fter a homicide or an assault has
been committed, police investi-
gators usually find blood at the
scene of the crime, giving them clues as to
what happened. The blood’s texture and shape
and how it is distributed around the victim
often help investigators determine when the
crime was committed, whether the crime was
preceded by a fight between individuals, and
which weapon was used—say, a knife, a gun,
or an object used to hit a person.

But criminals have tried many ways to
hide, clean up, and remove blood evidence.
For example, what looks like blood may be
another substance placed there by the crimi-
nal to mislead police investigators. Also, some
criminals clean up the blood from the crime
scene or move the victim’s body somewhere
else, making it harder to reconstruct what
really happened.

To take these potential scenarios into
account, forensic scientists—who apply the
latest scientific discoveries to law—have
developed techniques that can tell whether the
red liquid seen around the victim is actually
blood, determine whether it is human blood,
and establish whether the blood comes from
the victim or the criminal.
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By Brian Rohrig

Is it blood?

Until 1967, police investigators assumed
that what looked like blood on a crime scene
was probably blood. But a 1967 U.S. Supreme
Court case called Miller v. Pate, in which a
criminal used red paint on clothes, prompted
the courts to reconsider that assumption. Sev-
eral tests have since been developed to con-
firm that a red liquid or stain is actually blood.
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One of these tests consists of spraying a
suspected sample with a solution of luminol
(CgH7N302), a chemical popularized by the TV
series “CSI” (short for “Crime Scene Inves-
tigation”), and hydrogen peroxide (H20y). If
blood is present, the sample glows with a blu-
ish color in the dark.

The luminol is first activated with an oxi-
dant, usually a solution of hydrogen peroxide
and a hydroxide salt in water. Then, in the
presence of a protein present in blood called
hemoglobin, the hydrogen peroxide is decom-
posed to form oxygen and water.

When luminol reacts with the hydroxide
salt, a dianion is formed. The oxygen pro-
duced from the hydrogen peroxide then reacts
with the luminol dianion. The product of this
reaction, an organic peroxide, is very unstable
and immediately decomposes with loss of
nitrogen to produce 3-aminophthalic acid (3-
APA) in an excited state. As 3-APA relaxes, it
releases a visible blue light (see Fig. 1).

Luminol is sensitive to the presence of
extremely small amounts of blood. It can
detect bloodstains that have been diluted up to
300,000 times! Since it is nearly impossible to
clean up every trace of blood at a crime scene,
luminol is especially effective at detecting
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Figure 1. A chemical reaction between hydrogen peroxide (H202) and luminol (molecule pictured to the
left) in the presence of hemoglobin (Hb) produces 3-aminophthalic acid (3-APA) and blue light.

minute traces of blood that may not be visible
to the naked eye.

But this technique has some limitations,
since the light can be produced in the pres-
ence not only of blood but also of other sub-
stances, such as copper ions, horseradish,
and bleach. To positively identify a substance
as blood, it is often sent to a laboratory for
further analysis.

Another important test is the Kastle-Meyer
test. In many crime shows on television, a
blood sample is collected on a cotton swab,
and then a clear solution is applied, turning
the swab bright pink to confirm the presence
of blood. This is most likely a demonstration
of the Kastle-Meyer test.

The clear solution in this test consists of a
reduced form of phenolphthalein and hydro-
gen peroxide, which react with each other to
produce a pink solution made of water and a
phenolphthalein ion (see Fig. 2). In this test,
the phenolphthalein has been modified from its
conventional form by being reduced and pre-
dissolved in alkaline solution, giving it a faint
yellow color. Then, in the presence of hydro-
gen peroxide in alkaline solution, the hemoglo-
bin in the blood catalyzes the oxidation of this
form of phenolphthalein to its normal form,
which generates an intense pink color.

Hb
H,0, + OH- + C,iH,.0, —> 3H,0 + C,,H,0,2

Figure 2. In the presence of hemoglobin, a
reduced form of phenolphthalein (C2H1504) is
oxidized by hydrogen peroxide (H20) in basic
solution (that is, in the presence of OH") to form
water (H20) and ordinary phenolphthalein

(C20 H12 04<°), which is pink in basic solution.

Like the luminol test, the Kastle-Meyer test
is very sensitive because it relies on a reac-
tion catalyzed by hemoglobin, but other sub-
stances can also catalyze the reaction. Both
tests are called presumptive tests—blood will
cause a positive test, but so do many other
substances—and they need to be substanti-
ated by more specific tests.

Is it human blood?

Once investigators suspect that a stain is
blood, they need to find out whether it is from
an animal or a human being. The reason they
ask such a question is that pets are some-
times present at a crime scene and can be
either victims of a crime or involved in it.

To confirm whether a pet was present,
investigators use various tests that differenti-
ate between animal and human blood. One of
the most widely used tests is called the pre-
cipitin test, in which the presence of human
blood is revealed by making it clot.

The precipitin test is based on the fact that
animals—including humans—make large
quantities of proteins called antibodies that
protect them against foreign, desease-caus-
ing substances. In this test, human blood is
injected into a rabbit, which develops anti-
bodies against human
blood. When these
“anti-human” antibod-
ies are extracted from
the rabbit’s blood and
added to human blood,
they precipitate, form-
ing a clot. A bloodstain
from a crime scene that
is added to the rabbit’s
anti-human antibodies
will precipitate if it is of
human origin.

By using the same
principle, police labora-
tories have created other antibodies, such as
“anti-dog” and “anti-cat” antibodies, that allow
them to determine to which animal species a
bloodstain belongs.

Whose blood is it?

