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ince the fictional detective Sherlock

Holmes first popularized modern

detection methods in the 19th century, the

use of scientific techniques in criminal

investigations has expanded ex p o n e n t i a l l y.

To d a y, forensic scientists draw on cutting-

edge tools from nearly ever y scientific

field—most notably physics, chemistry,

m i c r o b i o l o g y, genetics, and computer sci-

ence—to solve real-world crimes. They ana-

lyze DNA to link suspects to crimes or iden-

tify unknown remains; illuminate latent fin-

gerprints with fiber-optic lasers; and charac-

terize trace evidence, illicit drugs, and con-

traband using mass spectrometry.

Along with the rapid pace of technologi-

cal development,

public fascination

with forensic sci-

ence has ex p l o d-

ed, fos tered by

several high-pro-

file criminal tri-

als, articles and

books , and the

emergence of TV

programs that

detail the science

behind forensic

i n v e s t i g a t i o n s ,

such as the Dis-

covery Channel’s The New Detectives series. 

“O. J. Simpson has done forensics a fan-

tastic favor, because that trial really high-

lighted the sensitivity of these technologies

and made it a very fashionable topic,” says

Manfred Fink, a professor of physics at the

University of Texas who teaches an under-

graduate course in forensic science. “We

seem to be fascinating ever yone these

days,” agrees John Juhala, assistant com-

mander of the Michigan State Police Foren-

sic Science Division (East Lansing, MI).

“The increased attention is certainly won-

derful for the field.”

It’s in the DNA
Because of its pivotal role in the Simpson

murder trial, DNA testing has garnered the

most intense public interest, and it is where

much of the cutting-edge R&D is focused.

The first accepted use of DNA evidence in a

criminal proceeding resulted in the convic-

tion of a serial killer in England in the mid-

1980s. DNA analysis has since been used

to solve so-called “cold cases”—unsolved

crimes from years past—and, in some

instances, to exonerate people who were

wrongly convicted. Calvin Johnson, Jr. ,

spent 16 years in Georgia state prisons serv-

ing a life sentence for rape and burglary. He

gained his freedom last year after DNA tests

conclusively proved his innocence. DNA

analysis has also been used to identify body

parts recovered after last year’s Egypt Air

d i s a s t e r, remains washed from cemeteries

devastated by flooding in North Carolina,

and the bodies of missing Vietnam-era sol-

diers returned from Southeast Asia.

The most widely used methods in DNA

analysis are restriction fragment length poly-

morphism (RFLP), the polymerase chain

reaction (PCR), and the short tandem repeat

(STR). RFLP involves extracting DNA from a

biological sample, fragmenting the molecule

with restriction enzymes, and separating the

pieces by agarose gel electrophoresis.

Hybridization probes—pieces of radiola-

beled DNA from another sample—are then

introduced. If they bind to specific

sequences of the fragmented DNA molecule,

the result is a unique visual genetic “f i n g e r-

print” that identifies the two samples as

coming from the same individual.

H o w e v e r, such typing requires a gener-

ous sample of DNA material, which is not

always available from a crime scene. PCR is

useful when only small quantities of DNA

are available, because the method quickly

m a kes thousands of copies of it. STR is a

shortcut method for sampling DNA that is

so sensitive it can identify DNA from saliva

residue on a soda can. As a result, the U.S.

and foreign governments have made STR

the genetic method of choice for identifica-

tion purposes.

A more recent development is mitochon-

drial DNA testing. This technique focuses

on the small amount of DNA that exists out-

side the cell nucleus in the mitochondria,

the main energy sources of cells. However,

although the Fe d e r a l

Bureau of Investiga-

tion and some large

laboratories use it,

mitochondrial DNA

testing has not pen-

etrated most foren-

sic laboratories.

