heat are usually 

acidic, because they change the chemical composition of the paper and also oxidize 

when heated (that is, the compounds that constitute the liquid lose some electrons 

therefore changing their chemical composition), and this oxidation turns the compounds 

brown. 

Lemon juice can be used as invisible ink and is 

initially not visible to the naked eye because it is 

composed of sugar, water, and citric acid. None of 

these components contain much colour, and thus 

they appear “invisible” after the lemon juice dries 

on paper. The citric acid also inhibits the oxidation 

of the other components, preventing the lemon from browning. However, the lemon 

juice can be made visible by the process of heating, which causes the citric acid to 

decompose and the lemon juice to consequently become oxidized (Figure 32). 

On the other hand, certain inks invisible to the naked eye become visible under an 

ultraviolet light (light in the range of 100 nm to 400 nm). Invisible inks contain 

substances that fluoresce when exposed to a UV light source. The material absorbs a 

Figure 32 – Chemical structure of citric 
acid (C6H8O7). 
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portion of energy and emits fluorescence in the visible spectrum when excited with UV 

lighting. Many organic compounds do this, as do laundry detergents and sunscreens.  

Sunscreen is made of inorganic (non-carbon based) and organic (carbon based) 

materials that fluorescence when exposed to a UV light. Inorganic materials include zinc 

oxide (the component that makes sunscreen white) and titanium dioxide. They 

physically block UV rays and reflect, scatter and absorb the UV light. On the other hand, 

organic materials act chemically, absorbing the UV light through their chemical bonds. 

As the bonds absorb UV radiation, the components of the sunscreen slowly break down 

and release heat. 
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Procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part 1: Analysis of unknown sample 

1. Put on your gloves and protective clothing.  

2. With the UV light provided in the Toolbox, check if there is any message written in 

Evidence#7. 

 

During class, students can discuss why the message is visible with 

ultraviolet light and can also can make their own invisible ink using 

the following protocols. 

 

 

Protocol for lemon juice as invisible ink 

1. Put on your gloves and protective clothing. 

2. With a knife, carefully cut a lemon in half and squeeze its juice into a 50 mL falcon tube.  

3. Dip the cotton swab in the lemon juice until the cotton is covered with juice (your “ink”). 

Remove the excess juice by gently swirling the swab on paper towel. 

Materials in the Toolbox 

 UV light 

 Evidence#7 

 Cotton Swabs 

 Invisible Ink (Sunscreen 2:10 dilution) 

 

Materials you provide 

 Gloves 

 Protective clothing 

 Fresh whole Lemons 

 Sunscreen  SPF 50  

 Water 

 Cotton Swab 

 White Paper 

 Paper towels 

 50 mL Falcon tube 

 1.5 mL microcentrifuge tubes 

 Knife 

 Alcohol or Bunsen burners 

 100 µl or 200 µl micropipette and 

corresponding tips   

 Vortex 
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4.  With the “ink” from the swab, write or draw something on the white paper. You may 

need to repeat step 3 several times to complete your message or picture.  

5. Wait 5 minutes to allow the paper to dry. Once dry, you'll have what looks like a blank 

sheet of paper. 

6. Hold the paper parallel to the heat source and move it so the flame passes through the 

massage. The message should appear immediately. 

Caution: do not hold too close the paper to the flame, because it can easily 

ignited. 

 

 

Protocol for sunscreen as invisible ink 

1. Put on your gloves and protective clothing.  

2. In a microcentrifuge tube, pipette 80µl of water and 20 µl of sunscreen (2: 10 dilution). 

Mix the solution in the vortex. 

3. Dip the cotton swab in the sunscreen solution until the cotton is covered with 

sunscreen (your “ink”). Remove the excess sunscreen by gently swirling the swab on 

paper towel. 

4. With the “ink” from the swab, write or draw something on the white paper. You may 

need to repeat step 3 several times to complete your message or picture.  

