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Fourier Transform Infrared Reflectance
Spectra of Latent Fingerprints: A Biometric
Gauge for the Age of an Individual*

ABSTRACT: To determine if changes in fingerprint infrared spectra linear with age can be found, partial least squares (PLS1) regression of 155
fingerprint infrared spectra against the person’s age was constructed. The regression produced a linear model of age as a function of spectrum with a
root mean square error of calibration of less than 4 years, showing an inflection at about 25 years of age. The spectral ranges emphasized by the
regression do not correspond to the highest concentration constituents of the fingerprints. Separate linear regression models for old and young people
can be constructed with even more statistical rigor. The success of the regression demonstrates that a combination of constituents can be found that

changes linearly with age, with a significant shift around puberty.
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As part of an investigation of a child abduction incident, Oak
Ridge scientists found that at moderate temperatures children’s fin-
gerprints may disappear in as little as 24 h, while the prints from
adults last longer (1). Other studies report consistent results. For
example, Blasdell found that after 7 days in a 64.5-76°C oven,
76% of the children’s fingerprints had become inadequate for lift-
ing, while only 8.5% of adult prints were no longer adequate for
lifting with standard black powder (2). Up to 85% of the adult’s
fingerprint mass has been found to be lost over 2 weeks, children’s
even more quickly (3). The dominant process is evaporative loss of
moisture and volatile unesterified free fatty acids. After the loss of
moisture, lipids remain as the main components of fingerprints.
Low boiling point lipids vaporize at high temperatures.

The Oak Ridge group used gas chromatography-mass spectro-
metry (GC-MS) to determine that the chemical compositions of
fingerprints differ significantly between children under the age of
10 and adults. Fingerprint compositions from children had higher
concentrations of volatile unesterified free fatty acids, while adults
had higher concentrations of less volatile fatty acids esterified with
long-chain alcohols. Most adults’ latent prints are composed of
perspiration and sebum (3). They conclude that sebaceous excre-
tions that increase after puberty can account for the observed dif-
ferences (4) (Michelle Buchanan, ORNL, and Art Bohanan,
Knoxville Police Department, http://www.ornl.gov/info/ornlreview/
rev29_3/text/war.htm). The main lipid components of sebum are
free fatty acids (30%), glycerides (33%), wax esters (22%),
squalene (10%), with the remaining 5% being cholesterols and
hydrocarbons (5).
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The dermatological literature also contains studies on differences
in the chemical composition of human skin surface lipids at various
ages. These analyses are typically performed by hydrolysis of the
lipid materials, conversion to the corresponding fatty acid methyl
esters, and GC-MS analysis (6-10). These studies report that the
sebum of children is characterized by relatively high concentrations
of long-chain free fatty acids and significant levels of cholesterol
and cholesteryl esters. These compounds typically decrease in
abundance with age, while the concentrations of wax esters tend to
increase steadily through puberty, at which time they typically peak
and begin to decline again with further aging. Within the wax ester
class, branched and straight-chain fatty ester components tend to
change systematically with age, the former decreasing and the latter
increasing in concentration. While significant concentrations of
squalene are seen throughout life, its concentration is reported to
increase somewhat with age (1,4,11). Total sebum cholesterol gen-
erally decreases with age, while the proportion of cholesterol in
esterified form tends to increase (1,4,9,10).

Experimental

These reports that fingerprint composition differs with age led us
to examine the possibility that a change in the compositions linear
with age could be found. Fingerprints were collected from 78 indi-
viduals ranging in age from 4 to 68 years old following a protocol
approved by the Southeast Missouri State University College of
Science and Mathematics Review Committee for Research Involv-
ing Human Subjects. No washing or other preparations were con-
ducted prior to collection. Each person pressed one finger onto one
tin plate. Tin was chosen because it is a representative, inexpensive,
and relatively inert metal; some other metals show evidence of
chemical reaction with print constituents (work in progress). Two
infrared spectra were taken of each print; children 0-19 years of
age within 24 h, and adults 20-70 years within 48 h on a Thermo
NEXUS 670 FT-IR spectrometer (Fig. 1). A Smart Endurance dia-
mond composite-crystal single-reflection ATR with 0.75 mm area
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FIG. 1—FTIR reflectance spectrum of the latent fingerprint of a 13-year-old male subject.

