Forensics Science Unit

I. What is forensics?

a. “forensics” means suitable for a court of law

i. A criminalist is one who practices forensic science

ii. Forensic science = applying science into the practice of law

iii. Before forensic science could evolve, science in general had to advance

b. Basic forensic services

i. Evidence collection

1. performed by crime – scene investigation unit

2. collect and preserve evidence

3. transport evidence to the lab

4. duties

a. expose & lift latent fingerprints

b. collect hair & fibers

c. gather other evidence from the crime scene

ii. photography unit

1. take pictures of crime scene, evidence & body (if there is one)

2. photos aid in crime scene reconstruction

iii. evidence storage

1. stored in a locked room with restricted access

2. usually located at the police station or sheriff’s department

3. chain of custody must remain intact

a. each person who accepts a piece of evidence documents that they have it.

c. Physical forensic science

i. Trace evidence

1. any small item of evidence, such as hair, fibers, paint, glass, soil

2. places the suspect at the scene of the crime or in direct contact with the victim
ii. Firearm identification

1. examination of weapons & their projectiles 

a. ammunition, fired bullets, shell casings, shotgun shells

b. chemical analysis

iii. Document examination

1. handwriting analysis

2. matching documents or signatures

3. physical & chemical properties of papers

iv. Fingerprint examination

1. matching prints from palms, fingers, or soles

2. compared to others at the crime scene

d. Biological evidence

i. Includes the following:
1. corpse

2. skeletal remains

3. drugs & poisons

4. teeth

5. bite marks

6. insects

7. plant materials

8. analysis of the criminal mind

ii. autopsies

iii. blood & DNA analysis

iv. dental patterns

II. The First Crime Lab
a. Established in 1923 by the LAPD

b. 1st private forensic lab – 1929 in Chicago

i. Calvin Goddard – cardiologist

1. leading firearms expert at that time

ii. result of the St. Valentine’s Day Massacre

iii. brought together firearms ID, blood analysis, fingerprinting & trace evidence analysis

iv. helped FBI establish national forensics lab

c. Common procedures

i. Varies, dependent on location, size & budget of police department

ii. Smaller labs outsource more sophisticated testing needs

iii. Some small labs – one technician only!

d. The criminalist’s toolbox
i. Typical equipment & supplies they take to the scene:

1. crime scene tape – to mark & secure the scene

2. camera and film  - to photograph the scene & evidence

3. sketchpad & pens  - for scene sketches

4. disposable protective clothing, masks, & gloves

5. flashlight

6. alternative light sources for exposing evidence

a. laser

b. UV

c. Infrared

7. magnifying glass – to find trace evidence

8. tweezers & cotton swabs – to collect hair, fiber, & fluid evidence

9. paper & plastic evidence bags & glass tubes – to collect & transport evidence

10. fingerprint supplies

a. ink

b. print cards

c. lifting tape

d. dusting powders

e. exposing reagents (Luminol)

11. casting kit – to make casts of tires, footwear & tool mark impressions

12. serology kit – to collect blood & other bodily fluids

13. entomology kit – to collect & preserve insect evidence

14. Hazmat kit – for handling hazardous materials

15. Sexual assault kit – to collect evidence in rape or assault cases

III. Locard’s Exchange Principle

a. Every contact you make with another person, place, or object results in an exchange of physical materials

i. Named after Dr. Edmund Locard

1. French police officer

2. the basis modern forensic investigation

ii. allows forensic scientists to determine where a suspect has been, by examining trace evidence
b. Placing a suspect at the scene of a crime is one of the basic functions of forensic science.

IV. The Forensics Team in Action

a. Redefining criminalist – those who deal with the physical evidence

i. Collect and analyze evidence

ii. Common job titles

1. crime scene investigator – find, collect, protect & transport any & all evidence; perform scene sketches & photographs

2. latent print examiner – examine fingerprints

3. firearms examiner – examine firearms, compare bullets/ shell casings, search & ID gunshot residue

4. toolmark examiner – compare marks with suspect tools

5. document examiner – ID handwriting or copiers/ typewriters

6. trace evidence examiner – hair, fibers, soil, glass, paint

b. Forensic investigator – those who deal with the body in cases of death

i. Trained in pathology or botany

ii. Forensic pathologist
1. licensed physician with specialty training in pathology (the nature of disease in humans)

2. in charge of the body

iii. Forensic anthropologist – studies human skeletal remains

iv. Forensic odontologist – identifies unknown corpses by matching dental patterns

v. Forensic entomologist – studies life cycles of flies & other insects that feed on corpses to determine approximate time of death.

vi. Forensic psychiatrist – deals with sanity/ competency cases

vii. Serologist – deals with all bodily fluids & blood typing, paternity testing, DNA profiling

viii. Forensic toxicologist – determines whether drugs or poisons are present in the living and the deceased

ix. Forensic botanist – examining plant residues, fragments, seeds, pollen & soil.

V. Medical Examiner v. Coroner
a. Similarities:

i. Both determine the cause & manner of death, oversee evidence analysis & present findings in court

ii. Work with the police

b. Differences

i. Coroner

1. an appointed or elected position

2. requires no special medical or forensic skills

ii. medical examiner

1. licensed physician

2. performs forensic autopsies

3. may also be board certified forensic pathologist

c. Duties

i. Determine manner & cause of death

ii. Establish identity of unnamed corpses

iii. Determine time window of death

iv. Supervise collection of evidence from the body

v. Search for contributing factors – disease/ drugs/ poisons

vi. Correlating wounds with weapons

vii. Certifying or signing the death certificate

d. The manner of death is an opinion expressed by the M.E. based on all circumstances leading to & surrounding the death.
e. The forensic investigator & the M.E.

i. The M.E.’s rep at the crime scene works with the medical examiner at the morgue
ii. The crime scene may be the domain of the police/ criminalists, but the body belongs to the medical examiner!

f. Testifying as an expert

i. Duty to present facts in court 

ii. Offer unbiased opinion based upon these facts

iii. Frye v. United States (precedent)

1. the “Frye” standard for presenting scientific evidence in court
iv. Daubert v. Merrell Dow Pharmaceutical

1. the technique/ theory must be spelled out, tested, reviewed, accepted & continually monitored for accuracy.

v. The M.E. may be asked to discuss & explain the forensic evidence and render an expert opinion regarding the evidence, to the judge & jury.

1. the medical examiner is now an educator, as well as a scientist.

2. The expert “teaches” the judge and the jury

3. need to appear neither too sure (risks alienating the jury)

4. or too unsure (lose credibility)

VI. Working the Scene:  Evidence Collection & Protection

a. Distinguish between primary & secondary crime scenes

i. Primary

1. where a crime actually occurred

2. yield more usable evidence (most of the time)

ii. Secondary

1. related to the crime

2. not where the crime took place

b. Arriving at the crime scene

i. Need to approach the area in a logical & organized manner, because a perpetrator may:

1. believe that reporting the crime makes him or her less likely to be a suspect

2. attempt to destroy evidence

c. Primary concern is personal safety, & the safety of any witnesses or victims

i. Arrest & secure perpetrator

ii. Assist victims in need of care

iii. Preserving the crime scene can now begin

d. Keep suspects & witnesses separated

i. To avoid collusion

ii. Preventing them from coming up with a common story

e. Access to the scene must be restricted immediately!

f. Preserving & processing the scene

i. The crime scene must include the following at a minimum:

1. the exact spot where the offense took place

2. areas from which the site can be entered, exited or escaped

3. locations of key pieces of evidence

ii. can be cordoned off by:

1. crime scene tape

2. barricades

3. automobiles

4. police officers standing guard

g. Documenting the procedure

i. Everything that happened has to be documented

ii. Detailed notes must be taken to account for ALL activities in and around the crime scene.

iii. Photographs taken as soon as possible

1. close-ups of each item of evidence

2. includes injuries to a corpse

3. must include a point of reference (ruler)

iv. Sketch of the area

1. evidentiary material (evidence) is mapped/ located by distance from 2 fixed points (walls, trees, sidewalks)

2. provides EXACT coordinates of each item

h. Reconstructing the crime scene

i. After the initial walk-through, the investigator forms a hypothesis of the crime
1. shoeprints may reveal the perp’s steps

2. fingerprints may reveal things the perpetrator touched

3. tool marks – may show points of entry, or where things were pried open

4. blood splatters/ bullet trajectories 

5. physical changes in the corpse

ii. Recognizing a staged crime scene!

1. When someone who’s committed a crime attempts to make the scene look like something that it isn’t.

a. Making a murder look like a burglary

b. Making a homicide look like a suicide

c. Insurance fraud

d. Arson to cover up another crime

i. Classifying the Evidence

i. Evidence – anything that can be used to determine whether a crime has been committed.  “All evidence is NOT created equal”

ii. Direct v. Circumstantial evidence

1. direct evidence establishes a FACT (ex. Confessions, eyewitness statements)

2. circumstantial evidence

a. requires that a judge or jury make an indirect judgment about what happened.

b. Not absolute proof:  just provides a general idea about what happened

c. Much more reliable than direct evidence (fingerprints don’t change, but memories do!)

iii. Physical v. Biological Evidence
1. physical evidence – nonliving or inorganic evidence

2. biological evidence – anything organic (blood, saliva, urine, semen, hair, & botanical materials such as wood, plants, pollen, etc.)

iv. Reconstructive Evidence

1. any evidence that helps law enforcement officers gain an better idea of what happened at the crime scene.

2. anything that helps the crime scene investigator determine who did what, where, when & how.

v. Associative Evidence

1. any evidence that links a suspect to a crime scene

2. can also determine that evidence from a suspect DOES NOT match that from the crime scene

vi. Class v. Individual Evidence

1. class characteristics are not unique to a particular object, but a group of objects (ex. A person’s blood type or a type of handgun)

2. individual characteristics

a. narrow down the evidence to one person , or a very small group of objects

b. DNA is an individual characteristic (so are fingerprints)

j. Analyzing Evidence

i. We analyze evidence for 2 reasons:

1. identification – what is it?