According to Lisa

White, a research

scientist at Identi-

gene, a Houston-

based start-up ven-

ture specializing in

DNA testing for

establishing paternity, the sensitivity of

DNA testing methods has ballooned. It is

now possible to obtain samples sufficient

for analysis from the handle of a suitcase,

cigarette butts, used Kleenex, and discarded

bubble gum—in fact, from just about any-

thing that comes into close contact with

skin cells, blood, saliva, or other bodily flu-

ids. “There’s just no way to escape DNA

analysis anymore,” she says, pointing out

that the human body sheds 10,000 skin

cells each day.

Because of this phenomenal sensitivity,

samples collected at crime scenes require

immaculate handling for them to be useful

in court, as the Simpson acquittal demon-

strated. “The bottom line is that if evidence

i s n’t collected properly, or is overlooked or

contaminated, the results obtained at the
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Figure 1. A sample can be analyzed for the presence of target DNA molecules by

bringing it in contact with a silicon chip laced with an array of oppositely charged

capture-probe molecules.
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forensics laborator y may be

questioned,” says Michael Shep-

po of the Illinois State Po l i c e ,

president of the American Soci-

ety of Crime Lab Directors. He

points out that a single sneeze

from an officer at a crime scene

could contaminate biological

trace evidence. “When defense

attorneys object to DNA evi-

dence, it’s not the actual results

t h e y’re fighting, it’s how some-

one gathered the evidence,” says

W h i t e .

Identigene is not the only

company seeking to capitalize

on the potentially lucrative market for DNA

testing. The American Association of Blood

Banks reports that only 20 accredited DNA

testing laboratories operated in the United

States in 1987, compared with more than

50 today. This growth has been driven pri-

marily by an increase in paternity testing,

often to meet more stringent requirements

for state welfare benefits. The number of

paternity tests conducted nationwide has

grown from 76,000 in 1988 to 241,000 in

1997. Identigene’s business has doubled in

each of the last five years, and the company

now operates in Japan, Korea, Brazil, and

the Czech Republic. Last year, the company

conducted 10,000 DNA tests worldwide

compared with 650 in 1995, at a cost of

approximately $475 per test (Figure 2).

The latest innovation in DNA testing is

microarray systems, which enable fast and

accurate results at minimal cost. Identigene

offers a system called APEX, capable of

identifying 70 different genes, essentially

s i m u l t a n e o u s l y, with nearly absolute cer-

t a i n t y. Its primary competitor is Nanogen,

Inc. (San Diego, CA), which recently com-

pleted beta trials for its NanoChip microar-

ray system (Figure 1). The system allows for

a simultaneous analysis that yields multiple

test results from a single DNA sample with

an accuracy rate of 99.5%. Nanogen recent-

ly announced an agreement with Hitachi

Ltd. in Japan for the commercial manufac-

ture and distribution of the system.

Lifting fingerprints
Although techniques for detecting fin-

gerprints date back more than a century,

forensic scientists continue to develop new

methods to bring out latent prints and

m a ke their details clearer, particularly those

on curved or irregular surfaces. Cyanoacry-

late ester (Superglue), Silly Putty, and sili-

cone rubber are frequently used, and some

technicians use a fluid called small-particle

reagent, which is a suspension of molybde-

num disulfide in water mixed with a fluo-

rescing agent.

Another technique for detecting latent

fingerprints on difficult surfaces is vacuum

metal deposition (VMD). Developed in

Europe in 1976 and widely used overseas,

VMD is only beginning to penetrate the

U.S. market. Evidence is placed in a sealed

c h a m b e r, which is brought to a vacuum; a

few milligrams of gold and zinc are then

evaporated in the chamber, with the high-

vacuum environment serving to prevent

the heat applied during evaporation from

altering the evidence. The metals condense

on the material to reveal any latent prints

that might be present. Edwards High Va c u-

um International (Wilmington, MA)

recently introduced a VMD system costing

less than $32,000. The Secret Service and

some of the larger state crime laboratories,

including those of California, Michigan,

Massachusetts, Illinois, and North Caroli-

na, use its systems.

