Forensic Science EOC Review
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Forensic Science-any branch of science that is applied to the law:  the application of science to criminal and civil laws that are enforced by police agencies in a criminal justice system.

Key Historic Figures:

Mathieu Orfila (1787-1853) Father of forensic toxicology; published the first scientific detection 

of poisons and their effects on animals.

Alphonse Bertillon (1853-1914) Developed the first scientific system of personal identification

Anthropometry-a systematic procedure of taking body measurements as a means of distinguishing one individual from another.

Francis Galton (1822-1911) Developed methodology of classifying fingerprints for filing

Leone Lattes (1887-1954) Developed a procedure for determining blood group of dried bloodstain

Calvin Goddard (1891-1955) Used a comparison microscope to examine bullets (ballistics)

Albert S. Osborn (1858-1946) Developed fundamental principles of document examination

Walter C. McCrone (1916-2002) Used microscopy and analytical methodologies to examine 

evidence

Hans Gross (1847-1915) Described application of scientific disciplines to the field of criminal 

investigation

Edmond Locard (1877-1966) Founder/director of the Institute of Criminalistics at the Univ. of 

Lyons

Locard’s Exchange Principle-The exchange of materials between two objects that occurs whenever two objects come into contact with one another.

FBI (1932) Under leadership of J. Edgar Hoover organized a national lab to offer forensic 

services to all law enforcement agencies in the country.

In 1981, FBI’s Forensic Science Research and Training Center opened

August Vollmer (1923) Created the 1st Forensic lab in the U.S. with the LAPD. Headed the 1st 

U.S. university institute for criminology and criminalistics at the Univ. of California at Berkeley and in 1948 a school of criminology was formed.  

Paul Kirk (1902-1970) Famous criminalist selected to head school of criminology (1948)
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Deoxyribonucleic acid or DNA molecules carry the body’s genetic information. It instructs the body cells to make protein that determine everything from hair color to our susceptibility to diseases.


In the 1950’s James Watson and Frances Crick found out that DNA is a double stranded helix. Each unit has a sugar molecule, a phosphorus containing group and a nitrogen containing molecule called a base. Bases are Adenine, cytosine, quinine, and thymine.


A pairs with T


G pairs with C

DNA, transcription, RNA, translation, protein, trait, Proteins are a combination of amino acids.


Transcription- changes DNA to RNA in nucleous of cell

Translation- changes RNA into protein occurs in the cytoplasm of cell

Trait- the proteins code for specific traits

Only 1% of the human genome codes for personal traits.

Polymerase Chain Reaction- PCR responsible for using DNA polymerases and  heat cycles to make millions of copies of DNA.  Used when sample amounts are small.

Gel Electrophoresis- DNA has a negative charge.  When placed on an agarose gel with an electrical current running through it, DNA will separate by size.  The smaller pieces will travel further towards the positive pole.  Once the DNA pieces are separated out, comparisons can be made.

DNA Replication   


Double strands unwind and split up. Each side is exposed to free base nucleotides letter by letter. The double helix id recreated and 2 identical copies of DNA emerge.


DNA polymerase – enzyme that assemble new DNA in proper sequence.


Polymerase Chain Reaction (PCR) - process of copying small amounts of DNA using polymerases and temperature changes into millions of copies.


Restriction Enzymes- Act as scissors to slice DNA at specific base pairs.


Short Tandem Repeats-STR locations on chromosomes that contain repeats of 3-7 bases stable, less susceptible to degradation can be recovered from bodies or stains that are extremely decomposed.


CODIS- Combined DNA index System DNA database uses 13 STRs. Nuclear DNA has 23 pairs of chromosomes and is in the nucleus of the cell


Mitochondrial DNA- found outside of nucleus and inherited from mother only.
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Fingerprint- Classifications

Fundamental principles of fingerprints

- all fingerprints have individual characteristics

- all fingerprints will remain unchanged throughout a lifetime

- fingerprints can be systematically classified

Loop- Classification of fingerprints characterized by ridge lines that enter from one side of the pattern and curve around to exit from that same side.  65% of population has loops.

Whorl- classified by having ridge patterns that are generally rounded or circular in shape and have two deltas.  30-35% of population has whorls.

Arch- classified by ridge lines that enter a print from one side and flow out the other side.  About 5% of population has arches.

Ulnar loop opens toward the little finger.  Radial loop opens towards the thumb.

Type lines- the pattern area of the loop surrounded by two diverging ridges

Delta-the ridge point nearest the type line at the point of divergence (inside triangular area of type line)

METHODS OF DETECTION
3 kinds of fingerprints

Visible- made by fingers that have touched a colored material- paint, blood, grease, ink

Plastic- prints left in a soft material.  Wax, putty, soap, dust

Latent- “invisible” prints left by body perspiration or oils present on fingertips

DEVELOPING PRINTS

Dust with camel hair brush using fingerprint powder.  Make sure the color of the powder contrasts the surface to be dusted.  Use black powder on light surfaces and grey on dark surfaces.  

After photographing dusted prints they are “lifted” using tape and transferred to an index card.  

Iodine fuming- method used to visualize prints using iodine crystals and heat.  Good for prints on paper.  This method must be photographed quickly because when the fuming has stopped the color fades.

Ninhydrin- forms a purple blue color with amino acids that are present in perspiration .  This method has been effective visualizing prints on paper that are over 15 years old. 

Cyanoacrylate fuming- (Super-glue) This method causes a white layer of super glue to coat latent prints making them more durable for lifting.   This process takes 2-6 hours and a small heat source.