5. Wait 5 minutes to allow the paper dry. Once dry, you'll have what looks like a blank 

sheet of paper. 

6. With the UV light provided in the Toolbox, visualize the message. 
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Questions: 

1. Indicate and explain the different types of invisible inks. 

Invisible inks can be categorized as: organic and sympathetic. Organic inks consist of 

“natural” methods, such as lemon juice, vinegar, milk, sweats saliva and onion juice. 

Sympathetic inks are chemical solutions that can contain one or more chemicals. 

 

2. Indicate the three methods of revealing invisible ink.  

Invisible ink can be revealed through heat, ultraviolet light and chemicals.  

 

3. The UV light range is: 

a. 100 nm to 400 nm 

b. 400 nm to 800 nm 

c. 800 nm to 1 mm 

d. none of previous 

 

4. Explain the function of the citric acid. 

The citric acid inhibits the oxidation of the other components (sugar and water) 

preventing the lemon from browning. 
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Ethanol is flammable. 

 

 

Background Information: 

In the investigation of questioned documents, ink analysis is an important step. 

Since ink is used for writing, painting and drawing purposes, its analysis can give relevant 

information about the questioned document. The central aspect of ink examination is 

determining the formulation of the ink.  

In ink analysis, the separation of its components is performed using the 

chromatography technique. Chromatography separates substances within a mixture 

based on their physical properties. 

In chromatography, the components of a mixture are dissolved into a solvent 

(mobile phase) and the different components are separated according to how they 

interact with the material of the stationary phase. There are various separation 

processes which can be divided into three categories: 

1. Thin layer chromatography (TLC) – also called paper chromatography, the 

stationary phase is a thin layer of material supported, for example, on a glass or 

aluminium plate; 

Insertion in the Curriculum: 

 

Objective:  

 Understanding of the purpose of 

chromatography 

 Measure and graph pigment separation 

 Use chromatography to determine the colour 

composition of several inks Time required: 90 minutes 
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2. Liquid chromatography – the solution containing the mixture is forced through a 

thin column packed with a stationary phase material; 

3. Gas chromatography – the tested mixture is in gaseous form and passes through 

a narrow column the surface of which is covered with a stationary phase 

material. 

The most common forensic method for analysing inks from documents is thin layer 

chromatography. TLC is a simple chromatographic technique used to separate non-

volatile mixtures with a rapid response.  

TLC works with the same principle as all chromatography techniques: a substance 

will have different affinities for the mobile and stationary phases, and this affects the 

speed at which it travels. The goal of TLC is to obtain well defined and separated spots 

(i.e. the ink splotch is separated into different dye components, which show up as 

differently coloured bands). 

The result of the chromatography is called a chromatogram. A chromatogram shows 

how far the solvent travelled and the substances that were dissolved in the original 

mixture, forming a colour pattern (Figure 33). 

 

 

 

 

 

 

 

 

 

How does it work? 

In paper chromatography, a small amount of ink is removed from the document and 

placed onto a strip of an absorbing paper, which is then dipped in a solvent, such as 

Figure 33 – Example of separation of substances of an ink using the TLC. 

Solvent  
(mobile phase) 

Flow of 
Solvent 

Separation of 
Substance 

Paper Strip  
(stationary phase) 

Solvent Front 
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water, alcohol or acetone. The solvent rises through the paper (stationary phase) by 

capillary action (the movement of the solvent on the paper due to the attraction of the 

molecules of solvent to the molecules in the paper). As the solvent moves up through 

the paper, it dissolves the mixture. Substances in the mixture that are strongly attracted 

to the paper spend more time absorbed by the paper and little time dissolved in the 

solvent, so they travel slowly and leave a coloured spot on the paper. Substances less 

attracted to the paper spend more time dissolved in the solvent and travel more quickly 

up the paper.  

The various substances in the mixture are separated by leaving coloured spots at 

different levels on the paper. These substances can be identified by the ratio of the 

distance they travelled to the distance travelled by the solvent, called retardation factor 

(Rf) (Figure 34).  