2. comparison – does the item share a common origin?

ii. Evidence is then used to create linkage

1. a connection between a suspect & a person, place or object

2. victim’s hair is found on the suspect

3. murder weapon with suspect’s fingerprints on it

iii. investigators try to link multiple crime scenes to a single perpetrator.

k. Locating the Evidence & Obtaining a Search Warrant

i. The 4th Amendment to the United States Constitution protects citizens “against unreasonable searches and seizures”
ii. Police & crime scene investigators need a warrant before they can search for evidence 

iii. Warrants must be:

1. specific about time, place & items to look for

2. based on probable cause (a solid legal reason approved by a judge)

iv. Only a law enforcement officer can obtain a search warrant

v. Steps to obtaining a search warrant:

1. prepare on affidavit

a. location to be searched

b. items to be searched for

c. reasons why items are thought to be there (probable cause! ()

2. preparing the warrant

a. an official document is made

3. signing the warrant

a. if the judge believes probable cause exists she/he signs the warrant to make it official

b. reasons must amount to more than a hunch or suspicion

vi. Warrants must state EXACTLY what the police are looking for (*an number of small items are usually included, to justify looking extensively at the site, and in small spaces)
vii. Area to be searched must be specifically defined:

1. a garage, but not it’s contents are listed

2. only the garage can be searched, not storage bins, vehicles, closets, etc.

viii. Searching without a Warrant

1. this is OK when:

a. an emergency exists, or someone’s life or health is in danger ( however, the officers are NOT allowed to leave & return)

b. something or someone threatens to destroy evidence (impending loss)

c. someone is arrested (lawful arrest), their property may be searched

d. people consent to the search

l. Searching for Evidence

i. *The care (or lack of it) that is taken in handling evidence directly impacts law enforcement’s ability to successfully investigate & prosecute a crime.

ii. The first step in gathering evidence is finding it!!

1. search patterns

a. grid (criss cross)

b. linear (shoulder to shoulder)

c. quadrant/ zone

d. spiral

2. the way a search is conducted depends on the size & layout of the area in question

m. What to do with the evidence once you find it?

i. Fingerprints are photographed and lifted

ii. Toolmarks/ shoe prints/ tire impressions are photographed before being lifted or cast

iii. Fibers & hair are picked up with tweezers

iv. Carpet & furniture are vacuumed using a fresh bag

v. Compare the evidence with known identified samples  (control samples)

vi. Establish the chain of custody

VII. Getting A Grip On Fingerprints

a. Physical properties of fingerprints

i. Fine lines

1. curves, circles & arches

2. narrow valleys – grooves

3. “hills” – friction ridges

4. patterns formed on inked fingerprints are made by friction ridges

ii. friction ridges give you traction so that you can pick up small things

b. History

i. 1000 B.C. – Chinese legal documents are “signed” with fingerprints

ii. 1685 – Malpighi (anatomy professor)

1. recognizes finger print patterns and describes them as loops, whorls, & arches, when looking at human fingertips
iii. 1823 – Purkinjie

1. established 9 basic fingerprint patterns & rules for classifying them

2. basis for modern classification system

iv. 1880 – Faulds

1. writes that fingerprints can be used for personal identification

2. suggests use for identifying criminals

3. dusted for latent prints

v. 1892 – Galton
1. Finger Prints is published

2. evidence that no 2 prints are alike

3. Argentina is the 1st country to report using fingerprints to solve a crime

vi. 1899 – Henry

1. classification system based on 5 types of prints

2. used in Britain & America today

vii. 1910 – Thomas Jennings

1. 1st person convicted in United States on fingerprint evidence

2. case was appealed & upheld (setting a landmark precedent)


c. Using ridge patterns – key points

i. A fingerprint is individual & is not shared by any two people

ii. A fingerprint remains unchanged throughout life – unless you have deep scarring

iii. Fingerprints exhibit general patterns that provide a basis for classification

1. general patterns exist with every person’s prints

2. easier to classify

iv. The FBI has over 200 million fingerprint files!!

d. Grouping by arches, loops & whorls

i. Everyone has them

ii. How they have them is unique

iii. Arches

1. 5% of patterns consist of arches

2. ridges that rise in the center of the finger “pad”
3. create a wavelike pattern

4. plain arches – small wave

5. tented arches – sharper central rise

iv. Loops

1. one or more ridges that double back on themselves

2. 60% of patterns are loops

3. 2 types depending on their direction

a. Radial – point towards radius (thumb side)

b. Ulnar – point towards ulna (pinky side)

v. Whorls

1. look like little whirlpools of ridge lines

2. 35% of patterns are whorls

3. 4 categories

a. Plain whorl (target) – look like a bulls eye or spiral

b. Central pocket loop whorl – loop with a whorl at the end

c. Double loop whorl – forms an “S” pattern

d. Accidental – irregular pattern

e. The Henry System

i. Sir Edward Henry

1. inspector general for the British police, in Bengal, India

ii. Developed the Henry system

1. individual prints are assigned scores

2. based on where whorls show up with in a 10 finger set of prints

iii. The AFIS – 1960s

1. automated fingerprint identification system

2. computers can search 500,000 prints in less than one second!

3. better method for storing, retrieving, & matching fingerprints

4. the computer scans & digitally encodes each print
f. Tracking down prints

i. 3 different types – depends upon how & where they were left!

ii. Patent prints

1. blood, ink, paint, dirt or grease on fingers

2. leaves a visible print 

3. can be photographed for ID purposes

iii. Plastic prints

1. 3D quality

2. impression of print in a soft substance

3. can be photographed for ID purposes

iv. Latent prints

1. invisible

2. can’t be seen without special lighting or processing

3. hard surfaces are the best places to find latent prints

4. something as simple as the angle beam of a flashlight can expose a latent print

5. ridge patterns glow under laser or UV light!

v. Lifting prints

1. powders adhere to moisture & oils left behind by latent prints

2. some are different colors, others are magnetic or glow

3. lifting is done by laying the sticky surface of a strip of transparent tape over the print

4. Must have a steady hand when peeling off prints to prevent smearing

vi. Exposing prints with chemicals

1. Cyanoacrylate vapor – Super Glue!

a. Heated to release its vapors

b. Vapors bind to the amino acids in the prints, to turn it white

2. Iodine

3. Ninhydrin – takes a long time for the print to appear with this process

4. Silver Nitrate

VIII. Those Messy Bloodstains

a. Forensic investigators can figure out a lot from blood found at the crime scene.

b. Shape & location of bloodstains gives clues about where the victim & suspect were when the crime took place, & where they were afterward

c. Blood reveals presence of disease, drugs or alcohol

d. Can be used to determine the identity of the victim & suspect through DNA analysis

e. Characteristics of Blood

i. Solid & liquid components (liquid = serum & plasma)
ii. Moves & flows with gravity; tends to pool in low lying areas

iii. Has viscosity (measurement of thickness)

iv. Surface tension

v. Clotting

1. normal clotting time is 3-15 minutes, but can be affected by diseases & medications

2. LOOK AT IT!!! ( 

a.  if blood is still liquid – bleeding occurred only a few minutes earlier

b. If shiny & jelly-like, bleeding occurred less than one hour earlier

c. If separated into a clot & the serum, several hours have passed

vi. Stains from spurting or gushing – usually happen before death, when blood is still moving through the body

vii. Mechanisms of blood leaving the body

1. passive

a. depends on gravity

b. oozes & drips

2. projected

a. when a person or object applies a force

b. arterial spurts, cast-off blood & impact spatters

f. Analyzing Bloodstain Patterns -- provides the following information:

i. Origin of bloodstain

ii. Type of instrument that caused them

iii. Direction from which the object struck the victim

iv. Relative position of victim, assailant(s), and bystanders

v. Location & movement of victim & assailant(s) during the attack

vi. # of blows or gunshots

vii. Truthfulness of suspect or witnesses

viii. Drops of blood don’t break into smaller drops when falling through the air

1. shape & size of blood spatter pattern depends on:

a. size of drop

b. how fast it falls (terminal velocity = 25 feet/second)

c. angle it hits the surface

i. strikes surface at 90 degree angle – forms an even circle around point of impact

ii. smaller angle?

1. elongated oval pattern

2. “tail” points to direction of travel

d. Kind of surface it strikes

i. Hard & smooth? Smaller spatters

ii. Rough & irregular?  Larger spatters

ix. Expirated blood

1. blood the victim exhales from lungs & airways

g. Determining where the deed went down

i. Impact angle

1. slant at which the blood drops strike the surface

ii. directionality

1. the course the blood drop follows

2. used to determine the following:

a. Point of convergence

i. A 2D representation of point where lines tracking the pathways of 2 or more spatters meet

ii. Indicates general direction of blood source

b. Point of origin

i. A 3D representation of the point where lines tracking the pathway AND the angles of impact of 2 or more spatters meet

ii. General spatial location of the blood source

3. Void patterns

a. Definition – absence of blood in an area where you’d expect to find it

b. Could determine where attacker stood

4. Spatterings of blood occur only during the impacts that produce them

a. Spatters found on clothes, arms, face, etc. means that person was there at the time of the attack

b. Stains found on someone who came along AFTER the attack won’t show a spatter pattern

c. Helps police confirm or refute statements about whether a suspect was at the scene DURING the attack

h. Classifying Projected Spatters

i. Classified by velocity

1. velocity at which impacting object strikes the blood source

2. velocity at which the blood leaves the source when it is struck

ii. classifying by type of spatter

1. impact – occur with beatings, stabbings, gunshots

a. any circumstance where a foreign object impacts the victim

2. projection – arterial bleeding, cast-off, expirated/ exhaled blood

3. combination – impact + projection

iii. Low Velocity

1. occurs when object moving <5ft/sec strikes a surface

2. results in fairly large spatters

3. mechanisms:

a. drops dripping from a wound or a blood soaked weapon

i. if NOT moving: drops fall vertically & produce circular stains

ii. if source IS moving: drops strike at an angle (see bloodstain patterns p.13)
b. arterial bleeding

c. cast-off blood

i. blood is “flung” from an object because of centrifugal force

ii. tends to be a fairly uniform trail of droplets that reflects the arc the object traveled in.

