
realistically yield results for up to 14 different
elements. It was first used in a 1958 murder
case to determine that hair found clasped in the
victim's hand came from the suspect. The ratio
of sulphur radiation to phosphorus radiation
emitted by the sample was found to be consis-
tent with a sample taken from the suspect, thus
connecting him to the crime. 

A Maturing Science
Forensic hair analysis isn't a new technique.
One of the earliest scientific papers on the sub-
ject was published in 1857 in France and by
the early 1900s microscopic examination of hair
was well established. In 1931 Professor John
Glaister published a paper titled Hairs of
Mammalia from the Medico-legal Aspect, which
was considered a standard reference work
thereafter.
As forensic science advances with computers
and increasingly more accurate means of
detecting the component parts of small sam-
ples, trace evidence may soon play even more
significant roles. A hair sample with the root or
other tissue attached to it can now offer genetic
information such as blood type or a person's
genetic makeup. Even if the root isn't present in
a sample, mitochondrial DNA analysis can still
provide information useful to the case. Both of
these methods of DNA analysis are currently
used to provide DNA evidence for criminal and
paternity cases.
But, positive identification cannot reliably rest
on hair evidence alone. The best that a forensic
scientist can do is present scientific evidence
that a crime scene sample is consistent with a
suspect. And while it can't be the proverbial
smoking gun, it can be used to exclude a sus-
pect based on race and where it can't exclude,
it can provide valuable corroborating evidence
of guilt.
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n every struggle between an attacker
and a victim, hairs, fibers, and other
minute pieces of evidence are trans-
ferred from one to the other. This type of

evidence is found at crime scenes and on vic-
tims and it can be used to link a suspect or a
suspect's belongings to the crime. Hair is a
very important clue for investigators because
aside from burning, it is practically indestructi-
ble. Scientists are able to examine hair that has
been collected from objects at the crime scene
and from bodies, even severely decomposed
bodies, to uncover clues to the crime.  

The Composition of Hair
Hair is a combination of protein substances,
but is comprised primarily of keratin, a strong
structural protein. Hair follicles in the skin pro-
duce a hair for a certain period of time, usually
many months, before the hair falls out and a
new one starts to grow. Head hair grows about
2.5mm per week while facial hair grows faster
and body hair more slowly. Contrary to the
popular myth, hair does stop growing at death.
It's the shrinking of the skin after death that
gives the effect of the hair having continued to
grow, especially the facial hair. 
A hair shaft has three layers: the cuticle, the
cortex, and the medulla. The tough outer layer,
called the cuticle, is comprised of overlapping
scales that protect the inner layers.
Examination of these scales under a micro-
scope gives a quick indicator of whether the
hair came from an animal or human—the
scales look very different in animal hair. 
Below the cuticle is the cortex. This layer is
comprised of spindle-shaped cells that give the
hair its texture and house the pigment that
gives hair its distinct color. The distribution of
this pigment can be used to determne if a hair
is likely to have come from a specific individ-
ual. 
The innermost layer is a hollow tube called the
medulla. The physical appearance of the
medulla has many variations, it can be continu-
ous, fragmented, or even absent from a hair
sample. Human hair usually has a fragmented
or absent medulla except for Asian people
whose hair has a continuous medulla. The
medulla can look different in two hairs taken
from the same person, even if it came from the
same area of the body. Animal hair generally
has thicker medulla and cortex layers than
human hair because it is an important means
of insulation and protection for the animal. 

What Hair
Can Tell Us
Microscopic forensic
analysis of hair focuses
on hair color and struc-
ture. If a hair sample
includes the root struc-
ture, its examination can
indicate if the hair fell out
naturally or was forceful-
ly removed as might hap-
pen during a struggle. An
intact sample with the
root can also give a good
determination of the full
length of the hair. As dis-
cussed above, hair analysis can determine
whether the hair came from a human or ani-
mal, and if human, can indicate if the source is
a member of a particular race. Scientists can
also determine if the hair has been dyed, cut in
a certain way, and what part of the body it
came from. 
Hair can be examined under a light microscope
and compared to reference samples or sam-
ples from a suspect. For this type of compari-
son, the hair is typically dry mounted on a
glass microscope slide and viewed under a
comparison microscope. It can also be embed-
ded in a wax block and sliced in a microtome
to produce wafer-thin sections that are then
mounted on glass slides. This allows the scien-
tists to examine the cross-sectioned shape of
the medulla. Occasionally, pattern impressions
of the scales of the cortex are preserved in cel-
lulose acetate for more detailed study. A vari-
ety of tests are available to the forensic scien-
tist for examining hair that has been dyed and
for examining hair for age. 
Hair's absorbent properties make it an impor-
tant tool in assessing deaths from poison or
drugs. But, it could takes weeks for a hair sam-
ple to indicate the presence of a toxic sub-
stance so while it's not a good indicator of
exposure to toxins within the past few days, it
can be an excellent indicator of long-term expo-
sure or 
drug abuse.
A technique called neutron activation analysis,
introduced in the 1950s, is one of the methods
used to identify toxins in hair samples. Hair
samples are bombarded with neutrons that col-
lide with trace elements in the sample and
cause them to emit gamma radiation. The lev-
els of radiation emitted are compared to known