 
 

 
 
 
 
 
 
 
 
 
 

 
 

The actual distances travelled by the substances and the solvent may vary between 

experiments, but the Rf value remains constant for a particular substance. Therefore, 

identical substances have the same Rf values.   

The Rf values strongly depend on the nature of the solvent. The Rf value is small 

when a substance is strongly attracted to the adsorbent and does not travel very far 

from the point of origin. An increase in solvent polarity would probably increase the 

attraction of the substance for the solvent and the substance would move farther up the 

plate, resulting in a larger Rf value. The ideal solvent is the one that provides the best 

separation.  

Distance travelled 
by solvent 

Distance travelled by 
the various substances 

Solvent front 

Point of origin 

Figure 34 – Procedure for calculation of Rf value in paper chromatography. 

Rf =   Distance travelled by substance 
            Distance travelled by solvent 
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Procedure  

 

 

 

 

 

 

 

 

 

 

 

 

You can make your own chromatography paper using the following 

steps: 

a) Cut chromatography paper approximately 12 cm long and 2 

cm wide. Use the paper chromatography provided in the 

Toolbox as template; 

b) Cut one end of each strip into a pointy shape. 

 

 

 

Part 1: Separating pen ink using chromatography 

1. Put on your gloves and protective clothing. 

2. Using Evidence#8, draw a dot with 2-3 mm in size at 2 cm from the pointy end of the 

strip (this point will touch the solvent) . Repeat the process for the Evidence#11 using 

other strip.  

 

 

 

 

3. Label your strips at the top with a pencil so you can tell them apart. 

4. In the beaker, put 30 mL of ethanol and 10 mL of water. 

Materials in the Toolbox 

 Evidence#7 

 Evidence#8 

 Evidence#11 

 Chromatography paper 

 

Materials you provide 

 Gloves 

 Protective clothing 

 Pencil 

 600 mL Beaker 

 Toothpick 

 Ruler 

 Scissors  

 Adhesive tape 

 96% Ethanol 

 Distilled water 

 Watch glass 
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5. Put the strips inside the beaker and tape them with adhesive tape to the top of the 

beaker so they do not move. The strip should be in contact with the solution, while 

keeping the dot above the solvent level and without touching the walls of the beaker. 

6. Cover the beaker with a watch glass or some other object. 

 

 

 

 

 

 

 

 

 

7. Wait 35 minutes to allow the solvent to soak up the strip.  

8. After that time, remove the strips from the beaker and place a mark where the solvent 

reached. Then allow the filter paper to dry. 

9. Record your work in Table 14. 

 

Table 14 – Table of test results. 

 

 

 

Substance 

Evidence#8 Evidence#11 

Distance 
travelled by 
substance 

(cm) 

Distance 
travelled by 

solvent 
(cm) 

Rf Value 

Distance 
travelled by 
substance 

(cm) 

Distance 
travelled by 

solvent 
(cm) 

Rf Value 

Substance 1 0.6 6.3 0.095 0.3 6.4 0.047 

Substance 2 1.2 6.3 0.190 0.9 6.4 0.141 

Substance 3 4.5 6.3 0.714 3.9 6.4 0.609 

Substance 4 6.3 6.3 1 6.4 6.4 1 
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Part 2: Examining documentary evidence with chromatography 

1. Put on your gloves and protective clothing. 

2. Using Evidence#7, put 4 drops of water on the last 3 letters of the victim’s name and 

with paper towel, gently remove the excess water without touching the ink. 

 

 

 

 

3. At 2 cm from the pointy end of the strip, put the chromatography paper on top of the 

wet letters in order to absorb the ink from the paper, and gently press the 

chromatography paper with your fingers.  

 

 

 

 

 

4. For the Evidence#8 and Evidence#11, write the same as Evidence#7 on a piece of 

paper. The piece of paper should be similar to the suspect document. 