iii. determining point of impact & point of convergence will reveal assailant’s position at the time he/she swung the weapon

iv. may be possible to estimate height and left or right handedness

v. number of cast off patterns the investigator finds indicates the minimum number of blows to the victim

iv. Medium Velocity

1. from objects moving between 5-100 ft/sec

2. typically smaller than low velocity

3. come from impacts with blunt OR sharp objects & expirated blood

4. spatters from impacts with a blunt object distribute blood in all directions from areas of impact

v. High Velocity

1. from objects striking victims at a speed >100 ft/sec (bullets)

2. spatters are very small

3. show up at entrance and exit (gunshot) wounds

a. entrance

i. back spatter

ii. droplets travel in direction opposite to path of the bullet

iii. often found on the shooter or weapon

b. exit

i. forward spatter

ii. droplets follow direction of the bullet

i. Transfer patterns

i. When an object soaked with blood comes into contact with an unstained object

1. bloody fingerprints

2. bloody shoeprints

ii. blood soaked fabric leaves behind a recognizable pattern

j. Reconstructing the crime scene from bloodstains

i. Stains are carefully photographed
ii. Overall scene is captured

1. photos gradually move in closer 

2. points of reference included in photos

iii. Use Luminol to expose latent bloodstains

1. reacts with hemoglobin to produce a substance that glows (luminesces)

2. so sensitive that it can uncover blood in cracks, crevices, & areas where people have tried to clean!

IX. Making Good Impressions

a. Tires, Tools & Shoes

i. Tires and tools leave impressions that are usually classified as class evidence.      
ii. Tread patterns of a shoe 

1. can identify size & manufacturer

2. focuses search on buyers & sellers of product

b. Shoeprints

i. Can show a particular person was at the crime scene

ii. Can also confirm or refute the alibi

iii. Indicates points of entry & exit

iv. Following shoeprints through a crime scene can help focus on areas leading to evidence

v. A shoeprint can link several crimes.

1. finding identical prints at several different crime scenes

2. same perp may be involved in each crime

3. multiple shoe prints can indicate whether more than one person is involved 

vi. Characterizing and Using Shoeprints

1. Size, manufacturer, wear patterns, damage, or debris left behind

2. FBI maintains a database of sole patterns

3. 3 basic kinds of shoeprints

a. Patent – visible! The result of walking through some substance (dirt, paint, blood) & leaving some of it behind as you walk

b. Plastic – walking through snow or mud or some other soft substance and leaving 3D tracks

c. Latent – (invisible) – transferring a thin layer of accumulated yet invisible oils & grime from the soles of your shoes, to a hard surface

4. Matching the soles to the person

a. Everyone wears out the soles of their shoes in a distinct manner

b. Some walk on the outsides of their feet

c. Heel strikers

d. Shufflers

e. From day to day, most people routinely walk over the same kinds of surfaces (although the types vary from person to person)
f. Noticing wear patterns

i. Compare the wear patterns of your shoes to someone else’s

ii. Wear patterns are classified as individual evidence

iii. Cuts, nicks, scratches & gouges (or a stone trapped in the tread) can make a print very distinctive

g. Figuring out gait patterns

i. Shoeprints tell us about the person’s gait, walking style, length of stride & stance 

ii. Can even tell if the person is pigeon-toed

iii. Stride length & step width can help estimate the shoe wearer’s height/ weight

5. Obtaining shoe impressions

a. Exclusionary

i. Shoeprints of law enforcement personnel who visit the crime scene (prevents confusion)

ii. Some will wear surgical booties 

b. Patent prints

i. Photographed

ii. Taken head on, at a 90 degree angle so there are no distortions

c. Latent prints

i. Hard surface floors, paper, magazines & large pieces of broken glass are good areas to look

ii. Areas near the victim & close to points of entry & exit are typical places to look

iii. Must be dusted with fingerprint powder, & then lifted or photographed

d. Plastic prints

i. Photographed first

ii. Use angled light to bring out depth & detail

iii. Those found in snow and sand may first be carefully sprayed in dark paint to create more contrast
iv. After the picture, the print is usually cast

1. framed out first

2. filled with dental stone

3. spraying the print that is in soft mud or sand with shellac may help support the impression

4. Snow Print Wax is used for prints in snow

e. Some prints on carpet may be revealed using an angled light or interference holography (lasers are used to create a holographic image)

6. Making the Match

a. Compare prints found, to those from a suspect’s shoe

b. Inked impressions from the shoe, made on paper or acetate to compare to photos

c. Looking for small cuts & scars to make the print unique to that individual

vii. Tracking Down Tires

1. Cars make criminals extremely mobile, & enable them to travel from city to city, state to state, & country to country, committing crimes across more widespread areas

2. Vehicles leave behind or carry away trace evidence

a. Glass & paint from vehicle help ID:

i. Manufacturer

ii. Model

iii. Color

iv. Year of vehicle

v. Name & address of owner

b. Processing of interior can reveal:

i. Blood

ii. Trace evidence connected to perp or victim

c. Tires leave impressions that connect them to their vehicles, owners, drivers & crime scene

3. Impression should be photographed at the scene before the paper or cardboard they are on is removed

4. Latent tire tracks can be left on concrete or paved roads!

5. Plastic prints 

a. Soft dirt roads

b. Soft shoulders

c. Mud

d. Snow

e. Lawns or fields

6. Characterizing & using tire tracks

a. Tire tracks tend to be class evidence

b. Determining the manufacturer

i. A good tire track or impression gives info about:

1. tire size

2. tread design

3. manufacturer

4. turning radius

ii. Several design features that help with classification & identification:

1. texture

a. ribs: high points

b. grooves: depressions

c. transverse grooves: criss-cross grooves at 90 degree angles (slots)

d. lugs: ribs are broken up into these

e. sipes:  small grooves on contact surface of the lugs

2. wear bars

a. bars of rubber

b. placed in grooves at various places around the tire

3. Noise treatment

a. Minor variations in sizes of the design elements to cut down on vibrations

b. Typical lugs are 3 different sizes, better tires can have up to 9

c. Track width/ stance

i. Measured from the center of one tire to the center of the tire opposite of it.

d. Wheelbase

i. Distance between the center of the front wheel hubs & center of rear wheel hubs

ii. Can be measured if car was turning when it left the tracks

e. Turning radius

i. Measure of the tightest circle a vehicle can turn

ii. Can be measured if the car was turning

7. Matching the track to a vehicle
a. Wear patterns vary from car to car & tire to tire
b. Cuts, tears, gouges

c. Accumulated debris (rocks, nails, sharp glass) also add a unique quality to the tire impression

d. New cars will usually have new tires that are all the same
e. Older cars may have some of their tires that have been replaced

8. Obtaining tire impressions

a. Two dimensional

i. Photographed at 90 degree angle to prevent distortions

ii. Ruler is placed near track to capture size of tire & tread patterns in photo

iii. Latent tracks may require a laser to bring them into view

iv. Tires of suspect vehicles are inked and the tread pattern is transferred by rolling the tire down a long, white piece of paper.

1. compared to tracks from the crime scene

2. looking for unique characteristics of the tire

b. Three dimensional

i. Photographed under angled light source to add depth & detail

ii. Casting is made 

iii. Castings are better for comparisons because they show more detail

viii. Getting Clues from Tool Marks

1. 2 tools of the same kind & made by the same manufacturer have tiny variations that make them as unique as fingerprints!

2. Characterizing and using tool marks

a. Indentation marks

i. When a tool is pressed into a soft material 

1. putty

2. caulking

3. thick paint

ii. class characteristics may be revealed

1. width

2. depth of tool

iii. matching the marks to A particular tool is difficult, if not impossible

b. Sliding marks

i. When a tool slides or scratches across a surface

1. chisels

2. screwdrivers

3. crowbars

ii. may leave behind a pattern of lines or striations, which vary from tool to tool

c. Cutting marks

i. Left by tools that slice through materials

1. wire cutters

2. bolt cutters

ii. leave lines & striations along the cut edges 

d. The best places to look for prying tool marks are at points of entry into a building, or any enclosure

e. Cutting marks typically are found on chains & lock hasps.

3. Preserving tool impressions

a. A door, window, lock or chain can be taken in its entirety to the lab

b. Investigators will make castings of the marks with rubberized silicon

c. *The suspect tool should NEVER be placed into contact with the impression

i. Impression may be altered

ii. Useless in court

d. A comparison microscope is used
i. Images are placed side by side

ii. Finer details are easily compared

e. In the case of cutters, to better recreate the crime scene:

i. Must cut the same material

ii. Must be cut in the same manner

4. Chemical tests can reveal traces of the cut object or material on the cutting edge of the tool

ix. Finding Facts In Fabrics

1. all fabrics leave behind impressions

2. most common come from gloves

3. not commonly found, & rarely used as individual evidence

X. The Burning Question: Is It Arson?

a. A successful arson investigation overcomes obstacles to answer two basic questions:

i. Where was the fire’s point of origin?

ii. What was the cause of the fire?