was used over a range of 6504000 cm™! at a nominal resolution

of 2 cm™ to yield 1741 channels. Spectra were the average of 64
scans and were ratioed against air (background). Each spectrum
was logged with age and sex information by an ID number that
contained no age or sex coding. In accord with the approved exper-
imental design, no demographic data other than age were
considered.

Each spectrum was saved as a CSV text file, and then added to
a Microsoft Excel spreadsheet. The entire set was arrayed into a
single Excel matrix that was imported into The Unscrambler (12).
A principal component analysis (PCA) of the entire set of all sam-
ples and all wavelengths initially yielded groups organized by day
of taking spectrum. As a correction, each spectrum was modified
by taking the Golay second derivative to eliminate baseline varia-
tions, and the CO, wave number range from 2378 to 2763 cm™!
was removed from the analysis to minimize the effect of day-to-
day changes in background quality. These treatments removed the
day-to-day grouping artifact, Fig. 2.

A partial least squares (PLS1) regression analysis of age versus
IR spectra for the whole population showed a very strong correla-
tion (92%) between actual and predicted age of the individual, and
a root mean square error of calibration (RMSEC) of 3.6 years by
using eight principal components (Fig. 3a—c). Full cross validation,
in which one sample at a time is kept out of the calculation, was
used in each regression. This was repeated until all samples had
been kept out once. There are as many recalculation rounds as
samples. The RMSEC was then computed to include all of the

regressions. Thus, each sample is statistically treated as an
unknown, and the RMSEC includes contributions from each.
Inspection of the predicted versus measured plot indicated a dis-
cernible inflection in the plotted samples in the mid-twenties age
range. To investigate, separate PLS1 analyses were done on the
group younger and the group older than this age to see if they were
statistically different (Figs. 4 and 5). Each group was found to pro-
duce a model that was better than the original population as a
whole. The young group produced a correlation of 95% with
RMSEC of 0.78 years with three PCs. The older group correlation
was not quite as good: 95% correlation with RMSEC of 4.8 years
with four PCs.

The inflection in the whole-group plot considered together with
the improved fits for young and old suggest that the compounds
that are important in the regression for young may be different than
for older. To probe this, the regression coefficients from the three
PLS1 analyses were compared a wavelength at a time (Figs. 3c,
4c, 5¢). Areas of high significance were identified on each and then
correlated between studies (Table 1). Each of the high-significance
regions of the spectrum was re-analyzed separately by PLSI1 three
ways: on the entire population, on the young, and on the old. The
results are summarized in column five of Table 1. The 1190-
1260 cm™" region separated the ages 1822 from the rest of the
population (Fig. 6a); 14401782 cm™" separated the ages above 29
from those under (Fig. 6b). The 2828-2970 cm ™' region separated
the samples into four populations: 4-5, 11-14, 18-26, and 29-
70 years old (Fig. 6¢).
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FIG. 2—PCA2 versus PCAI score plot for population. PCAI explains 27% of variance in X spectra.

Results and Discussion

The PCA method is unbiased (13). Its first component, PCA1,
represents the main constituent variance of the fingerprint mixture.
In contrast, the PLS1 algorithm actively uses the Y-data, age of per-
son, in determining its first component, PCS1. The result is that
PCA1 accounts for 27% of the X variance, while PCS1 accounts
for a much smaller amount, 8%. Comparison of the score plots
from the PCA to the PLS1 analyses (Figs. 2a, 3a) shows that
PCA1 has a different orientation relative to the sample population
than PCS1: PCA1 is (approximately) orthogonal to PCS1. Because
the regression coefficients relate the variation in the spectrum to
variation in the person’s age, they must contain information about
the composition. Because PCA1 represents the highest concentra-
tions, the orthogonality of PCS1 indicates that the highest concen-
tration constituent(s) of the fingerprint do(es) not change linearly
with age. That both PCA and PLS1 account for a similar amount,
approximately 70%, of the X variance with eight PCs suggests that
a similar linear combination of minor constituents produces the
observed results. Each analysis simply selects the constituents in its
own order.