5. Repeat steps 2 to 3.  

6. Label your strips at the top with a pencil so you can tell them apart. 

7. In the beaker, put 30 mL of ethanol and 10 mL of water. 

8. Put the strips inside the beaker and tape them with adhesive tape to the top of the 

beaker so they do not move. The strip should be in contact with the solution, while 

keeping the dot above the solvent level and without touching the walls of the beaker. 

9. Cover the beaker with a watch glass or some other object 

10. Wait 35 minutes to allow the solvent to soak up the strip.  

11. After that time, remove the strips from the beaker and place a mark where the solvent 

reached. Then allow the filter paper to dry. 

12. Record your work in Table 15. 
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Table 15 – Table of test results.  

 

 

The values of Table 14 and 15 are examples of possible results. 

In Table 15, students should compare the Rf value in order to 

determine which pen was used to write the victim's name (the pen 

used was Evidence#11). 

Example of the chromatograms obtained.  

 

 

 

 

 

 

 

 

 

 

  

Substance 

Evidence#7 Evidence#8 Evidence#11 

Distance 
travelled 

by 
substance 

(cm) 

Distance 
travelled 

by 
solvent 

(cm) 

Rf 
Value 

Distance 
travelled 

by 
substance 

(cm) 

Distance 
travelled 

by 
solvent 

(cm) 

Rf 
Value 

Distance 
travelled 

by 
substance 

(cm) 

Distance 
travelled 

by 
solvent 

(cm) 

Rf 
Value 

Substance 

1 
4.6 5.5 0.84 3.2 5.4 0.59 4.6 5.5 0.84 

Substance 

2 
5.5 5.5 1 4.3 5.4 0.80 5.5 5.5 1 

Substance 

3 
---- ---- ---- 5.4 5.4 1 ---- ---- ---- 

Chromatogram 
using the 
document 

Chromatogram 
using the pen 



Chemical Science 

Page | 131  
 

Questions:  

1. Indicate the three types of chromatography. 

Thin layer chromatography (TLC), liquid chromatography and gas chromatography.  

 

2. Explain the basic principle of TLC (paper chromatography). 

Paper chromatography is a form of chromatography where the substances of a 

mixture get separated. The substances will have different affinities for the mobile and 

stationary phases, and this affects the speed at which it travels. 

 

3. Explain why it is necessary to cover the developing chamber during the paper 

development. 

This step is essential as the environment inside the chamber should remain saturated 

with the solvent vapour. 
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Safety Precautions: 

Wear protective gloves and clothes, safety glasses and laboratory masks. 

Handle the blood samples according to safety regulations. 

After using the materials, use the recipient for biological waste to discard them. 

Giemsa stain is acute toxic, carcinogenic, mutagen and reprotoxic.  

 

 

Background Information: 

Blood doping is an illicit method used to increase the number (i.e. concentration) of 

red blood cells in the bloodstream in order to enhance athletic performance, particularly 

in long-distance events, such as running and cycling. Since such blood cells carry oxygen 

from the lungs to the muscles, a higher concentration in the blood can improve an 

athlete’s aerobic capacity and endurance. 

One of the most common methods of blood doping is the use of Erythropoietin 

(EPO). EPO is a natural hormone that is produced by the human body. EPO is released 

from the kidneys and acts on the bone marrow to stimulate red blood cell production. 

An increase in red blood cells improves the amount of oxygen that the blood can carry 

to the body’s muscles.  

The human erythropoietin (with the chemical formula: C815H1317N233O241S5) is a 

compact globular structure, which contains about 40% carbohydrate and the remaining 

Insertion in the Curriculum: 

 

Objective:  

 Observe microscope slides with blood 

samples 

 Distinguish the samples with different 

concentrations of red blood cells and 

associate them to a physical condition  

 Understand what blood doping is 

  

Time required: 20 minutes 
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60% are related to a single polypeptide chain with 165 amino acid with two 

intramolecular disulfide bonds (Figure 35). 

