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Despite the significant improvement of the PDT test for detecting recent contact with firearms, there are
still many occasions in which the modified reagent (Ferrotrace™) shows insufficient sensitivity. Two
techniques have been devised and tested for the enhancement of the sensitivity of this process: exposure
to water vapors and accelerated sweating. Exposure of the hand to water vapors after spraying with the
reagent significantly improved the quality of the colored impressions. The average increase was by 1
quality-grade (on an arbitrary scale of 4 grades). The technique is very simple and does not require any
particular skill or equipment. Mechanistic aspects of the process are also discussed.
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1. Introduction

In the investigation of crimes involving the use of firearms, the
forensic scientist is often asked to demonstrate a link between a
suspect and a weapon. The crucial question "Who held the gun?"
(Sometimes, particularly in search for terrorists, the question is:
"Who held a gun?") is investigated by two main techniques. One
method is testing of gunshot residue (GSR), and the second is trace
metal detection test (TMDT). The gunshot residue method [1,2]
relies on the analysis of particles — following compositional
criteria, morphology and size, collected from shooting suspects.

Subsequent to the collection of residues (via an adhesive tape
from the suspect’s hands, clothing, hair, etc.), the particles are
analyzed using scanning electron microscope to see if they contain
the characteristic chemical compositions of firing products. If these
chemicals are found, this is good evidence that the person has
either fired a gun or has been in proximity to someone who
discharged the weapon.

Notably, the GSR technique suffers from several disadvantages
[3,4]. The presence of GSR particles on a particular person does not
necessarily prove that he was the one who fired the weapon.
Additionally, barium and antimony can also be found in

* Corresponding author. Tel.: +972 2 6584558; fax: +972 2 6528250.
E-mail address: almog@mail.huji.ac.il (J. Almog).

http://dx.doi.org/10.1016/j.forsciint.2014.04.041
0379-0738/® 2014 Elsevier Ireland Ltd. All rights reserved.

firecrackers, paint, and some industrial settings. Finding these
elements on someone’s hands does not prove that they fired a gun,
or even that they handled a gun. Furthermore, gunshot residues are
emitted within a range of a few meters; hence they can be detected
on people (not necessarily the shooter) who were in the vicinity of
the firing. While the presence of GSR does not prove someone did
fire a gun, the absence of GSR does not prove that they did not.
Several factors are involved in the dislodgement of GSR particles off
the skin: normal human movement, weather (including wind),
sweating skin, dry skin, washing.

Above all, GSR analysis proves to be an expensive and time
consuming technique, and the presence/absence of GSR particles
on a particular person, often does not resolve the question of "Who
held the gun?"

A different method of linking between suspect and weapon,
denoted as the Ferroprint™ or Ferrotrace™ test, is based on the
development of invisible iron impressions on the hand of the
suspect [5-7]. While handling a weapon, minute amounts of iron
are transferred from the surface of the weapon to the skin of the
"handler” via perspiration. The Ferrotrace™ technique involves
spraying the subject’s hand with a trace metal detection reagent:
3-(2-pyridyl)-5,6-diphenyl-1,2,4,-triazine, (PDT, Fig. 1). PDT is a
highly sensitive reagent for Fe(Il), immediately producing with it
a magenta-colored complex. Since the iron residues on the skin
surface are readily oxidized to Fe(lII), the Ferrotrace contains also
a reducing agent (ascorbic acid) for converting the Fe(lll) ions to




27

J. Almog et al./Forensic Science International 241 (2014) 55-59

Fig. 1. Pyridyl diphenyltriazine (PDT).

Fig. 2. A sawn butt of a Star BS handgun.

Grade 1

Grade 3

Fe(11). The shape of the developed marks may indicate the type
of firearm used or, in shooting incidents, even the way it was
held by the shooter [8,9]. Finally, unlike GSR particles, which
are merely lying on the surface of the skin and may fall rather
quickly due to their density, iron traces which are transferred to
the hand appear to be absorbed into the skin and are not easily
removed [10].

