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ABSTRACT: Enhancement of weak two-dimensional shoemarks
is often necessary due to the poor image detail. Thiocyanate is
regarded in the literature as the most effective reagent for the
chemical enhancement of footwear marks. In this study we have
examined the possibility of using pH indicators, Bromophenol Blue
and Bromocresol Green, as chemical reagents for the enhancement
of footwear marks. The performance of these reagents on various
surfaces, such as plastic sheets, brown paper, cardboard, porcelain
bathroom tiles and cotton cloth, was compared to that of the thiocya-
nate reagent. It was found that these reagents were much more
effective than ammonium thiocyanate for the samples of shoeprints
in various regions of Israel. The mechanism of chemical enhance-
ment of footwear marks by these reagents was elucidated. A solution
of 1% Bromophenol Blue and 5% of water in methanol was chosen
as the Bromophenol Blue formulation in this laboratory for the
chemical enhancement of shoeprints.

KEYWORDS: criminalistics, shoemarks, footwear marks, chemi-
cal enhancement

In criminal investigations it is often necessary to enhance weak,
two-dimensional, footwear marks. Various chemical reagents were
reported as being effective for the enhancement of footwear
imprints (1-4). Most of the proposed reagents were those used for
the development of latent fingerprints, for instance small particles
reagent (SPR), iodine, physical developer, etc. Some of these
reagents were chelating agents for various cations (for example,
Ca, Mg, Al and Fe) and others, such as ammonium or potassium
thiocyanate, reagents for traces of ferric ion. Although calcium is
the most abundant ion in soil water and road dust (23 pg/mL and
17-p.g/mL, respectively) (4), only some enhancement was achieved
with the 8-hydroxyquinoline chelating agent (for Ca*? and other
ions). Thiocyanate was the only reagent found suitable for use on
mud and dust marks over all tested substrates (3,4). In this study
we have examined the possibility of using the pH indicators, Bro-
mophenol Blue (BPB) and Bromocresol Green (BCG), to enhance
the footwear marks. Their performance was compared to that of
thiocyanate. In order to elucidate the mechanism of the enhance-
ment using these reagents, we carried out experiments to examine
the pH changes occurring during their interaction with footwear
marks residues.

IScientific Officers and Head, respectively, Toolmarks and Materials
Laboratory, Division of Identification and Forensic Science, Israel Police
Headquarters, Jerusalem, Israel.

Received for publication 23 Sept. 1994; revised manuscript received 7
June 1995; accepted for publication 8 JTune 1995.

Copyright © 1996 by ASTM International

23

Experimental Procedure and Results

The experiments for the enhancement of footwear imprints were
carried out on the following substrates: white and brown paper,
cardboard, cotton cloth, polyethylene plastic sheets and porcelain
bathroom tiles. In order to compare any two methods of enhance-
ment, the footwear marks on paper or on plastic sheet were cut
in half and the two methods were applied, one on each half. In
the porcelain bathroom tiles case, half of the shoeprint was sprayed
while the other half was covered.

It should be pointed out that we did not observe any significant
enhancement of footwear imprints (collected in various regions in
Israel) with ammonium thiocyanate, in contrast to the results
reported by Davis (3).

Bromophenol Blue is a pH indicator with a pH transition range
of 3-4.6 (5). In its acidic form it is yellow and in its basic form
it is blue. A solution of 1% Bromophenol Blue in methanol or in
methylene chloride was sprayed on footwear prints on various
surfaces. Usually, a blue color was developed immediately on a
yellow background for all the tested substrates (Fig. 1), except for
the case of the white paper where the background turned blue.

In some cases we found that the enhancement was quite weak.
If the enhancement of the shoeprint was not satisfactory after
spraying with the Bromophenol Blue solution, the print was
exposed to water vapor using a boiling kettle. It was found that
the exposure to water vapor may improve the enhancement signifi-
cantly (Figs. 2, 3). The extent of exposure to the water vapor
must be controlled carefully. If the exposure is too extensive, the
background surface may be colored blue as well.

Bromocresol Green is a pH indicator with a pH transition of
3.8-5.4 (5). In its acidic form it is yellow and in its basic form it
is blue. It was applied in a similar manner as the Bromophenol
Blue and the results were also similar.

Discussion

The conclusion that may be drawn from the enhancement experi-
ments with Bromophenol Blue or Bromocresol Green is that the
pH existing in the region of footwear marks was above the pH
transition range of the indicators. Therefore a blue coloration was
obtained there, and not on the background (except for the case of
white paper), where the indicators remained in their acidic form
(that is, below its pH transition range).

In order to assess the mechanism responsible for the above
observation, several experiments were carried out. Since the
shoemarks tested for enhancement were practically dust marks,
the experiments were carried out on dust samples collected in the
area of the laboratory and in various regions of Israel.
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FIG. 1—A: Shoeprint before enhancement. B: Shoeprint after enhance-
ment by Bromophenol Blue.

FIG. 2—Enhanced shoeprint (Fig. 1B) after exposure to water vapor.

First, suspensions of dust in water were prepared by mixing
equal volumes of dust and distilled water. The measured pH (Hana
Inst. 8520) of the water was about 6.5 and of the dust suspensions—
6.2 (equilibration of half an hour).

We then carried out titrations of the Bromophenol Blue indicator
with distilled water as follows: to 0.05 mL of the indicator in the

FIG. 3—A: Shoeprint on cardboard before enhancement. B: Shoeprint
after enhancement and exposure to water vapor.

test tube we dropped distilled water while observing the color
change of the solution. Only after addition of 1.5 mL water, a
slight color change was observed from yellow—orange (the color
of the indicator solution) to a red tint. Another 1.5 mL of water
were necessary to change the color to purple—blue. These results
show that in order to change the color of the 1% indicator solution,
about a fifty times greater volume of water than indicator was
necessary.