1. accidental

2. incendiary (intentionally set!)

b. Physical and chemical evidence is used to uncover the answers
c. Understanding Fire-starters

i. The most common reasons criminals set fires are:

1. to cover their tracks

a. using fire to cover another crime

b. investigators always search a fire scene for signs of a break-in and theft

2. insurance fraud

3. psychological reasons

a. pathological love of fire (pyro)

b. may start a forest or structure fire just because he/she finds it exciting

4. revenge

5. suicide or murder

a. bodies found in fires usually were killed before the fire was started

b. ME will determine this

c. Structure fires don’t burn hot enough for a long enough period of time to complete dispose of a body

d. Bodies that are significantly charred often have well preserved internal organs

6. terrorism

d. Determining Where and How the Fire Started

i. Before an investigation can proceed, a structural engineer must give the OK

ii. Investigation & collection of evidence must begin ASAP 

iii. Time is the enemy

iv. Locating where a fire began is the cornerstone of fire & arson investigation

v. Evaluating materials found where the fire started helps investigators determine whether it was accidental or incendiary.

1. a point of origin near an overloaded electrical outlet suggests an  accident

2. one in the corner of a warehouse, far removed from any outlets, and near a charred gas can suggests the work of an arsonist

vi. Using other people’s eyes & ears

1. the chief fire investigator or fire marshal interviews witnesses

a. many accelerants produce characteristic flame and smoke colors

b. gasoline produces a yellow flame & white smoke

2. Investigators use witnesses’ reports to help’

a. Locate the point of origin

b. Determine whether the fire was accidental or intentional

c. Figure out whether the arsonist used an accelerant

vii. Finding where it all started

1. need to understand how fire moves through a structure

a. typically spread sideways & up from p.o.o.

b. influenced by structural & decorative elements

i. drafts from open windows & stairwells
2. largest amount of damage occurs at point of origin

3. Forms a “V pattern” of burned material

4. the “V” points to the origin!

5. Cracking and flaking (spalling)

a. On floors & walls

b. Indicates areas of high heat

6. charring

a. looks like alligator skin

b. the smaller the scale the hotter the fire was at this point

viii. Figuring out how it happened
1. after finding the origin, the search begins for potential causes

2. human factors top the list
3. potential ignition sources

a. electrical wiring

b. oil lamps

c. candles

d. cigarettes

e. fireplaces

f. sophisticated electrical timers

g. spontaneous combustion (an internal chemical reaction that starts a fire)

4. common ways to start a blaze

a. a match is the most common ignition device

i. matches are identified by the composition of diatoms in the head

ii. shells contain silica – a tough compound that survives fires!

b. Placing a candle on a pile of papers

c. Electrical timing device

5. Heating things up with accelerants

a. Def: something that makes the fire burn faster

b. Can be solids, liquids or gases

i. Paper

ii. Black powder

iii. Kindling wood

iv. Gasoline 

v. Kerosene

vi. Alcohol

vii. Paint thinners

viii. Propane 

ix. Natural gas

c. Liquids are the most common

d. Traces always remain

6. collecting samples at the scene

a. chemical analysis of samples from the area

b. use dogs

c. Vapor Trace Analyzer (VTA) screens materials for accelerant residues

d. Sooner evidence is gathered the better

e. Evidence is placed in sealed containers 

i. Clean paint cans

ii. Glass jars

iii. NO plastic bags – plastic reacts with any hydrocarbons present & gases can escape

f. Evidence from unburned areas is taken for comparison

7. At the lab

a. Methods used to single out questionable compounds

i. Headspace vapor extraction

ii. Solvent extraction

iii. Steam distillation

iv. Vapor concentration

b. Gas chromatography

i. Rapid separation of mixtures of compounds

ii. Resulting chromatograph shows the spikes and travel length of the mixture

iii. Compared to known sample values

c. Mass spectroscopy

i. Shoots electrons at a compound to break it up

ii. Passed through a magnetic field to separate them by mass

iii. The fragment pattern is compared with known values

8. Drawing conclusions

a. Tracing the accelerant to a particular store

b. Can be difficult at best

ix. Homicidal Fires

1. Was the victim alive at the time the fire started?

2. Body position is extremely important

a. Where the victim died

b. State of the body

c. Items around the body

3. Asphyxiation (suffocation)

a. From inhaling smoke & CO

b. Normal level of CO in blood is <5%

c. In CO victims, levels can be 45 to 90%

d. Carbon monoxide intoxication

i. Not only does it kill, but often prevents the victim from escaping

ii. As CO level increases

1. person loses the ability to think

2. can’t move properly

iii. CO combines with hemoglobin in your RBCs

1. produces carboxyhemoglobin

2. bright red compound

e. Victim was alive at time of fire if

i. Soot in mouth, throat, lungs & airways

ii. In addition to the high CO levels

x. Explosive situations

1. cause problems for investigators

2. What is an explosive?

a. Low – typically moves at rates of 1000 m/s or less

i. Black powder

ii. Smokeless gunpowder

b. High – reach speeds of 8500 m/s

i. Initiating

1. very sensitive to heat, friction & mechanical shock

2. mercury fulminate & lead azide

ii. noninitiating

1. less sensitive & more common

2. dynamite, TNT, ANFO

3. Investigating a bomb scene

a. Finding fragments from the bomb

b. Collecting debris for unexploded residue

c. Microscopic examination

i. May reveal black powder or gunpowder

ii. Debris is rinsed with a solvent (acetone)

iii. Solution is analyzed

1. thin layer or gas chromatography

2. ID is made

d. Find seller and buyer

XI. Determining the Hows and Whys of Death:  Forensic Autopsies

a. Defining Death  and Declaring it as such

i. People living prior to the 19th century had to worry about being buried alive!!

ii. Stethoscopes hadn’t been invented yet.

b. Causes and Mechanisms of Death

i. Cause of death – the reason the individual died

1. shot to the heart

2. one cause can lead to death by several mechanisms
ii. Mechanism of death – the actual physiological change that causes life to end

1. exsanguination – bleeding to death

2. sepsis – infection that enters the blood stream

3. subdural or epidural hematoma – bleeding around the brain

4. asphyxia – stoppage of breathing

5. one mechanism can result from several different causes.
iii. Uncovering the four manners of death
1. the manner of death is the root cause of the sequence of events that lead to death

2. it answers these questions:

a. How & why did these events take place?

b. Who or what initiated the events & with what intention?

c. Was the death caused by the victim, another person, or Mother Nature?

3. the 4 manners of death are:

a. Natural

i. Results from a natural disease process

ii. Heart attacks, cancers, pneumonia, strokes

iii. Largest category

b. Accidental

i. From an unplanned & unforeseeable sequence of events

ii. Falls, automobile accidents

c. Suicidal

i. Deaths caused by the dead person’s own hand

ii. Self inflicted GSW, drug OD, self hangings

d. Homicidal

i. Deaths that occur by the hand of someone other than the dead person

e. Undetermined/ Unclassified

i. NOT a manner of death

ii. Coroner or ME can’t determine the appropriate category

4. Any cause of death can have several different manners of death

5. Only natural deaths are caused by disease

c. Shadowing the Forensic Pathologist

i. Autopsies are performed by pathologists

1. medical doctors who specialize in determining how disease affects the body

2. forensic pathology became a board  certified specialty in 1959

ii. Forensic pathologist

1. concerned with the study of medicine

2. related to the application of the law (particularly criminal law)

3. deals with injuries

4. his/her autopsies produce evidence that often must be presented as testimony in court

5. testifies as an expert

iii. Discovering what makes an autopsy forensic

1. performed to initially determine cause of death & any illnesses the deceased had
2. also to determine the time, mechanism, & manner of death

3. the ME typically investigates any death that is

a. traumatic

i. occurring from an injury that could be homicidal, accidental, or self-inflicted

b. unusual

i. in circumstances that appear to be unnatural or suspicious

c. sudden

i. taking place within a few hours of the onset of symptoms

ii. def. of symptoms: those characteristics of a disease that can only be felt by the person with the disease.

d. unexpected

i. Occurring in someone who wasn’t thought to be ill

4. in most areas, only 1% of the population dies each year

a. 25%  of those deaths are brought to the attention of the coroner!

b. When the attending  physician thinks the death is suspicious, the ME may become involved

c. Common situations where the coroner/ME will become involved, AND a post-mortem examination is performed:

i. Violent deaths (accidents, homicides, suicides)

ii. Deaths that occur in the workplace (usually the result of traumatic circumstances, poisoning, or exposure to toxins)

iii. Deaths that are suspicious, sudden or unexpected

iv. Deaths that occur during incarceration (jail), or in police custody

v. Deaths that are unattended by a physician, & occur w/in 24 hours of admission to a hospital

vi. Deaths that occur during medical or surgical procedures

vii. Deaths that occur during an abortion

viii. When a known or unidentified body is discovered unexpectedly ( a found body)

ix. Prior to disposal of a body by means of cremation or burial at sea

x. Upon the request of the court

d. Whenever reviewing a case, the ME has several options for handling it:
i. Perform no testing – death is ruled as a natural occurrence

ii. Carry out a partial autopsy

iii. Conduct a complete forensic autopsy

5. Performing an autopsy

a. Designed to determine how, when and why someone died.

b. Clues:

i. Debris found under a victim’s fingernails

ii. Contents of the stomach

c. Follows a common protocol:

i. Identifying the body

1. photos

2. fingerprints

3. dental records

ii. Conducting an external examination

1. search for evidence of trauma or illness

2. begins at the crime scene

a. before the body has been removed

b. relationship to crime scene evidence

i. perp’s point of entry & escape

ii. weapons

iii. shoe impressions

iv. fingerprints

v. blood spatters

3. Traumatic deaths

a. Hands are covered with paper bags

b. Protects trace evidence

c. Wrapped in a clean sheet and placed in a body bag

d. At morgue:

i. Sheets & body bag are sent to crime lab

ii. Search for trace evidence

4. Determine corpse’s height and weight

5. Photograph the body

a. Clothed

b. Unclothed

c. Frontal and profile of face & body

d. Scars, tattoos, birthmarks, etc.

e. Every injury is recorded

6. Victim’s clothing

a. Trace evidence such as hair, fibers, gunshot residue, semen, saliva, blood

b. Damaged clothing that corresponds to injuries on the body

c. Clothing is removed and sent to crime lab

7. Establishing the time of death

a. State of rigor mortis

b. Presence of lividity (settling of the blood)

c. Knowing the position the body was in at the time it was discovered, & lividity may indicate whether the body was moved after death