Despite the simplicity and efficiency of the PDT technique, there
are still too many occasions in which the reagent shows insufficient
sensitivity. If only very little iron has migrated to the palm (as in the
case of a loose grip or "poor iron acceptors" [11]), or if the test is
carried out a long time after the contact, no visible impressions will
develop. Obviously, the forensic investigator has no control over the
parameters relating to the contact, such as the handler’s physiology,
the length or strength of the grip. A few years ago, in an attempt to
enhance the sensitivity of the test, more than a dozen analogues of
PDT have been synthesized and tested [12,13]. In solution, 8 of them
exhibited higher sensitivity to Fe(Il) than the parent compound. The
gain, however, was insufficient (not more than 50% increase in color
intensity) to justify the use of these non-commercial compounds as
practical reagents [12]. The alternative route to improving the
technique is trying to maximize the availability of whatever amount
of iron which has migrated from the weapon to the hand. This was
done in the present study. Two techniques were tried for releasing
the iron from the assumed complexes: exposure to water vapors and
accelerated perspiration. Each technique was tried before and after
spraying with Ferrotrace™.

2. Experimental
2.1. Materials

A sawn butt of a Star BS handgun was used throughout the
study (Fig. 2). Ferrotrace™ spray cans, containing the PDT reagent
in acetone-methanol solution, containing also ascorbic acid as
reducing agent and dimethyl ether (DME) as propellant, were
purchased from Mistral (Mistral Security Inc., Bethesda, MD
20,814, USA). A boiling kettle served as the source of water
vapors. Transparent polyethylene supermarket bags were used in
the accelerated sweating experiments.

Grade 2

Fig. 3. Grade demonstration from 1 (weakest) to 4 (most intense).
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2.2. Method

26 volunteers, 13 males and 13 females, participated in this
study. The handgun’s butt was held by each person for 1 min in
each hand. The butt was wiped with paper towel between
contacts. After holding the weapon, the volunteers returned to
their regular office work but did not wash their hands. Two days
have passed between consecutive series of experiments (Experi-
ments 1 and 2).

2.2.1. Experiment 1: exposure to water vapor (before or after
Ferrotrace™)

45 min after the contact, the hands were treated as follows:
The right hand was sprayed with Ferrotrace™, and the developed
impressions were photographed after 2 min. The hand was then
exposed to hot water vapor by holding it for 10s 15cm above a
boiling kettle. The impressions were photographed again after
2 min. The left hand was exposed first to hot water vapors and
then sprayed with Ferrotrace™. The impressions were photo-
graphed after 2 min. The quality of the marks was assessed after
each stage independently by 3 senior crime-scene officers on a
4-grade scale, based on color intensity and details observed by
naked eyes. Grade 1 was given to very faint marks, with no visible
details, and grade 4 - to very intense marks, which could clearly
be associated with the weapon (Fig. 3). In no case were there
differences of more than 1 quality unit for the same mark
between the experts. The final score (see Section 3) for each mark
was an average value of the three experts' scores (Fig. 4).

2.2.2. Experiment 2: accelerated sweating (before or after
Ferrotrace™)

Contact with the weapon was done as described in Experiment
1. After 45 min, the right hands were sprayed with Ferrotrace™
and the impressions photographed after 2 min. The hands were
then wrapped in polythene supermarket bags that were fastened
around the wrist with a rubber band. The bags were removed after
40 min (shorter periods were insufficient to improve the marks
significantly) and the marks were photographed again. The left
hands were wrapped with the polythene bags for 40 min prior to
spraying with the Ferrotrace™ . The impressions were examined
and scored after each stage, as in Experiment 1.

3. Results

Both enhancement techniques, exposure to water vapor and
accelerated sweating, considerably improved the quality of the
obtained marks.

Their application after.spraying with the reagent was more
effective than if they had been applied prior to the reagent
(Scheme 1). The least effective of the four was wrapping the hand
in the plastic bag prior to spraying with the reagent, hence, these
results are not presented.

In general, application of water vapors resulted in a more
consistent and with higher degree of improvement than acceler-
ated sweating. The process is also much shorter.

Sequential application of both techniques did not improve the
marks further. Statistical calculations show that on the average, in
those cases where improvement had been noticed, it was by ca. 1
grade, namely from grade 1 to 2 and from 2 to 3. In several cases a 2
grade enhancement was observed, from 1 to 3 and from 2 to 4
(Scheme 2).