 

Ala-Pro-Pro-Arg-Leu-Ile-Cys-Asp-Ser-Arg      Val-Leu-Glu-Arg-Tyr-Leu-Leu-Glu-Ala-Lys  

Glu-Ala-Glu-Asn-Ile-Thr-Thr-Gly-Cys-Ala       Glu-His-Cys-Ser-Leu-Asn-Glu-Asn-Ile-Thr 

Val-Pro-Asp-Thr-Lys-Val-Asn-Phe-Tyr-Ala     Trp-Lys-Arg-Met-Glu-Val-Gly-Gln-Gln-Ala 

Val-Glu-Val-Trp-Gln-Gly-Leu-Ala-Leu-Leu      Ser-Glu-Ala-Val-Leu-Arg-Gly-Gln-Ala-Leu 

Leu-Val-Asn-Ser-Ser-Gln-Pro-Trp-Glu-Pro     Leu-Gln-Leu-His-Val-Asp-Lys-Ala-Val-Ser 

Gly-Leu-Arg-Ser-Leu-Thr-Thr-Leu-Leu-Arg    Ala-Leu-Gly-Ala-Gln-Lys-Glu-Ala-Ile-Ser 

Pro-Pro-Asp-Ala-Ala-Ser-Ala-Ala-Pro-Leu     Arg-Thr-Ile-Thr-Ala-Asp-Thr-Phe-Arg-Lys 

Leu-Phe-Arg-Val-Tyr-Ser-Asn-Phe-Leu-Arg  Gly-Lys-Leu-Lys-Leu-Tyr-Thr-Gly-Glu-Ala  

Cys-Arg-Thr-Gly-Asp 

 

 

 

The erythropoietin can be detected through the evaluation of the hormone level, 

by counting the red blood cells present in a blood sample. Normal levels of 

erythropoietin range from 4 up to 24 mU/ml (milliunits per milliliter).  An abnormal level 

of erythropoietin in the blood can suggest possible bone marrow or kidneys disease or 

erythropoietin abuse. EPO has a short-acting period of time in the body (48 hours), but 

the biological effects, the positive effects on performance, can last for weeks or months. 

The use of erythropoietin is very dangerous for health, since the increased number 

of red blood cells increases the viscosity (thickness) of the blood, and it becomes hard 

for the heart to push the blood to the rest of the body. This may cause a stroke or a 

blood clot.  

  

Figure 35 – Amino acid sequence forming the structure of erythropoietin.  
Ala – Alanine, Pro – Proline, Arg – Arginine, Leu – Leucine, Ile – Isoleucine, Cys – Cysteine, 
Asp –Aspartic acid, Ser – Serine, Val – Valine, Glu – Glutamic acid, Tyr – Tyrosine, His – 
Histidine, Lys –Lysine, Asn – Asparagine, Thr – Threonine, Gly – Glycine, Trp – Tryptophan, 
Gln – Glutamine, Phe – Phenylalanine, Met – Methionine. 
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Procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Place the Evidence#9 on a microscope stage. View the specimen under the lowest 

power.  

2. Make adjustments to the light level as necessary to bring in a clear image with good 

contrast. 

3. Carefully swing the objective to the next level of magnification. Using the fine 

adjustment knob, make adjustments to sharpen the image as needed. 

4. Repeat steps 1 to 3 for Evidence#10 – A, Evidence#10 – B and Evidence#10 – C. 

5. Record your results in Data Table 16. 

 

After performing the test, discuss with students what results can 

be obtained using Table 16. In the 'Results' column, the students 

should describe if they see a lot of red blood cells compared to 

other samples. In the 'Interpretation of the results' column, 

students should understand that if they see a large amount of red 

blood cells, it means that the person may be doped; if  they see a 

Materials in the Toolbox 

 Evidence#9 

 Evidence#10 – A 

 Evidence#10 – B 

 Evidence#10 – C 

 

Materials you provide 

 Gloves 

 Laboratory masks 

 Protective clothing 

 5 mL EDTA Tube 

 1.5 mL microcentrifuge tubes 

 76 x 26 mm microscope slides 

 24 x 60 mm cover glasses 

 Hair spray 

 Saline solution 

 Giemsa stain 

 Clear fingernail polish 

 Immersion oil 

 Animal blood samples (Cow or Pig) 

 Optical Microscope 

 Vortex mixer 

 Micropipettes 
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small amount of red blood cells, it means that the person can be 

anaemic. 