Regression coefficient plots (Figs. 3a, 4b, 5b) identify IR spectral
ranges which in turn correspond to characteristic frequencies of
functional groups, and thus to families of compounds (14). Regres-
sion coefficients and weighting factors consistently emphasized
three regions (Table 1). The observed population age correspon-
dence to the three high-significance regions of the spectrum
(Table 1) indicates that the compounds that track linearly with age

change several times over the age range 4-70 years. The 2828
2970 cm™" region (C-H stretch, alkane groups) PLS1 score plot
shows separation of the samples into four groups: 4-5, 11-14, 18-
26, and 29-70 years old (Fig. 6¢). However, the fact that it is the
worst of the four spectral regions for predicting age, (Table 1 col-
umns 3, 4) supports the hypothesis that a linear combination of
compounds is necessary to understand age. The 1440-1782 cm™"
range corresponds to C—H and C=0. And finally 1190-1260 cm™
range matches C-O oxygenated compounds. This breakdown of
functional groups with age is consistent with the previous studies
cited in the introduction: basically young people have primarily free
fatty acids, and older people have longer chain fatty acids that have
been esterified with alcohols. All of these observations are in
accord with existing knowledge of the forensic and dermatology
communities.

While our results do not allow us to identify specific chemical
components in the fingerprint mixtures that account for the
observed differences in infrared spectra with age, they do allow us
to infer some information about relevant chemical classes and to
draw comparisons with the existing literature. For example, it is
not surprising that the 2800-3000 cm™! region of the infrared spec-
trum is a significant wavelength range in discerning the four
age groups. Absorptions in this region arise from C-H stretching
vibration frequencies of aliphatic groups. The forensic and dermato-
logical literature confirm that changes in the proportion of free
long-chain fatty acids and their corresponding esters are generally
predictable throughout life. Furthermore, well-documented changes in
the proportion of branched versus straight-chain aliphatic long-chain
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FIG. 3—(a) PCS2 versus PCS1 score plot for population. PCS1 explains 8% of variance in X spectra. (b) Predicted versus measured for PLS1 regression of
population using eight PCs. Slope 0.928; Offset 1.34 years; Correlation 0.963; RMSEC 3.68 years. (c) Regression coefficients for PCSI of population regression.

JOURNAL OF FORENSIC SCIENCES

(a)

(b)

(c)

pPC2 Scores

80 —|

Predicted Y

Measured Y
T

70

Regression Coefficients (B)

X-Variables

T
1200

T
1800




(@)

HEMMILA ET AL. « FINGERPRINT BIOMETRIC AGE GAUGE 373

(c)

3 PCc2 Scores
.
.
-
a
2 — » bt
. o
-, -
®
-
11— a
&
=
=
L P
. o ol @, e
N Bad g8 L
0— s s a
. f..'- L{.u‘ ¥
. ., 3 L5 LI T
. g "
. = - . .
D
- s
-1 ERR 1]
: ; Rt
s
&
2
PC1
T T T T T T T T T
6 -5 4 3 2 1 [} 1 2
Predicted Y
20 —
-
. -
.
. -"i
o ®
-
- =
-
15 — e
o
* .
J _/I .
|k
-
- .
-
e
10 — e
-
g
T
-
-
o
-
-
. -
5 7 g
L L ]
0 —|
Measured Y
T T T T T T T T T
4 6 8 10 12 14 16 18 20
02 Regression Coefficients (B)
01 —|
0—
0.1 -
02
0.3 )
X-Variables
0 200 400 600 800 1000 1200 1400 1600 1800