8. X-rays

a. May reveal extent of injuries

b. General shape & size of object that created them

c. Useful in GSW – bullets tend to deform & break up inside the body

9. Examining injuries

a. Exact location of wounds

i. Height of assailant

ii. Right or left handed

b. Common injuries

i. Lacerations & contusions (cuts & bruises)

ii. Stab wounds – how many; width, thickness, & depth

iii. Gunshot wounds

d. Dissecting the body

i. Making the incision

ii. Remove the heart & lungs

iii. Examining the abdomen

iv. Collecting samples – especially stomach contents

v. Assessing the head & brain

1. head trauma or skull fractures

2. brain is first examined in situ (in place) then removed

vi. Returning the organs and suturing the body

e. Toxicology

i. Body fluids & tissues collected during the autopsy are sent to the lab for drug & poison testing

ii. They may show:

1. stomach & eye fluids:

a. drugs the victims ingested during the hours before death

2. Urine & bile
a. Drugs used during the past several days

3. Hair

a. Signs of chronic heavy metal ingestion

b. Arsenic, mercury, lead
4. Blood

a. Levels of alcohol and other drugs

6. Filing the autopsy report

a. Summary of findings

b. A legal document

c. Consists of all details uncovered during the examination

d. Also conclusions about the manner & cause of death

e. Includes the following:

i. Complete description of the body & its external examination
ii. Description of any visible injuries

iii. Description of any illnesses or injuries to the central nervous system

iv. Detailed description of the internal exam

1. all organs

2. any abnormalities or injuries found

v. description of abnormalities of microscopic exam of organ tissues

vi. results of toxicology tests

vii. results of all other lab tests

viii. pathologist’s opinion

1. assessment of cause, mechanism & manner of death

XII. Identifying John and Jane Doe

a. Identifying the body

i. Mother Nature & time are not kind to the dead

1. autolysis – internal digestion

2. putrefaction – bacterial action 

3. extreme weather

4. insects

5. predators

ii. The condition of the body when it’s found depends on how long ago the death occurred and whether it is left exposed to the elements , or buried.

iii. One week in the open equals two weeks in water or eight weeks in the ground

iv. When the body is skeletal

1. forensic anthropologist

2. forensic odontologist

3. forensic artist

4. one or all may be needed to aid in ID of the corpse

v. Possible ID?

1. family or friends may be asked to make the final ID

vi. Digging through the artifacts

1. Items buried with or found near the body are helpful

a. Clothing, esp. if it is from a distinctive manufacturer
b. Jewelry – sometimes they have inscriptions or initials
c. Wallet/purse with ID

d. Blankets or sheets

vii. Scars, birthmarks & tattoos

1. helpful in suspect & corpse identification

2. birthmarks are irregular and distinctive

3. tattoos

a. may be traced to the artist

b. style, chemical composition

viii. Evidence of wounds or disease

1. Scars from surgeries

a. Search missing person’s records

b. Search their medical histories

2. Any wound follows the same healing pattern

a. Stitches are usually in for a week

b. Fresh scars are pink to red because of the healing process

c. Scars become white lines after 4-6 months

3. surgical procedures

a. many implants have traceable serial numbers

b. pacemakers, heart valves, artificial hips, etc

ix. Fingerprinting the Dead

1. can be obtained and matched against missing persons & national databases

2. use of saline

a. injected into tip of fingers

i. causes pads to swell

ii. reveals the friction ridges

x. Checking out the choppers
1. everyone’s teeth are different

2. dental records are used to ID human remains

3. may be replaced by DNA analysis

4. 1st used dental records as identification in 1849

a. Vienna Opera House fire

b. Mass disaster

xi. Working with Skeletons

1. questions to ask:

a. Are the bones human?

i. Size & thickness

ii. Bear paws look like human hands

iii. Sheep & deer ribs look like human ribs

iv. Infant bones are easily confused with small animals

b. What are the biological characteristics of the individual?

c. How long has the person been dead?

d. What is the cause & manner of death?

2. With an intact skeleton 

a. sex can be determined 100% of the time

i. male skeleton overall is thicker than a female

ii. better nutrition & heavy physical activity lead to stronger bones, regardless of sex

iii. diameters of the heads of the humerus, radius, & femur are larger in males

iv. female pelvis is wider than the male

v. sciatic notch is wider in females

vi. backside of the pubic bone may have pregnancy scarring if the woman has delivered a child

vii. posterior ramus ( back branch) of the mandible in males is slightly curved

b. age to within 5-10 years

i. more accurate for young victims than mature

ii. teeth

iii. skull/ suture lines

iv. long bones of the leg and arm (growth plates)

v. pelvis

vi. ribs (sternal areas – where ribs join the sternum)

1. smooth & round when young
2. pitted & sharp with age

vii. bone density

1. bones lose calcium with age

2. become less dense

3. malnutrition & disease may adversely affect bones

c. height to within 1.5 inches

i. usually 5x the length of the humerus 

ii. thicker bones indicate thicker muscles

iii. right handed people usually have thicker, stronger bones on their right side

d. race much of the time

i. Caucasians

1. high, rounded, or square skulls

2. straight faces

3. narrow, protruding noses

4. eye sockets are triangular

5. forward curve to the femur

ii. Negroid descent

1. lower & narrower skulls

2. wider, flatter noses

3. prominent, protruding teeth

4. eye sockets are usually squared

5. tend to have longer arms than Caucasians

6. femur is straighter

iii. Mongoloid

1. broad, round skulls with arched profile

2. eye sockets are round

3. tend to have shorter limbs

xii. Finding individual characteristics

1. anything found with the body 

a. clothing remnants

b. jewelry

c. burial artifacts

2. evidence of previous injuries (healed fractures)

3. evidence of knife or gunshot wounds, which can fracture and nick bones

4. surgical appliances

a. artificial hips

b. pacemakers

5. skeletal evidence of disease

a. bone cancers

b. tuberculosis

c. rickets

6. dental patterns

7. DNA extracted from bones or teeth

a. mDNA (mitochondrial DNA)

b. inherited, & unchanged along maternal lines

c. survives for long periods of time in decayed and skeletal remains

d. found in all cells of the body, even hair, which doesn’t contain regular DNA

xiii. Estimating time since death

1. taphonomy – the study of what happens to the human body after death

a. how the body decays

b. how it becomes skeletonized

2. examining artifacts from the burial site

a. may indicate the period of the burial

b. arrowheads v. plastic

3. chemical analyses

a. nitrogen level in bones – inexact because:

i. affected by temperature & moisture

ii. high level – bones are recent

b. check for amino acids

4. UV light

a. Fresh bones glow pale blue under UV light

5. Radioactive isotopes

a. C-14 – of little use in forensics

b. Strontium 90, cesium 137, & tritium
xiv. Handling burned bones

1. fire causes bone to crack & splinter

2. desiccation – causes bones to shrink

xv. Determining cause & manner of death

1. Blunt force injuries
a. Fractures

b. Fragmentation

c. Impact marks on bones

d. Indicating the victim fell or was hit with a blunt object

2. Sharp force injuries

a. Axe

b. Knife

c. Show up as cut surfaces

d. Metallic remnants from the weapon occasionally remain along the cut surfaces

3. Gunshot wounds

a. Entry & exit wounds

b. Bullets may still be in the body

c. Measuring the entrance hole in a bone to estimate the caliber of the bullet that caused the injury

4. Did the injuries occur around the time of death, or earlier?

a. Fractured bones heal, forming a callus

b. Takes months to complete

c. No healing after death

d. Perimortem fractures (occur close to the time of death) show NO signs of healing, & no callus formation

e. Well healed fractures can’t be directly related to the cause of death!

f. Fractures to living bones

i. Spiral (twisting down the shaft)

ii. Greenstick (splintered)
g. Fractures to desiccated (dried out) bones

i. Brittle & crumble easily

ii. Break cleanly

xvi. Reconstructing Faces

1. recreating a likely image of the unidentified victim

2. used when other methods have failed to ID victim

3. Skull

a. Cast is made

b. Framework for drawing, clay model, or computer image

c. Clay

i. Artist used studies of average skin thicknesses over certain boney landmarks

ii. Place small spacers in these areas

iii. Connected with strips of clay

iv. Lattice is filled in & contoured

v. Nose & ears may be absent – made of cartilage

1. best guess when drawing or sculpting

4. Photograph of missing person may be superimposed over the sculpture

a. Skull-to-photo superimposition

b. Boney landmarks are compared

c. Rarely provides a match, but may eliminate certain candidates

5. Comparing photographs

a. Certain features on everyone’s faces do NOT change

b. Eyebrow area

c. Nasal openings

d. Chin contours

6. Aging photographs

a. Whenever a missing person hasn’t been seen for years or decades

b. Mostly guesswork

c. An attempt is made to determine what the person looks like now

7. Psychiatric profile
a. Developed for the missing person before the photo is aged

i. Type of personality

ii. Habits

iii. Beliefs

XIII. Estimating the Time of Death

a. Defining the time of death
i. Three different forms

1. Estimated:  the best guess as determined by the ME

2. Legal: time when the body was discovered or pronounced dead.  Also the time that is recorded on the death certificate

3. Physiological:  time when the victim’s vital functions actually ceased.

ii. May differ by days, weeks, even months if the body isn’t found until well after physiological death has occurred

b. Using changes in the body to estimate time of death

i. Bodies decompose in a somewhat regular pattern

ii. Are widely variable (no rigid time frame)

iii. Measuring body temperature

1. after death, the body loses heat at a rate of 1.5 degrees per hour until it reaches ambient temperature (temp of its environment)

2. depends on the environment

3. body in a warm room loses heat much slower than one in an icy flowing stream

4. criminalist takes the body temp and that of its surroundings 

a. air 

b. water

c. snow

d. soil (if the body is buried)

e. liver temp is the more accurate reflection of the true core body temp

f. the sooner after death the body is found, the more accurate the time of death can be assessed

5. fat & clothing make good insulators

6. children & elderly tend to lose heat faster 

c. Rigor Mortis

i. Def – stiffening and contraction of muscles caused by chemical reactions that take place in the muscle cells after death

ii. Reason for the body becoming stiff?