A criminal investigator can determine
whether the blood collected at the crime scene
is from the victim, the criminal, or other peo-
ple who may have been involved in the crime
by identifying the blood type. There are four
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blood types, called A, B, AB, and O, that are
defined based on which proteins are present
on the surface of red blood cells.

Red blood cells contain many proteins on
their surface, the most important ones being
called A antigens and B antigens. Some peo-
ple have one or the other, making them of type
A and B, respectively. Others have both anti-
gens, making them of type AB, while others
have none of them, making them of type O.

Criminal investigators can determine blood
type by adding proteins called antibodies to
a blood sample. They use antibodies called
anti-A and anti-B antibodies, which bind to A
and B antigens, respectively. For example, if a
person’s blood is of type B, adding the anti-B
antibodies will make the antigens bind to the
antibodies, resulting in a blood clot that is
easily visible. If the person is, say, of type A,
nothing happens when anti-B antibodies are
added to the blood sample (see Fig. 3).

X

Anti-B

A

e

Figure 3. (Top) Red
blood cells containing
A antigens will not bind
to anti-B antibodies.
(Left) Red blood cells
containing B antigens
are clumped together in
the presence of anti-B
antibodies.

Antibodies are commercially available, so
they can be used instantly to determine the
type of blood present at a crime scene and
from potential suspects. If the blood type of
a suspect is different than the one detected at
the scene, this person probably did not com-
mit the crime. But if a suspect’s blood type is
the same as the one found at the scene, then
this person may be the criminal. At that point,
only a DNA test can confirm whether any of
the remaining suspects is the actual criminal.
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Bloodstains can Figure 4. The shape of a blood droplet depends
pl’OVide important on the angle at which it fell.

clues too example, will tend to have a more jagged

The physical properties of blood may also shape than blood dropped onto a softer or
play a key role in allowing investigators to less poroys surface. . .
reconstruct events at a crime scene. Blood is an example of a colloid—a fluid

The size and shape of blood droplets can substance where very small particles of
provide useful information. Blood that falls another substance are dispersed. Colloids are
straight down will tend to form more symmet- often very sticky bscauze th.e slusgel;nded SOI_
rical droplets, while blood falling at an angle ids can atFract other chemicals. Gilue, pamt,
will be less symmetrical (see Fig. 4). and jelly are other examples of sticky

The roughness and porosity of the sur- COHOK:S' v is blood sticky. but i
face on which blood has fallen also plays a otonly is blood sticky, but it

key role—blood dropped onto concrete, for Is also viscous. Viscous sub-
stances flow slowly, like molas-

ses and honey. Since blood is both

sticky and viscous, it forms readily

discernible patterns on walls
and other surfaces.

One type of pattern,
called a transfer stain,
results from blood that is
transferred from one object
to another, either when an
object moves through a
preexisting bloodstain onto
an unstained surface—such
as a foot sliding through
blood—or when a blood-
stained object transfers
blood to another area—such
as when a bloody knife is
thrown down. Another type
of bloodstain, called the pro-
jected stain, is produced by
blood that flies off a surface
under pressure.

Analyzing blood is a gruesome business,
but it is necessary in order to reconstruct
what happened at the scene of an accident or
crime. Even in death, blood can tell a story. A
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Antibodies and antigens

n the surface of every cell in our body are proteins
called antigens. The two main antigens present
on the surface of red blood cells are called A and
B antigens. Some people have only A antigens on their red
blood cells, some have only B antigens, some others have
both A and B antigens, and others have none, making these
people’s blood of type A, B, AB, and O, respectively.

Blood also contains proteins called antibodies that attach
to these antigens, but antibodies attach only to foreign anti-
gens. For example, type A blood contains antibodies called
anti-B antibodies that bind only to B antigens, and type B
blood contains antibodies called anti-A antibodies that bind
only to A antigens. Table 1 summarizes the various antigen
and antibody components of blood.

Crime scene investigators determine the blood type of a
specimen by injecting either anti-A or anti-B antibodies and
by seeing whether antibodies and antigens bind with one
another. For example, if anti-A antibodies are used, they bind
only to A antigens, so the blood type is either A or AB. By
further adding anti-B antibodies to blood from the same stain
would then determine whether it is of type A or AB. If it is of
type A, its antigens won'’t bind to the anti-B antibodies; if it is
of type AB, its antigens will.

Table 2 summarizes how the blood type is established
(+ shows binding between the antibodies and antigens and
— shows no such binding).

Determining blood type can also be done by identifying
antibodies instead of antigens. A criminal investigator can
use commercially available A and B cells to test for the pres-
ence of anti-A and anti-B antibodies as follows. When A
cells are added to a blood specimen, the cells bind with one
another only in the presence of anti-A antibodies; hence, the
cells have B antigens on their surface and are of the B type.
When B cells are added, the cells bind with one another
when anti-B antibodies are present; hence, the cells are of
the A type. All four blood types can be identified this way, as
summarized in Table 3.
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Blood type Antigens Antibodies
A A Anti-B
B B Anti-A
AB AB Neither anti-A nor anti-B
0 Neither A or B Both anti-A and anti-B
Table 1. Antigens and antibodies associated with the four blood types.
Anti-A Anti-B Antigen Blood
antibody antibody present type
+ bloodstain + bloodstain
+ = A A
- + B B
+ + A and B AB
— o Neither A nor B 0
Table 2. Identification of blood types with known antibodies.
Type A cells Type B cells Antibody Blood
+ bloodstain + bloodstain present type
+ o Anti-A B
= + Anti-B A
+ + Both anti-A and 0
anti-B
= o Neither anti-A nor AB
anti-B

Table 3. Identification of blood types with type A and type B cells.
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