4. Discussion

Many analytical and particularly forensic techniques perform
very well under controlled laboratory conditions, but are much

Fig. 4. The effect of water vapors after spraying with Ferrotrace™.

less impressive in actual cases. In forensic work the main
reasons are low levels of the analyte, which are below the
sensitivity threshold of the method, e.g., failure to visualize
faint latent fingermarks; low availability of the analyte, which
may be present in sufficient amounts, but is chemically bound
to a matrix or physically protected by the environment, e.g.,
detection of metabolites which must be hydrolyzed first, or
penetration of material into porous substances [15]. Both
situations may prevail in the application of Ferrotrace™ for
mapping iron impressions on the palm. On one hand, the
amounts of iron which migrate to the palm may be extremely
small (the "poor iron acceptors” [14]), depending strongly on
the moisture levels on the skin [11]. On the other hand, the
availability of the iron for complexation with the PDT decreases
with time [7,14], a phenomenon which can be explained by iron
chelation with skin proteins or, perhaps, by iron permeation
through the skin [10,14]. The final mark is the outcome of
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Vapor after spraying- distribution of the

grade improvement among the
population

O no improvement (less than
0.33)
@ 1 grade improvement

@ 2 grades improvement

Plastic bag_after spraying- distribution

of the grade improvement among the
population

T noimprovement (less than
0.33)
B 1grade improvement

B 2 grades improvement

Vapor before spraying- distribution of
the grade improvement among the
population

O noimprovement (less than
0.33)
@ 1 grade improvement

B 2 grades improvement

Scheme 1. Improvement distribution of the enhancement techniques before and
after spraying (for plastic bags, only after).

competing reactions over the iron between PDT and the skin
proteins. The goal of this project was to find an accessible
technique for releasing the bound iron, in order to increase its
availability for the reaction with PDT. Although we could not
find direct evidence for complex formation with skin proteins, it
was reported that subcutaneously injected iron is cleared
mostly by transferrin, a blood glycoprotein, with a half-life of
about 24h [16]. Iron compounds that penetrate and bind to
epidermal cells are lost through natural desquamation [17].
Clark and Williams, who studied the influence of proteins on
the corrosion of stainless steels, concluded that proteins can act
as complexing agents for dissolved metal ions [18]. We assume
that this complexation is the process responsible for the
decrease over time of the amounts of available iron and, hence,
the adverse effect on the Ferrotrace™ reaction. This mechanism
would provide a feasible explanation to the observed order of

Mark enhancement : vapor after spraying

# baseline M vapor after

2

Mark enhancement : plastic bag after
spraying

% baseline M plastic bag

2

Mark enhancement : vapor before spraying

w baseline ® vapor before

3

Scheme 2. Average mark enhancement by the different techniques for initial marks
between 1 and 3.

improvement: (i) water vapors after spraying (ii) accelerated
sweating after spraying (iii) water vapors before spraying (iv)
accelerated sweating before spraying. The hot water vapors
apparently cleave iron-protein bonds thus increasing the
amount of iron ions which are available to produce the
magenta complex with PDT. The reagent which contains also
the reducing agent immediately reduces the released iron to the
divalent form which reacts readily with the PDT that is already
on the skin, to form the colored complex. If the water vapors or
the plastic bag are applied prior to the reagent, the released
iron may re-combine with the proteins before the PDT is
applied thus decreasing the effectiveness of the process.
Accelerated sweating apparently releases the iron less efficient-
ly than water vapors. Noteworthy, the positive results of the
accelerated sweating experiments stand in sharp contrast to the
recent warning against placing the hands in plastic bags, which
"spread the marks over the entire hand, leaving the results
meaningless” [10].
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5. Conclusion

In practice, the investigator is interested in getting primarily a
meaningful impression, which may indicate recent contact with a
firearm. As can be seen from the improvement-distribution graph
(Scheme 1), applying water vapor after spraying with PDT
improves ca. 76% of the initial marks, considerably more than
the other two variations. We, therefore, recommend optimizing
the PDT technique by exposing the subjects’ hands to water vapor
after spraying with the reagent. The modified technique has been
already implemented in the work of the Israel Police mobile
laboratories for serious crime scenes.
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