On the other hand, addition of only 2 mg of dust to 0.05 mL
of the indicator solution caused a slight change to a blue tint. This
is changed to a distinct blue color after addition of to the suspension
of just 0.05 mL of water. The same results were obtained for all
the dust samples.

Another experiment of titration was carried out using the pH-
meter as follows: 1 mL of water was added to 1 mL of 1%
Bromophenol Blue in methanol. An orange red color was obtained
and the pH of the solution was 0.9. To this solution we added dust
from the laboratory while measuring pH until a color change to
blue—purple was obtained. Table 1 presents the obtained results.

A plausible explanation for these phenomena is that a dust
suspension in water has a much higher buffering capacity than
water itself. Thus, even very small amounts of dust are sufficient
to change the pH of the indicator solution above its pH transi-
tion range.



TABLE 1—Titration of BPB solution by dust.

Cummulative quantity

of dust, gr. pH Color
0 0.9 Red-orange
0.36 24 Red-brown
0.9 3.6 Red brown
2.7 42 Blue-purple

Although general data of dust composition exists in the literature
(4), we analyzed the dust samples we used (see for example Figs.
4, 5) using SEM/EDS (CamScan 3 SEM with a Tracor TN 5400
EDS system) and X-ray powder diffraction (Diano 8000 instru-
ment) in order to substantiate the suspected buffering capacity of
the dust. The main elements in dust as determined by SEM/EDS
were Ca and Si and the identified compounds as determined by
X-ray diffraction were calcite (CaCO;) and quartz (SiO,). The
presence of carbonate was also confirmed by evolution of gas
upon addition of dilute hydrochloric acid (5%) to the dust samples.
Based on these results we carried out reaction with CaCOj; (analyti-
cal grade). BPB and water as with the dust samples and similar
results were obtained. Obviously the buffer for acid in this case
is the carbonate anion according to the reaction:
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FIG. 4—EDS spectrum of dust sampled from the area of the laboratory,
central region of Israel.

GLATTSTEIN ET AL. « ENHANCEMENT OF FOOTWEAR MARKS 25

B er
Br

c—QOﬂ 4 HCo;
@rso; o

Bromophenol Blue
(yellow)

Bromophenol Blue
{blue)

This may also explain the blue background coloration obtained
on a white paper upon applying BPB, since it is known that CaCO;
serves as a filler in paper (6). In brown paper a blue coloration
of the background was not observed because the concentration of
Ca in it was found to be very low (Fig. 6), while in white paper
a high concentration of Ca was found (Fig. 7). Applying dilute
hydrochloric acid on a piece of a white paper also caused evolution
of gas indicating presence of carbonate while in the case of a
brown paper no reaction was observed.

We also carried out the same reactions (as with the dust and
CaCO; samples) with samples of clays: kaolinite {AL,O5 - 2SiO,
- 2H,0}, illite { KAL,(OH),[AlSi3(0,0H) 6]} and montmorillonite
{(Mg,Ca)0O - AL,O; - 5S5i0, - 4H,0} (7). Only with montmorillon-
ite a transition to a blue color occurred similar to that of CaCO,
and the dust samples. However the clays’ concentration in all the
examined dust samples seems to be low, based on a low concentra-
tion of aluminum (Figures 4 and 5). Therefore the clays cannot
contribute significantly to the color transition of the pH indicators
in the examined dust samples.

FIG. 6—EDS spectrum of a brown paper.
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FIG. 5—EDS spectrum of dust sampled from the northern region of Israel.
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FIG. 7—EDS spectrum of a white paper.
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Probably the role of water in the pH transition is to provide
a medium for a quick equilibrium with respect to pH. Therefore,
exposure to water vapors is necessary apparently when the shoe-
marks are quite dry, in order to achieve maximum color enhancement
following spraying with the Bromophenol Blue or Bromocresol
Green solutions.

The following experiments verified this assumption:

Shoeprints on plastic sheets and paper were kept for an hour in
an oven at a temperature of 80°C in order to dehydrate the dust
traces forming the shoe prints. Immediately after taking the shoe-
prints from the oven, they were sprayed with the Bromophenol
Blue reagent. A weak blue coloration was developed which was
enhanced significantly by exposure to water vapors. In additional
experiments, solutions of 1% Bromophenol Blue in methanol
mixed with various amounts of water were prepared and sprayed
on the shoeprints after heating them in the oven and the develop-
ment of the distinct blue color on the prints was immediate as in
the case of exposure to water vapors.

We found that too much water in the Bromophenol Blue spray
(e.g., 90% water and 10% methanol) causes blue coloration of the
background as well and not only of the shoeprint. Good results
were obtained with low concentration of water in the formulation.
A solution of 1% Bromophenol Blue and 5% of water in methanol
was chosen as the Bromophenol Blue formulation in this laboratory
for the chemical enhancement of shoeprints.

There are other pH indicators (8) that have a pH transition range
that could be suitable, in principle, for the chemical enhancement

of footwear marks. However, except for Bromochlorophenol Blue .

which has a similar transition color to Bromophenol Blue and
Bromocresol Green, other indicators in this range have less favor-
able color changes and therefore were not been examined.

Conclusion

pH indicators, Bromophenol Blue and Bromocresol Green
reagents, were examined in this study for the chemical enhance-
ment of footwear marks. We have found that both reagents were

much more effective than ammonium thiocyanate on the dust
shoeprints collected in Israel. Obviously the potential of the pH
indicators as reagents for the chemical enhancement of shoeprints
should be assessed for every environment and environment since
it will depend on the composition of the dust in that area.
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