1. loss of ATP

2. when ATP levels fall, muscles stiffen & contract

iii. Begins throughout the body at the same time & sets in as follows:

1. 2 Hours after death:

a. First detectable in small muscles of the face & neck

b. Progresses downward in a head to toe fashion to the larger muscles

2. 8-12 hours after death:

a. Entire contracting process is complete

3. 18 hours after rigor mortis is complete

a. Body remains fixed

b. Rigid stage

4. process reverses itself, rigidity is lost in the order in which it appeared

a. begins with small muscles

b. progresses to larger ones

5. After another 12 hours

a. Muscles become relaxed

b. Flaccid stage of rigor mortis
iv. Useful only for estimating time of death during the first 36 to 48 hours after death, under normal conditions

v. Sometimes rigor mortis comes on very quickly after death, especially when ATP levels have been reduced before death

1. intense physical activity

2. body heat

3. victim who ran from an assailant prior to death will show signs of rigor mortis in the legs first

4. elevated body temp causes increased ATP consumption
a. cold conditions slow the process of ATP loss

b. delay the onset of rigor mortis

vi. one of the least reliable methods for determining the time of death

d. Lividity (“Getting the Blues!”)

i. Dark, purplish discoloration of portions of the body

1. caused by stagnation of blood in the vessels

2. a corpse lying on its back develops lividity along the back and buttocks

3. any part of the body that presses against a firm surface appears pale and surrounded by the lividity. 

4. the color of the lividity provides clues to the ME

a. red or pink

i. high levels of oxygen

ii. CO or cyanide poisoning or exposure to cold temps

b. Deep purple (blood is poorly oxygenated)

i. Severe heart failure

ii. Shock

iii. asphyxia

ii. Also called liver mortis OR postmortem hypostasis
iii. Helps determine the time of death

1. typically appears within 30 minutes to a couple of hours 

2. reaches its maximum at 8-12 hours after death

a. first 6 hours:

i. can be shifted by rolling the body to a different position

b. after 6-8 hours:

i. lividity becomes fixed

ii. blood vessels begin breaking down

iii. blood settles in surrounding tissues

iv. as blood cells break down, they permanently stain the tissues

3. ME finds that the corpse has some faint areas of fixed lividity along the back, and true fixed lividity along the front:

a. Body was lying on its back for 4-6 hours 

b. Then moved and placed face down

iv. Also whether the body was moved after death

v. Cadaveric spasms

1. the instantaneous onset of stiffness throughout the body

2. occurs under extremely violent physical & emotional circumstances

3. affected corpse is locked in the exact posture it was in at the moment of death

a. sitting

b. kneeling

c. reaching

d. virtually any position

e. Determining the rate of decay

i. Decomposition of the body

1. autolysis – process of self digestion

2. putrefaction – 

a. caused by bacteria

b. destroys the body’s tissues

c. bacteria come from the intestinal tract (some can come from the environment)

d. freezing stops the bacterial activity:  body will not undergo putrefaction until it thaws

ii. Breaking up the bacterial breakdown

1. putrefaction is ugly and unpleasant (
2. under normal conditions, follows a predictable sequence

a. after 1st 36 hours:

i. abdomen is greenish in color

ii. spreads to the neck, shoulders, and head

b. bloating 

i. caused by the accumulation of gas produced by the bacteria

ii. begins in the face

1. features swell

2. eyes & tongue protrude

c. skin develops blisters

d. skin begins to marble

i. reveals the weblike pattern of blood vessels

e. abdomen swells & skin continues to blister

i. skin & hair begin to slip from the body

ii. fingernails start to slough off

iii. if you pull on the body now, you’ll come away with a handful of skin!

f. Body takes on a greenish-black color

i. Fluids of decomposition begin draining from the mouth and nose

g. Internal organs decay in a known order:

i. 1st: intestines

ii. Then liver, lungs, brain, then the kidneys

iii. Stomach decomposition is delayed because it often contains food mixed with acid, that slows the growth of bacteria

iv. Last – uterus or prostate

iii. Speeding up or slowing down decay

1. Environmental & internal body conditions can alter the process of decay

2. Freezing protects the body from putrefaction only if the body is frozen before the process begins

3. If frozen quickly enough, the body may be preserved for years

4. the time required for a body to skeletonize

a. determined by same conditions for putrefaction

f. Mummification

i. Occurs when the body dessicates (dries out) in a hot, dry environment
ii. A leathery, dark colored corpse results

iii. Tend to remain intact for long periods of time

iv. Similar to the process of making beef jerky

g. Adipocere formation

i. Occurs in very wet conditions within the body’s adipose (fatty) tissues

ii. Fat turns to soap

iii. Result is a white, greasy, waxy substance

iv. Gives the body an unreal, mannequin-like appearance

v. Occurs in bodies found in water or warm, damp areas

vi. Takes at least 3-6 months to form

h. Rising to the surface: When sinkers become floaters

i. Bodies that die in water or are dumped into water shortly after death initially sink

1. eventually rise to the surface

a. gases accumulate in the body tissues & cavities

b. result of putrefaction

2. swollen hands and face after 2-3 days

3. separation of skin from the body after 5-6 days

4. loss of fingernails after 8-10 days

5. floating after 8-10 days in warm water, and after 2-3 weeks in cold water

i. Looking into the Eyes!

i. After death, the corneas become cloudy

1. takes a few hours if eyes were open

2. takes up to 24 hours if eyes were closed

XIV. Yeow! That Hurts: Traumatic Injuries and Deaths

a. Unleashing the Power of Guns and Gun Evidence

i. Gunshot wounds are a common cause of death 

1. accidental

2. suicidal

3. homicidal

ii. Mechanism

1. depends on 

a. location

b. severity of injury the bullet produces

2. to be immediately fatal

a. extensive trauma to:

i. heart

ii. brain

iii. upper spinal cord

b. otherwise cause of death is exsanguinations

iii. Manner depends upon the intent of the person discharging the weapon

b. Looking at entry and exit wounds

i. ME searches for and examines entry & exit wounds

ii. Track down any bullets retained within the victim

1. also attempts to distinguish between entry & exit wounds

2. critical in reconstructing a crime scene

iii. character of a wound depends on:

1. distance between the victim & the muzzle of the gun

2. caliber & velocity of the bullet

3. angle at which the bullet enters the body (if it does)

4. whether the bullet remains within the victim or passes through

iv. ME can estimate the distance from  which a single bullet was fired by looking at the entry wound

1. 2 or more feet away
a. Entrance wound 

i. Small hole

ii. Abrasion collar

1. blue/black bruising 

2. halo around point of entry

2. 6 inches to 2 feet away

a. Skin may appear tattooed or stippled

b. Effect is the result of:

i. Tiny particles of gunpowder

ii. Embedded in the skin

iii. Causes tiny hemorrhages (red dots of blood within the skin)

3. less than 6 inches away

a. gunshot produces a hole

b. compact area of stippling (see 2a above)

c. bright red on wounded tissues

4. muzzle is pressed against the skin (point blank range)

a. hot gases & particulate matter are driven into the skin

b. produces greater charring

c. skin is ripped in a star shaped pattern

v. exit wounds

1. typically larger

a. bullet lacerates (cuts or tears) the tissues

b. forced out of the body

c. shape & size depend on:

i. size

ii. speed

iii. shape of bullet

d. soft bullets  deform easily

i. become severely misshapen

ii. extensive tissue damage

iii. irregular exit wound

2. ragged nature is caused by bullet ripping its way through the skin

vi. shotgun patterns

1. creates multiple entry wounds

2. barrels are smooth – no markings on the shot

3. spread pattern

a. general rule of distance/spread

b. shot spread approximately 1 inch per 3 feet traveled

c. Slicing, Dicing, and Stabbing

i. 3 general types of “sharp-force” wounds

1. Stab wounds

a. Often homicidal

b. Result from a pointed instrument 

i. Knife

ii. Sword

c. Deeper than they are wide

d. Identifying the exact weapon is virtually impossible

i. If tip breaks off & remains in the wound

ii. If victim’s blood can be DNA matched to blood on the weapon

2. Incised/ Cut wounds

a. When a sharp instrument is drawn across the skin

b. Rarely fatal

c. Suicidal

i. Typically found on victim’s wrists

ii. Accompanied by hesitation marks

d. Homicidal

i. Typically seen on the neck

ii. If assailant is behind the victim:

1. cut extends from high up on one side near the ear

2. sweeps downward across the front of the throat

3. back up the opposite side

4. path of sweep is left to right, if the assailant is right handed, & vice versa if left handed

iii. if facing the victim

1. cut usually is shorter

2. on an angle

e. Defensive

i. Victim attempts to fend of an attacker

ii. Knife blade may slice the hands, wrists, forearms, or feet!

f. Accidental

i. Typically involved the hands

ii. Rarely fatal

3. Chop wounds

a. Produced by heavy, sharp-edged implements

i. Axes

ii. Meat cleavers

b. Tend to be deep & wedge shaped

c. Fractures & grooves can be seen in underlying bones

d. Lethal chop wounds 

i. Accidental 

ii. Homicidal

ii. ME examines the corpse

1. locate each & every wound

2. determines what types of weapons were likely used

3. determines which of the wounds were potentially lethal

4. determines the manner of death

5. type of blade that made the wound

a. measures depth & width of wound

b. bruising from the hand guard

d. Taking the Hit: Blunt-Force Trauma

i. Def – whenever you make contact with a hard, dull object in a way that hurts you

ii. Scraping and Scuffing

1. abrasions 

a. def – injuries that result in the removal of the superficial layer of skin

b. Sliding abrasions

i. When an object scrapes or brushes away the skin

ii. Road Rash!