VMD is not intended to

replace traditional methods of

fingerpr int detection and

analysis, says Brett Rock, prod-

uct manager for thin films at

Edwards. However, i t can

reveal prints where other

methods have failed, and it

does so within 15 minutes. On

w e e k -old pr ints or those

exposed to moisture, Edwards’

VMD system revealed 15%

more prints than Superglue in

a vacuum. Used on month-o l d

evidence, it raised 70% more

latent fingerprints, and prints

have even been developed on evidence

more than 20 years old. VMD has been

used successfully to lift prints from two

plastic trash bags taped over the body of a

murder victim in San Diego; from a carton

of milk left on the counter of a grocery

store by an armed robber; and to identify

2 - y e a r-old prints left at a murder scene in

Massachusetts. In each case, VMD revealed

prints where other methods had failed, and

led to the capture and conviction of those

responsible for the crimes.

Other innovations
Forensics has also benefited from the dig-

ital revolution. Computer-assisted image-

enhancement systems enable forensic sci-

entists to store, enhance, and compare vari-

ous images, including fingerprints, hand-

writing, and the telltale toolmarks of

firearms left on bullets and cartridge cas-

ings. Juhala’s unit uses Fo u r i e r- t r a n s f o r m

processing to remove background interfer-

ence while leaving the ridge detail of a fin-

gerprint intact—an important innovation

for analyzing latent prints on, for instance, a

wood grain surface. E. Roland Menzel, pro-

fessor of physics at Texas Tech University

and director of its Forensic Science Center,

is developing a new imaging technique. It

involves tagging fingerprints with photolu-

minescent semiconductor nanocrystals that

bind only to print ridges, which enables

time-resolved imaging to remove various

News

Figure 2. Paternity can be tested to 99.9996% accuracy by

running DNA samples from prospective father and child

through size separation by electrophoresis and detection by

fluorescence in a DNA sequencer.
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unwanted backgrounds such as wood grain.

The FBI laboratory has adapted standard

photonics technology to detect tampering

with paper documents and to scrutinize

photographs and video images for alter-

ations. However, its director, physicist Don-

ald Kerr—who formerly headed Los Alamos

National La b o r a t o ry—emphasizes that the

admiss ion of digital photographs and

videos as evidence is limited by the courts

because of the difficulty of verifying the

authenticity of digital images.

Toxicology and drug-and-alcohol analysis

use such standard physics-based tech-

niques as gas chromatography, Fo u r i e r-

transform infrared analysis, and mass spec-

trometry to identify confiscated substances

or to detect traces of drugs or poison in the

bloodstream by providing a chemical “f i n-

gerprint” of their spectra. Many of these

technologies have been refined to the point

where analysts can now test a single drop of

blood for 160 different drugs simultaneous-

ly and obtain results within two minutes.

Such techniques are also used to character-

ize residues recovered from bomb debris

and firearms, or bits of trace evidence col-

lected from crime scenes—all of which can

prove highly critical to linking a suspect to

the crime.

Perhaps the greatest practical benefit to

solving crimes has come from the develop-

ment of massive computer databases, such

as the commercially available automated

fingerprint-identification systems (AFIS).

These systems enable police to compare a

suspect’s fingerprints at the point of arrest

with millions of stored prints within min-

utes—a search that previously would have

been conducted manually. “Before AFIS,

your chances of taking an unknown print

and ever finding a match were slim to

none,” says Juhala. In one recent case

involving the murder of an elderly woman,

prints lifted from the scene were scanned

into an AFIS, and within 24 hours a suspect

had been identified and arrested. 

Digital Biometrics (Minnetonka, MN)

recently unveiled its Identification Based

Information System, which allows officers

to record conversations, take digital pho-

tographs, and record fingerprints identified

at a crime site. Last November, NEC Tech-

nologies launched its Automated Palmprint

Identification System, which increased

crime-scene identifications by 25% in an

18-month trial program with the San Fran-

cisco Police Department. 

In addition, the Clinton administration

plans to develop a unified national data-

base of shell-casing and bullet toolmarks,

to be known as the National Integrated Bal-