 

Table 16 – Data Table.  

Samples Results Interpretation of the results 

Evidence#9 Large amount of red blood cells Person may be doped 

Evidence#10 – A Small amount of red blood cells Person can be anaemic 

Evidence#10 – B Large amount of red blood cells Person may be doped 

Evidence#10 – C Normal amount of red blood cells Normal person 

 

 

 

You can make your one permanent blood slides using the 

following protocol. This protocol requires approximately 75 

minutes. 

 

 

 

Protocol for Blood sample collection 

1. Meticulously collect the blood samples into an EDTA tube. To ensure the correct blood-

to-anticoagulant ratio, confirm if the full volume is fulfilled. 

2. Carefully invert the tube 10 times to mix the blood with the anticoagulant. 

3. Store the tube at room temperature. For longer storage times, it is recommended to 

freeze the blood sample, so that the blood can maintain its fresh condition. 

 

Part 2: Blood sample preparation  

1. Put on your gloves, laboratory mask and protective clothing. 

2. Prepare three different blood samples: 

a. Label three microcentrifuge tubes as “Normal”, “Anaemic” and “Doped”.  

b. Add 0.9 mL of blood and 0.1 mL of saline solution to the tube “Normal”. 

c. Add 0.85 mL of blood and 0.15 mL of saline solution to the tube “Anaemic”.  
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d. Add 1 mL of blood to the tube “Doped”. 

e. Mix all the microcentrifuge tubes a few seconds using the vortex mixer. 

3. In a clean microscope slide, place a single drop of “Normal” sample near the end of the 

slide. 

4. Place a second slide in contact with the first slide at a 45° angle (verify if the drop of 

blood flow along the edge of the second slide, which will work as a spreader) 

5. Spread the blood drop rapidly and smoothly over the length of the microscope slide 

without losing contact between the two slides. This way, a thin layer of blood will be 

formed.  

6. Wait 3-5 minutes until the blood smear is dry. It will be apparent that the slide is dry 

once the “wet” appearance of the spread disappears. 

7. In the dry slide with blood smear, put two drops of Giemsa stain covering the slide and 

homogenize the blood smear to cover the entire surface.  

8. Wait 3-5 minutes for the coloration. 

9. For the fixation of the coloration, put hair spray along the entire blood smear and wait 

1-3 minutes. 

10. In running water, carefully wash the slide for a few seconds. 

11. Dry the slide in an upright position. 

12. Using the brush applicator that comes with the fingernail polish, pace a few drops of the 

liquid in the centre of the slide.  

13. Carefully place a cover slip over the smear. You may need to gently press your finger on 

top of the cover slip to spread the fingernail polish beneath the cover slip. Avoid 

introducing bubbles. Allow the liquid to completely dry before proceeding onto the next 

step. 

14. Repeat steps 3 to 13 for the “Anaemic” and “Doped”. 
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Questions: 

1. Explain what blood doping is. 

Blood doping is an illicit method used to increase the number of red blood cells in the 

bloodstream in order to enhance athletic performance. 

 

2. Explain what erythropoietin is and its function.  

Erythropoietin is a natural hormone that is produced by the human body. 

Erythropoietin is released from the kidneys and acts on the bone marrow to stimulate 

red blood cell production. An increase in red blood cells improves the amount of 

oxygen that the blood can carry to the body’s muscles. 

 

3. The erythropoietin can be detected through: 

a. amount of white blood cells 

b. amount of red blood cells 

c. amount of red and white blood cells 

d. none of previous 

 

 