c. Stamping abrasions

i. A blunt object strikes the skin & crushes it

ii. Leaves behind a raw area

d. Patterned abrasions

i. Special type of stamp abrasion

ii. Blunt object that strikes you leaves behind its pattern

2. 5 Stages of The Healing Process

a. Scab formation

i. Begins almost immediately

ii. Not noticeable until after ~6 hours

iii. Wound may ooze serum for the 1st 24 hours

iv. Area appears dark red

b. Cell regeneration

i. Reappearance of lost epithelial (skin) cells

ii. Begins about 36 hours after the injury

iii. Isn’t clearly visible until after ~ 3 days

iv. Begins at the edges of the injured area

c. Cell growth

i. Thickening progresses 

ii. 5-9 days after the injury

d. Remodeling

i. Occurs by ~ day 12

ii. Skin has thinned

iii. Slightly pale appearance

e. Skin completes its repair

i. All remnants of the wound disappear

ii. Skin regains its normal appearance by about day 20

f. Abrasions rarely leave permanent scars

3. Abrasions inflicted after death

a. Scrapes take on a light brown, parchment like appearance

b. Blood cells & serum don’t accumulate at the injury
iii. Bruising and Battering

1. contusions – (bruises) result from damage to small blood vessels in tissues at the site of a blunt fore trauma

a. injured vessels leak blood

b. tissues have a blue-black color

c. blood that collects in a pocket (goose egg) is a hematoma

2. absence of a bruise doesn’t mean there isn’t one

a. can be so deep that they aren’t visible on surface

b. children & elderly bruise very easily

3. reflect the object that caused them

4. internal organs

a. falls, automobile accidents, serious attacks

i. liver, spleen, muscles

ii. liver is particularly prone to injuries

5. The When, How & Why of a contusion:

a. Color:

i. Goes through a predictable color change

ii. Dark blue, lighter blue, green-ish yellow, brownish yellow

iii. Fades around day 14

iv. Change color as enzymes in the body break down the hemoglobin in the blood.

v. Macrophages, along with the circulatory system, remove the remnants

b. Size

i. Many minutes or hours before death?

1. bruise is widespread around impact area

ii. Right before death?

1. bruise is smaller & more clearly defined

2. blood didn’t have time to seep into the surrounding tissues

c. Organ Trauma

i. Victim doesn’t live long enough for bruising to seep to surface

ii. ME cuts into organs & along bones to look for signs of deep bruising

iii. Most organ bruises appear as dark, blue-black areas at the point of impact

d. Defensive wounds

i. Victims attempts to block the blows with his or her hands & arms

ii. Raise their arms to prevent the blows from striking their heads

iii. Blows impact against the ulnar (pinky) side of hands, wrists & arms

e. Lacerations

i. When skin is torn or ripped by the force of the impact

ii. Avulsion:

1. severe laceration

2. section of skin is torn away from underlying tissue or bone

iv. Breaking bones

1. Fractures

a. Breaks in bones that result from direct or indirect trauma

b. Simple – a single break
c. Comminuted – bone breaks in 2 or more places

d. Compound – bone protrudes through the skin

2. When an object makes direct contact with a bone:

a. Single transverse fracture – occurs across the long axis of the bone
b. Crush fracture – composed of several fracture lines

i. Produces a compression wedge

ii. Indicates the direction of the blow

iii. The wedge points in the direction of the force

iv. Called a bumper fracture

1. usually results from a car’s bumper against the victim’s legs or arms

c. Angulation fracture

i. Bone is bent to the point of breaking

d. Rotational fractures

i. When a bone is twisted

ii. Causes a spiral fracture

e. Compression fractures

i. When a force is applied along the long axis of the bone

ii. End is driven into an object

f. Combination fracture

i. Any combination of angulation, rotational, & compression fractures

3. Determining the age of fractures

a. Initial bleeding into the fracture site is followed by the accumulation of various types of blood cells

b. End of 1st week

i. Bone forming cells appear

c. End of 2nd or 3rd week

i. Callus forms

ii. Fibrous capsule surrounding the area of the fracture

d. 4-6 weeks

i. Bone formation

ii. Closing of the fracture within the callus

e. Complete healing may take 5 months

f. Sequence varies with age & from person to person

v. Getting toothy: Bite marks

1. dental impressions, X-rays, are great tools for identifying bodies AND for finding criminals

2. Bite mark injuries

a. Murder, rape, torture & child or spousal abuse

b. Bites into food may leave clues about the perp

c. Flesh wounds:

i. Different from food

ii. Skin is elastic

iii. Details are not as clear

3. After suspects are identified:

a. Molds are made of their teeth

b. A model is created (casting)

4. Bite marks can be swabbed for saliva

a. Determine blood type

b. DNA profile

vi. Dealing with an aching head

1. most blows to the head produce injury rather than death

2. most dangerous location for blunt-force trauma

3. the brain

a. easily injured

b. many cause permanent damage

i. paralysis

ii. blindness

iii. loss of mental abilities

iv. long term psychiatric problems

4. most often accidental

5. bumps to concussions

a. loss of consciousness to death may occur

b. intracranial bleeding

i. an artery or small veins rupture

6. Bleeding into the head

a. Brain is covered by several membranes

i. Dura mater – separates the brain from the skull

1. epidural space – the space between the dura & the skull

2. subdural – the space between the dura & the brain

b. intracranial bleeds

i. epidural – when the epidural arteries are torn by fractures of the skull

ii. Subdural – originate in the veins, & can be caused by blunt force trauma

iii. Intracerebral – when brain tissue itself bleeds 

c. Intracranial bleeding causes the pressure inside the skull to rise – squeezes the brain

i. Pressure first shuts down all brain functions

ii. Pushes the brain into the opening at the base of the skull

iii. Victim loses consciousness

7. Determining that a blow to the head occurred

a. ME finds a contusion or abrasion to the scalp

b. Cause of death: blunt force injury

c. Manner of death depends upon whether the blow was accidental or intentional

8. Cracking the skull

a. Significant brain injury can occur with or without a fracture of the skull

b. Simple linear fracture

i. Low impact injuries

ii. Falls

c. Circular fracture

i. Require more force

ii. May result from a blow with a pipe, hammer, etc.

iii. Circle may be complete or incomplete

d. Stellate fractures

i. Starlike shape

ii. Blow bends skull inward

e. Depressed skull fracture

i. Result of a section of the skull being pushed inward against the brain

9. Bouncing the Brain

a. During blunt force trauma, the brain may be injured at the site of impact  - known as a coup

b. Brain collides with the skull – contrecoup

vii. Electrocution

1. electricity can kill you by several different mechanisms

a. depends on the amps 

b. duration

c. most deaths are accidental

2. effect on the heart

a. interferes with the natural rhythmic pulse

b. cardiac arrhythmias

c. death is typically instantaneous

3. high voltage electrocutions

a. industrial settings

b. severe internal & external burning

4. signs of electrical injury

a. skin is charred at the point of contact

b. or point of grounding or both

c. skin at contact point may be red &/or blistered

d. localized rigor mortis

i. electrocution causes muscle spasms

ii. consumes ATP

5. electrocution for homicide

a. usually involves an electrical device being tossed into a tub of water where someone is sitting

b. less common than in the past

i. electrical devices now have GFI

ii. ground fault interrupters

iii. they are turned off whenever a spike in current or resistance is detected

6. Lightning

a. Injuries are caused by the body’s conversion of electrical energy into heat

b. Heart, liver, kidneys, bone marrow, brain, spinal cord, & muscles can suffer permanent damage

c. Lichtenberg figures

i. A way to tell if someone has been hit by lightning

ii. Red, fernlike pattern

iii. Across back, shoulders, buttocks, or legs of victims

iv. Fade in 12-48 hours

v. Leave behind no scars

vi. Absolutely indicative of lightning strikes
XV. What’s the Deal with DNA?

a. Your body is made up of approximately 60 trillion cells

b. DNA is the instruction manual that tells each cell what to do

c. DNA composition

i. Complex polymer arranged in a double helix

ii. Formed into long strands called chromosomes

1. portions of the chromosomes are called genes

2. basic units of heredity

3. each paired gene is called an allele

iii. humans have 46 chromosomes 

1. arranged into 23 pairs

2. found in the cell’s nucleus

iv. four base units (monomers)

1. adenine, guanine, thymine, cytosine

v. strands are antiparallel

d. Uniqueness & DNA

i. Reproductive cells & RBCs are the only cells that DON’T have 23 pairs

1. reproductive cells – 23 single chromosomes

2. RBCs – no chromosomes!

ii. DNA fingerprinting

1. just as fingerprints are unique to the individual, so is your DNA

2. Hair follicles contain DNA, but hair doesn’t

3. DNA from blood is from the white blood cells

4. the bigger the DNA sample for testing the better

5. DNA extractions

a. From bones and teeth of very old skeletal remains

b. Severely burned bodies

e. The Human Genome

i. The total DNA within the cell

ii. Only 5% of all base pairs carry out the work of life

1. genes that are coded for manufacturing proteins

2. others regulate gene function, etc.

iii. Alec Jeffreys – 1985

1. developed a process for isolating & analyzing human DNA

2. DNA fingerprinting is born

3. what do we look for?

a. VNTRs –Variable Number Tandem Repeats

i. The same base sequence that repeats throughout a certain location (locus)

b. STRs – Short Tandem Repeats

i. Usually 3-7 base pairs long

ii. Also repeat through the locus

iii. Repeat throughout the DNA strand also

iv. Useful when only sections of DNA are available

c. If several loci match, the probability of a match quickly adds up

d. Investigators look at repeats on particular loci

i. If a suspect’s DNA show the exact same repeat patterns at all 5 loci as the crime scene sample:

ii. Probability that he DNA found at the crime scene came from someone else is tiny

4. The DNA fingerprinting process

a. Extracting  the DNA

i. Separating the DNA from the material it’s contained in 

ii. Agents destroy (lyse) the cell membrane & break down the proteins

b. Cutting or Amplifying the DNA

i. PCR

1. separates the DNA into its 2 strands (denaturing)

2. Primer sequences are added to the DNA, & then it’s heated to 67-98 degrees F. (annealing)

3. each strand is induced to manufacture its complimentary strand by using DNA polymerase (extending)

4. steps 1-3 are repeated rapidly, to multiply the number of strands available for testing

c. Separating the fragments with electrophoresis

i. Separated according to length

ii. Electrical current is passed through the material
iii. Causes the fragments to move through the gel

d. Transferring the fragments to a nylon membrane

i. Southern blot

ii. DNA bands transfer to the nylon (like soaking up a spill with a paper towel!)

e. Tagging the fragments with a DNA probe

i. Radioisotopes make the DNA visible

5. Making the Match

a. When bands in the known & unknown lanes match

b. No 2 individuals can have the same DNA fingerprint

c. CODIS system

i. Combined DNA Index System

iv. DNA & Paternity

1. child’s pattern must be a combination of the mother & father

2. can’t include a band that neither parent has

3. doesn’t have to have every band that the parents have

v. Who’s your Granny?