FIG. 4—(a) PCS2 versus PCS1 score plot for young. PCS1 explains 28% of variance in X spectra. (b) Predicted versus measured for PLSI regression of
young using three PCs. Slope 0.902; Offset 1.21 years; Correlation 0.950; RMSEC 0.78 years. (c) Regression coefficients for PCSI of young regression.
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FIG. 5—(a) PCS2 versus PCS1 score plot for older age group. PCSI explains 36% of variance in X spectra. (b) Predicted versus measured for PC of older
age group regression. Slope 0.903; Offset 3.59 years; Correlation 0.950; RMSEC 4.84 years. (c) Regression coefficients for PCSI of older age group
regression.
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FIG. 6—(a) PCS2 versus PCSI 1190—1260 cm™ region score plot for population. PCS1 explains 79% of variance in X spectra. Ages shown. Ages 18-22
on right side. (b) PCS2 versus PCS1 1440-1782 cm™ region score plot for population. PCS1 explains 12% of variance in X spectra. Ages shown. Older sam-
ples are in upper right. (c) PCS2 versus PCS1 2828-2970 region score plot for population. PCSI explains 79% of variance in X spectra. Ages show four
regions of populations: 4-5, 11-14, 18-26, and 29-70 years old.
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TABLE 1—Summary of principal component analysis results for age

determination.
Channels cm™! Younger Older Age Group
280-315  1190-1260 PC1 =71, none PCl1=36,13=90 18-22

415-580  1440-1782 PC1 =32,10=90 PCl =40,7 =91 >29
1130-1210 2828-2970 PC1=19,8 =90 PCl=38,5=94 Four
groups

Region-by-region analysis of portions of the spectrum for older and
younger sample sets. Percent of variance explained by the first principal
component PC1, and how many PCs required to explain 90% of the
variance. Age group identifies that portion of the population that is best
separated by analysis of the corresponding region.

esters should manifest in variations in the frequency and intensity
of the C-H stretching vibrations.

Increases in long-chain fatty esters, and changes in the relative
concentrations of cholesteryl esters, will show changes in the
11901260 cm™" area corresponding to C—O single bond stretching
of esters. This is observed and accounts in part for our ability to
distinguish subjects in the later stages of puberty from the younger
and older age groups. In concert with these changes come varia-
tions in the frequencies of C-H bending and C=0O double bond
stretching regions of the spectrum, from 1440 to around
1782 cm™'. Changes in C-H bending frequencies could also be
indicative of the branching of the fatty acid moieties of these long-
chain esters. Variations in concentrations of unsaturated fatty acids
and esters and squalene may also give rise to changes in the C=C
double bond stretching region of the spectra, which also falls in the
14401782 cm™" range.

An important application of this technique would be in a case in
which a criminalist locates a latent fingerprint at a crime scene for
which database searches do not provide a match. This technique
could be used to provide an age for the individual even if no other
information is known. This should prove very discerning. We rec-
ognize that an impediment to field application of this method is
that in order to use infrared spectroscopy the latent print must first
be located without damaging it. Standard Federal Bureau of Investi-
gation print procedures call for “inherent fluorescence by laser or
alternate light source” to be used to locate latent prints before any
destructive processing is performed (15). The FBI “Handbook of
Forensic Services” also specifically directs the examiner to “exam-
ine all evidence visually and with a laser or an alternate light
source before using any other latent print development process”
(16). While this cannot be done in every case, following the official
protocol to nondestructively locate prints is the recommended
procedure.

The chemical composition of latent fingerprints has been probed
nondestructively to determine the age of the individual responsible
for deposition of the prints. Spectral regions contributing to the dis-
criminating power of the method have been identified. Elucidation
of the individual compounds responsible for this discriminatory
power as well as further investigations of this and other potential
information hidden within latent fingerprints continue and may
eventually prove valuable to criminal investigators.
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