reference levels and allow scien-
tists to measure every con-
stituent part of the sample. The
technique is not limited by small
sample size and a single hair can
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n every struggle between an attacker and a
victim, hairs, fibers, and other minute
pieces of evidence are transferred from
one to the other. This type of evidence is

found at crime scenes and on victims and it can
be used to link a suspect or a suspect's
belongings to the crime. Hair is a very important
clue for investigators because aside from
burning, it is practically indestructible. Scientists
are able to examine hair that has been collected
from objects at the crime scene and from bodies,
even severely decomposed bodies, to uncover
clues to the crime.  

The Composition of Hair
Hair is a combination of protein substances, but
is comprised primarily of keratin, a strong
structural protein. Hair follicles in the skin
produce a hair for a certain period of time,
usually many months, before the hair falls out
and a new one starts to grow. Head hair grows
about 2.5mm per week while facial hair grows
faster and body hair more slowly. Contrary to the
popular myth, hair does stop growing at death.
It's the shrinking of the skin after death that gives
the effect of the hair having continued to grow,
especially the facial hair. 

A hair shaft has three layers: the cuticle, the
cortex, and the medulla. The tough outer layer,
called the cuticle, is comprised of overlapping
scales that protect the inner layers. Examination
of these scales under a microscope gives a quick
indicator of whether the hair came from an
animal or human—the scales look very different
in animal hair. 

Below the cuticle is the cortex. This layer is
comprised of spindle-shaped cells that give the
hair its texture and house the pigment that gives
hair its distinct color. The distribution of this
pigment can be used to determne if a hair is
likely to have come from a specific individual. 

The innermost layer is a hollow tube called the
medulla. The physical appearance of the medulla
has many variations, it can be continuous,
fragmented, or even absent from a hair sample.
Human hair usually has a fragmented or absent
medulla except for Asian people whose hair has
a continuous medulla. The medulla can look
different in two hairs taken from the same
person, even if it came from the same area of the
body. Animal hair generally has thicker medulla
and cortex layers than human hair because it is
an important means of insulation and protection
for the animal. 

What Hair Can Tell Us
Microscopic forensic analysis of hair focuses on
hair color and structure. If a hair sample includes
the root structure, its examination can indicate if
the hair fell out naturally or was forcefully
removed as might happen during a struggle. An
intact sample with the root can also give a good
determination of the full length of the hair. As
discussed above, hair analysis can determine
whether the hair came from a human or animal,

and if human, can indicate if the
source is a member of a
particular race. Scientists can
also determine if the hair has
been dyed, cut in a certain way,
and what part of the body it
came from. 

Hair can be examined under a
light microscope and compared
to reference samples or samples
from a suspect. For this type of
comparison, the hair is typically
dry mounted on a glass
microscope slide and viewed
under a comparison microscope.
It can also be embedded in a
wax block and sliced in a
microtome to produce wafer-thin
sections that are then mounted
on glass slides. This allows the

scientists to examine the cross-sectioned shape
of the medulla. Occasionally, pattern impressions
of the scales of the cortex are preserved in
cellulose acetate for more detailed study. A
variety of tests are available to the forensic
scientist for examining hair that has been dyed
and for examining hair for age. 

Hair's absorbent properties make it an important
tool in assessing deaths from poison or drugs.
But, it could takes weeks for a hair sample to
indicate the presence of a toxic substance so
while it's not a good indicator of exposure to
toxins within the past few days, it can be an
excellent indicator of long-term exposure or 
drug abuse.

A technique called neutron activation analysis,
introduced in the 1950s, is one of the methods
used to identify toxins in hair samples. Hair
samples are bombarded with neutrons that
collide with trace elements in the sample and
cause them to emit gamma radiation. The levels
of radiation emitted are compared to known
reference levels and allow scientists to measure
every constituent part of the sample. The

technique is not limited by small sample size and
a single hair can realistically yield results for up to
14 different elements. It was first used in a 1958
murder case to determine that hair found clasped
in the victim's hand came from the suspect. The
ratio of sulphur radiation to phosphorus radiation
emitted by the sample was found to be
consistent with a sample taken from the suspect,
thus connecting him to the crime. 

A Maturing Science
Forensic hair analysis isn't a new technique. One
of the earliest scientific papers on the subject
was published in 1857 in France and by the early
1900s microscopic examination of hair was well
established. In 1931 Professor John Glaister
published a paper titled Hairs of Mammalia from
the Medico-legal Aspect, which was considered a
standard reference work thereafter.