1. Mitochondrial DNA

a. DNA used in standard DNA testing is nuclear DNA

b. Cells also contain non-nuclear DNA

c. Found in the mitochondria

d. Passes from generation to generation by the maternal lineage

e. Rarely mutates

f. Is found in places where nuclear DNA doesn’t exist

g. Is exceptionally hardy

2. Your mitochondrial DNA is inherited unchanged from your mother and ONLY from your mother

3. The rare mtDNA mutation is thought to occur once every 6,500 years!

4. Scientists can extract it from bones & teeth of very old skeletons

5. mtDNA is found in some tissues where nuclear DNA can’t be found.

a. Hair

XVI. Finding Drugs & Poisons: The Toxicology Lab

a. Understanding Poisons

i. Def – any substance that, when taken in sufficient quantities, causes a harmful or deadly reaction

ii. The “key” is the phrase “sufficient quantities”

iii. Too much water and oxygen?

1. water intoxication

a. severely dilutes the sodium (Na) & potassium (K) in the body

b. damages the kidneys

c. leads to coma & death

2. breathing pure oxygen for too long

a. damages your lungs

b. leads to death

iv. the “right” dose of any substance is medication; the wrong dose is poison

b. Defining Toxicology

i. Chemistry + Physiology that deals with drugs, poisons, & other toxic substances, AND how these substances alter or harm living organisms, particularly humans

ii. Looking for Toxins

1. most poisons work their mischief within the cells of the body

2. leave behind NO visible traces

3. ME collects fluids & tissues from the body

a. Toxicologist analyzes these

b. Looking for the presence or absence of toxins

4. Biotransformation

a. The conversion or transformation of one chemical into another, in the body

b. AKA metabolism!

c. Ex.: heroin is made from morphine

i. When injected into the body, it converts back to morphine

ii. Pointless to search for heroin, but good to look for presence of morphine

5. Metallic elements

a. Cause disease & death

b. Excess Fe, Hg, Pb, Cu

c. Serious health problems

6. Collecting samples

a. What makes poisons so popular is that they are sneaky

i. Rarely leave behind visible clues

ii. Finding a toxin to prove death is difficult

b. Best places to collect samples

i. Locations where chemicals enter the body

ii. Where they concentrate in the body

iii. Along the routes of elimination

iv. Blood, stomach contents, & tissues around injection sites

v. Potential sources of illicit toxins:

1. blood –
a.  toxicologist’s most useful substance

b. can find most any drug & it’s major metabolites in blood

c. tells you what was going on in the body at the time of death

2. Urine – 

a. substances are usually concentrated more here, than in blood

b. Can’t determine whether the drug had any effect on the person at the time it was collected

3. Stomach contents:

a. Critical in cases where investigators suspect poison or drug ingestion

4. Liver

a. Tissue & bile reveals a drug or its metabolites

b. Opiates tend to concentrate in the liver & the bile

c. May reflect levels of a drug during the hours before death

5. Vitreous humor

a. The liquid in the eyeball

b. Fairly resistant to decay (putrefaction)

c. Testing the vitreous humor reveals what was in the blood 1-2 hours earlier

6. Hair

a. Absorbs certain heavy metals

7. Insects

a. Test insects feeding on a corpse for drugs

b. Certain drugs may concentrate in the tissues of bugs

7. Determining the cause & manner of death

a. Natural

i. Person may die of natural causes, but drugs may be involved in the mechanism

1. person w/ coronary heart disease takes cocaine

2. heart rate increases due to the drug

3. clogged arteries can’t handle the demand on the heart

4. heart attack may ensue

5. Cause of death? Heart Attack

6. the drug were a contributing factor

b. Accidental

i. Most accidental poisonings occur at home

ii. Most involve children

iii. Other causes

1. dose miscalculations

2. dangerous mixtures of drugs

c. Suicidal
i. Most common manner of death in poisonings

ii. Most common agent is carbon monoxide

iii. Others are prescription drugs

d. Homicidal

i. Uncommon today

ii. Guns are the preferred method

iii. Occur most often at home

iv. Killer usually knows the victim’s habits

v. Killer has access to the victim’s food, drink, & medications

iii. Understanding the Testing Procedures

1. clues at the crime scene often point toward a particular drug or poison

a. empty pill bottle at victim’s side

b. fresh needle marks on an addict

c. the more clues the circumstances of death can supply, the narrower the field of possibilities the toxicologist must consider

2. Presumptive tests

a. Initial screening 

b. Easier & cheaper to perform

c. When negative, the drug or toxin in question is NOT present

d. In general, these tests are more sensitive, but less specific

e. May yield more false positives, but are unlikely to give false negatives

3. Confirmatory tests

a. Used only after presumptive tests find the possible drug present

b. More expensive

c. Time consuming

4. Common “tox” screen tests

a. Color tests 

i. Chemical test 
1. a reagent is added to the substance in question

2. a color change occurs when the suspected chemical is present

b. Immunoassays

i. Involve antigen-antibody reactions

ii. Testing reagent is the antibody

iii. Seeking the antigen

iv. Rxn is the positive test

c. Thin-layer chromatography (TLC)

i. Inexpensive screening test

ii. Uses a color rxn that further identifies the compound

d. Gas Chromatography

i. Useful as a screening tool

ii. Separates the components of a chemical mixture for later confirmatory testing

e. Ultraviolet spectroscopy

i. When exposed to UV light different compounds absorb or reflect light

ii. Magnitude at the particular wavelength indicates the concentration of the suspected drug or chemical
iv. Confirming the results

1. must be sensitive & specific

2. must recognize the chemical in question

3. can identify it to the exclusion of all others

4. most important test is Mass Spectrometry

v. Interpreting the results

1. after testing reveals the presence & concentration of a chemical

2. what do the results mean?

3. route of entry of a toxin is extremely important

a. if injected, & victim couldn’t have done it, homicide may be a consideration

b. concentration is greatest at the site where it’s administered

i. ingested toxins show up in the stomach, intestines or liver

ii. inhaled gases are concentrated in the lungs

iii. intramuscularly injected toxins linger in the tissues around the injection site

iv. IV drugs bypass the stomach & liver, enter the bloodstream directly

4. After determining blood level of a certain chemical, the toxicologist assigns the level one of these four categories:

a. Normal:

i. One that is expected

ii. General population

iii. General circumstances

b. Therapeutic

i. Level that your doctor wants you to reach when taking prescription meds

ii. Blood level that has the most beneficial effect

c. Toxic

i. One that may cause harm

ii. Nausea, vomiting, change in heart rhythm, or death

d. Lethal

i. Level at which the drug in question consistently causes death

ii. LD50 – measurement of a chemical’s lethal potential

iii. The blood concentration where 50% of the people taking it die from that intake

e. Everyone reacts to chemicals & toxins differently

f. Blood alcohol levels correlate very well with the degree of intoxication

i. 0.08% is the legal limit for intoxication

ii. 0.03%

1.  single beer or highball

2. you become giddy

3. motor skills show few effects

iii. 0.03 – 0.08%

1. coordination, reaction time, & judgment all decline

iv. levels above 0.12%

1. nausea & vomiting occur

v. levels above 0.25

1. comas may occur

vi. levels above 0.40

1. death may occur
vii. blood alcohol level percentages mean the number of grams of alcohol in every 100 milliters of blood

viii. Breathalyzer tests

1. invented in 1954

2. used for capturing & analyzing expired air

3. breath is exposed to a mixture of water, silver nitrate in sulfuric acid, & potassium dichromate

a. any alcohol present is oxidized into acetic acid

b. this acetic acid breaks down the potassium dichromate

4. also contains a spectrophotometer

a. as potassium dichromate is broken down, it absorbs less light

b. degree of change is directly related to the amount of alcohol in the breath

5. gives an accurate measure of the level of alcohol in the blood

5. Depressants

a. Opiates, barbiturates, alcohol, & other tranquilizers are central nervous system (CNS) depressants

b. Make you sleepy  & lethargic – “downers”

i. Opiates

1. derived from the sap of poppies

2. can be narcotic sedatives (sleep producing) or analgesics (pain relieving)

3. have a great risk of abuse & physical addiction

4. deaths occur because the drugs suppresses the respiratory center of the brain

a. victim falls asleep, slips into a deep coma, stops breathing, & dies from asphyxia

b. more common when mixed with alcohol

ii. Barbiturates

1. sleeping pills

2. only Phenobarbital remains in wide use today

3. color test is used to screen for the presence of these drugs.
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