AFIS- Automated Fingerprint Identification System uses an automatic scanning device to compare suspect prints with a database of convicted criminals.  Search a set of 10 fingerprints against 500,000  in .8 sec.  The computer shows the most likely matches and a trained fingerprint expert makes the final comparison.
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Drugs and physiological effects

Narcotics- pain killing substance that depresses vital body functions .

(Morphine, heroin, methadone, codeine)

Hallucinogens- drugs that cause marked alterations in thought processes, perceptions, and moods. (marijuana, lysergic acid diethylamide(LSD), PCP, MDMA or ectasy)

Depressants- depresses the functions of the central nervous system, calming irritability and anxiety. (barbiturates, alcohol, methaqualone, and valium)

Stimulants- substance taken to increase alertness or activity.  (amphetamines, cocaine, caffeine, nicotine)

Anabolic steroids- chemically related to the male sex hormone testosterone.  Promotes the secondary male characteristics and accelerates muscle growth.  Has not been found that they will increase strength and performance.  Can cause liver cancer, infertility, halting bone growth and diminished sex drive. 

Drug ID Methods:

Screening tests include color tests and microcrystalline tests

Color tests

Marquis Reagent- turns purple  with heroin and morphine, orange brown with methamphetamines

Dillie-Koppanyi- violet blue when comes in contact with barbiturates

Duqenois-Levine- purple for marijuana

Van Urk- blue-purple when in contact with LSD

Scott test- blue with cocaine present

Gas chromatography- separates drugs into pure forms for tentative id

Mass spectrometry- specifically identifies a drug when in pure form- no two drugs can produce the same fragmentation patterns.
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Collecting, preserving, and securing forensic evidence

The successful outcome of a criminal investigation is almost always directly related to the manner in which evidence is collected and preserved.

1st officer at the scene- Helps victims, then secures crime scene

Steps to thoroughly record the crime scene

Crime scene search patterns- line, spiral, zone, grid

Packaging evidence- Package each item in separate containers and label accurately

- Clothing is air dried before packaging in paper bags

- Charred, burnt debris, explosive residue, glass, hair and fibers are placed in  

   airtight glass jar

- Fingernail scrapings are placed in sealed, airtight container

- Druggist fold

Standard reference sample- sample from victim, suspect, or other known source used to compare against evidence found at the crime scene.

Chain of evidence- continuity of possession
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Lab methods and instruments used to analyze forensic samples
Lab Services-

Physical Science Unit-applies chemistry, physics, & geology to ID and compare evidence

Biology Unit-responsible for DNA profiling and comparison of hair and fibers

Firearms Unit-examines garments or objects in order to detect gunshot residue

Document Examination Unit-analyzes handwriting or typewriting

Photography Unit-uses specialized photographic techniques to examine/record physical evidence

Toxicology Unit-analyzes body fluids for presence or absence of drugs/poisons

Latent Fingerprint Unit- processes and examines fingerprints

Polygraph Unit-employs trained criminal investigators to interrogate suspects

Voiceprint Analysis Unit-analyzes telephone or recorded messages

Evidence Collection Unit-collect and preserve evidence at the crime scene

Estimating time or cause of death:

Autopsy (performed by a Medical Examiner)

Stages of decomposition:

Rigor Mortis- occurs within the 1st 24 hours, disappears within 36 hours

Livor Mortis- settling of blood in areas causing dark blue or purple areas on the skin

Algor Mortis- postmortum changes that cause a body to lose heat

Entomology (stages of blowflies and presence of other insects)

Potassium levels of ocular fluids

Digestive processes (stomach contents)
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Legal aspects
Four circumstances that justify a warrantless search

-In the process of a legal arrest

-Suspect consents to search

-Emergency situations, such as a fire

-Reasonable cause

Fourth amendment

Frye vs. U.S.

Daubert vs. Merrell Dow Pharmaceutical, Inc.

Mincey vs. Arizona- Supreme Court case that dealt with impropriety of the warrantless collection of physical evidence at a homicide scene.

Michigan vs. Tyler- Supreme Court case that dealt with search and seizure procedures at an arson scene.
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Safety and OSHA

OSHA-Occupational Safety and Health Administration, a division of the Dept. of Labor, establishes and enforces safety standards for the workplace.

-Occupational Exposure to Hazardous Chemicals Standard- requires that employers inform employees of all chemicals and hazards in the workplace.  All manufacturers must provide MSDSs (Material Safety Data Sheets) with any hazardous products sold.

-Bloodborne Pathogen Standard- mandates to protect health care providers from diseases caused by exposure to body fluids.

Standard Precautions- rules developed by the CDC (Center for Disease Control and Prevention) that states every body fluid must be considered potentially infectious material.

PPE-Personal Protective Equipment such as gloves, gowns, masks, protective eyewear, face shields, lab coats, etc.

Lab Safety-

Read all instructions before beginning

Wear appropriate clothing in the lab

Do not wear contact lenses in the lab

Know location of all safety and emergency equipment used in the lab

Always wear appropriate PPE

Never work unsupervised in the lab

Keep work area neat and clean

Always heed safety symbols and cautions

Do not eat, drink, chew gum, or touch your face in the lab

NEVER taste chemicals or allow them to touch your skin

Observe electrical equipment safety

Follow standard fire safety procedures

Report any accident, injury, hazard, or spill to your teacher immediately

No “horseplay” in the lab
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Forensic Careers

Branches of Forensic Science:

Forensic Pathology

Forensic Anthropology

Forensic Entomology

Forensic Psychiatry

Forensic Odontology

Forensic Nursing

Forensic Serology

Forensic Toxicology

Forensic Engineering

Medical Examiner

Coroner