As forensic science advances with computers
and increasingly more accurate means of
detecting the component parts of small samples,
trace evidence may soon play even more
significant roles. A hair sample with the root or
other tissue attached to it can now offer genetic
information such as blood type or a person's
genetic makeup. Even if the root isn't present in a
sample, mitochondrial DNA analysis can still
provide information useful to the case. Both of
these methods of DNA analysis are currently
used to provide DNA evidence for criminal and
paternity cases.

But, positive identification cannot reliably rest on
hair evidence alone. The best that a forensic
scientist can do is present scientific evidence that
a crime scene sample is consistent with a
suspect. And while it can't be the proverbial
smoking gun, it can be used to exclude a suspect
based on race and where it can't exclude, it can
provide valuable corroborating evidence of guilt.
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n the deepest recesses of the ocean you
might expect there to be complete
darkness. But thanks to bioluminescence,
this hidden world is host to an ever-

changing light show. In this surreal landscape
(between 200 and 1000 meters below the ocean
surface), almost 90% of the inhabitants are
bioluminescent. 

Bioluminescence is the emission of visible light
by a living organism. The luminous nature of
creatures residing in the ocean depths has been
documented for centuries by mariners who
reported seeing mysterious "milky seas"—an eerie
white glow that extends for miles across open
water. While most prevalent among the deep sea
population, bioluminescence can also be found
on land, including earthworms, some bacteria
and fungi, and, of course, the firefly.  

Cold Light
The primary components necessary for
bioluminescence are oxygen, luciferin (a
molecular substrate), and luciferase (an enzyme).
While the process differs slightly between
species, the oxidation reaction is the same in
every creature. In the presence of oxygen,
enzyme and substrate act in combination to
produce a short burst of visible light. And the
reaction is quite efficient. A firefly converts into
light almost 100% of the energy generated in
bioluminescence, compared to an electric light
bulb that loses over 90% of its energy to heat.

The resulting light is concentrated in the blue-
green range of the spectrum, although other
colors have been observed. For example, the
dragonfish creates a rare red beam to locate its
prey. This "night vision" is particularly effective
since most sea animals cannot detect it. 

Why Glow?
In the dark seas, bioluminescence is a key
means of finding and attracting prey. The
anglerfish uses a light organ filled with bacteria
that dangles from its forehead; in the same way a
fisherman might bait a brightly colored lure. The
aptly named flashlight fish uses a light, produced
by symbiotic bacteria living in an organ below its
eye, to illuminate potential prey. Glowing fungi
use their light to attract insects, not as prey, but
to serve as a delivery service for their spores.

Many sea creatures use bioluminescence as
camouflage or to defend against predators. Some
fish can become virtually invisible by matching
their glow to the color and shading of sunlight, in
a process called counter-illumination. When
attacked, the Atolla jellyfish generates expanding
rings of blue light that can last more than half a
minute. Scientists suspect this response may
attract larger fish, which in turn consume the
original predator. The Caribbean's Mosquito Bay
contains an unusually high concentration of tiny
underwater plankton called dinoflagellates, also
known as "fire plants." They produce quick
pinpoints of light when startled; the result of this
natural burglar alarm is a spectacular display that
can last all night.

Fireflies provide perhaps the best-known example
of bioluminescence, in which males and females
communicate using flashes of light. There are
more than 1900 known species of firefly, found in
all parts of the world except Antarctica. Although
not all are bioluminescent, each light-producing
species uses a unique sequence of flashes to
signal the opposite sex.

Light in the Lab
Dinoflagellates, one of the most common sources
of bioluminescence, are also easily grown in the
lab. Cultures and growth media can be readily
obtained, and dinos require no more care than
the average houseplant. Since their light
production is on a strict day/night cycle, or
circadian rhythm, studies must be performed in a
darkened room during their night phase. Both
mechanical (shaking) and chemical (10% acetic
acid or vinegar) stimulation will produce a
bioluminescent reaction that can be viewed
under a microscope. Since the bioluminescence
produced by a dinoflagellate indicates its overall
health, scientists often use these plants to
examine the harmful effects of toxins on the
environment. 

A Bright Future
Studies of bioluminescence have applications in
many fields, including genetics, medicine,
ecology, and biotechnology. Inserting a jellyfish
gene into an African butterfly is helping scientists
at the State University of New York (SUNY) study
how genes control development. Bioluminescent
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ATP assays are used to identify bacterial
contamination in wounds and tissues; ecologists
use bioluminescent tests to assess bacterial
contamination of drinking water. Life scientists
use the luciferin-luciferase reaction extensively
due to its extremely high sensitivity and
nonhazardous nature. Some of the applications
include the detection of calcium in live cells or
tissues, ELISA, and high-throughput drug
screening. And while researchers continue to find
new species of glowing creatures in the ocean
depths, others work above the surface to seek
new and exciting ways to unlock the potential of
bioluminescence.

ILLUMINATING THE MYSTERIES
OF BIOLUMINESCENCE

The bioluminescent display of the Atolla jellyfish
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